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The Electrochemical Properties of Mineral Membranes. VI. Clay Membranes for
the Determination of Calcium1

B y  C. E. M arshall221 a n d  A . D . A y e r s213

Introduction
Three previous papers in this series3 have dealt 

with the use of clay membranes in the potentio- 
metric determination of potassium, ammonium, 
and sodium. In the course of this work it was 
found that most of the clay membranes prepared 
were sensitive also to divalent cations. An im­
portant and useful exception was provided by 
membranes prepared from hydrogen montmoril- 
lonite (electrodialyzed Wyoming bentonite) previ­
ously heated to 450-550°, which were sensitive 
to monovalent cations but not appreciably to di­
valent, These were used for the determination of 
potassium and ammonium. As regards calcium, 
some preliminary work had shown that quantita­
tive results could be obtained at low concentra­
tions using membranes prepared from Putnam 
clay (hydrogen beidellite), previously heated to 
500-600°.4 The present work is concerned with 
the variations in the properties of clay mem­
branes which affect their suitability for the deter­
mination of calcium. We have studied two clays, 
Wyoming bentonite and Putnam subsoil clay, two 
exchange cations, hydrogen and calcium, and a 
range of temperatures of pretreatment from 300 to 
600°.

Theoretical Considerations
In all our previous work considerable use has

(1) Joint contribution from the D epartm ent of Soils, University of 
Missouri, and the U. S. Regional Salinity Laboratory, Bureau of 
Plant Industry, Soils and Agricultural Engineering, Agricultural 
Research Administration. Journal Series No. 1064 of the Missouri 
Agricultural Experiment S tation.

(2) (a) Professor of Soils, University of Missouri, (b) Associate 
Chemist, U. S. Regional Salinity Laboratory.

(3) (a) C. E. M arshall and W. E. Bergman, T his Journal, 63,
1911 (1941). (b) C. E. M arshall and W. E. Bergman, J . Phys.
Ghent., 46, 325 (1942). (c) C. E. Marshall and C. A. Krinbill, T his
Journal, 64, 1814 (1942).

(4) C. E. Marshall, Soil Sci. Soc. Am. Proc., 7, 182 (1942).

been made of the Teorell-Meyer and Sievers 
theory of porous, charged membranes. As the 
work has progressed it has become evident, firstly, 
that certain of its postulates are not fulfilled by 
clay membranes; secondly, that quantitative de­
partures from its predictions are generally found. 
Necessary modifications of the theory for the 
essentially non-porous clay membranes will be 
dealt with in a later paper. However, the great 
importance of the charge A, which can be regarded 
as the thermodynamic activity of the ions asso­
ciated with the membrane material itself, cannot 
be denied, and must be taken into account in any 
modification of the existing theory. The charge 
A , sometimes known as the selectivity constant, is 
responsible for the setting up of two Donnan po­
tentials, one near each surface, which have the 
effect, in the case of a negatively charged mem­
brane, of greatly reducing the anion activity in 
comparison with cation activity. Hence, the 
membrane acts as though the anions possess a 
greatly reduced or negligible mobility. In the 
limiting case the potential across it can then be 
calculated according to the Nernst equation, tak­
ing the cations only into consideration. In the 
practical development of membranes suitable for 
the determination of various cations, it is impor­
tant in each case to establish the concentration 
limits over which accurate results can be obtained. 
The upper limit is chiefly determined by the mag­
nitude of A. The lower limit varies in different 
cases; it is affected by the hydrolysis of the mem­
brane itself as well as by hydrolysis of salts of 
weak bases and strong acids at high dilutions. In 
the case of potassium it was shown that using 490° 
hydrogen bentonite membranes accurate results 
could be obtained in the range 0.1- 0.0001 molar.

With divalent cations two factors operate in re­
ducing the charge A. Since the Donnan equi-
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1298 C. E. M arshall and A. D. Ayers Vol. 70

libria are evaluated in terms of molality, a mem­
brane having a molal charge A  in the monovalent 
case will automatically have a molal charge A /2  
in the divalent case. Hence, the upper limit at 
which the Nernst equation is obeyed will corre­
spond to a lower concentration of divalent than of 
monovalent cations. Secondly, the dissociation of 
divalent cations from charged surfaces is in gen­
eral much less than that of monovalent (hydrogen 
excepted). The charge A  can be regarded as the 
product of the cation exchange capacity and the 
fraction of cations active or dissociated. It will 
therefore be greatly lowered in cases where the 
cations are only slightly dissociated from the mem­
brane surfaces. These factors are illustrated in 
Fig. 1. The left hand curve is drawn in the
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conventional manner from the Teorell-Meyer and 
Sievers equation for the case in which the anion 
and cation in solution have equal mobilities, A = 
1 ; and the cation activities on the two sides of the 
membrane are in the fixed ratio ai/a2 = 3.000 
throughout. The next curve is that experimen­
tally found for 550° hydrogen beidellite mem­
branes (Putnam clay), using sodium chloride solu­
tions. Transferring to the divalent scale and 
allowing for the reduction in A  to one-half its 
value gives the third curve. Finally, the curve 
farthest to the right is the experimental curve for 
calcium chloride solutions using the same mem­
brane material. Whereas A  for sodium chloride 
solutions is approximately 0.5, the value for cal­
cium chloride is only 0.026. The practical conse­
quence of this, as may be seen from the figure, is

that calcium activities can only be determined 
with this membrane from 0.002 molar downwards. 
In order to select the most favorable materials, 
curves have been obtained for hydrogen and cal­
cium bentonite (montmorillonite) and Putnam 
clay (beidellite) over a range of pretreatments from 
300 to 620° (see below).

The relative behavior of porous membranes as 
regards different cations can be expressed in terms 
of mobility ratios. In this formulation the mem­
brane is treated as the limiting case of a liquid 
junction in which the anions have zero mobility. 
By application of the Henderson or Planck equa­
tions, the potential across the membrane can then 
be expressed as a function of the activities of the 
two cations concerned, together with their cationic 

mobility ratio within the mem­
brane. By measuring the poten­
tial when the membrane sepa­
rates two different salt solutions 
of known cationic activities, the 
mobility ratio of the cations can 
be determined. The equations 
applicable to different cases have 
been discussed by Marshall.5 
Once the mobility ratios have 
been determined it then becomes 
possible to devise procedures for 
the analysis of mixtures of cat­
ions.

If clay membranes are treated 
as non-porous then a more rigor­
ous alternative theory (to be dis­
cussed in a later paper), relates 
the potentials observed with dif­
ferent salts to the differential 
heats of adsorption of the cations 
concerned. This theory does not 
as yet facilitate the solution of 
analytical problems involving 
mixtures of cations. Hence, in 

4 this and the following paper deal­
ing with magnesium, we shall con­
tinue to use mobility ratios.

The formulas used for the de­
termination of mobility ratios in the three cases, 
monovalent-monovalent, divalent-divalent, and 
monovalent-divalent were derived from the Hen­
derson equation for a liquid junction and are as 
follows:

Sodium salt on one side of the membrane, potassium 
salt on the other

16
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0

_ RT 4  U*
(1)

Calcium salt on one side, magnesium salt on the other

E  =  I T  In U
2 F U  Mg (2)

Potassium salt on one side, calcium salt on the other

(5) C. E, Marshall, J . Phys. Chem,, 48, 67 (1944),
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E RT
F

— acl

- ‘4  +  2 7 ^ « a
In ak

2 ^Ca u t/K a°a
(3a)

As it stands, this equation does not readily lend 
itself to the determination of Uc^/Uk. except by 
the use of successive approximations. However, 
if a i  is small compared with Uc&/Uk X aka then 
we have

E RT  1 
F 2 In ak

o ^Ca n
2 Uk acl

(3b)

The way in which mobility ratios so determined 
can be used may be illustrated by examples which 
have arisen in investigations of the titration curves 
of clay acids with bases. Thus in the mono­
valent-monovalent case we encounter systems 
comprising a standard potassium salt on one side 
of the membrane and a clay system containing 
both hydrogen and potassium ions on the other. 
Knowing Uk/U k , ah and a™ (from a glass elec­
trode measurement) it is possible to calculate the 
unknown by applying the equation

E = In ____ ______  (4)
^  a11 J. JZl fliiaK ■+■ an

Similarly in a calcium-hydroxide titration with a 
standard calcium solution on one side and a mix­
ture of calcium and hydrogen ions on the other we 
have

! II i i  \
a°a gg» Z7C|/ H ( 24»

2 (4„  -  del) -  azi j  2 ll  +  ^  «H

(5)
Substitution of the known quantities E, 
and Un/Uca does not lead immediately to a solu­
tion for aQa. This is arrived at by successive ap­
proximation, first putting the algebraic quantity 
before the logarithm equal to one-half and evalua­
ting aJk; then using this value to get a better ap­
proximation to the quantity before the logarithm; 
finally using this to calculate an improved value of 
&ca- These three operations are generally suffi­
cient.

Thus the characterization of membrane ma­
terials for analytical use involves both the deter­
mination of the range of activities over which the 
Nernst equation is obeyed and a series of mobility 
ratios. Good methods for the analysis of mix­
tures can only be developed in cases where the 
mobility ratio shows reasonable constancy over a 
sufficiently wide range of concentrations.Experimental Methods

These were essentially the same as those described in 
earlier papers dealing with potassium3® and sodium.30 
Since the membranes sensitive to calcium have relatively 
low resistances (< 50,000 ohms) a galvanometer with a

sensitivity of 0.025 microamp. per scale division could be 
used without amplifier in measuring to 0.1 millivolt. The 
cell measured was Hg, Hg2Cl2 Saturated KCl/Solution 
I/Membrane/Solution II/Saturated KC1 Hg2Cl2 Hg, the 
calomel electrodes being of the special type previously 
described with upturned capillary tip containing saturated 
potassium chloride in a potassium agar gel. For accurate 
results fresh calomel electrodes were used whenever the 
calcium concentration in II was changed. This is im­
portant, since if an electrode of this type is transferred 
from one solution to another, liquid junction potentials 
which persist for some time can be set up between that part 
of the first solution which diffused into the capillary tip 
and the second solution employed. Corrections were ap­
plied for the asymmetry potential of the membranes (only 
those membranes were employed whose asymmetry po­
tentials were less than 1 millivolt) and for the small dif­
ferences between different calomel electrodes. All results 
were finally corrected to 25 °.

Since the membranes themselves were of relatively low 
resistance in most cases, the concentrations of the two 
solutions had a measurable influence upon the total resist­
ance of the cell. A considerable increase in total resist­
ance was noticed in proceeding from M / 1000 to ikf/10,000 
solutions of calcium salts.

In membranes prepared from the same sheet of evapo­
rated clay and subsequently treated similarly, individuali­
ties still persist, due probably to variation in film structure 
caused by differences in the rate of evaporation in dif­
ferent parts. They show themselves chiefly in the more 
concentrated solutions where the theoretical Nernst po­
tential is not attained. Where different salts are employed 
on the two sides, the mobility ratios are affected and con­
siderable departures from the average value are some­
times encountered. These differences in mobility ratio 
values are more marked for the monovalent-divalent cases 
than for monovalent-monovalent or divalent-divalent.

As in previous work, the membranes were first selected 
for uniformity of thickness and freedom from cracks. 
They were then mounted and were soaked twenty-four to 
forty-eight hours—sometimes up to five days—in a cal­
cium chloride solution more concentrated than those em­
ployed in measurements. A selection was then made of 
those with asymmetry potentials below 1 millivolt. The 
results reported below are averages of from 6-12 mem­
branes so chosen.

In characterizing membranes in their behavior toward 
calcium ions a series of calcium chloride solutions was re­
quired, so adjusted that the calcium ion activities were, 
for successive pairs, in the fixed ratio 3.000 to 1. The 
calculations from the activity coefficients of the salt in­
volve two non-thermodynamic assumptions; (1) that in 
potassium chloride solutions the anion and cation contrib­
ute equally to the total activity; (2) that in potassium 
chloride and calcium chloride solutions of equal ionic 
strength the chloride ion activities are the same. The 
primary data used were those of Shedlovsky and Mac- 
Innes6 on potassium chloride and those of McLeod and 
Gordon7 on calcium chloride. At any given value of the 
ionic strength, the following relationship holds.

where 7cft++ is the activity coefficient of the calcium 
ion alone, 7 cLci2 ls tlle mean activity coefficient of the 
calcium chloride, and 7kci is that of the potassium 
chloride. Thus the data are assembled from which a final 
plot of the activity of the calcium ion against the molality 
of the calcium chloride could be made. Several such 
curves were drawn to cover the whole range from 0.1 to 
0.000Ï molal in suitable steps. Table I presents the data 
as used for making up standard calcium chloride solutions.

(6) T . Shedlovsky and D. A. M aclnnes, T his Journal, 59, 503 
(1937).

(7) H. G. McLeod and A. &. Gordon, ibid., 68, 58 (1946).
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Calcium ion
T a b l e  I

Calcium chloride G. CaCl* per
itivity , aca + + m olality, m 1000 g. HaO

0.0001 0.000108 0.01198
.0003 .000350 .03884
.0009 .001150 .12763
.0027 .004250 .47167
.0081 .017300 1.91996
.0243 .077000 8.54546

The Effects of Heat Treatments upon Membrane Po­
tentials.—For the four clays used, hydrogen and calcium 
bentonite (montmorillonite, fraction <200 niju), and hy­
drogen and calcium Putnam clay (beidellite, fraction 
<200 m/0 the relationships are apparent from Figs. 2-5.

(a) Hydrogen Bentonite (Fig. 2).—Only membranes 
pretreated at temperatures below 450 ° gave reproducible 
results for calcium. This is in line with the fact previously 
discovered,3a that 490° hydrogen bentonite membranes 
were sensitive to monovalent cations, but not to divalent. 
Membranes pretreated at 300, 350 and 400 were closely 
alike and gave theoretical results for calcium ion activities 
below 0.0081.

Log 1 /a2.
Fig. 2.—Hydrogen bentonite with CaCl2.

(b) Calcium Bentonite (Fig. 3).—Between 300° and 
600 °, increase in the temperature of pretreatment afforded 
only slight improvement in the electrochemical properties. 
The 550-600 ° membranes gave potentials less than 1 milli­
volt below the theoretical value of 14.1 millivolts even for 
the 0.0243 and 0.0081 aca++ solutions. Thus calcium ac­
tivities below 0.02 extending down to 0.0001 can readily be 
determined with these membranes.

Log l / a 2.
Fig. 3.—Calcium bentonite with CaCl2.

(c) Hydrogen Putnam Clay (Fig. 4).—A steady im­
provement in electrochemical properties with increasing 
temperature of pretreatments may be seen. None are as 
good as the corresponding calcium bentonite membranes.

Log l /a 2.
Fig. 4.—Hydrogen Putnam with CaCl2.

(d) Calcium Putnam Clay (Fig. 5).—These mem­
branes were consistently a little better than those from 
hydrogen Putnam clay and in the range 500-600 ° were very 
similar to one another, and to the corresponding calcium 
bentonite membranes. However, at the highest concen­
tration used the latter are somewhat better.

Fig. 5.—Calcium Putnam with CaCl2.
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The over-all accuracy of calcium ion determinations in 
the activity range 0.02-0.0001 using the best membranes 
is thus around 2-3%. Comparisons of calcium ion activi­
ties which are closely alike can be made somewhat more 
precisely than this, but even here deviations up to 2% are 
not uncommon.

Cationic Mobility Ratios in Relation to Pretreatment.—
More time was needed to establish reproducible potentials 
with two different cations than where the same cation was 
present on both sides of the membrane. This was especi­
ally true for the monovalent/divalent ratios and in some 
instances constant values could only be obtained after 
six to twelve hours contact, with several renewals of the 
two solutions.

The range of concentrations which can be used in in­
vestigating monovalent/divalent mobility ratios is dis­
tinctly circumscribed by the fact that if equation 3b is to 
be used the activity of the monovalent ion must be small 
compared with the activity of the divalent ion multiplied 
by the mobility ratio divalent cation/monovalent cation.

As will be evident from the data, monovalent/divalent 
mobility ratios vary in most cases considerably with con­
centration. Varying temperatures of pretreatment affect 
this variation, but not consistently, and change in a some­
what erratic manner the magnitude of the ratio. Table 
II illustrates the experimental technique for two cases, one 
of wide variability with concentration and one showing 
reasonable constancy.

(1) Calcium-Hydrogen Mobility Ratios.—In Table III 
the minimum and maximum values obtained in experi­
ments similar to those of Table II are assembled for clay 
membranes pretreated at various temperatures. In 
utilizing these data in the selection of membranes best 
suited for quantitative work with calcium and hydrogen 
it must be remembered that if Uca/Un is very small, then 
Ah is multiplied by a large number (Ur /U cJ  and varia­
tions in ÖH may cause more change in the total potential 
than variations in ac&> Other conditions being favorable,

Membrane
material aCa+ + ÖH+

Mean
mobility

ratio,
UcJ U r

615° Calcium 0.0081 0.000549 0.052
putnam .0081 .000229 .099

.0081 .000091 .138

.0027 .000549 .313

.0027 .000229 .085

.0027 .000091 .172
615° Calcium .0081 .000549 .457

bentonite .0081 .000229 .545
.0081 .000091 .466
.0027 .000549 .674
.0027 .000229 .615
.0027 .000091 .496

the best membranes for this case are those for which Uq&/  
Ur  comes closest to unity.

Hydrogen bentonite membranes pretreated at tempera­
tures between 350 and 420° afford reasonably constant 
values of Uc*/Ur not far removed from unity. Above 
450° these membranes, as previously noted, become in­
sensitive to Ca ++.

Calcium bentonite membranes pretreated at 350 and 
465° give somewhat lower values, but for 615° membranes 
the mobility ratio Uc&/Ur varies less with concentration 
and rises to a value similar to those of the 350 and 415° 
hydrogen bentonite membranes discussed above.

Hydrogen Putnam membranes show considerable varia­
tion with concentration and Uca/U-R is low, although it 
rises somewhat with increasing temperature of pretreat­
ment.

Calcium Putnam membranes also show unfavorable 
properties and the variation with concentration is very 
marked for those pretreated at 615°.

Thus in work involving mixtures of calcium and hydro­
gen, such as potentiometric titrations, the most favorable 
conditions are afforded by the 350-415° hydrogen ben­
tonite and the 615° calcium bentonite membranes. The 
hydrogen ion activity is first measured using the glass 
electrode, and by applying equation 5 the calcium ion ac­
tivity can be computed.

(2) Calcium-Potassium Mobility Ratios .—Table III 
summarizes the minimum and maximum values obtained 
with calcium chloride and potassium chloride solutions in 
experiments similar to those with hydrogen chloride. 
Two calcium activities, 0.0081 and 0.0027, were employed, 
and three potassium activities, 0.001, 0.00033 and 0.00011. 
The 360 ° hydrogen bentonite membranes gave the highest 
calcium/potassium mobility ratios of any tested, with a 
moderate degree of variability with concentration.

The 350° calcium bentonite membranes showed con­
siderable variation in mobility ratios, some values being 
higher than unity and some lower. However, the 615° 
membranes were much more uniform and closely resembled 
the 360° hydrogen bentonite membranes in actual values. 
It is interesting to note that a close similarity exists be­
tween 350° hydrogen bentonite and 615° calcium bentonite 
membranes in their calcium/hydrogen mobility ratios.

The hydrogen Putnam membranes showed extreme vari­
ation with concentration at low temperatures of pretreat­
ment, but became much more constant beyond 450 ° where 
Uca/Uis. became greater than unity. For the lower tem­
peratures values of Uq̂ /Ur markedly less than unity were 
found. Around 450° a considerable change occurs in the 
electrochemical properties of the hydrogen Putnam mem­
branes. It is much less evident in the calcium/hydrogen 
series discussed above.

The 465° calcium Putnam membranes showed some 
variability, but the 615° membranes were relatively con­
stant in their Ca/K mobility ratios.

Thus in selecting membranes for determinations of cal­
cium and potassium in mixtures the 615 calcium Putnam 
membranes are superior to the others. With some atten­
tion to concentration limits, the 360° hydrogen bentonite,

T a b l e  I I I

T h e  R a n g e  o f  M o b il it y  R a t io s  f o r  C a l c iu m - H y d r o g e n  a n d  C a l c iu m - P o t a s s iu m  M e m b r a n e s  P r e h e a t e d  to

V a r io u s  T e m p e r a t u r e s

Membrane material 350°
--------- U g&/U r , a t tem p.------
415° 465° 615°

H-bentonite
Ca-bentonite
H-Putnam
Ca-Putnam

0.49-0.73
0.13-0.35
0.021-0.094

0.35-0.71 .............
..........  0 .11-0.28
..........  0.057-0.13
..........  0.039-0.085

.46-0.67  

.46-0.17 (595°) 

.052-0.31
UGfk/ U K

H-bentonite 2 .9 -5 .7  (360°) ..........  ...........
Ca-bentonite 0.43-1.81 ..........
H-Putnam 0.018-0.33 0.026-0.48 0.80-1.86
Ca-Putnam .................  ..........  0.59-1.70

2 .8 -5 .0
1 .02- 1.86 (595°)
2 .03- 2.61
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615° calcium bentonite and 595° hydrogen Putnam mem­
branes are probably usable. For the potassium deter­
minations alone, membranes insensitive to calcium, such 
as the 490° hydrogen bentonite membranes previously 
described, are required.

(3) Calcium-Sodium Mobility Ratios.—Only the 615° 
calcium bentonite and 615° calcium Putnam membranes 
were examined. As would be expected, the ratios Uĝ /Ur* 
were somewhat greater than the corresponding UqJ U r 
values. They showed also more variability with concen­
tration .

(4) Calcium-Magnesium Mobility Ratios.—A limited 
series was determined using high temperature membranes. 
Much greater constancy was found than with the mono­
valent-divalent series. These results will be discussed in 
the succeeding paper, which deals with the determination 
of magnesium.

Summary
Membranes prepared from hydrogen and cal­

cium bentonite (montmorillonite) and hydrogen 
and calcium Putnam clay (beidellite), preheated to 
various temperatures, were examined as to their 
suitability for the determination of calcium. 
Hydrogen bentonite membranes heated to 300- 
415° are suitable; a t 450° and higher these are 
insensitive to divalent cations, but sensitive to

monovalent. Calcium bentonite membranes are 
suitable and are improved only slightly by pre-
treatment between 300° and 550°. Hydrogen 
Putnam clay membranes showed great improve­
ment with increasing temperature of pretreat­
ment, but even the 600° membranes were some 
what inferior to the 600° calcium bentonite 
membranes. The calcium Putnam membranes 
throughout were better than the hydrogen Put­
nam, but in the range 500-600° were still slightly 
inferior to the 500-600° calcium bentonite mem­
branes.

Mobility ratios for calcium-hydrogen, and cal­
cium-potassium were also determined. In many 
cases this ratio varied greatly with concentration. 
However, the 350-415° hydrogen bentonite and 
the 615° calcium bentonite membranes showed 
reasonable constancy for Z7ca/  Un and could be 
employed for the analysis of mixtures containing 
calcium and hydrogen ions. For calcium-potas­
sium the 615° calcium Putnam membranes were 
the most favorable.
C o l u m b ia , M is s o u r i  R e c e iv e d  Se p t e m b e r  29, 1947

[C o n t r ib u t io n  f r o m  C o l l e g e  o f  A g r ic u l t u r e , U n iv e r s it y  o f  M is s o u r i]

The Electrochemical Properties of Mineral Membranes. VII. Clay Membranes for
the Determination of Magnesium1
B y  C. E . M arshall20 a n d  L. O. E im e20

The theoretical and experimental considerations 
which have been discussed in the preceding paper 
of this series3-4 apply in large measure to the deter­
mination of magnesium. The same membrane 
materials were under investigation and no change 
was needed in the experimental techniques.

The magnesium chloride solutions employed 
were arranged in a series according to the calcu­
lated magnesium ion activities, adjacent members 
being in the fixed ratio 3.00. The calculations em­
ployed for this purpose were precisely similar to 
those described for calcium. The basic data were 
taken from Landolt-Börnstein,0 and because the 
activity coefficients of magnesium chloride solu­
tions only extend down to 0.05 molal, a more ex­
tensive extrapolation to low concentrations was re­
quired than for calcium chloride. Table I gives 
the activities and concentrations employed. The 
latter were checked by gravimetric determination 
of the magnesium as pyrophosphate.

(1) This work was aided by a research grant made by the Interna­
tional Minerals & Chemical Corporation to  the D epartm ent of Soils, 
for which the authors wish to  express their appreciation.

(2a) Professor of Soils, University of Missouri.
(2b) Research assistant and graduate student in Soils and Chemis­

try , respectively.
(3) C. E. M arshall and A. D. Ayers, T his J ournal , 70,1297 (1948).
(4) Journal series No. 1065 of the Agricultural Experiment S ta­

tion, University of Missouri.
(5) Landolt-Börnstein, Physikalisch-Chemische Tabellen, 5 

Auflage, 2 Erg&nzungsband, 2 Teil, 1931.

Magnesium ion 
activity, 
a Mg + +

T a b l e  I  
Magnesium

chloride Grams MgCh per
molality, m 1000 g. water

0.0001
.0003
.0009
0027

.0081

.0243

0.000106
.000330
.001152
.00398
.01490
.05600

0.0101
.0314
.1098
.379

1.419
5.340

The Effects of Heat Treatments upon Mem­
brane Potentials.—Figures 1-4 illustrate the 
general situation for the four clays hydrogen 
bentonite, calcium bentonite (montmorillonite), 
hydrogen Putnam clay, and calcium Putnam 
clay (beidellite). One marked difference is ap­
parent in all cases between these curves for mag­
nesium and those previously given for calcium. 
In the case of magnesium the curves fall off more 
or less sharply after attaining the maximum value. 
This greatly restricts the range over which accu­
rate determinations of magnesium ion activities 
can be made.

(a) Hydrogen Bentonite.—As in the case of 
calcium, the three curves for 300, 350 and 400° 
membranes lie very close together. They attain 
the theoretical e.m.f. at a slightly lower activity of 
magnesium than of calcium. Down to 0.0003 
#Mg++ they give good values, but beyond it the
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Log l /a 2.
Fig. 1.—Characteristic curves for hydrogen bentonite 

(montmorillonite) membranes in magnesium chloride so­
lutions: A, 400°; #,465°; # ,5 0 0 °;  □, 600°.

Log l / a 2.
Fig. 2.—Characteristic curves for calcium bentonite 

(montmorillonite) membranes in magnesium chloride so­
lutions: A, 405°; •, 455°; « ,5 0 0 °; □, 550°.

potential shows a rapid falling off. The pair of 
solutions 0.0003/0.0001 gives only about 10 milli­
volts instead of 14.1. Thus the range where good 
accuracy can be secured runs only from about
0.003 to 0.0003.

(b) Calcium Bentonite.—These membranes 
showed considerable improvement with in­
creasing temperature of pretreatment. The 500 
and 550° membranes were distinctly superior to 
the hydrogen bentonite membranes and the usable 
range of magnesium activities extended from 
about 0.008 to 0.0003.

Log 1/ a2.
Fig. 3.—Characteristic curves for hydrogen Putnam 

clay (beidellite) membranes in magnesium chloride solu­
tions: ■, 405°; • ,455°;  • ,  500°; □, 550°.

Log l /a 2.
Fig. 4.—Characteristic curves for calcium Putnam clay 

(beidellite) membranes in magnesium chloride solutions : 
□,300°; A, 350°; 0 , 400°.

(c) Hydrogen Putnam Clay.—The properties 
were considerably improved by higher tempera­
tures of pretreatment. The 600° membranes 
showed a less marked falling off in potential be­
yond 0.0003 öMg++ than any of the bentonite 
membranes. However, the curves were less 
favorably placed with regard to the higher activi­
ties and the usable range runs from about 0.004 to
0.0001.

(d) Calcium Putnam Clay.—These mem­
branes were very similar to the corresponding 
hydrogen Putnam series at the higher activities, 
but their potentials fell off more below 0.0003*
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I t  can be seen from the curves that the final de­
cline in potential with increasing dilution is gen­
eral, but that it varies greatly in extent. The 
basic cause would seem to be hydrolysis, with pro­
duction of ions such as (MgOH)+. These ions 
would also affect the membrane potentials, and the 
preliminary heat treatments would presumably 
determine to what extent they are potential deter­
mining, Unfortunately, the data in the litera­
ture on the activity coefficients and equivalent 
conductivity of magnesium chloride solutions do 
not extend to sufficiently high dilutions to throw 
any clear light on their hydrolysis. The same 
membranes, it should be noted, gave only a very 
slight indication of a falling off in potential at 
high dilutions when calcium chloride was used.

One further slight irregularity should be men­
tioned. There is a tendency for somewhat high 
potentials to arise at intermediate concentrations, 
generally with the 0.0027/0.0009 &Mg++ pair of 
solutions. The departure from the theoretical is 
always less than 1 millivolt, generally around 0.1-
0.4 millivolt, but it appears to be real with a given 
set of membranes. Some of the results with so­
dium showed similarly high potentials, whereas 
with potassium and calcium the results were very 
close to the theoretical.

In consequence, the conditions for the accurate 
determination of magnesium are distinctly less 
favorable than for calcium. In the restricted 
range of magnesium ion activities from 0.008 to
0.0003 using 550° calcium bentonite and 400° 
hydrogen bentonite membranes, and from 0.004 to
0.0001 using 600° hydrogen Putnam membranes 
an over-all accuracy of 5% could be relied upon 
with selected membranes. Comparisons of closely 
similar magnesium ion activities could be made 
with greater precision than this.

Cationic Mobility Ratios in Relation to Pre­
treatment.—The conditions under which di­
valent-divalent and monovalent-divalent mo­
bility ratios may be determined have been exam­
ined in the preceding paper dealing with calcium. 
The experimental details were essentially the 
same both for calcium and magnesium.

(1) Calcium-Magnesium Mobility Ratios.— 
When ions of the same valence are employed, the 
equilibrium potentials are more quickly estab­
lished and there is less individual variation 
amongst membranes than for the monovalent- 
divalent series. Table II  gives typical experi­
ments for a series of concentrations; these may 
be compared with Table II  of the preceding 
paper.

The complete results are summarized in Table
III. The variation is much less than for mono­
valent-divalent ratios. In almost every case 
where the calcium ion activity is kept constant and 
the magnesium ion activity decreased, a percep­
tible fall in the mobility ratio UqJ  Ums is found. 
It may be seen that the range of variation is nar­
row, except for the calcium bentonite and the hy-

T a b l e  IT
Mean

mobility
M embrane ratio
m aterial flCa++ <*Me++ f/Ca/UMg

615° Calcium Putnam 0.0081 0.0081 1.54
.0027 .0081 1.59
.0027 .0027 1.54
.0009 .0027 1.52
.0009 .0009 1.33
.0003 .0003 1.26
.0001 .0003 1.26

615° Calcium bentonite .0081 .0081 1.52
.0027 .0081 1.51
.0027 .0027 1.40
.0009 .0009 1.29
.0003 .0009 1.34
.0003 .0003 1.24

a Determinations by A. D. Ayers.

drogen and calcium Putnam membranes heated to 
around 400°. Excluding these, the range covered 
is surprisingly similar for the different clays, ex­
change cations and temperatures of pretreatment. 
I t  would not be possible to select from these two 
sets of membranes with widely different Uca/ Um% 
values, which might be used to determine both cal­
cium and magnesium in a mixture by solving two 
simultaneous equations.

T a b l e  III
T h e  R a n g e  o f  C a l c iu m - M a g n e s iu m  M o b il it y  R a t io s  
o f  M e m b r a n e s  P r e h e a t e d  t o  V a r io u s  T e m p e r a t u r e s

Membrane
material Uc&/U Mg

H  bentonite 

Ca bentonite 

H  Putnam

Ca Putnam

300° 360° 400°
1 .2 2 -1 .3 7  1 .3 6 -1 .5 4  1 .5 5 -1 .6 6

405° 455° 500° 615°
0 .9 2 -1 .4 1  1 .0 8 -1 .4 4  1 .1 2 -1 .4 5  1 .2 4 -1 .5 2 »

415° 510° 595°
0 .5 5 -1 .2 7  1 .3 1 -1 .4 5  1 .3 4 -1 .5 1
0 .6 4 -2 .0 5 »  1 .3 8 -1 .5 5 »

405° 500° 550° 615°
0 .3 7 -1 .1 8  1 .1 7 -1 .4 6  1 .3 8 -1 .5 5  1 .2 6 -1 .5 9

a Determinatons by A. D. Ayers.

(2) Magnesium-Hydrogen Mobility Ratios.
—Table IV summarizes the range of values ob­
tained with magnesium chloride and hydro­
chloric acid solutions. The activity of the mag­
nesium ion was held constant at 0.0027 and that 
of the hydrogen ion ranged downwards from
0.00069. The simplified equation which pre­
supposes that an is small compared with &Mg was 
employed in calculating Un/ Um% (equation similar 
to 3b of the preceding paper). Some membranes 
gave reasonably constant values. In general, 
the higher temperatures of pretreatment gave the 
more consistent results. By comparing with 
Table III of the preceding paper it is apparent 
that the membranes showing the greatest con­
stancy in Uoa/Un values are the best also in re­
spect of Um%/ Un. The actual values of Um%/ Un 
are slightly higher than for U cJ Un in most cases. 
The best membranes for use with mixtures of 
magnesium and hydrogen, ions are evidently the
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T a b l e  IV
T h e  R a n g e  o f  M a g n e s iu m - H y d r o g e n  a n d  M a g n e s iu m - P o t a ss iu m  M o b il it y  R a t io s  f o r  V a r io u s  T e m p e r a t u r e s  o f

Membrane
material

H bentonite 

Ca bentonite 

H Putnam 

Ca Putnam

P r e t r e a t m e n t

Pretreatment at 300° 360° 400°
U Mg/UH 0.137-0.201 0.70-0.85 0.81-0.99

Pretreatment at 405° 455°
U mb/U h 0.063-0.262 0.250-0.266

Pretreatment at 415° 510° 595°
I W U h 0.065-0.139 0.142-0.203 0.126-0.216

Pretreatment at 550°
U mb/U h 0.067-0.24

H bentonite

Ca bentonite

H Putnam

Ca Putnam

Pretreatment at
uMg/uK

Pretreatment at
IW U k 

Pretreatment at 
Umb/Uk 

Pretreatment at
tW U K

300°
0.061-0.602

405°
0.021-0.236

415°
0.036-0.128

500°
0.333-0.389

360°
0.174-0.920

455°
0.012-0.185

510°
0.239-0.285

400°
1.60-2.97

595°
0.185-0.201

hydrogen bentonites pretreated at 360 and 400° 
since these gives ratios of good constancy rela­
tively close to unity. The high temperature cal­
cium bentonite membranes also give good con­
stancy.

(3) Magnesium-Potassium Mobility Ratios.
—These were also determined under conditions 
such that ök+ was small compared with aMg++. 
The latter comprised two values, 0.0081 and
0.0027, and an varied from 0.001 to 0.00011. 
From Table IV it can be seen that Um&/ Un can be 
either greater or less than UMg/ Un for the same 
membrane, the greater values predominating. 
On comparing with the ratios Uca/Un in Table 
III of the preceding paper, almost without excep­
tion Ums/  Uk. is less than Uca/Un for the same 
membrane material. Those showing the greatest 
constancy in UmJ  Un are 510° and 595° hydrogen- 
. Putnam, and the 500° calcium-Putnam mem­
branes.

Summary
Using membranes of hydrogen and calcium ben­

tonite (montmorillonite) and hydrogen and cal­
cium Putnam clay (beidellite) preheated over a 
range of temperatures from 300-600° the con­
ditions most favorable for the determination of

the magnesium ion activity have been examined.
Owing probably to the hydrolysis of highly di­

lute magnesium salt solutions the range was some­
what restricted as compared with calcium. 
Where magnesium ions alone were concerned, the 
400° hydrogen bentonite and 550° calcium bento­
nite membranes could be used from 0.008 to
0.0003, and the 600° hydrogen Putnam mem­
branes from 0.004 to 0.0001.

Good constancy of the mobility ratio Uca/UMg 
was found with a variety of pretreatments and 
with the two clays and two exchange cations em­
ployed. I t  was not possible to select membranes 
with sufficiently widely different values of Uca/ 
UMg to make a potentiometric determination of 
both Mg and Ca in a mixture feasible.

The magnesium-hydrogen and magnesium- 
potassium mobility ratios were generally variable 
with concentration. Fortunately, the 400° hy­
drogen bentonite and 455° calcium bentonite 
membranes showed reasonable constancy, so that 
magnesium ions may be determined in the pres­
ence of hydrogen ions. The 595° hydrogen Put­
nam membranes showed the greatest constancy in 
the magnesium-potassium mobility ratio.
C o l u m b ia , M is s o u r i  R e c e iv e d  S e p t e m b e r  28, 1947
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Kinetics, Mechanism, and Activation Energy of the Cobaltous Ion Catalyzed
Decomposition of Ozone1

B y  G eorge  R ichard  H ill

The rate of decomposition of ozone in an aque­
ous solution containing hydrogen peroxide and 
perchloric acid has been investigated by Taube 
and Bray.2 The catalytic effect of cobaltous ion 
on the disappearance of ozone and hydrogen per­
oxide was noted and the rate constants deter­
mined. The purpose of the present investigation 
has been to study in detail the catalysis by cobal­
tous ion of the decomposition of ozone in the ab­
sence of hydrogen peroxide in order to determine 
the mechanism of the reaction.

The experimental evidence on the homogeneous 
catalysis by cobaltous ion is consistent with the 
mechanism

Co++ -F 0 3 +  H20 ----^  CoOH++ +  0 2 +  HO (1)
HO +  0 3 — H 02 +  0 2 (2)

H 0 2 +  CoOH++ — ^  Co++ -h H *0.+  0 2 (3)

Experimental
In each of the experiments, one liter of a solution con­

taining cobaltous sulfate and perchloric acid at known 
concentrations was saturated with ozone at 0° by bubbling 
a stream of ozonized oxygen through the container. 
After a steady state had been achieved, samples of the 
solution were siphoned through a side arm of the container 
into calibrated 65 ml. reaction bottles and placed in a 
constant temperature bath. To each fourth sample was 
added immediately 3 ml. of a 0.2 A  buffered potassium 
iodide solution and the iodide oxidized by the ozone 
titrated with standard 0.01 N  thiosulfate.3 The initial 
concentration of ozone was computed for each container

Fig. 1.—The decrease in concentration of ozone at 
different cobaltous sulfate concentrations; O, S, (Co + +)0 
*  6 X 1Q“ 5 M; e, M, (Co++)0 -  12 X 10"6 M; Q, W, 
(Co++)0 -  18 X 10-6 M; ©, Z, (Co++)0 =  36 X 10“* M.

(1) Presented before the Pacific Division of the  American Chemical 
Society meeting in conjunction with the American Association for the 
Advancement of Science a t San Diego, California, June 16-22, 1947.

(2) Taube and Bray, T his Journal, 62, 3357 (1940).
(3) Treadwell and Hall, "‘Analytical Chemistry, Volume II,

Quantitative Analysis,” 8th  ed., John Wiley and Sons, Inc., New
York, N. Y., 1935, p. 620.

from these data. The concentration of ozone remaining 
in the individual reaction vessels after different time 
intervals was determined using exactly the same procedure. 
In none of the ozone analyses did the concentration of 
cobalt ion exceed 1% of the total oxidizing agent present 
so no correction for oxidation of iodide by cobaltic ion was 
made.

The concentration of cobaltous ion in the stock solution 
was determined by amperometric titration with a-nitroso- 
jS-naphthol.4 * C. p. grades of perchloric, acetic and sul­
furic acids and of cobaltous sulfate were used. Water, 
redistilled from Pyrex, was used in all experiments. 
The ozone was prepared by discharge of a 15,000-volt 
transformer across a battery of eight Berthelot tubes in 
series.6

Data and Discussion
The reaction was first order with respect to ozone 

as is shown in Fig. 1. The linear curves are plots 
of In (O3)f/(Os)i vs. time at different concentrations 
of cobaltous ion. The data for the upper curve on 
the graph include 8 additional co-linear points de­
termined at longer times.

The reaction was proved homogeneous by exper­
iments in which a 2.3-fold increase in surface area 
did not change the rate of the reaction appre­
ciably. The reaction rate did not change with 
substitution of sulfturic acid for perchloric acid as 
the source of hydrogen ion.

The rate of reaction is independent of hydrogen 
ion for solutions more acid than pH  1.6. From 
pH 1.6 to 3.5 the rate of reaction increases; at the 
higher value a sol, believed to be Co(OH)3, forms 
and a heterogeneous reaction no longer first order 
with respect to ozone ensues. The increased rate 
with decreasing hydrogen ion can be explained by 
assuming that the species CoOH+, produced by 
hydrolysis of Co++ in solutions of low acidity, has 
a higher specific rate of reaction with ozone than 
does the unhydrolyzed ion.

The rate expression for the disappearance of 
ozone in acid solution is obtained from equations
(1) through (3) as follows

-  d (03)/d* -  £i(0 3)(Co++) +  62(03)(H0)
At the steady state

d(C0++) _ d(HO) n
“ At------~ d T  ~  °

Therefore
*1(0),(Co++) =  fo(0,)(H 0) =  £s(CoOH++)(H0 2) 

Since (Co++)0, (total cobalt ion) =  (Co++) +  (CoOH++)

<c°"> -  + s i s
and

-  d(Os) 2&i(Os)(Co++)o _  2&1( 0 3) ( C o + + ) o 
At “  MO,) , , (CoOH++)

___________  1 ^  MHO*) ^  (Co++)
(4) Kolthoff and Langer, T his J ournal , 62, 3172 (1940).
(6) L. E. Smith, ibid., 47, 1844 (192S).



April, 1948 Cobaltous Ion Catalyzed D ecomposition of Ozone 1307

This expression will give first order dependence 
on initial cobaltous ion concentration and on ozone 
concentration if the second term in the denomina­
tor does not change appreciably during a given ex­
periment. The value of 2kx/l +  [(CoOH++)/ 
(Co++)] at 0° as determined from a plot of rate 
vs. cobalt ion concentration is 28 mole”"1 min.-"1. 
Spectrophotometric rate measurements leading to 
the explicit evaluation of ki are now being under­
taken.

Determination of Activation Energy.—In order 
to evaluate the heat, entropy, and free energy 
of activation for the reaction, additional experi­
ments were undertaken at 17.4°, 24.1° and 30.6°. 
I t was found that the spontaneous decomposition 
of ozone was important at these temperatures and 
the rate of that reaction determined. The un­
catalyzed reaction was found to be of the same or­
der with respect to ozone as the catalyzed reac­
tion.6 In Table I are given the values for total 
rate of ozone decomposition, the rate of the un­
catalyzed reaction, and the rate of and rate con­
stant for the catalyzed reaction. From a plot of 
the rate constants (divided by the frequency fac­
tor kT/h) vs. reciprocal temperature, the following 
data were obtained: AH* =  9,000 cal., AS* =
— 19 E. U., AF2*98#1 =  14,700 cal. The constants 
in terms of the Arrhenius equation are: Eexp = 
9,600 cal. and A = 2 X  108.

T a b l e  I

R a t e  C o n s t a n t  D a ta  f o r  O z o n e  S o l u t io n s  C o n t a in in g  
0.0 a n d  1.4 X 10"4 M  C0SO4

Temp.,
Total ra te  of 

decomposition 
(In (Os)/time)

&'(Co + +)»,
R ate of rate of 

uncatalyzed catalyzed
°C. decomposition decomposition k '

0 3.3  X 10-3 0 3.3 X lO"3 28
17.4 9.7  X lO"3 0.02 X lO"3 9.68 X lO -3 69
24.1 17.5 X lO"3 1.0 X lO"3 16.5 X lO"3 118
30.6 28.7 X lO” 3 4,1 X lO"3 24.6 X 10“ 3 176

Reaction in the Presence of an Inhibitor, 
Acetic Acid.—The reaction remains very nearly 
first order with respect to ozone—in a particular 
run the rate increases slightly as the ozone 
concentration becomes low. The data in Fig. 2 
show that the rate of decomposition of ozone de­
creases with increasing acetic acid concentration to 
a limiting value of 8 mole”"1 min.""1 a t 0°. The 
concentration of perchloric acid and of cobalt sul­
fate were the same as in the uninhibited reactions. 
A ratio of acetic acid to cobaltous ion of 2:1 ef­
fects a decrease in the rate to 10 mole""1 min."'1. 
These data suggest that in the equilibrium 
CoOH++ +  HAc <=± CoAc++ H2O, whose con-

(6) Sennewald, Z. physik. Chem., A164, 305-317 (1933).

400 800 1200 1600
Time in minutes.

Fig. 2.—Decrease in concentration of ozone at different 
concentrations of acetic acid: # , (HAc) =  56 X 10~4 M; 
-h  (HAc) -  5.6 X 10~4 M; O, (HAc) -  2.8 X 10~4 M;

(HAc) -  0.28 X 10-4 M; Q, (HAc) -  0.0 M. (Co++)0 
= 1.4 X 10*"4 M  and (H +) = 0.2 M  in each run.

stant is very large, the cobalti-hydroxide complex 
is converted to cobalti-acetate complex and that 
the latter is reduced more slowly by HO2 than is 
the hydroxide complex. The rate expression for 
decomposition of ozone in the solution containing 
acetic acid is

= ________ 2ki(Q^) (Co++)o

At 1 +  [1 +  VMHAc)]
A decrease in the ratio (CoAc++) /  (Co++) during 
the run would account for the observed increase in 
rate at low ozone concentrations.

Summary
1. The heat, entropy, and free energy of activa­

tion have been determined for the cobaltous ion 
catalyzed decomposition of ozone in acid solution.

2. A mechanism involving HO and H 0 2 radi­
cals and cobaltous and cobaltic ions is proposed to 
account for the observed rate dependence of the 
homogeneous catalyzed reaction on the concentra­
tions of ozone, cobaltous ion and hydrogen ion.

3. The effect of acetic acid in inhibiting the 
cobaltous ion catalyzed reaction is explained and 
the rate of the reaction determined at 0°.

4. Differential equations have been obtained 
which represent the rates of the reactions in the 
presence and in the absence of acetic acid.
Salt L a k e  C it y , U tah  R e c e iv e d  S eptem ber  26, 1947
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Kinetics of the Hydrolysis of Ethyl Thiolacetate in Aqueous Acetone1
B y  J ohn R. S ch aefg en

A study of the kinetics of the hydrolysis of 
ethyl thiolacetate at ordinary temperatures was 
undertaken in order to compare the behavior of 
thiolesters with esters and to gain further insight 
into the mechanism of hydrolysis.

Recorded information concerning thiolesterifi- 
cation and the hydrolysis of thiolesters is limited 
to qualitative observations and some equilibria 
and rate studies at elevated temperatures.2 The 
data reported in this paper give rate constants and 
activation energies for the acid catalyzed and the 
alkaline hydrolysis of ethyl thiolacetate in aque­
ous acetone solutions containing 24.6, 43.0, and 
62.0% acetone by weight. Aqueous acetone was 
selected as the reaction medium because both 
thiolester and sodium hydroxide were sufficiently 
soluble for rate studies in such a mixture over a 
wide range of composition, and, in addition, a 
comparison with ester kinetic studies in the same 
medium was possible.3

Experimental
Ethyl thiolacetate was prepared in 77% yield (b. p. 

112-115°) by treating ethyl mercaptan with acetyl 
chloride. The thiolester was purified by fractionally dis­
tilling it from anhydrous potassium carbonate through a 
short packed column. A center constant boiling fraction 
(113.5° (735 mm.)) was used in the rate studies. This 
fraction had a refractive index n20-6d 1.4583 and a density 
d204 0.9792. The saponification equivalent was somewhat 
erratic giving both high and low values depending on the 
solvent and the length of time allowed for complete 
hydrolysis. The average value was close to the theoretical, 
however.

Fig. 1.—The acid catalyzed hydrolysis of ethyl thiol­
acetate at 40° in 24.6% acetone-water solution: thiol­
ester, 0.1034 M; HC1, 0.0985 M.

(1) Presented before the Division of Physical and Inorganic 
Chemistry of the American Chemical Society a t  the New York 
Meeting, September, 1947.

(2) W. Michler, Ann., 176, 177 (1875); E. E. Reid and co-workers, 
Am . Chem. J ., 43, 489 (1910); T his Journal, 38, 2746 (1916); 
39, 1930 (1917).

(3) G. Davies and D. P. Evans, J . Chem. Soc., 339 (1940).

The water-acetone mixtures were made up by weight 
from boiled distilled water and C. p . acetone dried over 
and distilled from anhydrous potassium carbonate.

Acid Catalyzed Hydrolysis.—The thiolester solutions 
were prepared by diluting a weighed quantity of ethyl 
thiolacetate with aqueous acetone of the desired composi­
tion in a volumetric flask. The initial concentration was 
calculated using the theoretical molecular weight. Ap­
propriate quantities of thiolester and of hydrochloric acid 
solutions (also in aqueous acetone) were mixed at zero 
time and the initial concentration of acid was determined 
by titrating a 10-ml. aliquot with standard 0.1 N  sodium 
hydroxide. Additional 10-ml. samples were withdrawn 
from time to time and titrated to follow the reaction. 
The mercaptan formed in the reaction interferes with the 
end-point. Therefore, air freed of carbon dioxide was 
bubbled through the solution for ten to fifteen minutes 
to remove mercaptan before a final end-point was deter­
mined. The reaction mixture was maintained at constant 
temperature by means of a thermostat. In some solutions, 
mainly those high in water content, the mercaptan formed 
by the hydrolysis separated out as the reaction proceeded. 
This would tend to make the rate constants low in these 
cases if much thiolester dissolved in the mercaptan layer.

Alkaline Hydrolysis.—Thiolester solutions were made 
up the same as for acid catalyzed hydrolysis. Base solu­
tions Were prepared by diluting the desired quantity of 
aqueous carbonate-free sodium hydroxide with acetone 
until the desired composition was obtained, and making 
up to volume with aqueous acetone. Appropriate vol­
umes of thiolester and of base solutions were pipetted into 
separate arms of an inverted Y reaction tube which was 
partially immersed in a thermostat. The solutions were 
mixed at zero time by tilting the tube. Samples (10 
ml.) were withdrawn from time to time by means of a 
calibrated free-flowing pipet and were delivered into 
a slight excess of 0.02 AT hydrochloric acid solution to stop 
the reaction. The time of the sample was taken as the 
time of half delivery. The samples were then back- 
titrated with 0.02 N  carbonate-free base solution until a 
faint phenolphthalein end-point was reached. Air freed 
of carbon dioxide was bubbled through the solution for 
ten to fifteen minutes to remove mercaptan before the 
final end-point was determined just as in acid catalyzed 
hydrolysis.

Discussion and Results
Acid Catalyzed Hydrolysis.—The rate of the 

acid catalyzed hydrolysis was found to be first 
order with respect to thiolester concentration in 
accord with the rate equation

dx/dt  =  k(a -  #)[H+] (1)
where a is the original concentration of thiolester 
and x is the amount of thiolester hydrolyzed in 
time t. On integration equation (1) becomes 

2.303 log (a -  x) =  - k[H+)t +  C
Graphs of log (a — x) vs. t were prepared (such as 
shown in Fig. 1) to obtain the values of &[H+]. 
The data for acid catalyzed hydrolysis are sum­
marized in Table I. The lower value of the rate 
constant observed in the solution 0.2952 M  in thi­
olester may be attributed to the decrease in water 
content of the solution as the hydrolysis proceeds, 
and to solution óf the thiolester in the mercaptan 
layer formed during the reaction. The rate of the
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reaction is directly proportional to the hydrogen 
ion concentration (i. e., initial hydrochloric acid 
concentration), k therefore being independent of 
the hydrogen ion concentration. The lower value 
of the rate constant observed in the case of the
0.2808 M  hydrochloric acid solution is probably 
due to experimental error since there is no trend in 
the values of k with increasing hydrochloric acid 
concentration.

The activation energy computed from the Ar­
rhenius equation is independent of the composi­
tion of the reaction medium within the accuracy 
of the measurements.

T a b l e  I

R a t e  C o n s t a n t s  a n d  A c t iv a t io n  E n e r g ie s  f o r  t h e  
A c id  C a ta l y z ed  H y d r o l y s is  o f  E t h y l  T h io l a c e t a t e  in  

A q u e o u s  A c e t o n e  S o l u t io n s

Wt. % 
acetone

Temp.
°C.

±0.03

Initial concn. (m ./l.) 
Thiol­
ester HC1

k[H + ) 
X 105 

l./m ./  
min.

k X 104 
l ./m ./  

min.

E,
cal./
mole

24.6 30.00 0.1050 0.0995 4.81 4.83 17,500
40.00 .1034 .0985 12.1 12.3

43.0 30.00 .1030 .1025 2.60 2.54 18,000
30.00 .0986 .2808 6.04 2.15
30.00 .0986 .4700 11.5 2.44
30.00 .2952 .0998 2.10 2.10
40.00 .0975 .1006 6.54 6.50

62.0 30.00 .0995 .1009 1.35 1.34 18,000
40.00 .0985 .1007 3.52 3.49

Alkaline Hydrolysis.—The rate of the alkaline 
hydrolysis of ethyl thiolacetate in aqueous ace­
tone solution was found to be second order and 
to proceed according to the equation
CH3COSC2H6 +  2 0 H - ---->  CH3COO- H- C2H5S- +  H20

a — x b — 2x x x
Integrating the rate expression

dx/dt  = k(a -  x)(b -  2x) (2)
leads to
[2.303/(2a -  5)] log {(a -  x)/(b -  2*)] = kt +  C (3)
A graph of log [(a — x)/(b  — 2x)] is linear with t 
in agreement with theory up to 60-70% comple­

Time in minutes.
Fig. 2.—The alkaline hydrolysis of ethyl thiolacetate 

at 20° in 43.0% acetone-water solution: thiolester,
0.0321 M; NaOH, 0.1287 M.

tion of the hydrolysis, as shown in Fig. 2. If b — 
2at equation (2) on integration gives

1 /{a -  x) = 2kt +  C  (4)
Accordingly, 1 /{a — x) is linear with t in this case 
(Fig. 3).

Time in minutes.
Fig. 3.—The alkaline hydrolysis of ethyl thiolacetate at 

20° in 43.0% acetone-water solution: thiolester, 0.0574 
M; NaOH, 0.1150 M.

The data for alkaline hydrolysis are summarized 
in Table II. The plots from which the energy of

T a b l e  I I

R a t e  C o n s t a n t s  a n d  A c t iv a t io n  E n e r g ie s  f o r  t h e  
A l k a l in e  H y d r o l y s is  o f  E t h y l  T h io l a c e t a t e  i n  

A q u e o u s  A c e t o n e  S o l u t io n s
Temp. In itial concn. (m ./l.) k (av.)° E,

w t. % °C. Thiol­ l./m o le / ca l./ Logio
acetone ±0.03 ester NaOH min. mole P Z

24.6 10.00 0.0319 0.0637 1.25 13,000 10.2
20.00 .0369 .0735 2.80
30.00 .0319 .0636 5.82

43.0 10.00 .0570 .1148 0.86 13,800 10.6
20.00 .0290 .0581 1.91
20.00 .0286 .1150 1.98
20.00 .0574 .1150 1.98
30.00 .0301 .0601 4.39

62.0 10.00 .0401 .0810 0.638 14,400 10.9
20.00 .0401 .0802 1.54
30.00 .0394 .0795 3.45

0 Each of these values is the average of two experiments, 
the maximum deviation of any value from the mean being
3%.
activation was determined are shown in Fig. 4. 
Values of log PZ  were calculated from the Arrhen­
ius equation. The rate constant is shown to be in­
dependent of thiolester and base concentrations 
over the small ranges of concentration investi­
gated.

Comparison with Ester Hydrolysis.—The hy­
drolysis of ethyl thiolacetate in 62.0% acetone 
solution is compared to that of ethyl acetate in 
the same medium in Table III. The rate con­
stant for the acid catalyzed hydrolysis of ethyl 
acetate at 30° is about thirty times as great as that 
for ethyl thiolacetate. This difference in k can 
be attributed almost entirely to the small differ­
ence in observed activation energy since the log
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Fig. 4.—The alkaline hydrolysis of ethyl thiolacetate 
in aqueous acetone. The change of rate constant with 
temperature.

PZ  factor is approximately the same in each case. 
This would indicate that similar configurational 
transformations are followed in the acid catalyzed 
hydrolysis of esters and of thiolesters.

The rate constants for the alkaline hydrolysis of 
ethyl acetate and of ethyl thiolacetate at room 
temperature are approximately the same. How­
ever, both the activation energy and the log PZ  
factor are much higher for alkaline thiolester hy­
drolysis than for alkaline ester hydrolysis, indi­
cating that different mechanisms are followed in 
these two reactions.

I t  should be noted that the addition of the nucleo­
philic oxygen of the water molecule in the rate 
controlling first step is favored by polarization of 
the carbon to sulfur bond; however, the corre­
sponding carbon to oxygen linkage in esters is rela­
tively more polar and the activation energy 
would therefore be expected to be somewhat lower 
in the case of ester hydrolysis, in accord with ob­
servation (see Table III).

A number of mechanisms have been proposed 
for alkaline ester hydrolysis, all of which involve 
an addition of hydroxyl ion a t the carbonyl car­
bon atom in the rate controlling first step with,5 
or without,6 the aid of a molecule of water to pro­
duce the intermediate complex. In the former 
case the complex then yields the carboxylic acid 
and the alcohol in a simple decomposition; 
whereas in the latter case the acid and the alkoxy 
ion are formed, followed by a second fast reaction 
with water to produce the alcohol. In view of the 
work of Kendall,7 who has demonstrated that 
solvated ester molecules exist in aqueous solutions 
of the simple esters, the former mechanism seems 
more likely, and may be written as follows

^  y ° "±  CHaC -̂OH
-OR 1 r
H—OH

CH3C< +  ROH +  O H -(5) 
X)H

c h 3c< +  o h -  :'OR
H—OH

T able  III
Comparison of the H ydrolysis of E thyl A cetate and 

E thyl T hiolacetate i n  62%  A cetone S olution
CHsCOOCaHs» CH3COSC2H6

Acid ' k at 30° 42.7 X 10-4 1.34 X 10“ 4
catalyzed 40° 101 X lO -4 3.49 X lO"4
hydrolysis E (kcal. /mole) 16.2 17.8

k logio PZ 9.3 9.0
k at 20° 2.13 1.54

Alkaline 30° 3.74 3.45
hydrolysis E (kcal./mole) 9.80 14.4

k logio PZ 7.6 10.9
a From the data of Davies and Evans, ref. 3.

The mechanism for the acid catalyzed hydroly­
sis of ethyl thiolacetate is undoubtedly similar to 
that postulated for ester hydrolysis and may be 
formulated4 thus

CHsCN
o
SR

+  H20  +  H +

r / oh TLch.ĉ oh,J /OH“l 
CH3Ce-OH 

\ S R  
H J

+

/O H 1+ /.0
CHsC^-OH CH3O f +  RSH +  H +

N3R J  X OH

(4) T. Lowry, J . Chem. Soe., 127, 1381 (1925); I. Roberts and
H. Urey, T his J ournal, 61, 2584 (1939); O. Mu mm, Ber., 72, 1874
(1939).

The solvated ester complex, formed by hydrogen 
bonding as shown, reacts with hydroxyl ion in the 
rate controlling step to produce the intermediate 
complex which then decomposes to give the ob­
served products. The addition of hydroxyl ion is 
aided by the small positive charge induced at the 
carbonyl carbon atom by the added water molecule. 
The stretching of the C-OR linkage preparatory 
to rupture is favored by both addition of hydroxyl 
ion and the electrophilic attack of the hydrogen 
atom of the water molecule. Thus the activation 
energy of the reaction, which may be thought8 of as 
the energy necessary to add an hydroxyl ion 
against a negative environment plus a bond 
stretching energy necessary to break the C-OR 
linkage, will be much lower by this mechanism 
than by one in which the cooperation of a water 
molecule was not involved.

On the other hand, it is quite unlikely that simi­
lar solvated thiolester molecules exist in aqueous 
solution because of the relative weakness of the 
S ~ H —O bond compared to the O—H—O bond.9

(5) T. Lowry, J . Chem. Soc., 127, 1381 (1925); W. B. S. Newling 
and C. N. Hinshelwood, ibid., 1357 (1936).

(6) C. K. Ingold and E. H. Ingold, J . Chem. Soc., 756 (1932); 
J. N. E. Day and C. K. Ingold, Trans. Faraday Soc., 37, 686 (1941); 
L. P. H am m ett, “ Physical Organic Chemistry,” McGraw-Hill 
.Book Co., New York, N. Y., 1940, p. 355.

(7) J. Kendall and C. V. King, J . Chem. Soc., 127, 1778 (1925); 
J. Kendall and L. Harrison, Trans. Faraday Soc., 24, 588 (1928).

(8) C. N. Hinshelwood, K. J. Laidler, and E. W. Timm, J . Chem. 
Soc., 848 (1938).

(9) E. N. Lassettre, Chem. Rev., 20, 267 (1937).
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Therefore the preferred mechanism for alkaline 
thiolester hydrolysis is

//°CH3C< +  OH-
yO~

CH3Cf-OH-
\SR

c h 3c /
o

X0H
+  R S- (6)

The activation energy for thiolester hydrolysis by 
mechanism (6) should be appreciably greater than 
for ester hydrolysis by mechanism (5) for two 
reasons: firstly, the cooperation of a water mole­
cule lowers the energy necessary to add hydroxyl 
ion and to split off alcohol, as pointed out in the 
preceding paragraph; and secondly, the relatively 
greater polarization of the C-OR bond in esters 
compared to the C-SR linkage in thiolesters fur­
ther lowers the energy necessary for hydroxyl ion 
addition and bond rupture. The latter reason 
alone, it should be noticed, is insufficient in itself 
to account for the large observed difference in ac­
tivation energies (Table III), since its numerical 
value will amount to only about 1.6 kcal. as a com­
parison of acid catalyzed hydrolysis of ester and 
thiolester reveals (same Table). The steric hind­
rance to the hydrolysis reaction will be greater for 
esters (mechanism 5) than for thiolesters (mecha­
nism 6) owing to the shielding effect of the water 
molecule, thus making the log PZ  factor lower for 
ester than for thiolester hydrolysis, also in accord 
with observation. On the other hand, the alkaline 
hydrolyses of ester and of thiolester are similar in 
that E and log PZ  for each reaction both increase

with increase in acetone content of the reaction 
medium10 (see Table II). The increase of activa­
tion energy with change in acetone concentration 
of the reaction medium is in the expected direc­
tion, since a decrease in the dielectric constant of 
the medium would be expected to decrease the 
ease of addition of hydroxyl ion a t the carbonyl 
carbon atom.

Acknowledgment.—The author wishes to ex­
press his sincere thanks to Dr. Paul J. Flory for 
his valuable suggestions pertaining to this prob­
lem, and to Mr. Daniel Fouser for his assistance 
in part of the experimental work.

Summary
A kinetic study of the acid catalyzed and the al­

kaline hydrolysis of ethyl thiolacetate in aqueous 
acetone has been made. The acid catalyzed hy­
drolysis is first order with respect to thiolester and 
with respect to hydrogen ion concentration. The 
basic hydrolysis is second order. The activation 
energies are as follows: acid catalyzed hydrolysis 
17,800 cal./mole; alkaline hydrolysis 13,000 cal./ 
mole (24.6% acetone solution), 13,800 cal. (43.0% 
acetone), and 14,400 cal. (62.0% acetone).

A comparison of thiolester and ester hydrolysis 
has been made, and the mechanisms of hydrolysis 
have been discussed in view of the results obtained.

(10) R . A. Fairclough and C. N. Hinshelwood, J . Chem . Soc., 
538 (1937); C. N. Hinshelwood, K. J. Laidler and E. W. T im m , ibid., 
848 (1938); R. A. H arm an, Trans. Faraday Soc., 35, 1336 (1939).
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[C o m m u n ic a t io n  f r o m  t h e  C h e m is t r y  D e p a r t m e n t , U n iv e r s it y  o f  N o t r e  D a m e ]

Reactions of Furan Compounds. IX. Catalyzed Rearrangement of 2,3-
Dihydropyran into Cyclopentanone1

By Christopher L. Wilson

Experiments described in the present paper 
have shown that 2,3-dihydropyran (I) can be re­
duced in good yield to tetrahydropyran (II) by 
passing the vapor with hydrogen over a nickel 
catalyst at 100°. This confirms an earlier observa­
tion.2 When the temperature was raised to 200° 
or above, however, two other reactions were no­
ticed. One was ring fission to butane, butene and 
carbon monoxide and the other rearrangement to 
cyclopentanone (III). These two reactions have 
not been recorded before although reference has 
been made2 to the formation of unidentified ma­
terials of “high molecular weight.” Catalysts of 
nickel or cobalt and mixtures of each of these with 
copper were effective. On the other hand, cop­
per chromite failed to induce any change whatever.

(1) This paper was presented before the Organic Division a t the 
New York meeting of the American Chemical Society in September, 
1947.

(2) British P aten t 565,175, Bremner, Jones and Taylor.

/ ' l l  H2/N i
r

j \  ’
M X

Ni H2/N i

r i  \ CO
1 c 4h 8
^ c o / c 4h 10

The yield of cyclopentanone, calculated on con­
sumed dihydropyran, under favorable circum­
stances attained almost 30% but the reaction was 
always accompanied by fission. Replacement of 
added hydrogen by nitrogen suppressed to some 
extent both fission and reduction but the rear­
rangement was only affected to a minor extent. 
Thus hydrogen does not appear to be essential for 
this reaction. On the other hand, the catalyst to 
be active must be so for all three processes and 
deterioration toward one reaction is accompanied
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by inactivation in the other two. These features 
are illustrated by Tables I and II.

T a b l e  I
R e a c t io n  o f  D ih y d r o p y r a n  V a p o r  o v e r  a  N ic k e l  

C a t a l y s t

Input: Dihydropyran, 84 g. for each experiment during 
two hours. Experiments consecutive without catalyst 

reactivation

f ,-----------Pro<iu c ts  (g.) 

/ \

Tem p., Carrier and
N o /

Unchanged W-C4H8 J l J°C. rate  (1/hr.) (g.) M-C4H10 N O /
100 H2 45 0 0 77 0
2 00 H2 25 7.5 3 .3 61 0.9
200 N2 25 63 0.1 0 2.9
250 n 2 10 44 4 .4 1.9 9.2
300 H2 25 19 11.0 7.5 8.8
300 N2 10 21 11.0 3.1 7.1

T a b l e  II
R e a c t io n  o f  D ih y d r o p y r a n  V a p o r  o v e r  a  C o b a l t  

C a t a l y s t

Input: Carrier: 10 l./hr., dihydropyran, 84 g. for each 
experiment during two hours. Experiments consecutive 

without catalyst reactivation

Temp.
°C.
250
250
300
300
300

•Products (g.)

Carrier

\ o /
Un­

changed
(g.)

H2 27
n 2 65
h 2 29
n 2 54
h 2 63

W-C4H1* W-C4H8
3.9  1.6
0.1 0.1
4.2  3 .6
0.2  0.6
0.1 0.1

/ \

x o) nco/
33 7.2
3 .7 6.6
8.3 10.0
0 .9 5.0
3 .2 2.7

There appears to be no recorded parallel with 
the reaction leading to cyclopentanone, but cer­
tain observations of significance have been made 
previously. Cyclopentanone is present in the 
higher ketone fractions from the destructive dis­
tillation of wood or lignite which may suggest a 
connection with furan compounds. Furthermore 
Paul3 obtained what he thought was a small 
amount of cyclopentanol (V) by heating the mag­
nesium derivative of tetrahydrofurfuryl bromide 
(IV). Later4 he drew attention to the fact that 
thermal rearrangement of methylenetetrahydro- 
furan (VI), which may be made by the elimination 
of hydrogen bromide from tetrahydrofurfuryl 
bromide, would be expected to give rise to cyclo­
pentanone if the usual mode of vinyl ether rear­
rangement was followed.5 His experiments gave, 
however, only a poor yield of dihydropyran. At 
temperatures higher than those Paul used, dihy­
dropyran is known to split into acrolein and ethyl­
ene, and it has already been pointed out that if the 
usual mode of vinyl ether rearrangement ob­
tained here the initial product would be cyclobu-

(3) Paul, Bull. soc. chim., 53, 424 (1933).
(4) Paul, ibid., 2, 751 (1935).
(5) P a r t t f r l ,  T h is  J ournal , 69, 3002 (1947).

tane aldehyde.6 This compound, however, could 
not be detected but its intervention was not dis­
proved. I t  has since been noted that cyclobutane 
aldehyde (VII) on heating in the presence of cer­
tain acidic substance rearranges to cyclopenta­
none.7 Since this ketone was absent from the py­
rolytic products from dihydropyran the interven­
tion of the cyclic aldehyde would appear to be ex­
cluded. The catalysed rearrangement of course 
might proceed in quite another manner, and cyclo­
butane aldehyde might intervene here before be­
ing transformed into cyclopentanone.

(IV) I-----i 110-115°
lSQ/ 'CH2MgBr V

(V)

OH

(VI)
10 J = c h 2

(VII)
X K

-̂-----CHO
130-135° |

? u
The formation of cyclopentanone from dihydro­

pyran offers an explanation of the hitherto unac­
countable presence of the cyclic ketone In the 
products from the reaction of tetrahydrofurfuryl 
alcohol over a nickel catalyst.8 I t is, however, 
necessary to suppose the intermediate formation 
of some dihydropyran which although not de­
tected with a nickel catalyst has since been shown 
to form using a cobalt catalyst.

The function of the catalyst in the rearrange­
ment is obscure. Activated adsorption involving 
the C -0 links, and particularly the weaker one 
remote from the carbon double bond, might be 
expected to be the first step in ring fission and 
loss of carbon monoxide. On the other hand, ad­
sorption by attachment of the carbon double bond 
must be an important step in reduction. The 
type of activation necessary for rearrangement is 
not so clear but it may be that the second variety 
which leads to reduction, if hydrogen is also pres­
ent, might also be responsible for a loosening of 
the a-hydrogen atom of the double bond. This 
kind of effect has been recognized ever since it was 
shown9 that the rate of hydrogen-isotope exchange 
with an olefin under the influence of a metallic 
catalyst is much more rapid than the rate of hy­
drogen addition to the double bond. If this is so 
it should be possible to find a catalyst which will 
cause rearrangement and reduction rather than 
fission.

Experimental
Catalysts.—These were used in the form of granulated 

(4-16 mesh) sintered powders. They were placed in the
(6) P art V III, ibid., 69, 3004 (1947).
(7) Venus-Danilova, J . Gen. Chem. {U. S. S. R .), 8, 1179 (1938); 

C. A ., 33, 4203 (1939).
(8) Part I II , J . Chem. Soc., 54 (1945).
(9) Farkas, Farkas and Rideal, Proc. Roy. Soc. {London), A 146, 

630 (1934).



April, 1948 Catalytic Reduction of M ethylfuran to 2-Pentanone 1313

catalyst chamber consisting of a Pyrex glass tube, 1.7 in. 
diameter, and heated electrically. The metal was ac­
tivated by oxidation in a stream of air at 500° followed by 
slow reduction below 300° with hydrogen. The weight 
of each catalyst and the amount of water produced at the 
first reduction was as follows, pine nickel (2500 g., 250 
cc.), pure cobalt (2300 g., 359 cc.)t nickel-copper (50% 
of each, 2500 g., 607 cc.) and cobalt-copper (50% of each, 
2500 g., 425 cc.). Copper chromite (750 g.) prepared 
by the nsual precipitation method was inactive at 225° 
and 350°. The catalysts were reactivated by oxidation 
and reduction as above.

Isolation and Analysis of Products.—Dihydropyran 
was prepared by dehydration of tetrahydrofurfuryl alcohol 
over aluminum silicate at 350°. After drying over solid 
sodium hydroxide it had b. p. 86-88°.

The product issuing from the catalytic chamber con­
taining the active metals was passed through a trap at 
—78° and the condensed portion distilled at atmospheric 
pressure. Material, b. p, below 20°, consisted of 04- 
hydrocarbons. Bromine was added at —78° until addi­
tion was complete and the volatile unreacted butane dis­
tilled off into a graduated tube where its volume at 0° 
was measured. The in volatile bromide was weighed and 
the amount of butene to which it corresponded was cal­
culated. The bromide had b. p. 159-160° and would 
therefore appear to consist essentially of the symmetrical 
butene dibromide. The boiling point of the 1,2-com­
pound is recorded as 166°.

The fraction of the products collected between 20 and 
100° boiled mainly between 70 and 90°. It appeared 
to contain only di- and tetra-hydropyrans in addition 
to a little water. The organic substances were estimated 
in one of three ways depending on the accuracy desired, 
each method being checked using authentic mixtures. 
The most accurate was to weigh the precipitated 6- 
hydroxyvaleraldehyde 2,4-dinitrophenylhydrazone formed 
by adding a weighed sample to excess of a saturated solu­
tion of the hydrazine in hydrochloric acid (2 N ) ; the ac­
curacy was 1% with a mixture of equal amounts of the 
pyrans. A second method, accurate to 6% with the same 
mixture of pyrans, was to measure the reduction in weight 
of a sample (5 cc.) after shaking with hydrochloric acid (2 
N) saturated with sodium chloride. Shaking and separa­
tion were carried out in a micro-separatory funnel. This 
method was only reliable when the pyrans were present 
in approximately equal amounts. The third method

depended on titration of a sample with bromine (about 
Af) dissolved in aqueous acetic acid (50%) containing 
sodium acetate (5%). The last method was the most 
rapid but least reliable.

Cyclopentanone was estimated in the material, b. p. 
above 100°, by measuring the reduction in weight after 
shaking with excess of saturated sodium bisulfite. The 
method was accurate to within 5% of the ketone which 
usually amounted to about half the material. A more 
accurate method for small quantities depended on pre­
cipitation with dinitrophenylhydrazine.

In the experiments with nickel, distillation of the ma­
terial from the last fraction and insoluble in bisulfite 
gave a small quantity, b. p. 136-142°, which may have 
been cyclopentanol. It could not be induced to give a 
solid dinitrobenzoate and was therefore unidentified.

Experiments with cobalt-copper were carried out over 
a range of temperatures between 200 and 350°. Cyclo­
pentanone was formed in all the experiments above 250 ° 
in amounts similar to those with the cobalt catalyst. 
Reduction and fission were also observed and the catalyst 
deteriorated in use.

The niekel-coppet catalyst was investigated only at one 
temperature (275°). Dihydropyran (84 g.) was passed 
over the catalyst with hydrogen (24 l./hr.) during two 
hours. The product contained «-butane, b. p. 0-2°  
(6 g.), tetrahydropyran, b. p. 87-89° (44 g .), and cyclo­
pentanone, b. p. 129.5-130.5° (7.5 g .), 2,4-dinitrophenyl- 
hydrazone, m. p. 142-143 °, m. m. p. with an authentic 
specimen (m. p. 144-145°) was 142-143°. There was no 
unsaturated material.

Summary
2,3-Dihydropyran has been shown to undergo 

three simultaneous reactions when passed with 
hydrogen over catalysts containing nickel or co­
balt at a temperature of 200° or above.

The reactions are (1) reduction to tetrahydro­
pyran, (2) fission to butene, butane and carbon 
monoxide and (3) rearrangement into cyclopenta­
none.

The mechanism of the reactions is discussed.
N o t r e  D a m e , I n d ia n a  R e c e iv e d  A u g u s t  18, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  N o t r e  D a m e ]

Reactions of Furan Compounds. X. Catalytic Reduction of Methylfuran to 2-
Pentanone

By Christopher L. Wilson

Reference was made some years ago1 to the 
formation of small amounts of 2-pentanone (II) 
and 2-pentanol (III) during the gas phase reduc­
tion of methylfuran (I) to tetrahydromethylfuran
(IV). Experiment has now shown that either tet­
rahydromethylfuran or 2-pentanone can be the 
major product depending on conditions. Results 
obtained using a nickel catalyst a t various tem­
peratures are shown in the diagram. At 100° the 
chief product (86% yield) was tetrahydromethyl­
furan but as the temperature was raised the quan­
tity decreased and ketone appeared in increasing 
amounts attaining a maximum (yield 75%) at 
about 185°. Along with the ketone a small quan-

(1) French Patent 811,695 (1937).

tity of its reduction product, 2-pentanol, was also 
formed. Below 150° conversion of methylfuran 
was complete but surprisingly enough a proportion 
escaped reaction above this temperature. This 
coincided with the formation of quantities of gase­
ous products, with a slight increase in the amount 
of tetrahydromethylfuran and with a rapid drop 
in ketone production. No adequate explanation of 
these variations has yet been found but the reason 
is undoubtedly connected with complex surface 
conditions. Furthermore, nuclear hydrogenation 
of methylfuran might be reversible.

Other metallic catalysts such as cobalt and mix­
tures of nickel, cobalt or iron with copper as well 
as copper chromite also gave some ketone but a
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detailed study of their behavior has not been 
made.

Fig. 1.—Products from methylfuran and hydrogen over 
a nickel catalyst at various temperatures. Each point 
corresponds with the passage of 41 g. of methylfuran 
and 80 liters of hydrogen over the catalyst in two hours.

At present there is little information from which 
to propose a reaction mechanism. I t is particu­
larly uncertain to identify the chemical steps of a 
catalytic reaction by duplicated experiments with 
possible intermediates since the conditions on the 
surface are no longer comparable. Experiment 
has shown that tetrahydromethylfuran on pas­
sage over the catalyst with hydrogen below 200° 
does not give any ketone. If we ignore the criti­
cism just made of this type of experiment, this 
fact indicates that ring fission must occur before 
ring saturation. I t  may occur therefore either in 
methylfuran itself or a derived dihydro- com­
pound.

has been presented before3-4 to account for the 
formation of some 7-acetopropyl alcohol (VI) dur­
ing the catalytic reduction of methylfuran in the 
presence of dilute acid. Presumably dilute acid 
would hydrolyze 4,5-dihydromethylfuran to ace- 
topropyl alcohol just as it converts 2,3-dihydrofu- 
ran into 7-hydroxybutaldehyde.2

There still remains the possibility, however, that 
ring fission occurs in methylfuran itself in the va­
por phase by reduction, although the absence of 
unsaturated products would appear to discount it, 
and in the experiments in aqueous acid by hydrol­
ysis followed by reduction. In connection with 
the last point it was shown in the present work 
during attempts to devise a method for estimating 
methylfuran that it reacted in the cold with a 
solution of dinitrophenylhydrazine in dilute hy­
drochloric acid to give levulinic aldehyde bis-di- 
nitrophenylhydrazone (VII). An analogous reac­
tion is the formation of the dimethylacetal by re­
action with methyl alcoholic hydrogen chloride.5 
Levulinic aldehyde might then reduce further to 
acetopropyl alcohol.

I t  will be recalled2 that the reaction of tetrahy­
drofurfuryl alcohol vapor with a nickel catalyst 
gave rise to many products including some 2-pen­
tanone. The present work confirms the view then 
expressed that the ketone arose by fission of 
methylfuran which was formed from furfuryl alco­
hol present as an impurity in the commercial tet- 
rahydro-alcohol.

Experimental
Materials.—Methylfuran, b. p. 63-64°, was prepared 

by reduction of furfuraldehyde using a copper chromite 
catalyst at 275°. The feed rate was 48 cc. of furfural 
and 45 liters of hydrogen per hour. The product was 
distilled, dried over sodium hydroxide and redistilled.

Catalysts.—The description of these excepting iron- 
copper and pure copper was given in the preceding paper. 
Iron-copper sintered powder (4% copper, 2200 g., 4-16 
mesh) was oxidized at 550° and reduced below 400° giving

( J e *
H2/N i --------->-

xoJcH ,
l V

J h ,0+
H2/N i

| h ,o +

H2/N i

V
Ha/Ni

\

CHj

(dinitrophenylhydrazone)
VII VI CH3CH (OH) CH2CH2CH3 III

In Part III  of this series2 evidence was presented 
showing that 2,3-dihydrofuran was much more 
susceptible to hydrogenative ring fission than 
either furan or tetrahydrofuran and that the car­
bon-oxygen bond remote from the carbon double 
bond was the more readily attacked. Applying 
these ideas to the reduction of methylfuran would 
indicate the intermediate formation of an un­
stable 4,5-dihydromethylfuran (V).

Evidence for the formation of this compound
(2) Wilson, J . Chem. Soc., 54 (1945).

64 cc. of water. The pure copper contact material was 
produced by reducing the granular oxide (1840 g.) below 
200 °. This metal failed to have any effect on methylfuran 
either at 280 or 320 °. On the other hand, copper chromite 
gave a 52% yield of 2-pentanone at 340 ° together with a 
little pentanol.

Cobalt-copper gave rise to rather more low-boiling 
materials. The yield of ketone was about 60% at 350°. 
Iron-copper at 350° gave ketone (4.0 g.), tetrahydro-

(3) Topchiev, Compt. rend. Acad. Set., U. R. S. S., 19, 497 (1938); 
C. A ., 32, 8411 (1938).

(4) Schniepp, Geiler and Von Korff, T h is  J o u rnal , 69, 672 (1947).
(5) Harries, Ber., 31, 41 (1898).
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methylfuran (10.8 g.) and unchanged methylfuran (16.1 
g.) from an input of 41 g.

Isolation and Analysis of Products.—The products 
from the reaction chamber were caught in a trap at —78° 
and freed from water either by filtering with exclusion 
of atmospheric moisture through a small sintered glass 
funnel kept very cold or by using anhydrous magnesium 
sulfate. Distillation was effected at atmospheric pressure 
with a 12-plate fractionating column. Methylfuran con­
stituted most of the fraction, b. p. 60-70°. The amount 
was checked by conversion into the maleic anhydride 
adduct using benzene as solvent. Tetrahydromethyl­
furan was present in the fraction b. p. 70-90° (most 79- 
80°); 2-pentanone distilled mainly between 101 and 103°, 
the fraction being collected between 90 and 110°. This 
fraction was shaken with saturated aqueous bisulfite and 
correction applied for the small amount of non-ketonic 
material. The distillation residue contained 2-pentanol, 
usually too little for separation by distillation. The ma­
terial from several experiments was collected, any ketone 
removed by bisulfite and the material shown by distilla­
tion to contain 80% of b. p. 117-120°. The figures for
2-pentanol are perhaps the least accurate of those recorded.

The 2,4-dinitrophenylhydrazone of 2-pentanone after 
recrystallization from ethyl alcohol had m. p. 146-147°. 
The 3,5-dinitrobenzoate of 2-pentanol recrystallized from 
ligroin, b. p. 90-120°, had m. p. 61-62°.

Reduction of 2-Pentanone.—The ketone (15 g.) was 
passed with hydrogen (15 l./hr.) during thirty minutes 
over the nickel catalyst at 100°. The product consisted 
of unchanged pentanone (20 g.) and 2-pentanol (12.3 g.).

Dehydrogenation of 2-Pentanol.—The alcohol (10 g.) 
was passed over the nickel catalyst at 225 ° together with 
hydrogen (30 l./h r .) . The product contained 95% ketone. 
Similar results were obtained at 250 °.

Tetrahydromethylfuran.—The cyclic ether, b. p. 80- 
81° (30 g.), was passed during one hour together with 
hydrogen (30 l./hr.) over nickel at 250°. No ketone was

produced but there was considerable gas formation. At 
100 ° the compound was recovered unchanged.

Reaction of Methylfuran with Dinitrophenylhydrazine.
—Methylfuran (1 g.) and 2,4-dinitrophenylhydrazine dis­
solved in hydrochloric acid (2 N) were shaken for several 
days. The yellow precipitate (1.3 g.) was filtered off, 
washed with water and hot ethyl alcohol. It was insoluble 
in all ordinary solvents but was crystallized from dimethyl- 
formamide forming dark red prisms, m. p. 231° (dec.).

Anal. Calcd. for CnHieOaNg: C, 44.3; H , 3.5; N,
24.2. Found: C, 44.4; H, 3.5; N, 24.2.

Acknowledgment.—The author is indebted to
M. J. While for help with the experiments and 
to Revertex, Ltd., in whose laboratories some of 
the work described in this and the preceding 
three papers in this series was carried out.

Summary
The variation of products with temperature in 

the reaction of methylfuran vapor with hydrogen 
over a nickel catalyst has been studied. At 100° 
the main product was tetrahydromethylfuran 
while above this temperature 2-pentanone was 
formed in large amounts. The yield of ketone was 
a maximum at 185°. Along with the ketone small 
amounts of 2-pentanol were also formed and a t the 
higher temperatures quantities of gaseous mate­
rials.

Other catalysts containing cobalt, copper and 
iron also resulted in ketone formation but a de­
tailed study of their behavior was not made. 
N o t r e  D a m e , I n d ia n a  R e c e iv e d  A u g u s t  18, 1947

[C o n t r ib u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

A Low Pressure Reductive Alkylation Method for the Conversion of Ketones to
Primary Amines1

By Elliot R. Alexander and Alice Louise Misegades2

I t is well known that carbonyl compounds can 
be hydrogenated in the presence of ammonia to 
produce mixtures of primary, secondary, and 
tertiary amines.3 Originally the reaction was 
carried out by the hydrogenation of the carbonyl 
compound in ethanol, saturated with ammonia, 
at low pressure over a nickel catalyst.3a Better 
yields and more reproducible results, however, 
have been obtained over Raney nickel with hydro­
gen pressures of 20 to 150 atmospheres at tempera­
tures ranging from 40 to 150°.3b-3c This tech­
nique, while readily carried out, requires high 
pressure apparatus which is not always available. 
Accordingly, it was the object of this work to im­
prove Mignonac's low pressure reductive alkyla-

(1) Taken from a thesis by Alice Louise Mistegades submitted to 
the faculty of the University of Illinois in partial fulfillment of the 
requirements for the degree of bachelor of science.

(2) Present address: Albertus Magnus College, New Haven,
Connecticut.

(3) (a) Mignonac, Compt. rend., 172, 223 (1921); (b) Schwoegler 
and Adkins, T h is  J o u rnal , 61, 3499 (1939); (c) Winans, ibid., 61, 
3566 (1939).

tion reaction for the preparation of primary 
amines.

I t  appeared that this might be done by taking 
advantage of the fact that a primary amine is 
more basic than ammonia. If ammonium ions 
were introduced into the reaction mixture, the 
following reaction should occur in which the posi­
tion of equilibrium should favor the products on 
the right.

H
I

R—N: -f
I

H

-  H -V
H :N :H

-  H _
H
I

R—N—H
I

H

> H

+  :N—H (1) 

H
Since the alkylammonium ion no longer has an 
electron pair available for combination with the 
carbonyl group, the process should tend to stop 
at the formation of primary amines,
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In Table I are summarized the yields which were 
obtained from a number of reductive alkylations 
which were carried out in the presence of excess 
ammonium chloride. The reaction medium was 
methanol saturated with ammonia and the cata­
lyst was platinum oxide.

T a b l e  I

R e d u c t iv e  A m m o n a t io n  o f  C a r b o n y l  C o m p o u n d s  in  
t h e  P r e s e n c e  o f  A m m o n iu m  C h l o r id e

K etone or aldehyde  ̂ Yield,
used in preparation® Prim ary amine prepared %

Isobutyraldehyde Isobutyl- 10
Methyl isopropyl ketone 1,2-Dimethylpropyl- 32
Cyclohexanone Cyclohexyl- 44-50
Methyl isobutyl ketone 1,3-Dimethylbutyl-6 57-65
Benzaldehyde Benzyl-® 14
Dipropyl ketone 1-Propylbutyl- 38-59
Diisopropyl ketone 1 -Isopr opylisobutyl-8 55
Methyl «-amyl ketone 1-Methylhexyl- 40
Acetophenone 1-Phenylethyl- 69
Propiophenone 1-Phenylpr opyl- 65
Phenylacetone 1-Benzylethyl- 52
Methyl 0-naphthyl ketone 1 -0-naphthylethy l-a 53
Benzophenone Benzhydryl- 34

Freshly distilled commercial products were used in 
all cases. 6 Mailhe, Compt. rends, 172, 693 (1921). 
-The bulk of the product (71%) was dibenzylamine. 
d Reference 3 b . e Blicke and Maxwell, T h is  J o u r n a l , 
61 ,17 8 1 (1 9 3 9 ).

I t  will be observed that the method was only 
partially successful in preventing the formation 
of secondary products but that the yields from 
ketones are quite comparable to those obtained 
at higher pressures and temperatures.35 In the 
case of isobutyraldehyde, benzaldehyde, methyl 
isopropyl ketone, cyclohexanone, methyl n-amyl 
ketone, and phenylacetone, considerable amounts 
of secondary amines were observed. With less 
reactive ketones such as methyl isobutyl, di-n- 
propyl, diisopropyl, acetophenone, propiophe- 
none, methyl /5-naphthyl, and benzophenone there 
appeared to be very little secondary amine forma­
tion. Presumably, the formation of a secondary 
alcohol was a competing reaction although this 
point was not investigated.

The improvement ammonium chloride made 
upon the yield of primary amine can be illustrated 
with acetophenone and methyl isobutyl ketone. 
When the reaction was carried out in the ab­
sence of ammonium chloride yields of 37 and 49%, 
respectively, were obtained. Table I shows that 
yields of 69 and 57-65% were obtained for the 
same reactions in the presence of ammonium chlo­
ride.

Experimental
Reductive Alkylation of Ammonia with Ketones.—An

apparatus similar to the one described by Adams and 
Voorhees4 was used for the reaction. The carbonyl com­
pounds were all redistilled before use.

In a 300-mL reduction bottle containing 10 ml. of dis­
tilled water, 0.2 g. of platinum oxide5 6 was reduced to 
platinum by shaking in an atmosphere of hydrogen for 
about ten minutes.6 The ketone (0.3 mole), ammonium 
chloride (20.0 g., 0.37 mole), 225 ml. of absolute methanol 
saturated with ammonia, and 25 ml. of aqueous ammonia 
were added and the mixture was reduced by shaking with 
hydrogen at one to three atmospheres. Hydrogenation 
was continued until a constant pressure reading indicated 
that reduction had ceased. The shaker was then stopped, 
The bottle was vented, and the catalyst was allowed to 
settle. The platinum was removed by filtering the mixture 
through a Hirsch funnel into a one-liter round-bottomed 
flask and any salt which collected on the filter was rinsed 
down with water or methanol. The flask and contents 
were then removed to a hood and refluxed under a con­
denser for one hour to remove the excess ammonia.

When the excess ammonia had been removed, the solu­
tion was cooled, acidified to congo red paper with concen­
trated hydrochloric acid, and evaporated to about one- 
half of its volume under vacuum. Water (200 ml.) was 
added and the solution extracted with three 25-ml. portions 
of benzene. The benzene extracts were discarded. The 
aqueous solution was then made strongly basic with 50% 
sodium hydroxide solution, the two layers which formed 
were separated and the water layer was extracted three or 
four times with ether. The ether extracts and the oily 
layer were then combined, washed with water and dried 
over potassium hydroxide. The primary amine was 
purified by distillation through a 13-cm. column packed 
with glass helices. The boiling points found agreed well 
with those recorded in the literature.

In the case of the runs with benzaldehyde, phenyl­
acetone, methyl 0-naphthyl ketone, and benzophenone, 
insoluble salts were formed on acidification. With these 
compounds the procedure was modified to the extent 
that the mixture was cooled, the salts filtered with suction 
and washêd thoroughly with water. The filtrate was then 
extracted with benzene as before and the salts were re­
combined with it before basing the solution with aqueous 
sodium hydroxide.

Summary
Experimental conditions have been described 

for the low pressure hydrogenation of a mixture of 
a ketone and ammonia to the corresponding pri­
mary amine. The reduction was carried out over 
platinum oxide in methanol saturated with am­
monia in the presence of excess ammonium chlo­
ride. In general the yields were comparable to 
those obtained with high pressure equipment.
U r b a n a , I l l in o is  R e c e iv e d  O c t o b e r  18, 1947

(4) Adams and Voorhees, “ Organic Syntheses,” John Wiley and 
Sons, Inc., New York, N. V., 1941, p. 61.

(5) Obtained from the American Platinum  Works, Newark, N. J.
(6) When an a ttem pt was made to  om it this step a long induction 

period occurred and reduction appeared to  proceed much more 
slowly than  normally.
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[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  D u k e  U n iv e r s it y ]

Chloro- and Dichloro-foV (trichloromethyl)-benzenes1
By C. K. Bradsher, P. M. Gross, M. E. Hobbs, R. S. Kittila, L. Rapoport,2 P. Tarrant3 and

G. West4

In the course of a program of indirect fluorina- 
tion carried out in this laboratory, it became nec­
essary to prepare some bis- (trichloromethyl) -ben­
zenes containing a chlorinated nucleus. A few 
such compounds have been mentioned previously, 
chiefly in the patent literature,5*6’7’8*9 but with 
little information as to details of preparation or 
physical constants. A description of the prepara­
tion, physical constants, and, where possible, the 
proof of structure of some compounds of this class 
forms the subject of the present communication.

Our investigation followed two general lines, 
the nuclear chlorination of bis- (trichloromethyl) - 
benzenes and the chlorination of the methyl 
groups of chloroxylenes. In the nuclear chlorina­
tion of 1,3-675-(trichloromethyl)-benzene (I), chlo­
rine enters the position meta to the two trichloro­
methyl groups to yield the new 5-chloro-1,3-675- 
(trichloromethyl)-benzene (II). Hydrolysis of 

CCh e c u

Cl2 +  Fe 
■------------->

CC13

"HOH
H2S04

COOH

C l/^ ^ C O O H
III

II

Cl2 +  Fe

CC13

c ,- Z
CP / x ^ / \ c c i 3 

IV

Introduction of a second chlorine atom into the 
nucleus of 5-chloro-l,3-öi5-(trichloromethyl)-ben­
zene (II) or dichlorination of the parent 1,3-675- 
(trichloromethyl)-benzene (I) alike yielded a vis­
cous liquid which appears to be a dichloro-1,3-67*5- 
(trichloromethyl)-benzene (IV). From several 
of the dichlorination runs there was isolated a 
small amount of a high melting solid which proved 
to be 2,5-dichloro-l,4-6i5-(trichloromethyl)-ben­
zene.9

CC13 CC13

V C1 1

XCC13 y  XCC13
Cl

V VI
The 2-chloro- (V), 4-fluoro-,11 and 4-chloro-l,3- 

bis-(trichloromethyl)- (VI) and 2-chloro- 1,4-bis- 
(trifluoromethyl)-benzenes were prepared from 
the corresponding halogenated xylenes by chlorin­
ation at elevated temperatures in the presence of 
a mercury arc, and using the patented technique65 
of employing a large excess of chlorine in the lat­
ter stages. I t was found that the 4-chloro-1,3-67*5- 
(trichloromethyl)-benzene (VI) obtained from 
monochlorinated meta-xylene had to be separated 
from a small amount of the 2-isomer (V). This 
suggests that nuclear chlorination of the hydrocar­
bon yields a mixture containing the 2- as well as 
the 4-isomer, a result that would be predicted by 
ordinary rules of orientation, but which seems to 
have escaped earlier workers.12

the product yielded the known10 5-chloro-iso- 
phthalic acid (III).

(1) This research program was sponsored by the Naval Research 
Laboratory (1942-1944).

(2) Present address: American Cyanamid Co., Stamford, Conn.
(3) Present address: D epartm ent of Chemistry, University of

Florida, Gainesville, Fla.
(4) Present address: Dayton Rubber Co., Waynesville, N. C. 
(5a) Since this manuscript was subm itted, but before it  was

accepted for publication, McBee, Bolt, Graham and Tebbe, T his 
J ournal , 69, 947 (1947) have described 4-chloro-1,3-bis-(trichloro­
methyl) -benzene. The 2-chloro-1,3-bis- (trichloromethyl) -benzene 
was also prepared bu t seems not to have been isolated in pure form. 
No constants are reported for the la tte r compound.

(5) (a) French P aten t 663,791. (b) Chem. Zentr., 100, II, 2731
(1929).

(6a) U. S. P aten t 2,005,712; ibid., 107, I, 876 (1936).
(6b) French P aten t 798,727; ibid., 107, II, 3360 (1936).
(6c) U. S. P aten t 2,132,361; ibid., 109, II, 4363 (1938).
(7) British P aten t 464,859; ibid., 108, II , 4444 (1937).
(8) French P aten t 820,696; ibid., 109, I, 1661 (1938).
(9) Ruggli and Brandt, Helv. Chim. Acta, 27, 274 (1944); C. A., 

38, 6288 (1944).
(10) Beyer, J . prakt. Chem., [2] 25, 465 (1882); cf. Klages and 

Knoevenagel, Ber., 28, 2044 (1895).

Experimental
5-Chloro-l ,3-bis-(trichloromethyl) -benzene (II).—A

glass reactor was charged with 243 g. of 1,3-bis- (tri- 
chloromethyl)-benzene65 (m. p. 32-36°) and 0.25 g. of 
iron filings. The reactor was heated to 115-125° and a 
rapid stream of chlorine bubbled through the liquid for 
five hours. At the end of this time, the weight increase 
amounted to 15% more than the theoretical. The frac­
tion distilling at 150-169° (6-7 mm.) amounted to 163 g. 
and partly solidified on cooling. Recrystallization of the 
solid portion from alcohol yielded 73 g. of white flakes, 
m. p. 76-78°. An analytical sample (m. p.  77-78°) 
gave low values for chlorine, but its identity was estab­
lished by hydrolysis to 5-chloro-isophthalic acid.

Anal. Calcd. for C8H6Cl7: Cl, 71.5. Found: Cl,
71.0.

5-Chloro-isophthalic Acid (III).—The above com­
pound (II) was heated with 100 ml. of 85% sulfuric acid. 
As the temperature neared the boiling point of the acid,

(11) We are indebted to Dr. Frances Brown of this Laboratory 
for the preparation of a quan tity  of 4-fluoro-1,3-dimethylbenzene 
from the corresponding amine by diazotization in liquid hydrogen 
fluoride.

(12) Cf. Jacobsen, Ber., 18, 1760 (1885).
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the evolution of hydrogen chloride commenced and pro­
ceeded vigorously for several minutes. After cooling, 
the mixture was poured into a large volume of water and 
the solid collected. The acidic material was dissolved in 
sodium carbonate, treated with charcoal, filtered and re­
precipitated by addition of concentrated hydrochloric acid. 
After drying at 120° the white powder melted at 279- 
280° (lit.10 278°). Neutral equivalent calcd. for C8H5- 
0 4C1: 100.3. Found: 105, 104.

i  he dimethyl ester was obtained as white needles, 111. p. 
79-80°.

Anal . Calcd. for C10H9O4CI: Cl, 15.51. Found: Cl, 
15.59.

The ethyl ester melted at 50-51° (lit.10 45°).
Dichlorination of l,Z-bis-( Trichloromethyl) -b enz en e .—

The chlorination was carried out essentially as described 
above for the preparation of the 5-chloro-1,3 -67? - (t ri - 
chloromethyl)-benzene except that chlorination was con­
tinued for ten hours, and the temperature was allowed to 
go as high as 145°. From 204 g. of trichloromethyl) -
benzene, 138 g. of a very viscous liquid was obtained b. p. 
184-189° (9 mm.). Essentially the same result was ob­
tained by starting with 5-chloro-l,3-bis-(trichloromethyl)- 
benzene.

Anal. Calcd. for C6H2C12(CC13)2: active Cl,13 55.9.
Found: active Cl, 55.4.

In the dichlorination of 6w-(trichloromethyl) -benzene 
prepared from research grade w-xylene (E. K. 275), a 
small quantity of a high melting isomer, m. p. 191-192°, 
was obtained. This was shown to be 2,5-dichloro-l,4- 
bis-(trichloromethyl)-benzene (lit.9 193°).

Anal. Calcd. for C3H2Cls: Cl, 74.3. Found: Cl, 74.8.
2-Chloro- 1 , 3 (trichloromethyl) -benzene (V).—The 

chlorination of 179 g. of 2-chloro-l,3-dimethylbenzene14 
(b. p. 181.5-183°; «25d 1.5241) was carried out at 120- 
130° in a glass reactor and in the presence of a mercury 
arc. After the theoretical quantity of chlorine had been 
absorbed (fifteen hours), the mixture was cooled and the 
crude crystals collected, m. p. 115-125°; yield 130 g.

(13) The compound was refluxed for eighteen hours with a mixture 
of 10 ml. of 15% potassium hydroxide solution and 20 ml. of ethanol. 
After acidification, the chloride ion was determined by the Volhard 
method.

(14) U. S. P aten t 1,796,108; C. A ., 25, 2441 (1931).

(30%) . On recrystallization from ethanol, white prisms 
were obtained, m. p. 136-137°.15

Anal. Calcd. for C8H3C17: Cl, 71.5. Found: Cl,
71.5.

4-Chloro-1,3-^-(trichloromethyl) -benzene (VI) .6b«6°—
The chlorination of 166 g. of 4-chloro-l,3-dimethylben- 
zene (b. p. 181-184°, n17D 1.5269) under similar condi­
tions to those used in the preparation of the 2-isomer 
yielded 177.5 g. (50%) of 4-chloro-l,3-My-(trichloro- 
methyl)-benzene as a viscous liquid, b. p. 180-185° (8.5 
m m .).

Anal. Calcd. for C8H3C17: Cl, 71.5. Found: Cl, 71.0,
71.5.

The residue from the distillation of 4-chloro-l,3-&ts- 
(trichloromethyl) -benzene yielded a small quantity of 
solid which was identical with the 2-chloro-l,3-bis-(tri- 
chloromethyl)-benzene (VI) described above and gave 
no depression of melting point when mixed with it .

4-Fluoro-1,3-bis-(trichloromethyl) -benzene.—The chlo­
rination of 4-fluoro-l,3-6w-(trichloromethyl)-benzene16 
was carried out essentially as described for the chloro 
compounds above, twenty-eight hours being required. 
Vacuum distillation gave an 82% yield of a colorless oil, 
b. p. 157.5-159.5° (11 mm.).

Anal. Calcd. for C8H3C16F: Cl, 64.3. Found: Cl,
64.4, 64.5.

2-Chloro-l,4-fo's-(trichloromethyl)-benzene5 was pre­
pared in 79% yield by side-chain chlorination of 2-chloro- 
^-xylene in the manner described above, the crude chlorin­
ation product being purified by recrystallization from 
ethanol, m. p. 78-80°.

Anal. Calcd. for C8H,C17: Cl, 71.5. Found: Cl,
71.4.

Summary
Some bis-(trichloromethyl)-benzenes containing 

nuclear halogen have been prepared, and some 
evidence has been obtained in support of the as­
signed structures.

(15) This compound has been prepared previously (ref. 6a) but 
no constants were given.

(16) Balz and Schiemann, Ber., 60, 1186 (1927).

D u r h a m , N. C. R e c e iv e d  M a r c h  31, 1947

[C o n t r ib u t io n  fr o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  D u k e  U n iv e r s it y ]

Chlorination of 1,3-bis-(Trifluoromethyl) -benzenesla b
By Charles K. Bradsher and Richard S. Kittila

In an investigation of methods for the prepara­
tion of bis- (trifluoromethyl) -benzenes containing 
nuclear chlorine,2 the direct chlorination of bis- 
(trifluoromethyl)-benzenes was studied. Re­
cently McBee, Hass, Weimer, Burt, Welch, Robb 
and Speyer3 have reported that chlorination in the 
presence of conventional catalysts, and a t temper-

(la) This work was sponsored by the Naval Research Labora­
tory.

(lb) W ith the exception of the experiment noted, the material 
contained in this communication is drawn from a thesis submitted 
to the faculty of the G raduate School of Arts and Sciences for the 
degree of M aster of Arts, November, 1943.

(2) Cf. Bradsher, Gross, Hobbs, Saylor, T arran t and West, Ab­
stracts of Papers Presented Before the Division of Organic Chemistry 
a t  the 111th Meeting of the American Chemical Society, April, 1947.

(3) McBee, Hass, Weimer, B urt, Welch, Robb and Speyer, Ind. 
Eng. Chem., 39, 387 (1947).

atures approaching the boiling point of (tri­
fluoromethyl) -benzenes is without effect, and this 
is confirmed by our observations. While it was 
stated that chloro-feV (trifluoromethyl)-benzenes 
could be obtained by reaction in the vapor phase 
at 500°, it was added that “at this high tempera­
ture there was extensive chlorinolysis.” 4

We have found that chlorination of (tri­
fluoromethyl) -benzenes may be effected readily by 
carrying out this reaction in an iron reactor at 
150-170° and under a chlorine gage pressure of 300 
lb./sq. in.

The material used in the majority of our chlorin­
ation experiments was a mixture containing both

(4) No yields have been mentioned, and it is clear from the text
that this process was abandoned as unworkable.
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1.3- (I) and 1,4-6̂ 5-(trifluoromethyl)-benzenes,5a 
but the principal product isolated was 5-chloro-
1.3- 6is- (trifluoromethyl) -benzene55 (II), the best 
yield being 57% (42% conversion).

I II

In each case some material boiling at 170-175° 
was obtained, and though no chemical individual 
was isolated with certainty, analysis showed this 
to consist of dichloro-foV (trifluoromethyl) -ben­
zenes, Similar material could be obtained by the 
chlorination of either “technical” 4-chloro-6 or 
crude 5-chloro-1,S-bis- (trifluoromethyl) -benzenes.

Fractionation of the higher boiling material 
yielded fractions which may have contained tri- 
chloro-fo’s- (trifluoromethyl) -benzenes, but no 
chemical individual other than a crystalline tet- 
rachloro derivative was isolated. The low melt­
ing point (47-48°) of the tetrachloro-6i5-(trifluoro­
methyl)-benzene suggests that it is 2,4,5,6-tetra- 
chloro-1,3 -bis- (trifluoromethyl) -benzene (III)
rather than the symmetrical 2,3,5,6-tetrachloro-l,-
4-bis- (trifluoromethyl) -benzene (IV).

Cl CF,
Cls

i¥ f‘ \ o

Cl''' Y ^ c i cJy \ c i
CF, CF,

III IV

The authors are indebted to Dr. Paul M. Gross 
for his encouragement and many helpful sugges­
tions, to Drs. Marcus E. Hobbs and John H. Say­
lor for direction of the physical measurements, and 
to Dr. Carl H. Deal and Miss Virginia Goodbody 
for most of the physical constants reported.

Experimental
Apparatus.—The reactor used in most of the experiments 

reported here was made from a 39 in. length of 2.5-in. 
black iron pipe closed at the bottom by a plate welded on, 
and at the top by a leaded pipe cap to which was attached 
a short length of 0.5-in. copper tubing. The copper 
tubing was connected by flare fittings to a “T ” which 
was provided with a 0-300 lb./sq. in. compressed air

(5a) We are indebted to  the Hooker Electrochemical Company 
for this material which is now being manufactured by them  on a 
commercial scale; cf. M urray, Beanblossom and Wojcik, Ind. Eng. 
Chem., 39, 302 (1947).

(5b) Since this m anuscript was subm itted but before it  was 
accepted for publication, McBee, Bolt, Graham and Tebbe, T his 
J ou r n a l , 69, 947 (1947), have reported some physical properties of 
5-cbloro-1.3-&t\?-(trifluoromethyl)-benzene; the constants reported 
are in fairly good agreement with ours. The article referred to indi­
cates th a t the method of syntheses will be published a t a later date.

(6) This material was prepared from monochlorinated technical 
m<f/a-xylene. The low dielectric constant (4.92) suggests th a t it 
contains some 2-chloro-l,4-^i>-(trifluorojnethyl)-benzenc.

gage and a stainless steel exit valve. The gage was pro­
tected from the action of the corrosive gas by a coil of 
0.25-in. copper tubing, connection being made to the “T ” 
and gage by short lengths of 0.125-in. copper tubing.

General Procedure.—The gage and valve assembly was 
removed while the reactor was charged through the 
copper tube at the top with the material to be chlorinated 
and the apparatus assembled. The end of the tube 
leading from the exit valve of the reactor was secured to 
a tank of liquid chlorine and the reactor cooled for one- 
half to one hour while chlorine distilled into the reactor.

The lower twelve inches of the reactor was next im­
mersed in an oil-bath7 8 and the temperature raised. Ex­
cess chlorine was valved off until the gage pressure wa 
300 lb ./sq. in. at the desired bath temperature (usually 
150-175°). After heating for a number of hours, the 
reactor was cooled and the hydrogen chloride and excess 
chlorine valved off. The gage and valve assembly was 
removed and the product poured out of the reactor, 
filtered, washed with dilute acid, dried and distilled.

The reactor was cleaned after each reaction by filling 
with dilute hydrochloric acid and allowing it to stand for 
one to three hours. It was rinsed with water and then 
acetone, and finally dried by evacuation.

5-Chloro-l,3-te-(trifluoromethyl)-benzene.—Using 
charges of 100-150 ml. of bis-(trifluoromethyl) -benzene5® 
and chlorinating for three hours at 150-170°, the best 
yield of monochloro-6w-(trifluoromethyl)-benzene (b. p. 
135-145°) obtained under these conditions was 57%, 
representing a conversion of 42%. Refractionation 
showed that nearly all of this material boiled at 139-140°, 
« 30d 1.4023, € 3.08. (A sample prepared by the indirect 
fluorination of 5-chloro-1,3 -bis -(trichloromethyl) -benzene 
by the technique of German Patent 575,593 gave: b. p. 
138.2-138.3°, «25d 1.4027, e23 3.04.)

Anal. Calcd/for C8H3C1F6: Cl, 14.28. Found: Cl, 
14.26.

Chlorination of a relatively pure sample of 1,3-bis- 
(trifluoromethyl)-benzene yielded a product boiling at 
137.5-138.5°.

Dichloro -bis - (trifluoromethyl) -b enz en e .— (a) By chlo­
rination of bis-(trifluoromethyl)-benzene: The chlorina­
tion was carried out as in the preparation above except 
that the reaction was allowed to run longer at slightly 
higher temperatures. In some cases, the reactor was 
cooled, the gas pressure released, additional chlorine dis­
tilled in, and heating continued for a further period. For 
example, the chlorination of 280 g. of bis-(trifluoromethyl) - 
benzene for three hours at 175°, recharging with chlorine 
and heating for an additional four and one-half hours 
yielded 42% of the dichloro-te-(trifluoromethyl)-benzene 
(b. p. 167-177°) or a conversion of 39%. This material 
was refluxed with 6 M  sulfuric acid to remove hydrolyzable 
material, washed, dried and redistilled. Most of the 
material boiled at 173-175°.

•(b) By chlorination of “technical” 4-chloro-1,3 -£is - 
(trifluoromethyl)-benzene6: A small reactor was charged 
with 67 g. of the 4-chloro-èw-(trifluoromethyl)-benzene 
and chlorinated for two hours at 160-170° to give a 58% 
yield (45% conversion) of product, b. p. 169-174°.

(c) By chlorination of 5 -chloro-1,3 -bis - (trifluoro - 
methyl) -benzene: Crude 5-chloro-l,3-bis-(trifluorometh­
yl) -benzene (b. p. 135-145°) obtained by chlorination of 
èw-(trifluoromethyl)-benzene was chlorinated for one and 
one-half hours at 170-185°. The reactor recharged with 
chlorine and chlorination continued for an additional 
three hours. An 83% yield (49% conversion) of product 
(b. p. 168-177°) was obtained.

The material obtained by procedure (a) (b. p. 173-175°) 
had the properties: « 25d  1.4389, e27 2.97, and appeared to 
be a mixture of isomers.

Anal.9 Calcd. for C8H2C12F6: Cl, 25.06. Found: Cl, 
24.75.

(7) The bath  used was made from a larger pipe and was electrically 
heated by a length of nichrome ribbon insulated with asbestos,

(8) Analysis by Miss Louise Gurney (1947).
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Tetrachloro-fcw-(trifluoromethyl) -benzene .9—Chlorina­
tion of 238 g. of the dichloro-te-(trifluoromethyl) -benzene 
obtained above for three hours at 165-215° in the presence 
of 0.05 g. of aluminum chloride yielded 76 g. of starting 
material, 55 g. of intermediate fractions (b. p. 180-241°), 
and finally 31 g. (b. p. 241-244°) which solidified on cool­
ing. Crystallized from ethyl alcohol, it gave colorless 
crystals, m. p. 47-48°.

(9) Experiment by Jean B. Bond.

Anal. Calcd. for C8C14F6: Cl, 40.04. Found: Cl,
40.09.

Summary
It has been demonstrated that chlorination of 

bis-(trifluoromethyl)-benzenes may be effected at 
elevated temperatures and pressures.
D u r h a m , N. C. R e c e iv e d  A p r il  2, 1947

[C o n t r ib u t io n  f r o m  t h e  A v e r y  L a b o r a to r y  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  N e b r a s k a ]

a-Chloro-0-amino Ketones
By N orman H. Cromwell and Ronald A. Wankel

In a previous communication1 a study was re­
ported concerning the rate of iodine release from 
acidified potassium iodide solution by «-bromo
0-amino ketones prepared from «-bromobenzalace- 
tophenone. These results were compared with 
those obtained from similar studies with bromo- 
benzylaminobenzylacetophenone hydrobromides 
prepared by the reactions of l-benzyl-2-phenyl-3- 
benzoylethylenimine with wet and dry hydrogen 
bromide.1*2 Also recorded was the fact that at 
room temperature the chlorobenzylamhiobenzyl- 
acetophenone hydrochlorides, produced by the 
action of wet or dry hydrogen chloride, gave a slow 
iodine release. In this la tter. case no authentic «- 
halogenated 0-amino ketones were available for 
comparison as had been the case with the bromo 
series.

Recently considerable interest has been shown 
in various types of 0-chloroethylamines,
^^>N—O—C—Cl^.3 0-Halogenated ethylamines
seem to owe some of their unusual chemical 
and physiological properties to the ability of their 
solutions to form the very reactive quaternary 
ethyleneimmonium ions.4

In the present investigation certain «-chloro
0-amino ketones have been prepared for iodine re­
lease studies and for pharmacological investigation.

Piperidine, morpholine and tetrahydroisoquino- 
line each added readily to both «-chlorobenzal- 
acetophenone and «-chlorobenzalacetone to give 
the desired «-chloro 0-amino ketones. Attempts 
to add benzylamine or dibenzylamine or tetra- 
hydroquinoline to «-chlorobenzalacetophenone 
were not successful. These «-chloro 0-amino ke­
tones, especially the «-chloro-0-aminobenzylace- 
tophenones, proved to be considerably more stable 
than the corresponding bromo compounds re­
ported in the previous studies.4

(1) Cromwell and Caughlan, T h is  J ournal , 67, 2235 (1945).
(2) Cromwell, Babson and Harris, ibid., 65, 312 (1943).
(3) For example, the nitrogen mustards, Gilman and Philips, 

Science, 103, 409 (1946); N,N-dibenzyl-jS-chloroethylamine, Nicker­
son and Goodman, Federation Proc., Feb., 1946, p. 195; N-benzo- 
hydryl-jS-chloroethylamines, Cromwell and Fitzgibbon, T h is  J our­
n a l , 70, 387 (1948).

(4) Cromwell and Cram, tbid., 65, 301 (1943); Cromwell, Chem. 
Rev., 38, 118 (1946).

«-Chloro-0-piperidinobenzylacetophenone (I) 
was quite stable in absolute alcohol solutions at 
room temperature, showing little tendency to form 
the quaternary ethyleneimmonium ion (A), as 
indicated by the slight reaction of such solutions 
with silver nitrate after standing fifteen hours. 
However, this «-chloro 0-amino ketone reacted 
readily with tetrahydroquinoline, as did the anal­
ogous bromo ketone,5 to give a good yield of «- 
piperidino - 0 - tetrahydroquinolinobenzylacetophe- 
none.
c 6h 5—c h —c h —c o c 6h 6

C5H10N Cl
(I)

C.H*—CH—CH—
\ /

NC5H10
(A)

c 6h 5—c h —c h —c o c6h 5

C9H10N NC5Hl0

The hydrochlorides of the «-chloro-0-amino- 
benzylacetophenones were readily prepared and 
found to be quite stable in alcohol solution, show­
ing no tendency to rearrange to the 0-chloro «- 
amino ketone hydrochlorides. The hydrochlo­
rides of the «-chloro-0-aminobenzylacetones 
proved to be too unstable to isolate.

For comparative purposes the reactivity of 
«, 0-dichlorobenzylacetophenone with benzyl- 
amine was checked and it was found that the 
yield of the ethyleneimine ketone was about the 
same as with dibromo ketones.6 The molecular 
weight of this product was determined to eliminate 
the possibility that this compound might be a 
piperazine such,as

CH2C6H5

COC6H5~l C9HioNH

GsHs—H c /^ C H C O C s H s  

C6H6COH(L .CHCoHs
N sk

CH,—CeH5
(5) Cromwell, T h is  J o u r n a l , 63, 2984 (1941).
(6) Cromwell, ibid., 69, 258 (1947).
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T a b l e  I

P h y s ic a l  a n d  A n a l y t ic a l  D a ta  f o r  ck-C h l o r o  0 -A m in o  K e t o n e s

a-Chlorobenzylacetophenones No.
M. p.,

°C.

0-Piperidino (I) 124
Hydrochloride (i d 142

0-Morpholino a n ) 127
Hydrochloride (IV) 148

0-Tetrahydroisoquinolino (V) 95
Hydrochloride (VI) 114
a-Chlorobenzylacetones

0-Piperidino (VII) 57
0-Morpholino (VIII) 65
0-T etrahydroisoquinolino (IX) 76

T a b l e  II
R e l e a s e  o f I odine by C h l o r o  K etones in  T hirty

M inu tes  a t  26 ° (0.200 G. Sa m p l e s )
0.0300 M

Halogenated Na2S203, ml. Per cent.
ketone used required reaction

( i n ) 1 .9 3 4 0 .4 0 4 .7 8
(V) 1 .3 5 3 5 .4 8 3 .5 2
(VI) 0 .9 7 3 2 .3 8 3 .0 3

As shown in Table II, these various «-chloro 0- 
amino ketones released iodine slowly from acidi­
fied potassium iodide solutions at room tempera­
ture. At elevated temperatures these compounds 
reacted with such solutions much more rapidly 
and at a constant rate. (See Fig. 1 and Table

T a b l e  III
R e l e a s e  o f  I o d in e  b y  C h l o r o  K e t o n e s  a t  66° (0.100 G.

S a m p l e s )

Sample

Reac­
tion
tim e

in
minutes

0.0300 M  
N a2S20a, ml. 

used required
Per cent, 
reaction

( i) 20 1 9 .8 9 2 0 .3 4 9 7 .8  ±  3 .0
( i i ) 20 18 .16 18 .34 9 9 .0

15 1 6 .4 8 1 8 .34 8 9 .9
10 10.91 1 8 .34 5 9 .4

5 5 .7 0 18 .34 3 1 .1
( i n ) 20 19 .6 9 2 0 .2 0 9 7 .4
(IV) 20 17 .43 18 .20 9 5 .8

15 1 6 .90 18 .20 9 2 .9
(V) 20 1 6 .95 17 .74 9 5 .6
(VI) 2Ö 15 .86 1 6 .18 9 8 .0

15 1 2 .94 16 .1 8 8 0 .0
(IX) 20 2 0 .2 3 2 1 .2 4 9 5 .2
0-Chloro-a-benzyl- 30a 0 .0 0 17 .14 0.0

aminobenzylaeeto- 
phenone hydro­
chloride

306 0 .0 0 17 .14 0.0

«-Chlorobenzal­
acetophenone 20 1 .3 6 2 7 .3 4 5 .0

Morpholine 30 0 .0 0 0.0
Blank 30 0 .0 0 0.0

“From 1-benzyl-2-phenyl-3-benzoylethylenimine and 
aqueous hydrogen chloride. 6 Using dry hydrogen chlo­
ride in benzene, see ref. 2.

Yield,
% Form ula

Chlorine, % 
Calcd. Found

75 C 20H 22O N C 1 10 .82 1 0 .6 4
90 C20H 23O N  C l2 19 .47 1 9 .3 6
74 C i9H 2„ 02N C1 1 0 .75 1 0 .6 8
93 C i9H a 0 2N C l2 19 .36 1 9 .2 7
69 C mH jsO N C I 9 .4 3 9 .2 8
91 Q kH h O N C Iü 1 7 .20 17 .01

55 c 16h 2„o n c i 13 .34 1 3 .1 2
66 C i ,H 180 2NC1 13 .24 1 3 .0 4
45 C i„H2„ONC1 11 .30 11 .0 9

III.) I t  was also found that the reaction products 
of l-benzyl-2-phenyl-3-benzoylethylenimine with 
wet or dry hydrogen chloride2 released no iodine 
under such conditions, and thus both must still be 
assumed to be 0-chloro-«-benzylaminobenzylace- 
tophenone hydrochloride, as was previously de­
cided.1 This constitutes a method of differentiat­
ing between «-chloro 0-amino ketones and the 
very similar 0-chloro «-amino ketones.

Fig. 1.—Rate of iodine release by (II) at 66°,

Nevertheless, further proof that certain ones of 
these reaction products of ethylene imine ketones 
with hydrogen halides actually are 0-halogeno «- 
amino ketone hydrohalides seems to be required. 
Their very slow reaction with an acidified solution 
of potassium iodide could conceivably be the re­
sult of their being the least reactive of the two pos­
sible racemates of the «-halogeno 0-amino ketone 
hydrohalide. This possibility is being investi­
gated.
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Experimental7
«,0-Dichloro Ketones.—These compounds were pre­

pared by the methods given by Goldschmidt,8 using an 
efficient gas-liquid reaction tower, as described by De- 
gering.9 The yield of «,0-dichlorobenzylacetophenone 
was the same as previously reported, but the yield of 
«,0-dichiorobenzyiacetone was considerably lower, al­
though the reaction was repeated several times. In a 
typical experiment, 40 g. (0.274 mole) of benzalacetone 
was dissolved in 50 ml. of chloroform, cooled to 5° and 
placed in the glass tower of the chlorination apparatus.9 
Tank grade chlorine gas was bubbled into the solution for 
one hour. The chloroform was evaporated under reduced 
pressure to leave an oily solid residue which on recrystal­
lization from absolute alcohol gave 20 g. (33.6% yield) 
of «,0-dichlorobenzylacetone, m. p. 92-93°. Evapora­
tion of the absolute alcohol solution and vacuum distilla­
tion of the residual oil gave 20 g. of «-chlorobenzalacetone, 
described below.

«-Chlorobenzalacetone.—This compound was obtained 
in an 83% yield according to the method given by v. Au- 
wers and Brink.10 The resulting yellow oil distilled at 
140-141° at 5 mm. and solidified on cooling in an ice- 
bath. Recrystallization from petroleum ether (b. p. 
60-70°) by cooling to 0° gave large, colorless crystals, 
m. p. 20-21°.

a-Chlorobenzalacetophenone.—This unsaturated chlo- 
roketone was prepared in a 75% yield by the method 
of v. Auwers and Hiigel.11 The golden yellow oil distilled 
at 195-200° at 5 mm. and solidified on cooling in an ice- 
bath. Recrystallization from petroleum ether gave large, 
colorless crystals, m. p. 29-30°.

Addition of Amines to the «-Chloro Unsaturated 
Ketones.—Five grams of the «-chloro unsaturated ketone 
was dissolved in 5 ml. of dry ether and the solution cooled 
to 0°. A cold solution of an equal molecular amount of 
the amine in 2 ml. of dry ether and 2 ml. of petroleum 
ether was added all at once. In five to ten minutes the 
solution became a solid mass. After standing in the ice- 
bath for one hour the colorless solid was filtered and washed 
with petroleum ether. These products were recrystal­
lized by dissolving them in warm petroleum ether and 
then cooling the solutions to 0°. In this way the «- 
chloro 0-amino ketones (I), (III), (V), (VII), (VIII) 
and (IX) were prepared (see Table I ) .

When 0.5 g. of (I) was dissolved in 10 ml. of absolute 
alcohol and allowed to stand at room temperature for 
fifteen hours, only a slight precipitate of silver chloride 
resulted upon addition of alcoholic silver nitrate. The 
chloro amino ketones (I), (III) and (V) were stable at 
room temperature for several months, while (VII), 
(VIII) and (IX) decomposed upon standing for twenty- 
four hours at room temperature.

Attempts to add benzylamine, or dibenzylamine, or 
tetrahydroquinoline to «-chlorobenzalacetophenone at 
various temperatures ranging from —40 to 40° were un­
successful.

Hydrochlorides of «-Chloro 0-Amino Ketones.—Five 
grams of the «-chloro-0-aminobenzylacetophenone was 
dissolved in 150 ml. of dry ether and 50 ml. of pure acetone 
and cooled to 10°. A cold saturated solution of dry 
hydrogen chloride in dry ether was added slowly with

(7) All m. p .’s were observed using a strong glass and obtained by 
placing the  sample in the bath  about 10° below the m. p. and heat­
ing a t  the  rate of 3° per minute. Total chlorine determinations 
were made by the  hydrogen je t method of Caldwell, Ind. Eng. 
Chem., Anal. Ed., 7, 38 (1935), and W inter, ibid., 15, 571 (1943), 
with the  assistance and advice of H. Armin Pagel, Department of 
Chem istry, University of Nebraska.

(8) Goldschmidt, Ber., 28, 1532, 2540 (1895).
(9) Degering, Ind. Eng. Chem., 24, 181 (1932).
(10) v. Auwers and Brink, J . prakt. Chem., 133, 154 (1932).
(11) v. Auwers and Hiigel, ibid., 143, 157 (1934).

stirring until no further precipitation took place. The 
colorless solid product was filtered and recrystallized by 
dissolving in about 40 ml. of alcohol followed by the 
addition of 120 ml. of dry ether. In this way the hydro­
chlorides (II), (IV) and (VI) were prepared.

A 0.5-g. sample of (II) was dissolved in 25 ml. of ab­
solute alcohol and allowed to stand at room temperature 
for forty-eight hours. Addition of 50 ml. of dry ether to 
this solution gave 0.48 g. of a compound identical with 
(II) (same m. p. and rate of iodine release).

The hydrochlorides of the «-chloro-0-aminobenzylace- 
tones (VII), (VIII) and (IX) decomposed almost im­
mediately upon isolation from the ether-acetone solutions 
to give the starting secondary amine hydrochlorides, 
and thus were not studied.

Reaction of Tetrahydroquinoline with (I).—Three 
grams (0.00915 mole) of (I) was dissolved in 5 ml. of ab­
solute alcohol and 2.43 g. (0.0183 mole) of tetrahydro­
quinoline added. This solution was warmed for five 
minutes on a steam-bath and allowed to stand for forty- 
eight hours at room temperature. The light yellow prod­
uct was filtered, washed with water and recrystallized 
from chloroform and alcohol to give 1.59 g. (41% yield) 
of yellow crystals, m. p. 166-167°, identical with «- 
piperidino-0-tetrahydroquinolinobenzylacetophenone,5 as 
indicated by a mixed melting point experiment.

Reaction of «,0-Dichlorobenzylacetophenone with Ben­
zylamine.—Nine grams (0.33 mole) of the dichloroketone 
was mixed with 10 ml. of alcohol and 6 ml. of benzene. 
This mixture was cooled in an ice-bath and then treated 
with 10.6 g. (0.097 mole) of benzylamine. Following the 
previously described procedure,6 2.3 g. (23% yield) of a 
compound, m. p. 107°, identical with 1-benzyl-2-phenyl-
3-benzoylethylenimine2 was obtained.

Mole Weight Determination.—Using 8-12% solutions 
in benzene and the cryoscopic method, calcd. for C22H19- 
NO: 313. Found: 300, 316.

The Determination of Active Chlorine, (a) Reaction 
with Potassium Iodide at 26°.—Following the directions 
previously described,1 the results given in Table II were 
obtained.

(b) Reaction with Potassium Iodide at 66°.—A
mixture of 5 ml. of dry acetone, 5 ml. of absolute alcohol, 
0.6 ml. of 3 N  hydrogen chloride in absolute alcohol, 
and 16 ml. of 0.2 N  potassium iodide in 50% absolute 
alcohol-acetone was brought to reflux temperature in a 
water-bath. A 0.100-g. sample of the chlorine compound 
was then dropped into this solution to dissolve immedi­
ately. After allowing the solution to reflux for the stated 
length of time, the flask was removed from the water- 
bath and 50 ml. of ice-cold water, along with 2 ml. of 
freshly prepared 2% starch solution was added immedi­
ately. The solution was then titrated rapidly with 0.0300 
molar sodium thiosulfate until the color changed from blue 
to colorless (see Table III and Fig. 1).

Summary
1. Piperidine, morpholine and tetrahydroiso- 

quinoline have been found to add readily to both 
«-chlorobenzalacetophenone and «-chlorobenzal- 
acetone. The stability and reactivity of the re­
sulting «-chloro 0-amino ketones have been com­
pared with that of the analogous «-bromo 0- 
amino ketones.

2. The rates of reaction of chloro amino ke­
tones with acidified potassium iodide solution 
have been studied, and a method of differentiating 
«-chloro 0-amino ketones from 0-chloro «-amino 
ketones proposed.
L in c o l n , N e b r a s k a  R e c e iv e d  N o v e m b e r  24, 1947
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The Isolation of 1, l-Dichloro-2-o-chlorophenyl-2-p-chlorophenylethane from
Technical TDE1

B y  Stan l e y  J . Cristo l1* a n d  H . L . H a ller

April, 1948 1,1-Dichloro-2-o-chlorophenyl-2-£-chloropiienylethane from TD E 1323

The recent discovery of the effectiveness of 1,1- 
dichloro-2,2-bis- (^-chlorophenyl) -ethane (called 
pyp'-TDE or pjp'-DDT)), as an anopheline larvi- 
cide made it desirable to have on hand a supply of 
its o>p' isomer, l,l-dichloro-2-tf-chlorophenyl-2-£- 
chlorophenylethane. This compound had been 
prepared previously by the condensation of chlo­
robenzene and 2,2-dichloro-l-tf-chlorophenyletha- 
nol,2 but the synthesis involved a difficultly avail­
able reactant, and optimum conditions had not 
been worked out. Separation of the isomers by 
fractional crystallization, an operation successful 
for o,p' and p ip /-ODT,2 was also difficult, since 
both isomers crystallized in similar appearing crys­
tals. The recent successful separation of 0,0 
DDT from the o,p' and p,pf isomers,3 by a proced­
ure making use of the decrease in reactivity toward 
dehydrochlorination with ethanolic sodium hy­
droxide caused by the replacement of para by ortho 
chlorine atoms, suggested a parallel experiment 
for the separation of ö̂ '-T D E  from p,pf-TDE.

A sample of technical TDE was recrystallized, 
giving pure £,/>'-TDE. The oil recovered from the 
mother liquors was treated with ethanolic sodium 
hydroxide under conditions calculated4 to effect 
the dehydrochlorination of substantially all the 
p>p' isomer and expected to leave unreacted most 
of the o,p' isomer. When this mixture of the un­
reacted o,pf isomer and the olefin related to the 
pyp f isomer was treated with chromic anhydride in 
glacial acetic acid, the olefin was oxidized to p>p'~ 
dichlorobenzophenone but the saturated o>pf-TDE 
was not affected. The ketone-ethane mixture was 
separated by selective adsorption on and elution 
from activated alumina, the ketone being held 
more strongly on the column.

The recrystallized o^ '-T D E melted at 75.8- 
76.8°,2 and was obtained in 7 to 8% yield from the 
original crude mixture of isomers. Mixed melting 
points with known samples2 were not depressed.

Dinitro and tetranitro derivatives of o^'-TBE, 
m. p. 134-135,5° and 183-185°, respectively, were 
prepared. Treatment of o,p'-TDE with ethanolic 
potassium hydroxide resulted in elimination of one 
mole of hydrogen chloride, but the resulting olefin, 
b. p. 160° (1 mm.), could not be made to crystallize.

(1) This work was started  as p art of a program supported by a 
transfer of funds from the Office of the Quartermaster General to the 
Bureau of Entomology and P lant Quarantine, and was completed 
in the chemical laboratories of the University of Colorado.

(la) Present address, University of Colorado.
(2) Haller, B artlett, Drake, Newman and co-workers, T his 

Journal, 67, 1591 (1945).
(3) Cristol, Soloway and Haller, ibid., 69, 510 (1947),
(4) The calculations were made from the known reaction-rate con­

stan t previously determined for p ,p f-TT>E; see Cristol, T his 
Journal, 67, 1494 (1945).

The rate constant for the dehydrochlorination 
with sodium hydroxide of the o^ '-T D E  was de­
termined in 92.6% (by weight) ethanol a t 20.11° 
(method used same as described earlier),4 and a 
value of 0.000144 liter per second per mole (aver­
age of two determinations) was obtained. This 
compares with a value of 0.00567 for the p , p f  iso­
mer, and again indicates the importance of the 
steric and/or electrostatic effect of the ortho chlo­
rine atom in hindering the elimination reaction.

Experimental
Separation of 1,1 -Dichloro -2 -o-chlorophenyi- 2 -chloro- 

phenylethane from its £,£'-Isomer.—A two-hundred 
gram sample of technical TDE was recrystallized from 450 
ml. of 95% ethanol. The solid (129 g.) was fairly pure 
>̂,j£>'-TDE and was discarded. The solvent was removed 

in vacuo, and the residual oil was taken up in 1200 ml. of 
95% ethanol, brought to 20° in a constant-temperature 
bath, and treated with 800 ml. of 1 iff ethanolic sodium 
hydroxide solution at 20° for exactly thirty minutes. 
The dehydrochlorination reaction was then stopped by the 
addition of 40 ml. of concentrated nitric acid in 500 ml. 
of water. Most of the ethanol was removed in vacuo, 
and the resulting mixture was extracted several times 
with ether. The ether extracts were washed with water, 
dilute aqueous sodium hydroxide, and saturated salt 
solution, and were then filtered. The ether was removed 
by distillation, leaving 60.4 g. of viscous oil.

This oil was taken up in 200 ml. of glacial acetic acid. 
To the refluxing solution was added 48 g. of solid chro­
mium trioxide in small portions, violent oxidation occurring 
at each addition, over a period of one to two hours. 
Refluxing was continued for about fifteen minutes after 
the addition was complete. The mixture was cooled and 
poured onto ice. The presence of excess oxidant was 
shown by testing with potassium iodide-starch paper. 
The mixture was extracted twice with ether. The com­
bined ether extracts were washed successively with water, 
dilute base until washings were basic, and saturated salt 
solution, and were then filtered. Evaporation of the 
ether left 49.1 g. of a brown solid mixture.

This solid was divided into two portions, and each 
portion was treated as follows: The solid was dissolved in 
200 ml. of petroleum ether (b. p. 60-70°) and adsorbed 
on an activated alumina column 42 mm. in diameter and 
200 mm. high, which had been washed with 200 ml. of 
petroleum ether. The column was then washed succes­
sively with five 200-ml. portions of petroleum ether, two 
200-ml. portions of carbon tetrachloride, and two 200- 
ml. portions of 95% ethanol. The petroleum ether elu- 
ates consisted mostly of o,£'-TDE, while the later frac­
tions were mostly p,p  '-dichlorobenzophenone. The com­
bined petroleum ether eluates from both runs weighed
25.0 g. After two recrystallizations from 95% ethanol,
14.8 g. of 0,£'-TDE, in . p. 75.8-76.8°, was obtained. 
This is equivalent to 7.4% of the original technical TDE  
mixture. The melting point of this sample of o^ '-T D E  
was not depressed when mixed with material isolated 
from technical DDT2 or obtained by synthesis.2

Dinitro-ö,/> '-TDE.5 6—This derivative was prepared 
by treatment of 500 mg. of o,p'-TDE with 5 ml. of fuming

(5) The structure of th is compound has not been proved but i t  is
presumably l,l-dichloro-2-(2-chloro-5-nitrophenyl)-2-(4-chloro-3- 
nitrophenyl)-ethane.
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nitric acid for one-half hour at 50°. The reaction mixture 
was cooled and poured onto ice. The resulting solid 
was recrystallized from 95% ethanol to constant m. p., 
134-135.5°.

Anal. Calcd. for C14H8CI4N2O4: N, 6.83. Found:
N, 7.02.6

Tetranitro-<?,£'-TDE.7 *—A mixture of 500 mg. of o,pr 
TDE, 2.5 ml. of concentrated sulfuric acid, and 2.5 ml. 
of fuming nitric acid was heated on a steam-bath for one 
hour. The reaction mixture was cooled and poured onto 
ice. The resulting solid was recrystallized from acetone- 
ethanol to constant m. p., 183-185°.

Anal. Calcd. for C ^ C ^ O a : N, 11.21. Found:
N, 11.14.®

o,£'-TDE Olefin.—A solution of 500 mg. of oyp ’~ 
TDE and 0.4 g. of potassium hydroxide in 20 ml. of 
ethanol was heated at reflux for three hours. The result­
ing mixture was poured into water. The mixture was 
extracted with ether, and the ether extract was washed

(6) The authors are indebted to Mr. H arlan L. Goering for the 
nitrogen analyses.

(7) The structure of this compound has not been proved, but it is 
presumably l,l-dichloro-2-(2-chloro-3,5-dinitrophenyl)-2-(4-chloro- 
3 ,5-dinitrophenyl) -ethane.

with water and saturated salt solution and filtered. The 
ether was evaporated off, leaving a viscous oil. This oil, 
b. p. 160° (1 mm.), was distilled in a vacuum sublimation 
apparatus. The product remained as an oil after standing 
at room temperature for over a year.

Acknowledgment.—We are indebted to the
Rohm and Haas Company for a generous supply 
of technical TDE mixture.

Summary
1,1-Dichloro-2-<9-chlorophenyl-2-/>-chloropheny 1- 

ethane (0,£'-TDE) has been separated from a 
mixture with its p,p' isomer by a procedure mak­
ing use of the lowered reactivity with ethanolic so­
dium hydroxide of the o,pf isomer compared with 
the pyp'  isomer.

Nitration and dehydrochlorination products of 
o^'-TD E have been described. The rate constant 
for the reaction of o,^'-TDE with ethanolic so­
dium hydroxide has been determined.
B o u l d e r , C o l o r a d o  R e c e iv e d  N o v e m b e r  13, 1947

[C o n t r ib u t io n  f r o m  P u l p  M il l s  Re s e a r c h  P r o je c t , D e p a r t m e n t  o f  C h e m is t r y  a n d  C h e m ic a l  E n g in e e r in g ,
U n iv e r s it y  o f  W a s h in g t o n ]

Lignin. I. Purification of Lignin Sulfonic Acids by Continuous Dialysis
By Quintin P. Peniston and Joseph L. McCarthy

Introduction by Ogland,3 no detailed study appears to have
Lignin sulfonic acids1 have several times been been made of the degree of purity and extent of re­

separated from sulfite waste liquor and purified by covery of the lignin sulfonic acids attainable by di- 
iSetal or amine salt precipitations.2 Although di- rect continuous dialysis of sulfite waste liquor, 
alysis has been employed as a step in some of these This easily conducted procedure was thought 
procedures, and has been practically considered worthy of investigation both as a method for labo-

ratory preparation of purified lignin sulfonic acids 
for research purposes and as a means of character­
ization of sulfite waste liquor components.

Experimental Part
Dialysis Apparatus.—To obtain a high ratio of mem­

brane area to liquor volume and a close approach to true 
counter-current operation, a multicellular apparatus was 
constructed from W '  X 9" X 12" plates of “Plexiglas.** 
This material was chosen for its resistance to chemical 
attack, dimensional stability in water, workability, and 
transparency. The last quality is desirable since it aids 
detection of air blocks or other obstructions to flow. The 
cells consisted of zig-zag channels 5/a" wide sawn in the 
“Plexiglas** plates. Both liquor and water plates were 
identical except for interplate connections. The design 
details are indicated in Fig. 1. Fifteen pairs of such 
plates were used, each pair being isolated by separator 
plates of 1/j6" “Plexiglas.** Connections between cells 
were by means of ports grooved about half through the 
plates at the ends of the channels. The ports fed into 
holes which led through membrane and separator to the
next appropriate cell. The entire assembly was held

(1) Haggluud, “ Holzchemie,” Akademische Verlagsgesellschaft, between 1/ 4" stainless steel plates by means of 14 stainless 
m. b. h., Leipzig, 1939, 2nd. ed., Lithoprinted 1944 by Edwards Bros., steel machine bolts.
Ann Arbor, Michigan. The total volume of the apparatus amounted to 2780

(2) (a) E. G. King, F. Brauns and H. H ibbert, Can. J. Res. (B) 13, ml., and the total membrane area to 0.435 square meter.
88 (1935); (b) G. H. Tomlinson and H. H ibbert, T his  J ournal , 58, With no bulging of the membrane, the volumes in liquor
340 (1936); (c) H. E rdtm an, Svensk. Papperstidn., 45, 315-323 <and water channels were equal.
(1942); (d) W. Lautsch and Piazolo, Cellulose chemie, 22, 48-54 —--------- -------
(1944). (3) N. J. Ogland, Svensk. Papperstidn., 47, 288-291 (1944).

V / / / / / / / / 7 7 / / / / / / y / 7 T / / / / / / / / /

gf\/ / / / / / / / / / / / / / / / / / / / 7 7 7 7 7 7 7 7 m

V //// / / / Z / / / / / / / / / / / / / 7 / 7 / 777?.

syyyyyyyyy> y//y/y/////y//777^
yyyyyyyyyyyyyyyyyyyyyyyyy//y7?

Fig. 1.—Dialyzer plate detail.
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Flows of both sulfite waste liquor and distilled water 
to the apparatus were from constant head reservoirs 
through small Alyea4 5 flowmeters to open funnel receivers. 
Pressure on the two channels was independently con­
trolled by adjustment of the height of inlet and outlet 
tubes. In operation the apparatus was placed with 
plates horizontal and both channels were filled with 
water using parallel upflow until all air bubbles were 
removed. Water was then switched from upflow to 
downflow and sulfite waste liquor was admitted in upflow 
in the other channel. Steady state operation was ob­
tained over several days’ operation without attention. 
The addition of small amounts of toluene to the input 
reservoirs was found effective to prevent growth of micro­
organisms in the apparatus. These if uncontrolled rapidly 
caused increase in porosity and failure of the membranes.

The membrane used in these studies was a denitrated 
nitrocellulose casing produced by the Sylvania Industrial 
Corporation and obtained from the Brosites Machine 
Company, New York; sample K  412, thickness (dry) 
0.0032 inch.

Sulfite Waste Liquor Samples.—The compositions of 
sulfite waste liquor samples used in this study are shown 
in Table I. For sample B the alterations brought about 
by pretreatment before dialysis are indicated. Important 
differences between Samples A and B are: the higher
amount of total reducing substances and fermentable 
sugar in Sample A, and the high values for total sulfur 
and loosely combined sulfur dioxide in Sample B. Both 
samples were obtained from commercial pulping opera- 
tions using the same wood source: about 85% Western 
Hemlock and 15% White Fir. In the production of 
Sample B a much higher “free sulfur dioxide** concentra­
tion was present in the pulping liquor.

T a b l e  I
C o m p o s it io n  o f  S u l f it e  W a s t e  L iq u o r  Sa m p l e s

Sample A
B

original
B after 

ion exchange
pB. 1.77 1.80 2.70
Total solids, g ./l.b 115.4 121.6 95.9
Ash, g./l. 11.88 20.94 21.63*
CaO, g./l. 6.19 9.63 0.05
Free S 02, g./l.8 0 .6 8.04 4.02
Loosely combined S02, g./l.6 3.73 6.17 4.51
Sulfate, g. S 03/1.6 1.14 1.10 0.76
Total sulfur, g. S /l.7 8.92 15.75 10.99
Methoxyl, g. OCH3/I.8’9 7.84 8.09 6.16
Total reducing substance, 

g. glucose/1. 26.78 20.45 14.91
Fermentable sugar, g. glu­

cose/1.10 19.05 12.45
a Sulfated ash. 6 Determined by drying in vacuo at 

60° on quartz sand.
Method of Calculation of Dialysis Data.—To obtain 

samples representative of a given set of flow conditions 
the apparatus was allowed to operate for sufficient time 
to ensure a steady state condition. Usually a time 
equivalent to the passage of 2 liters of the more slowly 
moving fluid was allowed. Samples of dialyzed liquor 
and dialyzate were then collected over a measured time 
interval to determine output flow rates. Input flow rates 
were calculated from a total solids balance. Dialysis rate

(4) H. N. Alyea, Ind. Eng. Chem., Anal. Ed., 12, 686 (1940).
(5) Method 0 403 sm-40, January  15 (1940); Technical Associa­

tion of the Pulp and Paper Industry, New York.
(6) Q. P. Peniston, V. F. Felicetta and J. L. M cCarthy, Ind. Eng. 

Chem., Anal. Ed., 19, 332 (1947).
(7) F. H. Yorston, Canadian Pulp and Paper Research Institute, 

M ontreal, Canada, private communication.
(8) E. P. Clark, T his Journal, 51, 1479-1483 (1929).
(9) F. Viebock and A. Schwappach, Ber., 63, 2818 (1930).
(10) H. S. Daniels and J. L. M cCarthy, unpublished method.

coefficients and amounts of substances transferred were 
then calculated from analyses of the effluent samples, the 
composition of the original liquor and the flow rates 
established from the total solids balance.

Results and Discussion
The isolation of pure lignin sulfonic acids from 

sulfite waste liquor by dialysis is dependent on two 
major factors. Firstly, the non-lignin compo­
nents, being of relatively low molecular weight, dif­
fuse more rapidly through the pores of the mem­
branes than most of the lignin components, and 
secondly, the membrane behaves in some degree 
as an ultra-filter being substantially impermeable 
to particles above a certain size.

Schwabe and Hasner11 have shown that for 
such low molecular weight non-electrolytes, as hex- 
ose sugars, the rate of diffusion is determined by 
Graham's law for certain membranes. With elec­
trolytes in the presence of a high concentration of 
supporting electrolyte, presumably the dialysis 
rate is also inversely proportional to the square 
root of the molecular weight. This relationship 
has been used by Schwabe and Hasner for estima­
tion of molecular weight of various lignin sulfonic 
acid preparations. In the absence of extraneous 
electrolyte, however, potential gradients as well 
as concentration gradients must be effective in 
determining the dialysis rate of electrolytic sub­
stances. According to Vinograd and McBain12 
the potential gradient in a mixture of electrolytes 
may be expressed as

d# __ R T  r 2u+G +/n + -  'Zu.G - / » .  1  
dx F L 2U+C+ -|-2«_ c_ J

where u+t are mobilities, G+ G- are ionic con­
centration gradients, c+f c- are concentrations and 
n+9 U- are valences. An interesting consequence 
of this relation is that the presence of a high con­
centration of non-dialyzable high molecular weight 
lignin sulfonic acid anions should increase the rate 
of dialysis for low molecular weight anions in the 
mixture.

In order to aid in the interpretation of dialysis 
rate coefficients calculated for sulfite waste liquor 
components, two mixtures of pure substances have 
been dialyzed under similar conditions using the 
same dense membrane employed for the sulfite 
waste liquor experiments. Results with known 
aqueous mixtures of glucose and sucrose (Table 
II) dialyzed under four different flow conditions 
(Experiments 1-4) using newly installed mem­
branes and, again after six weeks of continuous 
service in sulfite waste liquor dialysis (Experi­
ments 5-8), show (a) that while the free diffusion 
rate for glucose is 1.37 times that for sucrose,13 
the ratio of dialysis rate coefficients now found for 
these substances is 1.64 indicating a filtering ac­
tion by the membrane for molecules as small as su­
crose; (b) that apparently the dialysis rate coef-

(11) K. Schwabe and L. Hasner, Cellulosechemie, 20, 61 (1942).
(12) J. R. Vinograd and J. W. McBain, T his Journal, 63, 2011 

(1941).
(13) “ International Critical Tables,” Vol. V, p. 71.
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T a b l e  II
D ia l y s is  R a t e s  f o r  G l u c o s e - S u c r o s e  M ix t u r e s ®

Experiment0 1 2 3 4 5 6 7 8
Liquid output, ml./hr. 672 499 296 139 445 316 166 66.7
Dialyzate. ml./hr. 612 422 256 125 359 213 144 78.1

Percent, dialyzed { 43.0 47.7 55.7 73.5 51.6 51.2 71.6 87.3
27.8 35.2 43.9 64.2 38.6 41.2 64.8 86.8

Glucose 0.92 0.95 0.86 0.93 0.93 0.94 1.02 0.81
Average 0.92 Average 0.93

Sucrose 0.56 0.55 0.53 0.54 0.57 0.56 0.64 0.58Dialysis rate6 coefficients * Average 0.54 Average 0.59
K  glucose 1.64 1.72 1.62 1.72 1.63 1.68 1.60 1.40

k K  sucrose Average 1.67 Average 1.58
« Original mixture: 20.0 glucose g./liter, 20.0 sucrose g./liter. 6 Grams transferred per square meter per hr. per gram 

per liter concentration difference (logarithmic mean). c Experiments 1-4 were carried out using new membranes; 
experiments 5-8 with membranes after six weeks of service in sulfite waste liquor dialysis.

T a b l e  I I I

D ia l y s is  R a t e s  f o r  G l u c o s e  a n d  S o d iu m  ^ -T o l u e n e  
S u l f o n a t e ®

Experiment 1 2 3 4
Average solution rate,

ml./hr. 104 215 327 558
Average water rate.

ml./hr. 116 232 298 6 0 2

Glucose 79.8 65.0 52.0 41.7
Per cent. Sodium p - 86.3 74.1 59.7 5 2 . 7

dialyzed toluene-
sulfonate

Dialysis
rate
coeffi­
cients

Glucose 0.79 0.86 0.85 0.88
Sodium p-tolu- 1.06 1.22 1.26 1.39

enesulfonate
Ac7H7so3Na

, -^glucose
1.34 1.43 1.49 1.59

«Original mixture: glucose 20.60 g./liter, sodium/)-
toluenesulfonate 22.84 g./liter.

ficients for these non-electrolytes, are not depend­
ent on flow rate, and (c) that only a small change 
if any occurred in the porosity of the membrane 
during the entire period.

Similar experiments with known aqueous mix­
tures of glucose with sodium ^-toluenesulfonate 
(Table III) showed that (a) although the two sub­
stances are of about the same molecular weight, 
the electrolyte dialyzed considerably faster than 
the non-electrolyte and (b) that the dialysis rate 
coefficient of the electrolyte increases with flow 
rate.

Since sodium /^-toluenesulfonate is a salt of a 
relatively large organic anion, it might be expected 
that similar effects would occur in dialysis of so­
dium lignin sulfonates and low molecular weight 
non-electrolytic substances.

The purification of lignin sulfonic acids by di­
alysis of sulfite waste liquor Sample A was inves­
tigated using five, different liquid input flow rates 
corresponding to five different times for dialysis. 
Dialyzed liquors and dialyzates were analyzed for 
total solids, methoxyl, total reducing substances 
and sulfur. The analytical results and the 
amounts of each analytically determined constitu­
ent dialyzed are shown in Table IV as a function

T a b l e  IV
E f f e c t  o f  D ia l y s is  T im e  o n  L ig n in  Su l f o n ic  A cid

P u r it y

Sulfite Waste Liquor Sample A
Experiment 1 2 3 4 5
Liquor input, m l./h r. 136 76.7 39.4 37.9 19.0
W ater input, m l./hr. 270 273 275 265 256
Average liquor flow rate, 

m l./hr. 166 93.3 52.7 52.7 31.9
Average tim e in dialyzer, 

hours 8.37 14.90 26 = 7 26.7 43.5
Dilution ratio  (liquor o u t/  

liquor in) 1.44 1.43 1.67 1.78 2.36
Composition of dialyzed 

liquor
Total solids, g ./l. 58.25 44.74 32.42 30.69 23.24
Methoxyl, g. OCHj/1. 5 .53 4.70 3.66 3.47 2.72
Total reducing substances, 

g /1 . 7 .15 3.23 1.07 0.82 0.48
Sulfur, g ./l. 3 .70 2.90 2.12 2.00 1.49

Composition of dialyzate 
Total solids, g ./l. 20.43 16.40 9.76 9.77 5.02
Methoxyl, g. OCHi/1. 0 .49 0.44 0.30 0.34 0.20
Total reducing substances, 

g ./l. 9.29 7.08 3.93 3.78 1.72
Per cent, of constituent 

dialyzed 
Total solids 27.4 44.5 53.1 52.8 52.5
Methoxyl 9 .7 18.0 21.0 21.3 21.0
Total reducing substance 53.7 82.7 93.3 94.2 94.8
Sulfur 40.2 53.5 60.3 60.1 60.5

Methoxyl equivalent weight
dialyzed solids 327 295 274 274 265

of the time of dialysis. Limiting values are ap­
proached by all constituents which are character­
istic of the calcium salts of the purified lignin sul­
fonic acids. Interpreting the dialysis of methoxyl 
groups as proportional to that of lignin sulfonic 
acids, it appears that about 78% of the original 
lignin sulfonic acids in Sample A are retained by 
the membrane used irrespective of the time of di­
alysis. The remainder pass through the mem­
brane at a rate not greatly lower than that for re­
ducing substances and thus are apparently of lower 
molecular weight. From the above experiments 
with known substances and from the recent re­
ports by Gralen14 and by Pennington and Ritter15 
the molecular weight of lignin sulfonic acids pass-

(14) Nils Gralen, J . Colloid Sci., 1, 453 (1946).
(15) D. Pennington and D. M. R itter, T his Journal, 69, 665 

(1947).



April, 1948 Lignin . I. Purification of Lignin Sulfonic Acids by D ialysis 1327

T able V
D ialy sis  R ates of Sulfite  Waste  L iquor  Com ponents 

Sulfite Waste Liquor B
As calcium salts As sodium salts

Experiment 1 2 3 1 2 3 4
Average liquor flow, ml./hr. 49.6 100.8 179 41.05 65.6 122 179
Average water flow, ml./hr. 59.3 176.1 176 47.3 68.7 144 197
Dilution ratio 1.75 1.45 1.37 2.70 1.76 1.49 1.40
Composition of dialyzed liquor

Total solids, g./l. 34.34 44.39 59.99 15.24 25.39 33.76 40.56
Reducing substances, g./l. 0.86 2.24 5.59 0.51 1.27 2.20 3.51
Methoxyl, g./l. 3.65 4.46 5.46 1.67 2.69 3.44 3.96
Total sulfur, g./l. 3.02 3.93 5.59 1.40 2.33 3.00 3.58
Free and loosely combined sulfur dioxide, g./l. 0.59 1.02 2.42 0.16 0.42 0.63 1.09
Methoxyl equivalent weight 292 309 342 283 293 304 317
Moles sulfur/mole methoxyl 0.80 0.86 0.99 0.81 0.84 0.84 0.88

Per cent, of constituent dialyzed
Total solids 50.4 47.0 32.3 57.6 53.4 47.4 40.5
Reducing substances 86.7 82.9 59.2 88.0 83.6 76.3 67.8
Methoxyl 18.1 14.8 9.3 29.4 24.2 17.8 13,8
Free and loosely combined sulfur dixide 29.8 89.6 76.7 97.0 91.4 89.2 82.5

Dialysis rate coefficients
Total solids 0.10 0.16 0.19 0.09 0.15 0.23 0.26
Reducing substances .53 .56 .62 .36 .66 .70 .74
Methoxyl® .10 .14 .15 .26 .30 .26 .25
Free and loosely combined sulfur dioxide .63 .74 .93 1.00 1.15 1.33 1.45

B
*3a

® Based on assumption of 35% dialyzable methoxyl.

ing through the membrane is probably not 
greater than about 2000 and thus these may con­
tain only up to about ten of the structural units 
postulated by Freudenberg16 and Hibbert.17

The non-dialyzable lignin sulfonic acids 
may be characterized by a methoxyl o 
equivalent weight (grams of total solids 
per 31.02 g. of methoxyl). This value for 
the solids remaining undialyzed was found 
to decrease with increasing time of dialysis, 
the data being representable by an equa­
tion of the form

bfl ËMethoxyl equivalent weight =  C +  A /Time .g
where A and C are constants. Extrapola- ij 
tion with this relationship of the data to 
infinite time of dialysis (Fig. 2) suggests a |  
value of about 250 as the methoxyl equiva­
lent weight of the completely purified cal­
cium lignin sulfonate from sulfite waste 
liquor Sample A. The mole ratio of sulfur, 
and of the copper reducing value calculated 
as glucose, to methoxyl in the dialyzed solu­
tions is shown in Fig. 2 as a function of time of 
dialysis. Both quantities decrease rapidly with 
increasing purity and approach values of 0.5 mole 
of sulfur, and less than 0.04 mole of copper reduc­
ing groups, per mole of methoxyl, respectively. 
Thus the nondialyzable lignin sulfonic acids mani­
fest approximately one sulfonic acid grouping for 
every two structural units. The rate at which the 
mole ratio of sulfur to methoxyl decreases with 
increasing purity appears to exclude the possi-

(16) K. Freudenberg, Ann. Rev. Biochem., 8, 81 (1931).
(17) H. Hibbert, ibid., 11, 183 (1942).

bility that the sulfur-containing impurities can be 
entirely lignin sulfonic acid salts of higher sulfur 
content and suggests that they may be, in part, 
the sulfonic acid derivatives of sugars postulated

% 33°
0 .251  £

0.65 .£?
a  ̂3io

8 . 0.20 ° 3
J g  I  0.601  290

0.15 fc S

J3*+* io.io i0̂
b  270

S  250
0.05 5  0.50

0.120 0.02 0.04 0.06 0.08 0.10
Reciprocal of dialysis time in hours"”1.

Fig. 2.—Calcium lignin sulfonate composition vs. dialysis time: 
equivalent weight; 9 ,  sulfur; Q, reducing substances.

O,

by Hagglund and Urban18 and recently studied 
by Adler.19

To try to generalize the above trends, a series 
of experiments was conducted with calcium base 
sulfite waste liquor Sample B which differs from 
Sample A in that it was obtained from a separate 
commercial plant wherein the practice is to use a 
sulfite pulping liquor very high in concentration 
of sulfurous acid. In both cases, however, the 
wood used was the same, namely, about 85%

(18) E. Hagglund and H. Urban, Ber., 62, 2046 (1929).
(19) E. Adler, Svensk Papperstidn., 49, no. 15 (Aug. 15, 1946).
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Western Hemlock and 15% White Fir. Sample 
B, in its original form, and after conversion by ion 
exchange to sodium salts (Table I), was dialyzed 
at various flow rates. The dialyzed solutions were 
analyzed and dialysis coefficients were computed.

Results (Table V) indicate that dialysis coef­
ficients of electrolyte components of sulfite waste 
liquor are higher when in the form of sodium salts 
than as calcium salts. This might be expected 
from activity considerations.

By extrapolation to infinite time of dialysis of 
data secured using the sodium salts, it is esti­
mated, on a methoxyl basis, that about thirty-five 
per cent, of the weight of the original lignin sulfonic 
acid present in Sample B will dialyze through the 
membrane, compared to about 22% for Sample A. 
This evidence for the presence of a larger propor­
tion of lower molecular weight lignin sulfonic 
acid molecules in the sulfite waste liquor Sample B 
may correlate with the higher sulfurous acid con­
centration during the sulfite pulping procedure in 
this case.

Following completion of these experiments, non- 
dialyzable sodium lignin sulfonates were prepared 
by dialyzing Sample B as the sodium salt using a 
very low flow rate. Also at the conclusion of the 
above described studies on Sample A, non-dialyz- 
able calcium lignin sulfonates were secured simi­
larly and these were converted to sodium salts by 
ion exchange. Purified lignin sulfonates A and B 
were recovered by evaporation to dryness at re­
duced pressure and then carefully dried under 
vacuum below 60°. According to Purves20 erro­
neous carbon and hydrogen values may result if 
high temperatures are used. The composition of 
the two dry samples was found to be

Carbon
Hydrogen
Sulfur
Sodium
Methoxyl

Sample A (%)
52.1
4.18
6.66  
4.63

12.8

Sample B (%)
50.5 
3.96  
7.38  
4.88

12.5

Differences in degrees of sulfonation of these 
purified non-dialyzable sodium lignin sulfonates 
can be taken into account to permit comparison of

(20) C. B. Purves, P. F. R itchie and W. J. W ald, T his Journal, 
69, 1371 (1947).

the two samples by calculation of the above analyt­
ical data to a sulfur and ash free basis. For such 
a computation, the mechanism of sulfonation may 
be postulated either as replacement of one hy­
droxyl grouping, or else one hydrogen atom, of the 
lignin for each sulfonic acid grouping becoming a t­
tached to the lignin. We have based our calcula­
tions on the hydroxyl replacement mechanism, i. e.

—C—H
■+ NaHSOs -

-C—H
+  h 2o

- i!—OH -C—SOsNa

which yields the following carbon-hydrogen-oxy­
gen-methyl ratios from the experimental data for 
the average unsulfonated lignin structural unit 
containing ten carbon atoms

Sample A C9.00H7.20O2.75 (OCH)o.9 4

Sample B C9.00H7.00O2.84 (OCHs)o.95
“Theoretical” C9.00H7.00O2.75 (OCHs)i.oo

The “theoretical" ratio given may be secured by 
assuming that the lignin polymer consists of 
ltn” guaiacyl oxygenated propane structural units 
with the empirical formula CioH10G3 and “3n” 
units with the empirical formula C10H10O4.

Mr. Vincent F. Felicetta's analytical assistance 
is appreciated.

Summary
1. Lignin sulfonic acids may be isolated in a 

high degree of purity in about 65 to 80% yield by 
exhaustive continuous dialysis of sulfite waste 
liquor.

2. The dialyzable lignin sulfonates are believed 
to be of molecular weight of less than 2000 and ap­
pear to vary in amount depending upon conditions 
obtaining during the pulping process.

3. Two non-dialyzable lignin sulfonate sam­
ples from different commercial sources are found 
to have nearly the same empirical composition 
when calculated to a sulfur and ash free basis, and 
this composition is in agreement with the concept 
of lignin as a polymer of guaiacyl oxygenated pro­
pane structural units.
Seattle, W ashington R eceived  J uly 24, 1947
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Lignin. II. Liberation of Phenolic Hydroxyl Groups by Alkaline Cleavage of
Lignin Sulfonic Acids

B y  Qu in t o n  P. P e n ist o n  a n d  J o seph  L. M cC a r t h y

April, 1948 Lignin . II. Phenolic Hydroxyl Groups of Lignin Sulfonic Acids

The conception of softwood lignin as a polymer 
of oxygenated guaiacyl propane structural units 
postulates the occurrence of one phenolic hydroxyl 
per methoxyl grouping. I t has been concluded 
by most workers within the field that phenolic 
hydroxyl groupings occur in a free state in at least 
some structural units of the polymer. Thus, 
Tomlinson and Hibbert1 have stated: ‘ ‘The fact 
that methylated (dimethyl sulfate and alkali) 
lignin sulfonic acids yield veratric aldehyde affords 
conclusive proof that the original lignin sulfonic 
acid contains a free phenolic hydroxyl group," 
and F. E. Brauns2 has concluded, from diazo­
methane methylation studies, that: “ ...lignin 
sulfonic acid in addition to the sulfonic group has 
a free phenolic hydroxyl." Freudenberg and co­
workers3 have suggested that the phenolic hy­
droxyl group is bound in native lignins by an ether 
linkage to a secondary aliphatic hydroxyl and that 
this linkage is broken by sulfonation to yield a 
sulfonic acid and a free phenolic hydroxyl. From 
more recent investigations using a technique in­
volving hydrazine reduction of toluene sulfonate 
esters of phenolic hydroxyl groupings to toluene 
sulfinate esters, Freudenberg and Plankenhorn4 
have concluded that there are present 0.075, 0.14, 
and 0.31 free phenolic hydroxyl groups per lignin 
structural unit in cuproxam lignin, hydrochloric 
acid lignin, and deacetylated acetic acid lignin, 
respectively.

To secure further information as to the status 
of the phenolic hydroxyl groupings in lignin sul­
fonic acids, conductometric titration studies have 
now been made of exhaustively dialyzed sulfite 
waste liquor solutions which, as is established in 
another communication,5 consist of salts of lignin 
sulfonic acids of a high degree of purity.

Experimental Part
Conductometric titrations were conducted in 50% 

ethanol solution using carbonate-free sodium hydroxide. 
A 60-cycle Wheatstone bridge circuit with pointer type AG 
galvanometer was used. The titration cell, of 100-ml. 
capacity, was constructed with buret delivery tubes and 
glass stirrer mounted in the lid. This was connected by a 
ground glass joint to the body containing platinized elec­
trodes. The cell constant was 0.492 cm.-1.

Samples from alkali cleavage experiments were adjusted 
with dilute hydrochloric acid to pH 4. A measured excess 
of standard acid was then added and the samples were 
boiled to expel carbon dioxide and sulfur dioxide formed by 
desulfonation of the lignin sulfonic acid. After cooling in

(1) Tomlinson and H ibbert, T his Journal, 58, 350 (1936).
(2) Brauns, Paper Trade Journal, 111, no. 14, 33-39, Oct. 

(1940).
(3) Freudenberg, M eister and Flickinger, Ber., 70, 500 (1937).
(4) Freudenberg and Plankenhorn, ibid., 75, 857-867 (1942).
(5) Peniston and M cCarthy, T his Journal, 70, 1324 (1948).

stoppered flasks, aliquots were titrated with 0.01 N  io­
dine solution to determine residual sulfur dioxide. Weak 
acids, determined conductometrically on separate aliquots, 
were corrected for residual sulfite.

Potentiometric titrations were conducted using a Leeds 
and Northrup glass electrode pH electrometer.

Total solids and total sulfur recovery in the fractiona­
tion of alkali cleaved lignin sulfonic acid were corrected for 
sodium sulfate resulting from alkali neutralization by con­
ductometric sulfate6 determinations.

Other analytical procedures have been described in a 
separate communication.6

Extinction coefficients for the nitroso lignin test were 
determined using a Coleman Spectrophotometer.

Alkali cleavage experiments were generally conducted 
in glass apparatus under a reflux condenser using a nitrogen 
atmosphere. Some experiments were conducted using 
small stainless steel autoclaves in a constant temperature 
oil-bath.

The lignin sulfonic acid concentration was generally 20 
g. per liter. Free lignin sulfonic acids were prepared from 
calcium or sodium lignin sulfonate solutions by treatment 
with an acid regenerated cation exchange resin (Amberlite 
1R 100).

Discussion
Typical results with untreated lignin sulfonic 

acid solutions are illustrated in Fig. 1, which 
shows comparative conductometric and potentio­
metric titrations on the same solution of lignin sul­
fonic acids. From the character of curves ob­
tained, it is clear that only small amounts—cer­
tainly less than 0.2 mole per mole of methoxyl of 
weak acids with pK  values between 4 and 10—can 
be contained. Since phenolic hydroxyl groups in 
lignin sulfonic acids, if free, should fall within this 
range, the absence, or presence in only low con­
centrations, of these groupings, is indicated.

However, free phenolic hydroxyl groups do exist 
in lignin sulfonic acids which have been subjected 
to an alkaline environment. Such conditions may 
arise during methylation reactions which have 
been used to indicate the presence of free phenolic 
groups1 and have been found by Karrer and asso­
ciates,7 to lead to rapid cleavage of some antho- 
cyanins to simple phenolic substances. Treat­
ment of lignin under more strongly alkaline con­
ditions and at higher temperature yields products 
which are precipitable with carbon dioxide and 
thus presumably phenolic in character and under 
these conditions lignin sulfonic acids yield vanillin 
and other phenolic substances.

When the lignin sulfonic acid preparation de­
scribed in Figure 1 was treated with 5% sodium 
hydroxide at 100° for several time periods, the re­
action products showed the conductometric titra-

(6) Peniston, Felicetta and,M cCarthy, Ind. Eng. Chem., Anal. Ed., 
19, 332 (1947).

(7) K arrer and co-workers, Helv. Chim. Acta., 10, 67, 729 (1927); 
12, 292 (1929); 15, 507 (1932).
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Milliliters 0.1027 N  NaOH.
Fig. 1.—Potentiometric and conductometric titrations 

of lignin sulfonic acid showing low weak acid content: 
1.0 ml. NaOH =  0.164 mole of acid per mole of OCH*.

tion curves given in Fig. 2. After sodium hy­
droxide addition equivalent to the midpoint of the 
indicated weak acid lines, all solutions were found 
to be approximately pH 9, indicating that the ioni­
zation constants for the acids titrated are in the 
expected range for phenolic hydroxyl groups. 
From the above and similar studies on different 
lignin sulfonic acid preparations, it is concluded 
that treatment in five per cent, sodium hydroxide 
solutions at 100°, causes liberation in about two 
hours of about 0.67 mole of phenolic hydroxyl per 
mole of methoxyl. Following this there is a more 
gradual formation of weak acid groups which con­
tinues with the time of cleavage.

The rate of the initial phenolic hydroxyl libera­
tion appears to be approximately proportional to 
the alkali concentration. Thus in aqueous solu­
tions 1% in sodium hydroxide, the rate is found 
to be roughly one-fifth of that observed in solu­
tions 5% in sodium hydroxide. Also, at the lower 
alkali concentration, the more gradual acid forma­
tion is not discernible. Thus there may be two 
reactions involved or two different groupings 
cleaved by the alkaline treatment.

The liberation of phenolic hydroxyl groups in 
lignin sulfonic acid should result in its increased 
reactivity in chemical reactions dependent on the 
presence of active nuclear hydrogen. After alkali 
treatment there should be evident increased ease 
of oxidation and of halogenation, increased re­
activity in condensation reactions, e. g.} with form­
aldehyde, and in substitution reactions such as 
coupling with diazonium salts or reaction with 
nitrous acid. Two such reactions have now been

studied in comparison with titration data for the 
amount of weak acid liberated in alkali cleavage.

Fig. 2.—Conductometric titrations of L. S. A. after alkali 
cleavage.

Pearl and Benson8 have developed a procedure 
for determination of lignin sulfonic acid in sea 
water utilizing the color formed by reaction with 
nitrous acid presumably forming a nitroso lignin. 
Mr. William G. Westover,9 in collaboration with 
H. K. Benson and the authors, has studied the 
effects of alkali cleavage on the color developed in 
this reaction,

Pennington and Ritter10 have recently investi­
gated oxidation of various phenolic substances with 
periodic acid and have found that substances with 
guaiacyl nuclei with free phenolic hydroxyl groups 
are readily oxidized with accompanying de- 
methylation. Dr. Pennington has examined a 
series of our alkali cleavage samples using the 
periodate oxidation technique.

Results of the three characterizations of the 
same series of alkali treated lignin sulfonic acid 
samples are shown in Fig. 3, in which the conduc­
tometric moles of weak acid per mole of methoxyl, 
the increase in extinction coefficient at 4700 A. for 
the nitrous acid reaction product, and the moles of 
periodate consumed per mole of methoxyl, are 
each plotted as ordinates against the time of 
alkali cleavage as abscissa. The three quantities 
show pronounced increases during the early stages 
of treatment, indicating an increase in concentra­
tion of free phenolic groups. After two hours of 
treatment, however, there is no further increase in 
periodate consumption, or in the extinction coeffi­
cient, while a continued gradual increase in weak

(8) Pearl and Benson, Paper Trade J I l l ,  no. 18, 35-36 (1940).
(9) W estover, B. S. Thesis, University of W ashington, 1946.
(10) Pennington and R itter, T h is Journal, 69, 187 (1947).
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acids is still apparent. I t  is believed, therefore, 
that for the experimental conditions used libera­
tion of phenolic groups is substantially complete 
in two hours, and that generation of other acidic 
groupings is probably responsible for the subse­
quent gradual rise in titratable acids. Ritter and 
Pennington10 have observed that pure guaiacyl 
type phenolic substances in general consume three 
moles of periodate per mole of methoxyl. This 
would imply that in alkali cleavage under con­
ditions used only two thirds of the potential 
phenolic hydroxyl groups have been liberated and 
suggests the possibility that a different type of 
linkage exists for the remaining third. A similar 
result is obtained by linear extrapolation to zero 
time of the gradual weak acid increase. On this 
basis the amounts of phenolic hydtoxyl liberated 
in the first two hours are in close agreement as 
determined by periodate consumption or titration 
(Fig. 3a).

The increase in extinction coefficient for the 
products of reaction with nitrous acid agrees 
reasonably well with the assumption that light 
absorption of the lignin polymer is due to two typi­
cal groupings, i. e., structural units with free phe­
nolic hydroxyls, and those remaining as phenolic 
ethers. The observed extinction coefficient, 
“K 0bs,” should thus be expressible as a sum of two 
terms as

(Ci +  'C s)K0bB. =  K iC i +  K 2C2 (1 )
where “ Ci” and “ G ” represent the molar concen­
trations of free and combined phenolic hydroxyl 
groupings per mole of methoxyl, and “JKi” and 
“K 2” represent the extinction coefficients asso­
ciated with these respective groupings. If the 
concentrations of free phenolic hydroxyl found ex­
perimentally by periodate oxidation be taken as 
Ci, then C2 may be regarded as the difference be­
tween unity and Ci. Using values found experi­
mentally by the nitroso technique for the total ex­
tinction coefficient, üT0bs> then the individual ex­
tinction coefficients, Ki and K 2, may be evaluated 
by simultaneous solution of Equation 1 using data 
derived from samples hydrolyzed for two different 
time intervals. Taking K x and K 2 as 76 and 20, 
respectively, calculation of the terms K 1C1 +  
K 2C2 as compared to (Ci +  C2)Kohs shows (Table 
II) satisfactory correlation of the results of the 
periodate oxidation method with those of the ni­
troso method except for the original sample in 
which some phenolic hydroxyl may have been 
liberated under the alkaline conditions obtaining 
during the carrying out of the nitroso method.

The liberation of phenolic hydroxyl groups by 
mild alkaline treatment of lignin sulfonic acid 
necessarily brings about other changes in molecu­
lar structure. If all of the structural units of the 
lignin polymer are joined together by non-cyclic 
ether linkages (such as in Formula I), simple 
cleavage of these ethers would result in conversion 
of the polymer to the monomer. However, if 
furan or pyran rings are involved (such as in

Time of treatment, hours.
Fig. 3.—Phenolic hydroxyl liberation by alkali cleavage.

Formula II), reduction in molecular weight would 
require not only liberation of the phenolic hy­
droxyl but also rupture of carbon to carbon bonds.

C o r r e l a t io n

T a b l e  I

o f  E x t in c t io n  C o e f f ic ie n t s  
A m o u n t  o f  F r e e  P h e n o l

w it h

Time,
hr.

0
0.167
0.50
1.00
2.00
4.00
6.00

Ci
0.16

.43

.52

.63

.66

.68

.68

Ci
0.94

.57

.48

.37

.34

.32

.32

K1C1
12.2
32.7
39.5  
47.9  
50.1
51.6
51.6

K2C2
18.8
11.4
9 .6
7 .4  
6.8
6 .4
6 .4

(K1C1 +KzCi)
31.0
44.1
49.1  
55.3 
56.9
58.0
58.0

(Ci +  Ci)-
Xobfl
38.0
42.1
49.2
52.8
57.8
57.2  
58.5

To investigate alteration in molecular size and 
Other changes associated with the alkaline treat­
ment, a fractionation of lignin sulfonic acid after 
five hours of treatment with 5% sodium hydroxide 
solution a t 100°, has been conducted. Fraction 
A, which is first apparent after about three hours 
of treatment and increases with time of the alkali
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reaction, is insoluble in water under neutral con­
ditions and after its separation, the remaining 
soluble Fraction B was dialyzed exhaustively fol­
lowing the same procedure and with the same 
membranes initially used for preparation of the 
lignin sulfonic acids from sulfite waste liquor. 
The non-dialyzable residue (Fraction B-l), the 
dialyzate (Fraction B-2), and Fractions A and B 
were then analyzed to determine total material, 
methoxyl and sulfur balances.

T a b l e  II
F r a c t io n a t io n  o f  A l k a l i  C l e a v e d  L ig n in  S u l f o n ic  

A c id s

Fraction
Fraction

A
Fraction

B
Fraction Fraction 

B -l B-2
Per cent, of total ma-

terial 19.1 68.5 32.4 32.3
Per cent, of total sul-

fur 1 0 .0 58.5 21.5 31.9
Per cent, of total

methoxyl 22.5 72.3 36.0 29.7
Extinction coefficient 43 61 49 73

Although considerable material losses occurred
particularly in isolation of the peptizable Fraction 
A, results (Table II) show insoluble Fraction A 
to be strongly desulfonated (from about 0.50 in 
the lignin sulfonic acid before alkaline cleavage, to 
about 0.22 mole of sulfur per mole of methoxyl in 
Fraction A). The soluble non-dialyzable residue 
Fraction B-l is desulfonated to a lesser degree 
(0.43 mole of sulfur per mole of methoxyl) while 
the soluble dialyzable Fraction B-2 retains prac­
tically the same proportion of sulfur as the original 
lignin sulfonic acid (0.54 mole of sulfur per mole of 
methoxyl). Extinction coefficients indicate that a 
considerable proportion of the phenolic hydroxyl 
groups remains combined in Fractions A, B, and 
B-l, while in the dialyzate Fraction B-2 all phe­
nolic hydroxyl groupings appear to be free. That 
about one-third of the lignin sulfonic acid is readily 
dialyzable after alkali cleavage whereas the origi­
nal material had been isolated as a non-dialyzable 
residue using the same membrane material, ap­
pears to demonstrate a substantial decrease in

molecular weight for this fraction. Other indica­
tions of reduced molecular weight in cleavage 
products have been obtained from observations of 
a reduction in specific viscosity.

The liberation of only two-thirds of the po­
tential phenolic hydroxyl groups of lignin sulfonic 
acid by alkali treatment and the apparent simul­
taneous formation of sulfonated fragments of 
lower molecular weight suggest that more than 
one type of linkage between structural units must 
exist in the lignin polymer.

The authors are indebted to Mr. Vincent F. 
Felicetta for analytical assistance.

Summary
1. Examination of a sample of purified lignin 

sulfonic acids by conductometric and potentio- 
metric titration methods has indicated the ab­
sence, or the presence in only low concentrations, 
of free phenolic hydroxyl groupings in the ma­
terial as it exists in sulfite waste liquor.

2. By mild alkaline hydrolysis of purified lig­
nin sulfonic acids, weakly acidic groupings are 
formed which show a pK  value of about 9 and are 
regarded as phenolic hydroxyl groupings.

3. Periodate oxidation studies, and the extent 
of “mtroso-iignin" formation, as well as conducto­
metric analyses, indicate phenolic hydroxyl libera­
tion by mild alkaline treatment of lignin sulfonic 
acids.

4. From periodate oxidation values and also 
conductometric titrations apparently only about
0.67 mole of phenolic hydroxyl per mole of meth­
oxyl are liberated by alkali treatment under the 
conditions used. The presumed remaining phe­
nolic groups (0.33 mole per mole of methoxyl) thus 
appear to be bound in a more stable type of link­
age.

5. Alkaline hydrolysis of lignin sulfonic acid 
brings about a decrease in molecular weight of 
some fractions of the acids, and this and other evi­
dence indicates that more than one type of bond 
serves to combine structural units in lignin sul­
fonic acid.
Seattle, W ashington R eceived  J uly 24, 1947
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The Hydrolysis of Some /3-Alkoxypropionitriles1
B y  R obert  V. Ch r istia n , J r . ,2 a n d  R . M . H ix o n

The usual method employed heretofore in the 
preparation of /3-alkoxypropionic acids has in­
volved the hydrolysis3 of an ester4 of the desired 
acid. A variation was introduced by Jones and 
Powers5 who obtained sodium /3-methoxypropio- 
nate from the action of excess sodium methoxide 
upon /3-chloropropionic acid. A single reference 
to /^alkoxypropionitriles as precursors of acids of 
this type appears as a patent6 describing the hy­
drolysis of di- (2-cyanoethyl) -ether as a step in the 
preparation of esters of di- (2-carboxyethyl) -ether, 
although the free acid was not characterized. I t 
should be noted, too, that Kilpi7 carried out ki­
netic studies on the hydrochloric acid hydrolysis of 
/3-methoxy- and /3-ethoxypropionitrile but did not 
isolate the products of the reactions.

In the present work, some of the now easily 
available /^-alkoxypropionitriles were examined as 
intermediates for the preparation of acids of the 
/3-alkoxypropionic type.

Experimental8
Materials.—1,4-Pentanediol was prepared by hydro­

genation9 of y -valerolactone. The other alcohols and 
glycols were commercially available products which were 
purified by distillation when necessary. The acrylo­
nitrile (Eastman Kodak Co. Practical Grade) was used 
without further treatment.

(3 -Ethoxypropionitrile was prepared by the method of 
Koelsch.10 Utermohlen’s procedure,11 employing 40% 
potassium hydroxide as the catalyst, was followed in the 
synthesis of the other monofunctional nitriles. Those 
which have not been described heretofore are listed in 
Table I with pertinent information. The preparation of 
l,4-di-(2-cyanoethoxy) -pentane has been described.12 
The other bifunctional nitriles were obtained in accordance 
with the procedure of Bruson and Riener.13

Alkaline Hydrolysis of (3-Alkoxypropionitriles.—1,4- 
Di-(2-cyanoethoxy)-pentane, when refluxed with 10% 
sodium hydroxide in the usual manner, gave an undistil - 
lable and uncrystallizable oil of neutral equivalent 177 
(calculated for the expected dibasic acid, 124). Similar

(1) Taken from p art of a thesis subm itted by Robert V. Christian, 
Jr., to the G raduate Faculty  of Iowa S tate  College in partial ful­
fillment of the requirem ents for the degree of Doctor of Philosophy.

(2) Present address: D epartm ent of Chemistry, University of
W ichita, W ichita, Kansas.

(3) (a) Ham onet, Compt. rend., 132, 260 (1901); Bull. soc. chim.,
[3], 33, 518 (1905); (b) Palomaa, A nn. Acad. Sci. Fennicae, [A] 3,
No. 2 (1911); Chem. Zentr., 83, I I , 595 (1912); (c) Fichter and
Herndl, H e lv . Chim. Acta , 14, 857 (1931); (d) Palomaa and Jaakola,
B e r ., 67, 949 (1934); (e) Palom aa and Tukkimaki, ibid., 68, 887
(1935); (f) F ichter and Schnider, Helv. Chim. Acta, 25, 229 (1942).

(4) Methods for preparing the necessary esters have been re­
viewed by Rehberg, Dixon and Fisher, T his Journal, 68, 544 (1946).

(5) Jones and Powers, ibid., 46, 2518 (1924).
(6) Bruson, U. S. P aten t 2,347,627, April 25, 1944; C. A ., 39, 87 

(1945).
(7) Kilpi, Z. physik. Chem., 86, 672 (1913).
(8) Melting points and boiling points are uncorrected.
(9) Folkers and Adkins, T h is Journal , 54, 1145 (1932).
(10) Koelsch, ibid., 65, 437 (1943).
(11) Utermohlen, ibid., 67, 1505 (1945).
(12) Christian, Brown and Hixon, ibid., 69, 1961 (1947).
(13) Brunson and Riener, ibid., 65, 23 (1943).

T a b l e  I

0-A l k o x y p r o p i o n it r il e s , ROCH2CH2CN
Y ield, B. P-,

M m.
N itrogen, % a

R % °C. W2°D d2020 Calcd. Found
^-Propyl 84 87-89 24 1.4131 0 .9 0 0 6 1 2 .4 1 2 .2

84 19
Isobu tyl 81 91 20 1 .4143 .8836 1 1 .0 11 .1
s-B u ty l 79 90 19 1 .4156 .8896 1 1 .0 11 .3
Isoam yl 82 99 13 1 .4218 .8834 9 .9 3 10 .1
5-Am yl 70 98 16 1.4205 .8862 9 .9 3 9 .8 5
A llyl 85 95 24 1 .4330 .9396 1 2 .6 1 2 .4

° By micro Kjeldahl.

treatment of di-(2-cyanoethyl)-ether with 24% sodium 
hydroxide gave material from which neither di-(2-car- 
bamylethyl)-ether13 nor the disodium salt of di-(2-carboxy- 
ethyl)-ether14 could be obtained by suitable procedures.

(3-Ethoxypropionic acid3b could not be identified as 
a product of the hydrolysis of 0-ethoxypropionitrile with 
22% sodium hydroxide. Upon distillation of the re­
action products under reduced pressure, partial decom­
position took place and a colorless distillate was col­
lected. This liquid liberated carbon dioxide from dilute 
sodium bicarbonate and reduced alkaline 2% permanga­
nate. The substance polymerized upon standing to form 
a transparent, elastic solid which was insoluble in ethanol 
or chloroform but dissolved slowly in sodium bicarbonate 
solution, with evolution of carbon dioxide, to yield a clear 
solution of unusually high viscosity.

Acid Hydrolysis of /3-Alkoxypropionitriles.—The pro­
cedure consisted in heating a mechanically stirred mix­
ture of the /J -alkoxypropionitrile and twice the calculated 
quantity of concentrated hydrochloric acid. Only repre­
sentative experiments are described below. Yields of 
the liquid acids were based upon the neutral equivalents 
of the once-distilled compounds. Analytical data and 
physical constants were obtained upon material purified 
by fractional distillation using a 20-cm. Vigreux column. 
The information is summarized in Table II. The yields 
of the solid acids were determined from the neutral 
equivalents of the crude products whereas recrystallization 
to constant melting point furnished analytical specimens. 
These data are presented in Table III.

The monobasic acids were characterized, when possible, 
by preparation of solid />-bromophenacyl esters (Table 
IV) in accordance with a standard procedure.15 Thionyl 
chloride, followed by cold, concentrated ammonium 
hydroxide, served to convert the dibasic acids to amides 
(Table V), of which several have been prepared recently 
by other methods.13*16

/3-M-Propoxypropionic Acid.—A mixture of 79.1 g. 
(0.7 mole) of /3-w-propoxypropionitrile and 140 g. (1.4 
moles) of concentrated hydrochloric acid was stirred and 
heated for three hours at 70-80° and then for thirty 
minutes at 100°. The reaction mixture was evaporated 
to dryness in vacuo with heating on a water-bath. The 
product was taken up in acetone (or ether) and filtered. 
The residual ammonium chloride was washed several 
times with the solvent. Distillation gave 74 g. of color­
less liquid boiling at 117-123° (13 mm.) and having the 
neutral equivalent 130. This represents a yield of 80%.

The corresponding ethoxy-, isopropoxy-, w-butoxy-,
(14) W islicenus, B e r . ,  3, 809 (1870); A n n . ,  166, 10 (1872).
(15) Shriner and Fuson, “ The System atic Identification of Organic 

Com pounds,” John W iley and Sons, Inc., N ew  York, N . Y ., 1935, p. 
144.

(16) (a) Bruson, U. S. Patent 2,359,708, October 3, 1944; C A ., 
39, 3972 (1945) ; (b) U. S. Patent 2,372,808, April 3, 1945; C. A ., 39, 
4623 (1945).
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T able II
/3-Alkoxypropionic A cids, ROCH2CH2COOH

----------- ------ ---------- Analyses, %---- ---------
/----------- Calcd.------------> /-------------Found

Yield , B. p., Neut. C ar­ H ydro­ Neut. Car­ Hydro­
R % °C. Mm. wmd d eq. bon gen eq. bon gen

Ethyl® 86 117 120 17 1.0635 118.1 120.0 , .
«-Propyl6 80 87 1 1.4233 1.0237 132.1 132.0 • . »

120 13
Isopropyl® 60 85.5-86 1 1.4202 1.0192 132.1 . . . . . 131.3 . , . . .

118 13
«-Butyld 69 96-97.5 1 1.4268 0.9929 146.1 57.5 9.67 147.3 57.1 10.0
Isobutyld 67 89-90 1 1.4227 0.9843 146.1 57.5 9.67 146.0 57.0 9.74
5-Butyl 56 90-91.4 1 1.4252 0.9946 146.1 57.5 9.67 146.4 57.3 9,76
Isoamyl® 69 100 1 1.4285 0.9697 160.2 . . . . . 162.7 . . . . .

137 12 0.9725(d18i8)
5-Amyl 49 100-101 1 1.4289 0.9833 160.2 60.0 10.1 159.4 59.7 10.3
Allyl 33' 84 1 1.4423 1.0604 130.1 55.4 7.75 130.8 55.3 8.17

111-112 6
2-Methoxyethyl 75 109-110 0 .5 1.4356 1.1146 148.2 48.6 8.16 150.8 48.3 8.35

« Previously prepared. Palomaa (3b) gives boiling point 119-120° (19 mm.) and d20* 1.0641. 6 Previously prepared 
(3e). Nazarov and Romanov (.Bull. acad. sci. U. R. S. S.9 Classe. set. chim.t 1940, 453; C. A ., 35, 3593 [1941]) report 
boiling point 110-112° (9 mm.) and n19d 1.4230. « Previously prepared (3e), Nazarov and Romanov (loc. cit.) report 
boiling point 125-126° (22 mm.) and «20d 1.4202. d Previously prepared (3e) but physical constants not reported. 
* Previously prepared. Constants reported are boiling point 135° (12 mm.) (3c, 3f) and d18 0.974 (3a). /  Reaction tern* 
perature was 60-70°.

T able III
/3-Alkoxyproïtonjc A cids (D ibasic), R (CHoCILCOOHL

------------------------------------------Analyses, %—

R
Yield,

%
M. p.,

°C. N eut. eq.
— Calcd.-----

Carbon Hydrogen N eut. eq.
— Found-----

Carbon Hydrogen
—O— 97 60-6 l a>6 81.07 44.5 6.18 81.77 44.8 6.56
— 0(CH 2)20 — 94 66 c 103.1 46.6 6.86 103.5 47.0 7.24
— 0(CH 2)*0— 90 86-87d 110.1 49.1 7.32 111.1 49.3 7.62
— 0(CH2)20(CH2)20 — 91 Oil® 125 • • . 137f . .

® Recrystallized from an ether-petroleum ether (b. p. 60-70°) mixture by cooling to —40°. 6 Boiling point 189-192°
(1 mm. or less) with slight decomposition. « Recrystallized from benzene containing a little acetone. d Recrystallized 
from benzene containing a little petroleum ether (b. p. 60-70°). « Decomposed at about 225° upon attempted distilla­
tion at 0.5 mm. or less. /  Crude product.

T a ble  IV
£ -B romophbnacyl 0-A lko xypropionates, ROCH2CH2- 

COOCH2COC«HsBr-/>

R Crystalline form® MocP” Bromine, %& 
Calcd. Found

Ethyl Large leaflets 47-48 25.4 25.1
«-Propyl Shiny leaflets 57-58 24.3 24.2
Isopropyl Tiny plates 44-44.5 24.3 23.9
«-Butyl Shiny leaflets 55 23.3 23.0
Isobutyl Fibrous needles 58-59 23.3 23.2
5-Butyl Oil . . . .
Isoamyl Glistening needles 56 22.4 22.2
5-Amyl Oil . .
Allyl Tiny plates 38-39 24.4 24.3
2-Methoxy­

ethyl Oil ca. 15
«Recrystallized by dissolution in aqueous ethanol at 

room temperature followed by cooling to —20°. 6 By 
micro pearl tube.
isoamyloxy-, 5-amyloxy=>, and 2-methoxy ethoxy -com- 
pounds were prepared by this method.

13 -Isobutoxypropionic Acid.— /3-Isobutoxypropionitrile 
(76.2 g., 0.6 mole) was stirred with 120 g. (1.20 moles) 
of concentrated hydrochloric acid for four hours at 75- 
80°. The cooled reaction mixture was diluted with 
sufficient water to dissolve the precipitate of ammonium 
chloride. The organic layer was separated and the aqueous

T a ble  V
/3-Alkoxypropionamxd s (D iba sic ), R(CH2CH2CONH2)2

R M . p., °C.
Nitrogen, % / 

Calcd. Found
— O—a 143.5-144 17.5 17.4
—0(CH2)20 —6 123d'® 13.7 13.6
—0(CH2)30— 124d 1 2 .8 12.5
—0(CH2)20(CH 2)20 —c 103-103.5 11.3 1 1 .2

« Previously prepared by another method (13). M. p. 
reported, 146°. 6 Previously prepared by another method 
(16a). M. p. reported, 123-124°. «Previously pre­
pared by another method (16). M. p. reported, 103- 
104°. d Mixed melting point of these two substances 
was 95-110°. «Change in crystal structure at 107°. 
Melted sharply at 104° without resolidification under 
rapid heating (10° per minute). f By micro Kjeldahl.
solution was extracted with ether. Distillation gave 63 
g. of material boiling at 105-110° (5 mm.). The neutral 
equivalent, 157, indicated a yield of 67%.

The 5-butoxy- and allyloxy- derivatives were prepared 
in a similar fashion.

1,3-Di-(2-carboxy ethoxy)-propane.—A stirred mixture 
of 98 g. (0.54 mole) of 1,3-di-(2-cyanoethoxy)-propane 
and 216 g. (2.16 moles) of concentrated hydrochloric acid 
was heated at 70-80° for four hours and then at 100° for 
thirty minutes. The mixture was evaporated to dryness 
in vacuo and extracted with warm acetone. Evaporation 
of the acetone solution under reduced pressure gave 118.5 
g. of sirup which crystallized to a white solid (melting
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point 65-77°) upon standing overnight. The neutral 
equivalent was 123, indicating a yield of 90%.

Di-(2-carboxyethyl) -ether, 1,2 -di - (2 -carboxyethoxy) -
ethane, and di - (2 - [ 2 -carboxyethoxy ] -ethyl) ether were 
prepared by this method.

Acid Hydrolysis of 1,4-Di-(2-cyanoethoxy) -pentane.-— 
A stirred mixture öf 40 g. (0.19 mole) of l,4-di-(2-cyano- 
ethoxy)-pentane and 76 g. (0.76 mole) of concentrated 
hydrochloric acid was heated for five hours at 80-90°. 
Extraction with chloroform gave 40.5 g. of uncrystallizable 
oil of neutral equivalent 199. This material was esterified 
by refluxing with absolute ethanol containing a trace of 
dry hydrogen chloride. Upon distillation the principal 
fraction consisted of 13 g. of colorless liquid which con­
tained chlorine and was shown by the ferric hydroxamate 
test17 to be an ester. The physical constants were boiling 
point 109-112° (2.5 mm.), d2\  1.0325, and »26d 1.4386.

The presence of chlorine in the product suggested that 
cleavage at an ether linkage might have occurred during 
the hydrolysis. Under the conditions of the experiment 
this would likely lead to the formation of an ethyl /3- 
(chloroamyloxy)-propionate. The analytical data lend 
support to this hypothesis.

Anal. Calcd. for C10H19O3CI: MRd, 56.63; C, 53.9;
H, 8.60; Cl, 15.9. Found: MRD, 56.75; C ,53.6; H, 
8.82; Cl, 15.2.

1,4-Di-(2-carbethoxyethoxy) -pentane.—Sixty grams 
(0.16 mole) of coarsely pulverized 1,4-di-(2-cyanoethoxy)- 
pentane bis - (ethyliminoester hydrochloride)12 was ad­
ded in small portions to 200 ml. of distilled water at 
room temperature. The addition was carried out over 
a period of twenty minutes and the mixture was stirred 
continuously. The solid dissolved readily and no change 
in temperature was observed, but an oil began to separate 
at once. The mixture was finally heated at 45° for 
thirty minutes, cooled, and extracted with ether. Dis­
tillation of thé dried ether extract gave 28 g. (58%) of 
colorless liquid of boiling point 142-145° (0.5 mm.), d2\
I. 0174, and « 25d 1.4363.

Anal. Calcd. for C15H28O6: sapn. equiv., 152.2; C, 
59.2; H, 9.27. Found: sapn. equiv., 151.4, 152.4; C, 
59.5; H, 9.54.

Alcoholysis of l,4-di-(2-cyanoethoxy)-pentane by the 
methods of Spiegel18 and Sabetay19 gave complex mixtures. 
1 ?4-Di - (2 -carbethoxyethoxy) -pentane was obtained in 
33% yield, however, by a modification of the procedure 
described by Kimball, Jefferson and Pike20 for the prepara­
tion of ethyl a-phenylacetoacetate.

With a view to characterization of l,4-di-(2-carbethoxy- 
ethoxy)-pentane by conversion to the sodium salt of the 
corresponding acid, an attempt was made to saponify 
the ester by gentle warming with the calculated quantity 
of alcoholic sodium hydroxide. The experiment was 
abandoned when the reaction mixture began to exhibit 
a strong odor of ethyl acrylate.

Discussion
The fact that lower yields of 0-alkoxypropio- 

nitriles were obtained from secondary alcohols is 
in agreement with the observations of Uter- 
mohlen.11 Furthermore, it was found unneces­
sary to employ external cooling to hold the re­
action temperature below 40° during the addition 
of 5-butyl alcohol and 5-amyl alcohol to acrylo­
nitrile. This suggests a lower reaction rate or a 
lower heat of reaction for the secondary alcohols.

Failure to obtain the expected products in the 
three cases in which /3-alkoxypropionitriles were

(17) Davidson, J.  Chem. Education, 17, 81 (1940).
(18) Spiegel, Ber., 51, 296 (1918).
(19) Sabetay, Bull. soc. chim., [4] 45, 534 (1929).
(20) Kimball, Jefferson and Pike, “ Organic Syntheses,” Coll. Vol. 

II, A. H. B latt, Ed., John Wiley and Sons, Inc., New York, N. Y., 
1943, p. 284.

treated with aqueous alkali was unexpected, inas­
much as other investigators have successfully em­
ployed basic hydrolysis for the conversion of the 
cyanoethyl derivatives of active methylene com­
pounds,21 isatin,22 pyrrole23 and ammonia24 to the 
corresponding acids. I t  has been established, 
however, that the base-catalyzed reaction of an 
alcohol with acrylonitrile produces an equilibrium 
mixture which contains, in addition to the /?- 
alkoxypropionitrile, appreciable quantities of the 
reactants.10 I t  is suggested tha t under the con­
ditions of the basic hydrolytic experiments herein 
described, partial decomposition of the 0-alkoxy- 
propionitriles into their generators took place with 
subsequent formation of complex hydrolysis mix­
tures. I t  is deemed significant that one of the 
products of the basic hydrolysis of /3-ethoxypro- 
pionitrile exhibited properties suggestive of acry­
lic acid or one of its derivatives. Hollihan and 
Moss25 have reported that acrylonitrile reacts with 
commercial viscose solutions to form cyanoethyl 
ethers of cellulose xanthate, and that during the 
aging process the latter are hydrolyzed by the ap­
proximately 3% sodium hydroxide normally pres­
ent to form carboxyethyl ethers. These hydroly­
sis conditions are, of course, much less drastic than 
those employed in the present study.

Although no attempt was made to determine 
optimum conditions, hydrolysis in acid media ap­
pears to be a fairly general method for the con­
version of /^-alkoxypropionitriles to the corre­
sponding acids. Slightly lower yields were ob­
tained in the preparation of the 0-5-alkoxypropi- 
onic acids and there was a general decrease in yield 
as the size of the alkyl group increased. No a t­
tempt is made to explain the cleavage which ap­
parently took place upon hydrolysis of l,4-di-(2- 
cyanoethoxy)-pentane with hydrochloric acid.

The monobasic /3-alkoxypropionic acids were 
colorless liquids having little or no odor. They 
were all soluble in the common organic solvents. 
The ethoxy-, isopropoxy-, allyloxy- and 2-meth- 
oxyethoxy- derivatives were easily soluble in water 
whereas /3-w-propoxypropionic acid was only 
slightly so. None of the higher homologs were 
appreciably soluble in water.

The dibasic acids of the 0-alkoxypropionic type 
were very soluble in water, thus displaying, by 
comparison with acids of similar molecular weight 
but having a carbon chain uninterrupted by oxy­
gen, the striking effect of the ether linkage upon 
solubility. These acids were soluble in acetone or 
ethanol but insoluble in petroleum ether. Di-(2- 
carboxyethyl)-ether was highly soluble in ether, 
but insoluble in benzene. l,2-Di-(2-carboxy- 
ethoxy)-ethane was insoluble in ether and slightly 
soluble in benzene. 1,3-Di- (2-carboxyethoxy) -

(21) Bruson and Riener, T h is Journal , 64, 2855 (1942); ibid., 65, 
18 (1943).

(22) DiCarlo and Lindwall, ibid., 67, 199 (1945).
(23) Blume and Lindwall, J . Org. Chem., 10, 255 (1945).
(24) Ford, T his Journal, 67, 876 (1945).
(25) Hollihan and Moss, Ind. Eng. Chem., Ind. Ed., 39. 929 (1947).
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propane was insoluble in ether, but easily soluble 
in warm benzene.

Summary
1. Six hitherto undescribed /?-alkoxypropio- 

nitriles have been prepared.
2. A reaction mechanism is proposed to ac­

count for the fact that alkaline hydrolysis of /3- 
ethoxypropionitrile, di- (2-cyanoethyl) -ether and
l,4-di-(2-cyanoethoxy)-pentane failed to yield the 
expected /3-alkoxypropionic acids.

3. A series of monobasic and dibasic acids of 
the /3-alkoxypropionic type was prepared by acid 
hydrolysis of the corresponding nitriles. The 
acids were characterized, when possible, by the

preparation of suitable solid derivatives. The di­
basic acids and several of the monobasic acids are 
described for the first time.

4. Hydrolysis of 1,4-di- (2-cyanoethoxy) -pen­
tane with hydrochloric acid yielded a chlorine- 
containing acid which was isolated as the ethyl 
ester. The analysis of this ester was in close 
agreement with that calculated for an ethyl p- 
(chloroamyloxy) -propionate.

5. Hydrolysis of 1,4-di-(2-cyanoethoxy)-pen- 
tane-bis-(ethyliminoester hydrochloride) or ethan- 
olysis of l,4-di-(2-cyanoethoxy)-pentane at low 
temperatures gave 1,4-di- (2-carbethoxyethoxy) - 
pentane.
W ic h it a , K a n s a s  R e c e iv e d  N o v e m b e r  21, 1947

[C o n t r ib u t io n  f r o m  t h e  E m e r y v il l e  L a b o r a t o r ie s  o f  S h e l l  D e v e l o p m e n t  C o m p a n y ]

Decompositions of Di-f-alkyl Peroxides, HI. Kinetics in Liquid Phase
B y  J o h n  H . R a l e y , F rederick  F . R u st  a n d  W illiam  E . V aug h an

In the first papers of this set,1*2 the decomposi­
tion of di-/-butyl peroxide in the vapor phase was 
shown to be a clean-cut, first order process, the 
rate determining step of which was the scission of 
the peroxy-oxygen linkage. The resultant radi­
cals, /-butoxy and the methyl derived therefrom, 
can react with copresent molecules by steps which 
follow the generally accepted patterns of chain in­
itiation, propagation and termination. This work 
has now been extended to a study of decomposi­
tions in condensed phases.

I t  is well established3**0*4*5 * that the rate of de­
composition of benzoyl peroxide varies profoundly 
with the solvent; further, the first order rate is 
complicated by higher order processes which be­
come increasingly important at higher concentra­
tions. In contrast, the present work reveals that 
even in such diverse solvents as cumene, /-butyl- 
benzene and tri-w-butylamine, the rates of decom­
position of di-/-butyl peroxide are closely the same 
and, importantly, nearly equal to that in the va­
por phase. Likewise the energies of activation in 
solution and vapor are approximately equivalent. 
This implies, obviously, that the same simple dis­
sociation step is rate determining in all cases.

Although these condensed environments do not 
alter the rate, their differing abilities to donate 
hydrogen atoms give rise to varying amounts of t- 
butyl alcohol in relation to acetone in the compet­
ing steps 2 and 3a

(CH3)3CO—OC(CH3)3 — >  2(CH3)3CO— (1)
(CH3)3CO----- b R 'H ---->- (CH3)3COH +  R' (2)

(1) Raley, R ust and Vaughan, T his Journal, 70, 88 (1948).
(2) R ust, Seubold and Vaughan, ibid., 70, 95 (1948).
(3) (a) Nozaki and B artle tt, ibid., 68, 1686 (1946); (b) B artlett 

and Nozaki, ibid., 69, 2299 (1947)).
(4) Cass, ibid., 68, 1976 (1946).
(5) B arnett and Vaughan, J . Phys. Coll. Chem., 51, 926, 942

(1947).

(CHg)3CO— ---->- (CH3)2CO +  CH3 (3a)
CH3 +  R 'H ----^  CH4 +  R' (b)

Further, in all of the solvents, with increasing 
temperature the /-butoxy radical increasingly dis­
sociates to acetone and methyl (3a). The data 
permit a rough estimate of the difference in the ac­
tivation energies of the steps 2 and 3a for the hy­
drocarbon solvents.

Experimental
Materials

Di-/-butyl peroxide, prepared by the method of Vaughan 
and Rust8 and vacuum distilled (« 20d 1.3890), was used 
for both the decomposition experiments and calibration of 
the infrared spectrograph. By titration it analyzed 98% 
pure. The several solvents were chosen for convenience 
of boiling points (avoidance of undue pressure build-up in 
the bombs), obtainability, ease of purification and, im­
portantly, differing abilities as hydrogen donors to free 
radicals. Commercial cumene was carefully distilled and 
a fraction of b. p. 152° and n20D 1.4912 was collected and 
stored under nitrogen. /-Butylbenzene (Eastman Kodak 
Co.) was similarly treated (b. p. 169°, « 20d  1.4922). 
Tri-w-butylamine (Eastman) was treated with 3 N  hydro­
chloric acid and the water-insoluble impurities removed; 
the amine was regenerated with aqueous sodium hydroxide, 
washed, dried, and distilled (b. p. 214°; w20d 1.4291).

Method
The decompositions were carried out in heavy-walled 

glass bomb tubes (capacity 40 cc.) in an oil-bath regulated 
to =*=0.1 °. The seven or more bombs for a given experi­
ment were filled from a stock solution of the peroxide in the 
particular solvent, chilled, evacuated, sealed, and im­
mersed. After a short equilibration period, they were 
withdrawn at specified intervals, quenched, and prepared 
for analysis. They were then opened in an inert atmos­
phere, the density of the solution determined by pycnom­
eter, and analysis performed by infrared spectrometry. 
Time 4‘zero** is defined as the time of withdrawal of the 
first sample. Duplicate experiments were performed in 
nearly all cases.

Evidence that the decomposition is independent of the
(6) Vaughan and R ust, U. S. P aten t, 2,403,771 (July 9, 1946).
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vapor volume in the tubes was obtained from the follow­
ing pair of experiments. Two sets of bombs were charged 
with a stock solution of the peroxide in cumene, one set 
having a vapor volume of 35% and the other 66%. The 
decompositions were then carried out at 135 =*= 0.1° to at 
least 50% completion. The first order constants were 5.1 
and 5.2 X 10"6 sec."1, respectively, and the /-butyl 
alcohol-acetone ratios, 1.51/0.49 =  3.1 and 1.41/0.59 =  
2.4.

Analysis
Analyses were performed by an infrared spec- 

trometric procedure developed for di-/-butyl per­
oxide and its decomposition products, acetone 
and /-butyl alcohol. The bands utilized in the 
method are found at the (uncorrected) wave 
lengths of 11.46 /x, 5.88 /x and 2.925 /x> respectively. 
Tests showed the method to be applicable in the 
three solvents studied. Since the spectral pro­
cedure yields concentrations in terms of unit 
volume, the density of the sample was needed for 
conversion to terms of unit weight. This basis is 
used for expressing concentrations since the weight 
rather than the volume or total number of moles 
remains constant throughout the decomposition. 
The weight of methane which could escape when 
the bombs were opened was negligible.

Results
Figure 1 gives an example of the precision of 

measurement in several runs and Fig. 2 that of the 
correlation of a set of experiments. The reaction 
is first order to conversions as high as 85% (Fig. 
3). In Table I are summarized all of the data and 
included therein are corresponding values for the 
vapor phase for the sake of ready comparison. 
The small variation of the rates in the four media 
at a given temperature is striking and argues

T a b l e  I
D e c o m p o s it io n  o f  D i -/-b u t y l  P e r o x id e  i n  V a r io u s  

E n v ir o n m e n t s

Temp.,
± 0 . 1 °

C.
125
135
145

Cumene /-Butylbenzene
0.799 mole D T B P /kg . soln. 0.775 mole D TB P/kg. soln. 
k =  0.63(10*«)*-37»a>o/JR2T k «  I.l(10w)tf-38.000/KJ*

Stoichiometry** 
t-

k X 1086 Butyl 
sec._1 alcohol Acetone

Stoichiometry/-
Butyl

k  X 1086 alco-
sec. - i  hoi Acetone

1.6 =*=0.1 1.61 0 .39  
5 .2 =*=0.3 x.51 0 .49  

15.6 ±  1 .3  1.23 0 .77

1.5  ± 0 .2  0 .75  1.25 
5 .0  ± 0 .3  0 .56 1.44 

15.1 ± 2 .2  0.46 1.54
Tri-w-butylamine Vapor phase®

0.867 mole D T B P/kg. soln. 52-386 mm.
k «  O.SöClOW)* -37,000 /RT k  =» 3.2(10«)<? "39,100/RT

Stoichiometry
Stoichiom etry/ t-

Temp., f- Butyl
±0.1° k X 1086 Butyl k X 105c alco- Ke-

C. sec. alcohol Acetone sec. hoi tonese
125 1.7 ±  0 .3 ca. 1.9 ca. 0 .1 1.1 0 2 .0
135 4 .2  ±  0 .4 ca. 1,9 ca. 0 .1 3 .6 0 2.0
145 16.0 ±  2 .1 ca. 1.9 ca. 0 .1 11.5 0 2.0
a Interpolated and extrapolated from Ref. (1): temp, 

range 139.8-159.8° ( =‘=0.04°). Calculated from data for 
the first 50% decomposition. c Calculated from data for 
the first 33% decomposition. d Products from one mole­
cule of ROOR (R =  /-butyl); see equations (2) and 
(3a) +  ■ (3b). « Principally acetone with ca. 5% methyl 
ethyl and higher ketones. * Acetone formation with this 
solvent is too small to allow precise determination of the 
stoichiometry.

150 300 450 600
Time, min.

Fig. 1.—Decomposition of di-/-butyl peroxide in /- 
butylbenzene: initial concentration, 0.775 mole/kg.
solution.

2.40 2.45 2.50
( I /D  X 103.

Fig. 2.—Effect of temperature on di-/-butyl peroxide 
decomposition in cumene: initial concentration, 0.799 
mole/kg. solution.

180 360 540
Time, min.

Fig. 3.—Decomposition of di-/-butyl peroxide in cumene, 
85% decomposition: temperature, 135°; initial concen­
tration, 1.618 moles/kg. solution.
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strongly for the unimolecularity of the decomposi­
tion,7 especially in light of the large differences in 
the fate of the /-butoxy radicals. There is a slight 
trend of k with concentration (Table II), but this 
variation is no greater than that exhibited by the 
decomposition of nitrogen pentoxide in carbon tet­
rachloride.8

T a b l e  II
D e c o m p o s it io n  o f  D i -/-b u t y l  P e r o x id e  i n  C u m e n e

Temp. 135.0 =*= 0.1
Initial

concentration 
(moles/kg. soln.)

k X 108® 
(sec. - 1)

0.455
0.799
1.62
2.35

4 .9  =*= 0 .4  
5.2±  .1
5.0  =*= .2
5 .7  =*= .4

° Calculated from data for the first 50% decomposition.

The regular behavior in tri-w-butylamine is es­
pecially interesting in view of Nozaki and Bart­
lett's3*9 finding of explosive reactions of benzoyl 
peroxide in nitrogen-containing solvents. Di-/- 
butyl peroxide does not behave as an oxidizing 
agent in the usual sense of the expression.

(7) F or comparison with the  therm al decomposition of N2O5 in 
various solvents; see F. Daniels, “ Chemical K inetics,” Cornell 
University Press, Ithaca, N. Y., 1938, pp. 100-107.

(8) Eyring and Daniels, T h is  Journal, 52, 1472 (1930).
(9) Also private communication from Dr. Nozaki.

The trends in the stoichiometries enable one to 
calculate roughly the differences in the activation 
energies of the steps 2 and 3a. The values of 
(E3a — E2) are ca. 16 kcal. for cumene and 11 
for /-butylbenzene. I t  should be mentioned that 
calculation shows that step 3a is endothermic to 
the extent of ca. 5 kcal.

Acknowledgment.—The authors wish to thank 
Mr. William R. Harp and Dr. Robert S. Ras­
mussen of the Spectroscopic Department of this 
Company for their extensive cooperation, with­
out which the analytical procedures would have 
been far more complicated and less accurate. 
Thanks are also due Mr. Charles E. Fuller and 
Miss Betty J. Benell for their assistance.

Summary
The small variation in the first order rates of 

decomposition of di-/-butyl peroxide in cumene, 
/-butylbenzene and tri-w-butylamine solution and 
in the vapor state is strong evidence that the same 
process is rate-determining in all cases. This is 
thought to be unimolecular scission of the peroxy- 
oxygen linkage. With increasing temperature the 
/-butoxy radicals become more subject to loss of 
methyl rather than abstraction of hydrogen from 
solvent molecules.
E m e r y v il l e  8 , C a l if o r n ia  R e c e iv e d  O c t o b e r  6, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , S t a n f o r d  U n iv e r s i t y ]

Effect of Salts on the Solubilization of Insoluble Organic Liquids by Cetylpyridinium
Chloride

B y  P a u l  H . R ichards a n d  Jam es W . M cB a in

Solutions of colloidal electrolytes and of similar 
non-electrolytic detergents have the power of dis­
solving otherwise insoluble substances by putting 
them into or upon the colloidal micelles of the de­
tergent. Salts promote the formation of colloidal 
micelles of the detergent. Salts promote the for­
mation of colloidal micelles and probably change 
even their sizes and relative proportions. There­
fore they also affect solubilization. Heretofore1-6 
salts have always been reported to enhance solu­
bilization, as well as produce it in solutions of de­
tergents otherwise too dilute to contain colloidal 
particles.

Materials.—The detergents used in these ex­
periments were cetylpyridinium chloride, ob­
tained in very pure form through the courtesy 
of Wm. S. Merrell Company, Emulsol 607L 
(Emulsol Corporation), and Triton X-100 (Rohm

(1) H artley, J . Chem. Soc., 1968 (1938). .
(2) McBain, Merrell and Vinograd, T his Journal, 63, 675 (1941).
(3) M cBain and Merrill, Ind. Eng. Chem., 34, 915 (1942).
(4) McBain, in “ Advances in Colloid Science,” Vol. I , Interscience 

Publishers, Inc., New York, N. Y., 1942, pp. 129, 131.
(5) McBain and Green, T his Journal, 68, 1731 (1946).
(6) McBain, Wilder and Merrill, J . Phys. Chem. 62, 12 (1948).

and Haas); compare previous publications using 
these detergents.3*5*7 The relative effects of a 
number of detergents with a series of insoluble or­
ganic liquids has already been reported.7

The organic compounds used were benzene 
(Kahlbaum “K,” thiophene free), w-octane (East­
man Kodak Co.) and n-octyl alcohol (Eastman 
Kodak), as well as others previously referred to.7 
The salts employed in the investigation were 
Kahlbaum sodium and potassium chloride “ztir 
Analyse."

Method.—The method of determining the 
solubilization of the organic compound by the de­
tergent has been fully described.7 The turbidim­
eter was used to detect the saturation or inflec­
tion point where solubilization in the clear solution 
was complete, and any excess of organic liquid be­
gan to appear as emulsified droplets. The solu­
tions were shaken in a thermostat maintained at 
25° for from ten to twenty hours before readings 
were taken. The solutions of the detergent and of 
the salts were prepared at double the desired con­
centration and 5 cc. of each solution was pipetted

(7) McBain and Richards, Ind. Eng. Chem., 38, 642 (1946).
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into the reacting bottle to make up a 10 cc. solu­
tion of the desired concentration.

As in the previous work, the results were ex­
pressed in terms of mole to mole ratio, that is, 
moles of the organic material solubilized per mole 
of detergent. The sources of error were the same 
as previously described. All normalities are vol­
ume normalities, N v.

Results
The initial experiment was to prepare a solution 

that was 0.1 Win respect to the detergent and 1 N  
in respect to sodium chloride. I t was found that 
in a few minutes the detergent was precipitated 
from the solution. This * ‘salting out'' of the deter­
gent did not occur when dilute solutions of the 
salt were used; it began between 0.25 N  and 0.5 
N  sodium chloride with 0.1 N  cetylpyridinium 
chloride. Salting out of detergent depends on its 
concentration as well as upon that of the salt.8 
Instead of discarding this precipitated solution (1 
N  sodium chloride, 0.1 N  cetylpyridinium chlo­
ride), a few drops of benzene were added and the 
solution was shaken overnight. I t was found that 
the solution had become clear. The turbidimeter 
reading of this solution was identical with the 
reading of a 0.1 N  detergent solution. This phe­
nomenon is similar to that observed by Lawrence,9 
who found that small amounts of water-insoluble 
materials cleared up cloudy soap solutions. He 
called the phenomenon “peptization." However, 
it is observed that what happens is the spontane­
ous formation of stable colloidal particles of de­
tergent solubilizing the insoluble benzene, a proc­
ess that proceeds with positive affinity, that is, 
diminution of free energy. The benzene promotes 
the formation of these colloidal particles of deter­
gent which otherwise could not have gone into so­
lution in the presence of the salt. Peptization is 
merely the separation and protection of aggregates 
of previously existing particles.

The following results all refer to the solubility of 
benzene in 100 cc. of aqueous solution. In 0.1 N  
cetylpyridinium chloride it is 1.88; this includes 
the small amount, 0.08 cc., molecularly dissolved, 
but the greater portion of the benzene, 1.8 cc., is 
solubilized by the detergent. In the same solu­
tion, but containing 1 N  sodium chloride, 2.5 cc. 
was dissolved and solubilized. (However, only
0.18 cc. was required to bring the detergent into 
solution in this mixture. Even the filtrate from a 
mixture of 1 N  sodium chloride and 0.1 N  deter­
gent without benzene possesses some solubilizing 
action because the total solubility of benzene 
therein was 0.26 cc.)

From the above data it is seen that once the de­
tergent is brought back into solution by the ben­
zene the solubilizing power of the solution with 
salt, 2.5 cc., exceeds that of the original solution 
without salt, 1.88 cc.

Table I presents the data for the solubilization
(8) McBain and Field, J . Phys. Chem., 80, 1545 (1930).
(9) Lawrence, Trans. Faraday Soc., 33, 325 (1937).

of the aliphatic hydrocarbon octane, the aromatic 
hydrocarbon benzene, and the polar compound 
octyl alcohol, with and without various additions 
of sodium and potassium chloride. All results for 
solubilization in this paper are corrected for the 
solubility of benzene in pure water (see Table I of 
ref. 7). For benzene this may be an over-correc­
tion in dilute solution because it makes the ratio 
moles liquid/moles detergent appear to pass 
through a minimum. The results of Table I are 
graphically presented in Fig. 1. From the figure 
it is seen that potassium chloride has the larger ef­
fect on the solubilization of benzene in dilute solu­
tions of detergent, and sodium chloride a t higher 
concentrations, but the curves cross a t 0.19 N  
where they are therefore equal. The results also 
clearly show that the addition of salts increases 
the solubility of the hydrocarbons, but tha t it 
equally definitely, and quite strongly, depresses 
the solubilization of the octyl alcohol. However, 
in the case of benzene above a certain concentra­
tion of added salt the solubilization begins to be 
again depressed and there is a slight indication 
that a similar result might occur with octane in

T a b l e  I

E f f e c t  o f  V a r y in g  S a l t  C o n c e n t r a t io n  o n  S o l u b il iz a ­
t io n  o f  B e n z e n e , O c t a n e  a n d  O c t y l  A l c o h o l  b y  0 .1  N  
C e t y l p y r id in iu m  C h l o r id e . Nv E q u a l s  V o l u m e  N o r ­

m a l it y
N aC l KC1

2\TV of salt

Total in 
solution 

cc./lOO cc.

R atio
mole/mole
solubilized

T o ta l in 
solution 

cc./lOO cc.

R atio
mole/m ole
solubilized

0 1 .8 8
Benzene

2.03 1 .8 8 2.03
0.0156 2.25 2.40 2.30 2.50

.03125 2.45 2.67 2.50 2.71

.0625 2.65 2.89 2.80 3.06

.125 3.05 3.34 3.40 3.74

.25 3.90 4.29 3.30 3.62

.50 3.50 3.85 2.30 2.49
1 .0 0 2.50 2.72 2.20 2.38

0 0.40
Octane
0.242 0.40 0.242

0.0156 .43 .261 .44 .267
.03125 .50 .304 .50 .304
.0625 .55 .335 .60 .366
.125 .63 .383 .65 .396
.25 .75 .458 .70 .427
.50 1.00 .60 .80 .488
.75 1.05 .64

1 .0 0 1 .0 0 .60 1 .0 0 .60

0 1.10
Octyl Alcohol 

0.652 1.10 0.652
0.0156 1.08 .639 1.05 .619

.03125 1.06 .628 0.98 .575

.0625 0.97 .569 .90 .525

. 125 .90 .515 .85 .493

.25 .80 .462 .75 .429

.50 .60 .335 .60 .335
1.00 .55 .310 .40 .208
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Fig. 1.—Effect of varying salt concentration on solubili­
zation of benzene, octane and octyl alcohol by 0.1 N  cetyl­
pyridinium chloride.

much higher concentrations of salt, although actu­
ally only enhancement was observed.

T a b l e  II
E f f e c t  o f  V a r y in g  C o n c e n t r a t io n  o f  S o d iu m  Ch l o r id e  
a n d  C e t y l p y r id in iu m  C h l o r id e  o n  t h e  S o l u b il iz a ­

t io n  o f  B e n z e n e , O c t a n e  a n d  O c t y l  A lc o h o l
No salt 0.125 NaCl 0.5 NaCl

T otal in M ole/ Total in M ole/ T otal in M ole/ 
Nv  solution mole solution mole solution mole

cetyl cc./lOO solubil­ cc./lOO solubil­ cc./lOO solubil­
pyr. chi. cc. ized cc. ized cc. ized

Benzene
0.00625 0.28 3 .6

.0125 .40 2 .9 0.48 3 .6 0.56 4.3

.025 .60 2.3 0.80 3 .2 1.00 4.1

.05 .96 2.0 1.50 3 .2 1.80 3 .8

.1 1.88 2 .0 3.05 3 .2 3.50 3.7

.2 3.70 2 .0 6.00 3.3 7.40 4.2

.4 8.50 2 .4
Octane

0.0125 0.02 0.08 0.05 0.23 0.07 0.33
.025 .08 .19 .12 .29 .16 .38
.05 .20 .21 .30 .36 .40 .48
.1 .40 .24 .63 .38 1.00 .60
.2 1.00 .31 1.50 .45 1.90 .67
.4 2.50 .38

Octyl Alcohol
0.0125 0.18 0.56 0.12 0.26 0.08 0.04

.025 .30 .58 .26 .40 .12 .12

.05 .50 .61 .40 .42 .30 .29

.1 1.10 .65 .90 .52 .60 .34

.2 2.30 .70 1.70 .54 1.20 .37

.4 3.60 .56

In Table II the concentration of cetylpyridin­
ium chloride is varied and two concentrations of 
sodium chloride are added, and again the same ef­
fects of enhancing solubilization of the hydrocar-

Fig. 2.—Effect of varying concentration of sodium 
chloride and of cetylpyridinium chloride on the solubiliza­
tion of benzene and octyl alcohol.

Fig. 3.—Effect of varying concentration of sodium chlo­
ride and of cetylpyridinium chloride on the solubilization 
of octane. Two curves from Fig. 2 are repeated for 
comparison.
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bons, benzene and octane, but of lowering that of 
octyl alcohol, are noted in all cases, as appears in 
Figs. 2 and 3.

Discussion
In a dilute solution of detergent one can readily 

understand favorable effects of added salt because 
the salt increases the amount of colloid present, 
as is also shown by the decrease of the osmotic co­
efficient of the detergent.10 However, even in 
dilute solution of detergent the reduction of solu­
bilization of octyl alcohol by added salt is in the 
opposite direction. I t  is a requirement of the mass 
law that in more concentrated solution practically 
all of the detergent (apart from Gegenions) is al­
ready in colloidal form, and the osmotic coefficient 
is rather increased than decreased. Hence it is 
clear that the added salt has changed the micelles.

One of us (J. W. M.) has long maintained that 
many kinds, shapes and sizes of colloidal micelles 
must occur simultaneously in a soap solution, the 
relative amounts being determined by such factors 
as concentration, temperature and presence of 
added salts or solubilized or other matter. Any 
manner in which ions, ion pairs or molecules of de­
tergents can associate with a diminution of free 
energy (including such factors as surface energy, 
hydrogen bonding or cybotaxis of the solvent), 
will produce a micelle in competition with all other 
conceivable micelles of greater and less free en­
ergy. Hence, in any given solution all types and 
sizes of micelles must be present, their relative 
amounts being determined by the conditions just 
indicated. Hess and collaborators and McBain 
have elsewhere given diagrammatic sketches of 
numerous kinds of small micelles, including the 
McBain ionic micelle, which may, and probably 
do, occur.

In most cases of solubilization, the amount solu­
bilized per unit amount of detergent increases 
from zero at zero concentration of detergent, 
quite appreciably before the so-called critical con­
centration is reached; and it rapidly grows to an 
approximately constant value, but finally increases 
rapidly again in more concentrated solution where 
the detergent micelles are evidently more effective 
solubilizers. In all examples hitherto published, 
salt has increased the solubilization, first in dilute 
solutions by producing colloid with which to 
solubilize, and in more concentrated solutions by 
promoting or stabilizing those sizes and kinds of 
micelles which are most effective. Wherever 
tested, the well known X-ray evidence has indi­
cated that the solubilized material expands the 
micelles, and in the case of lamellar X-ray micelles 
much of the solubilized material lies between the 
hydrocarbon layers, completely shut away from 
the solvent. This is the only way in which the ob­
served increase in long spacing has been explained.

Now, however, we have a clear case in octyl al­
cohol where the salts, in all concentrations of de-

(10) McBain and Brady, T his Journal, 65, 2072 (1943).

tergent and of salt, lower the solubilization. We 
therefore suggest that with this polar compound, 
the solubilization occurs on or between the polar 
ends of the micelles that are exposed to the water. 
Hence the salt is now in competition with the solu­
bilized material a t the polar ends of the detergent 
molecules and interferes with its solubilization. 
Salt itself is sorbed by the micelles.11

Benzaldehyde gives results similar to octyl 
alcohol. With 0.1 N  cetylpyridinium chloride 
alone, the mole:mole ratio is 1.94, but in the pres­
ence of 0.5 N  sodium chloride the solubilization is 
lowered to a mole:mole ratio of only 0.61.

Some Solubilization Data for Detergents with­
out Salt.—The results set forth in Tables I I I  and 
IV supplement (and in a few instances repeat) 
those previously reported.7 In the former in­
vestigation thirty-five organic liquids were solu­
bilized by dodecylamine hydrochloride, sodium

T a b l e  III
S o l u b il iz a t io n  b y  0 .1  N  C e t y l p y r id in iu m  C h l o r id e  a t

25°

M aterial

Total in 
100 cc. 

solution
G.

solubilized
M ole/m ole

ratio
Oleic acid® 0.22 0.19 0.065
«-Decane .25 .19 .14
Octane .4 .28 .24
«-Hexane .66 .42 .49
Cyclohexane .75 .55 .66
Xylenol .88 .60 .49
w-Cresol .96 .64 .59
«-Octyl alcohol 1.10 .86 .66
^-Xylene 1.2 1.02 .97
Ethylbenzene 1.3 1.11 1.05
Toluene6 1.6 1.33 1.45
Benzene6 1.88 1.57 2.03
Octylamine® 2 .6 2 .0 1.55
Benzaldehyde 2.24 2.06 1.94
Methyl isobutyl ketone 4 .8 2.02 2.02
Methyl /-butyl ether 9 .6 2.04 2.31

a Reaction with octylamine observed to occur with color 
change; oleic acid might also react with the detergent. 
b The much lower results for benzene and toluene pre­
viously published were subsequently found to be in error 
owing to a wrong factor of calibration being used for the 
micro pipet.

T a b l e  IV
So l u b il iz a t io n  b y  0.0733 M  T r it o n  X-100 a t  25° 

(M o l e c u l a r  W t . 600)

M aterial

Total in 
100 cc. 

solution
G.

solubilized
M ole/m ole 

ratio
«-Decane 0.02 0.015 0.015
Oleic acid .04 .034 .016
Toluene .14 .058 .086
Benzene .16 .07 .123
«-Hexane .14 .09 .14
Xylenol® .16 .166 .185
«-Octyl alcohol .36 .238 .245
m-Cresol® .26 .269 .340

® Impure, containing water.
(11) T a rta r  and Cadle, J . Phys. Chem., 43, 1173 (1939).
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oleate and potassium laurate, and seven of the 
thirty-five were solubilized by Emulsol 607L and 
cetylpyridinium chloride. Tables III  and IV of 
the present paper also include solubilization of 8 
additional organic liquids by a non-ionic detergent, 
Triton X-100. Not shown in the tables are the 
results of solubilization of amyl valerate and of 1- 
chloronitropropane by decinormal Emulsol 607L 
a t 25°, namely: 0.44 and 1.14 cc. total in 100 cc. 
solution, or 0.39 and 1*40 g. solubilized, or 0.25 
and 1.14 mole ratio, respectively.

The order of solubilization by the six detergents 
of this and the previous study is maintained for 
most of the forty-three organic liquids tested, 
with comparatively minor exceptions or specifi­
cities. The non-ionic detergent Triton X-100 is 
the poorest solubilizer. Next comes potassium 
laurate. Then come, near together, sodium oleate 
and Emulsol 607L (one anionic and the other cat­
ionic). Much the best are the cationic dodecyl- 
amine hydrochloride and cetylpyridinium chloride.

I t  may have been over-emphasized in the pre­
vious publication7 that high molecular weight of 
compounds undergoing solubilization hinders their 
solubilization. This is very true within any one 
homologous series, and it is emphasized when the 
volume or percentage solubilized is calculated in 
mole ratios. However, high molecular weight may 
be offset for such compounds as oleic acid by their 
belonging to an homologous series that is espe­
cially readily solubilized. Thus, although the 
mole ratio may be very small the actual volume or 
weight percentage solubilized may be quite com­
parable with that of such substances as «-decane.

Warren W. Woods and Dr. J. V. Robinson 
(Stanford Laboratories, unpublished) have found 
that castor oil is appreciably solubilized in lubri­
cating oil by Aerosol OT, and similarly, sulfonated 
castor oil was solubilized in lubricating oil by Lead 
Aerosol OT.

Summary
1. Solubilization of organic liquids in solutions 

of the cationic detergents cetylpyridinium chlo­
ride and Emulsol 607L, and the non-ionizing Tri­
ton X-100 have been determined. The results, in 
general, follow the same order for different liquids 
as was previously described for three other deter­
gents, dodecylamine hydrochloride, sodium oleate 
and potassium laurate. The non-ionic detergent 
Triton X-100 was the poorest solubilizer, and the 
best were the cationic cetylpyridinium chloride 
and dodecylamine hydrochloride.

2. Whereas all previous studies have shown 
that added salts greatly enhance solubility, and 
this is confirmed for the solubilization of benzene 
and octane by cetylpyridinium chloride, it is 
found that the solubilization of the polar com­
pounds octyl alcohol and benzaldehyde is greatly 
depressed by the addition of sodium or potassium 
chloride. I t  is suggested that whereas with hydro­
carbons and many other organic liquids solubiliza­
tion occurs in the hydrocarbon portion of the mi­
celles, with these polar compounds the solubiliza­
tion occurs a t the polar ends of the detergent mole­
cules in the micelles.
S t a n f o r d  U n iv e r s it y , C a l if o r n ia

R e c e iv e d  J u n e  30, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  a n d  C h e m ic a l  E n g in e e r in g , S t a t e  U n iv e r s it y  o f  I o w a ]

The Folarographic Reduction of Gadolinium
By Sherman W. Rabideau and George Glockler

On the basis of a dual wave obtained in the 
polarographic reduction of 0.01 M  solutions of 
scandium, yttrium, and the rare earth sulfates 
without supporting electrolyte, Noddack and 
Brukl1 concluded that the reduction proceeded 
first to the bivalent state and then to the metal. 
Leach and Terrey2 observed a single wave in 
solutions of scandium chloride with 0.1 N  po­
tassium chloride as the supporting electrolyte. 
With additions of 1/6 N  hydrochloric acid, the 
single wave gradually separated into two waves. 
The first wave was found to be due to the reduc­
tion of hydrogen ions while the second was attrib­
uted to the deposition of scandium.

Kolthoff and Lingane3 expressed doubt that the
(1) W. Noddack and A. Brukl, Angew. Chem., 50, 362 (1937).
(2) R . H . Leach and H . Terrey, Trans. Faraday Soc., 33, 480 

(1937).
(3) I. M . Kolthoff and J. J. Lingane, “ Polarography,” Intersci­

ence Publishers, Inc., New York, N . Y., 1941.

double wave observed by Noddack and Brukl1 cor­
responded in each case to the bivalent state, and 
suggested that it may have been caused by the dis­
charge of hydrogen from the hydrolyzed solutions. 
This study was undertaken in an attempt to estab­
lish the half-wave potentials of gadolinium and to 
investigate polarographically the possibility of the 
existence of a bivalent state for this rare earth.

Experimental Procedure
The Sargent Model X X  visible recording polarograph, 

the characteristics of which have been previously de­
scribed by Lingane,4 was used to record the current-volt­
age curves. The initial and span potentials were deter­
mined potentiometrically since the voltmeters supplied 
with the instrument are not of the requisite accuracy. 
All polarograms were recorded for uniformity with the 
damping control in position 5. An Erlenmeyer type flask 
served as the electrolysis vessel when the mercury pool 
anode was used. An H-cell of the design described by

(4) Lingane, Ind. Eng. Chem., Anal. Ed., 18, 734 (1946).
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Lingane and Laitinen5 was used in all other cases. The 
temperature was maintained at 25.0 =*= 0.1°. Oxygen 
was removed from the solutions with nitrogen or hydrogen. 
With the exception of the waves recorded using the 
mercury pool anode, all diffusion currents have been cor­
rected for the residual currents, and the half-wave poten­
tials were corrected for the iR  drop in the cell. Because 
of the lag of the recorder, and the difficulty of measuring 
the diffusion currents, the reported half-wave potentials 
are believed to be reliable within =±=0.01 volt.

A spectrographic analysis of the rare earth confirmed 
the presence of traces of europium. Small amounts of 
terbium in the sample are suspected because of the dis­
appearance of the brown color of the oxide in a reducing 
atmosphere. Because of the limited sample of rare earth 
it was necessary to recover the gadolinium for subsequent 
analyses. The gadolinium was precipitated as the oxalate 
in dilute hydrochloric acid solution, and ignited to the 
oxide. Before use in preparing a solution for polarographic 
analysis, the sample was carried through the oxalate- 
oxide conversion twice to remove salts of the supporting 
electrolyte and gelatin. The oxide was chosen as the 
weighing form, and precautions were taken to avoid the 
interference of carbon dioxide and moisture. The .sulfate 
solutions were prepared from the dry oxide by adding an 
excess of sulfuric acid, evaporating to dryness, and finally 
heating to complete removal of fumes of sulfur trioxide. 
The desired molarities were obtained by dilution with 
conductivity water.

Experimental Results
The procedure of Noddack and Brukl1 was fol­

lowed in an attempt to repeat their work with re­
gard to the polarographic reduction of gadolinium. 
A 0.01 M  solution of gadolinium sulfate was elec­
trolyzed using a mercury pool anode. A polaro- 
gram of the type illustrated in Fig. 1 was ob­
tained. I t is of interest to note that the step 
height of the wave is much less than would be pre­
dicted on the basis of results obtained with sup­
porting electrolyte present. Though Noddack 
and Brukl1 reported values of —1.810 and —1.955 
volts vs. the N.C.E. for the Knickpunkt of the two 
waves, the results of Fig. 1 indicate that the sec­
ond wave is not sufficiently well enough defined to 
establish the existence of a second reduction step.

Applied e.m.f.
Fig. 1.—0.01 M  gadolinium sulfate without supporting 

electrolyte: mercury pool anode.
The polarographic behavior of gadolinium sul­

fate was studied with a supporting electrolyte of
0.1 N  lithium chloride plus 0.01% gelatin using the 
H-cell. A single well-defined wave was obtained

(5) Lingane and Laitinen, Ind. Eng. Chem., Anal. Ed., 11, 504 
(1939).

with a linear relationship observed between the 
concentration and the diffusion current (Table I).

T a b l e  I

G a d o l in iu m  S u l f a t e  i n  0.1 N  L it h iu m  C h l o r id e  P l u s  
0 .0 1 %  G e l a t in

Millimoles 
of Gd+* 
per liter

E l/ t  vs. 
S. C. E. 

volts m’A ' / t id
microamp. id/e Id

0.80 - 1 .7 4 1.693 5.1 6 .4 3 .8
1.60 - 1 .7 4 1.758 10.1 6 .3 3 .6
4.00 - 1 .7 7 1.716 26.2 6 .6 3 .8

To note the effect of additions of acid on the 
current-voltage curves, increasing quantities of
0.05 N  hydrochloric acid were added to 14 ml. of
4.00 millimolar Gd+3. As the solution became 
more acidic, the hydrogen wave increased pro­
portionately with the half-wave a t —1.5 volts vs. 
the S.C.E., but the wave height due to the reduc­
tion of gadolinium was not appreciably affected. 
The half-wave potential of gadolinium was shifted 
to more negative values with increasing acid con­
centration as shown in Table II.

T a b l e  II
E f f e c t  o f  A c id  o n  t h e  H a l f -w a v e  P o t e n t ia l  o f  
G a d o l in iu m  i n  0.1 N  L it h iu m  C h l o r id e  P ltjs 0.01% 

G e l a t in
Ml. of 0.05 N  HCl £1/2 vs. S. C. E ., volts

0.00
.10
.20
.40
.60

- 1 .7 7
- 1 .7 9
- 1 .8 0
- 1 .8 2
- 1 .8 4

.80 - 1.86
1.00
1.50
2.00

- 1.86
- 1 .9 1
- 1 .9 3

Fig. 2 illustrates the effect of added acid with a 
supporting electrolyte of 0.1 N  tetramethylammo- 
nium iodide plus 0.01% gelatin.

Fig. 2.—Gd+3 in 0.1 N  tetramethylammonium iodide 
plus 0.01% gelatin: (1) residual current; (2) 4.0 milli­
molar; (3) 0.30ml. of 0.05 N  HCl added to 14 ml. of 
4.0 millimolar.

The wave definition in a supporting electrolyte 
of 0.1 N  potassium chloride was about the same
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as that observed with lithium chloride. The re­
sults of the polarographic reduction of gado­
linium sulfate in potassium chloride are given in 
Table III.

T a b l e  I I I

G a d o l in iu m  S u l f a t e  i n  0.1 N  P o t a s s iu m  C h l o r id e  
P l u s  0.01% G e l a t in

Millimoles
Gd +3 

per liter
E V* S. C. E. 

volts mVa/Ve i
microamp. idle id

0.80 - 1 .7 5 1.780 5 .2 6.5 3 .9
1.60 - 1 .7 5 1.788 10.3 6.4 3 .6
4.00 - 1 .7 7 1.728 26.9 6.7 3 .7

Discussion
The values of the quantity m2/*/1/6 were deter­

mined a t the potential a t which the diffusion cur­
rent was measured. The average value of the 
diffusion current constant, /a, for Gd+3 was found 
to be 3.7. Using equivalent conductance data 
given by Pascal,6 and extrapolating to infinite di­
lution, a value of 125 ohm-1 cm.1 2 was obtained for 
gadolinium sulfate. If the value 80 is used for the 
sulfate ion, the equivalent ionic conductance of 
gadolinium is then 45 ohm-1 sq. cm. By sub­
stituting the value of the ionic conductance of 
gadolinium into the Nernst relation

A° = 2.67 X 10“7 (X®/£)
the diffusion coefficient is found to be 4.0 X 10 ~6 
sq. cm. sec-1. With the above quantities substi­
tuted into the Xlkovic equation, the number of elec­
trons involved in the electrode reaction is found

(6) Pascal, "T ra ité  de Chimie M inérale,” Masson e t Cie., 
É diteurs, Paris, 1933.

to be three. Thus the results indicate that the re­
duction of gadolinium at the dropping electrode 
takes place according to the reaction

Gd+3 + 3e---> Gd°
An analysis of the polarographic waves was 

made by noting the slope of the line produced in 
plotting values of log i/id  — i vs. Ed-e* The ir­
reversibility of the electrode reaction is indicated 
by the fact that the slope is not as steep as would 
be expected on the basis of a three electron reduc­
tion.

Summary
1. The results of Noddack and Brukl were not 

confirmed with regard to the polarographic reduc­
tion of gadolinium sulfate.

2. An increasing acid concentration shifts the 
half-wave potential of gadolinium to more nega­
tive potentials.

3. A value of 4.0 X 10~6 sq. cm. sec.-1 was 
calculated for the diffusion coefficient of Gd+3 at 
25°.

4. The results indicate that the reduction of 
gadolinium at the dropping mercury electrode in­
volves three electrons.

5= The average value of the diffusion current 
constant for Gd+3 was found to be 3.7 at 25° in a 
supporting electrolyte of 0.1 N  lithium chloride or
0.1 N  potassium chloride.

6. The half-wave potential for 4.0 millimolar 
Gd+3 was found to be —1.77 volts vs. the S.C.E. 
with 0.1 iV lithium chloride, and with 0.1 N  po­
tassium chloride as the supporting electrolytes.
I o w a  C it y , I o w a  R e c e iv e d  J u n e  9, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  Ch e m is t r y  a n d  C h e m ic a l  E n g in e e r i n g , S t a t e  U n iv e r s it y  o f  I o w a ]

Reduction of Neodymium at the Dropping Mercury Electrode
B y  C. R. E stee  and  G eorge G lockler

The polarographic behavior of neodymium in 
the presence of supporting electrolyte has not 
previously been described. The present study 
was undertaken to allow the application of the 
Ukovic equation1 to obtain the «-value for the re­
duction of the trivalent neodymium ion, and to 
establish under proper polarographic conditions 
the half-wave potential for the reduction. No 
evidence of the previously reported2 two-step re­
duction from water solutions was obtained.

Experimental
The polarograms were recorded with a Sargent Model 

X X  Visible Recording Polarograph of the Heyrovsky type, 
the design and operating characteristics of which have 
recently been discussed by Lingane.3 A conventional

(1) Ilkovic, J . chim. phys., 35, 129 (1938).
(2) Noddack and Brukl, Angew. Chem., 50, 362 (1937).
(3) Lingane, Ind. Eng. Chem., A nal. Ed., 18, 734 (1946).

dropping mercury cathode assembly was used, the stand 
tube being provided with an adjustable mercury reservoir. 
The usual H-type electrolysis vessel4 with a sintered glass 
plug and agar bridge was employed. Measurements 
were made with respect to a mercury anode. Solution 
temperatures were maintained at 25.0 =*= 0.1° by means of 
a thermostat. The drop time was varied between two and 
five seconds. Hydrogen or nitrogen was bubbled through 
the solution to remove dissolved oxygen.

The neodymium salt was obtained as the nitrate and 
an examination of the absorption curve found with a Bell 
and Coleman spectrophotometer showed no detectable 
impurities. Neodymium oxide was prepared by ignition 
of the oxalate precipitated from a warm acid solution 
of the nitrate. The oxide was treated with an excess 
of sulfuric acid and heated for eight hours at 440° to give 
the octahydrate of neodymium sulfate. Solutions of 
supporting electrolytes prepared from analytical grade 
reagents showed no detectable impurities.

Diffusion coefficients of 6.03 X 10~6 sq. cm./sec. for 
the neodymium ion and 8.15 X 10”8 sq. cm./sec. for

(4) Lingane and Laitinen, ibid., 11, 504 (1930).
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neodymium sulfate were calculated by means of conduct­
ance data5 and the Nernst equation.®

Half-wave potentials were measured in the usual man­
ner, with all values being calculated with respect to the 
saturated calomel anode and corrected for the iR  drop 
in the cell to an accuracy of =±=0.01 volt.

Data and Discussion
No Supporting Electrolyte.—No indication of 

the double waves (Inset, Fig. 1) reported by 
Noddack and Brukl2 was found; a single wave 
(Fig. 1) resulted when water solutions of neody­
mium sulfate were reduced at the dropping mer­
cury electrode. The suggestion7 has been made 
that the first wave reported by Noddack and 
Brukl2 might be due to the discharge of hydrogen 
ion from the hydrolyzed solutions. However, al­
though fresh solutions of both neodymium and 
praseodymium sulfate were slightly acidic, no in­
dication of such a wave could be found. Recent 
work by Thomas and Kurbatov8 with yttrium like­
wise makes doubtful the existence of the two-step 
waves reported by Noddack and Brukl.2

Fig. 1.—Neodymium sulfate, 4.0 molar, no supporting 
electrolyte. Inset shows curves of Noddack and Brukl.2

Lithium Chloride as Supporting Electrolyte.—
The half-wave potential was found to vary 
with the concentration when lithium chloride 
(0.01% gel added) was used as the supporting 
electrolyte; no consistent linear relationship be­
tween step height and concentration was observed 
(Table I). The variation in the step heights is 
probably caused by the simultaneous deposition 
of hydrogen and neodymium. To separate the 
two waves sulfuric acid was added to the solu­
tions; as the concentration of acid increased, the 
hydrogen preceded and was well separated from 
the neodymium wave (Fig. 2). With the use of

(5) "In ternational Critical Tables, Vol. V I,” 233 (1933).
(6) W. N ernst, Z. physik Chem., 2, 613 (1888).
(7) Lingane and Kolthoff, “ Polarography,” New York In ter­

science Publishers, Inc., New York, N. Y., Revised Reprint, 1936, p. 
305.

(8) Thomas and K urbatov, Paper No. 16, Division of Physical 
and Inorganic Chemistry, A tlantic C ity Meeting, American Chemi­
cal Society, April, 1947.

T able  I
E ffect  of Concentration  on  th e  H a lf-W a v e  P o ten­
tial  of N eodymium  w ith  0.1 M olar Li Cl a s  E lec­

trolyte
Concen­
tration

millimoles/!. .Eyy *d
microamp. id /c

1.6 - 1 .7 7 17.9 11.2
1.6 - 1 .7 8 18.0 11.2
4 .0 - 1 .8 1 31.1 7 .8
4 .0 — 1.81 28.6 7 .2
8 .0 - 1 .8 3 49.2 6 .2
8 .0 - 1 .8 3 49.6 6 .2

2.0 millimolar sulfuric acid solutions fairly well de­
fined waves were obtained (Fig. 3); the half-wave 
potential was constant, and a linear relationship 
between concentration and step height was found.

-1 .5 1  -1 .6 6  -1 .8 1  -1 .9 6
Volts vs. S. C. E.

Fig. 2.—Addition of acid with lithium chloride as a sup­
porting electrolyte.

Fig. 3.—Acid solutions with lithium chloride showing 
separated hydrogen wave.

As shown by Table II the electrode reaction is 
Nd+3 —» Nd°. The calculated diffusion current 
was obtained by the use of the Ilkovic equation, 
assuming that n =  3.

Tetramethylammonium Iodide as Supporting 
Electrolyte.—A single wave (Fig. 4) is obtained 
from sulfuric acid solutions of this supporting
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T a b l e  II
E x p e r im e n t a l  V a l u e s  o f  n w it h  0.1 M  LiCl a s  S u p p o r t ­
in g  E l e c t r o l y t e  (0.01% G e l  +  2.0 M il l im o l a r  H2S04 

A d d e d )
Concen­
tra tio n

millimoles/1. £1/2
id

exp.
id

calcd.
n

exp.
0 .4 — 1 .8 2 2.8 2 .9 2 .9
0.8 - 1 . 8 2 5 .6 5 .8 2 .9
1.2 - 1 . 8 2 8 .7 8 .9 2 .9
2.0 - 1 . 8 2 1 3 .8 1 4 .4 2 .9
4 .0 - 1 . 8 2 2 8 .2 2 9 .4 2 .9

electrolyte; the apparent second wave in the 
range —1.94 to —2.04 being characteristic of the 
supporting electrolyte used. In the absence of

Fig. 4.—Acid solution with tetramethylammonium iodide: 
recorder sensitivity, (a) 3-75; (b) 3-50; (c) 3-25.

acid, variations in half-wave potentials and diffu­
sion currents occur (Table III) which are not evi-

T a b l e  I I I

N e u t r a l  S o l u t io n  o f  0.1 M  T e t r a m e t h y l a m m o n iu m  
I o d id e  a s  S u p p o r t in g  E l e c t r o l y t e  (0.1% G e l  A d d e d )

Concen-
tra tion

millimoles/L
id

exp.
id

calcd.
id

exp. E V 2

2.0 1 6 .2 1 6 .0 4 .4 7 - 1 . 8 0
2.0 1 5 .8 15 .9 4 .4 2 - 1 . 8 0
0.8 6 .9 6 .5 4 .7 1 - 1 . 7 3

.8 6 .9 ., a • - 1 . 7 3

.4 3 .6 3 .2 4 .9 6 - 1 . 7 5

.4 3 .6 3 .2 4 .9 4 - 1 . 7 5

T able  IV
S u lfu r ic  A cid (2.0 M illimolar) Solution  of 0.1 M
T etramethylammonium I odide a s  S upporting E lec-

Concen­
tra tio n

millimoles/1.

trolyte

*d
exp.

: (0.01%  G el)

*d id  
calc. exp. £1/2

2.0 1 5 .6 1 6 .0 4 .3 2 - 1 .8 3
2.0 1 5 .9 1 6 .0 4 .4 1 - 1 . 8 3
0.8 6 .4 6 .4 4 .4 8 - 1 . 8 3

.8 6 .4 6 .4 4 .4 6 - 1 . 8 3

.4 3 .1 3 ,2 4 .2 6 - 1 . 8 3

.4 3 .2 3 .2 4 .4 5 - 1 . 8 3

dent when a 2.0 millimolar acid solution is used 
(Table IV). These data serve to indicate that in 
neutral media the measured diffusion currents are 
the result of the simultaneous deposition of neody­
mium and hydrogen since the measured currents 
are larger than those expected by the application 
of the Ilkovic equation. When acid is added to 
cause a definite prewave due to hydrogen the 
measured diffusion currents are less than those pre­
dicted on the basis of the Ilkovic equation; this is 
to be expected. The diffusion current constant 
(Id) obtained in 2.0 millimolar sulfuric acid solu­
tion agrees closely with the theoretical value of 
4.46 obtained if the reaction at the electrode is 
assumed to be N d+3 —> Nd°.

Other Supporting Electrolytes.—A single step 
curve (Fig. 5) was obtained from potassium 
chloride solutions; half-wave potential was 
— 1.83 from a 2.0 millimolar sulfuric acid solution 
of 0.1 I f  potassium chloride. Again the single 
step indicates the reduction Nd+8 —> Nd°. Am­
monium chloride was not satisfactory as a sup­
porting electrolyte, the curves being poorly de­
fined.

Volts vs. S. C. E.
Fig. 5.—Neutral potassium chloride solution: (a) residual 

current.

Summary
A single wave is obtained from water solutions 

of neodymium sulfate; this is in contradiction to 
the results of earlier investigators. Similar single 
waves are obtained when lithium chloride, tetra­
methylammonium iodide or potassium chloride 
is used as supporting electrolyte.

By means of the Ilkovic equation it is shown 
that the reduction corresponds in all cases to 
Nd+3 —> Nd°.

The half-wave potentials are found to be de­
pendent upon the concentration and acidity of the 
solution. From solutions of the above-mentioned 
electrolytes containing 2 millimoles of sulfuric acid 
per liter (with 0.01% gel added) diffusion currents
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proportional to the concentration of neodymium below) a t —1.83 =*= 0.01 volt versus the saturated
ion were obtained. The half-wave potentials re- calomel electrode in all cases.
mained constant in the range studied (0.01 M  and I o w a  C it y , I o w a  R e c e iv e d  J u n e  9, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  a n d  C h e m ic a l  E n g in e e r in g , S t a t e  U n iv e r s it y  o f  I o w a ]

The Half-Wave Potential of Samarium
B y  A n d r ew  T im nick  and  G eorge  G lockler

Noddack and Brukl1 who studied the electro­
lytic decomposition of 0.01 molar rare earth sul­
fate solutions, containing no supporting electro­
lyte, report that samarium undergoes a two-step 
reduction at the dropping mercury electrode. In 
an earlier report2 outlining the progress of the 
work, Brukl announced their intentions of pub­
lishing the inflection points, (Knickpunkte) of the 
c-v curves representing the stepwise reduction of 
the rare earth ions. In the discussion following 
the report, Hohn2 suggested that if the half-wave 
potentials3 of the steps were reported, the results 
would be expressed as a reproducible constant 
which is independent of concentration. I t was 
also suggested that if an indifferent electrolyte 
were added to the solutions the diffusion current4 
or step height would be directly proportional to 
the concentration. The advice evidently was dis­
regarded for only the inflection points were re­
ported.1

Holleek5 electrolyzed 0.02 molar samarium chlo­
ride solutions, without supporting electrolyte, at 
the dropping mercury electrode but his interest 
was the detection of the conversion of the sa­
marium ion from one isoelectronic form to an­
other. He obtained single and double waves, the 
form varying with methods of preparation of the 
salt, the temperature of the solution being elec­
trolyzed and with the addition of zinc chloride. 
Neither half-wave potentials, nor diffusion cur­
rents were reported. Divalent samarium com­
pounds have been prepared.6'7 It^is^known that 
samarous ions are stable in aqueous solutions 
under limited conditions. A two-step reduction 
can logically be predicted.

The present study was undertaken to evaluate 
the diffusion current and half-wave potentials of 
samarium ion from its chloride and sulfate solu­
tions. The influence of concentration, pH and 
supporting electrolyte was also observed.

Experimental Procedure
A 0.02 molar samarium chloride stock solution was pre­

pared with C. P. SmCl5-6H20 .  Spectrographic examina­
(1) W. Noddack and A. Brukl, Angew. Chem., 50, 362 (1937).
(2) W. Noddack and A. Brukl, ibid., 49, 533 (1936).
(3) J. Heyrovsky and D. Ilkovic, Coll. Czechoslov. Chem. Commun., 

7, 198 (1935).
(4) D. Ilkovic, ibid., 6, 498 (1934).
(5) L. Holleek, Z. Elekirochem., 45, 249 (1939).
(6) C. A. M atigon and E. Gazes, Compt. rend., 142, 83 (1906).
(7) G. Jantsch, H. Rupig and W. Kunze, Z. anorg. Chem., 161, 212

(1927).

tion indicated only traces of gadolinium and europium. 
Samarium sulfate was prepared by converting the chloride 
to the oxide followed by the conversion to the sulfate. 
This was done by adding excess sulfuric acid to the oxide, 
heating the resulting mixture to 450° on a hot-plate 
until the excess acid was decomposed, and followed by 
heating in a regulated furnace at 600° for two hours to 
ensure complete acid decomposition and dehydration. 
The product was recrystallized from water solutions with 
subsequent acid and heating treatments. Excellent 
yellow translucent crystals (octahydratè) were obtained, 
some 5 mm. long, after the third treatment. These were 
washed, broken up, mixed with sulfuric acid and heated 
to the anhydrous form. A 0.01 molar samarium sulfate 
stock solution was made with this material. The salts 
employed as supporting electrolyte were of C. p . grade. 
An H-cell with a saturated calomel anode8 was used. The 
salt bridges consisted of saturated potassium chloride 
solution containing 4% agar. The resistance of the cell 
and calomel electrode was 230 ohms. This value was 
used to correct the half-wave potentials for iR  drop when 
the magnitude of the diffusion current warranted this 
procedure.

All measurements were made at 25.0 =*= 0.1°. Nitrogen 
was used to remove dissolved air from the solutions. The 
m and t values of the Ilkovic equation4 were found for 
twenty-five drops of mercury at the applied potential 
at which the diffusion current was measured. Polaro- 
grams were recorded with a Sargent Model X X  Polaro- 
graph. The operating characteristics of this instrument 
have been described by Lingane.9 Accurate checks of 
applied potential were made with a K-type potentiometer. 
The polarographic waves for measurement purposes were 
obtained by connecting the midpoints of the galvanometer 
oscillations recorded by the instrument. The pH  of solu­
tions was measured with a glass electrode Type 200 Cole­
man pH  Electrometer. This instrument was tested with 
buffer solutions and found to be accurate to 0.1 unit. 
The concentration c in all cases is expressed in millimoles 
of samarium ion per liter.

Results and Discussion 
Samarium Chloride

No Supporting Electrolyte, No Gelatin.—The 
preliminary determinations were made with 
samarium chloride solutions ranging in concen­
tration from 0.5 millimolar samarium ion to 20 
millimolar. Some potassium chloride would be 
expected to diffuse from the agar plug into the 
solution being electrolyzed, but poorly defined 
waves were nevertheless obtained.

Supporting Electrolyte, No Gelatin.—Support­
ing electrolyte media of 1.0 molar potassium 
chloride, 0.1 molar potassium chloride, 0.1 
molar tetramethylammonium iodide, or 0.1 
molar lithium chloride, containing 5 millimolar

(8) I. M. Kolthoff and J. J. Lingane, "Polarography,” Interscience 
Publishers, Inc., New York, N. Y., 1946, p. 459.

(9) J . J. Lingane, Ind. Eng. Chem., Anal. Ed., 18, 734 (1946).
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— 1.5 - 1 .8  - 2 .1
- 1.5 - 1.8 - 2.1

Ede vs. S . C . E ,
Fig. 1.—Samarium chloride, 5 millimolar, in various 

media: curvesa-d, 1 .0M KC1,0.1 M KC1,0.1 Af(CH8)4NI, 
0 . 1 1  Li Cl, respectively.

samaric ion gave rise to well defined first steps as 
shown by Fig. 1, curves a-d respectively. In the
0.1 molar lithium chloride and 0.1 molar tetra­
methylammonium medium a second step seems to 
begin but is apparently terminated by the dis­
charge of the supporting electrolyte. Figure 2 is 
a representative example of the variation of the 
ratio id/C  observed in the polarograms recorded 
with the samarium chloride solutions shown in 
Fig. 1. I t is evident that the expected propor­
tionality of step height between the first and sec­
ond step is not attained. Curves a and b are re­
productions of the midpoint tracing of polaro-

Fig. 2.—Relationship between concentration of samar­
ium chloride and step height in 0.1 M  tetramethylam­
monium iodide medium. Curves a and b are recorded with 
5 and 2.5 millimolar solutions, respectively; c is the 
residual current.

grams recorded with 0.1 molar tetramethylammo­
nium iodide solutions containing 5 and 2.5 milli­
moles of samarium chloride, respectively. The 
residual current is shown by curve c.

Because of this variation in the current-concen­
tration ratio, sulfate solutions of samarium were in­
vestigated.

Samarium Sulfate
No Supporting Electrolyte.—Several attempts 

to reproduce results reported1 were made employ­
ing a mercury pool anode. Stock solutions of 
samarium sulfate which had stood a month or two 
yielded no waves, but a three step wave was re­
corded with a one day old 20 millimolar solution 
containing no gelatin. Discharge of hydrogen, 
observed from a wave with a half-wave potential 
a t —1.64 volts against the mercury pool anode, 
occurred.

Supporting Electrolyte, 0.01% Gelatin.—Po­
larograms were recorded with various concen­
trations of samarium in 0.1 molar lithium chlo­
ride medium. With concentrations from 5 to 
20 millimolar the polarograms consisted of two 
steps. At lower concentrations the second step 
terminated in a maximum. The results listed 
in Table I are corrected for iJZ drop.

Since the reduction of samarium ion proceeds at 
a potential more negative than the reduction of 
hydrogen ion, small amounts of dilute sulfuric acid 
were added to samarium solutions and polaro­
grams recorded.10 Two waves, one due to hydro­
gen and the other due to samarium discharge, were 
observed. In 0.1 molar lithium chloride solution 
(0.001 normal in sulfuric acid) containing varying 
concentrations of samarium, the half-wave po­
tential of the hydrogen wave was —1.5 volts 
against the saturated calomel electrode. As 
shown in Table II the addition of acid reduced the

Table I
Samarium Sulfate, 0.1 M  LiCl, 0.01% Gelatin, Ei/ 2 vs .

S. C. E.

Concn.
Sm + + + pH

id
First
step

id
Second

step
EVa
First
step

E l /2 
Second 

step
20 113.1 17.7 -1 .8 5 - 2 .0 7
10 4.0 55.9 15.2 - 1 .8 0 - 1 .9 7
5 4 .4 28.4 15.4 - 1 .7 7 - 1 .9 2
2 4 .8 10.7 Max. - 1 .7 3 Max.

Table II
Samarium Sulfate, E i/ 2 vs. S. C. E.

0.1 M  LiCl, 0.01% gel., 0.001 N  H2S 04
t  =  3.074, = 1.760

Concn. pH. id El/2
8 3.1 50.1 - 1 .8 2
4 3.1 25.3 -1 .8 1
2 3.1 12.6 - 1 .7 9
1 3 .0 6.5 - 1 .8 0
0.5 3 .2 3.0 - 1 .8 0

(10) R. H. Leach and H. Terrey, Trans. Faraday Soc., 33, 480
(1937).
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half-wave potential shift by 0.03 volt in the sa­
marium ion concentration range of 2 to 8 milli­
moles as compared to a 0.07 volt shift observed in 
an approximately similar concentration range 
without acid addition. The diffusion current 
varied directly with concentration in the acid 
series. Stabilization of pH  could possibly explain 
the improved regularity.

From equivalent conductivity data11 and appli­
cation of Kohlrausch's law and the Nernst12 equa­
tion, D was calculated to be 6.07 X 10-6 sq. cm. 
sec.-1. Calculated Id values for samarium ion 
would be 1.49 when n is 1 or 4.47 when n is 3. 
Experimentally the average id for the first step of 
the lithium chloride, sulfuric acid medium series 
of runs was found to be 3.57 which lies between the 
two theoretical values cited above. As shown by 
Fig. 3, a polarogram of the 4 millimolar solution of 
this series, the second step is terminated before its 
complete development and therefore no selection 
of the proper n value can be made. The two po­
larograms were recorded with the same solution 
but with different galvanometer sensitivities. 
The residual current is shown by curve a'.

Fig. 3.—Sm+++ ion, 4 millimolar, in 0.001 N  H2S04, 
0.1 M  LiCl, 0.01% gelatin medium. Curve a' is the 
residual current.

Figure 4 is a polarogram recorded with 4 milli­
molar samarium ion concentration in a 0.1 molar 
tetramethylammonium iodide and 0.001 N  sul­
furic acid medium. A well defined two step wave 
was obtained with an Id of 3.56 for the first step 
and 6.49 for the second. As can be seen the two 
steps are approximately of equal height. This is 
not the case for a 1 millimolar solution in a similar 
medium as shown by Fig. 5. Id for the first step 
was 3.85 and for the second 12.1 which would indi­
cate a one electron reduction for the first step and 
a two electron reduction for the second. The 
multiple polarogram was recorded with various

(11) “ in ternational Critical Tables,” Vol. VI, p. 233.
(12) W. N ernst, Z. physik. Chem., 2, 613 (1888).

Fig. 4.—Sm+++ ion, 4 millimolar, in 0.001 N  H2S 04, 0.1 M  
(CH8)4NI, 0.01% gelatin medium.

galvanometer sensitivities. The residual current 
is shown by curve a ' in Fig. 5.

Fig. 5.—Sm+++, 1 millimolar, in 0.001 N  H2S04, 0.1 M  
(CH3)4NI, 0.01% gelatin medium.

From the preceding observations it is obvious 
that the discharge of samarium ions at the drop­
ping mercury electrode in aqueous solutions is a 
complex process. There is evidence of a two-step 
reduction but in most cases the second step is 
terminated by discharge of the supporting electro­
lyte.

I t  has been noted6*7 that samarous ion is not 
very stable in aqueous solutions. I t  reverts to the 
samaric state with the evolution of hydrogen. 
This fact could possibly explain the anomalous re­
sults observed, in a manner similar to the case of 
ytterbium, mentioned by Laitinen and Taebel.13

Samarous ion is more unstable14 than ytterbous 
ion and therefore hydrogen should be evolved 
more easily than in the ytterbous case, with 
greater discrepancy between the expected and ex-

(13) H. A. Laitinen and W. A. Taebel, Ind. Eng. Chem., Anal. Ed. 
13, 825 (1941).

(14) W. Klemm and W. Schuth, Z. anorg. Chem., 184, 352 (1929).
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perimentally obtained diffusion currents and thus 
offer an explanation for the anomalous diffusion 
current constant in the case of samarium.

Acknowledgment.—-This work was undertaken 
while one of us (A. T.) held a graduate college 
research assistantship at the State University of 
Iowa.

Summary
Solutions of samarium chloride and sulfate were 

studied polarographically without supporting 
electrolyte and in the presence of lithium chloride, 
potassium chloride and tetramethylammonium

iodide. Addition of sulfuric acid to the sulfate 
solutions stabilized the half-wave potential. 
With one millimolar samarium ion, in 0.001 nor­
mal sulfuric acid, 0.1 molar tetramethylammo­
nium iodide and 0.01% gelatin medium a two step 
polarogram was obtained. The half-wave poten­
tials were —■ 1.80 and —1.96 volts against the satu­
rated calomel electrode. The diffusion currents 
were, respectively, 6.0 and 13.0 microamp., corre­
sponding to Sm+++ —> Sm++, and Sm++ —> Sm°. 
However, in 4 millimolar solution the behavior is 
anomalous.
I o w a  C it y , I o w a  R e c e iv e d  J u n e  9, 1947

[C o n t r ib u t io n  f r o m  t h e  P a c if ic  E x p e r im e n t  S t a t io n , B u r e a u  o f  M i n e s , U n it e d  S t a t e s  D e p a r t m e n t  o f  t h e
I n t e r io r ]

Heat Capacities at Low Temperatures and Entropies of 3CaO*B20 3, 2Ca0-B20 3,
CaO*B20 3, and CaO-2B2CV

B y  K. K. K e ll e y ,2 S. S. T odd3 and  C. H. S h o m ate4

In a recent paper, Torgeson and Shomate5 pre­
sented data for the heats of formation of the crys­
talline calcium borates, 3CaO B2Ö3, 2CaQ-B2U3, 
CaO • B20 3, and Ca0-2B20 3. These are all the 
compounds in the Ca0-B20 3 system, according to 
the work of Carlson.6 The present paper reports 
low temperature heat capacity and entropy deter­
minations of these same substances, thus enabling 
the calculation of their free energies of formation. 
There are no previous similar data for any of these 
compounds.

Materials.—The samples of calcium borates 
used in the present measurements were vir­
tually the same as those employed in the heat of 
formation studies of Torgeson and Shomate.5 
Their paper included the method of preparation of 
the samples, their densities, and X-ray diffrac­
tions, and repetition here appears unnecessary. 
About one mole of each compound was used in the 
present measurements and all weighings were cor­
rected to vacuum. The chemical purity of the 
samples is indicated by the following analyses:

Actual analysis Theoretical analyses
Substance CaO, % B2O8, % CaO, % B2O3, %

3CaOB20 3 70.75 29.31 70.72 29.28
2Ca0*B20 3 61.71 38.41 61.69 38.31

Ca0-B20 3 44.59 55.26 44.61 55.39
CaO2B20 3 28.57 71.02 28.71 71.29

Only the calcium diborate contained any appre­
ciable impurity. As mentioned by Torgeson and

(1) Published by  permission of the Director, Bureau of Mines, 
U. S. D epartm ent of the  Interior. N ot copyrighted.

(2) Supervising Engineer, Pacific Experiment Station, Bureau of 
Mines.

(3) Chemist, Pacific Experim ent S tation, Bureau of Mines.
(4) Form erly chemist, Pacific Experim ent S tation, Bureau of 

Mines.
(5) Torgeson and Shomate, T his Journal, 69, 2103 (1947).
(6) Carlson, Bur. Standards J .  Research, 9, 825 (1932).

Shomate,5 this material contained 0.42% of in­
soluble impurity from superficial reaction with the 
nickel crucible in which it was prepared. No cor­
rection for this impurity was made in the present 
results.

Heat Capacities.—The heat capacities were 
measured by means of previously described7 appa­
ratus and methods. The results, expressed in de­
fined calories,8 are listed in Table I and shown 
graphically in Fig. 1. The molecular mass figures 
in the headings of Table I accord with the 1947 
International Atomic Weights.9 The precision 
error in the results is under 0.1% and it is believed 
they are accurate on the average to within =±=0.3% 
in the absolute sense.

The heat capacities of all four calcium borates 
are higher a t the lower temperatures, and lower at 
the higher temperatures, than the sum of the heat 
capacities of the component oxides. The greatest 
average deviation from additivity is shown by 
Ca0-2B20 3, the heat capacity of which averages 
over 2 cal. per deg. per mole lower than the sum of 
the heat capacities of the component oxides in the 
temperature range 100 to 298.16°K. In this con­
nection it is of interest to note that this substance 
also has the highest atomic density (lowest mean 
atomic volume). Other things being equal, high 
atomic density generally parallels low heat ca­
pacity at low temperatures.

Entropies at 298.I6°K.—In each instance, the 
entropy increment between 52.00 and 298.16°K. 
(measured portion, Table II) was obtained, as 
usual, by numerical integration of a large-scale 
plot of Cp against log T. To obtain the entropy

(7) Kelley, Naylor and Shom ate, Bur. M ines Tech. Paper 686
(1946) .

(8) Mueller and Rossini, A m . J .  Phys., 12, 1 (1944) .
(9) Baxter, Guichard and W hytlaw-Gray, T his Journal, 69, 731

(1947) .
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T a b l e  I

M o l a l  H e a t  C a p a c it ie s
T, °K. Cp, cal./deg. T , °K . Cp, cal./deg.

3CaOB20 8 (mol. wt., 237.88)
52.8 5.978 165.5 30.66
56.6 6.827 175.5 32.13
60.6 7.806 185.6 33.52
64.9 8.863 195.9 34.82
69.0 9.932 205.9 36.09
73.5 11.13 216.2 37.23
77.7 12.21 226.2 38.28
84.7 14.02 235.8 39.27
94.8 16.56 246.1 40.35

104.6 18.92 256.1 41.29
115.1 21.34 266.1 42.22
125.1 23.47 276.2 43.18
135.1 25.45 286.1 43.82
145.7 27.39 296.3 44.77
155.5 29.07 (298.16) (44.90)

2Ca0-B20 , (mol. wt., 181.80)
53.0 4.914 165.7 23.91
57.0 5.695 175.6 25.04
61.1 6.522 185.8 26.10
65.5 7.399 195.9 27.10
69.8 8.295 206.2 28.08
74.1 9.191 216.2 29.00
78.4 10.06 226.0 29.84
85.6 11.49 235.8 30.60
94.8 13.27 246.2 31.43

104.5 15.03 256.2 32.30
115.2 16.87 266.5 33.07
125.2 18.46 276.2 33.71
135.1 19.96 286.1 34.39
145.4 21.37 296.5 35.03
155.5 22.67 (298.16) (35.16)

CaO*B,0, (mol. wt., 125.72)
54.4 4.199 145.5 14.93
56.9 4.554 155.6 15.81
57.7 4.679 165.8 16.68
60.4 5.064 179.1 17.70
61.8 5.265 185.6 18.15
64.4 5.634 195.8 18.87
68.5 6.220 205.4 19.58
71.2 6.604 216.0 2 0 .2 1
72.6 6.795 226.1 20.84
75.6 7.233 235.4 21.40
80.8 7.924 245.2 21.98
84.8 8.455 255.6 22.55
94.0 9.580 265.5 23.16

104.2 10.80 276.1 23.73
114.3 11.93 286.4 24.24
124.3 12.96 296.3 24.78
135.3 14.02 (298.16) (24.85)

CaO-2B2Oj (mol. wt., 195.36)
54.2 4.583 165.7 21.75
57.5 5.092 175.9 23.11
61.6 5.742 189.0 24.84
66.6 6.558 196.0 25.76
71.5 7.366 206.3 27.07
76.3 8.148 215,9 28.31

81.4 8.998 226.4 29.61
86.3 9.776 235.8 30.74
94.4 11.07 245.6 31.88

104.5 12.65 256.0 33.20
114.6 14.22 266.0 34.30
124.1 15.67 276.2 36.33
135.9 17.42 286.5 36.42
146.0 18.90 296.5 37.66
155.8 20.31 (298.16) (37.75)

0 50 100 150 200 250 300
Temperature, °K.

Fig. 1.—Heat capacities: A, C a0B 20 3; B, Ca0-2B20 3; 
C, 2CaO B2Os; D, 3Ca0-B20 3.

increments between 0 and 52.00°K., the meas­
ured heat capacities were fitted with the follow­
ing combinations of Debye and Einstein functions, 
the maximum deviation between measurements 
and function sums being shown in parentheses

3Ca0-B20 , 4 ü ( 5 p )  +  4e ( ^ )  +  3e ( ^ )  (0.5%)

2CaO-BsO, 3d ( ^ )  +  3e ( — )  +  3e ( ^ )  (0.5%)

CaO-BjO, 2d ( ? |? )  +  2E ( ^ )  +  3 E ( i y § )  (1.0%)

C a02B 20 8 3 D ( 5 p )  +  4 E 0 ~ )  +  (1.0%)

These function sums were employed in obtain­
ing the extrapolated portions of the entropies in 
Table II. The extrapolated portion constitutes

T a b l e  I I

E n t r o p ie s  a t  298.16°K., C a l . / D e g . / M o l e

3C aO B 2Os 2Ca0-B20 3 C aO B 2C>3
C aO -
2B2Os

0°—52.00°K., (ex­
trapolation) 2.16 1.84 1.65 1.59

52.00°-298.16 °K„ 
(measured) 41.73 32.84 23.41 30.61

c-0
° 298*16 43.9 ± 34.7 25.1 =«= 32.2 =*=

0,3 0,2 0 ,2 0.3
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only 6.6% of the total entropy for CaO • B2O3 and 
is lower for the other substances.

The entropies of 3CaO • B2O3, 2CaO • B20 3, and 
CaO • B20 3 differ, in order, by 9.2 and 9.6 units, 
corresponding to successive decreases of one mole 
of calcium oxide. These figures are to be com­
pared with the measured value for free calcium 
oxide,10 *5*298.1 6 =  9.5 =*=. 0.2. This type of ap­
proximate additivity of entropies of some inter- 
oxidic compounds has been noted previously in 
work of this Laboratory and is the result of com­
pensation of plus and minus deviations from addi­
tivity of heat capacities. In the case of CaO- 
2B20 3 such compensation is quite incomplete and 
the entropy difference between Ca0-2B20 3 and 
CaO • B20 3 is only 7.1 units, whereas the entropy of 
crystalline boric oxide11 is *S£98JL6 = 13.0 =*= 0.1.

Related Thermal Data.—Free energies of 
formation at 298.16°K. of the four calcium borates 
from the oxides and from the elements are given in 
Table III, being obtained from the relationship 
AF° = AH  — T  AS. The heats of formation, 
Ai?298.i6, are from the paper of Torgeson and 
Shomate.5 The entropies employed in calculation 
of the A529s.i6 values are from publications of
T ^ 1 1 _  1 0 . 1 1xvcncy.

Precision uncertainties have been assigned to 
the free energies of formation from the oxides. I t 
is not possible to do this for the values from the 
elements because the probable error in the heat of

(10) Kelley, Bur. M ines Bull., 434 (1941).
(11) K elley, T h is  Journal , 63, 1137 (1941).

T a b l e  III
F r e e  E n e r g ie s  o f  F o r m a t io n  a t  298.16°K., C a l . / M o l e

Substance 
3Ca0-B203 
2CaO B2Oa 
CaO-B2Oa 
CaO-2B2Oa

3 C a 0 B 203
2CaO*B2Oa
Ca0*B203
CaO-2B2Oa

A i?298.16

—60,000 =«= 40 
-45,760 *  30 

-2 9 ,4 2 0  *  20 
-4 2 .9 3 0  *  20

-858 ,200
-692 ,100
-524 ,000
-880 ,200

—From  oxides— 
A1S298.16

2 .4  *  0 .7  
2 .7  *  0 .5  
2 .6  *  0 .3  

- 3 . 3  *  0 .5  
From  elements- 
- 1 3 6 .4  *  0 .6  
- 1 1 1 .2  *  0 .5  
-  86.3 * 0 .5  
- 1 5 6 .2  *  0 .9

F̂§98tl6
-60 ,720  * 2 1 0  
-46 ,570  *  150 
-30 ,200  *  90 
-41 ,9 5 0  *  150

-817,500
-659,000
-498,300
-833 ,700

formation of crystalline boric oxide, on which the 
free energies depend, is not known.

The free energy of formation values from the 
oxides follow a normal pattern. The formation of 
CaO * B20 3 from the oxides gives a decrease in free 
energy of 30,200 cal. Smaller decreases in free 
energy accompany each successive step of adding 
one mole of oxide to Ca0 -B203 to form the other 
calcium borates.

Summary
Low temperature heat capacity measurements 

of 3Ca0-B20 3, 2Ca0-B20 3, Ca0-B20 3, and CaO- 
2B20 3 were made throughout the temperature 
range 52° to 298-16°K.

The entropies of the four calcium borates were 
determined as 43.9 ±  0.3, 34.7 ±  0.2, 25.1 ±  0.2, 
and 32.2 =*= 0.3 cal./deg./mole, respectively.

Free energy of formation values from the oxides 
and from the elements are included.
B e r k e l e y , C a l if o r n ia  R e c e iv e d  O c t o b e r  24, 1947

[C o n t r ib u t io n  f r o m  t h e  G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y , C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y ,
No. 1154]

The Reactions of Antiserum Homologous to the p-Azosuccinanilate Ion Groupla
B y  D a v id  P re ssm a n , 10 J ohn  H . B r y d e n  a n d  L in u s  P a u ling

I t  was discovered by Landsteiner and van der 
Scheer2 that the precipitation of azoprotein con­
taining the /?-azosuccinanilate ion haptenic group 
by hapten-homologous antiserum (anti-S^ serum) 
is inhibited just as well by maleate ion as by succin­
ate ion, whereas fumarate ion is practically in­
effective, and from this observation the cautious 
conclusion was drawn3*4 that “Accordingly, one 
could suppose that the succinic acid molecule can 
exist in a form corresponding to the cis configura­
tion, or that the antibodies adjust themselves to

(la ) The Serological Properties of Simple Substances. X III. 
For No. X II  of this series see D. Pressman, A. L. Grossberg, L. H. 
Pence, and L. Pauling, T h is Journal, 68, 250 (1946).

(lb ) Present address: S loan-K ettering Institu te  for Cancer Re­
search, New York.

(2) K. Landsteiner and J. van der Scheer, J . Exptl. Med., 59, 751 
(1934).

(3) K. Landsteiner, "T he Specificity of Serological Reactions,” 
Charles C Thomas, Springfield, Illinois, 1936, p. 129.

(4) K. Landsteiner, "T he Specificity of Serological Reactions,” 
Revised Edition, H arvard University Press, Cambridge, Mass., 1945, 
p. 192.

this.” Because of our interest in the use of im­
munochemical techniques for the determination 
of the configuration of molecules and haptenic 
groups,5 we have extended our quantitative 
studies of hapten inhibition of serological precipi­
tation to include the Ŝ , system, and have investi­
gated the effect of over fifty haptens on the pre­
cipitation of S^-ovalbumin and anti-S^ serum. 
The analysis of the data has shown that the nor­
mal configuration of the />-azosuccinanilate ion 
group in aqueous solution is a cis configuration, 
presumably stabilized by a hydrogen bond, and 
has provided information about the configuration 
of other ions.

Experimental Methods
Haptens.—The following substances used in this work 

have been described previously6: succinanilic acid, p~
aminosuccinanilic acid, ^-nitrosuccinanilic acid, and d-

(5) D. Pressman, Register o f Phi Lambda Upsilon, 29, 30 (1944).
(6) D . Pressman, J. H . Bryden, and L. Pauling, T h is  Journal, 

67, 1219 (1945).
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and /-N-(a-methylbenzyl) -succinamic acids. The sub­
stances prepared in this investigation are described in the 
following section. All other substances used were com­
mercial preparations purified to the correct melting point 
and acidic equivalent weight.

Antiserum and Protein Antigens.—The preparation of 
antiserum and antigens used in this work has been de­
scribed previously.6 Only one pool of anti-Sj> serum and 
one preparation of $p-ovalbumin were used in these experi­
ments.

Reaction of Antiserum with Antigen and Hapten.—
One-milliliter portions of Sp-ovalbumin, anti-Sp serum, 
and hapten solution were mixed and permitted to stand 
about one hour at 37° and over two nights at 5°. The 
amount of antigen used, 320 jug. (by Nessler analysis), 
was that which gave optimum precipitation in the absence 
of hapten. The hapten solution was made with 0.9% 
sodium chloride solution and the antigen solution was 
made with borate buffer of pH 8.0.7 The precipitates were 
centrifuged, washed three times with 10-ml. portions of 
0.9% sodium chloride solution, and analyzed by our stand­
ard method.8

Preparation of Substances
Malonanilic acid was prepared by the method of Riig- 

heimer,9 by heating a mixture of 0.24 mole of malonic acid 
and 0.24 mole of aniline at 105° for one hour. The result­
ant mass was dissolved in 2 N  sodium hydroxide solution 
and filtered, and the filtrate was acidified with hydrochloric 
acid. Malonanilic acid separated on partial evaporation 
and cooling. The product was recrystallized from water; 
m. p. 132.0-132.5°, reported 132°. Acidic equivalent 
weight: calcd. for CtHgOgN, 179.1; found 185.6, 186.4.

Glutaranilic acid was prepared by heating a mixture of 
0.06 mole of glutaric acid, 0.06 mole of aniline, and 2 g. 
of fused zinc chloride in an oil-bath at 160 to 170° for 
forty-five minutes. After cooling, the mixture was ex­
tracted with potassium hydroxide solution and was filtered, 
and the filtrate was acidified with hydrochloric acid. The 
crystals which separated were recrystallized from water;

(7) D. Pressman, D. H. Brown, and L. Pauling, T his Journal, 
64, 3015 (1942).

(8) D. Pressman, Ind . Eng. Chem., Anal. Ed., 51, 357 (1943). 
I t  has been suggested by E. A. R a b a t (Ann. Rev. Biochem., 15, 511 
(1946)) th a t our experimental results are unreliable because the mix­
tures are allowed to  stand only two days, instead of five, before the 
precipitates are removed and analyzed. We have continued to use 
the two-day period, for convenience, and we feel th a t no significant 
error is introduced thereby. If the tubes containing antiserum and 
antigen and those also containing hapten were allowed to stand three 
days longer the am ounts of precipitate would increase somewhat, 
and their ratios might change slightly (by perhaps 5% ), leading to 
correspondingly small changes in the derived values of Ko'. B ut the 
values of Ka' obtained with different pools of antiserum differ by as 
much as two-fold (although usually w ithout changing the order of 
various haptens), so th a t  the small expected effects of increasing the 
time of standing are unim portant.

If a true equilibrium were achieved in five days it might be worth 
while to adopt this longer period. However, on still longer standing 
the am ount of precipitate decreases, presumably as the result of slow 
degradation of the m aterials; th is suggests th a t the use of the 
shorter rather than  the longer period m ay give the more reliable 
results.

The suggestion has also been made by W. C. Boyd and J. Behnke 
(Science, 100, 13 (1944)), and repeated by K abat, th a t some of the 
conclusions drawn from our experimental results may be invalidated 
by the polymerization (aggregation) of some of the haptens or simple 
precipitating antigens in solution. A detailed discussion of this 
question will be published shortly; i t  may be pointed out here that 
the hapten-inhibition studies reported in the present paper were 
made with an azoprotein, ra ther than  a polyhaptenic simple sub­
stance, as precipitating antigen, and the haptens themselves are so 
simple as to have little  tendency to aggregate, and th a t for these 
reasons (as well as others, to  be discussed in the later paper) it  is 
unlikely th a t the argum ents presented are to  any extent invalidated 
by the possibility of aggregation of the  hapten molecules.

(9) L. Rügheimer, Ber., 17, 736 (1884).

m. p. 127.0-128.0°, reported 126-127°.10 Acidic equiv­
alent weight: calcd. for CnH30 3N, 207.1; found 208.8, 
209.0.

Adipanilic acid was prepared by the method of Dieck- 
mann,10 11 by heating a mixture of 0.1 mole of adipic acid, 
0.1 mole of aniline, and 2 g. of fused zinc chloride on an 
oil-bath at 150-160° for one and one-half hours. Upon 
cooling, the material was dissolved in sodium hydroxide 
solution and was filtered, and the adipanilic acid was pre­
cipitated with hydrochloric acid. The product was re­
crystallized from water: m. p. 152.0-153.0°, reported
152-153°. Acidic equivalent weight: calcd. for Ci2H150 3N, 
221.1; found, 216.9, 218.7.

Maleanilic acid was prepared by the method of An- 
schiitz,12 by adding 0.3 mole of aniline dissolved in 75 ml. 
of anhydrous ether to 0.26 mole of maleic anhydride dis­
solved in 250 ml. of anhydrous ether. The product pre­
cipitated as it was formed, and was purified by dissolving 
it with sodium hydroxide solution and. reprecipitating with 
hydrochloric acid; m. p. 197-198°, reported 198°. Acidic 
equivalent weight: calcd. for C10H9O3N, 191.1; found,
185.3, 190.5.

Fumaranilic acid was prepared by slowly adding 0.12 
mole of aniline in 100 ml. of chloroform to 0.12 mole of 
fumaryl chloride in 100 ml. of chloroform. The chloroform 
was evaporated from the emulsion formed by the addition 
of 350 ml. of 1 N  sodium hydroxide solution. The solution 
was filtered and the filtrate was acidified with hydrochloric 
acid. The precipitate was dissolved with sodium hydroxide 
solution and reprecipitated with hydrochloric acid; m. p., 
238-238.5°, reported, 233-234.0°. Acidic equivalent 
weight: calcd. for Ci0H9O3N, 191.1; found, 195.9, 196.9.

d-Tartranilic acid was prepared by slowly adding 0.4 
mole of aniline to 0.4 mole of d-a ,/3-diacetoxysuccinic an­
hydride in 400 ml. of chloroform at the refluxing tempera­
ture. The cooled solution was extracted with about 400 
ml. of 1 N  sodium hydroxide solution. The aqueous phase 
was treated with 200 ml. of concentrated hydrochloric acid. 
A colorless oil separated which dissolved on heating. 
Subsequent cooling produced crystals; m. p. 181.9- 
182.4°, reported 180°13 [ a ] 23D in water, + 106 .2° («, +  
2.13°, 1 dm., 20 g ./l.);  reported14 [<*]%> + 105.6°. 
Acidic equivalent weight: calcd. for CioHnOjN, 225.1;
found 224.8, 225.3.

oiy 0-Diacetylsuccinic anhydride was prepared by the 
method of Lucas and Pressman.15

ö-Bromosuccinanilic acid, m-bromosuccinanilic acid, 
-bromosuccinanilic acid, N-a-naphthylsuccinamic acid, 

and N- /3-naphthyl succinamic acid were prepared by adding 
0.06-0.2 mole of the appropriate amine to a boiling chloro­
form solution of an equimolar amount of succinic anhydride. 
The products precipitated as formed and were purified 
by dissolving in sodium hydroxide solution, extracting 
with ether, precipitating from the aqueous phase with 
hydrochloric acid, and finally crystallizing from water or 
alcohol. The melting points and acidic equivalent weights 
are as follows:

Substance,
acid Formula

Acidic equivalent 
M. p., weight

°C. Calcd. Obs.
o-Bromosuc-

cinanilic
m-Bromosuc-

cinanilic
^-Bromosuc-

cinanilic

CioHioOsNBr 154.1-156.1

CioHioOsNBr 150.9-151.9

CioHioOaNBr 187.2-188.2 
reported16 
186-187°

272.2 2 7 0 .1 ,270 .1

272.1 266 .7 ,2 6 6 .7

272.1 2 7 2 .7 ,2 7 0 .8

(10) L. Balbiano and L. Angeloni, Gazz. chim. ital., 35, I , 150 
(1905).

(11) W. Dieckmann, A nn., 317, 62 (1901).
(12) R. Anschütz, Ber., 20, 3215 (1887).
(13) A. E. Arppe, Ann., 93, 352 (1855).
(14) L. Casale, Gazz. chim. ital., 471, 272 (1917).
(15) H. J. Lucas and D. Pressman, "T heory and Practice in Or­

ganic Chemistry Laboratory," to be published.
(16) S. Hoogewerff and W. A. van Dorp, Rec. trav. chim., 9, 48 

(1890).
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Acidic equivalent
Substance, M. p., weight

acid Form ula °C. Calcd. Obs.
N-oc-Naphthyl- CuHwOaN 171.1-171.6 243.1 241.4,241.2

sucinamic
N -0-N aphthyl- CmH isOsN 189.4-190.0 243.1 240.5, 240.6

succinamic reported17
184-185°

(^-Hydroxyphenylazo) -succinanilic acid was made 
by diazotizing Ü.01 mole of ^-aminosuccinanilic acid, 
making the solution neutral, and adding it to 0.10 mole of 
phenol in the presence of sodium hydroxide solution. 
Coupling was complete within fifteen minutes. The solu­
tion was neutralized and was extracted twice with ether, 
and the free acid was precipitated with hydrochloric acid 
from the aqueous phase. The product was crystallized 
twice from dilute alcohol; m . p . 231.5 dec. A cidic equiv­
alent weight: calcd. for C16H15O4N3, 313.2; found, 312.7.

Succinamic acid was prepared by adding an equimolar 
amount of 15 N  ammonium hydroxide to solid succinic 
anhydride. The solid product was recrystallized from 
acetone; m. p., 156.3-157.8°; reported, 157°.18 Acidic 
equivalent weight: calcd. for C4H7O3N, 117.1; found,
116.9, 116.7. .

N-Methylsuccinamic acid was synthesized by adding 
slowly 0.56 mole of anhydrous methylamine to a mixture of 
0.54 mole of succinic anhydride and 200 ml. of anhydrous 
ether under a “ Dry Ice” reflux condenser. The waxy 
lumps which resulted were broken up several times during 
the addition. After two days the ether was decanted and 
the solid residue was recrystallized from absolute alcohol; 
m. p. 107.7-108.2°. Acidic equivalent weight: calcd. for 
C0H 90 5N, 131.1; found, 132=1. 132.3.

N,N-Dimethylsuccinamic acid was prepared similarly 
from dimetbylamine; m. p. 81.6-82.6°, Acidic equivalent 
weight: calcd. for C6H n03N, 145.1; found, 145.7, 145.1.

N-Isopropylsuccinamic acid was prepared similarly from 
isopropylamine but at the boiling point of ether; m. p. 
97.9-98.9°. Acidic equivalent weight: calcd. for C7Hi3- 
OsN , 159.1; found, 162.0, 163.1.

N,N-Diethylsuccinamic acid was prepared similarly 
from dimethylamine at the refluxing temperature. The 
product was recrystallized from isopropyl ether; m. p. 
82.1-84.1 °. A cidic equivalent weight: calcd. for CsH^OsN, 
173.1; found 173.2,173.8.

N -M ethylsuccinanilic acid was prepared by the method 
of Auwers11 from 0.20 mole of methylaniline and 0.20 mole 
of succinic anhydride in chloroform solution. The chloro­
form solution was extracted with sodium hydroxide solu­
tion. The aqueous phase was extracted with ether and 
then treated with hydrochloric acid to precipitate the 
product, which was then recrystallized from water; m. p.
89.3-89.8°, reported, 91-92.5°. Acidic equivalent weight: 
calcd. for Q1H13O3N, 207.1; found, 205.8, 207.8.

N -Benzylsuccinamic acid was prepared similarly from 
benzylamine; m. p. 137.7-138.2°; reported, 139°.19 
Acidic equivalent weight: calcd. for ChHi30 3N, 207.1;
found, 207.2, 207.4.

N-Cyclohexylsuccinamic acid was prepared similarly 
from cyclohexylamine; m. p. 166.5-167.0°. Acidic equiv­
alent weight: calcd. for Ci0Hi7O3N, 199.1; found, 199.1,
200.0 .

N ,N-Pentamethylenesuccinamic acid was prepared by 
adding 0.32 mole of piperidine to 0.32 mole of succinic 
anhydride in 200 mole of anhydrous ether and refluxing. 
The ether was decanted from the heavier liquid phase, 
which crystallized upon the removal of residual ether under 
vacuum. The solid was recrystallized from ethyl acetate; 
m. p. 93.8-94.8°. Acidic equivalent weight: calcd. for C9- 
H15O3N, 185.1; found, 186.1, 186.1.

7-Aniimobutyrie acid hydrochloride was prepared by the 
method of Anschütz and Beavis,20 by hydrolyzing 1 g. of 
N-phenyl-a-pyrr olidone with barium hydroxide octahy-

(17) K . Auwers, Ann., 292, 190 (1896).
(18) L. Wolff, ibid., 260, 114 (1890).
(19) E. A. Werner, J . Chem. Soc., 630 (1889).
(20) R. Anschütz and C. Beavis, Ann., 295, 41 (1897).

drate in 10 moles of water in a sealed tube for twenty hours. 
The solution was diluted and carbon dioxide was added to 
precipitate excess barium hydroxide. The silver salt of the 
acid was precipitated from the filtrate by adding silver 
nitrate solution. The dried silver salt was suspended in 
absolute ether and saturated with hydrogen sulfide. The 
silver sulfide was removed by filtration and the 7-anilino- 
butyric acid hydrochloride was precipitated by saturating 
the ether solution with dry hydrogen chloride; m. p. 
135.5-136.5°, reported 135.5-136.5°.

The N-pheny 1 -a -pyrrolidone was prepared by the 
method of Anschütz and Beavis,20»21 by heating 0.21 mole 
of succinanil with 0.86 mole of phosphorus pentachloride 
at about 130-140 ° until all the solid was dissolved to form 
dichloromaleanil chloride, which was purified by distilling 
at reduced pressure; b. p. 218-219° at 35 mm. The di­
chloromaleanil chloride was reduced by slowly adding a 
solution of 0.05 mole of the compound in 50 ml. of acetic acid 
and 100 ml. of anhydrous ether to 800 g. of 3% sodium 
amalgam with agitation and cooling in an ice-bath. The 
mixture was allowed to stand two weeks. The ether phase 
was fractionally distilled and the N-phenyl-a-pyrrolidone 
was collected at 193-195° at 24 mm. The N-phenyl-a- 
pyrrolidone was recrystallized from petroleum ether con­
taining a few drops of alcohol; m. p. 59.0-61.0°, reported, 
68-69°.

Phenylhydantoic acid was prepared by the method of 
Paal,22 by stirring 0.21 mole of phenylisocyanate with a 
solution of 0.21 mole of glycine in sodium hydroxide. 
After thirty minutes of stirring the odor of the isocyanate 
had disappeared. The solution was filtered, the phenyl­
hydantoic acid was precipitated with hydrochloric acid, 
and the solid was recrystallized from water; m. p. 196.5- 
197.0 reported, 195°. A cidic equivalent weight: calcd. for 
C9H10O3N2, 194.1; found, 195.0, 196.6.

7 -B enzoylbutyric acid was prepared by the method of 
Somerville and Allen23 and was recrystallized from water ; 
m. p. 127.5-128.5°, reported, 125-126°. Acidic equivalent 
weight: calcd. for CnHi20 3, 192.1; found, 193.7, 194.9.

ö-Phenyl-n-valeric acid was prepared by heating 7- 
phenyl-w-propylmalonic acid and a few drops of hydro­
chloric acid on a water-bath for eight hours. The product 
was crystallized from water; m. p. 54.4-55.5°, reported, 
57 °24. Acidic equivalent weight: calcd. for ChHu0 2, 178.1; 
found, 181.2, 181.4.

The 7 -phenyl-n-propylmalonic acid used above was pre­
pared as an oil by reducing 0.05 mole of cinnamalmalonic 
acid in 100 ml , of ethanol with hydrogen in the presence of 
platinum oxide, removing the catalyst by filtration, and 
evaporating the alcohol. The cinnamalmalonic acid was 
prepared by the method of Stuart,26 by refluxing 0.20 
mole of malonic acid, 0.20 mole of cinnamaldehyde, and 
25 g. of glacial acetic acid for nine hours. The solid product 
was filtered off, washed with chloroform, and recrystal­
lized from absolute alcohol.

Citraconic acid was prepared by the method of Shriner, 
Ford, and Roll26; m. p. 92.8-93.8°, reported 92-93°. 
Acidic equivalent weight: calcd. for C6H60 4, 65.1; found,
65.3, 65.4.

Mesaconic acid was prepared by the method of Shriner, 
Ford, Roll27; m. p. 204.6-205.6°; reported, 203-205°. 
Acidic equivalent weight: calcd. for C6H60 4, 65.1; found, 
65.2, 65.2.

Discussion
The Effect of Hydrogen-ion Concentration on 

the Precipitation Reaction.—The effect of hydro-
(21) R. Anschütz and C. Beavis, ibid., 263, 158 (1891).
(22) C. Paal, Ber., 27, 975 (1894).
(23) L. F. Somerville and C. F. H. Allen in "Organic Syntheses,’* 

Coll. Vol. I I , J. Wiley and Sons, Inc., New York, N. Y., 1943, p. 82.
(24) W. Borsche, Ber., 45, 622 (1912).
(25) C. M. S tuart, J . Chem. Soc., 365 (1886).
(26) R. L. Shriner, S. C. Ford, and L. V. Roll, in "Organic Syn­

thesis,” Coll. Vol. II, J. Wiley and Sons, Inc., New York, N. Y., 1943, 
p. 140.

(27) R. L. Shriner, S. C. Ford, and L. V. Roll, ibid., p. 382.
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gen-ion concentration on the precipitation of 
anti-Sp serum with S^-ovalbumin is shown in Table
I. Optimum precipitation takes place between 
pH  values of 7.4 and 8.1, as has been found previ­
ously for other azo-protein antigens with nega­
tively charged haptenic groups.28»29 The antigen 
concentration for optimum precipitation was 
found to be between 240 and 480 jug. of antigen 
added. In the experiments reported in Table II 
320 jug. of antigen was used.

T a b l e  I

T h e  E f f e c t  o f  H y d r o g e n -io n  C o n c e n t r a t io n  o n  t h e  
P r e c ip it a t io n  o f  A n t i -S p  Se r u m  w it h  Sp -O v a l b u m in  

Antigen solution, antiserum, and buffer, 1 ml. each.

Initial
pH supernate

Amount of antigen added, /tg.» 
30 60 120 240 

Amount of precipitate, #»g.°
480

6.0 6 .5 91 208 333 434 453
7.0 7 .4 136 295 543 697 735
8 .0 8.1 117 320 519 704 724
9.0 8.9 144 244 394 432 377

«Averages of triplicate analyses, with mean deviation
=*= 2%.

T a b l e  II
E f f e c t  o f  H a p t e n s  o n  t h e  P r e c ip it a t io n  o f  A n t i-Sp 

S e r u m  w it h  Sp-O v a l b u m in

Antigen solution in borate buffer at pH 8, 1 ml. (320 jug-); 
antiserum, 1 ml.; hapten solution in saline, 1 ml.; pH of 

supernate, 8.1
Moles of hapten added X 108 

15.6 62.5 250 1000
H apten K%' cr Amount of precipitate®
Series A

M aionanilate ion 0.03 (1.5) 920 830
Succinanilate 1.00 1.5 670 300 50
G lutaranilate 0 .03 (1.5) 830
Adipanilate .01 920
d-Tartranilate .00 1030
M aleanilate .25 2 .5 850 640 330
Fum aranilate .01 900
£-(£-Hydroxyphenyl- 1.38 1.0 920 610 200

azo) -succinanilate
^-Nitrosuccinanilate 1.65 - 1 .0 870 570 120
^-Aminosuccinanilate 1.03 2 .0 650 300 60
£-Bromosuccinanilate 1.31 1.5 640 200 0
m-Bromosuccinanilate 0 .72 1.0 920 360 60
o-Bromosuccinanilate .50 1 .0 890 490 110
N -a-N aphthyl-

succinamate .45 1.5 840 540 160
N-jS-Naphthyl-

succinamate 1.09 1.0 680 220 0

Series B
Succinanilate ion 1.00 1.5 670 280 100
Succinate 0.01 990 870
Succinamate .035 (2.5) 970 980 760
N-M ethylsuccinamate .053 (2.5) 890 820 650
N-Isopropylsuc-

cinamate .064 (2.5) 930 840 600
N - Cyclohexylsuc-

cinam ate .150 2 870 760 400
N-Benzylsuccinamate .255 2 800 650 280
d-N - («-M ethyl-

benzyl) -succinamate .194 2 .5 860 660 400

(28) D. Pressman, S. M. Swingle, A. L. Grossberg, and L. Pauling, 
T his Journal, 66, 1731 (1944).

(29) Our work showing the same effect of hydrogen-ion concen­
tration  on the precipitation with protein antigen of antiserum specific 
to the ^-azophenyl arsonate ion and the  £-(£~azophenylazo) -phenyl
arsonate ion has not been published.

1-N- ( a-M ethylbenzyl) -
succinamate .169 2 870 (700) 400

N,N -D im ethyl-
succinamate .134 2 (920) 720 460

N ,N -D iethyl-
succinamate .122 2 960 760 470

N-Phenyl-N-m ethyl-
succinamate .128 2 920 740 470

N ,N -Pentam ethylene-
succinamate .165 2 910 720 392

Series C
Succinanilate ion 1.00 1.5 640 270 60
Benzoate < 0 .0 1 930
Phenylacetate <  .01 990 960
/S-Phenylpropionate .01 (930) 870
7-Phenylbutyrate .01 980 890
d-Phenyl valerate .02 920 830
/S-Benzoylpropionate .59 1.6 770 (410) 130
7-Benzoylbutyrate .053 (2.5) 810 640
Benzylsuccinate .134 2 .0 980 750 440
Phenylhydantoate .102 2 .0 930 790 490
M aleate .03 930 (900) 790
Fum arate .00 980
Citraconate .02 910 860
Mesaconate .00 1020
Succinate .01 970 890
Valerate <  .01 950
Levulinaté .066 (2) 1010 845 620

Series D
Succinanilate ion 1.00 2 670 300 90
7-Anilinobutyrate 0 .01 1030 1030 880
ö-Phenyl valerate .01 970 930 910
/3-Benzoylpropionate .63 1.5 810 410 160
Succinate .01 1010 950 900
G lutarate .00 1040 1030 1000
Adipate .01 940 890 910
Pimelate .00 1060 1060 990
Sebacate .03 (2) 1060 930 790
Aspartate <  .01 990 990 950
Asparagine .00 1000 1010 1000
Glutam ate ion .00 1000 970 1000

®The amounts of precipitate are in parts per mille of the 
amounts in the absence of hapten: 665, 664, 699, and 649 
jug. for series A, B, C, and D, respectively. Blanks of 
serum and buffer 27, 27, 27, and 17, respectively. Values 
are averages of triplicate analyses, with mean deviation 
*2% , except for duplicate analyses in parentheses.

Inhibition of Precipitation by Haptens.—
Data on hapten inhibition are given in Table II. 
Values of the hapten inhibition constant K 0' and 
the heterogeneity index a obtained on application 
of the theory of heterogeneous antisera30 are also 
listed.

The Structure of the ^-Azosuccinanilate Hap­
tenic Group.-—Through the consideration of the 
relative inhibiting powers of haptens of known 
molecular configuration knowledge can be ob­
tained about the configuration of the combining 
regions of the antibodies, and hence about the 
normal configuration of the haptenic groups of the 
immunizing antigen, if we accept the postulate 
that these regions are complementary to this anti­
gen. In addition, the data for haptens with un­
certain configuration may be interpreted to pro­
vide information about either the normal con­
figurations of these haptens in aqueous solution or 
about configurations which do not differ greatly in 
energy from the normal ones.

(30) L. Pauling, D. Pressman, and A. Grossberg, T his Journal, 
66, 784 (1944).
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I t  was found by Landsteiner and van der 
Scheer that the maleate ion combines much more 
strongly with anti-S^ serum than does the fuma- 
rate ion, and that the citraconate (methylmaleate) 
ion combines much more strongly than does the 
mesaconate (methylfumarate) ion. We have 
verified these observations (Table II), and have 
also found that the hapten inhibition constant for 
the maleanilate ion (0.25) is much greater than 
that for the fumaranilate ion (0.01). I t may ac­
cordingly be concluded that the antibody is com­
plementary to a cis configuration similar to that of 
the maleanilate ion, A; and, since there is no rea-

/
- N

\C
o

tr

o
,o—c ^

\
CHs

-----CH

son to believe that the normal configuration of the 
p-azosuccinanilate group is inferior to any other 
accessible configuration in acting as a template 
during antibody formation, a corresponding cis 
configuration, presumably B, is indicated for this 
group.

O
,5—c /

H'' \
/  CH2 r

■N /
^ C ---------CHj
7  

o
I t  seems to us likely that the cis configuration 

indicated for this haptenic group is that repre­
sented by B, with a hydrogen bond between the 
amide nitrogen atom and one of the oxygen atoms 
of the carboxyl group, and that it is largely the 
energy of this hydrogen bond which stabilizes the 
cis configuration. (The ring closed by the hydro­
gen bond is probably not coplanar; the two 
inethylene groups may well have nearly the stag­
gered rather than the eclipsed relative orienta­
tion.)

The Structure of the Succinanilate Ion, the 
Succinate Ion, and Related Ions.—The large 
value of Kof for the succinanilate ion (1.00, four 
times the value for the maleanilate ion) indicates 
strongly that the cis configuration is for this ion, 
too, the normal configuration, and not just an 
easily accessible one. On the other hand, the 
value of Ko' for the succinate ion, 0.01, is con­
siderably smaller than that for the maleate ion,
0.03, and it hence seems likely that the cis con­
figuration with the two carboxylate groups nearly 
coplanar with the rest of the ring is not the normal 
or preferred one for the succinate ion in aqueous 
solution, but is instead only one of several readily 
accessible configurations, being itself represented 
by about 8% of the dissolved ions (the percentage

being indicated by the product of ratios of the 
above Ko values). The lack of preference for the 
cis configuration presumably is due in part to the 
inability of the ion to form a hydrogen bond and 
in part to the electrostatic repulsion of the two 
carboxylate groups.

The succinamate ion, however, can form a hy­
drogen bond stabilizing the cis configuration, and 
it contains only one charged group. I t  is accord­
ingly not surprising that the value of Ko' for 
this ion (0.035) is considerably greater than 
that for the succinate ion, and this fact may be 
taken as verifying that the normal configuration 
of the succinamate ion, and also of its various 
monosubstituted derivatives, is the hydrogen- 
bonded cis configuration described above for the 
succinanilate ion.

cis Configuration without Hydrogen-bond 
Stabilization.—It is interesting that there is 
evidence for predominance of the cis configura­
tion, also for some molecules in which this 
configuration is not stabilized by a hydrogen bond. 
Thus the large value, 0.59, of Ko for the /?- 
benzoylpropionate ion requires that the cis con­
figuration predominate for this ion in solution, 
this being essentially the value that would be ex­
pected for the cis configuration. (The decrease 
of 41% from the succinanilate ion would be ex­
pected to result from the somewhat different orien­
tation of the phenyl group than that for the im­
munizing haptenic group.)

A reasonable explanation of this observation is 
that the cis configuration for this molecule is sta­
bilized by the electrostatic attraction of the nega­
tive charge of the carboxyl ion for a positive charge 
on the benzene ring and carbonyl carbon atom. 
The resonance structure places a significant

X.O -  ArO
O— O—

c h 2 c h 2
c6h 2v  /  C6H5v  + /  

^ c— c h 2 p>C—c h 2
O: :OT. :0..

amount of positive charge in this region, the corre­
sponding negative charge being on the carbonyl 
oxygen atom, and it is obvious that the electro­
static interactions would stabilize the cis con­
figuration, less effectively, however, than would a 
hydrogen bond.

The sequence of values 0.035, 0.053, 0.134 for 
Ko' for succinamate ion, N-methylsuccinamate 
ion, and N,N-dimethylsuccinamate ion strongly 
indicates that the third of these substances has, 
like the other two, predominantly the cis con­
figuration. For it the positive charge attracting 
the carboxyl ion is placed on the nitrogen atom by 
amide resonance

/N ( C H 3)2
-C vO:

^N(CH3)2
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The cis configuration indicated for benzylsuccin- 
ate ion, C6H5CH2OCO (CH2)2C O O b y  its rather 
large value of Ko' (0.134, as compared with 0.255 
for N -benzylsuccinamate ion) has a similar ex­
planation, the positive charge being on the oxy­
gen atom to which the benzyl group is attached 
and on the adjacent carboxyl carbon atom.

The Structural Features Affecting Interaction 
with Antibody.—The electrically charged car­
boxyl group is without doubt the structural 
feature which is of greatest importance in the 
interaction of haptens and anti-S^ antibody; this 
feature was, however, not varied in the present 
investigation.31 The other structural features 
which might be important are the imino group, the 
carbonyl group, the benzene ring, and the frame­
work determining the relative positions of these 
groups and the carboxyl group.

The data given in Table II indicate that the 
imino group is not involved directly in attraction 
of the antibody (hydrogen-bond formation), but 
exerts only an indirect effect through stabilizing 
the cis configuration for some haptens.

The carbonyl group, on the other hand, makes 
an important contribution to the attractive forces 
between hapten and antibody, without doubt by 
serving as the proton receptor in a hydrogen bond 
with the antibody. This is strikingly shown by 
the relative values of Ko' for succinanilate ion
(1.00) and 7-anilinobutyrate ion (0.01), and for 
/3-benzoylpropionate ion (0.59) and 7-phenyl- 
butyrate ion (0.01), and is indicated also by other 
comparisons among the data in Table II (levulin- 
ate ion, CH3COCH2CH2COO~ (0.066) and valer­
ate ion (0.01)).

The data also show clearly that the antibody is 
not pliable, but is rigid: it cannot adjust itself to 
a change by as much as 1 A. in the relative position 
of the carbonyl group and the carboxyl group, but 
requires for strong combination with a hapten 
that these groups be the same distance apart as 
in the haptenic group of the immunizing antigen. 
This is shown by the comparison of succinanilate 
ion (Ko' = 1.00) with malonanilate ion (0.03) and 
glutaranilate ion (0.03), and of /3-benzoylpropion- 
ate ion (0.59) with 7-benzoylbutyrate ion (0.053).

The considerable effect of the van der Waals 
attraction of the antibody for the benzene ring of 
the haptenic group is indicated by the 30-fold in­
crease in value of K 0' caused by introduction of a 
benzene ring in succinamate ion. The effect of 
the azo group and an additional benzene ring is, 
however, very small—p- (^-hydroxyphenylazo) 
succinanilate ion shows an increase in K 0' of only 
38% over the succinanilate ion. We may ac­
cordingly conclude that the combining group of 
the antibody is complementary in structure to the 
succinamate group and also to the benzene ring, 
but that it does not extend much farther along the 
haptenic group.

The value of Ko' for N-cyclohexylsuccinamate
(31) See ref. 1 and earlier papers.

ion (0.150), corresponding to decrease to one- 
seventh on replacing phenyl by cyclohexyl, is 
probably due to the smaller van der Waals attrac­
tion of cyclohexyl, resulting from its smaller po­
larizability and greater thickness32 than for the 
phenyl group.

The value Ko' =  0.00 found for the tartranilate 
ion requires explanation. The great effect of the 
two hydroxyl groups can hardly be attributed to 
steric hindrance, since citraconate ion was found 
to be nearly as effective as maleate ion, and the 
methyl group is as large as the hydroxyl group. 
I t seems probable that the small effectiveness of 
the tartranilate ion as an inhibiting hapten results 
from the fact that hydroxyl groups of the ion in 
solution are holding water molecules by hydrogen 
bonds, and that these molecules must be removed 
in order for the ion to fit into the antibody. This 
would reduce the free energy of combination with 
antibody by an amount equal to the free energy of 
hydration of the hydroxyl groups. This explana­
tion is the same as that previously suggested33 for 
the low values of Ko' for p-amino and m-amino 
substituted haptens. The same phenomenon ex­
plains the low value (0.102, only one-tenth that for 
the succinanilate ion) of Ko' for the phenylhydan- 
toate ion, C6H5NHCONHCH2COO~~. A steric 
explanation could hardly be invoked here, because 
the NH group is essentially equal in size to the 
methylene group which it replaces.

The Effect of Substituents in the Benzene 
Ring of the Succinanilate Ion.—The effect of 
various groups in the para position of the ben­
zene ring of the succinanilate ion on the value of 
Ko' is in the order

NO* >  HOC6H4NN >  Br >  NH2 >  H
Thé action of the nitro group to cause even greater 
combination than the homologous azo-group was 
observed previously with anti-R^ serum (antiserum 
specific for the ^-azophenylarsonate ion group).30

The effect on Ko' of the position of the substitu­
ent is in the order p > m > o, in agreement with 
earlier observations,5»28*30 on />-azohaptenic systems.

The magnitude of the effect of substituents in 
this system is less, however, than for other sys­
tems, the spread for the above groups in the para 
position being by a factor of less than 2 in Ko', as 
compared with 5 for these groups with anti-R^ 
serum, 15 with an ti-R / serum (antiserum specific 
for the p- (^-azophenylazo) -phenylarsonate ion 
group), and 20 with anti-X^ serum (specific to the 
^-azobenzoate ion group). Also in changing a 
substituent from the para to the ortho position 
there is a factor of only 2.6 involved, which is a 
little larger than the value 2 for anti~R/ serum but 
is much smaller than those for anti-R serum (5 to 
90) and anti-X^ serum (20 to 1000). The small 
effect of the substituents in the present system

(32) The effect has been found also in the  benzoic acid system, 
D. Pressman, S. M. Swingle, A. L. Grossberg, and L. Pauling, T his 
Journal, 66, 1731 (1944).

(33) L. Pauling and D. Pressman, ibid., 67, 1003 (1945).
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must be due to a rather poor fit of the antibody to 
the benzene ring, which probably results from the 
greater distance from the part of the haptenic 
group which carries the electric charge.

The values of Ko9 for N-a- and N-/3-naphthyl- 
suceinamate ions, 0,45 and 1.09, are reasonable 
when compared with the observed effects of sub­
stituents in the </-, tri-, and ^-positions.

Discussion of Other Haptens.—The order of 
effectiveness of various groups replacing one 
hydrogen atom on the nitrogen atom of the 
succinamate ion in increasing the value of Ko9 is 
C6H5 > C 6H6CH2 >  C6H5(CH3)CH > cyc-C6Hn > 
(CH3)2CH >  CH3 >  H. The range of values of 
Ko' from the benzyl group to hydrogen is through 
a factor of 8. Replacement of a hydrogen atom 
by a methyl group presumably increases the value 
of Ko9 from 0.035 to 0.053 through the action of the 
increased van der Waals attraction, corresponding 
to the increase in polarizability of the group. 
Further increasing the size of the alkyl group 
causes additional increase in Ko'.

The larger value (0.165) of Ko9 for N,N-penta- 
methylenesuceinamate ion than for N,N-diethyl- 
succinamate ion (0.122) is probably in the main 
due to the more compact structure of the penta- 
methylene group than of the two ethyl groups.

In the homologous series of ions of dibasic acids, 
succinic, glutaric, adipic, and sebacic, the last 
combines the most strongly with anti-S* serum, as 
was reported also by Landsteiner and van der 
Scheer.7 We checked this effect for larger 
amounts of haptens, up to 10 “4 mole, in both the 
system S^-ovalbumin: anti-S serum and the sys­
tem ovalbumin; antiovalbumin, and found the 
effect to be specific to the anti-S^, serum. In 
general an increase in the hapten inhibiting effect 
wotild be expected for such a series with increase in 
the number of methylene groups, because of the 
increasing van der Waals attraction. In the Sp 
system, however, it might be expected that the 
succinate ion would have the maximum effect, be­
cause of its close relation to the immunizing para- 
azosuccinanilate ion haptenic group. It is very 
probable that the failure of the succinate ion to be 
active is, as discussed above, due to the predomi­
nance of the trans configuration for this ion, which 
does not bring an oxygen atom of the second car­
boxyl group into the position corresponding to the 
carbonyl group of the original immunizing antigen.

Asparagine, the aspartate ion, and the gluta­
mate ion wore all found to be ineffective as hap­
tens. I t  is likely that this ineffectiveness is to be 
ascribed to the effect of the positively charged 
ammonium ion group in these haptens.

Conclusion.—In general, it has been found 
tha t the inhibiting power of haptens in the para- 
azosuccinanilate system depends upon the struc­
tural features found previously for other systems, 
principally the shape of the hapten, the polariza­
bility of groups, and the distribution of charge. 
The previously recognized phenomenon of de­

crease in inhibiting power for haptens that are 
hydrated in solution and must have water removed 
for combination with antibody has been substan­
tiated by several examples in this system. An 
interesting result of the studies has been the dis­
covery that the pam-azosuccinanilate group has 
the cis configuration in the azoprotein used as the 
immunizing antigen, and that a similar cis con­
figuration is shown by the succinanilate ion, the 
succinamate ion, and many related substances in 
which this configuration can be stabilized by hy­
drogen bond formation. The cis configuration has 
also been found to predominate for some other 
substances in solution, the stabilizing influence 
presumably being the attraction of the negative 
charge of the carboxyl group for a positive charge 
produced elsewhere in the molecule by resonance.

I t may be pointed out that the results presented 
in this paper, like those reported in the preceding 
papers of this series, strongly support the concept 
that the forces of attraction between antibody and 
antigen are interatomic forces operating through 
distances of a few Angstroms, and that the speci­
ficity of the resultant integrated attraction de­
pends upon a detailed complementariness in 
structure of antibody and antigen.

Acknowledgment.—This investigation was 
carried out with the aid of a grant from The 
Rockefeller Foundation. We wish to thank 
Mr. Dan Rice for assisting in the analytical work.

Summary
A quantitative study has been made of the pre­

cipitation reaction of ^-ovalbumin and anti-S^ 
serum, prepared by injecting rabbits with an azo­
protein made by coupling sheep serum with diazo- 
tized />-aminosuccinanilic acid, and of the inhibiting 
effect of fifty haptens on this precipitation. The 
data have been interpreted to show that the nor­
mal configuration of the p-azosuccinanilate ion 
haptenic group is a cis configuration, which is pre­
sumably stabilized by a hydrogen bond between 
the nitrogen atom of the amide group and an oxy­
gen atom of the carboxyl group. They further 
indicate that a similar cis configuration is the 
predominant configuration for the succinamate 
ion and related ions, including some which are not 
stabilized by hydrogen-bond formation.

The results support the concept that comple­
mentariness in structure of antibody and antigen 
is responsible for their specific combination, and 
that the forces involved require approximation of 
the attracting molecules to within one or two Ang­
stroms. The values of the hapten inhibition con­
stant show that the principal forces of attraction 
between the antibody and the hapten are the at­
traction for the negative charge of the carboxyl 
group, attraction for the carbonyl group (presum­
ably by formation of a hydrogen bond), and van 
der Waals attraction for the benzene ring and 
other parts of the hapten.
P a s a d e n a  4 ,  C a l i f o r n i a  R e c e i v e d  O c t o b e r  1 4 ,  1 9 4 7
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Antimalarials. 2,5-Diphenyl-3-furyl Amino Ketones and Alcohols1
B y  R o bert  E. L utz a n d  R u sse l l  J. R ow lett , J r.2

This research was a part of an exploratory pro­
gram on quinine-type synthetic antimalarials.8 
The objective was the preparation of some novel 
a-aryl-jS-dialkylamino ketones and alcohols of the 
type I, II, X I (and its alcohol), and XVI, involv­
ing the furyl group as the central aromatic nuclear 
system. Early leads had indicated slight activity

H—C-

C6H6—C\ o / '

C—COCH2N(C2H5) 2

■t—c 6h 6

H— C- 

Cf,II6—c
\ 0/

C—CHOHCH2NR2 

C—CgHg

II

against avian malaria of certain 2,5-diphenylfuran 
types which contained basic groups, 3c»d although 
by present standards of testing4 few of the com-

ketone (VII) was isolated; the chief product 
evidently was a mixture which included un­
changed material and the dibromo compound (V). 
This was shown by the reaction of a second mole­
cule of bromine which produced the dibromoacetyl 
derivative (V) in good yield. I t  was somewhat 
surprising to us that the substitution of the second 
bromine proceeded so rapidly and involved the 
acetyl group rather than the vulnerable 4-furyl or 
£ara-phenyl positions, but there is analogy for 
this in the bromination of 2-acetylfuran.6

The nature of the dibromoacetyl compound (V) 
was demonstrated by the facile reductive dehalo- 
genation back to the acetylfuran (IV), a reaction 
which showed that the two bromines were alipha­
tic. The non-reactivity of the 4-nuclear and para- 
phenyl bromines was demonstrated by the stabil­
ity under the reducing conditions of two com­
pounds, one, the 3-acetyl-4-bromo-2,5-diphenyl- 
furan (IX) which was made from 3-bromo-2,5-

H—G

CeH0—(
/

h i

C—H 

C—CfiH6

H—C-
II

C6H6—c \ o /

C—COOH 

ï>—C6Hs

SnCl4----
Ac20

(a) SOCl2
(b) CH2N2
(c) HBr
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-C— COCH3

, c —c6h 5
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IV
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H—C—--- C—COCH2Br

VI
c * - c s 0 /

VII

i -c 6h 6

Zn-AcOH

Al(OC3H7)3

CeH,

H—Cl
V

C— COCHBr2 

•C—C JI6

c 6h ,

H— C

A
VIII

-CHOHCH2Br

-C 6H 6

pounds so far obtained in this field are to be re­
garded as active at all, and then only very slightly 
so. Because of this, although the objectives were 
only partially achieved, the work was discontinued.

The first attempt to synthesize the key inter­
mediate, 3-bromoacetyl-2,5-diphenylf uran (VII), 
was through the Friedel-Crafts acylation of 2,5- 
diphenylfuran followed by bromination. The 
Friedel-Crafts reaction, although it was unsuccess­
ful using aluminum chloride,5 proceeds in excellent 
yields using the combination stannic chloride and 
acetic anhydride. Bromination of the resulting 3- 
acetylfuran (IV), however, proved to be difficult 
to control. Under the various conditions em­
ployed only a small amount of the desired bromo

(1) A part of the work described in th is paper was done under a 
contract, recommended by the  Com m ittee on Medical Research, 
between the Office of Scientific Research and Devleopment and the 
University of Virginia.

(2) Philip Francis du Pont Fellow, 1943-1944. Present address: 
Chemical Abstracts, Ohio S tate  University.

(3) Cf. (a) Lutz, et al., T h is  Journal, 68, 1813 (1946); (b) J. 
Org. Chem., 12, 617 (1947); (c) Lutz and Bailey, T his Journal, 67, 
2229 (1945); (d) 68, 2002 (1946).

(4) F. Y. Wiselogle, "Survey of Antimalarial Drugs, 1941-1945,” 
J. W. Edwards, Ann Arbor, Mich., 1946.

(5) Woodward, Dissertation, H arvard University, 1936.

diphenylfuran by the Friedel-Crafts reaction, and 
the other, the isomeric 3-acetyl-2,5-di- (4-bromo- 
phenyl)-furan (X), which was made by the Friedel- 
Crafts reaction with 2,5-di-(4-bromophenyl)-furan.

Br—C-------C— COCH3 H—C------ -C — COCH*

IX  X
The use of chloro and bromoacetyl chlorides in 

Friedel-Crafts reactions with 2,5-diarylfurans was 
unsuccessful except in one case. Bromoacetyl 
chloride and aluminum chloride reacted with 2,5- 
di- (4-bromophenyl) -furan to give an intractable 
mixture which on bromination gave a small yield 
of the dibromoacetyl compound. The latter 
compound was obtainable in better yields by the 
bromination of 3-acetyl-2,5-di- (4-bromophenyl) - 
furan. These experiments showed that the bro- 
moacylation must have produced some of the 
desired 3-bromoacetyl derivative, even though it 
was not isolated as such.

The 3-bromoacetyl-2,5-diphenylfuran (VII) was 
best obtained from the 3-carboxylic acid (VI) by

(6) Brown, Iowa State Coll. J . Sci., 11, 221 (1937).

-c 6h 6 BrC«H4— Cv y C — C6H4Br
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the well known steps, conversion into the acid 
chloride, diazomethylation, and subsequent treat­
ment with hydrobromic acid.7

Condensation of the 3-bromoacetylfuran (VII) 
with diethylamine gave a typical amino ketone. 
Condensation of the hromohydrin (VIII) with 
diethylamine gave a product which resisted crys­
tallization either as the base or the salt. However, 
a crystalline morpholino alcohol was obtained by 
this method. Further work in this direction was 
abandoned because of lack of material.

Six /3-dialkylamino ketones of the type XI were 
made by the Mannich reaction with 3-acetyl-2,5- 
diphenylfuran, utilizing the following amines: 
morpholine, piperidine, dimethylamine, diethyl­
amine, dibutylamine and benzylmethylamine. 
Only two of these compounds were active, and 
very slightly so, against avian malaria.4

H—C-------C—COCH2CH2NR2

product. Its structure was demonstrated by 
oxidation to terephthalic acid.

In connection with the a, /3-dimorpholinylben- 
zylacetophenones,8 benzaldehyde was condensed 
with 3-acetyl-2,5-diphenylf uran (IV). The ben- 
zal derivative (XV) was brominated and the di­
bromide reacted with morpholine to give the 
dimorpholino ketone XVI* This compound 
showed no activity against avian malaria.

H—C------- C—COCH=CHC6H5

C6H5—C ^ / C —c 6h 5

XV
o h 8c4n  n c 4h 8o

H— C------- C—COCH—CHCeHs
II II

C6H6— Cv̂ / C —c 6h 5

XVI
C6H5— C(| H6

XI
H—c -

c 6h 6- ' V ) /
XII

c —c o c h 2c h 3 

c —c 6h 5

Attempts to reduce these compounds to the 
amino alcohols by catalytic hydrogen or by alu­
minum isopropoxide, failed, and only the fission 
product, the secondary amine, and non-crystalline 
materials were obtained. From the products of 
catalytic hydrogenation in one case there was iso­
lated in considerable yields a crystalline deamina­
tion product, the ketone XII, which was synthe­
sized independently by the Friedel-Crafts reac­
tion between propionic anhydride and 2,5-diphen- 
ylfuran.

In a start toward making an amino alcohol 
through the para position of a phenyl group, a 
Friedel-Crafts reaction was carried out with 3,4- 
dichloro-2,5-diphenylf uran (XIII) where the 3,4- 
furan positions were blocked by chlorine atoms 
which could be removed later by catalytic hydro­
genation. The acylation by means of acetyl chlo­
ride and aluminum chloride proceeded twice, how­
ever, instead of once as desired, and the di-para- 
acetyl derivative (XIV) was isolated as the chief

Cl— C------- C—Cl

C6Hb- - C v ^ /C —C6H5

XIII

AlCh
c ïl c o c T

Cl—c- •C—Cl

c h 3c o c 6h 4—C ^ ^ c —C6H4COCHs 

_ _ _ _ _  XIV
(7) T his reaction schem e has been applied a t least twice in the  

furan series starting from furoic acid [Reichstein and Morsman, 
H e lv . C h im . A c ta ,  11 , 1219 (1934); Burger and Harnest, T his 
Journal , 65, 2382 (1943)].

Acknowledgment.—The synthesis of X II was 
carried out by Mr. C. R. Bauer.

Experimental9
The Preparation of 2,5-Diphenylfuran (III).—Two

hundred and fifty grams of trans -dibenzoylethylene was 
added portionwise to a vigorously stirred and refluxing 
mixture of 250 g. of stannous chloride and 500 ml. each 
of coned, hydrochloric and coned, acetic acid. The mix­
ture was refluxed for fifteen minutes, and allowed to cool 
to 50°, and poured into cold water. The solidified prod­
uct was crystallized slowly from ethanol; yield 154 g. of 
m. p. 89.5-90° and 36 g. of m. p. 86-87° (86%).

2,5-Di-(4-bromophenyl)-furan.10—Twenty-five grams of 
di - (4-bromobenzoyl)-ethylene was added to a stirred 
mixture of 50 ml. of coned, hydrochloric and 200 ml. 
of coned, acetic acids. The addition was rapid enough to 
keep the mixture boiling gently under the heat of reaction. 
After refluxing for forty minutes and cooling, the product 
was isolated by pouring into water. Crystallization from 
benzene gave 17 g. (73%); melting point 206.5-208°.

Catalytic reduction of 2,5-di-(4-bromophenyl)-furan 
using palladium on barium sulfate in 95% ethanol at 
atmospheric pressure and room temperature for eight 
hours gave 2,5-diphenylfuran.

3 -Bromo -2,5 -diphenylfuran11 was made on a large 
scale by adding 10 ml. of coned, sulfuric acid to a stirred 
mixture of 120 g. of dibenzoylbromoethane in 500 g. of 
acetic anhydride. The temperature rose to 54°. Hy­
drolysis and crystallization of the product gave 94 g. 
(83%); m. p. 84-86°.

The Preparation of 3 - Ac e ty 1 -2,5 -diph enylfur an (IV).5—
The Friedel-Crafts acylation of 2,5-diphenylfuran was 
carried out by means of acetic anhydride and stannic 
chloride under a variety of conditions in which the solvents 
tetrachloroethane, carbon disulfide and benzene were 
used, and in which the mole ratio of stannic chloride was 
varied between one and two. Acetic anhydride was al­
ways used in about 10% excess. The temperature ranges 
were from 20-50° and the time one-half to eighteen hours. 
The yields ranged from 64 to 80%. The best procedure 
is as follows:

Acetic anhydride [28.6 g. (0.28 mole)] was added 
slowly to a stirred mixture of 55 g. (0.25 mole) of 2,5-

(8) A paper to be published shortly from this Laboratory, dealing 
with a study of th is class of compounds with respect to antimalarial 
activity.

(9) All melting points are corrected.
(10) Lutz and Eisner, T his Journal, 66, 2699 (1934); Perkin 

and Schloesser, J . Chem. Soc., 57, 94 (1890).
(11) Lutz and Sm ith, T his Journal, 63, 1148 (1941).
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diphenylfuran and 250 ml. of dry thiophene-free benzene. 
A solution of 65 g. (0.25 mole) of anhydrous stannic 
chloride in 50 ml. of dry benzene was added slowly over 
thirty minutes with the mixture temperature starting at 
13° and not allowed to exceed 20°. Stirring was con­
tinued for thirty minutes (15-20°) and the mixture was 
poured into ice and coned, hydrochloric acid. The prod­
uct, recovered from the benzene layer, was crystallized 
from ethanol (with Darco treatment); yield 52 g. (80%) 
of m. p. 62-64°.

2.5- Diphenyl-3-propionylfuran (XII) was made exactly 
as was the 3-acetyl analog, but using propionic anhydride. 
The yield of the product melting at 92.5-95.5° was 72%. 
A mixture melting point with the sample prepared by 
reduction of the 3 -(/3-dialkylamino) ketones showed no 
depression; melting point 95.5-96°.

Anal. Calcd. for Ci9H160 2: C, 82.53; H, 5.84.
Found: C, 82.04; H, 6.19.

2.5- Diphenyl-3-furoic acid511 (VI) was made by 
passing dry carbon dioxide into a cold ether solution of
2,5 -diphenyl -3 -furylmagnesium bromide which had been 
made from carefully purified and dried 3-bromo-2,5- 
diphenylfuran in the usual way in carefully dried appara­
tus.

2.5- Diphenyl-3-furoyl chloride.—Five hundred milli­
liters of thionyl chloride was added cautiously to 49 g. 
of 2,5-diphenyl-3-furoic acid and the mixture was re­
fluxed for thirty minutes. Unused thionyl chloride was 
distilled under reduced pressure, and the last traces were 
eliminated by boiling out with added benzene. Crystal­
lization from ligroin with Norit treatment and cooling to 
—20° for forty-five minutes gave 44 g. of yellow crystals 
of m .p . 95-97° (83%).

Anal. Calcd. for Ci7HnC102: Cl, 12.54. Found:
Cl, 12.54. (This analysis was carried out by solution of 
the sample in warm alcohol, addition of alcoholic sodium 
hydroxide and boiling for ten minutes. After acidification 
with dilute nitric acid the solution was titrated by Mohr’s 
method with standard silver nitrate and 4% potassium 
dichromate as indicator.12)

2.5- Diphenyl-3-furyl Diazomethyl Ketone.—A solution 
of diazomethane in 1300 ml. of methylene chloride30 
(0.4675 N  as determined by titration) was cooled to 0°; 
and 40 g. of 2,5-diphenyl-3-furoyl chloride was added 
with gentle stirring. Effervescence continued for thirty 
minutes. After two hours in the ice-bath and standing 
overnight, the solvent was evaporated under reduced 
pressure. A small sample was recrystallized from ethyl 
acetate and melted at 136.5-138°.

Anal. Calcd. for C18H12N2O2: N, 9.71. Found: N, 
9.79.

The bulk of the product was used directly in the prepa­
ration of the bromoketone.

3-Bromoacetyl-2,5-diphenylfuran (VII).—Attempts to 
brominate 3-acetyl-2,5-diphenylfuran (IV) with one 
equivalent of bromine under a variety of conditions gave 
mixtures of products. When the bromine in carbon di­
sulfide was added slowly to a carbon disulfide solution of 
IV at room temperature (over one hour), an oil was ob­
tained which, when treated with a small volume of ethanol, 
gave a low-melting crude solid. Laborious purification 
from ethanol gave a small amount of moderately pure VII 
which was identified. The bulk of the residue on further 
manipulation gave some dibromo compound (V). That 
the original crude mixture was largely VII was shown by 
treatment with diethylamine and isolation of the diethyl- 
amino ketone (as the hydrochloride) in 54% yield.

The unsuccessful attempts at Friedel-Crafts reactions 
between bromoacetyl and chloroacetyl chlorides involved 
the use of aluminum, ferric and stannic chlorides, with 
carbon disulfide, benzene or tetrachloroethane as solvent, 
and temperatures ranging from —5 to 60°.

The best preparation of the 3-bromoacetyl compound 
is as follows: The ether suspension of the diazoketone

(12) See Willard and Furm an, "E lem entary Quantitative Analy­
s is / ' 2nd ed., D, Van Nostrand Co., New York, N, Y .,  1936.

(prepared as described above from 40 g. of the acid 
chloride of VI) in 1 liter of dry ether, was cooled to 0° 
and treated slowly over three hours under stirring with 
23 ml. of 48% hydrobromic acid in 23 ml. of dry ether. 
Stirring was continued for three hours. After washing 
and evaporating the solvent, the resulting oil slowly 
crystallized. Crystallizations from ethanol containing 
a little ethyl acetate, and from 85% ethanol, gave dia­
mond-shaped light yellow plate-like crystals of melting 
point 62-64°.

Anal. Calcd. for C18H13Br02: C, 63.37; H, 3.84.
Found: C, 63.17; H, 4.17.

3-(2-Bromo-l-hydroxyethyl) -2,5-diphenylfuran (VIII).
—A mixture of 375 ml. of 0.6 N  aluminum isoproxoxide 
and 25.6 g. of the bromoacetylfuran (VII) was refluxed 
for one and one-half hours at which time the evolution of 
acetone had ceased. Hydrolysis in dilute hydrochloric 
acid and crystallization of the precipitate from 80% 
ethanol (with Darco treatment), cooling to —20°, gave 
17.4 g. (68%). After crystallization it melted at 124- 
126°.

Anal. Calcd. for Ci8Hi5Br02: Br, 23.29. Found:
Br, 23.26. (The analysis was carried out by warming 
the sample in alcoholic sodium hydroxide for ten minutes, 
acidifying with dilute nitric acid, and titrating with 
standard silver nitrate.12)

Condensation of the small sample of VIII available, 
with diethylamine, gave an oil which we were not able 
to crystallize, either as the base or as the hydrochloride.

3 -Acetyl-4-bromo -2,5 -diphenylfuran (IX).—Two equiv­
alents of stannic chloride was added dropwise to a stirred 
and ice-cooled mixture of 3-bromo-2,5-diphenylfuran 
and a 10% excess of the calculated amount of acetic an­
hydride in carbon disulfide. Hydrolysis in ice and coned, 
hydrochloric acid, separation, and evaporation of the 
solvent gave a crude product which was crystallized from 
coned, acetic acid to which a small amount of water had 
been added. Crystallization from 60% ethanol gave pale 
yellow needles of melting point 81°.

Anal. Calcd. for Ci8Hi3Br02: C, 63.37; H, 3.84.
Found: C, 63.18; H, 3.80.

The compound was not affected by zinc dust and 
coned, acetic acid at boiling-water-bath temperature for 
thirty minutes.

3-Acetyl-2,5-di-(4-bromophenyl)-furan (X).—To a sus­
pension of 18.9 g. (0.05 mole) of 2,5-di-(4-bromophenyl) - 
furan in 200 ml. of tetrachloroethane and 26.1 g. (0.1 
mole) of stannic chloride, was added over five minutes
5.1 g. (0.05 mole) of acetic anhydride in 20 ml. of tetra­
chloroethane. After stirring for thirty minutes at room 
temperature and 1.6 hours at 68-69° (yellow crystals 
had appeared), and working up the product as above,
22.9 g. (98%) of fairly pure produet was obtained.

A reaction using two equivalents of aluminum chloride 
in the same solvent and adding one equivalent of acetyl 
chloride (stirring for three hours) gave the same product 
but in only 77% yield.

After recrystallizations from ethanol containing a small 
amount of ethyl acetate, the compound melted at 129- 
130°.

Anal. Calcd. for CisHi2 Br2 0 2 : C, 51.46; H, 2.88.
Found: C, 52.10; H, 3.21.

3-Dibromoacetyl-2,5-di-(4-bromophenyl) -furan was 
made in nearly quantitative yield by bromination of X  
in carbon tetrachloride at room temperature over thirty 
minutes. It was crystallized from an ethyl acetate- 
ethanol mixture and melted at 168.5°.

Anal. Calcd. for Ci8Hi0Br4O2: C, 37.41; H, 1.74.
Found: C, 37.28; H, 2.41.

In an attempt to obtain the 3-bromoacetyl analog by 
the Friedel-Crafts acylation of 2,5-di-(4-bromophenyl) - 
furan with aluminum chloride and bromoacetyl chloride 
in tetrachloroethane (three hours at room temperature), 
a difficultly separable mixture was obtained which was 
evidently largely the desired 3 -bromoacetyl-2,5 -di- (4- 
bromophenyl) 4umn  (m. p , 128-432°) - Bromination of
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this in carbon tetrachloride gave the 3-dibromoacetyl 
compound in 83% yield.

The 3-( /3-Dialkylaminopropionyl) -2,5-diphenylfurans
(XI).—Mixtures in the ratio of approximately 0.1 mole 
each of the furan (IV) and the secondary amine hydro­
chloride or hydrobromide, and 0.11 mole of paraformalde­
hyde in 100 ml. of 99.5% ethanol and 2 m l of coned, hy­
drochloric or hydrobromic acid, were refluxed. The 
products were precipitated as the salts upon cooling (in 
some cases after first concentrating the solution under 
reduced pressure). When the hydrobromide of the amine 
was used in the reaction, usually with coned, hydrobromic 
acid instead of hydrochloric, the base was liberated by 
means of alkali, extracted into ether and converted into 
the hydrochloride. The crystallizations of the salts, and 
of the one crystalline base which was handled in that 
form, were from ethanol, except in the last case where the 
solvent was ethanol containing a small proportion of 
ethyl acetate.

hydrobromide. Evaporation under reduced pressure 
and conversion to the hydrochloride in ether gave 2.1 g. 
(55%). It was recrystallized from ethyl acetate by addi­
tion of absolute ethanol; melting point 202-203°.

Anal. Calcd. for C2 2H2 3NO3 HCI: C, 68.47; H,
6.27; Cl, 9.18. Found: C, 68.49; H, 6.27; Cl, 9.21 
(bjr titration).

2,5 -Di- (4 -acetylphenyl) -3,4 -dichlorofuran (XIV).—A
mixture of 13.4 g. (0.1 mole) of aluminum chloride, 14.5 
g. (0.05 mole) of 3,4-dichloro-2,5-diphenylfuran (XIII) 
and 100 ml. of tetrachloroethane, was treated with 5.9 
g. (0.025 mole) of acetyl chloride in 25 ml. of tetrachloro­
ethane (30°, for two hours). Hydrolysis, washing and 
steam distillation of the solvent gave a residual oil which 
partly solidified. Crystallization from ethanol gave 11.2 
g. of nearly pure product. It was recrystallized from 
ethanol; yellow needles of melting point 130.5°.

Anal. Calcd. for C20H14CI2O3: C, 64.37; H, 3.78.
Found: C, 64.42; H, 4.11.

M a n n ic h  R e a c t io n  P r o d u c t s

NRa SN. No.® Q*
Heating

time,
hr.

Yield,
%

M. p..
°C.

Empirical
formula

Analyses, %
Carbon Hydrogen 

Calcd. Found Calcd. Found
N(CH8)2-HC1 4909 < 0 .0 6 22 41 189 C2iH2 1N02-HC1 70.88 70.79 6.23 6.57
N(C2HB)2.HCl 2624 .06 72 75 147 c 23h 26n o 2h c i 71.95 72.00 6.83 6.77
N(»-butyl)2-HCl 3541 < .06 I20e’d 45 144 QbHmNCVHCI 3.18 2.88 (nitrogen)
Morpholi nyl (base) 3543 .0 3 + 4<i,e 58 101.5 c23h 23n o 3 76.42 76.40 6.41 6.65
Piperidyl-HCl 6639/ < .15 20i-' 24* 194-195 Cü4H2 6N02 -HC1 3.54 3.80 (nitrogen)
N(CH,)CH*C6Hb-HC1 6638 < .03 24‘‘>‘ 47 193* CwHmNOtHCI 3.24 2.96 (nitrogen)

* The SN number identifies the drug in the Survey Tables.4 b Quinine equivalent determined against Gallinaceum in 
the chick (see ref. 4). * Every twenty-four hours an additional 0.05 mole of paraformaldehyde was added. d In these 
reactions the secondary amine hydrobromide was used instead of the hydrochloride. • Hydrobromic rather than hydro­
chloric acid was used. * This compound was formulated erroneously as the monoamylamino ketone under this number 
in the Survey Table.4 0 Fully purified material (the other yields listed above were for partially purified material). 
h Unsharp melting point; softens at 182°.

Attempted reduction of the diethylamino ketone (XI) 
by aluminum isopropoxide (refluxing for three hours) 
gave only unchanged material. Reduction of the di- 
butylamino analog (XI) under refluxing involved only 
very slow evolution of acetone as shown by test with 2,4- 
dinitrophenylhydrazine. After eight hours the product 
was worked up and the only compound isolated (and that 
in large quantity) was dibutylamine (as the hydrochloride).

Catalytic hydrogenation at atmospheric pressure and 
room temperature of 21.1 g. (0.055 mole) of the jS-diethyl­
amino ketone (XI) with 0.5 g. of platinum oxide in 300 
ml. of 99.5% ethanol, was stopped after ten hours and 
absorption of one equivalent of hydrogen (although the 
rate of absorption had not dropped). Concentration of 
the solution gave 5.5 g. of a product which, after crystal­
lization from 60% ethanol, melted at 93° and was identi­
fied as 2 ,5-diphenyl-3-propionylfuran (XII) by mixture 
melting point.

The same compound was obtained by a similar reduction 
of the dibutylamino analog (X I). Here the hydrogena­
tion had been allowed to go further (1.3 equivalents).

3-Diethylaminoacetyl-2,5 -diphenylfuran Hydrochloride
(I).-—An absolute ether solution (75 ml.) of 3.4 g. of the 
bromoketone (VII) and 2.9 g. of diethylamine quickly 
gave a precipitate. After standing for five hours the di­
ethylamine hydrobromide was filtered (81%), and the 
solution was washed, treated with Norite, and dried over 
sodium sulfate. Acetone was added and the solution 
acidified with ethereal hydrogen chloride and cooled to 
—20° for two hours; yield 1.84 g. Recrystallization from 
anhydrous ethyl acetate and absolute ethanol mixture, 
gave long needles of melting point 202-204°.

Anal. Calcd. for C22H2 3NO2 HCI: N, 3.79; Cl, 9.59. 
Found: N , 3.53; Cl, 9.54 (by  titration).

2,5 -Diphenyl -3 - [ 2 - (N -morpholinyl) -1 -hydroxy ethyl] - 
furan Hydrochloride (II).—Condensation of morpholine 
with the bromohydrin (VIII), with no added solvent, 
and standing for twenty-eight hours, and diluting with 
ether, gave 88% of the calculated amount of morpholine

A higher reaction temperature (68°) gave tars, and no 
reaction occurred at a lower temperature (0-2°) .

Oxidation.—A cooled suspension of the furan (XIV) in 
ten parts of coned, acetic acid and one of coned, nitric 
acid, was warmed. Reaction began with evolution of 
oxides of nitrogen at 40-45° and the solid dissolved. The 
mixture was heated at 80-85° for fifty minutes and poured 
into water. The product, which we were unable to 
crystallize, was then oxidized by potassium permanganate 
in 10% sodium carbonate, and gave almost two equiva­
lents of terephthalic acid (identified by m. p. 301° and 
mixture melting point with an authentic sample).

3-Benzalaceto-2,5-diphenylfuran5 (XV) .—Eighty milli­
liters of 10% sodium hydroxide was added drop wise to a 
well-stirred mixture of 38 g. of the acetylfuran (IV), 
500 ml. of ethanol and 21.2 g. of benzaldehyde. An oil 
separated. Stirring was continued for two hours. The 
product solidified, and was filtered and crystallized from 
ethanol; yield 47 g. (93%). Crystallization from ethanol 
containing a small amount of ethyl acetate gave pale 
yellow needles; melting point 123°.

Anal. Calcd. for C25H180 2: C, 85.69; H, 5.18.
Found: C, 85.83; H, 5.77.

The dibromide5 was made by bromination of XV in 
ether. The yield of material after crystallization from 
ethanol-ethyl acetate mixture, was 77%; melting point 
180°.

Anal. Calcd. for C25Hi8Br20 2: C, 58.84; H, 3.56.
Found: C, 58.82; H, 3.94.

3 - (2,3 -Dimorpholinyl-3 -phenylpropionyl) -2,5 -diphenyl - 
furan (XVI).—A mixture of 30.8 g. of the dibromide of 
XV, 26.1 g. of morpholine and 200 ml. of absolute ethanol 
was refluxed for thirty minutes and allowed to stand 
overnight. The solid product was filtered, washed, with 
water and recrystallized from an ethanol-ethyl acetate 
mixture; yield 15 g. (48%); melting point 192°.

Anal. Calcd. for C„H*4N,D4: C, 75.83; H , 6.56.
Found: C, 75.59; H, 6.89.
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Summary
Six /Tdialkylamino ketones, one a-dialkylamino 

ketone and one a-dialkylamino alcohol, were 
made, based on the 2,5-diphenyl-3-furyl system.

The synthetic work involved a study of (a) the 
Friedel-Crafts acylation of 2,5-diarylfurans and 
bromination of the 3-acetyl group, and (b) conver­
sion of the 3-carboxylic acid through the acid

chloride and diazomethyl ketone into the bromo- 
ketone and bromohydrin.

The a, /3-dimorpholino ketone was made from 
the benzal derivative of the 3-acetylfuran.

Very little or no antimalarial activity was ob­
served in the limited studies in this field.
C h a r l o t t e s v il l e , V ir g in ia

R e c e iv e d  N o v e m b e r  20, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s , P a r k e , D a v is  &  C o m p a n y ]

Aminoalkylphenols as Antimalarials. II.1 (Heterocydic-amino)-“a-amino-o-cresols.
The Synthesis of Camoquin2

B y  J . H. B u r c k h a l t e r , 3 F. H. T en d ic k , E ldon  M . J o n e s , P atricia  A . J o n e s , W . F. H olcomb a n d
A . L. R aw lins

In an earlier publication1 we described a new 
class of antimalarial compounds represented by
4-2-butyl- a-diethylamino-6-phenyl-o-cresol (SN
7,744) and G^'-diallyl-a, a '-bis- (diethylamino) - 
4,4'-bi-ö-cresol (SN 6,771). The high activity of

OH
CH2N(C2H6)2

HO

XCH,), 
SN 7744

CH2N(C2H6)2 CH2N(CsH6)j

X —OH

: h 2—c h = c h 2 c h 2—c h = c h 2
SN 6771

SN 6,771, SN 7,744 and simple analogs led, in 
1943, to the synthesis of analogs containing sub­
stituent heterocyclic nuclei. This paper describes 
the work on quinolines, acridines and other hetero­
cyclic compounds which has resulted in the prepa­
ration of a new antimalarial, SN 10,751.2»4

f  V - O H

CH2N(C2H6)2

SN 10,751

Early attempts to prepare the first member of 
the new heterocyclic series were unsuccessful. 
Treatment of 6-chloro-9-(4-hydroxyanilino)-2- 
methoxyacridine with formaldehyde and diethyl­
amine in the manner of the Mannich reaction 
failed to yield a product.5 A method was de­
veloped, however, through the preparation of 4- 
amino-of-diethylamino-0-cresol (SN 12,458) and 
its condensation with 6,9-dichloro-2-methoxyacri­
dine (I) in phenolic solution6 to give 4-(6-chloro-2- 
methoxy - 9 - acridylamino) - a - diethylamino-
0-cresol (SN 8,617).

o c h 3
OH Cl
1  ^H jNfCiH ,),

f ' V
y c i A / \ 7
n h 2
SN 12,458 I

-OH

o c h > c h *n (c ^

(1) For paper I see Burckhalter, Tendick, Jones, Holcomb and 
Rawlins, T his Journal , 68, 1894 (1946).

(2) (a) Camoquin is the Parke, Davis name for 4-(7-chloro-4- 
quinolylamino)-a-diethylamino-o-cresol, SN 10,751. (b) The desig­
nation SN identifies a compound in the monograph A Survey o f 
Antimalarial Drugs, 1941-1945, F . Y. Wiselogle, Editor, J. W. E d­
wards, Ann Arbor, M ich., 1946.

(3) Present address: U niversity of Kansas, Lawrence, Kansas.
(4) This drug has been receiving extensive clinical trial in many

parts of the world with promising results. Chemical data are sum­
marized in Table VI» compound 9.

The intermediate 4-amino- a-diethylamino-0- 
cresol (SN 12,458) is new and has been prepared 
both by acid deacetylation of 4-acetamido- a-di- 
ethylamino-0-cresol (SN 7,767) and by reduction 
of 4-nitro- a-diethylamino-0-cresol (SN 7,292). 
The last two compounds were obtained from 4-

(5) F. F . Blicke, "Organic R eactions,” Vol. I , John Wiley and 
Sons, Inc., New York, N. Y., 1942, Chapter 10. Subsequently, in­
complete studies have shown th a t  the  reaction can be effected with 
certain substituted aminophenols, e. g., see compound 3, Table X II  
(VI).

(6) Because of the  objection to  th e  handling of phenol, this and 
similar condensations were la te r carried out in dilute mineral acid 
according to  a procedure used by  Banks, T h is  Journal, 66, 1127 
(1944).
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T a b l e  I

A c e t a m id o p h e n o l s*
,------------------------------- Analyses, %-

Yield, M. p., Carbon Hydrogen Nitrogen
No. Compound % °C. Formula Calcd. Found Calcd. Found Calcd. Found

1 4-Acetamidophenol 566 168
2 4~Acetamido-2-chlorophenol 55' 144 c8h 8c in o 2 51.77 51.68 4.35 4.24
3 2-Acetamido-4-chlorophenol 52i 186 CgHgClNOa 51.77 51.81 4.35 4.39
4 4-Acetamido-2-phenylphenol 60” 160 Ci4HisN02 6.16 6.01
5 2-Acetamido-4-phenylphenol 89' 165 c14h 13n o 2 6.16 6.43
6 2-Acetamido-4-2-butylphenol 79" 170 Ci2Hi7N 02 6.75 6.91

a The nitrophenols were obtained through the cooperation of Dow Chemical Co. b Identical with the product from 
Eastman Kodak. c Recrystallized from isopropanol as light gray crystals. d Recrystallized from ethanol. « Recrystal­
lized from methanol. /  Recrystallized from benzene-ethanol, 0 Recrystallized from benzene.

T a b l e  I I

Z-ACETAMIDO-a-ALKYLAMINO-0-CRESOLS
-Analyses, %-

--------------- Substituents---- Yield, M .p ., Cai:bon Hydrogen Nitrogen
No. z Alkylamino Other % °C. Formula Calcd. Found Calcd. Found Calcd. Found

1 4 Diethylamino 82® 135 C13H20N2O2 66.07 66.45 8.53 8.48 11.85 11.86
2 5 Diethylamino 33® 210 Ci3H20N2O2HCl 10.27 10.19
3 4 Di-w-butylamino 876 73 Ci7H28N20 2 69.82 70.30 9.65 9.51
4 4 Dibenzylamino 75c 230 C23H24N20 2 7.77 7.76
5 4 2-Methyl-l-piperidyl 65d 175 Ci6H22N20 2HC1-H20 56.86 56.60 7.95 7.96 8.84 8.42
6 4 4-Morpholinyl 27® 133 Ci3Hi8N2Os 62.40 62.35 7.25 7.40
7 4 Methyl- (2-hydroxy- 50® 198 C12H18N2CVHCl 10.20 10.09

ethyl)-amino
8 4 Mono-2-hydroxy- 31' 230 CiiHx0N2O8‘ HCl 10.75 10.44

ethylamino
9 4 Mono-2-butylamino 37* 156 Ci3H2oN20 2 66.07 66.27 8.53 8.60

10 4 Diethylamino 6-Allyl 58* 86 Ci6Ha4N20 2 69.53 69.44 8.75 8.69
11 6 Diethylamino 4-Chloro 66c 212 C13H19C1N20 2‘HC1 50.82 50.89 6.56 6.57
12 6 Diethylamino 4-2-Butyl 53* 158 Ci7H2sN20 2-HC1 62.08 62,29 8.89 8.91
13 6 Diethylamino 4-Phenyl d 183 Ci9H24N20 2.HC1 65.41 65.74 7.22 7.07

a Recrystallized from ethanol. 6 From isopropanol-petroleum ether. A monopicrate of this compound was prepared; 
m. p. 183-185°. Anal. Calcd. for C23H31N5O9: C, 52.96; H, 5.99. Found: C, 53.31; H, 5.85. c From methanol. 
d From ethanol-acetone. 0 From isopropanol. * From methanol-ethanol. 0 From isopropanol-petroleum ether. 
h From dilute methanol. For intermediate 2-allyl-4-acetamidophenol see Experimental part. * From acetone.

acetamidophenol and 4-nitrophenol, respectively, 
by the Mannich reaction.5

OH

-F CH20  +  HN(C2H5)2 — >

NHCOCHj

CH2N(C2H5)2

20%
HCl

NHCOCH3

SN 12,458 H2 
< — —

OH

+  CH20  +  HN(C2H5)2 -

SN 7767

CH2N(C2H5)2

SN 7292

SN 8,617 proved to be as active as quinacrine 
(SN 390) in screening tests and thus provided the

impetus for the work which followed. The struc­
tural relationship of SN 8,617 to both SN 6,771 
and SN 7,744, as well as to SN 390, suggested that 
a practical antimalarial might be found among its 
analogs.

Many analogs of intermediates SN 7,767 and 
SN 7,292 were prepared (Tables II and III). Al­
though several others could not be readily crys­
tallized, we found that deacetylation of the crude 
materials yielded the desired intermediates which, 
without isolation, could be successfully condensed 
with reactive chloroheterocycles. Certain ana­
logs of SN 7,292, e. g., a-monoisobutylamino-4- 
nitro-0-cresol (II), were best obtained by conden-



1365April, 1948 The Synthesis of Camoquin

T a b l e  III
a-ALKYLAMINO-4-NITRO-Ö-CRESOLS®

— .Analysés, % -------
,--------------Substituent Proce- Yield, M. p., Carbon Hydrogen

No. Alkylamino Other dure % °C. Form ula Calcd. Found Calcd. Found

1 Diethyl A 40m 224 dec. C„Hj6N20,-HC1 50.67 50.76 6.57 6.47
2 1-Piperidyl A 68* 260 dec. C12HieN2Os-HC1 52.84 52.67 6.28 6.30
3 Diisopropyl B 19* 193 dec. CI3H20N2O,-HCl 54.07 54.14 6.98 6.91
4 Di-w-butyl B 75' 176 dec.
5 Diisobutyl B 43a * 113 c 16h 2*n 2o , 64.26 64.20 8.63 8.18
6 Diisoamyl B 32d 132 dec. Ci,H28N2Os-HC1 59.20 59.42 8.48 8.67
7 Diethyl 6-Phenyl A 21'-’ 125 CiiHjoNjOi 9.33 9.29
8 Monoisopropyl B 38* 238 dec. Ci0H„N2O3HC1 48.69 48.92 6.13 6.03
9 Monoisobutyl B 29' 247 dec. ChHmNjOs HCI 50.67 50.81 6.57 6.67

10 Mono-2-butyl B 20* 275 dec. cuh I6n 2o ,-h c i 50.66 50.86 6.57 6.28
11 Diethyl 4-£-Butyla A SO'-" 103 64.26 64.33 8.63 8.44
* Note that compound 11 is a 6-nitro-o-cresol. b From methanol. c Off-white color. d From isopropanol-ether. 

• This hydrochloride was not analyzed; it was converted by a procedure similar to the one applied to compounds in Table 
I into compound 3, Table II. f From isopropanol. 0 Yellow colored. h From ethanol-ether. * From isopropanol- 
methanol

T a b l e  IV
N it r o b e n z y l a m in e s

—Analyses, %-—
Substituents Yield, M. p., Carbon Hydrogen N itrogen

No. Amino Benzyl % °C. Form ula Calcd. Found Calcd. Found Calcd. Found
1 Diethyl 3-Nitro 60*
2 Diethyl 4-Nitro 45* 162 CuHmNïOj-HCI 11.45 11.12
3 Di-w-propyl 4-Nitro 68' 138 dec. Ci,H20N2O2HC1 10.27 10.43
4 Monoiso­ 4-Nitro 82“ 232 dec. CioHuN20 2-HCI 12.15 12.16

propyl
5 Monoiso­ 4-Nitro 64“ 214 dec. cuh 16n 2o2h c i 11.44 11.19

butyl
6 Diethyl 5-Nitro-2-methoxy 72»./ 178 dec. C12Hi8N2Os-HC1 52.46 52.38 6.97 6.67
7 Monoiso­ 5-Nitro-2-methoxy 63'’/ 176 dec. C12Hi8N20 3-HC1 52.46 52.56 6.97 6.90

butyl
8 Diethyl 5-Nitro-2-ethoxy 56" 182 dec. Ci3H20N2O8-HCI 54.07 54.31 7.33 7.36
9 Mono-w-amyl 5-Nitro-2-methoxy* C13H2„N2Os-HC1
a Prepared by the general procedure of this table; b. p. 145-148° (6 mm.); picrate, m. p. 161 °. Noelting and Kragczy, 

Bull. soc. chim., [4], 19, 336 (1916), prepared the same compound in a pressure bottle; b. p. 206-208° (42 m m.); picrate, 
m. p. 161 °. 6 From acetone-ethanol. * From acetone-ligroin. d From ethanol-isopropanol. e From isopropanol.
I Intermediate 2-methoxy-5-nitrobenzyl chloride prepared by the method of U. S. Patent 2,278,996. 0 From ligroin-
isopropanol. h The separation of the hydrochloride of this compound from w-amylamine hydrochloride was very difficult. 
Analytical data indicated the presence of this impurity to a considerable extent. However, compound 8, Table XIII, 
was readily prepared from the crude product.

sation of a-chloro-4-nitro-0-cresol7 with the proper 
mono- and dialkylamines.

OH
CH2C1

Y
N 0 2

+  h 2n c h 2c h  — >
\ ch3

II

a,4-Diamino-0-cresol8 (IV) was prepared by
V/*) "Organic Syntheses,” 20, 59 (1940). 
(8) Binhorn, A nn., 343, 5549 (1909),

catalytic reduction of <r-benzamido-4-nitro-0- 
cresol (III) followed by acid hydrolysis of the de­
rived 4-amino-a-benzamido-0-cresol.

OH OH
/ l  y C H 2NH—COCsHs i / C H , N H 2

| “ ►If I
T V
N 0 2 HI NH2 IV

As a part of our studies, certain non-phenolic 
and O-methylated analogs of SN-8,617 and Camo­
quin were synthesized. These compounds listed in 
Table X III were prepared prior to the appearance 
of another publication9 describing 6-chloro-9-(2- 
diethylaminomethylanilino) - 2 - methoxyacridine, 
which is a position isomer of compounds 10 and 11. 
The two necessary types of non-phenolic inter-

(9) Hall and Turner* J , Chem. Soc., 694 (1945),



1366 Burckhalter, Tendick, Jones, Jones, Holcomb and Rawlins Vol. 70

Table V
4-Chloroquinoljnes

No. Substituents
Yield,®

%
M. p.,

°C. Formula
Carbon

Calcd. Found

----Analyses, %-------
Hydrogen 

Calcd, Found
Nitrogen 

Calcd. Found

1 7-Ethoxy 53* 76 CnHioCINO 6.75 6.96
2 7-w-Hexyloxy 41"'“ CmHmCINO
3 5-Chloro-8-methoxy Qe,e 127 C,oH7C12NO
4 6,7,8-Trichloro 39c‘® 156 CsHjCIiN
5 5-Methyl-8-methoxy 45*'* 78 CnHioCINO
6 6-Methyl 50e 55 CioHoCIN 67.61 68.18 4.54 4.58
7 8-Methyl 71* 99 CioHsCIN 7.88 7.75
8 5,7-Dimethyl 51* 59 CuHioCIN 68.93 68.99 5.26 5.48
9 5,8-Dimethyl 59* 51 CuHlgClN 68.93 69.03 5.26 5.40

10 6,8-Dimethyl 82* 90 CuHioCIN 7.31 7.44
11 6-Anilino 0' 148 CuHuC1N2 70.72 70.86 4.35 4.34
® The yield of each 4-chloroquinoline is an over-all value based on the amount of substituted aniline used in the first 

step of the synthesis. b From dilute alcohol. 0 It is regrettable that analytical data are not available on every compound 
listed in this table. However, the compounds are tabulated because they are new and necessary intermediates in the 
preparation of several antimalarials which were more thoroughly characterized. d A high boiling liquid which was di­
rectly converted into compound 6, Table IX. • From ligroin. t  From benzene-ligroin.

Table VI
4-(Heterocyclic-amino)-<*~diethylamino-0“CRESOls (Procedure C) NH— —OH

Y N'CH2N(C2H5)2
-Analyses, %-

Q Yield, M^p., Carbon Hydrogen Nitrogen
No. SN Equiv.» Y % °C. Formula Calcd- Found Calcd. Found Calcd. Found

1 12,356 1.5 9-Acridyl 45 265 dec. CamasNaO^HCl6'0̂ 64.86 64.48 6.13 6.14
2 12,355 3 3- Chloro-9-acridy 1 52 267 dec. C24H24C1NjO-2HC16*ĉ 60.19 60.10 5.47 5.42
3 12,164 0.15 4-Methoxy-9-acridyl 50 245 dec. C*4HOTN*Oa-2HCl5’c’d 63.29 62.93 6.16 6.39
4 8,617 6- Chloro-2-methoxy- 50 175 CasHsBClNaOa6’/ 68.87 69.14 6.01 6.20

9-acridyl 117 dec. CaeHaaClNaCVHaÔ 66.17 66.26 6.22 6.28
4 76* 280 dec. C*5H2«ClNa02-2HCF'* 59.00 58.90 5.55 5.73

180 dec. C26H28ClN8Or2HCl- 2H2Oc-* 54.20 53.97 5.82 5.86
5 11,988 0.25 3- Chloro-5-methyl-9- 40 275 dec. C26H2eClN|0-2HCl6'c'd 60.92 60.99 5.73 5.91 8.52 8.30

acridyl
CaoH23NaO-2HCFfc6 9,559 0.12 2-Quinolyl 48 230 dec. 10.66 10.53

7 11,537 0.7 6-Methoxy-2-quinolyl 20.5 237 dec. CaiH2»Na02-2HCll*m«n 9.90 9.88
8 9,307 <0.07 5-Nitro-2-quinolyl 33 245 dec. CaoHaaNiOa^HCl -̂* 12.75 12.82
9 10,751 25 7-Chloro-4-quinolyl 86 208 dec. C21H22CIN iOd,f'p 67.50 67.64 6.23 6.29

243 dec. CaHaaClNaO^HCl-i/aHaO*’® 54.86 54.93 5.76 6.08
183 dec. CtoH22ClN30-2HCl- 1H20°’« 53.76 54.09 5.87 6.20

90 160 dec. C20H22ClN3O-2HCl-2H2O®*r 51.68 51.88 6.07 5.92
10 9,591 1.1 2-Amino-4-pyrimidyl 41 258 dec. C18H21N bO* 2HCF’*,< 50.01 49.71 6.43 6.62
11 10,177 0.4 2-l'-Piperidyl-4- 31 156 CaoHjaNsO'’* 19.70 19.70

pyrimidyl
CwHaaNeO^HCl6'1*12 . . . . 2-Amino-6-methyl-4- 55 245 dec. 18.71 18.50

pyrimidyl
Ci9H23N302S* 2HCl&,fc,t’13 11,189 <0.07 4-Methoxy-2-benzo- 47 163 dec. 9.76 9.70

thiazolyl
® By Dr. Porter’s B-4 test; cf. ref. 2(b). b From methanol-acetone. c Orange crystals. d Heterocyclic intermediate 

obtained through Dr. R. C. Elderfield. f From absolute ethanol., « From 80% ethanol. Calcd. volatile loss, 3,98, 
Found, 4.13. * From methanol. * From 50% ethanol. * From isopropanol. k 2-Chloroquinoline obtained from East­
man Kodak Co. 1 From ethanol-acetone. m 2-Chloro-6-methoxyquinoline prepared by the method of Magidson, 
J. Gen. Chem. (USSR), 7, 1896 (1937), and Bachman and Cooper, J. Org. Chem., 9, 302 (1944). n Pale yellow crystals. 
0 Yellow crystals, 9 See reference 11 for intermediate 4,7-dichloroquinoline. « From acetone-water. r From water. 
* Light tan crystals. * Intermediate 2-amino-4-chloropyrimidine from Dr. H. S. Mosher. tt Light gray crystals. v Off- 
white crystals. * Also prepared in 71% yield by Procedure D.

mediates related to 4-amino- a-diethylamino-0- 
cresol (SN 12,458) were prepared by condensation 
of nitrobenzyl chlorides and alkoxy nitrobenzyl 
chlorides with aliphatic amines (Table IV). Dur­
ing the course of this work 2-chloromethyl-4-nitro- 
phenetole was obtained in 75% yield by the 
chloromethylation of 4-nitrophenetole.

In the preparation of a group of acetamido-a- 
dialkylamino-o-cresols, several new alkyl, phenyl,

and chloro acetamidophenols were obtained from 
the corresponding nitrophenols by catalytic reduc­
tion in the presence of acetic anhydride (Table I).

Although several of the intermediate 4-chloro- 
quinolines were first prepared by rearrangement 
of the corresponding quinoline-N-oxides,10 the 
ethoxymethylene malonic ester method of Price

(10) Magidson, J. Gen. Chem. (U. S. S. R.), 7, 1896 (1937);
Bachman and Cooper, J. Org. Chem., 9, 302 (1944).
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T a b l e  VII

4- (6 -C h l o r o -2-m e t h o x y -9-a c r id y l a m in o ) -«-a m in o -ö-c r e s o l s

OH

CH2NR2

Q Pro- Yield, M. p., Carbon Hydrogen Nitrogen
No. SN Equiv. R* cedure % °C. Form ula Calcd. Found Calcd. Found Calcd. Found

1 8,617 4 Diethyl®
CarHaoClNaOa-2HC16'c2 . . . . 5 E thy l (w-butyl) F 36 252 dec. 60.39 60.10 6.01 6.11

3 11,599 2 .5 Di-w-butyl A 69 246 dec. C29Ha4ClN802* 2HClc*<i 61.64 61.84 6.42 6.68
4 13,163 0 .5 Diallyl F 16 158 C27H26N2N3ClC-e 70.49 70.11 5.69 5.99
5 0 .4 Di-n-hexyl F 23 254 dec. C33H42O2N3CI* 2HC1c,7 63.81 63.68 7.14 7.12
6 . . . . < 0 .0 6 Di-»-octyl F 20 285 dec. C37H6oC lN a0 2 H C lc’« 6.21 6 .30
7 11,536 0 .6 1-Piperidyl D 287 dec. CaeHMCINaOr 2HC1C** 59.95 59.89 5.42 5.71
8 1 Mono-w-hexyl F 7 226 dec. CwHaoCfcNaCl- 2HC1- H2CV* 58.43 58.68 6.17 6.25
9 11,233 0 .2 Mono-2-hydroxy- C 90 284 dec. CaamaCINaOa* 2HC1- m O c‘h 53.66 53.14 5.09 5.10

ethyl
C28H22C1N30 3-HCl- i /2H2Oc-?’*10 11,589 < 0 .0 4 Benzoyl D 95 294 dee. 63.52 63.54 4.57 4.71

a See compound 4, Table VI, for chemical data. 6 From methanol-isopropanol. e Orange crystals. d From ethanol-
acetone. 9 From isopropanol. I From methanol-acetone. 0 From propylene glycol-acetone. h From methanol.
* Red crystals, 
horn.®

i From cellosolve-water. k Intermediate «-benzamido-4-nitro-o-cresol prepared by method of Ein-

T a b l e  VIII

No. SN

z- (6-C h l o r o  -2-methoxy-9-acridylamino)-«-amino-o-cresols

9,614
11,544

11,553
11,550

11,234
13,399
12,701

Q
Equiv.

1
0. 6

0 .5
2 . 0

3
0 .3
2

R*
Diethyl
Diethyl

Diethyl
Diethyl

Diethyl
Diallyl
1-Piperidyl

-Substituents---------
z Other

Pro- Yield, 
cedure %

4-f-butyl

4-phenyl 
4-diethylamino- 

methyl 
6-Allyl 
6-Allyl 
6-Allyl

C
C
D
C
F

C
F
F

50
98
53
84
73

65
12
44

M . p.,
°C.

237 dec. 
271 dec.

274 dec. 
257 dec.

233 dec. 
188 dec. 
164 dec.

® Orange crystals. 6 From methanol, 
methanol-ether. • Orange-red crystals.

Calcd. volatile loss, 2.78 
f From methanol.

CaeHaeCINaOa- 2HC1- y 2H 20®«6 
CaHaaNaOaCl- 2HC1°’C

CiiHaoClNaOa-2HCl®»c 
CaoHjyClNiOa- 3HC1- HaO®*d

57.98
61.65

63.64
55.56

57.97
61.87

63.74
55.87

5.64
6.42

5.52
6.53

5.82
6.21

5.79
6.53

CasHioOaNaCl- 2H C l/'e 61.26
CaoHaoOaNaCl* 2HC1-HaO/*« 61.92
CagHaoOaNaCl/’* 71.37

Found 2.77. 0 From methanol-acetone,

60.89 5 .87  6 .08 
62.11 5 .72  5.67
71.52 6 .20  6.30

d From

and Roberts,11 made available to us prior to its 
publication, was adopted for the preparation of all 
the 4-chloroquinolines originating in this Labo­
ratory. Since the completion of these studies, 
many identical data have been reported by others, 
especially in the January, March and July, 1946, 
numbers of T h is  J o u r n a l . Table V  therefore 
lists only a group of 4-chloroquinolines which have 
not yet appeared in the literature.

The preparation of various intermediates analo­
gous to both SN 12,458 and I made possible the 
synthesis of many new antimalarial compounds 
related to SN 8,617. Tables VI to X III present 
chemical data, show the development of the SN 
8,617 lead, and afford a study of the relationship

(11) Price and Roberts, T h is Journal , 68, 1204 (1946).

between chemical structure and pharmacological 
activity. Some of the most effective compounds 
appear in Table X II.12

4- (7-Chloro-4-quinolylamino) - a-monoethylami- 
no-0-cresol, Table X II, compound 3, (VI) could 
not be prepared by the usual procedures. I t  was 
finally obtained in very low yield by means of the 
Mannich reaction using 7-chloro-4- (4-hydroxyani- 
lino)-quinoline (V), paraformaldehyde and mono- 
ethylamine. This application of the Mannich re­
action employing heterocyclic and aromatic ami-

(12) Compound 25 (Camoquin) was found to be 25 tim es as active 
as quinine against gdllinaceum m alaria in chicks, while its monoiso­
butyl analog (compound 8) is 75 tim es as active—a considerable im­
provem ent over the simpler a-amino-o-cresols,1 as well as over other 
4-aminoqumolines heretofore reported [cf. tables of 4-aminoquino- 
lines, ref. (2b), pp. 154-163].
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T a b l e  IX

4 -  ( S u b s t i t u t e d - 4 - q u i n o l y l a m i n o ) - « - d i e t h y l a m i n o - o- c r e s o l s

NH- S  V —o h

'CH2N(C2H6)2

Carbon
-Analyses, % -

Nitrogen
No. SN Equiv. Substituents cedure % °C. Formula Calcd. Found Calcd. Found Calcd. Found

1 12,452 3 None C 48 >300 C2oH23N 30-2HCla-6>c 60.91 61.02 6.39 6.75
2 11,563 0 .2 6-Hydroxy d 64 262 dec. C2oH23N 302 2HCl6-e 58.54 58.14 6.14 6.19
3 10,274 8 6-M ethoxy C 75 270 dec. C2iH25N30 2 2HCl&,e’̂ 9.90 9.80
4 11,554 7 7-M ethoxy C 43 210 dec. C2iH2bN 30 2 2HCl- y 2H20 &>«*A 58.20 58.20 6.51 6.43
5 11,281 7 7-Ethoxy C 44 136 dec. C22H27N302 2HC1-2H20 6*« 57.89 58.02 6.85 6.89
6 11,634 0 .5 7-w-Hexyloxy- C 35 153 C26H3bN30 2* 74.07 74.20 8.37 8.09
7 11,594 0 .8 8-M ethoxy C 50 241 dec. C2iH2b0 2N3‘2H CM  i / 2H20 6'e’3 55.87 55.87 6.69 6.62
8 13,395 2 .5 6,7- Dimethoxy E 68 258 dec. C22H27N30 3*2HCle>fc*i 58.15 57.93 6.43 6.49
9 12,161 0 .4  5-Chloro-8- E  80 231 dec. C2iH24ClN30 2*2HClw'« 9.16 8.94

methoxy
10 11,986 < 0 .0 7 2-Chloro C 30 248 dec. C2oH22C1N30  2HC16*6'" 9.80 9.59
11 11,597 3 .0 6-Chloro C 60 220 C2oH22ON3C1- 2HCl1/ 2TI20 6,e,p 54.86 54.81 5.76 5.82
12 10,751 25 7-Chloro°
13 11,551 8-Chloro 212 C2oH22C1N30 6*P‘« 67.50 67.17 6.23 6.50

0 .5 C 79 253 dec. C2oH22C1N30  2HC1- i/2H20 &-r 54.90 55.25 5.76 5.91
14 12,700 3 5,7-Dichloro E 65 200 dec. C2oH2iCl2N3a  2HCF’*>W 9.07 8.89
15 12,161 5 6,7-Dichloro C 71.5 257 dec. C2oH21C12N30- 2HC16,s® 51.85 51.74 5.00 5.23
16 11,596 0 .25 5,8-Dichloro C 60 235 dec. C2oH2iON3C12-2HC1- m aO 5’*’* 49.91 49.84 5.23 5.31
17 11,633 < 0 .3 6,7,8-Trichloro C 40 277 dec. C2oH2oC13N30 ' 2HC16,s 48.27 48.30 4.46 4.74
18 11,559 6-M ethyl 172 C2iH2bN 30 6-« 75.20 74.80 7.45 7.41

4 C 56 238 dec. C2xH25N30- 2IIC16;W 61.76 61.61 6.67 6.80
19 12,699 9 7-M ethyl E 93 245 dec. C2iH26N30* 2J3LCls,t,x 10.29 10.14
20 11,601 0 .7 8-M ethyl C 66 253 dec. C2iH2bN30  2HC1* H20 6’* 59.15 58.85 6.85 6.64
21 11,561 10 5,7-Dimethyl C 67 242 dec. C22H27N30-2HC16** 62.55 62.53 6.92 6.55
22 11,560 0 .6 5,8-Dim ethyl C 80 249 dec. C^HwNsO* 2HC1̂ *® 62.55 62.80 6.92 6.14
23 11,990 6 6,7-Dim ethyl C 49 215 dec. C22H270N3«’*’a® 75.61 75.90 7.78 7.87
24 11,558 0 .6 6,8-Dim ethyl C 54 264 dec. C22H270N3*2HCb IH ïO ^ 59.86 59.73 7.08 7.27
25 9,223 1.2 6,-M ethoxy-2- C 45 278 dec. C^H^NaOsj^HCF*®6 59.47 59.30 6.88 6.81 9.25 9.18

m ethyl
26 11,632 0 .6 8-Methoxy-5- C 90 210 dec. C22H2702N3-2HClfr'* 60.27 60.02 6.67 6.18

m ethyl
27 11,985 0 .3 5-Chloro-3- C 48 258 dec. C2iH2xC1N30- 2H.Cle,ae,ad 56.96 56.94 5.92 6.21

m ethyl
28 10,492 6 7-Chlor 0-3- c 64 260 C2iH24ClN30-2H C lfr-<f*ac 9.49 9.59

m ethyl
29 11,631 0 .4 3-Phenyl c 31 155 C26H270N3°c>atf 78.56 78.31 6.85 6.68
30 11,592 0.25 6-Methoxy-2- c 61 198 dec. CCTHÜ9N802-2HC1 l 3A H 20 6*ac’a/ 7.90 7.96

phenyl
31 11,232 0 .3 7-Chloro-2- c 41 260 dec. C26H26C1N30-2HCl&'ac'°« 61.85 61.74 5.59 5.67

32 12,228 1
phenyl

7-Chloro-3- c 165 C26H26C1N30 &’C’0C 72.31 72.94 6.07 6.38
phenyl

33 12,361 0 .2 6-Anilino c 63 196 dec. C26H28ON4- 2 HCl* m O e'ad 62.02 61.80 6.40 6.26
34 11,984 2 .5 6-Dimethyl- c 73 235 dec. C22H280N4-3HC1- V2H20 6'e'afe 54.72 54.73 6.68 6.64

amino
35 . . . . 0 .8 6-Nitro c 63 210 dec. C2oH22N403* 2HC1* 1 V2H2Ooi 12.01 12.31

a Intermediate 4-chloroquinoline was identical with that prepared by Riegel, et al., This J o u r n a l , 68, 1264 (1946). 
6 Yellow crystals. 6 From ethanol. d See Experimental part. • From methanol-acetone. ? Same reference as foot­
note (m), Table VI, for preparation of 4-chloro-6-methoxyquinoline. 0 From water-alcohol. h 7-Methoxy-4-chloro- 
quinoline melts at 83-85°; Lauer, et al.t This J o u r n a l , 68, 1268 (1946), found 82-83°. * From methanol-ethanol. 
i 8-Methoxy-4-chloroquinoline melts at 83 °; Lauer, et at., ibid., found 79-80 °. * Light greenish tan color. 1 Intermediate
4-chloro-6,7-dimethoxyquinoline, independently prepared, was found to be identical with that of Riegel, et al., ibid. 
m From ethanol-ethyl acetate. "The structure of this compound has not been definitely established. However, a 
formula has been assigned based on the fact that 4-chloroquinoline was found to condense much more readily than 2- 
chloroquinoline with aromatic amines. Intermediate, 4,7-dichloroquinoline prepared by the method of Brooker and 
Smith, This J o u r n a l , 64, 1357 (1942). ° For chemical data, see compound 9, Table VI. p Intermediate dichloro- 
quinoline was independently prepared by the same procedure of Tarbell, This J o u r n a l , 68, 1278 (1946). «From 
chloroform-ether. r From acetone. * From ethanol-acetone, * Greenish yellow crystals. u Intermediate 4,5,7-tri- 
chloroquinoline prepared by the general method of Price11; m. p. 108°. Anal. Calcd. for C9H4CI3N: C, 46.50; H,
1,73. Found: C, 46.90; H, 1.80. Surrey and Hammer, This J o u r n a l , 68, 1244 (1946), employed a different proce­
dure. • Surrey and Hammer, ibid., also prepared the intermediate trichloroquinoline by a different procedure. w From 
acetone. * Intermediate 4-chloro-6-methylquinoline, b. p. 139-140 (10 mm.). Anal. Calcd. for Ci0H8C1N: C, 67.61; 
H, 4.54. Found: Cf 67.23; H, 4.55. Breslow, et al., This J o u r n a l , 68,1236 (1946), reported b. p. 140-142 (9 mm.). 
1/ Pale tan crystals. • From methanol. oa Independent preparation of intermediate 4-chloro-6,7-dimethylquinoline 
gave identical results of Price and Roberts.11 •* From methanol-ether; analysis corresponds to the presence of a half
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mole of methanol: Calcd. volatile loss, 3.53. Found: 3,30. ®c Intermediate 4-chloroquinoline obtained through Dr. 
R. C. Elderfield. ad Bright orange crystals. ae From ligroin. af From water; calcd. volatile loss 5.93. Found: 5.71. 
®« From 20% ethanol. ah Intermediate 4-chloro-6-dimethylaminoquinoline hydrochloride obtained as a bright orange 
powder; m. p. 249° d. Anal. Calcd. for CiiHnClN2-HCl: C, 54.37; H, 4.97. Found: C, 54.12; H, 4.75. Riegel, 
et ak, ibid., p. 1265, reported m. p. 225-230°. ai Intermediate 6-nitro-4-chloroquinoline prepared in low yield by the 
general method of Price and Roberts,11 but see a better method for this compound by Baker, et ak, T h i s  J o u r n a l , 68, 
1267 (1946). Orange-red crystals. Calcd. volatile loss, 6.01. Found: 5.79. From methanol-ether.

T a b l e  X

4 -  ( S u b s t i t u t e d - 4 - q u i n o l y l a m i n o ) - qi-DIALKYLAMINO-O-CRESOLS

•Analyses, %•
Q Pro- Yield, M .  p . . Carbon Hydrogen

No. SN Equiv. r 2 Substituents cedure % °C. Form ula Calcd. Found Calcd. Found
1 10,274 8 Diethyl 6-M ethoxy®
2 9 Di-w-butyl 6-Methoxy C 10 193 dec. C26H 330 2N 3-2HC1- 1.25H2Oft’c 59.69 59.90 7.51 7.64
3 12,038 8 1-Piperidyl 6-Methoxy C 80 270 dec. C 22H 2 5 N s0 2 .2 H C 1 -  0.5H2Od 59.32 59.15 6.33 6.25
4 11,989 1 4-Morpholinyl 6-Methoxy C 57 265 dec. C2iH23N30 3-2HCle-7 57.54 57.48 5.75 5.84
5 13,395 2 .5 D iethyl 6,7-Dimethoxy«
6 13,413 4 1-Piperidyl 6,7-Dimethoxy E 40 230 dec. C23H27N303*2HC1&’A
7 10,492 6 Diethyl 7-Chloro-3-

methyl*
8 10 Di-w-butyl 7-Chloro-3- C 43 177 dec. C25H32ON3Cl* 2HC1* 1.5H20 &’7 57.08 57.33 7.09 6.77

methyl
9 12,360 2 1-Piperidyl 7-Chloro-3- C 47 270 dec. C22H24C1N30* 2HC16’* 58.09 58.20 5.76 5.67

10 12,362 0.15 4-Morpholinyl
methyl

7-Chloro-3- C 33 242 dec. C2iH22ClN30 2- 2H C F * 55.21 54.92 5.30 5.60
methyl

11 11,559 4 Diethyl 6-Methyl*
12 12,456 2 .5 1-Piperidyl 6-Methyl E 41 240 dec. C22H 2&N30 2 H C lm
13 12,457 0 .8 4-Morpholinyl 6-M ethyl C 50 239 C2iH23N 30 2"

® See compound 3 ,  Table IX, for chemical data. 6 From methanol-acetone. c Pale greenish-yellow crystals. d Light 
green crystals from ethanol-ethyl acetate. See reference 12 for intermediate 4-acetamido-a-piperidyl-o-cresol. • Yel­
lowish tan crystals. f From methanol-ethyl acetate. « See compound 8, Table IX , for chemical data. h Off-white 
crystals. Anal, for N : Calcd. 9.01. Found 9.03. * See compound 28, Table IX, for chemical data, i Yellow crystals. 
* Dark orange crystals. 1 See compound 18, Table IX, for chemical data. m Off-white crystals from ethanol. Anal. 
forN : Calcd. 10.00. Found: 10.22. n From ethanol. Anal. Calcd.: N, 12.02. Found: N, 12.14.

T a b l e  XI
OH

Z- ( S u BSTITUTED-4-QUINO LYLAM INO) -a-DIALKYLAMINO-tf-CRESOLS

CH2NR2

No. SN
Q

Equiv. R*

Cresol
sub­

stituents z
Quinoline

sub­
stituents

Pro- Yield, 
cedure %

M. p.,
°C. Formula

------------Analyses, %--------—>
Carbon Hydrogen 

Calcd. Found Calcd. Found
1 13,730 9 Diethyl None 5 7-Chloro C 173 C2oH22ClN30®'6 67.49 67.80 6.23 6.22
2 5 Diethyl 4-Diethyl- 6 7-Chloro F 145 C25H 33C1N40 D A H aO ^ 64.16 64.06 7.75 7.59

3 12,885 0 .5 Diethyl
aminomethyl 

4-Chloro 6 6-Methoxy C 50 205 dec. C2iH24ClN30 2- 2HClc,e 54.97 54.55 5.71 5 .88
4 13,729 12 Diethyl 6-Chloro 4 7-Chloro F 225 dec. C2oH2iCl2N 30®^ 61.54 61.50 5.42 5.38
5 0 Diethyl 6-Phenyl 4 7-Chloro D 25 235 dec. C26H26C1N30- V2H2Oc’e 70.81 70.50 6.17 5.95
6 12,039 7 Diethyl 6-Allyl 4 6-Methoxy C 33 161 C24H2302N37* 73.63 73.11 7.47 7.33
7 11,991 10 Diethyl 6- Allyl 4 7-Chloro c 44 148 C23H 260N3C1®'* 69.77 69.51 6.62 6.82
8 12,697 4 1-Piperidyl 6-Allyl 4 7-Chloro F 32 190 C24H260N3C1®>?” 70.65 70.93 6.42 6.59
9 13,394 0 .7 Diallyl 6-Allyl 4 7-Chloro F 25 131 C25H26ON3Cla’fc 71.49 71.77 6.24 6.23

® Yellow crystals. 6 From methanol-benzene. c Light tan crystals. d From acetone-ligroin, e From ethanol. 
I From dioxane. « Sample inadequate for test. h Pale greenish-yellow crystals from dilute methanol. * From ligroin. 
* From dilute ethanol. k From isopropanol-ligroin.
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T a b l e  XII

4- (7 - C h l o r o -4 -q u in  o l y l a m in  o) -öt-a m in  o-ö-cresols

■ Analyses, %•
Q Pro- Yield, M. p., Carbon Hydrogen Nitrogen

No. SN Equiv. Ri cedure % °C. Formula Calcd. Found Calcd. Found Calcd. Found

1 1,603 6 None E 80 325 dec. C16H14CIN3O 2HCl-0.5H2O°'6’c 50.35 50.42 4.88 4.49
2 11,557 0.15 Benzoyl D 80 289 dec. C23HX8CIN3O3 HCl°'&’d 62.60 62.82 4.34 4.41

«-Monoalkyl

3 40 Ethyl ƒ 280 dec. CxaHxaCINaO 2HC1®-* 53.95 53.93 5.03 5.42
4 30 «-Propyl F 24 244 dec. CX9H20CIN3O 2HC1.0.5H2Oo,« 53.85 54.10 5.47 5.52
5 40 Isopropyl D 50 287 dec. Cx9H2oClN30'2HCla>A 55.02 54.84 5.35 5.36
6 30 «-Butyl F 6 254 dec. C2oH220N3Cl-2HCla** 56.02 55.68 5.64 5.58
7 50 2-Butyl C 3 252 dec. C2oH22ON3Cl- 2HC1- H2O0-*' 53.76 53.75 5.86 5.57
8 75 Isobutyl C 33 256 dec. C2oH22ON3Cl* 2HCl0,i 56.02 56.03 5.64 5.76

D 65
9 40 <-Butyl D 36 285 dec. C2oH22ClN30  2HCl°*ft 56.02 56.17 5.63 5.80

10 50 «-Amyl C 15 266 dec. C2xH240N3Cl* 2HCla»3 56.95 56.90 5.92 5.50
11 40 2-Amyl C 22 231 dec. C*xHMClN30-2HCla'* 56.96 57.11 5.92 5.99
12 50 Isoamyl F 20 279 dec. C2xH240N3Cl-2CHl°^ 56.95 57.41 5.92 6.31
13 25 «-Hexyl F 56 280 dec. C22H26ClN302HCla’* 57.84 57.81 6.18 6.18
14 50 2-Ethylbutyl F 15 263 dec. C22H26C1N30* 2HC1°»* 57.84 57.73 6.18 6.04
15 15 «-Heptyl F 29 278 dec. C23H28ClN30-2HCl0»tf 8.92 8.64
16 2.5 «-Octyl F 15 150 CwHaeONaCl1 69.96 70.05 7.34 7.61
17 20 Allyl F 3 257 dec. Ci9Hi80N3Cl-2HCl«*' 55.28 55.12 4.88 5.05
18 1-Methallyl F 95 C2oH2oClNaO-2HCM .75H20°»m 52.41 52.68 5.63 6.03
19 30 Cyclohexyl F 30 252 dec. C2iH24ClN3O-2HCl*0.25H2Oa‘« 57.52 57.52 5.82 5.98
20 3 2-Hydroxyethyl C 15 182 dec. CxsHxsClNiO2HC1- H20°*n 49.72 50.18 5.10 5.50
21 25 2-Methoxyethyl F 271 dec. Ci9H»ClN302-2HCla»A 9.76 9.79
22 16 Benzyl F 270 dec. CtsHsoONaO* 2HCla,t’ 9.09 9.11
23 25 l-Methyl-2- F 31 243 C25H24C1N30- 2HC1- 0.25H2Oo,a 60.61 60.66 5.65 5.67

phenylethyl

a-Disubstituted

24 6 Dimethyl C
25 10,751 25 Diethyl3*
26 30 Ethyl-(«-butyl) F
27 13,835 25 Di-«-propyl F
28 14,105 35 Di-«-butyl C
29 Diisobutyl D
30 Diisoamyl D
31 0.5 Di-«-hexyl F
32 1 Di-w-heptyl F
33 0.2 Di-«-octyl F
34 3 Di-2-ethylhexyl F
35 11,636 25 1-Piperidyl C
36 12,357 20 2-Methyl-1- 

piperidyl
C

37 11,987 4 4-Morpholinyl C
E

38 12,363 3 Methyl-(2-hy- 
droxyethyl)

C

39 14,824 12 «-Butyl-(2-hy- 
droxyethyl)

F

40 0.6 Di-2-hydroxy-
ethyl

F

41 2.5 Dibenzyl C
42 0.07 Methyl-(phenyl) F
43 < 0.05 Ethyl-(phenyl) F

85 290 dec. C x s H i s C l N a C f e -  2 H C l a *«*°

65 240 dec. C 22H 26 C l N * a  2 H C 1 ° ’ *

11 181 C 22H 2« O N 3C l a ,«
20 164 C 24 H 3o O H 3C l a *r
38 166 C M H a o C l N a O - O .ö H a O *

135 C 26 H i i C l N 30 0 . 5 H 2O t
40 220 C a s H a s O N s C l ^ H C l 0 ’ *

52 2 0 3 C s o H 4 2O N 3C l * 2 H C l a ,fc

46 192 C * 2H 4 e O N  3 C l  • 2 H  C l ° ’A
1 154 C 32 H 4 6 0 N 3C 1 *  2 H C 1 -  H 2O a ^

7 7 . 5 302 dec. C 2i H 22C 1 N 30 * 2 H C 1 * 2 . 5 H 20 0 ,w ' m

66 288 dec. C 22H 24 C 1 N 30 - 2 H C 1 ° ' a

60 292 dec. C 2oH 2 oC 1 N * , 0 2* 2 H C l a *v
65
63 250 dec. C x9 H 2oC 1 N 30 2 - 2 H C 1 ° ' 8

22 149 C 22 H 26 0 2 N 3C l r

2 5 193 C 2oH 22C 1 N 30 3*

74 235 dec. C i * H 2« C 1 N « 0 - 2 H C 1 * ' *
39 140 C 23H 2 oC 1 N 3O H 20 ° ’ *
54 131 dec. C 24 H 22C 1 N 30 ° * #

53.95 53

cc00 5.03 5.18

57.84 57 .70 6..18 5.81
68.82 69.20 6..83 6.76
69.96 69.81 7..34 7.50
68.47 68.86 7,.42 7.88
69.52 69.95 7,.85 8.17
62.16 62.00 7..45 7.78
63.32 63.26 7..79 8.04
64.36 64. 29 8. 10 7.85
62.48 62.10 8. 19 8.05

58.09 58..22 5. 76 5.81

54.25 54,.44 5. 01 5.33

52.97 52.,96 5. 15 5.38

66.07 65,.94 6. 55 6.94

62.00 61.,90 5. 73 6.09

65.16 64. 92 5. 10 5.40
10.77 10.72 
10.40 10.19

s Yellow crystals. b From methanol, 0 Intermediate «,4~diarnino-0-cresol prepared by the method of Einhorn.8 
d See ref. (8) for intermediate. * From ethanol. /  See Experimental part. «From ethanol-isopropanol. h From 
methanol-acetone. * From ethanol-acetone. 3 From dilute hydrochloric acid. * From methanol-ethanol. 1 From 
alcohol-ether. m From isopropanol. Calcd. for volatile loss, 6.87. Found, 7.00. n From methanol-ethyl acetate. 0 For 
intermediate 4-acetamido-a-dimethylamino-^-cresol, see ref. (15). p See compound 9, Table VI. « From ethyl acetate 
r From ethyl acetate-petroleum ether. • From dilute methanol. 1 From dilute ethanol. u Calcd. volatile loss, 9.27. 
Found: 8.95. Calcd. ionic chlorine, 14.60. Found, 14.58. * From methanol-ethyl acetate. * Pale yellowish green 
crystals from dilute isopropanol. * Ivory crystals.
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T a b l e  XIII

z - (H e t e r o c y c l ic -a m in o )-BENZYLAMiNES ( P r o c e d u r e  D )  NH-

Y

bY \ c h 2n h r s

No. SN
Q

Equiv.
-------------Substituents----- —

R* 2 z
Yield,

% m ócp- Form ula

Analyses, %
Carbon Hydrogen 

Calcd. Found Calcd. Found

1 11,590 1 Diethyl 3
Y «  
85

7-Chloro-4-quinolyl 
128 dec. C2oH22ClNj*2HCl-2H20«’6 53.52 53.26 6.29 6.36

2 12,455 4 Diethyl 4 261 dec. C2oH22ClN8-2HClc’d 58.19 58.39 5.86 6.02
3 4 Di-w-propyl 4 60 255 dec. C22H 26ClNi*2HClc'tï 59.94 59.90 6.40 6.31
4 10 Monoisopropyl 4 23 303 dec. CwH mCIN** 2HC1*2»* 54.75 55.05 5.80 5.53
5 Monoisobutyl 4 76 288 dec. C 2oH 2 2 C 1 N 8- 2 H C 1 -H 2Orf'« 55.76 55.79 6.08 6 .40
6 25 Diethyl M ethoxy 5 64 203 CsiH mCINsO® 68.19 68.03 6.54 6.64
7 17 M onoisobutyl M ethoxy 5 76 194 dec. CiiH mCIN iO* 2HC1- ViHsOd’I 55.15 55.27 5.84 6.11
8 15 Mono-«-amyl Methoxy 5 42 288 dec. C22H28CIN3O  2H Clrf,e 57.84 57.92 6 .18 6.44
9 8 Diethyl Ethoxy 5 73 247 CmH mCINjO- 2HC1* 2H2Oa*d 53.61 53.43 6.55 6.54

10 10,984 0 .5 Diethyl
Y
3

»  6-Chloro-2-methoxy-9-acridyl
55 278 C25H2«ClN802H C l*y4H 20c’« 59.29 59.25 5.87 5.98

11 10,028 0 .4 Diethyl 4 92 260 dec. C26H2flClNiO- 2HC1- y 2H 2Oc*/l 59.82 60.06 5.82 6.28
12 3 Diethyl Methoxy 5 67 212 dec. C2«H28C1Nj02 2HC1* 1/ 2H 2Oc,« 58.72 58.75 5 .88 6.01

"From isopropanol. 6 Calcd. volatile loss, 8.03. Found: 8.85. e From methanol. d Yellow crystals. 6 From 
methanol-isopropanol. f From ethanol-isopropanol. 0 Orange crystals. h Red crystals.

nophenols is being continued with the prospect of 
obtaining better yields.

NH— A ~ ° H

+  CHsO +  H2NC2HS---->

ciX aJ

4 - (6 - Hydroxy - 4 - quinolylamino) - a -  diethyl- 
amino-0-cresol (Table IX, compound 2) was pre­
pared from the corresponding 6-methoxy analog 
(compound 3) by demethylation with hydrobro­
mic acid.
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of Michigan, A. L. Tatum of the University of 
Wisconsin and E. K. Marshall of the Johns Hop­
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R.D., kindly supplied several 4-chloroquinolines,
9-chloroacridines and dialkylamines of high mo­
lecular weight. We are grateful to Dr. C. K. 
Banks, Messrs. H. J. Nicholas, D. F. Walker,

(13) The facilities for testing the  compounds described were pro­
vided by the Office of Scientific Research and Development through 
the Committee on Medical Research and by Dr. A. L. Tatum  of the 
D epartm ent of Pharmacology in the  University of Wisconsin.

L. M. Montibeller, M.-H. Darwish, M. L. Black 
and H. A. DeWald, of this Laboratory, who con­
tributed several of the compounds reported, and 
to Dr. L. A. Sweet, Director of Chemical Research, 
for his keen interest during the course of the stud­
ies. Mr. A. W. Spang and Miss Patricia Keller 
supplied the microanalytical data.

Experimental
Acetamidophenols (Table I).—One-tenth of a mole 

each of the nitrophenol and acetic anhydride were dis­
solved in 50 cc. of acetic acid. After the addition of
0.2 g. of platinum oxide catalyst, the mixture was shaken 
in the customary manner under a pressure of about three 
atmospheres of hydrogen gas until three molecular equiv­
alents had been absorbed. The catalyst was removed by 
filtration and the acetic acid removed by distillation 
under reduced pressure. Usually the crude acetamido­
phenol separated as a white or light gray crystalline solid 
pure enough for further syntheses.

2-Allyl-4-acetamidophenol.14—A solution of 96 g. (1.1 
moles) of the allyl ether of 4-acetamidophenol in 70 g. 
of diethylaniline was heated at boiling temperature for 
forty minutes. The solution was cooled and diluted 
with chloroform prior to thorough extraction with 10% 
sodium hydroxide solution. Enough ether was added 
to form a distinct upper layer. The combined alkaline 
extracts were washed twice with ether, and then treated 
with a slight excess of acetic acid. Extraction of the 
product with ether, drying and evaporation of the extracts 
left an oil which was crystallized from a benzene and pe­
troleum ether mixture; m. p. 91-93°. Recrystallization 
from the same mixture with charcoal treatment yielded 
80 g. (83%) of pure product; m. p. 93-94°.

Acetamido -a. -alkyl amino -o -cresols15 (Table II).—A
mixture of equivalent amounts of the acetamidophenol, 
formaldehyde and aliphatic amine, suspended in about 
250 cc. of alcohol per mole of the phenol, was heated in 
a steam-bath for one to three hours. Upon cooling a 
crystalline mass usually formed readily, and the product 
was washed with acetone, alcohol or dilute alcohol. 
After drying, the product was ordinarily white and of 
high enough purity to be used in further syntheses.

In certain cases when a crystalline product could not
(14) Claisen, A nn., 418, 97 (1919).
(15) German P a ten t 92,309; Frdl., 4, 103 (1897).
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be readily obtained by the foregoing procedure, the volatile 
materials were removed under reduced pressure and the 
residue taken into ether and treated with excess alcoholic 
hydrogen chloride. The monohydrochloride of the desired 
acetamido-a-alkylamino-o-cresol precipitated as an oil, 
but after treatment with acetone or ether, it crystallized 
as a wki tc solid.

4 -Amino-a -diethylamino -o-cresol Dihydrochloride (SN
12.458) —A mixture of 500 g. (2.12 mole) of 4-acetamido- 
a  -diethylamino -o -cresol and one liter of 20% hydrochloric 
acid was heated at refluxing temperature for an hour. 
The solution was evaporated under reduced pressure to 
a thick sirup. A liter of benzene was stirred well into the 
sirup, and the evaporation repeated. Once again the 
process was repeated using a liter of denatured absolute 
alcohol. Finally, the sirup was dissolved in two liters of 
alcohol. The desired salt was then precipitated by the 
addition of a liter and a half of ether. A total of 541
g. (96% yield) of off-white product was obtained; m. p.
218-220° (dec.).

For analysis a sample was recrystallized from a mixture 
of alcohol and ethyl acetate; the melting point of the 
white product did not change.

Anal. Calcd. for CuHi8N20-2HC1: C, 49.44; H, 7.54. 
Found: C, 49.70; H, 7.60.

4-Amino-a-1 -piperidyl-o-cresol Dihydrochloride.—In 
the same manner, this analog was obtained in a yield of 
91% from 4 -acetamido -a-1 -piperidy 1 -o -cresol15; m. p. 
153-155° (dec.). Recrystallized from alcohol for analy­
sis, there was no change in the melting point.

Anal. Calcd. for Ci2Hi8N20-2HCl H20: C, 48.49; H, 
7.46; N, 9.43. Found: C, 48.63; H, 7.43; N, 9.10.

4 -Amino -a -4 -morpholinyl -o -cresol Dihydrochloride.— 
Similarly this compound was obtained in a yield of 45% 
from 4 -acetamido -a -4 -morpholinyl -o-cresol; m. p. 259- 
260° (dec.).

Anal. Calcd. for CuHi6N202-2HC1 : N, 9.97. Found: 
N, 9.93.

a-Alkylamino-4-nitro-o-cresols (Table III).—The two 
synthetic methods used in obtaining these compounds 
are described in the following procedures.

Procedure A.—One-tenth of a molecular equivalent 
each of the nitrophenol, paraformaldehyde and aliphatic 
amine were dissolved in 25, cc. of alcohol. The solution 
was heated in a steam-bath for at least two hours or until 
the alcohol had evaporated. The residue was treated 
with an excess of dilute hydrochloric acid to precipitate 
an insoluble white hydrochloride.

The yellow crystalline free base could be obtained by 
trituration of the hydrochloride with ammonia.

Procedure B.—A mixture of one-tenth of a mole of «- 
chloro-4-nitro-o-cresol7 and two-tenths of a mole of 
aliphatic amine in 150 cc. of absolute ethanol was heated 
at refluxing temperature for three hours. The volatile 
materials were removed by distillation under reduced 
pressure, and the residue was washed with water for the 
removal of recovered aliphatic amine hydrochloride. 
The washed residue was dissolved in acetone and the 
solution dried over potassium carbonate. An equal vol­
ume of ether was added, and an excess of alcoholic hy­
drogen chloride precipitated the desired product as a 
white crystalline hydrochloride.

2-Ethoxy-5-nitrobenzyl Chloride.—A mixture of 33.4 
g. (0.2 mole) of 4-nitrophenetole, 19.8 cc. (0.26 mole) 
of 37% formalin, and 16.5 g. of zinc chloride was stirred 
well at 95 to 100° while a rapid stream of hydrogen chloride 
gas was allowed to pass through it. After five hours, the 
mixture was allowed to cool overnight. The temperature 
was raised to 90°, and 35 cc. of water was added. The 
mixture was cooled, while stirring in an ice-bath, to pre­
cipitate the product in small lumps. The solid was col­
lected on a filter and washed with water. A yield of 32.4 
g. (75%) of white material was obtained; m. p. 72-75°. 
A sample was recrystallized from methanol for analysis, 
with no change in melting point.

Anal. Calcd. for C9H10CINO,: C, 50.13; H, 4.67.
Found; C, 50.54; H, 4.84.

Nitrobenzylamines (Table IV ).—The synthetic method 
is essentially the same as that of Procedure B, Table III. 
However, benzene was found more desirable here than alco­
hol as a solvent since the nitrobenzyl chlorides and the 2- 
alkoxy -5 -nit rob en zy 1 chlorides, in contrast with « -chloro-
4-nitro-ö-cresol, dissolved quite readily in it. Further­
more, the excess alkylamine hydrochlorides were removed 
almost quantitatively by their insolubility in benzene, 
giving an indication of the expected yield of crude product.

In practice, the reaction mixture was cooled and the 
separated alkylamine salt collected. The filtrate was 
evaporated under reduced pressure, and the residue was 
dissolved in ether. After thorough washing of the ether 
solution with water and finally with saturated salt solu­
tion, drying was effected over potassium carbonate. 
The desired product could be obtained as the hydrochloride 
by the addition of alcoholic hydrogen chloride to the 
filtered solution.

4-Chloroquinolines (Table V).—The method of Price 
and Roberts11 was employed. Ethoxymethylene malonic 
ester was condensed with the appropriate aromatic 
amine by heating them in diphenyl oxide. Ring closure 
to the 3 -carbethoxy -4 -l^droxy quinoline was effected in 
the same medium. The corresponding acid was obtained 
by alkaline hydrolysis and decarboxylated by heating in 
diphenyl oxide. The final step was accomplished by 
treatment of the 4 -hydroxyquinoline with phosphorus 
oxychloride.

Heterocyclic -amino -a -amino -o -cr esols (Tables VI to 
X III, inclusive) .—The preparative methods for these 
compounds, together with the heterocyclic-amino-benzyl- 
amines, are described in the following procedures.

J . ___  n. TT__ ______ X. „  „T „ _ £ ____X.------: J  „ -1 1 ---- 1r iU b C U U I C  V».---- r u i  C dC U  XXXUXC UX «aijcLtuxxxtxu-cc-cUJ&y x -
amino-a-cresol (Table II), 500 cc. of 20% hydrochloric 
acid was added, and the mixture was heated at refluxing 
temperature for an hour. The solution was cooled and 
treated with coned, sodium hydroxide solution until just 
acid to congo red. An equivalent amount of chloro- 
heterocyclic was added, and the resulting mixture was 
then heated in a steam-bath for about two hours. In 
many cases, a crystalline hydrochloride formed after 
cooling, and the product was purified by recrystallization. 
At other times, the reaction mixture was made basic with 
ammonia or alkali solution and the free base either crystal­
lized or it was extracted with chloroform. In the latter 
case, the extract was washed with water and dried over 
potassium carbonate. The filtered solution was then 
treated with excess alcoholic hydrogen chloride and diluted 
with ether or acetone for the precipitation of the desired 
salt. The product was then recrystallized from the sol­
vent indicated in the table.

Procedure D.—The a  -alkylamino -4-nitro-0-cresol, base 
or hydrochloride, (Table III) or the nitrobenzylamine 
(Table IV) was suspended in absolute alcohol and re­
duced catalytically using platinum oxide catalyst. The 
solution was treated with a slight excess of alcoholic 
hydrogen chloride and filtered to remove the catalyst. 
An equivalent amount of chloroheterocyclic was added 
to the filtrate, and the directions in Procedure C were 
followed thereafter.

Procedure E.—In a manner similar to Procedure D, the 
crystalline 4-amino-a-substituted-amino-0-cresol dihydro­
chloride was simply heated with the desired chlorohetero- 
cycle in water or alcohol.

Procedure F.-—This method is the same as Procedure 
C, except that the intermediate acetamido -a -alkylamino-
0-cresol was not isolated as a pure compound. After 
the Mannich reaction had been carried out, the volatile 
materials were removed under reduced pressure. The 
crude residue was treated thenceforth as the crystalline 
intermediate in Procedure C. Yields are based on the 
amount of acetamidophenol used. A by-product of 
this reaction is the usually relatively insoluble 4-hydroxy - 
anilinoheterocycle; when 4,7-dichloroquinoline is em­
ployed, the by-product has been shown to be 7-chloro-4- 
(4-hydroxyanilino)-quinoline.

7-Chloro-4-(4-hydroxyanilino) -quinoline Monohydro­
chloride.—To a solution of 72.8 g. (0.5 mole) of 4-amino-
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phenol hydrochloride in 500 cc. of water, 99 g. (0.5 mole) 
of 4,7-dichloroquinoline16 was added. The mixture was 
heated in a steam-bath for two hours. After standing for 
two days, the yellow product was collected on a filter, 
washed with water and dried at 110°; yield 145 g. (94%); 
m. p. over 320°. A small sample was recrystallized from 
methanol for analysis.17

Anal. Calcd. for CmHuCINjO-HCI: C, 58.64; H,
3.94. Found: C, 59.17; H, 4.11.

6-Chloro~9-(4-hydroxyanilino) -2-methoxyacridine.— 
This compound was obtained as the orange monohydro­
chloride by the foregoing procedure in 98% yield; m. p. 
over 300°. Trituration of a small sample with excess 
ammonia gave the free base. Recrystallized from dioxane, 
it melted at 266° (dec.).

Anal. Calcd. for C20H15CIN2O2 H2O: C, 65.13; H,
4.65. Found: C, 65.54; H, 4.62.

4 - (7-Chloro-4-quinoly lamino) -a-mono ethylamino-o- 
cresol Dihydrochloride (Table XII, Compound 3).—A 
mixture of 30.7 g. (0.1 mole) of 7-chloro-4-(4-hydroxy- 
anilino)-quinoline monohydrochloride, 6.3 g. (0.2 mole) 
of 95% paraformaldehyde, 27.2 cc. (0.2 mole) of alcoholic 
ethylamine, and 125 cc. of alcohol was heated at refluxing 
temperature for sixteen hours. Upon cooling, 9 g. of 
starting material was recovered unchanged. The filtrate 
was evaporated to dryness and the residue triturated with 
acetone to yield a solid which was collected on a filter. 
Treatment of this solid with 100 cc. of warm water left 
a total of 23.2 g. of unchanged starting material. The 
aqueous filtrate was made basic with ammonia, and the 
precipitated free base was extracted with chloroform. 
After being washed with water, the extract was dried 
over potassium carbonate. The filtered solution was 
evaporated to dryness, and the residue taken up in 
acetone. The addition of excess alcoholic hydrogen 
chloride precipitated a crude yellow salt. Recrystal -

(16) Obtained through Dr. R . C. Elderfield from the University of 
Illinois.

(17) M icroanalysis by Arlington Laboratories.

lized first from alcohol and then from alcohol-methanol, 
only 1.5 g. (4% yield) of the desired product was ob­
tained; m. p. 280° (dec.).

4 - (6 -Hydroxy -4 -quinolylamino) -a -diethylamino -o- 
cresol Dihydrochloride (Table IX , Compound 2 ).—A 
mixture of 10 g. of 4 - ( 6 -methoxy -4 -quin olylamino) -a. - 
diethylamino-o-cresol dihydrochloride (Table IX , com­
pound 3) and 100 cc. of 48% hydrobromic acid was heated 
at boiling temperature for two hours. The mixture was 
made basic with ammonia, precipitating a yellow solid 
base. This was collected on a filter, washed with water, 
converted to the dihydrochloride by treatment with 
alcoholic hydrogen chloride.

Summary
A group of 122 heterocyclic-amino a-amino-o- 

cresols and a related group of 12 heterocyclic- 
amino benzylamines have been synthesized with 
the object of finding the most effective anti­
malarial compounds in the general class. All 
these compounds are new. For the purpose of 
studying the relationship of chemical structure to 
antimalarial effectiveness, they have been classi­
fied in seven tables. Preparation of the inter­
mediate acetamidophenols, acetamido-a-alkyl- 
amino-0-cresols, a-alkylamino-4-nitro-0-cresols, 
nitrobenzylamines, and 4-chloroquinolines is also 
described.

This general class includes the most active 4- 
aminoquinolines heretofore reported in trophozo­
ite-induced P. gallinaceum infection in the chick. 
Recent clinical reports on one member of the series 
(Camoquin) are promising.
D e t r o it  32, M ic h ig a n  R e c e iv e d  O c t o b e r  14, 1947

[C o n t r ib u t io n  fr o m  t h e  L il l y  R e s e a r c h  L a b o r a t o r ie s ]

A New Synthesis of Cinnoline Derivatives: Heterocyclic Steroid Analogs
B y  E dm und  C . K o rnfeld

In connection with another synthetic problem 
in progress in these laboratories m-hydroxy- 
phenylacetic acid (I) was coupled in alkaline solu­
tion with diazotized p-nitroaniline (II) to form 
the azo dye (III) in the normal fashion. I t  was

N2C1

planned to carry out reactions on the carboxyl 
group of this product, and in order to effect these 
changes it was necessary to protect the free hy­
droxyl function. The azo compound was, there­
fore, subjected to the action of acetic anhydride 
in the presence of a trace of sulfuric acid as cata­
lyst, and from the resulting reaction mixture was 
isolated in good yield a non-acidic, yellow, crys­
talline product. The analyses indicated that one 
acetyl group had been introduced, but they 
showed also that one molecule of water had been 
eliminated under the acetylating conditions. 
From the properties and reactions of the product 
it was evident that cyclization to a cinnoline de­
rivative (V) had taken place. The steps in the 
process involved first a cyclization of the azo com­
pound in its tautomeric form (Ilia) to 2-p-nitxo- 
phenyl - 3,6 - diketo - 2,3,4,6 - tetrahydrocinnoline
(IV) and then acetylation of the enol form of IV 
to yield 2-£-nitrophenyl-3-acetoxy-6-keto-2,6-di- 
hydrocinnoline (V).
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T a b l e  I
2-A ryl-3-acetoxy-6-keto-2,6-dihydr'ocinnolines

% Composition

Aryl =
Yield,

%a M. p., °C.
Sol­

vent6 Form ula
Carbon

Calcd. Found
Hydrogen 

Calcd. Found

-phenyl 72 216-218 A Ci6Hi2N2Oj 68.56 68.30 4.32 4,40
-4-bromophenyl 71 226-228 B C16HnBrN2 03c 53.50 53.41 3.09 2.98
-4-nitrophenyl 70 239-241 A c 16h uN3<V 59.08 59.08 3.41 4.19
-4-Carboxyphenyl 90 >  290 C Ci7Hi2N2Oö 62.96 63.22 3.73 4.24
-4-acetathinophenyl 81 260-265 (dec.) D C18H1 6N3O4 64.09 64.00 4.48 4.79
-3-pyridyl 67 213-215 E Ci#HuN,0. 64.05 64.20 3.94 4.01
-2-naphthyl 58 188-189 F C20H1 4N2 O8 72.72 72.55 4.27 4,51
-4-acetoxyphenyl 70 220-223 (dec.) C c 18h 14n 2o5 63.90 63.56 4.17 3.89
-4-acetylphenyl 83 220-222 C c 18h 14n 2o4 67.07 67.03 4.38 4.38
-3-acetylphenyl 84 237-239 (dec.) C c 18h 14n 2o4 67.07 66.22 4.38 4.36
-4-acetoxyacetylphenyl 68 237-238 (dec.) C C20H1 6 N2O6 63.15 62.40 4.24 4.26

® Based on azo compound. 6 Solvent used in recrystallization, A =* dioxane-ether, B =  dioxane, C = acetic acid, 
D =  dilute acetic acid, E =  pyridine-ethanol, F = dilute dioxane. c Galcd.: N, 7.80. Found: N, 7.76. d Calcd.: 
N, 12.92. Found: N, 12.36.

- h2o ------->

v / NO*

O

^yVv Ac20

IV
no2

A J

O / n / \ / ' \ o c OCH,
V

Tautomerism of the type III  I l ia  is well known 
and has been thoroughly studied by previous in­
vestigators.1

Further investigation proved the above reaction 
to be quite a general one. A number of diazotized 
aromatic amines were coupled with ra-hydroxy- 
phenylacetic acid, and the resulting azo com­
pounds were cyclized with great facility to cinno­
line derivatives similar to V. Table I lists the 
properties of these products. In most cases the 
azo compounds were used for the cyclization re­
action without purification.

Evidence supporting the above proposed formu­
lations was obtained from several of the reactions 
of the cinnoline derivatives. Hydrolysis of the 
monoacetyl compound (VI) (R =  3-acetylphenyl) 
with concentrated hydrochloric add produced the 
2 - m - acetylphenyl - 3,6 - diketo - 2,3,4,6 - tetra- 
hydrociimoline (VII). Reacetylation of VII re­
generated the starting material (VI). Reduction

(1) Fierz-D avid, et al., Helv. Chim. Acta, 29, 1718, 1765 (1946).

of VI (R =  3-acetylphenyl, 2-naphthyl, or 4- 
acetoxyphenyl) with zinc dust and acetic acid

VIII IX
gave the corresponding colorless, phenolic, di­
hydro derivatives (VIII), which could be oxi­
dized by means of ferric chloride at room tempera­
ture to the original quinonoid compound (VI). 
When the reduction was conducted in the pres­
ence of acetic anhydride, two hydrogen atoms and 
one acetyl group were introduced. The structure 
of the product is probably IX  (R =  2-naphthyl in 
this case) since amines are more readily acetylated 
than phenols under these conditions.2

The ultraviolet absorption spectra of the first 
three cinnoline derivatives in Table I were deter­
mined in ethanol, and that of 2-phenyl-3-acetoxy-
6-keto-2,6-dihydrocinnoline is shown in Fig. 1. 
This compound shows maxima at 235, 330 and 
413 mju, while the 4-bromophenyl derivative has 
peaks at 235, 338 and 415 mix. The corresponding 
maxima for the 4-nitrophenyl-3-acetoxy-6-keto-
2,6-dihydrocinnoline lie at 239, 311 and 415 m/x. 
For clarity and because of the close similarity of 
these spectra only one is shown in Fig. 1.

The gross structural resemblance of these 2- 
phenyl-cinnoline derivatives to the basic ring sys­
tem of the steroid hormones prompted the prepa-

(2) Fieser, "Experim ents in Organic Chemistry,”  2nd ed., D. C. 
H eath and Co., New York, N. Y., 1941, p. 398.
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ration of several new heterocyclic steroid analogs 
by the method outlined above. 2-p-Acetoxy- 
phenyl-3-acetoxy-6-keto-2,6-dihydrocinnoline (X)

R

XIII R -  H, R ' -  COCH2OCOCH8
resembles the testosterone esters, while 2-p- 
acetylphenyl - 3 - acetoxy - 2,6 - dihydrocinnoline
(XI), and its isomer (XII) are related to progester­
one. Finally, 2-£-acetoxyacetylphenyl-3-ace- 
toxy-6-keto-2,6-dihydrocinnoline (XIII) was pre­
pared as an analog of desoxycorticosterone ace­
tate. In the partially reduced series 2-£-acetoxy- 
phenyl-3-acetoxy-6-keto-2,6-dihydrocinnoline (X) 
on reduction with zinc and acetic acid gives the 
corresponding phenolic derivative (XIV) which is 
a model for the estrogenic hormones.

-x  /OCOCHa

H O ^ A ^ N /N o COCH,
X IV

The aromatic amine intermediates requisite for 
the preparation of these analogs were available by 
published procedures.

Pharmacology.—The various steroid analogs 
were tested for hormone activity by Drs. K. K. 
Chen, R. C. Anderson and E. D. Campbell of 
these laboratories. Compounds^, XIV, and X II 
showed one mouse unit of estrogenic activity at 
levels of 1800, 500 and lOOy, respectively. Ana­
logs X and XII, however, had no testosterone or 
progesterone activity. Compound X III, the ana­
log of desoxycorticosterone, was found to be in­
effective in maintaining adrenalectomized rats.

Acknowledgment.—The author is indebted to 
Dr. R. G. Jones for helpful suggestions through­
out the course of this work.

Experimental3
w-Hydroxyphenylacetic Acid.—m -Methoxyphenylace - 

tothiomorpholide was prepared by the method of Schwenk 
and Bloch4 from m-methoxyacetophenone, morpholine 
and sulfur. The thioamide (600 g.) was dissolved in a 
mixture of 1.51. of glacial acetic acid and 2.51. of concen­
trated hydrochloric acid, and the solution was refluxed 
for seventeen hours. The solvents were removed in 
vacuo, and water was added to the residue. The crude 
m-methoxyphenylacetic acid was filtered and washed with 
water and then dissolved in dilute sodium hydroxide. 
The solution was filtered, and the product was reprecipi-

(3) All melting points are corrected.
(4) Schwenk and Bloch, T his J ournal, 64, 3051 (1942).

Fig. 1.-—Ultraviolet absorption spectrum of 2-phenyl-3- 
acetoxy-6-keto-2,6-dihydrocinnoline.

tated with hydrochloric acid. It was filtered, washed with 
water, and dried; yield, 60%. The methoxy compound 
(1.4 moles) was then dissolved in 750 ml. of hydriodic 
acid (sp. gr„ 1.7), and the solution was refluxed for one 
and one-half hours while continuously separating the 
methyl iodide which was formed. The solvent was 
removed by distillation in vacuo, and the m-hydroxyphen - 
ylacetic acid was filtered and washed with a small portion 
of cold water. The crude, dry product weighed 153 g. 
(72%), and was easily purified by recrystallization from 
ethyl acetate-petroleum ether, m. p. 133-134°.

Coupling of Diazotized Aromatic Amines with m- 
Hydroxyphenylaeetic Acid.—The amines used in this 
study were commercial products except for p-acetoxy- 
aniline5 6 and ^-acetoxyacetylaniline.6 The procedure 
employed in the preparation of the azo compounds was 
as follows: The amine was dissolved or suspended in ice 
and water containing 2.2 equivalents of hydrochloric acid, 
and the solution was diazotized with a slight excess of 
sodium nitrite below 0°. The diazo solution was then 
poured with stirring into a prepared solution of one 
equivalent of m-hydroxyphenylacetic acid and 4.2 equiv­
alents of sodium hydroxide in ice water. Excess ice 
kept the temperature below 0° throughout. The bright 
orange solution was then filtered and acidified with acetic 
acid or hydrochloric acid. The azo compound was 
filtered, washed with water and dried. The yields aver­
aged 84%. Analytic data for several of these coupling 
products are given in Table II. The other azo compounds

T a b l e  II
2-A rylazo-5-hydroxyphenylacetic  A c id s

Percentage N
Aryl - Solvent Form ula Calcd. Found

-C«Hs a CuHwNaOg 10.93 10.50
-4-C«H4Br Dil. acetone Ci4HnBrN203 5 0 .176 50.10
-4-C6H4NO ï Dil. ethanol CwHnNsOi 13.95 14.29
-4-C«H4COOH Dil. acetone C16H12N2OB 9.33 9.21

° Purified by reprecipitation from ammonium hydroxide 
solution with acetic acid. 6 % C; % H: calcd. 3.31, 
found 3.06.

(5) Ruggli and Courtin, Helv. Chim. Acta, 15, 75 (1932).
(6) Robinson and Robinson, J . Chem. Soc., 1939 (1932).
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were not purified but were used directly for the cycliza­
tion reaction.

Cyclization of Azo Compounds to Cinnoline Derivatives.
—For the cyclization reaction the azo compounds were dis­
solved in about 10 parts of acetic anhydride containing 0.02 
part of concentrated sulfuric acid, and the solutions were 
refluxed for thirty to sixty minutes. (The sulfuric acid 
was omitted in the case of the pyridine derivative derived 
from 3-aminopyridine.) The solutions were then concen­
trated in vacuo to a small volume, and ether was added. 
The products were filtered and washed thoroughly with 
ether. The other pertinent details are given in Table I.

Hydrolysis of 2 -m-Acetylphenyl-3 -acetoxy-6-keto -2,6- 
dihydrocinnoline (VI).—This acetyl compound (0.5 g.) 
was dissolved in 50 ml. of concentrated hydrochloric acid, 
and the solution was refluxed for fifteen minutes. The 
yellow product began to separate from the reaction mix­
ture toward the end of the reflux period. The solvent 
was then distilled in vacuo, and water was added to the 
residue. The product was filtered and washed with water 
and dried. The yield was practically quantitative. 
Pure 2-m -acetylphenyl -3,6 -diketo -2,3,4,6 -tetrahy drocin - 
noline (VII) was obtained by precipitation from pyridine 
solution with ether, m. p. 290-300°, dec.

Anal. Calcd. for C16H12N2O3: C, 68.56; H, 4.32.
Found: C, 68.53; H, 4.45.

Acetylation of 2-m-Acetylphenyl-3,6-diketo-2,3,4,6-tet- 
rahydrocinnoline (VII).—The diketo compound (VII), 
when treated with acetic anhydride in the manner de­
scribed above for the azo compounds, gave a 70% yield of 
VI.

Reduction of 2 - ƒ? -N aphthvl -3 -ac etoxy -6 -keto -2,6-di - 
hydrocinnoline.—The quinonoid compound (1.8 g.) 
was dissolved in 100 ml. of boiling glacial acetic acid, and 
3.6 g. of zinc dust was added gradually. After a few 
minutes the mixture was filtered through sintered glass 
and the filtrate was concentrated in vacuo to a small 
volume. Addition of water precipitated the product, 
which was obtained in the theoretical yield. The 2-jS-naph- 
thyl-3-acetoxy-6-hydroxy-l,2-dihydrocinnoline was puri­
fied by recrystallization from dilute methanol, and was 
obtained as colorless plates, m. p. 131-133°.

Anal. Calcd. for C29H16N20 3: C, 72.27; H, 4.85.
Found: C, 72.60; H, 4.98.

Two other dihydro derivatives were similarly prepared: 
2 -m -acetylphenyl -3 -acetoxy-6-hydroxy-1,2- dihydrocinno- 
line, m. p. 164-166°, 70%.

Anal. Calcd. for C, 66.65; H, 4.97.
Found: C, 66.15; H, 4.86. 2-p-Acetoxyphenyl-3-ace-
toxy-6-hydroxy-l,2-dihydrocinnoline (XIV), m. p. 164- 
165°, 83%. Anal. Calcd. for Ci8Hi6N206: C, 63.52;
H, 4.74. Found: C, 63.32; H, 4.87.

Reductive Acetylation of 2-/3-Naphthyl-3-acetoxy-6- 
keto-2,6-dihydrocinnoIine.—This compound (2.0 g.) was 
dissolved in a mixture of 40 ml. of acetic anhydride and 
20 ml. of glacial acetic acid, and 3 g. of zinc dust was 
added. The mixture was then refluxed for one-half hour, 
after which it was filtered and the filtrate concentrated 
in vacuo to a straw-colored oil. The oil was taken up in 
ether, washed with water, and the ether solution was 
dried over calcium chloride (acetone was added to prevent 
precipitation of the product at this point). Concen­
tration of the ether solution in vacuo gave the product; 
yield, 32%. The 1-acetyl-2-/5-naphthyl-3-acetoxy-6-hy- 
droxy-l,2-dihydrocinnoline (IX) was recrystallized several 
times from benzene-petroleum ether for analysis, m. p. 
141-143°.

Anal. Calcd. for C22H18N20 4: C, 70.58; H, 4.85; N, 
7.48. Found: C, 70.57; H, 5.01; N, 7.66, 7.37.

Oxidation of 2-m-Ac etylph enyl -3 -ac etoxy -6 -hydroxy -
I, 2 -dihydrocinnoline .—This colorless dihydro derivative 
(2.3 g.) was dissolved in 50 ml. of acetic acid at room 
temperature, and to it was added a solution of 4.0 g. of 
ferric chloride crystals in 5 ml. of water and 1.0 ml. of 
concentrated hydrochloric acid. Upon dilution of the 
solution with two volumes of water the yellow 2-m-acetyl­
phenyl -3 -acetoxy -6 -keto -2 -6 -dihydrocinnoline separated. 
It was filtered and washed with water; yield, 84%; m. p. 
236-238°, dec.

Summary
1. Azo dyes formed by coupling diazotized aro­

matic amines with w-hydroxyphenylacetic acid 
have been found to cyclize to 2-aryl-substituted 
cinnolines under acetylating conditions.

2. This new synthesis of cinnoline derivatives 
has been used to prepare heterocyclic analogs of 
the steroid hormones.

3. Several of the compounds show a slight 
estrogenic activity.
I n d ia n a p o l is , I n d ia n a  R e c e iv e d  O c t o b e r  20 , 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r ie s  o f  t h e  U n iv e r s it y  o f  C a l if o r n ia , B e r k e l e y ]

The Synthesis of Palmitic Acid and Tripalmitin Labeled with Carbon Fourteen
B y  W illiam  G. D a u b e n

Isotopic high molecular weight fatty acids, such 
as palmitic and stearic, have been prepared con­
taining deuterium and radioactive bromine. In 
order to study the fate of the carbon chain itself, 
palmitic acid containing radioactive carbon was 
prepared.

The synthesis of palmitic acid labeled in the 
carboxyl group with C14 was readily accomplished, 
in a yield of 72%, by the carbonation of n-penta- 
decylmagnesium bromide with radioactive carbon 
dioxide.1 Carboxyl-labeled tripalmitin was pre­
pared from this acid in a yield of 75% by employ­
ing the acid chloride method of Stephenson.2

(1) Dauben, Reid and Yankwich, Anal. Chem., 19, 828 (1947).
(2) Stephenson, Biochem. J .,  7, 429 (1913).

The tripalmitin has a specific activity of 760 
cts./min./mg. ester.

The preparation of ^-hexadecanoic acid (pal­
mitic acid) labeled a t carbon atom six with C14 was 
carried out as shown in the scheme.

C*0 2  CH2N2
C10H2iMgBr — ----> C ioH 21C * O O H  --------->

I II
CuCr204 HBr

C10H21C*OOCH3 --— >  C10Hi2C*H2OH —■— >
HI IV

1. Mg.
C10H2iC*H2B r ----------- >-

2. CdCl2
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(C10H21C*H2)2Cd

VI

1. CH3OOC(CH2)3COCl
2. KOH ^

NaOH
C10H21CLH2CO(CH2)3GOOH-------- — >

NH 2 NH 2

VII
CioH2iC*H2(CH2)4COOH Yields: C*02—

VIII
III, 83%; I I I — > V , 79%; V — ^  VIII, 54%

I t was found necessary to use three times the nor­
mal amount of copper chromite catalyst in the 
hydrogenolysis of ester III to obtain high yields 
consistently.3 This was probably due to the fact 
that the methanol produced in the reaction is a 
strong enough acid to destroy the activity of the 
catalyst. The over-all yield of palmitic acid, based 
on barium carbonate, was 30% and the palmitic 
acid has a specific activity of 40,000 cts./min./mg. 
acid.

After this work had been completed, Houston4 
reported the synthesis 4-keto-^-hexadecanoic acid 
by the same general procedure employing n-do- 
decyl bromide and /3-carbomethoxypropionyl chlo­
ride. However, the yield of the keto-acid iso­
lated, based on the bromide, was only 7.4%. In 
view of the great discrepancy in this yield and the 
yield obtained in the above synthesis, the reaction 
was investigated. I t  was found when the pro­
cedure outlined in this paper for the preparation of 
the 5-keto-acid was followed, the 4-keto-acid was 
obtained in 69% yield. The failure of Houston 
to obtain a high yield may have been due to the 
fact that insufficient time was allowed for the con­
version of the Grignard reagent to the dialkyl- 
cadmium compound.

Acknowledgment.—The author wishes to ex­
press his appreciation to the Bio-Organic Group 
of the Radiation Laboratory for their kind as­
sistance.

Experimental5
1-Pentadecanol. (a) From Paraformaldehyde.6—n-

Tetradecylmagnesium bromide was prepared in an all-glass 
apparatus under nitrogen from 1.54 g. (0.0623 mole) of 
magnesium turnings and 15.5 g. (0.057 mole) of redistilled 
w-tetradecyl bromide in 60 cc. of anhydrous di-w-butyl 
ether. The bromide solution was added to the magnesium 
during one hour, and the temperature was kept at 35° or 
below. The temperature was raised to 105° and 2.84 g. 
(0.094 mole) of paraformaldehyde (dried in a vacuum des­
iccator) was added in small portions over a period of 
thirty minutes. After the addition was complete, the 
clear solution was heated for an additional period of 
forty-five minutes at 105° during which time the solution 
became cloudy. The heating was then continued for one 
hour at 110°, the reaction mixture was cooled, decomposed 
in the usual manner with dilute sulfuric acid, and the 
ether was removed by steam distillation. The cooled

(3) Adkins and Folkers, T h is Journal , 53, 1095 (1931).
(4) Houston, ibid., 69, 517 (1947).
(5) All melting points are corrected. Microcombustions by Mr. 

C. W. Koch and Mrs. W. B. Dandliker.
(6) Marvel, Blomqmst and Vaughn* T his J ournal, 50, 281Q 

(1928).

residue from the distillation was extracted with ether, the 
solvent was removed and the product was distilled. A 
small amount of 1-pentadecanol (2.2 g., 17.2%, b. p. 118° 
(0.3 mm.)) was obtained. The pot residue was heated for 
six hours on a steam-bath with 15 cc. of absolute ethanol 
and 3 cc. of concentrated hydrochloric acid but only n- 
octacosane was isolated.

When the Grignard reagent was prepared at a tempera­
ture above 35°, the yield was only slightly less, 15.7%.

(b) From the Ester.—Ethyl w-pentadecanoate (14.6 
g., 0.054 mole) was hydrogenated over copper chromite 
catalyst (2.5 g .). The initial pressure was 3000 p. s. i. 
at room temperature and hydrogenolysis took place readily 
at 250° and was complete in five to six hours. The 1- 
pentadecanol distils at 112-114° (0.2 m m .), yield 10.5 g. 
(85.4%).

w-Pentadecyl Bromide.—The bromide was prepared 
in the usual manner7 employing anhydrous hydrogen bro­
mide and 1-pentadecanol (27.3 g., 0.12 mole) except that 
the reaction mixture was diluted with 50 cc. of n -hexane 
before processing. w-Petitadecyl bromide boils at 127- 
128° (0.5 mm.), yield 28.4 g. (82.7%).

Carboxyl-Labeled Hexadecanoic Acid.—/z-Pentadecyl- 
magnesium bromide was prepared in an all-glass apparatus 
in a nitrogen atmosphere from 1.6 g. (0.066 mole) of mag­
nesium turnings and 15.9 g. (0.0547 mole) of w-penta- 
decyl bromide in 110 cc. of anhydrous ether. An aliquot 
of the solution was titrated and the concentration was 
found to be 0.00044 mole of Grignard reagent per cc. of 
solution.

A volume of 110 cc. (0,0484 mole) of Grignard solution 
was carbonated with radioactive carbon dioxide generated 
from 9.1 g. (0.046 mole) of radioactive barium carbonate 
with a specific activity of 1060 cts./m in./m g.8 following 
the procedure described in detail in previous publications ♦ 
The acid was isolated in the usual manner and converted 
directly to the methyl ester. The ester distils at 132-133° 
(0.3 m m.), yield 10.0 g. (80.4%), w25d  1.4386.

The ester (10.0 g., 0.037 mole) was saponified with a 
solution of 2.3 g. of potassium hydroxide, 35 cc. of meth­
anol, and 2 cc. of water by heating on a steam-bath over­
night. The crude acid was recrystallized from 40 cc. of 
ten per cent, aqueous acetone. The pure acid melts at 
60-61°, yield 8.55 g. (90.1%). The over-all yield based 
on barium carbonate was 72.4%, specific activity X 16: 
1050 cts./m in./m g. barium carbonate,9 activity of com­
pound: 810 cts./m in./m g. acid.

Carboxyl-labeled Tripalmitin.—Palmityl chloride was 
prepared as described by earlier workers10 from 8.3 g. 
(0.0324 mole) of the carboxyl-labeled palmitic acid pre­
pared above and 10 cc. of purified thionyl chloride,

Tripalmitin was prepared by slow addition, with stir­
ring, of a chloroform solution of palmityl chloride to a 
cooled mixture of 0.975 g. (0.0106 mole) of redistilled gly­
cerol, 8 cc. of dry pyridine, and 25 cc. of dry chloroform.2 
The light-yellow solution was allowed to stand three days 
at room temperature during which time it gradually dark­
ened. The mixture was processed in the usual manner, 
and the residual light-tan solid was recrystallized twice 
from acetone (Norit) to give white tripalmitin, m. p. 61- 
62°, sinters 59°, yield 6.15 g. (75.5%). The over-all 
yield from barium carbonate was 54.7%, specific activity

(7) "Org. Syntheses,” Coll. Vol. I I ,  John Wiley and Sons, Inc., 
New York, N. Y., 1944, p. 246.

(8) All m easurements of radioactivity  were carried out with a th in  
mica-window Geiger-M üller tube on a scale of 64 circuit with a 
geometry of 17.6 =*= 2.5 disintegrations per count. The activ ity  
was determ ined with th in  uniform layers of barium  carbonate ac­
cording to  the procedure described in earlier publications. The over­
all counting error was =*=2%.

(9) This value was obtained by the oxidation of a microsample 
with Van Slyke’s oxidizing solution and precipitation of the carbon 
dioxide as barium  carbonate, which was counted. To correct for 
the dilution of activ ity  in the compound, the observed specific 
activity was multiplied by sixteen.

(10) (a) H ann and Jamieson, T his Jowrna*,, 60, 1442 (1928); 
(b) Rose, ibid„ 60, 1384 (1947).
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X 17: 1040 cts./m in./m g. barium carbonate, activity of 
compounds: 760 cts./m in./m g. tripalmitin.

Carboxyl-labeled Methyl w-Hendecanoate (III).—n- 
Decylmagnesium bromide was prepared as described for 
the other Grignard reagents from 1.8 g. (0.074 mole) of 
magnesium turnings and 15 g. (0,068 mole) of w-decyl 
bromide dissolved in 80 ee. of anhydrous ether. An ali­
quot of the solution was titrated and the concentration was 
found to be u.00075 mole of Grignard reagent per cc.

A volume of 15.7 cc. (0.0117 mole) of Grignard solution 
was carbonated with radioactive carbon dioxide gener­
ated from 1.860 g. (0.00942 mole) of radioactive barium 
carbonate with a specific activity of 54,400 cts./min./mg. 
following the procedure described previously.1 The acid 
was isolated in the usual manner and was then methylated 
with an ethereal solution of diazomethane. The ester was 
distilled in a small sublimation-type still, block tempera­
ture 54-58°, pressure 0.3 mm., yield 1.560 g. (82.9%), 
»23d 1.4275, specific activity X 12 : 53,500 cts./min./mg. 
barium carbonate, activity of compound: 52,800 cts./
m in./m g. ester.

Anal. Calcd. for Ci2H2402: C, 71.95; H, 12.07.
Found: C, 71.97; H, 11*95.

w-Hendecyl Bromide Labeled at Carbon Atom One
(V).—Carboxyl-labeled methyl w-hendecanoate (1.538 
g., 0.00767 mole) was hydrogenated over copper chromite 
catalyst (1.0 g.) at an initial pressure of hydrogen of 3000 
p. s. i. at room temperature. The hydrogenolysis took 
place at 250° and was complete in six hours. The crude 
alcohol was converted directly to the bromide by passage 
of anhydrous hydrogen bromide through the alcohol at 
steam-bath temperature.7 The ^-hendecy! bromide was 
distilled in a small sublimation-type still, block tempera­
ture 70-75°, pressure 0.5 mm., yield 1.432 g. (79.3%), 
w25d 1.4548, specific activity X 11: 53,100 cts./min./mg. 
barium carbonate; activity of compound: 44,800 cts./
min./mg. bromide.

Anal, Calcd. for CnHgsBr: C, 56.17; H, 9,86. Found: 
C, 56.61; H, 10.28.

w-Hendecanoic Acid Labeled at Carbon Atom Six
(VIII).—Methyl 5-keto-n-hexadecanoate was prepared 
following the procedure outlined by Cason and Prout ex­
cept for one modification.11 The Grignard reagent was 
prepared from 0.15 g. (0.0062 mole) of magnesium turn­
ings and 1.412 g. (0.006 mole) of w-hendecyl bromide 
labeled at carbon atom one in 50 cc. of anhydrous ether. 
The resulting Grignard reagent was converted to the di- 
alkylcadmium compound with 0.71 g. (Ö.00389 mole) of 
anhydrous cadmium chloride. After the addition of the 
cadmium chloride, the mixture was heated under reflux 
until a negative Gilman test for a Grignard reagent was 
obtained. This required about two hours. The ether was

(11) Cason, T his Journal, 2078 (1946), and earlier papers.

replaced with benzene, and the resulting suspension was 
treated with 1.00 g. (0.0061 mole) of 7-carbomethoxy- 
butyryl chloride.12 13 The reaction mixture, after heating 
under reflux for one hour, had set to a solid mass and then 
was decomposed as usual. The crude reaction mixture was 
directly saponified with a solution of 0.4 g. of potassium 
hydroxide in 10 cc of methanol. After dilution to 50 cc. 
with water , the mixture was extracted with ether to remove 
the neutral compounds. w-Docosane (100 mg.) marked 
at carbon atoms eleven and twelve was isolated. The 
alkaline layer was acidified and then extracted with ether.

The crude keto acid was reduced by the modified Wolff- 
Kishner method18 using 6.4 cc. of diethylene glycol, 0.8 
g. of sodium hydroxide, and 0.77 cc. of one-hundred per 
cent, hydrazine hydrate. The crude acid was distilled 
onto a cold-finger type condenser at a bath temperature of 
110° and pressure of 1 mm. The distillate was recrystal­
lized from 15 cc. of ten per cent, aqueous acetone (Norit), 
m. p. 61-62°, yield 700 mg. (45.7%), specific activity X 
16: 52,700 cts./m in./m g. barium carbonate, activity of 
compound: 40,500 cts./m in./m g. acid.

Anal. Calcd. for CX6H820 2: C, 74.94; H, 12.58.
Found: C, 74.55; H, 12.47.

In a practice experiment with non-radioactive n- 
hendecyl bromide (6.71 g., 0.00286 mole) and 7-carbo- 
methoxybutyryl chloride (3.76 g., 0.0228 mole), the keto 
acid was isolated, and recrystallized from methanol, m. p.
84.5-85°, yield, 4.87 g. (64% based on bromide, 79% based 
on acid chloride). This acid, when subjected to the Wolff- 
Kishner reaction, was reduced to palmitic acid in a yield 
of 82%.

Summary
1. Palmitic acid and tripalmitin, labeled in the 

carboxyl carbon with carbon fourteen, have been 
prepared.

2. Palmitic acid, labeled at carbon atom six 
with carbon fourteen, has been synthesized.

3 . A re-examination of the work of Houston on 
the synthesis of 4-ketohexadecanoic acid by the 
cadmium procedure, has shown that it is critical 
to allow sufficient time for the conversion of a 
Grignard reagent to a dialkylcadmium compound.
B erkeley  4, California  R eceived  A ugust  4, 1947

(12) The acid chloride was prepared from half ester th a t had been 
fractionally distilled through a column (b. p. 156° (10 mm.)) and 
purified thionyl chloride. The chloride boils a t 84° (7 m m .); see 
Harris, Wolf, et al., T h is  Journal, 67, 2096 (1945), and "Org. 
Syntheses,”  25, 19 (1945).

(13) Huang-Minlon, ibid., 68, 2487 (1946).
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[C o n t r ib u t io n  p r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

The Preparation of Cyclopentenones from Lactones
By R o bert  L. F r a n k , R ose  A rmstrong , J ack  K w ia t e k  a n d  H arold  A . P rice

The reaction of lactones with phosphorus pent- 
oxide to form cyclopentenones, by which synthe­
ses of dihydrojasmone (VII)1 and dihydrocinerone
(VI)2 have been recently accomplished, has now 
been further investigated to determine its scope 
and usefulness as an alternative method to those 
developed by Hunsdiecker3 and by Johnson and 
Petersen.4

R'

RCH2C(CH2)2CO

l— 0 — 1

c h 2 c r  
\ c /
i

I, R =  R' =  H IV, R =  R' = CHs
II, R =  H, R' =  CHS V, R -  »-CiH7, R' -  CH3

III, R -  w-C6H13, R' =  H VI, R =  n-C4H9, R' -  CH3
VII, R -  n-C5Hu, R' -  CH3

VIII, R -  n-CgHis, R' -  H

The lactones were prepared in yields of 15-64% 
by the addition of the appropriate Grignard re­
agents to esters of levulinic acid, using the low- 
temperature technique of Cason, Adams, Bennett 
and Register.5 Both ethyl and cyclohexyl levu- 
linates were used, the choice depending on the ease 
of separation by fractional distillation of the lac­
tones from the starting materials.

The reaction of the simplest lactones (I and II) 
with phosphorus pentoxide was found to yield 
only black tarry products rather than the desired 
cyclopentenones, probably because of insufficient 
steric hindrance around the a, /5-unsaturation of 
the products to prevent polymerization in the 
strongly acidic reaction mixture.

Better results are obtained with increased sub­
stitution, the respective yields being 30, 32, 302 
and 50%1 of the cyclopentenones represented by 
Structures IV, V, VI and VII. In these instances, 
in which R ' =  methyl, the transformation gives 
only 2-cyclopentenones. 2,3-Disubstituted 4-cy- 
clopentenones (IX) were not found; nor were /?- 
substituted products (X), which might have been 
expected by ring closure involving the 7-methyl 
group. If formed these latter compounds|would 
have been readily detected through their ultra-

CH—CHR' CHr-CCHs■| IIII 1
CH CHR c h 2 c h

\ c / w
II II
O o

IX X
(1) Frank, Arvan, R ichter and Vannem an, T his Journal, 66, 4 

(1944).
(2) LaForge and Barthel, J . Org. Chem., 10, 222 (1945).
(3) Hunsdiecker, Ber., 75B, 447 (1942).
(4) Johnson and Petersen, T his Journal , 67, 1366 (1945).
(5) Cason, Adams, B ennett and Register, ibid., 66, 1764 (1944).

violet absorption spectra, as described below. 
Thus, a methylene group adjacent to the 7 -posi- 
tion of the lactone appears to react in preference to 
a similarly-attached methyl group in the forma­
tion of the five-membered ring.

7 ,5-Dimethyl-7-caprolactone (XI), however, a 
gamma lactone having a methyl and a methinyl 
group attached to the gamma carbon atom, gives 
on treatment with phosphorus pentoxide a com­
plex mixture containing at least two a,/3-unsatu- 
rated ketones. A 6% yield of 2,2,3-trimethyl-4- 
cyclopentenone (XII), characterized by ozonoly-

CH3 CHa

CHaiH— icHsCHaCO

Q—J
P2Os ——>

CHj1

CH--CHCHa / CH\
CH* c —

II 1 +
c h 2 % ; hCH C(CH3)2

\ c /

o o
XII XIII

sis to trimethylsuccinic acid and reduction to
2,2,3-trimethylcyclopentanone, was isolated by 
fractional distillation.

The other ketone (6%) has not been positively 
identified, but its C-methyl determination (1.5)6»7 
and ultraviolet absorption maximum of 231 mju8 
indicate its structure to be 3,4-dimethyl-2-cyclo- 
hexenone (XIII), the reaction product which 
would result by ring closure involving the 5-methyl 
group of the lactone (XI).

One additional lactone, 7 -undecanolactone 
(III), gave results similar to those of Plattner and 
St. Pfau9 in their study of the action of sulfuric 
acid on w-undecylenic acid. The main product 
was 2-w-hexyl-2-cyclopentenone (VIII), but the 
yield was low (17%) and high purity of product 
difficult to attain due to the occurrence of smaller 
amounts of an isomer, 2-w-hexyl-4-cyclopente- 
none.

I t  is significant that when the lactone contains 
both a methyl and a methylene group, a single 
product is formed, while a complex mixture results 
if the methyl group is absent.

The ultraviolet absorption spectra of substi­
tuted cyclopentenones have been studied by Gil-

(6) Kuhn and L ’Orsa, Z. angew. Chem., 44, 847 (1931).
(7) Barthel and LaForge, Ind. Eng. Chem., Anal. Ed., 16, 434  

(1944); Pregl-G rant, “ Q uantitative Organic M icroanalysis,” 4 th  
ed., T he B lakiston Co., Philadelphia, Pa., 1945, pp. 167-169.

(8) W oodward, T h is Journal, 63* 1123 (1941); 64, 76 (1942).
(9) P lattner and St. Pfau, Helv. Chim. Acta, 20, 1474 (1937).
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lam and West,10 who have shown for several 2,3- 
disubstituted 2-cyclopentenones an approximate 
deviation of —11 mjx from Woodward’s average 
value of 247 =*= 5 mjx for open-chain a,/3-unsatu- 
rated carbonyl compounds triply substituted 
around the double bond with non-absorbing 
groups. Gillam and West have suggested that 
this can be extended as a general amendment to 
Woodward’s rule.8 The absorption maxima for
2-cyclopentenones unsubstituted, singly substi­
tuted, and doubly substituted a t the double bond 
should, therefore, appear a t 214 =*= 5 m/x, 224 =*= 5 
mix and 236 =*= 5 m/x, respectively.

Absorption spectra of our cyclopentenones, with 
one exception (XII), fall within the range of these 
predictions, with maxima as follows: 2,3-di-
methyl-2-cyclopentenone (IV), 235 m/x; 2-n-pro- 
pyl-3-methyl-2-cyclopentenone (V), 235 m/x; 2-n- 
hexyl-2-cyclopentenone (VIII), 229 m/x; 2,2,3- 
trimethyl-4-cyclopentenone (XII), 221 m/x; 2-n- 
hexyl-4-cyclopentenone, 212 m/x.

Experimental
Cyclohexyl Levulinate.—This was prepared by a pro­

cedure analogous to that for ethyl levulinate1 from 581 
g. (5.00 moles) of levulinic acid, 990 g. (9.88 moles) of 
cyclohexanol and 1 ml. of concentrated sulfuric acid in 500 
ml. of benzene. The yield was 803 g. (81.5%) of cyclo- 
hexyl levulinate, b. p. 116-118° (2 m m.); n20D 1.4559; 
sp. gr. 202o 1.023; M R  calcd., 52.35; M R  found, 52.66.

Anal.11 Calcd. for CiiHi80 3: C, 66.54; H, 9.15.
Found: C, 66.60; H, 9.35.

Preparation of Lactones.—Procedures similar to that of 
Cason, Adams, Bennett and Register8 for 7 -methyl-y-w- 
propylbutyrolactone were used. 7 -Methyl-7-valerolac- 
tone was prepared from 200 g. (1.41 moles) of methyl 
iodide and 34.0 g. (1.40 gram atoms) of magnesium turn­
ings in 500 ml. of dry ether and 318 g. (1.60 moles) of 
cyclohexyl levulinate in 1 liter of dry ether. The crude 
product, after shaking with zinc dust, was fractionally 
distilled through a twelve-inch helix-packed column to 
give a fore-run of cyclohexanol and 78.8 g. of the lactone, 
b. p. 85-90° (18 mm.). Redistillation gave 67.4 g. 
(42%) of colorless product, b. p. 89-91° (17 m m.); n20o 
1.4352; sp. gr. 202o 1.020; M R  calcd.: 29.24; M R
found, 29.22.

7 -M ethyl -y -caprolactone was prepared similarly from 
230 g. (2.11 moles) of ethyl bromide and 48.6 g. (2.00 
gram atoms) of magnesium turnings in 500 ml. of dry 
ether and 396.5 g. (2.00 moles) of cyclohexyl levulinate 
in 2 liters of dry benzene and 500 ml. of dry ether. Frac­
tional distillation of the crude product gave 146.5 g. 
(65% based on unrecovered cyclohexyl levulinate) of 
lactone, b. p. 102-103.5° (15 m m .); n20r> 1.4412; sp. gr. 
202o 1.004; M R  calcd., 33.86; M R  found, 33.71. There 
were also obtained 86.5 g. of cyclohexanol and 46.6 g. 
of cyclohexyl levulinate, b. p. 115° (3 m m.).

7-Methyl-7-octanolactone was synthesized from 430 
g. (3.14 moles) of w-butyl bromide and 73.0 g. (3.00 
gram atoms) of magnesium turnings in 800 ml. of dry 
ether, and 500 g. (3.52 moles) of ethyl levulinate in 3 
liters of benzene. The crude product, after shaking with 
zinc dust, gave on fractional distillation 279.8 g. (60%) of 
the colorless lactone, b. p. 85-87° (2 mm.) (reported,12 
120-123° (15 m m.)); n20d 1,4452; sp. gr. 2020 0.964;
M R  calcd.: 43.10; M R  found: 43.11.

Anal. Calcd. for C»Hi60 2: C, 69.19; H, 10.32.
Found: 0 , 69.40; H, 10.53.

(10) Gillam and W est, J . Chem. Soc., 486 (1942).
(11) Microanalyses were carried out by Missi Theta Spoor, 

Miss Lillian H ruda and Miss B etty  Alice Snyder.
CIS) Wilna*** T W  JvWUKtibt @7* 2161 (1945)*

7 ,8-Dimethyl -y  -caprolactone (XI) was prepared from 
1275 ml. (1684 g., 13.70 moles) of isopropyl bromide and 
314 g. (12.9 gram atoms) of magnesium turnings in 3900 
ml. of absolute ether and 1885 g. (13.08 moles) of ethyl 
levulinate in 6.5 liters of dry benzene. Fractional dis­
tillation of the crude product gave 274,9 g. (15.1%) of the 
lactone, b. p. 116° (16 m m.); n20D 1.4460; sp. gr. 202g 
0.991; M R  calcd., 38.49; M R  found, 38.26.13

The Reaction of Lactones with Phosphorus Pentoxide.— 
The transformations were carried out similarly with all 
the lactones. One-fifth mole of phosphorus pentoxide 
was placed in a distilling flask equipped with a ground- 
glass joint. The lactone (0.27 mole) was then poured 
into the flask, which was immediately attached to a dis­
tilling column partially filled with glass helices. The 
mixture was heated gently with a flame to initiate reaction, 
the pressure was gradually reduced to 2-28 mm., and the 
products finally distilled directly from the dark reaction 
mixture by the use of a free flame. They were then 
redistilled.

2,3-Dimethyl-2-cyclopentenone (IV).—7 -Methyl-7- 
caprolactone (in three runs totaling 101.6 g., 0.78 mole) 
gave 53.0 g. of distillate, b. p. 102-115° (28 mm.). 
Redistillation yielded 29.6 g. of starting material, b. p. 
101-110° (25 mm.), and 18.8 g. (30.4% based on un­
recovered lactone) of 2,3 -dimethyl-2-cyclopentenone, 
b. p. 90-92° (25 mm.); n20d 1.4830; sp. gr. 202o 0.969; 
MR  calcd., 31.89; M R  found, 32.47; ultraviolet ab­
sorption maximum 235 m /x (log e = 3.04). The semi- 
carbazone of the product melted at 247-250° (dec.) 
(reported,3 247° (dec.)).

3 -M ethyl -2 -n -propyl ~2 -cyclop entenone (V).—7 -Methyl - 
7-octanolactone (in five runs totaling 210 g., 1.35 moles) 
gave 136.4 g. of distillate. Redistillation yielded 39.6 
g. (32% based on unrecovered lactone) of 3-methyl-2-w- 
propyl-2-cyclopentenone of mint-like odor, b. p. 55-58° 
(2 m m .); w20d 1.4778; ultraviolet absorption maximum, 
235 mju (log € =  3.04); and 71.2 g. of starting material, 
b. p. 82-88° (2 mm.). The semicarbazone of the product 
melted at 209-210.5° (reported,3 212°).

2,2,3-Trimethyl-4-cyclopentenone (XII) and 3,4-Di­
methyl -2 -cyclohexenone (XIII).—7,5-Dimethyl-7-capro­
lactone (XI) was treated with phosphorus pentoxide in 
ten runs of 32 g. (0.23 mole) each to give 18.8 to 23.7 
g. of slightly yellow distillate per run, n20d 1.4563- 
1.4621. All were combined to total 212.2 g., n20d 1.4601. 
Careful distillation through a thirty-six inch helix-packed 
column with a total reflux-partial takeoff head and reflux 
ratio 20:1 yielded 11.8 g. (6%, based on unrecovered 
lactone) of 2,2,3-trimethyl-4-cyclopentenone (XII) of 
camphor-like odor, b. p. 66-66.5° (19 mm.), 169.5-170° 
(740 mm.); n20i> 1.4599; sp. gr. 204 0.911; M R  calcd., 
36.50; M R  found, 37.06; C-methyl14 * calcd. (2 methyls), 
24.2%; found, 19.5, 19.7%; ultraviolet absorption 
maximum 221 m/x (log e =  2.77). Anal. Calcd. for 
CsHX20 :  C, 77.37; H, 9.74. Found: C, 77.18; H, 9.80. 
The semicarbazone of this fraction, recrystallized from 
ethanol as shiny colorless needles, melted at 189-190°.

Anal. Calcd. for C9H i5N30 :  C, 59.64; H, 8.34.
Found: C, 59.38; H, 8.60.

Attempts to prepare a crystalline oxime were unsuccess­
ful.

A second fraction, probably 3,4-dimethyl-2-cyclo- 
hexenone (X III), weighed 11.0 g. (6%, based on unre­
covered lactone), b. p. 100-101° (18 mm.); n20D 1.4779; 
C-methyl calcd. (2 methyls): 24.2%; found: 18.0,
17.4%; ultraviolet absorption maximum 231 m/x (log € =* 
3.02). Anal. Calcd. for C8Hi20 : C, 77.37; H, 9-74. 
Found: C, 75.14, 74.91; H, 9.79, 9.78.

The semicarbazone, recrystallized from 40% ethanol 
as colorless platelets, melted at 183-184°.

Anal. Calcd. for C9HuN30 : C, 59.64; H, 8.34.
Found: C, 59.77; H, 8.48.

(13) Blaise, Compt. rend., 130, 1033 (1900),
(14) C-M ethyl determ inations were carried out by Mr. Howard

Clark of the Illinois S tate Geological Survey.
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This semicarbazone was shown to be different from that 
of 2,2,3 -trimethyl -4 -cyclop en tenone (XII) by a depressed 
mixed in. p., 168-170°.

Attempts to prepare a solid oxime were unsuccessful.
As a higher-boiling fraction, 99.3 g. of the starting 

lactone was recovered.
2-n-Hexy 1 -2 -cyclopentenone (VIII) and 2 -Hexyl-4- 

cyclopentenone.—7-Undecanolactone (commercial prod­
uct of Givaudan-Delawanna, Inc., New York) (in two 
runs totaling 100.0 g., 0.54 mole) gave 25.3 g. of a mix­
ture of ketones, b. p. 74-94° (2 mm.); n2QD 1.4728. 
Redistillation yielded 15.7 g. (17.5%) of 2-«-hexyl-2- 
cyclopentenone, b. p. 97-100° (5 mm.); n20d 1.4675;
sp. gr. 202o 0.910, M R  calcd., 50.32; MR  found, 50.72; 
ultraviolet absorption maximum 229 m/x (log e =  2.70). 
The semicarbazone, recrystallized as a colorless powder 
from 40% ethanol, melted at 194.5-196° (reported,9196°). 
A 4-g. lower-boiling fraction, b. p. 60-70° (5 mm.); 
n20D 1.4854; ultraviolet absorption maximum 212 m/x 
(log e =  2.40), yielded a semicarbazone corresponding 
in melting point (192-193.5°) to that of Plattner and St. 
Pfau9 (m. p. 189-190°) for 2-n-hexyl-4-cyclopentenone. 
A mixture with the semicarbazone of 2 -n -hexyl -2 -cyclo - 
pentenone melted at 186-187°.

Ozonolysis of 2,2,3-Trimethyl-4-cyclopentenone (XII). 
—Ozone was bubbled for twelve hours through a solution 
of 3.3 g. (0.027 mole) of 2,2,3-trimethyl-4-cyclopentenone 
in 35 ml. of glacial acetic acid. The solution was then 
added drop wise to 25 ml. of 11% aqueous hydrogen per­
oxide, the mixture being agitated by a stream of air 
bubbles, and refluxed for two hours. The acetic acid was 
removed by steam distillation and the residue evaporated 
to a volume of approximately 5 ml. To this was added 
5 ml. of concentrated nitric acid, followed by reevapora­
tion to 5 ml., the process being repeated three times. On 
standing the solution then deposited platelets of trimethyl- 
succinic acid, weighing 0.75 g. (18%) after recrystalliza­
tion from concentrated nitric acid, m. p. 147.5-149° 
(reported,15 148-149°) ; neutral equivalent calcd., 80.1; 
found, 84.6.

Anal. Calcd. for C7H12O4: C, 52.49; H, 7.55. Found: 
C, 52.22; H, 7.81.

Distillation of 0.25 g. of the acid gave a colorless solid 
melting ca. 30° (anhydride). On standing with an 
equimolar amount of ^-toluidine in benzene this deposited 
crystals of the mono-£-toluidide of trimethylsuccinic acid. 
Recrystallization from 95% ethanol gave colorless needles 
melting at 125-126° (reported,16 127°).

(15) Auwers, A nn., 292, 142 (1896).
(16) Auwers and Umgemach, Ber., 68, 349 (1935).

Hydrogenation of 2,2,3 -Trimethyl-4 -cyclopentenone
(XII).—Two grams of the ketone dissolved in 8 ml. of 
ethanol was hydrogenated over Raney nickel at room tem­
perature and a pressure of 1900 lb. per square inch. The 
reaction was stopped after five minutes when one molar 
equivalent of hydrogen had been absorbed (estimated by 
pressure drop). The catalyst was removed by filtration 
and the semicarbazone and oxime prepared from the 
alcoholic solution. The semicarbazone, recrystallized 
from 40% ethanol, took the form of shiny plates, m. p. 
197-198° (reported,17 210-212°).

Anal. Calcd. for C 9H1 7N3O : C, 58.99; H , 9.35.
Found: C, 58.76; H, 9.15.

A mixed m. p. with the semicarbazone of 2,2,3-tri- 
methyl-4-cyclopentenone (XII) was depressed, 184- 
185°.

The oxime, recrystallized from water or aqueous ethanol 
as colorless needles, melted at 103-104° (reported,18 
104°).

Anal. Calcd. for C8H15NO: C, 68.05; H, 10.71.
Found: C, 67.45; H, 10.56.

Ultraviolet Absorption Spectra.—Miss Ruth Johnston 
carried out the determinations using a Beckmann Model D 
Spectrophotometer. The ketones were dissolved in 95% 
ethanol, concentration 0.006 g. per liter of solution; 
log e =»' log (1 /cl)-log (Iq/ I ) ,  in which c =  g./100 ml. of 
solution, 1 =  1 cm.

Summary
7-Methyl-7 -lactones having a methylene group 

adjacent to the gamma carbon atom are converted 
smoothly by action of phosphorus pentoxide to
2,3-disubstituted 2-cyclopentenones. This 
method is not applicable, however, for the prepa­
ration of 2-cyclopentenone and 3-methyl-2-cydo­
pen tenone.

7 ,5-Dimethyl-7-caprolactone, when treated 
with phosphorus pentoxide, is converted in low 
yield to 2,2,3-trimethyl-4-cyclopentenone and 
other products.

The ultraviolet absorption spectra of substi­
tuted 2-cyclopentenones are briefly discussed.

(17) Blanc and Desfontaines, Compt. rend., 136, 1141 (1903).
(18) Noyes and Patterson, A m . Chem. J .,  27, 427 (1902).
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The Synthesis of Some Substituted Thiocarbazones1
By D . S. T a r b e l l , C. W. ToDD,2a M. C. P aulso n ,211 E. G. L indstro m 2c a n d  V. P. W y st r a c h 2<1

The observation3 that thiocarbazones, especially 
di- (^-biphenyl) -thiocarbazone, were sensitive re­
agents for the detection of small amounts of ar- 
senicals, led to the preparation and testing of a 
number of substituted thiocarbazones. The syn-

(1) The work described in this paper was done under Contract 
OEM-sr-319, recommended by the  N ational Defense Research 
Committee, between the Office of Scientific Research and Develop­
ment, and the University of Rochester.

(2) Present address: (a) Experim ental S tation, E. I. du Pont de 
Nemours, Inc., Wilmington, Del.; (b) Research Laboratory, 
Grasselli Chemical Company, Cleveland, Ohio; (c) California Re­
search Corporation, Richmond, Calif.; (d) Research Laboratory, 
American Cyanamid Company, Stamford, Conn.

(3) By Professor Weldon G. Brown of the University of Chicago*

thesis of these compounds, and their properties as 
arsenical detectors, are described in the present 
paper.

Thiocarbazones (I) are prepared by oxidation of 
the corresponding thiocarbazides (II) by air in 
alkaline solution or by hydrogen peroxide

S S

Ar NHNH^NHNH A t ----- ^ 2  Ar N =N C N H N H  Ar
II I

Several methods were used for the preparation of 
the necessary thiocarbazides in our work.
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(1) The Fischer Method.—This involves 
formation of the hydrazine salt of a dithio- 
carbazinic acid (III), which, on heating, evolves 
hydrogen sulfide and yields the thiocarbazide II.
2ArNHNH2 +  CS, — >

-HaS
ArNHNHCSaH-HaNHNAr — — II

III

A number of hydrazines were prepared by the 
usual procedure of reduction of the diazonium 
compound with sodium sulfite4 or stannous chlo­
ride.5 Diazonium compounds having electron- 
donating groups in the ortho- or para-positions 
were cleaved by reduction, with the formation of 
the original amine or the corresponding nitrogen- 
free aromatic compound instead of the hydrazine. 
This behavior was shown by the diazonium salts 
from ^-aminodimethylaniline, 2,6-dimethoxyani­
line, 4-dimethylamino-1 -naphthylamine, N - (p- 
aminophenyl)-morpholine, and 2-aminodiphenyl 
sulfide. In order to test the feasibility of a pro­
jected synthesis of ^-dimethylaminophenylhydra- 
zine, a model experiment was tried by treating N- 
magnesiobromoaniline with monochloroamine ; 
the only product isolated was p-bromoaniline, 
identified through the mixed melting point as the 
acetyl derivative. Apparently the following re­
actions took place, instead of the desired formation 
of phenylhydrazine.
C6H5NHMgBr +  CINHa — >  C6H6NHMgCl +  Br.NH2

i
p- BrC6H4NHMgCl +  NH3

Much variation was noted in the ability of the 
various arylhydrazines to react with carbon disul­
fide. ^-Nitrophenylhydrazine did not react un­
less a base was present; in the presence of pyri­
dine, a product was obtained which was probably 
^-N02C6H4NHNHCS2H.C6H5N, but no thiocar­
bazide could be obtained from it. ^-Phenoxy- 
phenylhydrazine did not react normally; the thio­
carbazide; if formed, apparently was unstable.6

The reaction of thiophosgene with arylhydra­
zines to form thiocarbazides was also used in a few 
cases, but it did not offer any advantage over car­
bon disulfide.7

2-Pyridylhydrazine and carbon disulfide gave a 
compound at first believed to have the structure 
IV, but it was later found to be V, which had been

(4) “ Organic Syntheses,” Coll. Vol. I , 2nd ed., p. 442.
(5) Graebe and R ateanu, A nn ., 279, 267 (1894).
(6) I t  may be noted th a t  o-phenoxyphenylhydrazine is stable in­

definitely, while th e  i>-compound is stable for only a few hours;

H — N - N H

(7) Thiophosgene is much more readily prepared by the method 
given in Sartori, “ The W ar Gases,” D. Van Nostrand Co., New 
York, N. Y., 1939, p. 213, than  by the  “ Organic Syntheses” method 
Coll. Vol. 1, 2nd ed., p. 506).

previously prepared from 2-pyridylhydrazine and 
potassium trithiocarbonate.8

i •NHN— C==S

IV

■ N' =N

V

SH

In the second stage of the reaction between car­
bon disulfide and the hydrazine (III —> II), long- 
continued heating after the evolution of hydrogen 
sulfide has stopped may lead to formation of a 
thiosemicarbazide from the thiocarbazide III by 
disproportionation. Thus, when 2-methylthiol- 
phenylhydrazine VI was treated with carbon di­
sulfide and heated overnight on the steam-bath, 
the thiosemicarbazide VII was the only product 
isolated. When the heating was limited to about 
an hour, the thiocarbazide was obtained as usual.

o-CH,SC6H4NHNH2 0-CHsSC6H4NHNHCSNH2 
VI VII

(2) The Bamberger Nitroformazyl Method.9
— This method avoids the preparation of the 
hydrazines, and although it requires careful 
attention to detail and some practice, is usually 
better than the Fischer method. I t involves the 
coupling of two moles of diazonium compound 
with sodionitromethane, followed by reduction of 
the resulting nitroformazyl VIII with ethanolic 
ammonium sulfide;
2ArN2Cl +  CH3NO2 — >  ArN—NCHN===NAr

NO, VI11
v EtOH(NH4)2S

II
A modified procedure, due to Professor N. L. 
Drake,9a in which the pH  of the diazonium solution 
is brought to 6 before adding the sodionitrometh­
ane, has been found very useful.

A number of trials runs showed that the pro­
cedure could be modified further with advantage 
by carrying out the coupling reaction in an acetate 
buffer containing 40% acetic acid at a pH  of about 
4.5; nitromethane itself was found to couple just 
as well as the sodio derivative under these con­
ditions;10 since the sodio derivative would obvi­
ously revert to nitromethane at this pH  in an ace­
tate buffer. The mechanism of the coupling re­
action can be represented as11

(8) Mills and Schindler, J . Chem. Soc., 123, 321 (1923).
(9) Bamberger, Ber., 33, 2043 (1900); 27, 155 (1894); A nn., 

446, 260 (1926).
(9a) P rivate communication from Professor N. L. Drake, Uni­

versity of M aryland.
(10) This procedure is based in p art on Bamberger’s work (ref. 

9); a somewhat similar procedure has been published by H ubbard 
and Scott, T h is  J ournal, 65, 2390 (1943).

(11) Coupling of diazonium compounds with phenols and aro­
matic amines involves the diazonium ion, and the phenoxide ion or 
the free amine, respectively (B artle tt and W istar, T his Journal, 63, 
413(1941)).
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ArN,+ +  CH,N02-  — >  A rN =N CH 2N 02

It
ArNHN—CHNO2

ArN2+ -f A rN =N C H N 02“ — >  ArN—NCHN=NAr

N02
2-Atninodiphenyl sulfide yielded a nitroformazyl 
by this procedure, but it was unsuccessful with
2-aminofluorene and 4-aminostilbene. The sug­
gestion that the reaction involves the anion in each 
step is supported by our observation that the 
phenylmethylhydrazone of nitroformaldehyde, C6- 
H5N(CH3)N =C H N 02, which is insoluble in al­
kali, does not couple with benzenediazonium chlo­
ride in an acetate buffer or in glacial acetic acid.

The compound CeHeNHN==CHN02, in con­
trast, is readily soluble in dilute alkali, and couples

ter does not seem to have been reported, and an at­
tempt to prepare it from phenylhydrazine, carbon 
disulfide and triethylamine yielded instead the tri- 
ethylamine salt of phenyldithiadiazolonmercaptan 
X X II; the structure of this product is proved by

“ T f  !S=Cvs ^ C —SH> (C2H5)3N c h 5c h = c h c n h n h c 6h 6

XXII X X III

its formation from potassium phenyldithiadia- 
zolonmercaptide and triethylamine. The inter­
action of CeHsNHNHCSSH and C6H5N(CH3)- 
NH2, which should yield XX, after oxidation, was 
also unsuccessful.

The preparation of cinnamic thiophenylhydra- 
zide12 X X III was undertaken because of its simi-

T a b l e  I
S

T h io c a r b a z o n e s  P r e p a r e d  R<̂  " X >—N=NCNHNH<^  ^ >R
R ^ R '  R' R"

Com pound* Method 6 M. p., °C. Form ula
Analyses, %

Calcd. Found 
C H  C H

R' = OC,H6(IX) 1, 2a, 2b 167-168 dec. C25H20N4SO2 68.18 4.55 67.69 4.59
R' = OCHj(X) 1 186 dec. C16H16N4S 02 56.96 5.06 56.88 4.88
R' = OCjHj(XI) 2a 170 dec. C xsH mN ^ C V 57.50 6.38 '57.72 6.23
R = OC,H6(XII) 2a 145 dec. C25H20N4SO2 68.18 4.55 68.44 4.95
R' = CtHj(XIII) 2a 154 dec. c25h 20n 4s 73.53 4.90 73.11 4.60
R^ = C,H6(XIV) 2a 151.5 dec, c 25h 20n 4s 73.55 4.90 73.55 5.28
R' = £-CH,OCeHiO(XV) 2a 153 dec. c27h 24n 4so 4 64.80 4.80 64.25 4.97
R' = SC,Ht(XVI) 2b 131-133 dec. C26H22N4Sj 63.52 4.27 63.12 4.44
R' = SCH,(XVII) 1 145-146 c 16h 16n 4s , 51.7 4.6 51.6 4 .4
R = C6Hj, R ' = OC6H6(XVIII) 2a 159-161 dec. CpHsN<SO* 74.98 4.76 75.12 4.84
R = C«H6, R' = SCeHj(XIX) 2a 147-149 dec. c 3Th 28n 4s 2 71.13 4.52 70.43 3.40

0 R, R', R" =  H, unless otherwise indicated. b 1 =  Fischer method; 2a = nitroformazyl (Drake); 2b =  nitroform­
azyl in acetate buffer. e Calculated for one molecule of methanol of crystallization.

so rapidly with a diazonium compound to form the 
nitroformazyl, as above, tha t it can be isolated 
from the reaction mixture only with difficulty.

The thiocarbazones obtained in fairly pure form 
are indicated in Table I ; compounds whose prepa­
ration in pure form failed are listed in Table II. 
The p-acetyl and p-benzoyl derivatives listed in 
Table II apparently are unstable because they 
oxidize very readily to the carbodiazone type, 

S
li

A rN=NCN =N A r, in which there is a more ex­
tended conjugated system. In order to prevent 
this oxidation to the diazone type, which seemed 
to be one cause of the instability of the thiocarba­
zones when used as detecting agents, much time 
was spent in attempts to make a methyl substi­
tuted thiocarbazone (XX), which should be stable 
to oxidation of this type. Compound XX should

C6H5N(CH3(NH CSN=NC6H5 c 6h 5n h n = c= s
X X  XXI

be obtained, after oxidation, from a-methyl- 
phenylhydrazine and compound XXI, but the lat-

T a b l e  II
T h io c a r b a z o n e s  W h o s e  P r e p a r a t io n  W a s  A t t e m p t e d

P aren t amine Method Rem arks
^-Aminoacetophenone 2a Thiocarbazide unstable
p-Aminobenzophenone 2a Thiocarbazide unstable
2,6-Dimethoxyaniline 1,2a Thiocarbazone unstable,

thiosemicarbazide isolated
2-Aminofluorene 1,2a, 2b
2-Aminodibenzofuran 1 Oxidation to thiocarb­

azone failed
0-Fluoroaniline 2a Not obtained analyti­

cally pure
2-Amino-5-methyl- 2a Thiocarbazone appar­

benzenesulfonic ently obtained, but
acid could not be isolated 

from aqueous solution
4-Aminostilbene 1,2a, 2b
2-Aminothiazole 2a Diazonium solution un­

stable
2-Aminopyridine 1 Ring closure occurred
2- (/>-Aminophenyl) - 2b Not obtained pure

naphthalene
(12) Suggested by Dr. Donald E. Pearson.
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larity to the thiocarbazone structure. I t could 
not be obtained by the action of phosphorus penta- 
sulfide on cinnamic phenylhydrazide, and the 
imido chloride of the phenylhydrazide could not be 
obtained. Another approach, through styryl- 
nitromethane and the nitroformazyl CeHöCH— 
CHCH (N02) N =N C 6H5 was not successful, al­
though styrylnitromethane was apparently ob­
tained from cinnamyl bromide and silver nitrite in 
acetonitrile solution, and a red product, presum­
ably the nitroformazyl, was obtained by treatment 
of this with benzenediazonium chloride.

The thiocarbazones listed in Table I were tested 
as arsenical detectors and the o-phenoxy derivative 
(IX) was found the most promising, considering 
stability, sensitivity, sharpness of color change and 
ease of synthesis.

Experimental Part13
2-Aminodiphenyl Ether.—Reduction of 78 g. of 2- 

nitrodiphenyl ether (in three batches) with hydrogen and 
Raney nickel in alcohol yielded 51.0 g. (78%) of the 
amine, m. p. 45.5-47°, and a second crop of 9.5 g., m. p. 
43-47° (total 94%). Zinc dust and calcium chloride in 
ethanol gave a 68% yield of the amine from the nitro 
compound.14

2 -Phenoxyphenylhydrazine.—Twenty-five grams of the 
above amine was diazotized, the excess nitrous acid de­
stroyed with sulfamic acid, and 107 g. of stannous chloride 
in 107 cc. of concentrated hydrochloric acid added. After 
stirring one hour, the complex tin salt was removed and 
treated with 77 g. of sodium hydroxide dissolved in 650 
cc. of water. The precipitate was treated with 500 cc. 
of water and 20 cc. of concentrated hydrochloric acid, 
warmed until solution was effected and cooled to obtain 
the hydrazine hydrochloride, which melted with decom­
position at 171°. The hydrochloride was dissolved in 
warm water, treated with hydrogen sulfide and filtered; 
the hydrazine was obtained as a white precipitate, which 
after recrystallization from alcohol, had the m. p. 152- 
154°, yield, 12 g. (45%).

Anal. Calcd. for Ci2Hi2N20 :  C, 72.00; H, 6.00.
Found: C, 72.33; H, 6.10. The benzal derivative melts 
at 129-130.5°.

The m. p. of the hydrazine is surprisingly high, com­
pared to the para isomer, which melts at 52°, and is very 
unstable.

2-Nitro-4'-methoxydiphenyl Ether.15—The potassium 
salt of hydroquinone monomethyl ether (6.2 g.) was pre­
pared in ethanol, the solvent removed and 7.9 g. of o- 
nitrochlorobenzene added: the temperature was brought 
to 160° for one hour, the mixture cooled and poured into 
dilute alkali. The product (8.6 g., 70%) melted, after 
crystallization from ethanol, at 74-74.5°.

2-Nitrodiphenyl Sulfide.—The procedure of Cullinane 
and Davis18 19 was improved as follows: To a mixture of 
thiophenol (33 g.), 39 g. of sodium carbonate and 120 
cc. of water was added a solution of 47.1 g. of 0-chloro - 
nitrobenzene in 150 cc. of hot ethanol. The mixture was 
stirred and warmed on the steam-bath for four hours, 
then poured in 500 cc. of cold water, filtered and washed 
with water. Recrystallization from 200 cc. of ethanol 
yielded 61 g. (87%) of bright yellow crystals, m. p. 78- 
80°. The reported value16 is 82°.

2-Aminodiphenyl Sulfide.—This compound was ob­
tained by reduction of the nitro compound, and also by

(13) Analyses by R obert Bauman.
(14) Cf. Suter, T his Journal, 51, 2583 (1929); th e  reported m. p. 

is 44-45°.
(15) Cf. Henley, J . Chem. Soc., 1222 (1930); Mole and Turner, 

ibid., 1720 (1939). The m. p. is reported as 75-76.5°.
(3 6) Ctdlinaue and Davis, JR.ec. trav. chim., 65, 881 (1936).

the following procedure. 2-Chloroacetanilide (20 g.) 
and a few tenths of a gram of copper powder were added to 
a solution prepared by dissolving 13.2 g. of potassium 
hydroxide and 26 g. of thiophenol in 40 cc. of ^-butanol 
with heating. The solvent was removed, the residue 
heated rapidly and held at 280-300 ° (inside temperature) 
for fifteen minutes. The cooled melt, which had darkened 
considerably, was taken up in hot benzene and 10% 
sodium hydroxide solution; the two layers were filtered 
with suction and separated. The benzene layer was 
evaporated, and the crude acetyl compound hydrolyzed 
with hydrochloric acid and ethanol. The amine was 
distilled at 154-160° (3 mm.), and 11 g. (46%) of mate­
rial, m . p . 33 °, obtained. The reported16 m. p. is 35°.

4-Amino-3 -phenoxybiphenyl.—3 -Bromo-4-acetamino- 
biphenyl17 (3 g.) and 0.1 g. of copper powder were added 
to the potassium salt from 10 g. of phenol, and the melt 
heated for thirty minutes at 180°. When worked up as 
above, 2.9 g. of crude 2-acetamino-5-phenyldiphenyl 
ether was obtained, which after six recrystallizations 
from dilute alcohol melted at 166-167°. The free amine 
obtained by hydrolysis melted at 100.5-101.5° after three 
recrystallizations from alcohol.

Anal. Calcd. for Ci8H15NO: C, 82.74; H, 5.79.
Found: C, 83.12; H, 5.79.

In a second preparation, the crude acetaminodiphenyl 
ether was hydrolyzed to the free amine directly, which 
was obtained in 50% yield by vacuum distillation, m. p. 
94-99°. After one crystallization from alcohol, it melted 
at 99-101°.

4-Amino-3-thiophenoxybiphenyl.—3-Chloro-4-acet- 
aminobiphenyl (20 g.), 20 cc. of thiophenol, 9 g. of potas­
sium hydroxide, 30 cc. of n-butanol and a small amount of 
copper powder were heated at 260-280° for one hour. 
The reaction mixture was worked up as usual, yielding 
13 g. (59%) of the free amine, m. p. 68-70°.

Anal. Calcd. for Ci8H15NS: C, 77.94; H, 5.45.
Found: C, 77.87; H, 5.41.

The acetyl derivative melted at 132-134.5°. When 
the bromoacetaminobiphenyl was used instead of the 
chloro compound, a 66% yield was obtained.

2- Pyridylhydrazine.—This was prepared more conven­
iently from 2-bromopyridine than from the chloro com­
pound,18 and was obtained in 57% yield by heating the 
halogen derivative with 85% hydrazine hydrate at 125° 
for twenty-four hours.

3- Mercaptopyrido (2,1 -c) -s-triazole.19—2-Pyridylhydra- 
zine (5 g.) was added to 12 cc. of carbon disulfide in 40 
cc. of chloroform. A precipitate was formed, and the 
mixture refluxed on the steam-bath for twenty hours, 
with the evolution of hydrogen sulfide. The crystals 
present were isolated, weighed 6.10 g. (88%), and melted 
at 209-210°. The product is insoluble in benzene and 
dioxane, but is soluble in methanol and dilute sodium 
hydroxide.20

Anal. Calcd. for C6H6N2S: C, 47.7; H, 3.3; mol. 
wt., 151. Found: C ,48.1; H ,3.4; mol. wt. (Rast), 165.

This compound was also obtained by action of thiophos­
gene on 2-pyridylhydrazine.

(17) The preparation of th is compound, which involves the  
separation of th e  constant melting mixture of 3-bromo-4-acetamino- 
biphenyl and 3,4'-dibromo-4-acetaminobiphenyl obtained as one of 
the products in th e  brom ination of 4-acetaminobiphenyl (Kenyon 
and Robinson, J . Chem. Soc., 3050 (1926); Case and Sloviter, T his 
Journal, 59, 2381 (1937)) is laborious and unsatisfactory. The 
amine was acetylated and the acetyl derivative purified by recrys­
tallization from dilute alcohol. The yield of fairly pure 3-bromo-4- 
acetaminobiphenyl, m. p. 158-159° (literature 161°), varied from 8 to  
15% based on 4-acetaminobiphenyl. The 3-chloro 4-acetaminobi­
phenyl was readily obtained by chlorination of 4-acetaminobiphenyl 
(Scarborough and  W aters, J . Chem. Soc., 557 (1926).

(18) Cf. Fargher and Furness, i b id . ,  107, 688 (1915); Weiss- 
berger and Porter, T his Journal, 66, 1849 (1944).

(19) Ring Index numbering.
(20) Mills and  Schindler report th is compound as melting a t

205-206°, and their other properties agree with those of our material.
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Thiocarbazone Preparations by the Fischer Method.—
The preparation of d i-(2-methoxyphenyl)-thiocarbazone (X ) 
is typical of the procedures followed. 2-Methoxy phenyl- 
hydrazine (10 g.), 50 cc. of alcohol and 5 g. of carbon di­
sulfide were refluxed on the steam-bath until hydrogen 
sulfide ceased to be liberated. The thiocarbazide was 
not isolated, but was treated directly in solution after 
cooling with enough 10% ethanolic potassium hydroxide 
to give a clear red color; the solution was allowed to 
stand with air bubbling through for about five minutes, 
and was acidified with 1 N  sulfuric acid. The thiocarba­
zone was obtained as a black powder, and was isolated 
by filtration with thorough washing. In the alternate 
procedure, the alcoholic solution of the thiocarbazide 
was cooled and treated with 5 cc. of 30% hydrogen per­
oxide, allowed to stand five minutes, with stirring, and 
the product was washed with water and cold methanol.

Recrystallization of the thiocarbazone proved difficult. 
The best method found was to dissolve the substance in 
the minimum volume of chloroform, filter and precipitate 
by adding half the volume of methanol. The product 
formed a finely crystalline material, copper bronze in 
color. The m. p. and analysis are given in Table I.

Thiocarbazones by the Modified Nitroformazyl Proce­
dure ; Di - (2 -phenoxyphenyl) -thiocarbazone.—2-Aminodi­
phenyl ether (b. p. 187-188° (30 mm.)) was dissolved in 
160 cc. of concentrated hydrochloric acid and 270 cc. of 
water. The cold solution was diazotized by adding 23 g. 
of sodium nitrite in 135 cc. of water. After one hour the 
excess nitrous acid was removed with sulfamic acid, the 
solution was filtered through a sintered glass funnel and 
washed with 50 cc. of water. The solution was poured 
into 1430 g. of sodium acetate trihydrate in 725 cc. of 
glacial acetic acid, and stirred at room temperature for 
fifteen minutes, at which point most of the sodium acetate 
had dissolved; 25 cc. of nitromethane was added in one 
portion and the mixture stirred for five hours. The nitro­
formazyl precipitated rapidly, and the mixture was an 
almost solid mass after two hours; the product was 
collected, washed thoroughly with water and twice with 
alcohol. The nitroformazyl had not dried completely 
after standing several days on paper towels, and was 
reduced directly.

Reduction to the Thiocarbazide.—The nitroformazyl 
was added in one portion to 750 cc. of alcohol saturated 
with ammonium hydrosulfide. The color of the mixture 
changed from red to cream in thirty minutes; after stirring 
one hour, the slurry was poured into 2 liters of cold water, 
filtered, washed thoroughly with water and air dried on 
paper towels. It was not completely dry after two days.

Oxidation to the Thiocarbazone.—The thiocarbazide 
was dissolved in 2 liters of warm alcohol containing 35 g. 
of potassium hydroxide, and the calculated amount of 
3% hydrogen peroxide (175 cc.) added. The mixture was 
heated almost to boiling on a hot plate, allowed to stand 
for fifteen minutes, then cooled in an ice-bath. When 
the temperature had reached 5°, the solution was filtered, 
and acidified with 100 cc. of concentrated hydrochloric 
acid. The precipitated thiocarbazone was filtered, and 
washed thoroughly with water and twice with methanol. 
The product was bronze colored and microcrystalline, 
m. p. 162-163.5° with dec., wt. 48 g. after air drying. 
For purification, it was dissolved in 500 cc. of hot chloro­
form, filtered and 800 cc. of hot methanol was added to 
the hot solution. Beautiful bronze crystals were obtained,

m. p. 167-167.5° with decomposition (very slow heating), 
yield 39.5 g. (thoroughly air dried, or 58% based on 
amine).

Preparation of Diphenylthiocarbazone (Dithizone).—
Dithizone was prepared by essentially the same method; 
30 g. of clean nitroformazyl, m. p. 146-147°, was ob­
tained from 37 g. of aniline. The sodium acetate and then 
the acetic acid were added directly to the diazonium solu­
tion. The coupling with the nitromethane proceeded 
quite slowly in the resulting 25% acetic acid solution with 
acetate-acetic acid ratio of 0.24.

A second preparation was run in the same manner but 
with an acetate-acetic acid ratio of 0.65. The reaction 
proceeded more rapidly; after two hours 200 cc. of 
water was added (changing the acetic acid concentration 
from 24 to 19%) because the reaction mixture had become 
too thick to stir. The thiocarbazone obtained from the 
usual oxidation step was quite pure without the final 
crystallization, as it melted sharply at 165-166°.

Interaction of Phenylhydrazine, Carbon Disulfide and 
Triethylamine.—To 15 g. of triethylamine and 25 g. of 
carbon disulfide in 50 cc. of chloroform was added drop- 
wise 10.8 g. of phenylhydrazine. The mixture was heated 
on the steam-bath for five hours, causing evolution of 
hydrogen sulfide. After cooling, the mixture was sub­
jected to steam distillation, and the residue crystallized, 
giving 18.6 g., m. p. 87-89°. Two crystallizations from 
benzene raised the m. p. to 91.5-92.5°. This product 
was shown to be the triethylamine salt of phenyldithia- 
diazolonmercaptan XXII by analysis, and by preparation 
from potassium phenyldithiadiazolonmercaptide21 and 
triethylamine.

Anal. Calcd. for C14H21N3S3: C, 51.5; H, 6.4. Found: 
C, 51.9; H, 6.4.

2-Methylthiolphenylthiosemicarbazide (VII).—A mix­
ture of 2-methylthiolphenylhydrazine and carbon disulfide 
in ethanol was refluxed overnight on the steam-bath. 
After the solvent was removed, the residue was treated 
with benzene and a white crystalline product was obtained, 
which, after two recrystallizations from xylene, melted 
at 172-173° with decomposition. Two recrystallizations 
from acetic acid did not change the m. p. or the percentage 
composition.

Anal. Calcd. for CsHnNj&J C, 45.1; H, 5.2. Found: 
C, 45.3; H, 5.2.

When the heating with carbon disulfide was limited to an 
hour, the disproportionation did not occur, and the thio­
carbazide and the thiocarbazone (XVII) were obtained.

Summary
A number of new substituted diarylthiocarba- 

zones have been prepared, and several compounds 
obtained incidental to the work have been de­
scribed. A modification of the Bamberger nitro­
formazyl procedure, consisting of coupling the 
diazonium compound with nitromethane in dilute 
acetic acid containing acetate ion, has been found 
useful.
R o c h e s t e r , N e w  Y o r k  R e c e iv e d  D e c e m b e r  1, 1947

(21) Dubsky and Trtilek, Z. anal. Chem., 96, 412 (1934); Busch, 
Ber., 27, 2510 (1894).
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Physiologically Active Indanamines. II. Compounds Substituted in the Aromatic
Ring1

By R. V . H e in z e l m a n n , EL G, K o llo ff  a n d  J a m e s  H . H u n t e r

Previous work in this Laboratory1 has shown 
that certain aminoindanes, aminoindanones and 
aminoindanols unsubstituted in the nucleus pos­
sess valuable properties as bronchodilators. For 
this reason it was considered desirable to prepare 
some derivatives of these compounds containing 
one or more hydroxyl or methoxyl groups infthe 
aromatic ring. The present paper deals with in­
danamines substituted in this manner (I, II, III, 
IV).

O H OH

R'O-

H O— CH-
■ O H OH R '

N H R'O

III

; /N<\ /  \R ' ' '

OR =  5-OH, 5-OCHs,
6- OCH3, 7-OCHs,
4.5- di-OCH3, ö-OCHs-6-OH,
5.6- di-OCHs, 5,6-02CH2 

OR' =  5"OCH3, 6 -0CH3,
7- OCHb, 4,5-di-OCH3, 
5,6~di-OCH3, 5,6~02CH2

R '' =  H, CH|
R "' =  CH3, CH(CH3)2, CH2-C6H*

Much work has been done and considerable suc­
cess achieved in efforts to correlate the pressor 
activity with the structure of phenethylamine de­
rivatives.2 However, when other physiological 
phenomena are considered, it is found that in 
general they do not parallel that of pressor ac­
tivity. For instance, in the case of bronchodilator 
activity it is even found in some cases that struc­
tural changes which affect the pressor potency ad­
versely tend to produce an increase in the broncho­
dilator effect.1-3*4'5 In other cases,5 no clear-cut 
relationship appears to exist between the two 
phenomena. In general, it may be stated that 
introduction of alkyl or aralkyl groups into the 
amino group reduces or even reverses the pressor 
effect, and at the same time favors bronchodilator 
activity2*3'5; large substituents of this type seem

(1) For the previous paper in this series, .see Levin, Graham and 
Kolloff, J . Org. Chem., 9, 380 (1944).

(2) F or a recent discussion of the sta tus in this field, see Hartung, 
In d . Eng. Chem., 37, 126 (1945).

(3) Curtius, J . Pharmacol., 35, 321 (1929).
(4) K onzett, Arch . Exptl. Path. Pharmakol., 197, 27 (1940).
(5) Graham, Cartland and Woodruff, Ind. Eng. Chem., 37, 149 

(1945).

to be most effective.5*6 This variation might thus 
be expected to result in the formation of an ideal 
bronchodilator. Extension of the side chain to 
three carbon atoms results in increased duration of 
action7 and, as with the pressor property, confers 
oral activity due to increased resistance to de­
amination in the body.8

The adverse circulatory effect of alkoxyl substi­
tution, as compared with hydroxyl substitution2*9 
in the benzene ring, has been shown recently not to 
apply with respect to bronchodilation.5 Indeed, 
in twenty-four of thirty-one pairs studied the 
methoxyl derivative was equal to, or more active 
than, the corresponding hydroxyl derivative. 
These facts lend considerable interest to the com­
pounds reported here.

The intermediate hydroxy-, methoxy- and 
methylenedioxyindanones were prepared from the 
corresponding substituted phenylpropionic acids 
by cyclization with anhydrous hydrogen fluoride 
or phosphorus pentoxide, and in one instance 
through their acid chlorides via the Friedel- 
Crafts reaction. Cyclization of 0-hydroxy (meth­
oxy) phenylpropionic acid has not been reported 
and difficulty in effecting ring closure in these acids 
having an ortho-directing group present was cor­
rectly anticipated,10 Under the usual con­
ditions,11 attempts to cyclize with anhydrous hy­
drogen fluoride led to the formation of an amor­
phous product, insoluble in ordinary solvents,12 
together with a trace of starting material. When 
phosphorus pentoxide was employed under opti­
mum conditions for this type of reaction,13 no 
ring closure occurred. There was isolated a 70% 
yield of a compound, (m. p. 67-69.5°) whose analy­
sis was in good agreement with the value calcu­
lated for the anhydride; on hydrolysis, the start­
ing acid was recovered. Cyclization of 0-nitro- 
phenylpropionic acid,14 as well as nitration of in- 
danone with subsequent isolation of the 4-nitro 
isomer,15 were not promising procedures because of 
inaccessibility of starting materials or difficulty in

(6) See, for instance, the German product “ Aludrine” containing 
an «sopropylamino group on the side chain; C. A ., 40, 51542 (1946).

(7) Alles and Prinzm etal, J . Pharmacol., 48, 161 (1933).
(8) Beyer and Lee, J . Pharmacol., 74, 155 (1942); Beyer and M or­

rison, Ind. Eng. Chem., 37, 143 (1945).
(9) Tainter, Pedden and James, J . Pharmacol., 51, 371 (1934); 

Pedden, Tain ter and Cameron, ibid., 55, 242 (1935); Cameron and 
Tainter, ibid., 57, 152 (1936).

(10) See, for example, Johnson and Shelherg, T his Journal, 67. 
1853 (1945).

(11) Fieser and Hershberg, ibid., 61, 1272 (1939).
(12) The substance was partially  soluble in pyridine, and dissolved 

in concentrated sulfuric acid to  give a  cherry-red solution.
(13) W. S. Johnson, “ Organic Reactions,” Vol. I I , 1944, p. 170.
(14) Hoyer, J . prakt. Chem., 139, 94 (1934).
(15) Ingold and Piggott, J . Chem. Soc., 1469 (1923).
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isolating the desired isomer. When the excellent 
cyclization procedure for ^-methoxyphenylpro- 
pionic acid, using the Friedel-Crafts reaction,10 
was reported by Johnson, these conditions were 
applied to the ortho-isomer. There was obtained 
46% of starting material, 45% of amorphous ma­
terial (m. p. about 220-30°), soluble in pyridine, 
but not in the usual organic solvents, 6% of an 
alkali insoluble product (m. p. 103-110°), and a 
trace of alkali-insoluble material (m. p. about 
140°) whose analysis was inconclusive but ap­
proached that of the desired indanone.

Of the other three monosubstituted indanones, 
the 5-hydroxy-(methoxy-). and 7-hydroxy-(meth­
oxy-) indanones were prepared by cyclization of 
m-hydroxyphenylpropionic acid with anhydrous 
hydrogen fluoride,16 followed by methylation; the 
7-isomer can be prepared in only insignificant 
yields by this method. 6-Methoxyindanone was 
made by Johnson’s Friedel-Crafts procedure10; 
however, using Ohio-Apex grade aluminum chlo­
ride the best yield obtained in a 10-g. batch was 
39%.

Cyclodehydration of 2,4-dimethoxyphenylpro- 
pionic acid could not be achieved by the methods 
used; anhydrous hydrogen fluoride yielded a tar, 
and from an attempted cyclization using phos­
phorus pentoxide there was recovered 43% of 
starting material and 35% of an oil which ap­
peared to be the acid anhydride. I t  is interesting 
that while 2,3-dimethoxy- and 3-methoxy-4-hy- 
droxy-phenylpropionic acid could be cyclized in 
excellent yield using liquid hydrogen fluoride, this 
method was not applicable to 3,4-methylenedioxy- 
phenylpropionic acid.

The substituted indanones were converted, 
through the 2-isonitroso derivatives, to the amino 
ketones and amino alcohols essentially as de­
scribed1 for the unsubstituted analogs. The tend­
ency for solutions of the aminoketone hydrochlo­
rides to become slightly red was prevented to a 
considerable extent by the addition of a trace of 
alcoholic hydrogen chloride during any recrystalli­
zation.

Reaction of the aminoindanols with benzalde­
hyde produced, instead of the Schiff bases, a mix­
ture of bases which could be separated by frac­
tional crystallization and converted to their re­
spective hydrochlorides. In the monosubstituted 
series one of these proved to be the starting ma­
terial, and the other, the oxazolidine (III), which 
is isomeric with the Schiff base.17 Hydrogenation 
with active palladium charcoal gave the desired 
benzylaminoindanol hydrochlorides. In the di-

(16) Johnson, Anderson and Shelberg, T h is  Journal, 66, 218 
(1944).

(17) Indeed it  appears th a t the compounds referred to by Levin, 
Graham and Kolloff1 as Schiff bases are also oxazolidines, For in­
stance, a sample (m. p. 163-165°) identical with their compound 
X X  and prepared by their procedure was ether-soluble and formed 
a hydrochloride, m. p. 178-180° (dec.); the  oxazolidine free base 
(m. p. 163-164°) could be regenerated from the hydrochloride. 
Our oxazolidine hydrochlorides showed a tendency to hydrolyze, 
even during recrystallization from alcohol and ether.

substituted series, reaction of the aminoindanols 
with benzaldehyde produced, instead of the Schiff 
bases, racemic mixtures of diastereoisomeric oxa­
zolidines which were separated and purified by 
fractional crystallization. The isomers on hydro­
genation with palladium charcoal gave different 
benzylaminoalcohols. These benzylaminoalco- 
hols could also be obtained as isomeric mixtures by 
reductive alkylation with benzaldehyde.

Reductive alkylation of 6-methoxy-2-amino- 
indanol and 5,6-dimethoxy-2-aminoindanol using 
acetone yielded the corresponding isopropyl- 
aminoindanols; when one mole of formaldehyde 
was used instead of acetone only the dimethyl- 
aminoindanols were formed.

The pharmacology of the aminoketones, amino- 
alcohols, oxazolidines and substituted aminoalco- 
hols will be reported elsewhere.

The authors wish to acknowledge the technical 
assistance of Mr. Brooke D. Aspergren in a por­
tion of this work.

Experimental18
Substituted Phenylpropionic Acids

The requisite cinnamic acids were prepared from the 
appropriately substituted benzaldehydes and malonic acid 
by the Doebner reaction.19»20

The cinnamic acids were converted to the corresponding 
phenylpropionic acids by electrolytic reduction or catalytic 
hydrogenation using Adams platinum catalyst.21 The 
former procedure frequently resulted in products difficult 
to purify and almost invariably in lower yields.

In view of the difficulty in preparing m-hydroxybenzalde - 
hyde,23 the Schwenk-Papa Raney nickel reduction pro­
cedure24 for preparing m-hydroxyphenylpropionic acid 
from the readily available piperonylacrylic acid was in­
vestigated. After numerous attempts and variations of 
this procedure had been made the maximum yield ob­
tained was only 35%.

(18) M elting points are uncorrected. M icroanalyses by M r. C. H. 
Emerson and the  staff of the  microanalytical laboratory.

(19) “ Organic R eactions,” Vol. I, 1942, pp. 226-227.
(20) W hen condensation was carried out with crude m-hydroxy- 

benzaldehyde (m. p. 98.5-100.5°) for four hours on the  steam -bath, 
or for twelve days a t  room tem perature, the  yield of w-hydroxy- 
cinnamic acid after two crystallizations was 68 and 69.5%, re­
spectively; however, when once-crystallized aldehyde (m. p. 102°) 
was employed under the  la tte r  conditions the yield was 93% and the  
product w ithout purification melted higher th an  th e  twice purified 
acid above and could be hydrogenated directly. In  the case of 3- 
methoxy-4-hydroxybenzaldehyde, the prolonged low -tem perature 
modification (ref. 19, pp. 235 and 250) increased the  yield from 50% 
to 94%.

(21) I t  was necessary to  stop the hydrogenation of ^-m ethoxy- 
cinnamic acid when one mole of hydrogen had been absorbed since 
hydrogen uptake continued rapidly until four moles had been con­
sumed; even slight over-reduction caused purification difficulties. 
Catalytic hydrogenation (PtCh) of piperonylacrylic acid in ethanol 
was too slow to be practicable due to  its insolubility; hydrogenation 
was also too slow in glacial acetic acid even a t  an  elevated tem pera­
ture. The sodium salt of the  acid could not be hydrogenated in 
aqueous alcohol or in distilled water. Toward the end of th is work 
hydrogenation of the acid in warm dioxane was reported .22 This 
method proved satisfactory; after having been filtered from the 
catalyst and concentrated to half the volume, the dioxane solution 
was mixed with chipped ice and shaken, whereupon the  product was 
deposited as fine, glistening crystals.

(22) Barltrop, J . Chem. Soc., 958 (1946).
(23) “ Organic Syntheses,” Vol. 25, p. 55.
(24) Schwenk and Papa, J . Org. Chem., 10, 232 (1945).
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Indanones, Aminoindanones and Aminoindanols
Cyclization of the substituted phenylpropionic acids 

was carried out as indicated in Table I.
5 -M ethoxy~6-hydroxyindanone.—Fifty grams of crude 

hydroferulic acid (m. p. 85-88°), prepared by catalytic 
hydrogenation of ferulic acid and evaporation of the 
alcoholic solution to dryness, was placed in a pint copper 
retort. Four hundred grams of chilled anhydrous hydro­
gen fluoride was added, the top quickly clamped in place, 
the retort swirled gently once and left overnight with the 
side arm proj*ecting into the vent of a good hood. The 
amber liquid was then evaporated gently on the steam- 
bath in a copper beaker to a purple paste and then to a 
gray-purple powder. This was suspended in 8 to 10 
liters of boiling water, treated with charcoal, filtered 
quickly while hot, and allowed to cool; yield, 38.2 g. 
(85%) of beautiful, long, golden needles, m. p. 192- 
192.5°. Concentration of the filtrate to 3 liters gave 2.0 
g. more, and re-extraction of the residue from the first 
extraction with 750 cc. of boiling water gave an additional 
0.8 g.; total yield, 41 g. or 91%.

All cyclizations of this type attempted in open or parti­
ally covered copper beakers gave poor to negative results, 
probably due to condensation of moisture from the air 
on the cold walls of the beaker.

As indicated in Table I, the isonitrosoindanones were 
prepared by three methods: using methyl nitrite and
anhydrous ethereal hydrogen chloride, butyl nitrite and 
concentrated hydrochloric acid in methanol, or butyl 
nitrite and dry hydrogen chloride gas in ether. In general 
they had to be recrystallized at least twice to attain suf­
ficient purity to undergo subsequent hydrogenation. 
Conversion (two atmospheres pressure of hydrogen and 
active palladium Norite) to the aminoketone hydrochlo­
rides was carried out in absolute alcoholic hydrogen 
chloride, and these were then hydrogenated to the amino- 
alcohol hydrochlorides in distilled water (Table I I ) ; 
yields were practically quantitative. Occasionally an 
elevated temperature and two or three additions of 
catalyst were necessary to effect complete reduction. 
The aminoindanone hydrochlorides are considerably less 
soluble in alcohol than the aminoindanol hydrochlorides. 
With both classes of compounds water was occasionally 
added in small amounts to dissolve the product away 
from the catalyst, and during recrystallization to keep 
the volume down. Raney nickel and also P t02 (elevated 
temperature) were used in the reduction of one of the 
aminoketone hydrochlorides and were found to be satis­
factory catalysts. The hydroxy methoxy amine hydro­
chlorides seemed to be somewhat more unstable than the 
corresponding dimethoxy compounds.

Oxazolidines and Benzylaminoindanols (Table III)
Preparation of the monosubstituted oxazolidines may 

be illustrated by the formation of III from 5-methoxy- 
aminoindanol hydrochloride.

Two and sixteen-hundredths grams (0.01 mole) of the 
amino alcohol hydrochloride was heated under reflux for 
six hours in 50 cc. of 95% alcohol with 1.20 cc. (0.012 
mole) of benzaldehyde and 0.84 g. (0.01 mole) of sodium 
bicarbonate. The solution was filtered from the sodium 
chloride, concentrated to about one-third, excess water 
added and the oily suspension chilled, giving 2.52 g. 
(94%) of buff-colored solid. After recrystallization 
(Norite) from about 15 cc. of 3A alcohol a product was 
obtained which proved to be the free base of the starting 
material.

The filtrate from the alcohol recrystallization of the 
free base was treated with water and chilled, giving about 
one gram of white solid, mu p, 85°. Without purification 
it was converted into the oxazolidine hydrochloride which, 
after recrystallization from alcohol-ether, melted at 
154.5° (dec.).

Anal. Calcd. for Ci7H180 2NCl: C, 67.21; H, 5.97; 
N , 4.61. Found: C, 67.16; H, 5.69; N, 4.60.

Similarly in the disubstituted series attempts to prepare 
the Schiff bases by treating the amino alcohol hydro-

T a b l e  I
I n d a n o n e s  a n d  I s o n it r o s o in d a n o n e s

Condensing Yield,
Yield of 

isonitroso- 
indanone,

Indanone agent % %'
4-OCH3 HF, P20 ., A1C1» 0, 0 ,0
5-OH HF° 89.5 7 8b
5-OCH* <? 89 96a
6-OCH3 A id , 80® 77d
7-OH HF“ 7
7-OCH3 ƒ 85 88*
4,5-di-OCH3 HF4 80-85 90*
4,6-di-OCH3 HF»' 0
5-OCHs-6-OH P20 6, HF4 0, 80-91 81*
5,6-di-OCH3 m 92 95n
5,6-02CH2 HF, P20 6 0, 72* 77q

0 For prep., see ref. 16. 6 M. p., 212-214:° (dec.).
c From the -OH compound, 
g. batch; yield for larger batches much less; using HF 
yield was 1%, recovery of starting material, 88%, see 
ref. 10. f From the -OH compd., m. p., 99.5-100°; 
anal: calcd. for CioHio02: C, 74.05; H, 6.21; found: 
C, 74.09; H, 6.27. 6 M. p. about 250° (dec.); anal.
calcd. for Ci0H 9O3N: C, 62.82; H, 4.74; N, 7.33;
found: C, 62.82; H, 4.74; N, 7.32. h Previously pre­
pared using P2Oö, no yield given, see ref. (26); and 
A1C13 (yield good), see ref. (27). * See ref. 28. J This 
indanone unknown. k Previously prepared using H2S04 
(yield about 30%), ref. 29. 1 Prepared with butyl nitrite
in absolute CH3OH; recrystallized from 50% alcohol; 
m. p. 240° (dec.); N: calcd., 6.76; found, 6.89. m Pre­
pared from 5-methoxy-6-hydroxyindanone; m. p. 118.5°. 
"Using method of ref. 1; 61% by method of ref. 30; 
92% using methyl nitrite, see ref. 31. v Based on acid 
added; 22% of starting material recovered; previously 
prepared using A1C13 (yield 15%), ref. 32; P2Os (87%), 
ref. 32; and since this work was completed, using SnCl4 
by the Friedel-Craft reaction (92%), ref. 22. «For 
preparation, see ref. 30.

chlorides with an equivalent amount of benzaldehyde and 
sodium bicarbonate in 3A alcohol resulted in the formation 
of oxazolidines in all cases; here, however, conditions 
were such that two racemic mixtures of the latter could 
often be isolated. For example, with 5,6-dimethoxy - 
indanol hydrochloride two racemic mixtures of the oxazol­
idine were formed by this procedure, and also when a dry 
fusion of the amine hydrochloride, benzaldehyde and 
sodium acetate was made in vacuo at 100 to 150°; a dry 
fusion at room temperature for several days gave smaller 
yields of the desired products as well as some starting 
material as the free base and some which analyzed as the 
acetate of the starting base. The formation of isomeric 
mixtures made estimation of yields as well as melting 
points difficult.

In the case of 5,6-dimethoxyaminoindanol hydrochloride 
the solid product, obtained by precipitation from the 
reaction mixture with water, was recrystallized from ace­
tone-ether; fractionation resulted in separation of the 
isomers. In the remainder of the disubstituted series 
the oxazolidines were ether-soluble; the precipitate was 
either recrystallized from dilute alcohol to separate the 
isomers or converted to the hydrochloride prior to frac­
tionation from alcohol-ether. 25 26 27 28 29 30 31 32

(25) C hakravarti and Swaminathan, J. In d . Chem. Soc., 11, 101 
(1934).

(26) Perkin and Robinson, J . Chem. Soc., 2388 (1914).
(27) R uhem ann, Ber., 53, 280 (1920).
(28) Perkin and Robinson, J . Chem. Soc., 2389 (1914).
(29) Konek and Szamak, Ber., 55, 106 (1922).
(30) Perkin and Robinson, J . Chem. Soc., 1073 (1907).
(31) “ Org. Synth .,” Coll. Vol. I I ,  1944, p. 363.
(32) Perkin and Robinson, J . Chem. Soc., 1084 (1907).
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T a b l e  II
A m in o in d a n o n e s  a n d  A m in o in d a n o l s

Aminoindanone hydrochlorides Aminoindanol hydrochlorides
<-■----------- --------- Analyses, %----------------------- * ^ ------------- --------- Analyses, % ------------------------

Ring M. p., Carbon Hydrogen Nitrogen M. p .t Carbon Hydrogen N itrogen
substituent °C. Calcd. Found Calcd. Found Calcd. Found °C. Calcd. Found Calcd. F ound Calcd. Found

5-OH a 54.17 54.18 5.05 5.10 7.02 7.12 b 53.60 53.64 5.96 5.95 6.95 7.13
5-OCH3 225-227 (dec.) 56.21 56.22 5.66 5.56 6.56 6.44 c 55.68 55.78 6.54 6 .62 6 .50 6.54
6-OCH3 d 56.21 56.32 5.66 5.68 6.56 6.65 « 55.68 55.65 6.54 6 .53 6.50 6.56
7-OCH3 ƒ 56.21 56.39 5.66 5.62 6.56 6.47 170 (dec.) 55.68 55.69 6.54 6 .6 8 6 .50 6.44
4,5-di-OCHs 185 (dec.) 54.21 54.16 5.79 6.02 5.75 5.48 183 (dec.) 53.77 53.94 6.56 6 .64 5 .70 6.02
5-OCH3-6-OH 0 48.49 48.49^ 5.70 5.73* 5.66 5.73h i 51.83 51.72 6.09 6 .2 0 6.05 6.19*
5,6-di-OCH3 245 (dec.) 54.21 54.11 5.79 5.82 5.75 5.82* l 53.77 53.94 6.56 6 .59 5 .70 5 .69w
5,6-02CH2 n 52.80 53.05 4.41 4.47 6.16 5.98 P 52.30 52.60 5.25 5 .22 6 .10 6 .08

a Discolors about 227 °; melts (dec.) only if immersed at 275 °, otherwise gradual softening and decomposition. 6 Dark­
ens at about 120°; no real melting even when immersed at 135°. c Softens rapidly (dec.) when immersed at 165°, but 
only slowly at 160°. d Decomposes from 210 to 232° depending on rate of heating and temperature of immersion. 
c M. p. (dec.) from 217 to 222° depending on rate of heating, etc. f Decomposes about 250° when immersed at about 
245°. 0 Melts (dec.) when immersed at 300° or above. h Analysis calcd. for monohydrate. * Melts (dec.) when im­
mersed at 258° or above. * Cl: calcd., 15.31; found, 15.42. * Cl: calcd., 14.56; found, 14.54. 1 Darkens about 200°.
m Cl: calcd., 14.43; found, 14.50; free base, from benzene-petroleum ether, m. p. 113-116°; anal.: calcd. for CnHi60 3N : 
C, 63.16; H, 7.23; N, 6.70; found: C, 63.51; H, 7.21; N, 6.74. " Darkens about 230°; m. p. 243° (dec.), p Melts 
(dec.) when immersed at 240° or above.

T a b l e  III
O x a z o l id in e s  a n d  B e n z y l  a m in o in d a n o l  H y d r o c h l o r id e s

Oxazolidines (A) Benzyla mines (B)
Ring

substit­ Iso­ M. p., Carbon
-Analyses, % -  

Hydrogen Nitrogen Iso- M. p., Carbon
-Analyses, %- 

H ydrogen Nitrogen
uents mers °C. Calcd. Found Calcd. Found Galcd. Found xners °C. Calcd. Found Calcd. Found  Calcd. Found

5-OCHs A-HCl 154.5 (dec.) 67.21 67.16 5.97 5.69 4.61 4.60 B-HC1 189.5 66.77 66.56 6.59 6 .6 0 4 .58 4.62
6-OCH3 A-HC1 137® 67.21 b 5.97 6 4.61 b B-HC1 211-213 66.77 66.56 6.59 6 .79 4 .58 4.60
7-OCHa A-HC1 1 8 7 .5C 67.21 67.01 5.97 5.97 4.61 4.64 B-HC1 181 66.77 66.75 6.59 6 .75 4 .58 4.52
4,5-di-OCH3 A

A-HC1
90.5-93

148-150
72.71
64.75

72.79
65.10

6.44
6.00

6.19
6.43

4.71
4.19

4.89
4.33 B-HC1 168.5-169^ 64.37 64.26 6 .60 6 .72 4 .17 4.44

5,6-di-OCH3 Ai
(dec.)

165.5-166.5 72.71 72.95 6.44 6.65 4.71 4.99 Bi 143-144 72.20 72.23 7.07 7.02 4 .68 4.52
Ai-HCl 192 (dec.)6 64.75 65.04 6.00 5.99 4.19 4.35 Bi-HCl 200 (dec.) 64.37 64.39 6.60 6.71 4 .17 4.37
a2 123-124 72.71 72.54 6.44 6.44 4.71 4.70 B2 156-156.51 72.20 72.24 7.07 7.11 4 .68 /

5,6-02CH2 Ai 184.5-185.5® 72.58 72.80 5.38 5.58 4.98 4.92
b 2-h c i
Bi

184 (dec.) 
169.5-173

64.37 63.90 
72.07 72.40

6 .60
6.04

6 .69
6 .07

4.17
4 .95

4.44
4.72

A2 95-96 72.58 72.83 5.38 5.67 B2 148-149.5* 72.07 72.03 6 .04 6 .40
a Approximate; free base melts about 80-82 °. 6 Compound hydrolyses progressively on recrystallization, even from

absolute alcohol-ether, giving a progressively higher decomposition point; anal, after 2 recrystallizations: C, 63.15; H, 
6.33; N, 5.12. c Free base, m. p. 150.5-152°. d Obtained also a second crop, m. p. 180° (dec.) (isomeric?). 9 Without 
recrystallization; recrystallization, even from absolute alcohol, causes conversion into a product, darkening, but not melt­
ing, below 200 °, and giving a m. p. depression with the unrecrystallized material; may result from hydrolysis to the origi­
nal aminoalcohol-HCl. f Mixed m. p. with Bi, 130°; compound too highly charged to permit good combustions, or 
any nitrogen analysis. 0 Hydrochloride darkens about 191 °. * Mixed m. p. with Bi, 136 °.

During the work-up of several of the oxazolidines there 
were indications that these compounds were gradually 
hydrolyzing to yield benzaldehyde and the amino alcohol. 
This was most apparent in the case of the 6-methoxy'com­
pound . Here the odor of benzaldehyde persisted through­
out the fractionation from dilute alcohol, even though 
the alcohol solutions were diluted with water at room 
temperature. During the purification of the oxazolidine 
hydrochloride considerable amounts of the starting amino 
alcohol hydrochloride (identified by analysis and mixed 
melting point) were isolated. The oxazolidine hydro­
chloride (m. p. about 137° (dec.)) analyzed poorly, and 
further recrystallization from absolute alcohol-ether 
caused the melting point to broaden and rise toward that 
of the amino alcohol; the filtrate from this yielded con­
siderable benzaldehyde, identified as the dinitrophenyl- 
hydrazone. Conversion of the oxazolidine to the benzyl- 
amino alcohol was considered as sufficient evidence of 
structure.

Hydrogenation of the bases (platinum oxide or active 
palladium charcoal) gave the desired benzylamines which 
were converted into the hydrochlorides. In some cases, 
however, it was found advantageous to hydrogenate the 
oxazolidine hydrochlorides to the benzylamine hydro­
chlorides, using active palladium charcoal; reaction was 
usually complete in about three quarters of an hour.

Reductive Alkylations
6 -M ethoxy -2 -isopropylaminoindanol -1 Hydrochloride.

—Four and thirty-one hundredths grams (0.02 mole) of 
6-methoxy-2-aminoindanol-l hydrochloride, 1.6 cc. (0.022 
mole) of acetone and 2.12 g. (0.02 mole) of sodium 
carbonate were shaken in a Parr hydrogenation apparatus 
in the presence of 0.5 g. of pre-reduced Adams platinum 
catalyst in absolute ethanol under a hydrogen pressure 
of two atmospheres. Hydrogenation was complete in an 
hour and the filtrate from the catalyst was poured into 
cold ethereal hydrogen chloride and chilled. After re- 
crystallization from absolute alcohol the white crystals 
melted at 214° (dec.).

Anal. Calcd. for Ci3H20O2NC1: C, 60.57; H, 7.82; 
N, 5.44. Found: C, 60.54; H, 7.66; N, 5.29.

6 -M ethoxy-2 -dimethylaminoindanol -1 Hydrochloride.— 
This compound was prepared similarly to that above 
except that slightly more than two molecular equivalents 
of formaldehyde (as a 37% solution) were used. The 
filtrate from the catalyst was concentrated to about a 
third before conversion to the hydrochloride. After 
recrystallization the product melted at 215-215.5° (dec.).

Anal. Calcd. for Ci2Hi80 2NC1: C, 59.13; H, 7.44; 
N, 5.75. Found: C, 59.07; H, 7.23; N, 5.84.
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5,6 -Dimethoxy -2 -b enzylaminoindanol -1 Hydrochloride.
—Four and ninety-one hundredths grams (0.02 mole) 
of the primary aminoalcohol hydrochloride, 2.12 g. (0.02 
mole) of freshly distilled benzaldehyde and 2.12 g. (0.02 
mole) of sodium carbonate were added to a suspension of 
freshly reduced Adams platinum catalyst in absolute 
ethanol and the mixture subjected to hydrogenation at 
three atmospheres pressure. The calculated uptake of 
hydrogen occurred in thirty minutes after which the 
suspension was warmed, filtered from the catalyst and the 
filtrate poured into chilled ethereal hydrogen chloride. 
After chilling, the white precipitate was collected and 
recrystallized several times from absolute alcohol. The 
pure white, crystalline product melted at 181.5° (dec.).

A nal. Calcd. for CxsH^OsNCl: C, 64.37; H, 6.60; 
N, 4.17. Found: C, 64.36; H, 6.58; N, 4.41.

In some cases starting material was isolated by the 
addition of ether to the alcohol filtrate from the main 
product.

5,6-Dimethoxy-2 -isopropyl aminoindanol-1 Hydrochlo­
ride,—By a procedure similar to that described above but 
using acetone, there was obtained a product which, after 
several recrystallizations from absolute alcohol, amounted 
to 2.3 g. and melted at 190° (dec.).

Anal. Calcd. for Ci4H22OjNCl: C, 58.43; H, 7.71; 
N, 4.87. Found: C, 58.54; H, 7.66; N, 5.05.

5,6 -Dimethoxy-2 -dimethylaminoindanol-1 Hy drochlo - 
ride.—By a procedure analogous to that described above 
but using one mole of formaldehyde there was obtained 
no monomethylamine, but only the dimethylaminoindanol 
hydrochloride, melting at 172° (dec.).

Anal. Calcd. for C 13H2 0O3 NCI: C, 57.03; H, 7.36; 
N, 5.12. Found: C, 56.87; H, 7.46; N, 5.58.

Summary
A series of thirty-six aminoindanones, amino­

indanols and N-substituted aminoindanols con­
taining one or more hydroxyl, methoxyl or methyl- 
enedioxy groups in the aromatic ring, have been 
synthesized. The nitrogen substituents were hy­
drogen, dimethyl, isopropyl and benzyl; the ben- 
zylaminoindanols were prepared through the inter­
mediate oxazolidines and were in some cases iso­
lated in two racemic forms.
K a la m a zo o , M ic h ig a n  R e c e iv e d  S e p t e m b e r  29, 1947

[C o n t r ib u t io n  f r o m  t h e  St e r l in g  C h e m is t r y  L a b o r a t o r y , Y a l e  U n iv e r s it y ]

The Structures of Some Isopropylidene-aWe/iyc/o-L-arabinose Derivatives
B y  J am es E ng l ish , J r ., a nd  P a u l  H . G risw o ld , Jr .1

In a previous paper2 the positions of the iso­
propylidene groups in d i - iso p ro p y lid en e - aldehydo -  

L-arabinose and the products of its reaction with 
Grignard reagents were left indeterminate. An 
extension of our work on C-substituted pentitols 
has disclosed evidence leading to the establishment 
of the structures of these arabinose derivatives in 
both the D - and l -  series.

The triacetone mannitol of Fischer3 has been 
shown by Wiggins4 to be 1,2:3,4:5,6-triacetone 
mannitol, A graded hydrolysis of this sub­
stance4*5 has been found to yield a diacetone man­
nitol which Wiggins has converted to an aide- 
fcydp-diacetone-D-arabinose by lead tetraacetate 
oxidation. In view of the earlier work of Brigl 
and Griiner6 and of Baer and H. O. L. Fischer7 the 
structure of this arabinose derivative may be con­
sidered established beyond reasonable doubt as 
2,3:4 , 5 - d i2Lcetone- aldehydo - D- a ra b m o se .

2,3 :4,5-Di-isopropylidene-<zZde&yd0-D-arabinose 
prepared by the method of Wiggins, or better 
by periodate oxidation of the same starting ma­
terial, was treated with cyclohexylmagnesium 
chloride to form a crystalline di-isopropylidene-1 - 
C-cyclohexylpentitol. This substance was found 
to be the enantiomorph of the di-isopropylidene-

(1) Taken from the thesis presented by Paul H. Griswold, Jr., to 
th e  G raduate School of Yale University in partial fulfillment of the 
requirem ents for th e  degree of Doctor of Philosphy.

(2) J. English, Jr., and P. H. Griswold, Jr., T his Journal, 67, 
2039 (1945).

(3) E. Fischer, Ber., 28, 1167 (1895).
(4) Wiggins, J . Chem. Soc., 13 (1946).
(5) Irvine and Patterson, ibid., 898 (1914).
(6) Brigl and Griiner, Ber., 66, 931 (1933).
(7) H. O. L. Fischer and Baer, Helv. Chim. Acta , 17, 622 (1943).

1-C-cyclohexylpentitol previously prepared in this 
Laboratory2 from di-isopropylidene-aldehydo-h- 
arabinose. On recrystallizing an equimolar mix­
ture of the two enantiomorphs there resulted a di- 
isopropylidene-D,L-l-C-cyclohexylpentitol which 
gave a depression in mixed melting points with 
both isomers.

In the preparation of di-isopropylidene-L-arabi- 
nose diethyl mercaptal the intermediate monoiso- 
propylidene derivative was obtained in a manner 
analogous to that reported by Gatzi and Reich- 
stein8 for the D-isomer. Since this substance can 
be converted into the di-isopröpylidene derivative8 
by excess acetone it is evident that the isopropyli- 
dene group in this case must be on either the 2,3 or 
the 4,5 carbon atoms. A lead tetraacetate oxida­
tion of monoisopropylidene-L-arabinose diethyl 
mercaptal followed by removal of the mercaptal 
and isopropylidene groups, led to a mixture from 
which glyoxal was identified as its nitrophenyl- 
hydrazone and dinitrophenylhydrazone. This 
established the structure of this substance as 4,5- 
isopropylidene-L-arabinose diethyl mercaptal, 
since no other monoisopropylidene derivative 
would be expected to yield glyoxal.

Hence it may be concluded that the positions of 
the isopropylidene groups in this series are as 
shown in the reaction scheme below.

It is worthy of note that in both the d - and l- 
series the ratio of the two stereoisomeric pentitols 
obtained in the reaction of aldehydo-di-i$optopy\i~ 
dene arabinose with cyclohexylmagnesium chlo­
ride is far from unity. In one case as much as

(8) Gatzi and Reichstein, ibid., 21, 914 (1938).
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L-arabinose diethyl mercaptal
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80% of the total 1 -C-cyclohexylpentitol was ob­
tained as a pure isomer, crystallized to constant 
rotation, and it has not yet been possible to isolate 
any of the other anomer in pure form.

Experimental9
2,3:4,5-Di-isopropylidene-aldehydo-n-arabinose.—This 

substance was prepared by oxidation of 3,4:5,6-di-iso­
propylidene-d-mannitol by the method of Wiggins4 with 
a yield of 19%. Improved yields were obtained as fol­
lows.

In a well-stirred and cooled flask was placed a solution 
of 31.4 g. of 3,4:5,6-di-isopropylidene-D-mannitol dis­
solved in 100 cc. of water. A solution of 28.8 g. of sodium 
periodate in 450 cc. of water was added, maintaining 
the temperature at 0-5°. The reaction mixture was 
allowed to remain at this temperature for thirty minutes, 
then saturated with salt and extracted with ten 100-cc. 
portions of chloroform. After drying over sodium sulfate, 
removing the solvent at room temperature and distilla­
tion, there was obtained 24.6 g. (89%) of colorless sirupy 
2,3:4,5-di-isopropylidene-ató^y^ö-D-arabinose, b. p. 60- 
65° (0.08 mm.). This compound was found to be un­
stable as shown by a change in rotation with time from 
an initial [ a ] 22D —18.2° in chloroform (ct 13.5) to [ « ] 25d  
-f-16 after standing for two months. Accordingly the 
fresh preparations were used immediately for subsequent 
operations.

1 -C-Cyclohexyl-2,3:4,5 -di-isopropylidene-D-arabitol.10 
—To a solution of cyclohexylmagnesium chloride prepared 
from 33.4 g. of chlorocyclohexane and 7.69 g. dry mag­
nesium in 100 cc. dry ether was added 22.5 g. of 2,3:4,5- 
di-isopropylidene-aldehydo-d-arabinose in 100 cc. of ether. 
The reaction mixture was refluxed for fifteen minutes, 
cooled in ice, and decomposed with saturated ammonium 
chloride solution. After ether extraction, drying over 
sodium sulfate and removal of solvent at low temperatures 
there remained a solid that was recrystallized from

(9) All melting points are corrected.
(10) These pentitols are referred to  as arabitols to  distinguish 

them  from the corresponding derivatives prepared from other alde­
hydo sugars. I t  is recognized th a t proper nomenclature must 
aw ait the establishment of the configuration of the new asymmetric 
carbon atoms in this series.

petroleum ether (30-60° b. p .). The yield was 18 g. of 
1 -C-cyclohexyl-2,3:4,5-di-isopropylidene-D-arabitol after 
recrystallization to a constant melting point 75-76° and 
constant rotation [a]25D +27.2  in pyridine (c, 2,8). 
Anal. Calcd. for C17H30O5: C, 64.94; H, 9.62. Found: 
C, 64.96; H, 9.60.

1 -C-Cyclohexyl-2,3:4,5 -di-isopropylidene-D,L-arabitol.
—This substance was prepared by mixing saturated hot 
petroleum ether solutions of the two enantiomorphs. On 
cooling the D,L-form separated as large prisms with a 
melting point 90° which could not be altered by further 
recrystallization. Mixed melting points with both the 
D- and l-forms were depressed. Anal. Calcd. for C17- 
H3oO : C, 64.94; H, 9.62. Found: C, 65.05; H, 9.83.

1-C-Cyclohexyl-D-arabitol was prepared by the hy­
drolysis of its di-isopropylidene derivative as already de­
scr ib e d  for its enantiomorph.2 After recrystallization 
from ethanol to constant properties a crystalline product, 
m . p. 148°, [oj] 24d  —12.6° in pyridine (c, 5.2), was ob­
t a in e d .  On drying at 60° prior to analysis it was ob­
s e r v e d  that the rotation had changed to [ck] 24d  —15.0° 
in  pyridine (c, 4.4). This same phenomenon was then 
observed with the previously reported l-isomer which 
w a s found to change to [a]26D +  15.0°. The loss of 
w e ig h t  corresponded to the loss of one molecule of ethanol 
of crystallization in each case. Since the solvent is 
reasily lost even in the melting point tube without much 
change in crystal structure the melting points of both 
the alcoholate and the free pentitol are apparently the 
same.

Anal. Calcd. for CnH220 5-C2H50H : C, 55.68; H,
10.06. Found: C, 55.75; H, 10.37. Calcd. for Cu-
H220 5: C, 56.34; H, 9.47. Found: C, 56.24; H, 9.33. 
7.616 g. alcoholate lost 0.848 g. at 60°. Calcd. for 
CiiH2205.C2H50H : 0.8478 g.

4,5-Monoisopropylidene-L-arabinose Diethyl Mercap­
tal.—Thirty grams of L-arabinose diethyl mercaptal was 
shaken with 600 cc. of dry acetone and 150 g. of an­
hydrous copper sulfate for three days. Some sodium 
carbonate was added to insure freedom from acidity, 
the solution filtered and evaporated at room temperature. 
There was obtained 29 g. of crude product (m. p. 72°) 
which was recrystallized from ether-petroleum ether to 
yield pure 4,5 -minoisopropylidene -l-arabinose, m. p. 
75.6° and [c*]23d + 7 .6° in methanol (c , 8.5). Gatzi and 
Reichstein8 reported the same melting point and [a] 19d 
—7.4° in methanol for the D-form.

Anal. Calcd. for C12H24O4S2: C, 48.7; H, 8.2; Found: 
C, 49.0; H, 8.3.

Lead Tetraacetate Oxidation of 4,5-Isopropylidene-L- 
arabinose Diethyl Mercaptal.—A fine suspension of 15 
g. of lead tetraacetate in 400 cc. of benzene was stirred 
vigorously at room temperature with 10 g. of 4,5-di- 
isopropylidene-L-arabinose diethyl mercaptal. In ten 
minutes all the oxidizing agent had been consumed. The 
mixture was filtered and the benzene removed through a 
fractionating column. The residue distilled at 48-52° 
(14 m m.). After heating with 4 N  sulfuric acid for ten 
minutes the distillate yielded a crystalline ^-nitrophenyl- 
hydrazone. After recrystallization from nitrobenzene, 
pure glyoxal p -nitrophenylhydrazone m. p. 306° (dec.) 
was obtained. Anal. Calcd. for CuH^CbNs: N, 26.5. 
Found: N, 25.9. The dinitrophenylhydrazone m. p.
321° (dec.) was also prepared. Anal. Calcd. for 
Ci4H10O8N: N, 26.8. Found: N, 27.0.

1 -C-Cyclohexyl-1,2,3,4-tetraacetyl-5-trityl-D-arabitol 
was prepared in the same manner as already reported for 
the enantiomorphous pentitol. There was obtained an 
82% yield of pure material, m. p. 134°, [ « ] 25d  +15°  
pyridine (c, 27.2). Anal. Calcd. for C38H4409*. C, 
70.79; H, 6.88. Found: C, 70.80; H, 6.97.

Summary
The position of the isopropylidene groups in 

2,3:4,5-di-isopropylidene-D- and L-arabinose di­
ethyl mercaptal and related compounds has been
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established by conversion through d- and L-di- 
isopropyhdeme-a/Je/rycfo-arabinose to enantio- 
inorphous, crystalline, 1 - C-cy clohexylarabitols. 
These substances have all been related to 3,4:5,6- 
di-isopropylidene-D-mannitol of known structure.

The position of the isopropylidene group in 4,5-

isopropylidene-L-arabinose diethyl mercaptal has 
been established by lead tetraacetate oxidation.

1 - C - Cyclohexyl -1,2,3,4- tetraacetyl- 5- trityl - d - 
arabitol has been prepared.
N e w  H a v e n , C o n n e c t i c u t

R e c e i v e d  S e p t e m b e r  2 0 ,  1 9 4 7

[C o n t r i b u t i o n  No. 2 3 0  f r o m  t h e  C h e m i c a l  D e p a r t m e n t , E x p e r i m e n t a l  S t a t i o n , E .  I. d u  P o n t  d e  N e m o u r s  &
C o m p a n y ]

1-Thiosorbitol
By M. W. Farlow, Madison Hunt,1 C. M. Langkammerer, Wilbur A. Lazier,2 W. J. Peppel3 and

F. K. Signaigo4

The deactivation or poisoning of hydrogenation 
catalysts by even small amounts of sulfur, hydro­
gen sulfide, or sulfur-containing organic com­
pounds is a familiar phenomenon of hydrogenation 
chemistry. Accordingly, the discovery in this 
laboratory5 that catalysts, such as cobalt polysul­
fide, function effectively in the conversion of alde­
hydes, ketones, and nitriles to thiols by hydrogen­
ation in the presence of sulfur or hydrogen sulfide 
represents an important advance in this field.

Among the aldehydes and ketones to which this 
reaction can be applied, sugars are of especial in­
terest since their hydrogenation in the presence 
of hydrogen sulfide has made available for study a 
variety of new poly hydroxy alkane mono thiols. 
This paper describes the preparation, properties, 
and more interesting chemical reactions of 1-thio- 
sorbitol6 which is derived from D-glucose.

The preparation of thiosorbitol from D-glucose 
by hydrogenation in the presence of sulfur can be 
represented by the equations

catalyst
H2 +  S ----------- ^  H2S

i------- O--------j
CH2OHCH(CHOH)|CHOH +  h 2s ----->

r  '— ° — i 1LCH2OHCH(CHOH)3CHSh J +  h 2o

I r-------O------- 1 I catalyst
LCH2OHCH(CHOH)3CHSH]J +  h 2 -----------

CH2OH(CHOH)4CH2SH
This mechanism is supported by the following 
facts: (1) thioketones and thioaldehydes readily 
hydrogenate to thiols under the conditions used 
here; (2) aldehydes and ketones have not under­
gone hydrogenation to alcohols under the condi­
tions and with the catalysts used here; and (3) 
alcohols and hydrogen sulfide have not yielded 
thiols under these conditions. The reactions indi-

(1) Present address, Jackson Laboratory, E. I. du Pont de 
Nemours & Co., Deepwater, N. J.

(2) Present address, Chas. Pfizer and Co., Brooklyn, N. Y.
(3) Present address, Jefferson Chemical Co., Inc., N. Y., N. Y.
(4) Present address, Rayon D epartm ent, Technical Division, 

E. I. du Pont de Nemours & Co., Buffalo, N. Y.
(5) Signaigo, U. S. 2,230,390, Feb. 4, 1941; Farlow and Signaigo, 

U. S. 2,402,613, June 25, 1946.
(6) Lazier and Signaigo, U. S. 2,402,640, June 25, 1946.

cated have been carried out conveniently in pres­
sure equipment using an aqueous reaction medium, 
free sulfur, and commercial dextrose. At 125-150° 
and a hydrogen pressure of 1000-1500 lb./sq. in. 
the reaction is complete in three to four hours. 
There is obtained a good yield of crude thiosorbi­
tol sirup from which highly purified thiosorbitol 
can be isolated by several procedures. The pre­
ferred method for the isolation of thiosorbitol in­
volves preparation and separation of the cuprous 
salt which is suspended in ethanol and treated 
with hydrogen sulfide to regenerate the free thiol. 
The aqueous solution is evaporated to dryness, 
and white crystalline 1-thiosorbitol, m. p. 92-93°, 
is recovered in 25-30% over-all yields by crystalli­
zation at low temperatures from alcohol. Nearly 
pure varieties of thiosorbitol can be obtained by 
direct crystallization of concentrated crude sirup 
from ethanol or by oxidation to the corresponding 
disulfide, which is recrystallized and subsequently 
cleaved by catalytic reduction in the presence of 
sulfactive catalysts. Crude thiosorbitol sirup 
contains organic sulfur compounds which are not 
thiols. Some of these products are thought to be 
the result of side reactions involving thioacetal 
formation or dehydration of thiosorbitol to cyclic 
sulfides. Low molecular weight cleavage products 
are also present in crude sirup. Removal of these 
prior to the above purification procedure is best 
accomplished by steam distillation or by extract­
ing the aqueous reaction medium with an immis­
cible organic solvent.

1-Thiosorbitol is a white, crystalline, water-sol­
uble compound showing the reactions characteris­
tic of aliphatic mercaptans and of polyhydric al­
cohols. For example, oxidation with iodine in hot 
absolute alcohol gives the corresponding disulfide 
in excellent yields. The hexaacetate can be pre­
pared by treatment of thiosorbitol with fused so­
dium acetate and acetic anhydride at 100°. The 
corresponding benzoate was obtained as a sirup.

Reaction of 1-thiosorbitol in alkaline dioxane 
with fz-dodecyl bromide yields n-dodecyl 2,3,4,5,6- 
pentahydroxyhexyl sulfide.

Perhaps the most unusual property of 1-thiosor­
bitol is its ability to form water soluble salts with a
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variety of heavy metals.7 For example, aqueous
1-thiosorbitol solutions dissolve silver chloride 
readily with the liberation of hydrochloric acid. 
Similarly, 1-thiosorbitol forms soluble salts with 
Cu+, Cu++, Fe++, Pb++, Hg++, Sn++, Ni++, and 
Zn++ ions. The ability of thiosorbitol to retain 
these heavy metals in solution in the presence of 
the usual precipitating negative ions indicates a 
very low degree of ionization of the thiosorbitol 
heavy metal derivative. Hydrogen sulfide, how­
ever, generally precipitates the metals from thio­
sorbitol solutions. The preparation of the cuprous 
salt is described in connection with the purification 
of 1-thiosorbitol.

The general process described in the experimen­
tal part for the conversion of D-glucose to 1-thio­
sorbitol has been applied successfully to other sug­
ars such as sucrose, maltose, D-fructose and sol­
uble starches. In these cases, the products were 
sirups from which pure crystalline polyhydroxy- 
alkane thiols have not been isolated.

Experimental
Preparation of Cobalt Sulfide Catalysts.—To 1500 ml. of 

water in a vessel of 2-liter capacity provided with a stirrer 
was added 240 g. of Na2S-9H20  and 64 g. of sulfur and the 
whole was stirred until the sulfur was dissolved. The 
filtered solution was added over a ten to fifteen-minute 
period to a solution of 242 g. of CoCl2-6H20  in 1700 ml. 
of water contained in a vessel of 4-5 liter capacity equipped 
with a large paddle stirrer. After the addition, stirring 
was continued for another half hour. The catalyst was 
collected by suction filtration and washed with water on 
the funnel until the filtrate was colorless. The 750-1000 
g. of hard paste obtained contains approximately 150 g. 
of cobalt polysulfide (C0S3) and is 15-20% solids. If it 
is not to be used at once, it should be stored out of contact 
with air.

Preparation of 1-Thiosorbitol.—A 3-gallon, stainless 
steel, horizontal autoclave equipped with stirrer was 
charged with 1500 g. of D-glucose, 800 g. of sulfur, 2500 
g. of water and 1000 g. of 15% cobalt polysulfide catalyst 
paste prepared as described above. The autoclave was 
then sealed and hydrogen introduced from high-pressure 
storage tanks until the total pressure was 1000 lb./sq. in. 
The autoclave and contents were heated to a temperature 
of 125° and maintained at this temperature. The pressure 
dropped as a result of the reaction of hydrogen with sulfur 
and additional hydrogen was forced into the autoclave to 
maintain a pressure of 1000 lb./sq. in. The temperature 
was then raised to 150° and the pressure was raised to 
1500 lb./sq. in. These conditions were maintained for a 
period of three hours at the end of which time absorption 
of hydrogen had practically ceased. Excess hydrogen 
and hydrogen sulfide were vented from the cooled auto­
clave and then the product was rinsed out with 700 ml. 
of water. The reaction mixture was filtered to remove 
catalyst and then evaporated to one-half its original volume 
at 60° and at 40 mm. pressure. If all the water is re­
moved, 1430 g. of a sirup containing about 13% thiol 
sulfur and 15% total sulfur is obtained. The viscous 
liquid remaining from the evaporation was diluted with 
2000 g. of water and converted into a solution of the 
cuprous salt by adding 563 g. of powdered cuprous oxide 
with stirring at a temperature of 55°. The reaction mix­
ture was kept under an atmosphere of nitrogen during 
this and subsequent operations. The solution of the 
cuprous salt was added slowly with vigorous stirring to 
13 liters of methanol to precipitate the cuprous salt, which 
was then separated by filtration and washed twice on the

(7) Peppel and Signaigo, U. S. 2,410,844, November 12, 1946.

filter with 1500-ml. portions of methanol. The copper 
salt was suspended in 2400 g. of 90% ethanol in a 3-gallon 
stainless steel autoclave and treated with hydrogen sul­
fide under 500 lb ./sq. in. pressure until no further pressure 
drop was observed. The contents of the autoclave were 
rinsed out with 400 g. of absolute alcohol. The cuprous 
sulfide was removed by filtration, and the filtrate was 
treated with 20 g. of carbon black and refiltered. The 
alcohol solution was evaporated to dryness at 50° and 28 
mm. pressure. Seven hundred milliliters of absolute 
alcohol was added and the evaporation procedure repeated 
to complete removal of water. The thiosorbitol residue 
was dissolved in 700 ml. of warm absolute alcohol and 
filtered. The solution was cooled first to room tempera­
ture and finally was kept at 5° overnight. The crystalline 
1-thiosorbitol which separated was filtered and washed 
with cold absolute alcohol and finally with ethyl ether. 
After drying in vacuo, the resulting white crystalline 
non-hygroscopic material, m. p. 92-93°, weighed 427 g. 
(27% yield based on d-glucose). By titration with stand­
ard iodine solution it was found to contain thiol groups 
corresponding to a purity of 96.2% 1-thiosorbitol.

Anal. Calcd. for CbHhOöS : C, 36.3; H, 7.12. Found: 
C, 36.7, 36.7; H, 7.2, 7.2.

1-Thiosorbitol is readily soluble in water, pyridine, 
ethylene glycol, and formamide. It is insoluble in ben­
zene, petroleum ether, carbon tetrachloride and carbon 
disulfide. At 20°, 100 ml. of absolute ethanol, dioxane, 
ethyl ether, trichloroethylene and acetone, respectively, 
dissolve 1.7 g., 1.2 g., 0.016 g., 0.016 g. and 0.010 g. of 
1-thiosorbitol. 1-Thiosorbitol has a specific rotation 
in water of [<x] 27d  —1.9 at 2% concentration and 27° in 
a tube 40 cm. in length.

1-Thiosorbitol Disulfide.—Ten grams of 1-thiosorbitol 
dissolved in 50 ml. of hot absolute alcohol was treated 
with alcoholic iodine until the iodine color persisted. The 
solution was then filtered and cooled overnight to allow the 
product to separate. Recrystallized from alcohol, eight 
grams of disulfide (80% yield), m. p. 128-130°, was ob­
tained.

Anal. Calcd. for C12H26O5S2: C, 36.6; H, 6.7. Found: 
C, 36.7; H, 6.9.

The decaacetate of thiosorbitol disulfide was prepared 
by treatment with fused sodium acetate and acetic an­
hydride, m. p. 125-130°.

Anal. Calcd. for C32H46O20S2: S, 7.87. Found: S,
7.82.

1-Thiosorbitol Hexaacetate.—Two grams of thio­
sorbitol and 1 g. of fused sodium acetate were treated with 
10 ml. of acetic anhydride and heated at 90-100° for three 
hours. The product was poured into water and washed 
by decantation several times. The solid product purified 
by recrystallization from aqueous alcohol melted at 87- 
89°.

Anal. Calcd. for Ci8H260nS: C, 48.0; H, 5.8. Found: 
C, 48.4; H, 6.0.

The corresponding benzoate obtained by the reaction 
of benzoyl chloride with 1-thiosorbitol in pyridine could 
not be induced to crystallize.

S-Dodecyl-1 -thiosorbitol.—Twenty grams of 1-thio­
sorbitol was dissolved in 50 ml. of water and 4 g. of 
sodium hydroxide added. To this was added 25 g. of 
dodecyl bromide in 50 ml. of dioxane and the mixture 
heated under reflux for two hours. The solid which 
separated on cooling was washed with water, dioxane and 
ether. Thirty-one grams (84%) was obtained, m. p. 
107°.

Anal. Calcd. for CisHssOsS: C, 58.95; H, 10.48; S,
8.73. Found: C, 58.12; H, 10.37; S, 8.45.

Summary
1-Thiosorbitol has been prepared by the hydro­

genation of D-glucose in the presence of sulfur. 
Methods for the isolation and purification of this 
new poly hydroxy alkane thiol have been described.
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1-Thiosorbitol has been found to undergo nor- halides. In addition, it has been observed to form
mal mercaptan reactions such as oxidation to the water-soluble salts with a variety of heavy metals,
disulfide, acylation, and etherification with alkyl Wilmington, D elaware R eceived October 3 0 ,  1 9 4 7

[Contribution from the Banting and Best D epartment of M edical R esearch, U niversity of T oronto]

L-a-Glycerylphosphorylcholine
B y  E rich  B a e r  and  M orris K a t e s1

Studies with labelled choline (N15) and radioac­
tive phosphorus (P32) have shown that a rapid met­
abolic turnover of phospholipids, particularly of 
the small intestine, liver and kidney, takes place. 
These observations evoke considerable interest in 
the role of glycerylphosphorylcholine (G.P.C.) as 
an intermediary metabolite, since it is highly 
probable that this diester plays an essential part 
in the biosynthesis and the turnover of lecithins. 
Until quite recently (1945) an investigation of the 
metabolic fate of the diester was difficult because 
it was not obtainable in sufficient quantity or pu­
rity.

Attempts to isolate G.P.C. from biological ma­
terial have been made frequently. In 1935 Con- 
tardi and Ercoli2 incubated lysolecithin with puri­
fied rice bran extracts and observed the formation 
of a water-soluble organic phosphate. Although 
this substance was not isolated in pure state, its 
behavior indicated that it was a glycerylphos­
phorylcholine. Kahane and Lévy3 on hydrolysis 
of egg yolk lecithin with lecithinase B (rat intes­
tine) obtained a choline derivative of glycerophos- 
phoric acid which was soluble in water, methanol, 
ethanol and insoluble in acetone. Further experi­
mental work strongly suggesting the presence of
G.P.C. in commercial preparations of dried beef 
pancreas,4 and in tissue of fresh heart muscle of 
frogs and rabbits5 has been reported.

Schmidt, Hershman and Thannhauser6 suc­
ceeded in isolating from beef pancreas autolysates 
/ew-rotatory G.P.C. in fairly pure form and were 
able to establish its constitution as that of the 
choline ester of a-glycerophosphoric acid. Utiliza­
tion of a biological source, however, does not lend 
itself readily to the preparation of G.P.C. on a 
laboratory scale in amounts exceeding a few grams.

During the past ten years much of the work in 
this Laboratory has been directed toward the syn­
thesis of optically pure enantiomers of asymmet-

(1) This paper forms part of a thesis which will be submitted by 
M. K ates to the D epartm ent of Chemistry, University of Toronto, 
in partia l fulfillment of the requirem ents for the degree of Doctor of 
Philosophy. An account of this work was presented before the 
Canadian Physiological Society, a t  the London (Ontario) meeting, 
October 24-25, 1947.

(2) A. Contardi and A. Ercoli, Arch. sci. biol., 21, 1 (1935).
(3) E. K ahane and J. Lévy, Compt. rend., 219, 431 (1944).
(4) E. J . King and M. Aloisi, Biochem. J ., 39, 470 (1945).
(5) G. L. Cantoni and A. W. Bernheimer, Fed. Proc. Am . Soc. 

Exp. Biol. (P a rt I I) , Vol. 6, No. 1, 315 (1947).
(6) G. Schmidt, B. H ershm an and S. J . Thannhauser, J .  Biol. 

Chem., 161, 523 (1945).

rically substituted glycerol derivatives. In the 
desire to extend our synthetic endeavours to the 
field of the phospholipids and in the hope of being 
able to supply the biochemist with a much needed 
material, the synthesis of L-a-G.P.C., a substance 
closely related to the lecithins, was attempted.

In a previous communication7 it was shown 
that the optically active a-glycerophosphoric acid 
isolated from lecithins belongs to the L-series and 
can be synthesized by phosphorylation of d(+ )- 
acetone glycerol. The use of the latter substance 
insured simultaneously the position of attach­
ment of the phosphate group and the desired l- 
configuration of the a-glycerophosphoric acid.8 
I t was to be expected that the o:-G,P:C= obtained 
from lecithin would have the same configuration 
and should be obtainable in a similar manner by 
esterification of phosphoric acid with D(+)acetone 
glycerol and choline. The synthesis, especially 
the phosphorylation step offered, however, a num­
ber of technical difficulties which had to be over­
come before a procedure could be found which 
would give consistently satisfactory yields of 
glycerylphosphorylcholine. The method of syn­
thesis of L-a-G.P.C. which was finally adopted and 
the steric relationships of the various interme­
diate compounds are illustrated in the accom­
panying reaction scheme. After trying numerous 
phosphorylation procedures it was found that the 
intermediary acetone glycerylphenylphosphoryl- 
choline chloride (C-Cl) is obtainable in adequate 
amounts by phosphorylation of D(+)acetone glyc­
erol with phenylphosphoryl dichloride in the 
presence of quinoline, followed by esterification of 
the reaction product with choline in the presence 
of pyridine. The isolation of the choline ester 
from the reaction mixture was greatly facilitated 
by the observation that its reineckate, in contrast 
to the reineckates of pyridine and quinoline, precip­
itates from an alkaline-aqueous solution and can 
be separated from the similarly alkali-insoluble 
reineckates of choline and other choline-contain­
ing reaction products by means of its solubility in 
ethyl acetate. The reineckate of (C) was con­
verted to the corresponding sulfate (C-S04/2) 
before removing the protective phenyl and acetone 
groups in order to avoid complications introduced

(7) E. Baer and H. O. L. Fischer, ibid., 128, 491 (1939).
(8) An optically active a-monoglyceride is considered as being 

related to  the glyceraldehyde which would be obtained by oxidation 
of the -y-carbon atom.
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by the reineckate ion. I t  was found that the or­
der of removal of these groups was a decisive fac­
tor in obtaining l -  «-glycerylphosphorylcholine. 
All attempts to prepare the diester by removing 
first the acetone group of (C-SO4/ 2) failed because, 
at the pH required for its removal, liberation of 
choline and a <=> ft migration of phosphoric acid 
took place. In contrast, when the phenyl group 
of (C-SO4/ 2) was removed first, the resulting ace­
tone glycerylphosphorylcholine (D-S04/2) was 
found to be stable enough to permit its deacetona- 
tion within the pH-range of 1.5-2.5 without simul­
taneous liberation of choline or phosphoric acid mi­
gration to give a good yield of the diester (E).

The synthetic l-«-G.P,C. was obtained as a 
colorless, hygroscopic and viscous liquid in an 
over-all yield varying from 35-40%; [«]28o
— 2.85° (=*=0,1°) in water (average of 15 prepara­
tions) . The diester is fairly stable in aqueous solu­
tion at room temperature within the pH-range of
1.5 to 7; in alkaline solution or in strongly acid 
solution, however, it is rapidly hydrolyzed. The 
cleavage of its choline-phosphoric acid linkage is 
also effected by the recently described enzyme 
preparation from carrots.9 The diester is precipi­
tated from alcoholic solution by ammonium 
reineckate or cadmium chloride.

The synthetic l-«-G.P.C. was shown to con­
tain neither inorganic phosphate nor free choline. 
I t analyzed correctly for C8H220 7NP and its mo­
lecular ratio of choline: phosphoric acid: a-glycerol 
ester corresponded very closely to the theoretical 
value of 1:1:1. The diester was further charac­
terized by means of an amorphous cadmium chlo­
ride compound ([«]d —1.2°) and a crystalline 
cadmium chloride compound (m. p. 100- 102°; 
[«]d —1.4°), both of which were obtained in ex­
cellent yields. On the basis of the analytical 
data formula [C8H2207NP]2* [CdCl2]3 had to be as­
signed to the amorphous compound and formula 
[C8H2207NP] [CdCl2] -2H20  to the crystalline com­
pound. On decomposition of the two cadmium 
chloride addition compounds with silver carbon­
ate the L-«-G.P.C. was recovered unchanged 
([«]d —2.9°).

The properties of the synthetic l-«-G.P.C. 
were similar to those described by Schmidt, 
Hershman and Thannhauser for the natural
G.P.C. except that the rotation of the synthetic 
diester was considerably lower than that reported 
for the biological diester ([«]d — 4.87°). This 
discrepancy could be accounted for either by a 
partial inactivation of the synthetic «-diester dur­
ing the later stages of the synthesis or by contam­
ination of the biological diester with compounds of 
high optical activity.

First of all attempts were made to establish the 
optical purity of the synthetic diester by degrada­
tion to the well known L-«-glycerophosphoric 
acid.7 The glycerophosphoric acid obtained by

(9) D. J. Hanahan and I. L. Chaikoff, J . Biol. Chem., 168, 233 
(1947); 169, 699 (1947).
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acid or alkaline hydrolysis had, however, a much 
lower rotation than that reported for the syn­
thetic compound and, depending on the method 
of hydrolysis, containing varying proportions of
l-«-, D,L-«- and jÖ-glycerophosphoric acid. The 
formation of /3-glycerophosphoric acid from pure 
«-G.P.C. must have been caused by acyl-migra­
tion during hydrolysis. In order to prevent this 
migration attempts were made to block both alco­
holic hydroxy groups by methylation. The low 
solubility of the G.P.C. in all solvents commonly 
used in etherification procedures made the com­
plete methylation of the glycerol-moiety impos­
sible. After several other unsuccessful attempts 
to establish the optical purity of the synthetic l - 
«-G.P.C. by relating it to l -«-glycerophosphoric 
acid, work in this direction was abandoned.

I t was then decided to repeat the isolation of
G.P.C. from autolyzed beef pancreas as described

(10) The guiding principles in establishing the  steric classification 
of the  enantiomeric glycerides and related compounds are outlined 
by H. O. L. Fischer and E. Baer in J . Biol. Chem., 128, 475 (1939), 
and in Chem. Rev., 29, 287 (1941).
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by Schmidt, Hershman and Thannhauser. In 
view of the complex nature of the autolysate, it 
was considered possible that small amounts of 
impurities of high optical activity might still be 
associated with the product obtainable by this 
procedure. The rotation of the G.P.C. obtained 
by us was even higher than that reported by 
Schmidt, et al. However, several repetitions of 
the Amberlite treatment gradually removed the 
basic impurities and lowered the rotation to a 
point where it became not only constant ( [« ] d 
— 2.8°) but was in complete agreement with that 
of the synthetic diester. Furthermore, the crystal­
line cadmium chloride addition compound ob­
tained from the highly purified natural diester was 
identical with the corresponding compound of 
the synthetic glycerylphosphorylcholine. The 
identity of the natural levorotatory G.P.C. and 
the synthetic l-«-G.P.C. was thus established be­
yond doubt. The L-configuration, as anticipated, 
must therefore be assigned to the natural diester. 
The fact that the optical activities of both com­
pounds, each obtained by a different procedure, 
and those of their derivatives are in complete 
agreement suggests with high probability that the 
synthetic l-«-G.P.C. is optically pure, the possi­
bility that both compounds have been inactivated 
to the same extent being remote.

By means of the same series of reactions as de­
scribed for the synthesis of l-«-G.P.C., but start­
ing with l( —)acetone glycerol or racemic acetone 
glycerol, d-«- or d,l-«-G.P.O. are obtainable. In 
the course of the present investigation the racemic 
«-G.P.C. has been prepared. Since, however, its 
synthesis is identical with that of the optical iso­
mer only the physical and analytical data of the 
diester and its intermediary compounds are re­
ported.

A kinetic study of the acid and alkaline hydroly­
sis of the l-«-G.P.C. has shown that the liberation 
of choline is accompanied by a reversible phos­
phoric acid migration resulting in the formation of 
a mixture of l - « - ,  d ,l - « -  and /^glycerophosphoric 
acid. The close relationship of «-G.P.C. to leci­
thins permits the prediction of similar chemical 
changes on subjecting lecithins to acid or alkaline 
hydrolysis. A detailed account of this work which 
seems to invalidate the methods commonly used 
in the elucidation of the structure of lecithins, will 
be published elsewhere. In the light of these find­
ings a critical re-examination of the data in the 
literature has raised serious doubts as to the 
natural existence of /3-lecithins.

The synthesis of the enantiomeric forms (as well 
as the racemic form) of «-lysolecithins11 and «- 
lecithins of known constitution and configuration 
via the corresponding enantiomers of «-G.P.C. 
has now become possible. Work along these lines 
is in progress in this Laboratory.12 The synthetic

(11) The a  indicates the position of the phosphoric acid.
(12) A ttem pts to prepare optically active lecithins via the enantio­

meric forms of a,j8 diglycerides by means of the double phosphoryla­
tion procedure are also being made.

«-glycerylphosphorylcholines and the synthetic 
«-lecithins should be ideal substrates in studies 
concerning the specificity of the enzymes respon­
sible for the cleavage of the various phosphatide 
linkages.

Finally it should be mentioned that the synthe­
sis described in this paper should make possible 
the preparation of «-G.P.C. or of «-lecithins with 
all or some of their groups labelled by the use of
(1) acetone glycerol containing deuterium,13
(2) choline with heavy nitrogen, (3) phenylphos- 
phoryl dichloride with radioactive phosphorus and
(4) fatty acids containing deuterium or preferably 
heavy carbon.

Experimental Part
I. Synthesis of L-a-Glycerylphosphorylcholine

Monophenylphosphoryl Dichloride.14—The chloride was 
prepared according to Jacobsen,15 16 using, however, the 
slightly modified procedure reported by Brigl and Mül­
ler,14 which yields in approximately equal amounts mono­
phenylphosphoryl dichloride and diphenylphosphoryl mono- 
chloride. The acid chlorides were separated and care­
fully purified by fractional distillation in vacuo. Boiling 
point of the pure phenylphosphoryl dichloride 107-109° 
(9 mm.)).

d ( + ) Acetone Glycerol.—The glycerol derivative was 
prepared according to the simplified procedure reported 
by Fischer and Baer.15 The reduction, however, was 
carried out at atmospheric pressure, using Raney nickel 
catalyst.17 It should be noted that the yields of c-a- 
glycerylphosphorylcholine reported in this communication 
are obtainable only by using preparations of d( + ) acetone 
glycerol with specific rotations ranging from +13.5° 
to +14.0°. Preparations of lower optical activity con­
tain moisture; their use reduces greatly the yield of the 
diester.

Acetone Compound of l-or-Glycerylphenylphosphoryl- 
choline: Phosphorylation, Step 1.—In a 500-ml. round- 
bottomed, two-necked and thick-walled flask equipped 
with a mercury-sealed, motor-driven stirrer and dropping 
funnel were placed 18.2 ml. (0.123 mole) of monophenyl­
phosphoryl dichloride, 16.2 m l.18 (0.138 mole) of dry quino­

(13) H. Erlenmeyer, H. O. L. Fischer and E. Baer, Helv. Chim. 
Acta, 20, 1012 (1937).

(14) Phosphorus oxychloride, widely used as a phosphorylating 
agent, has the disadvantage of giving rise to the formation of phos­
phorus-containing by-products which are not only difficult to remove 
but also reduce the yield considerably. M ost of the undesired effects 
associated with the use of this agent may be avoided by utilizing its 
phenyl esters. The successful use of the diphenylphosphoryl- 
chloride as a phosphorylating agent has been reported frequently 
during recent years bu t the first successful application of phenyl­
phosphoryl dichloride for the  preparation of mixed diesters of phos­
phoric acid will be described in this communication. Cf. P. Brigl 
and H. Müller, Ber., 72, 2121 (1939). This reagent should prove 
useful in the synthesis of other compounds of biological interest.

(15) G. Jacobsen, Ber., 8, 1519 (1875).
(16) E. Baer and H. O. L. Fischer, J . Biol. Chem., 128, 463 (1939).
(17) A detailed description of the most recent procedure for the 

preparation of D (+)acetone glycerol will appear in “ Biochemical 
Preparations” as a p art of the preparation of l- «-glycerophosphoric 
acid.

(18) Quinoline of a good commercial grade was dried over potas­
sium hydroxide and fractionated within narrow limits of boiling point. 
By substituting pyridine for quinoline in Step 1, only very small 
amounts of the  acetone compound of glycerylphenylphosphoryl- 
choline are formed in Step 2, presumably because of the increased 
formation of di-(acetone-glyceryl) -phenylphosphate in Step 1. 
This assumption is supported by the observation of E. Fischer and 
E. Pfahler, Ber., 53, 1606 (1920), th a t the tendency of phosphorus 
oxychloride to react simultaneously with more than  one of its chlo­
ride groups is greater in pyridine than  in quinoline.
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line18 and 50 to 60 ml. of glass beads (6-7 mm. diameter) .19 
The flask was immersed in a cold bath ( — 10°) and 16.15 
g. (0.123 mole) of freshly prepared d ( + ) acetone glycerol 
was added dropwise in the course of four to five minutes 
to the vigorously stirred phosphorylating mixture. After 
five minutes the cold-bath was removed and the mixture 
allowed to come to room temperature. The reaction 
product, acetone-L-o'-glycerylphenylphosphoryl chloride, 
was not isolated.

Phosphorylation, Step 2.—The reaction mixture was 
immediately broken up as quickly as possible, covered 
with 100 ml. of dry pyridine20 and vigorously stirred until 
a fine suspension was formed. To this suspension were 
added 15.8 g. (0.115 moles) of dry choline chloride21 
and 90 to 10® ml. of glass beads. The stirring was con­
tinued for a period of at least forty hours.22

Isolation of the Phosphorylation Product as Reinecke 
Salt.—The reaction flask was attached to a receiver and 
the mixture concentrated in vacuo (bath 40°) to a sirup. 
The residue was poured with stirring into 450 ml. of an 
ice-cold sodium carbonate solution (60 g. of anhydrous 
sodium carbonate in 600 ml. of water). The remainder 
of the carbonate solution was used to rinse the flask and 
glass beads. The combined aqueous solutions were freed 
from suspended quinoline by centrifugation and the 
aqueous layer poured through a wet filter into a freshly 
prepared solution of 53-55 g. of ammonium reineckate23 
in 1800 ml. of distilled water containing 10 g. of sodium 
carbonate.24 After the addition of a small amount of 
filter-aid (Hyflo-Super-Cel) the mixture was filtered 
with suction. The precipitate was washed thoroughly 
with water and dried in vacuo over solid sodium hydroxide 
and phosphorus pentoxide to constant weight. The dry 
reineckate was powdered, extracted by stirring with 700 
ml. of dry ethyl acetate25 and the suspension was sharply 
centrifuged. The extraction of the reineckate was re­
peated with successively smaller amounts of ethyl acetate 
until the extracts were only faintly colored. Seven to 
eight extractions, using a total of 2200 ml. of ethyl ace­
tate, were required. The combined extracts, if neces­
sary, were cleared by centrifugation. The supernatant 
liquid was concentrated in vacuo to a volume of approxi­
mately 100 ml. and the concentrate diluted gradually with 
500 ml. of dry and ethanol-free ether. The precipitate 
was filtered off with suction, washed thoroughly on the 
filter with ether and dried in vacuo. The yield of already 
fairly pure reinecke salt of acetone -L-a -glycerylphenyl - 
phosphorylcholine varied from 38 to 47 g. (45 to 55%); 
m. p. 136.5-137.5°. The reineckate is readily soluble in 
acetone or ethyl acetate, less soluble in ethanol and in­
soluble in water, ether or benzene. For analytical pur­
poses only, the reineckate was crystallized from 95% 
ethanol; prisms, m. p. 137.0-137.5°.

(19) By the use of glass beads the choline chloride is brought into 
a finely dispersed sta te  and the formation of a sticky gum, which 
would enclose unreacted m aterial, is minimized. The efficiency 
of the phosphorylating procedure is thus greatly increased.

(20) This base rather than  quinoline was used in the second step 
of the phosphorylation because of the greater activity of the phos­
phorus oxychlorides in pyridine. Pyridine of a good commercial 
grade was refluxed over barium  oxide and distilled with exclusion of 
moisture.

(21) The choline chloride was thoroughly dried in  vacu o  over 
phosphorus pentoxide a t 56°.

(22) The reaction vessel was partially  immersed in a large water- 
bath  (20-25°) to prevent a rise in tem perature due to the friction 
of the glass beads. Otherwise a m arked darkening of the reaction 
mixture occurs,.

(23) The commercial ammonium reineckate is often not suffi­
ciently pure. I t  was found more economical to prepare the ammo­
nium salt as described in “ Organic Syntheses,” Coll. Vol. II , p. 555.

(24) The alkalinity of the dilute sodium carbonate solution suf­
fices to prevent the precipitation of pyridine reineckate and quinoline 
reineckate.

(25) E thyl acetate, if moist, also dissolves some of the impurities.
I t  suffices to dry the commercial ethyl acetate with anhydrous potas­
sium carbonate.

Anal. Calcd. for CatHssOe^PCr (692.6): C, 36.4; 
H, 5.52; N, 14.15; P, 4.47. Found: C, 36.5; H, 5.32; 
N, 14.08; P, 4.41.26

Conversion of the Reineckate to the Sulfate.—Ten
grams of the reineckate27 was dissolved in 40 ml. of acetone 
and the solution was diluted with 60 ml. of 95% ethanol. 
To this solution was added gradually and with cooling a luke­
warm 1% aqueous silver sulfate solution (approximately 
225 ml.) until the precipitation of the silver reineck­
ate was complete. The precipitate was removed by 
centrifugation, washed with 95% ethanol and the combined 
supernatants were concentrated in vacuo as rapidly as 
possible to a volume of approximately 50-60 ml. at a bath 
temperature not exceeding 40°.28 Remaining traces of 
the original reineckate were decomposed by the dropwise 
addition of a dilute silver sulfate solution. The silver rein­
eckate was removed, the solution taken to dryness under 
reduced pressure (bath 35 to 40°) and the residue dried in 
a vacuum of 0.5 mm. The crude sulfate (5.1 g.) was dis­
solved in 25-30 ml. of 99% ethanol, freed from insoluble 
material (100-300 mg.) and the solution taken to dryness 
in vacuo. At this stage the sulfate (4.8 g ., 79%) is a 
glass-like mass which is pure enough for further processing. 
The sulfate can be obtained in crystalline state by taking 
it up with warm, dry acetone (7 m l./g .) and keeping the 
mixture overnight in the ice-box (+ 5 ° ) ;  recovery ap­
proximately 85%.

For analytical purposes the crystalline sulfate was puri­
fied further by dissolving it in 99% ethanol, centrifuging 
the suspension, evaporating the supernatant liquid in 
vacuo to a small volume and adding gradually dry acetone 
to the concentrate until crystallization set in. After 
five minutes another portion of dry acetone equal to the 
first was added and the mixture kept in an ice-box for 
twenty-four hours. The hygroscopic crystals were 
filtered rapidly with suction, washed with a small portion 
of anhydrous acetone and dried in vacuo over fresh calcium 
chloride. Recovery of sulfate approximately 50%; 
m. p. 108-109.5° (sint. 101°); [ a ] 27D —8.3° in water
(c, 7.8); [a]28d —3.0° in dry ethanol (c, 6 .1 ).29

The strongly hygroscopic sulfate is readily soluble in 
water or ethanol, sparingly soluble in cold acetone or 
dioxane and insoluble in ether. Anal. Calcd. for C34H58- 
O16N2P2S (844.5): C, 48.25; H, 6.91; N , 3.31; P, 7.34; 
S04 11.37; acetone, 13.70; choline, 28.8. Found: C, 
48.95; H, 7.06; N, 3.29; P, 7.17; SO4 11.18; acetone, 
13.35; choline,30 28.8.

l- a -Glycerylphosphorylcholine: Removal of the Phenyl 
Group by Reductive Cleavage.—Sixteen grams of the 
l -a -glycerylphenylphosphorylcholine reineckate27 was 
converted into the crude sulfate as described above. 
The sulfate (8.5 g.) was dissolved in 80 ml. of 99% 
ethanol and freed by centrifugation from insoluble ma­
terial. The clear solution together with 2 g. of platinic 
oxide (Adams catalyst) was shaken vigorously in an 
atmosphere of pure hydrogen at room temperature and 
a pressure of 40 to 50 cm. of water in excess of atmospheric

(26) The P-determ ination on th e reineckate was carried out ac­
cording to  King (B io c h e m . J . ,  26, 292 (1932)). T h e determ ination, 
however, was som ewhat complicated by th e presence of chromic acid  
anhydride, one of the digestion products. A t th e com pletion of the  
digestion the cooled solution was filtered through a sintered glass 
filter and the chromic anhydride crystals washed w ith  sm all am ounts  
of 60% perchloric acid. The filtrate and washings were m ade up to  
volum e and used for the colorimetric determ ination o f phosphorus.

(27) T he reineckate obtained directly from th e  e th y l acetate  ex­
traction m ay be used here.

(28) The aqueous solution of th e sulfate is acid. T o avoid h y ­
drolysis resulting in the liberation of acetone and choline all opera­
tions should be carried to  completion as rapidly as possible and a t the  
lowest possible temperature.

(29) T he readings were taken im m ediately after preparing the  
solutions.

(30) T he substance was hydrolyzed in 1.5 N  hydrochloric acid at 
100° (two hours) and the choline determined gr a v i m etrically in form  
of its reineckate as described by Schm idt. Hershm an and Thann­
hauser.
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pressure until the absorption of hydrogen ceased. In 
about seventy-five minutes 2010 ml. (N . T . P.) or 93% 
of the theoretical amount of hydrogen were taken up. 
The catalyst was filtered off, washed with ethanol and 
the combined filtrate and washings evaporated to dryness 
in vacuo (bath 40°). The residue, a colorless glass 
weighing 6.0 g., contained in general 20% less acetone 
than calculated for the acetone compound of L-a-glyceryl­
phosphorylcholine sulfate. No attempt was made to 
isolate a pure compound.

Deacetonation.—The crude acetone compound (6.0 g.) 
was dissolved in 150 ml. of distilled water and the 
solution, which had a pH. of 1.5, was allowed to stand 
at room temperature (20 to 25°) for a period of fifteen 
hours.31

To remove traces of nitrogenous impurities, a dilute 
solution of ammonium reineckate was then added drop- 
wise until the precipitation was complete and after cen­
trifugation, the excess of ammonium reineckate was re­
moved with dilute silver sulfate solution. The super­
natant was triturated with barium carbonate until free 
from sulfate ions and the silver ions were removed with 
hydrogen sulfide in the presence of the barium salts. 
The mixture was centrifuged and the aqueous solution 
concentrated under reduced pressure (bath 35-40°) to a 
small volume. The deposit of insoluble material (mostly 
barium carbonate) was removed and the concentration 
in vacuo continued. The drying was completed in a 
vacuum of 0.1 mm. at a bath temperature not exceeding 
40°; yield 4.0 to 4.6 g. of l-«-glycerylphosphorylcholine 
(65 to 75% of the theoretical from reineckate or 35 to 
40% over-all yield). The synthetic diester is a viscous 
liquid which is readily soluble in water, ethanol or meth­
anol and insoluble in acetone, ether or benzene; [a]23D 
—2.85 =*= 0.1° in water (c, 2.2 determined from P-content; 
pH  6 -7 ). The optical activity of a-G. P. C. seems to 
decrease slightly with increasing acidity.

A nal. Calcd. for C8H22O7NP (275.2): choline, 44.0; 
P, 11.27. Found: choline, 42.4; P, 10.95.

Vicinal Glycol Titration with Periodic Acid.—0.1157 
gram of the diester was dissolved in water and the volume 
made up to 100 ml. The titration was carried out accord­
ing to Voris, Ellis and Maynard32 on 10.0-ml. aliquots. 
After one hour 0.0422 mM. of the diester had consumed 
on the average 0.0414 mM. of periodic acid or 98.2% of 
the theoretical amount calculated for the a-glycerylphos­
phorylcholine. Ratio of choline:P :a-glycerol ester33: 
calcd. 1:1:1. Found: 0.99:1.00:1.01.

Amorphous Cadmium Chloride Addition Compound of 
l-ck-Glycerylphosphorylcholine.—A solution of 5.8 g. of 
cadmium chloride (2.5-H20 ) in 4 ml. of water, diluted 
with 65 ml. of 99% ethanol, was added slowly and with 
stirring to a solution of 4.0 g. of l -ck-glycerylphosphoryl­
choline in 75 ml. of 99% ethanol. After standing in the 
ice-box for one hour the dense, white precipitate was 
filtered with suction, washed with ethanol and ether, and 
dried in vacuo; yield of the amorphous cadmium chloride 
addition compound 7.3 g. (92%). This compound is 
quite stable and can be used advantageously for the 
storage of l-a-glycerylphosphorylcholine. If need arises 
it can be quickly converted into the free diester; [a]25D 
— 1.2° in water (c, 5.0). Anal. Calcd. for (C8H2207- 
NP)2-(CdCl2)3 (1100): C, 17.44; H, 4.03; N, 2.54; P, 
5.62; Cl, 19.35; Cd, 30.60; choline, 21.9; ratio of 
CdCl2:C8H22O7NP — 3:2. Found: C, 17.6; H, 4.24; 
N, 2.58; P, 5.58; Cl, 19.90; Cd, 30.15; choline, 21.1; 
ratio of CdCl2:C8H2207NP =  3.01:2.00. Calcd. for 
the cadmium chloride-free moiety, C8H22O7NP (275):

(31) According to  our experience a complete hydrolysis of acetone 
w ithout liberation of choline or migration of phosphoric acid is 
achieved within the  ^H-range of 1.5 to  2.5 a t the  stated time interval 
and  tem peratures. Hydrolysis a t  greater acidity liberates choline 
and a t  lower acidity is incomplete with regard to acetone.

(32) L. Voris, G. Ellis and L. A. M aynard, J . Biol. Chem., 133, 491 
(1940).

(33) Determined by the periodic acid titration.

C, 34.9; H, 8.05; N, 5.08; P, 11.27; choline, 44.0. 
Found by calculation from the analytical values above: 
C, 35.2; H, 8.48; N , 5.17; P, 11.17; choline, 42.2.

Vicinal-Glycol Titration with Periodic Acid.—The 
sample of the cadmium chloride derivative in aqueous 
solution was freed from cadmium by the addition of potas­
sium carbonate. The filtrate was made up to a known 
volume and the content of diester ascertained by a phos­
phorus determination. Several aliquots each containing 
0.0218 mM. of the diester consumed in two hours on the 
average 0.0201 mM. (96.3%) of periodic acid.

Crystalline Cadmium Chloride Compound of l-«- 
Glycerylphosphorylcholine: (a) Prepared from the Amor­
phous Cadmium Chloride Compound.—A solution of 3.1 
g. of the amorphous cadmium chloride compound in 38 
ml. of water was diluted gradually with 150 ml. of 99% 
ethanol and a small amorphous precipitate removed 
immediately by centrifugation. The clear supernatant 
liquid was first kept at room temperature for twenty-four 
hours, during which time crystals (prisms) began to form 
and was then kept in an ice-box (+ 5 °) for two days. 
The crystals were filtered with suction, washed with a 
small volume of cold 80% ethanol and dried in air to con­
stant weight. The crystalline cadmium chloride com­
pound of L-a-glycerylphosphorylcholine was obtained in 
a yield of 1.85 g. (66.4%); m. p. 100-102° with sintering 
from 97° (rise in temperature 3°/min. starting with a 
bath temperature of 80°); [qj]24d —1.4° in water (c,
5.5). Anal. Calcd. for (C8H2207NP) (CdCl2)-2H20  
(494.7): C, 19.46; H, 5.30; N, 2.83; P, 6.27; Cl, 
14.33; Cd, 22.7; choline, 24.5. Found: C, 19.31; H, 
5.21; N , 2.84; P, 6.28; Cl, 14.50; Cd, 22.8; choline, 
24.6, Ratio of C8H2?07NP:CdCl2. Calcd. 1.0:1.0. 
Found. 1.00:1.01. The air-dried cadmium chloride 
compound lost on drying over phosphorus pentoxide in 
a vacuum of 0.1 mm. at 56° 10.62% of its weight. Calcd. 
for a loss of three moles of water 10.92%.34

Vicinal-Glycol Titration with Periodic Acid.—Carried 
out as described for the amorphous cadmium chloride 
compound. At the end of two hours 0.0235 mM. of the 
diester had consumed on the average 0.0233 mM. (99.2%) 
of periodic acid.

(b) Prepared directly from the diester. To the com­
bined solutions of 2.0 g. of the diester in 13 ml. of water 
and of 2.6 g. of cadmium chloride (2.5 H20) in 15 ml. 
of water were added gradually and with swirling 100 ml. 
of 99% ethanol. The solution was immediately cleared 
of a small amount of amorphous material by centrifuga­
tion. The supernatant liquid was diluted with an addi­
tional portion of 10 ml. of 99% ethanol and crystalliza­
tion induced mechanically. After the mixture had stood 
for six hours at room temperature and twenty-four hours 
in the ice-box the crystals (prisms) were filtered with suc­
tion, washed with 80% ethanol and dried in air to constant 
weight; yield of crystalline cadmium chloride compound 
80% (2.8 g.); m. p. 97-101° (sintered 94°); [ a ] 27D
— 1.4° in water (c, 5.8). Anal. Found: C, 19.14; H, 
5.25; N, 2.85; P, 6.22.

Recovery of l -Glycerylphosphorylcholine from its 
Cadmium Chloride Compound.—To a solution of 1.0 g. 
of the amorphous cadmium chloride compound in 35 ml. 
of water was added 1.6 g. of silver carbonate and the 
mixture was stirred vigorously until free from chloride 
ions. After removal of the solids the solution was freed 
from cations with hydrogen sulfide and the sulfides re­
moved by filtration over Hyflo-Super-Cel. The filtrate 
was concentrated to a sirup under reduced pressure (bath 
35-40°) and the residue was dried to constant weight in 
a vacuum of 0.1 mm. at a temperature not exceeding 40°. 
In the event that the residue was still slightly colored by 
colloidal material it was taken up in ethanol, centrifuged, 
concentrated and dried in vacuo as described above. 
The recovery of l-a.-glycerylphosphorylcholine was 98% 
(0.49 g.); [ck]d  —2.9° in water (c, 2.6).

(34) The loss of the  th ird  mole of water during the process of 
drying may be explained by the formation of an inner salt of the 
glycerylphosphorylcholine.
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II. Synthesis of d,l-«-Glycerylphosphorylcholine
The synthesis of d,l-«-glycerylphosphorylcholine is 

identical with that described for the L-form, except that 
D,L-acetone glycerol35 is used as starting material. Only 
the analytical and physical data of the various compounds 
will be reported here.

Acetone Compound of d ,e -Glycerylphenylphosphoryl- 
choline: (a) Reineckate.—Yield 56%; m. p. 136-137°. 
Anal. Calcd. for CaiHsgOeNyPCr (692.6): C, 36.4; H, 
5.52; N, 14.15; P, 4.47. Found: C, 36.6; H, 5.49; N, 
14.13; P, 4.40.

(b) Sulfate.—Obtained by the decomposition of the 
reineckate in yields of 70-80% (oil) or 60-68% (crystals). 
Anal. Calcd. for C^gOieNaPaS (844.5); P, 7.34; 
S04, 11.37; acetone, 13.70; choline, 28.8. Found: P, 
7.25; SO4, 11.00; acetone, 13.76; choline, 28.2.

d ,l -a-Glycerylph0sphorylcholine.—Over-all yield 35- 
40%; viscous liquid, soluble in water, ethanol, methanol; 
insoluble in acetone, ether or benzene. Amorphous 
cadmium chloride compound.—Yield 90%. Anal. Calcd. 
for (C8H22O7NP)2(CdCl2)3: C, 17.44; H, 4.03; N, 2.54; 
P, 5.62; Cl, 19.35; Cd, 30.60; choline, 21.9. Found: 
C, 17.68; H, 4.16; N, 2.64; P, 5.72; Cl, 19.45; Cd, 
30.05; choline, 21.8. Theoretical values for the 
cadmium chloride-free moiety CgH^ChNP: C, 34.9; H, 
8.05; N, 5.27; P, 11.27; choline, 44.0. Found by cal­
culation from the analytical values above: C, 35.0;
H, 8.23; N, 5.23; P, 11.32; choline, 43.4.

Vicinal-Glycol Titration with Periodic Acid.—Carried 
out as described for the corresponding cadmium chloride 
compound of the synthetic r -a -glycerylphosphorylcholine. 
Aliquots containing 0.0226 mM. of D,L-a-glycerylphospho- 
rylcholine consumed in 15, 45, 90 minutes 0.0204 mM. 
(90.4%), 0.0215 mM. (95.2%) and 0.0217 mM. (95.9%) 
of periodic acid, respectively.

III. Isolation of a-Glycerylphosphorylcholine from Beef 
Pancreas According to Schmidt, Hershman and Thann­

hauser6
Five pounds of beef pancreas treated as outlined by 

Schmidt, Hershman and Thannhauser yielded 2.9 g. 
of crude ^-glycerylphosphorylcholine with a rotation of 
[oj]2Bd —7.8° in water (c, 2.7). This rotation, much 
higher than that reported by Schmidt, Hershman and 
Thannhauser ([a ]20D —4.87°), indicated that our bio­
logical product still contained extraneous material of 
high optical activity and needed further purification. 
The diester was dissolved in 40 ml. of water and a dilute 
aqueous ammonium reineckate solution added until no 
further precipitation took place. The excess of ammonium 
reineckate was removed with dilute silver sulfate solution; 
the filtrate was triturated with barium carbonate and the 
silver ions removed with hydrogen sulfide in the presence 
of the barium salts. The aerated aqueous solution of the 
diester (approx, volume 60 ml.) was stirred for one hour 
with 20 g. of Amberlite (I. R .-100), filtered and the fil­
trate concentrated in vacuo at a bath temperature not 
exceeding 40°. The colorless oil, which weighed 1.15 g. 
and now had an optical activity of [a]25D —4.2° in water, 
(c, 2.3) was again treated in aqueous solution (60 ml.) 
with 20 g. of Amberlite for a period of thirty minutes. 
The filtrate was concentrated in vacuo to a volume of 5 
ml. and the diester precipitated by the addition of 50 ml. 
of dry acetone. The precipitate, freed in vacuo from 
solvent, weighed 0.7 g. and had an optical activity of 
[a ] 26d —2.7° in water (c, 2.5, pH  2.8). This rotation,

(35) E. Fischer and E. Pfahler, Ber., 53, 1606 (1920); M. S. 
Newman and M. Renoll, T his Jo urnal, 67, 1621 (1945).

although considerably lower than that reported by 
Schmidt, Hershman and Thannhauser, is, however, iden­
tical with that of our synthetic product [ « ] 23d  —2.85° 
(^ O .l0). To ensure that the progressive decrease in 
optical activity was due to the removal of impurities and 
not to inactivation of the glycerylphosphorylcholine by 
the Amberlite, the oil (0.7 g.) was treated once more with 
the ion-exchanger. The optical activity of the recovered 
diester (0.6 g.) remained unchanged, [a ]25D —2.7° in 
water (c, 2.7, pH  2.5) or [q*]25d - 2 .8 °  (c, 2.6; pH  5.8). 
The fact that the optical activity of the synthetic l-qj- 
glycerylphosphorylcholine also remained unchanged after 
a treatment with Amberlite is further evidence of the 
harmlessness of this treatment.

Crystalline Cadmium Chloride Compound of the 
Natural a*-Glycerylphosphorylcholine.—For the purposes 
of analysis and further comparison of the natural l-<*- 
glycerylphosphorylcholine with the synthetic l-a-glyceryl- 
phosphoiylcholine the natural diester (0.5 g.) was con­
verted via the amorphous cadmium chloride compound 
(0.88 g.) to the crystalline cadmium chloride addition 
compound (prisms, 0.56 g.) as described for the synthetic 
product; m.p. of the crystalline cadmium chloride 
compound 99-100° (sintered at 90°; rise in temperature 
3°/minute, starting with a bath of 80°); [a]24d —1.4° in 
water (c, 5.5). Anal. Calcd. for the crystalline cad­
mium chloride compound (C8H2207NP)(CdCl2)-2H20  
(494.7): C, 19.46; H, 5.30; N, 2.83; P, 6.27; choline, 
24.5. Found: C, 19.20; H, 5.35; N , 2.83; P, 6.34; 
choline, 24.9. The air-dried cadmium chloride compound 
lost on drying in vacuo (0.1 mm.) over phosphorus pent­
oxide at 56°, 11.05% of its weight. Calcd. for the loss of 
three moles of water 10.92%.

Periodic Acid Titration.—The titration was carried out 
as described for the amorphous cadmium chloride com­
pound of the synthetic diester: 0.0236 mM. of diester
consumed 0.0229 mM. or 97% of periodate.
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O. L. Fischer whose continued interest and 
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Summary
1. A synthetic procedure is described by means 

of which the L- and d,l-«- glycerylphosphorylcho­
line have been prepared.

2. The synthetic l-«-glycerylphosphorylcho­
line was found to be identical with a product ob­
tained from autolyzed beef pancreas by a slight 
modification of the purification procedure de­
scribed by Schmidt, Hershman and Thannhauser.

3. The first successful application of mono- 
phenylphosphoryl dichloride as a phosphorylating 
agent is described. This reagent may prove use­
ful in the synthesis of other phosphate-containing 
compounds of biological interest.
T o r o n t o , O n t . R e c e iv e d  D e c e m b e r  4, 1947
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Chlorides and Other Derivatives of Tetramethylsilane
By John L. Speier and B. F. Daubert

Chloromethyltrimethylsilane has been pre­
pared1* 2 and some compounds derived from it have 
been studied.3*4

In this paper the study of compounds derived 
from chloromethyltrimethylsilane is continued 
and broadened to include two new chlorides of 
tetramethylsilane with some of their reactions and 
derivatives. The new chlorides are dichloro- 
methyltrimethylsilane and bis-(chloromethyl)-di­
me thy Isilane.

Trimethylsilylmethylmagnesium chloride1*4 was 
found to react vigorously with phenyl isocyanate 
in absolute ether, but hydrolysis of the addition 
compound resulted in the formation of acetanilide 
rather than of «-trimethylsilylacetanilide, thus 
showing again that a carbonyl group in a position 
beta to silicon decidedly facilitates cleavage of the 
group.4 This result perhaps may explain the 
findings of Kipping5 who attempted unsuccessfully 
to prepare benzylethylpropylsilylacetic acid from 
the appropriate chlorosilane and sodioacetoacetic 
ester. No silicon-containing acid derivative could 
be isolated from the hydrolyzed products of the 
reaction. The reaction products of Gilman and 
Clark6 obtained by a similar procedure might be 
another example of this phenomenon as pointed 
out by Whitmore, et al.,4 who reported the hydro­
lytic instability of other beta oxygenated organo- 
silicon compounds.

Dichloromethyltrimethylsilane in absolute alco­
holic sodium ethoxide rapidly formed methylene 
chloride and ethoxytrimethylsilane with the liber­
ation of a large amount of heat. Cleavage of the 
dichloromethyl group from silicon was also 
brought about by potassium acetate in glacial ace­
tic acid at elevated temperatures. These findings 
extend those of Krieble and Elliott,7 who showed 
that alkaline reagents caused cleavage of chlorin­
ated methyl groups from siloxane structures and 
that the ease of cleavage increased with the degree 
of substitution upon the methyl group.

Potassium acetate in glacial acetic acid was 
found to convert bis-(chloromethyl)-dimethyl- 
silane into the corresponding diacetate ester in 
good yield. The diacetate yielded the dialcohol, 
dimethylsilylenedimethanol, [bis - (hydroxy­
methyl)-dimethylsilane] when subjected to metha- 
nolysis in the presence of hydrochloric acid. 
Chloromethyltrimethylsilane treated in essentially 
the same manner yielded trimethylsilylmethanol.3

(1) W hitmore and Sommer, T his Journal, 68, 481 (1946).
(2) W hitmore, Sommer and Gold, ibid., 69, 1976 (1947).
(3) Speier, Daubert and McGregor, ibid., 70, 1117 (1948).
(4) W hitmore, Sommer, Gold and Van Strien, ibid., 69, 1551 

(1947).
(5) Kipping, J . Chem. Soc., 91, 717 (1907).
(6) Gilman and Clark, T his Journal, 69, 967 (1947).
(7) Krieble and E lliott, ibid., 67, 1810 (1945).

Experimental Part
Preparation of Dichloromethyltrimethylsilane and bis- 

(Chloromethyl) -dim ethylsilaneChloro- (dichloromethyl) - 
dimethylsilane7 and (chloro)-bis-(chloromethyl )-meth- 
ylsilane7 were each found to react smoothly with a slight 
excess of methylmagnesium bromide in ether to yield the 
expected dichloromethyltrimethylsilane (70% yield) and 
bis-(chloromethyl)-dimethylsilane (63% yield), respec­
tively. These compounds were found to possess the fol­
lowing properties: dichloromethyltrimethylsilane, b. p.
133° at 730 mm., n25d 1.4430, d2\  1.0395. Molar Re­
fraction: Calcd.8 for Cl2CHSiMe3: 39.96. Found:
40.04. Anal. Calcd. for C4Hi0SiCl2: Cl, 45.2. Found: 
Cl, 44.9, 45.1. bis-(Chloromethyl)-dimethylsilane, b. p. 
160° at 724 mm., n25d 1.4579, d2\  1.075. Molar refrac­
tion: Calcd.8 for (ClCH2)2SiMe2: 39.96. Found:
39.87. Anal. Calcd. for C4HioSiCl2: Cl, 45.2. Found: 
Cl, 45.0, 44.8.

The synthesis of chloromethyltrimethylsilane by the 
above method has been described.2

Formation of Acetanilide from Trimethylsilylmethyl­
magnesium Chloride.—To an ethereal solution of about 
0.014 mole of trimethylsilylmethylmagnesium chloride1*4 
was added an excess of phenyl isocyanate. A vigorous 
reaction occurred and the mixture set to a gelatinous mass. 
After twenty-four hours the mass was stirred with water 
and filtered with suction. The solids collected were 
stirred with 95% ethanol and filtered. To the ethanolic 
solution thus obtained, dilute aqueous sodium carbonate 
was added and the mixture was heated to boiling and 
quickly filtered free of the precipitate that formed. The 
filtrate on becoming cool yielded carbanilide, m. p. 225- 
235°. After the removal of this compound, most of the 
alcohol was driven from the solution by evaporation. 
When the essentially aqueous solution thus obtained was 
cooled, acetanilide precipitated, m. p. 110-111°. Fur­
ther evaporation of the mother liquor yielded a second 
crop of acetanilide, m. p. 111-112°. These crops were 
combined and recrystallized from water to yield a prod­
uct, m. p. 111-112°, (approx. 80%) which showed 
no change of melting point when mixed with an authentic 
sample of acetanilide, m. p. 112°, and which contained 
only a trace of silicon.

Cleavage Reactions of Dichloromethyltrimethylsilane.— 
Dichloromethyltrimethylsilane (154 g., 0.98 mole) was 
added to absolute ethanol (350 ml.) at room temperature 
into which sodium (25 g.) had been dissolved. A vigorous 
boiling ensued immediately. Before the apparatus could 
be assembled for distillation through a one-foot Vigreux 
column, a certain amount of material was lost. Distillate 
boiling over a range from 40 to 78° was collected. This 
distillate was washed with dilute hydrochloric acid to 
remove the ethanol and to hydrolyze any ethoxy trimethyl - 
silane that might be present. The washed product was 
distilled and found to consist only of methylene chloride 
(60 g., 71%) b. p. 40-41°, n25d 1.4217, d2\  1.310, and of 
hexamethyldisiloxane (57 g., 73%), b. p. 99°, n2h> 
1.3749.

Dichloromethyltrimethylsilane (14 g.) was sealed into 
a glass tube with anhydrous potassium acetate (22 g.) 
and glacial acetic acid (11 ml.) and heated at 200° for 
three hours. A large amount of potassium chloride 
formed. The tube was opened and its contents washed 
with water. A dark liquid was thus obtained which 
smelled strongly of formaldehyde. A portion of this 
liquid was treated with 2,4-dinitrophenylhydrazine in 
acidified ethanol solution and yielded the 2,4-dinitro- 
phenylhydrazone of formaldehyde, m. p. 159°, which

(8) Warrick, ibid., 68, 2455 (1946).



April, 1948 Basic Strengths of Amines from Silver Ion Complexes 1401

showed no depression of melting point when mixed with 
an authentic sample of the derivative of formaldehyde, 
m. p. 165°. The derivative contained only a trace of 
silicon. At 150° a similar mixture after nineteen hours 
showed no signs of having reacted in any way.

Preparation of bis-(Acetoxymethyl)-dimethylsilane (Di- 
methylsilylenedimethanol Diacetate).—bis - (Chloro­
methyl)-dimethylsilane (292 g., 1.85 moles), potassium 
acetate (412 g., 4.2 moles) and glacial acetic acid (300 ml.) 
were heated together and shaken in a stainless steel auto­
clave at 118-130° for four hours and at 148-160° for six­
teen hours. The contents of the autoclave were then 
washed once with water to remove the salts and most of the 
acid present. The water insoluble liquid was distilled. 
The only compound found, other than acetic acid, was 
bis-(acetoxymethyl)-dimethylsilane (339 g., 90%), b. p. 
124° at 27 mm., 223° at 739 mm., w2Sd 1.4309-1.4310, 
d2b4 1.0135. Molar refraction: Calcd.8 for (AcOCH2)2- 
SiMe2: 52.34. Found: 52.17. Anal. Sap. equiv.
Calcd. for (AcOCH2)2SiMe2: 102.2. Found: 102.6,
102.1 .

bis-(Acetoxymethyl)-dimethylsilane (110 g.) was dis­
solved in a ten-fold excess of dry methanol and acidified 
with three drops of concentrated hydrochloric acid. 
Periodically during three weeks methyl acetate was re­
moved by distillation. Each time methanol was added to 
restore the solution to its original volume and the solution 
was permitted to stand at room temperature for several 
days before more methyl acetate was removed. The 
solution was distilled, after no further amount of methyl 
acetate appeared to form. bis - (Hydroxymethyl) -dimeth -

ylsilane (dimethylsilylenedimethanol) was obtained as a 
colorless, odorless, viscous liquid, completely soluble in 
water; b. p. 130° at 27 mm., n2bT> 1.4611, d114 0 .9 9 3 . 
Molar refraction: Calcd.8 for (HOCH2)2SiMe2: 33 .3 8 .
Found: 33 .20. Saponification number, 12.7. Anal.
Calcd. for C4Hi20 2Si: Si, 2 3 .3 . Found: Si, 23 .2 , 2 3 .3 .

Summary
Some of the reactions of the chlorides of tetra­

methylsilane have been studied. These com­
pounds showed a tendency, under certain con­
ditions, toward cleavage of the substituted methyl 
group from the silicon atom. The dichloromethyl 
group was found to be more easily cleaved than the 
chloromethyl group. Hydrolysis of the addition 
product of trimethylsilylmethylmagnesium chlo­
ride and phenyl isocyanate was shown to result in 
the formation of acetanilide, thus revealing the 
ease of cleavage of beta carbonyl silicon com­
pounds.

The new compounds, bis-(chloromethyl)-di­
methylsilane, dimethylsilylenedimethanol diace­
tate, dimethylsilylenedimethanol, and dichloro­
methyltrimethylsilane were prepared and charac­
terized during the investigation.
P it t s b u r g h , P a . R e c e iv e d  O c t o b e r  27, 1947

[C o n t r ib u t io n  f r o m  T h e  C h e m ic a l  L a b o r a t o r y  o f  T h e  O h io  S t a t e  U n iv e r s i t y ]

The Basic Strengths of Amines as Measured by the Stabilities of Their Complexes
with Silver Ions

By Richard J. Bruehlman1 and Frank H. Verhoek

The relationship of the basic strengths of amines 
as determined by the stability of their ammonium 
ions to their strengths as measured by the stability 
of their complexes with silver ion has been dis­
cussed repeatedly. I t  has been stated that a par­
allelism between the two measures exists2 and that 
a parallelism does not exist.3*4 Except for the last 
paper cited,4 the conclusions have commonly been 
based on a consideration of the instability or asso­
ciation constants for the over-all reaction

Ag+ +  2A rfZJ AgA2+ (1)

where A represents the amine. I t was pointed 
out,5 however, that each such constant contains 
an equilibrium constant for the reaction

AgA+ +  A AgA2+ (2)

in which the ion reacting with the amine is differ­
ent for each amine considered, - and that a more 
just comparison is that between the two reactions

Ag+ +  A ± ^ : A g A + (3)
H+ 4- A -< -7  AH+ (4)

(1) Present address, Argonne National Laboratory, Chicago, 
Illinois.

(2) Larsson, Z. physik. Chem., A169, 215 (1934).
(3) Britton and Williams, J . Chem. Soc., 796 (1935).
(4) Vosburgh and Cogswell, T his Journal, 65, 2412 (1943).
(5) Carlson, McReynolds and Verhoek, ibid., 67, 1334 (1945).

Accordingly the equilibrium constants of reactions
(3) have been measured for several amines and 
compared with those for reactions (4) measured 
in similar systems. The equilibrium constants of 
reactions (2) were also measured.

The equilibrium constants were determined by 
means of p H  measurements on solutions of amine, 
silver ion, acid and neutral salt according to the 
method of Bjerrum,6 on selected groups of pri­
mary, secondary, and tertiary amines of varied 
basic strength. The selection was severely limited 
by the requirements that the amine be reasonably 
soluble in water, that it form complexes in such a 
pH range that silver oxide would not precipitate 
out, that it have a basic strength different from 
other members of the group, and that the complex 
formed be sufficiently soluble that a solid phase 
did not form. This paper reports equilibrium 
constants for the formation of ammines of silver ion 
with five primary amines, three secondary amines, 
and four pyridines. In order to estimate the valid­
ity of the comparison of equilibrium constants for 
equations (3) and (4) at a single temperature, tem­
perature coefficients over a ten-degree tempera­
ture interval were determined in most cases.

In addition, equilibrium constants were deter-
(6) J. Bjerrum, “ M etal Ammine Form ation in Aqueous Solution,” 

P. Haase and Sons, Copenhagen, 1941.
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mined for the formation of copper ammines with 
two of the pyridines.

Experimental
The pH  measurements were made with a glass 

electrode and a Coleman Style 200 pH  Electrome­
ter. The glass and calomel electrodes were 
mounted m a specially designed glass apparatus 
that was thermostated at 25 or 35°; the two com­
partments were connected through ungreased 
stop-cocks by a saturated potassium nitrate 
bridge. The electrometer was adjusted for asym­
metry and temperature by using buffer solutions 
prepared from samples of potassium acid phthal- 
ate, potassium dihydrogen phosphate and diso­
dium hydrogen phosphate and sodium tetraborate 
decahydrate furnished by the National Bureau of 
Standards.

Each pH  measurement was made on a separate 
sample prepared by adding a known amount of 
amine from a weight buret to a 100-ml. sample 
of a standard solution of metal ion, acid, and neu­
tral salt, precautions being taken to prevent ab­
sorption of carbon dioxide. Fifty milliliters of the 
solution thus prepared was used to rinse the glass 
electrode chamber and the remaining 50 ml. was 
used for the measurement.

All of the amines were research grade materials 
obtained from Eastman Kodak Co. General 
treatment involved refluxing for eight to twelve 
hours over barium oxide or potassium hydroxide, 
followed by distillation through a packed column, 
taking the middle fraction boiling within 0.2-0.30. 
Boiling points in all cases agreed well with those 
in the literature. As a further precaution, the 
amines of high basic strength were titrated with 
standard acid to determine the neutral equiva­
lents; these agreed with the theoretical values. 
All amines except ethylamine and /3-methoxyeth- 
ylamine, which were used as standardized solu­
tions, were used as the pure amine.

Results
Dissociation Constants of the Amines.— 

Since it is necessary to know the acid dissocia­
tion constants of the amines for the calculation 
of the formation curves, these were determined 
in solutions of the same ionic strength as the solu­
tions containing the complex-forming metal ion. 
Varying amounts of amines were added to stand­
ard solutions 0.525 M  in potassium nitrate and
0.100 M  in nitric acid. The results are given in 
Table I. Each value reported here represents an 
average of 10-12 determinations at different ratios 
of amine concentration to amine salt concentra­
tion.

Metal Ammine Formation.—The over-all and 
successive association constants for the systems 
studied were calculated from accurately-drawn 
large-scale plots of the formation curves (nf 
the average number of moles of amine combined 
with one mole of silver ion, vs. p[A], the negative

T a b l e  I
T h e  A cid D issociation  Constants of Amines in  0 .5  M  

P otassium  N itrate  S olutions

Amine
p K a h
a t  25°

p K  AH 
a t  35° A£Ka h /A<

Pyridine 5.45 5.35 0.010
a-Picoline 6.20 6.08 .012
7-Picoline 6.26 6.14 .012
2,4-Lutidine 6.99 6.86 .013
Ethylamine 10.81 10.48 .033
Isobutylamine 10.72 10.40 .032
Ethanolamine 9.74 9.51 .023
/8-Methoxyethylamine
Benzylamine

9.45
9.62 9.32 .030

Morpholine
Piperidine

8.70
11.28

logarithm of the concentration of free amine) by 
the method of Bjerrum.5*6 Each formation curve 
was plotted from 15-25 separate points, each point 
representing a pH  measurement on an individu­
ally prepared sample of known concentrations of 
amine, acid, metal ion and neutral salt. The 
standard solutions to which known amounts of 
the amines were added were 0.500 M  in potassium 
nitrate, 0.1000 M  in nitric acid and 0.0250 M  in sil­
ver nitrate. Table II  gives a summary of the 
values obtained for the silver ammines at 25° and 
35°; k\ is the equilibrium constant for equation

T a ble  II
A ssociation Constants of Silver  Ammines in  0.5 M  

P otassium  N itrate

Amine
Temp.. log A log log log

°C. kl ki/  A/ ki ki/kt Ki
Pyridine 25 2.04 0.011 2.18 0.72® 4.22

35 1.93 2.07 .72 4.00
«-Picoline 25 2.27 .011 2.41 .72 4.68

35 2.16 2.30 .72 4.46
7-Picoline 25 2.24 .010 2.46 .60 4.70

35 2.14 2.36 .60 4.50
2,4-Lutidine 25 2.47 .011 2.61 .58 5.18

35 2.36 2.60 .58 4.96
0-Methoxy-

ethylamine 25 2.95 3.39 .36 6.34
Ethanolamine 25 3.13 .012 3.55 .37 6.68

35 3.01 3.43 .37 6.47
Isobutylamine 25 3.38 .016 3.86 .33 7.24

35 3.22 3.70 .33 6.92
Ethylamine 25 3.37 3.93 .28 7.30

30c 3.30 ,016 3.84 .29 7.14
35 3.21 3.77 .28 6.98

Ammonia6 25 3.29 3.83 .29 7.12
Benzylamine 25 3.29 .016 3.85 .28 7.14

35 3.13 3.69 .28 6.82
Morpholine 25 2.25 2.67 .38 4.98
Diethylamine® 30 2.98 3.22 .58 6.20
Piperidine 25 3.03 3.45 .38 6.48

° Vosburgh and Cogswell (ref. 4) obtained a ratio of 
0.78 from solubility measurements. b Obtained  ̂ by 
Bjerrum (ref. 6) in 0.5 M  ammonium nitrate solution; 
pK ah =  9.26. c Obtained by Carlson, McReynolds 
and Verhoek (ref. 5) in solutions of the same concentra­
tion as above; pK^n =  10.96.
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(3), fa that for equation (2) and fa that for equa­
tion (1). I t  is estimated that the former values 
are precise to 0.05 logarithmic unit.

For comparison with the values for the silver 
ammines, measurements of the equilibrium con­
stants for the reaction

Cu++ +  A CuA++ (5)
and those for the addition of further amine mole­
cules to cupric ion were made with pyridine and 
Y-picoline at 25°. The solutions used were 0.500 
M  in potassium nitrate, 0.1000 M  in nitric acid 
and 0.0300 M  in cupric nitrate. Table III gives 
the results.

T a b l e  I I I

A s s o c ia t io n  C o n s t a n t s  o f  C u p r ic  A m m in e s  i n  0.5 M  
P o t a s s iu m  N it r a t e  a t  25°

Amine log k\ log kt log log ki log Kk
Pyridine 2 .5 2 1.86 1 .3 1 0 .8 5 6 .5 4
y-Picoline 2 .8 2 2 .1 5 1 .6 1 1 .1 6 7 .7 4
Ammonia® 3 .9 9 3 .3 4 2 .7 3 1 .9 7 12 .03

° Measured by Bjerrum in 0.5 M  ammonium nitrate 
solutions.

Discussion
Since silver ion is a Lewis acid, the equilibrium 

constants for equations (3) and (4) for a series of 
amines measure the strengths of the amines rela­
tive to two different reference acids. If the rela­
tive strengths of the amines are independent of 
the reference acid, a plot of the logarithm of fa 
against the negative logarithm of the dissociation 
constant of the substituted ammonium ion would 
be expected to give a straight line of unit slope. 
Such a plot for the data at 25° from Tables I and 
II is given in Fig. 1.

Fig. 1.—Variation of the first association constant of 
silver ammines with the strength of the amine relative to 
hydrogen ion at 25 °. Amines are numbered as in Fig. 2.

I t  is evident that a straight line relationship is 
obtained, but that the data fall into two groups. 
The ̂  pyridines and primary amines lie on one 
curve, and the secondary amines on another. 
Thus a secondary amine and a primary amine 
which have the same strength relative to hydrogen 
ion will differ in strength by a factor of about 3.5 
when measured relative to silver ion.

I t  is also evident that the lines obtained are not 
of unit slope; the slopes are about one-fourth. 
Although the curves are drawn with different 
slopes for the two groups, it cannot be definitely 
stated that the slopes should be different, since 
the number of points is small. The slopes will be 
changed somewhat by a change in temperature, 
but the data in the tables show that the tempera­
ture coefficients are sufficiently alike tha t this 
change will not be great. The slope of approxi­
mately one-fourth may then be taken as real, and 
indicates a very great compression of the range of 
basicities when silver ion is used as a standard 
acid to measure the basic strength. Thus two 
amines which differ in strength by a factor of ten 
thousand when measured relative to hydrogen ion 
will differ only by a factor of ten when measured 
relative to silver ion.

I t  is seen from Table II that the ratio of fa/k2, 
although larger for the pyridines than for the 
other amines, is in all cases of the order of unity, 
and that log K 2 is about twice log fa. This modi­
fies the statements made in the introduction be­
cause it means that log K 2 will vary in a similar 
fashion to log fa, so that except for a factor of two, 
comparisons of log K 2 with PKatt will be valid. 
This is convenient, because it permits the use of 
the large number of values of K 2 available in the 
literature, obtained on systems to which the pres­
ent technique is not applicable, for comparison. 
Figure 2 shows a plot of these data as log K 2 vs. 
pK  ah ; hi drawing conclusions from the figure
one must remember that the ordinate of each 
point, and consequently the slopes of the curves

Fig. 2.—Variation of the over-all association constant of 
silver ammines with the strength of the amine relative to  
hydrogen ion: 0 , Larsson; # ,  Britton and Williams; O, 
this paper; 1, />-nitroaniline; 2, m-nitroaniline; 3, a- 
naphthylamine and /3-naphthylamine; 4, aniline; 5, 
quinoline; 6, £-toluidine; 7, pseudo-cumidine; 8, pyri­
dine; 9, a-picoline; 10, y-picoline; 11, 2,4-lutidine; 12, 
5-collidine; 13, /5-methoxyethylamine; 14, ethanolamine; 
15, methylamine; 16, isobutylamine; 17, ethylamine; 
18, ammonia; 19, benzylamine; 20, ethylenediamine; 
21, morpholine; 22, dimethylamine; 23, diethylamine; 
24, piperidine; 25, trimethylamine; 26, triethylamine.
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would be decreased by one-half if log fa was 
plotted. The full lines are drawn through the 
values obtained in this investigation; they are 
represented by the equations

log K 2 -  0.577 pK AR +  1.08
log K 2 =  0.577 pK AR -  0.02

for the upper and lower curves, respectively. The 
dotted lines are drawn through the points of Lars- 
son2 for the primary amines and through the ter­
tiary amine points of Britton and Williams.3 The 
curve for Larsson’s data lies below that for this 
investigation because his values are for a 50-50 
alcohol water mixture; if, as he reports, the val­
ues in water are 0.3 to 0.6 logarithmic units higher 
than in the alcohol solution, the dotted line will 
coincide with the full line for the primary amines.

The figure confirms the smaller range of basic 
strengths relative to silver ion and shows that the 
aliphatic tertiary amines comprise a third group, 
although the slope of the curve for the latter is un­
certain since only two points are available. I t is 
this difference between primary, secondary, and 
tertiary amines which has led to the belief that 
there is no relationship between the basic strengths 
of the amines measured relative to the two stand­
ard acids; actually within the three groups there 
is a parallelism between the two measures, al­
though the ratios of strengths of two bases is not 
the same in the two systems.

The explanation for the smaller range of base 
strengths, referred to silver ion as compared to 
hydrogen ion is not immediately obvious. Evi­
dently a change in the groups attached to the ni­
trogen atom which makes a great change in its 
tendency to coordinate with a proton makes little 
change in its tendency to coordinate with a silver 
ion. This is probably connected with the larger 
size of the silver ion as compared to the hydro­
gen ion, but the exact mechanism is obscure. 
That the effect is not peculiar to the silver ion 
is shown by the correspondence of the data 
on the copper complexes to those for the silver 
complexes.

Nor is it clear why the silver ion separates the 
aliphatic amines into three groups. I t is tempting 
to attribute this to the increasing importance of 
steric effects with increasing substitution on the 
nitrogen, yet this can hardly be the explanation. 
The silver ion is not large enough to interfere with 
any of the groups on the amines investigated.

A further problem appears in the position of the 
pyridines, which do not lie with the tertiary ali­
phatic amines. It may be noted, however, that 
resonance structures are possible in a compound of 
silver ion with pyridine which are not possible 
with tertiary aliphatic amines, nor for compounds 
of hydrogen ion with pyridine. These would tend 
to cause the pyridine complexes to be more stable 
as compared to those of the aliphatic amines, 
raising them above the position of tertiary ali­
phatic amines of the same strengths relative to hy­
drogen ion. From this point of view, the fact that 
the points for the pyridine complexes lie on the 
same curve as those for the primary aliphatic 
amines is fortuitous.

Summary
1. The association constants for the reactions 

of silver ion with groups of primary aliphatic 
amines, secondary amines and pyridines have been 
measured, together with similar constants for cu­
pric ion and two pyridines, and temperature coef­
ficients.

2. When the logarithm of the first association 
constant is plotted against the pK  value for the 
corresponding substituted ammonium ion, two 
straight lines are obtained: one for the pyridines 
and primary aliphatic amines, and one for the 
secondary amines, Data from the literature indi­
cate that tertiary aliphatic amines lie on a third 
curve.

3. The slope of the curve obtained is approxi­
mately one-fourth, indicating a much smaller 
range of basic strengths when measured against 
silver ion as a reference acid than when measured 
against hydrogen ion.
Columbus, Ohio R eceived August 2, 1947
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The Determination of Pore Size Distribution from Gas Adsorption Data
B y  C. G. Sh u l l *

Introduction
There has been widespread application in the 

past of gas adsorption data in determining quan­
titatively the physical structure of finely divided 
and porous materials. Most notable among the 
theories of adsorption which have been advanced 
are those of Brunauer, Emmett and Teller1 and 
Harkins and Jura,2 both of which have proved 
very successful in evaluating the specific surface 
of such materials. There are, however, frequent 
isotherm phenomena which cannot be treated by 
these theories and, in order to explain some of 
these, the presence of capillary condensation in 
the porous structure has been suggested. Excel­
lent summaries of some of the early quantitative 
or semi-quantitative attempts in this direction 
have been given by Brunauer3 and by Cohan.4 
These attempts have all been recognized as 
merely approximations for one reason or another.

Recently, Wheeler5 has introduced a composite 
theory which combines the BET multilayer ad­
sorption and capillary condensation viewpoints. 
Upon suitable application of this theory to the ex­
perimental isotherm, the pore size distribution 
which would account for the experimental data 
may be evaluated. I t  is the purpose of the present 
paper to point out a simple method by which the 
Wheeler theory can be applied to isotherm data 
thereby obtaining the pore size distribution.

The Wheeler theory can be summarized in one 
simplified equation

Fa V - (r — t)2L(r)dr (1)

In this equation, Vs is the volume of gas adsorbed 
at saturation pressure, V is the volume of gas ad­
sorbed at intermediate pressure p> L(r)dr is thè 
total length of pores whose radii fall between r and 
r +  dr, R  is the corrected Kelvin radius which is 
obtained as a function of the pressure, and t is the 
multilayer thickness which is normally built up 
at pressure p. This equation merely states that 
the volume of gas Fs — V not yet adsorbed at a 
pressure p is equal to the total volume of pores 
which have not been filled.

The left hand side of Equation (1) is known 
from experimental data and it is desired to deter­
mine the pore size distribution function L(r)

* Present address: Oak Ridge N ational Laboratory, Oak Ridge, 
Tenn.

(1) S. Brunauer, P. H. E m m ett and E. Teller, T his Journal, 
60, 309 (1938).

(2) W. D. Harkins and G. Jura, J . Chem. Phys., 11, 431 (1943).
(3) S. Brunauer, “ The Adsorption of Gases and Vapors,” Prince­

ton University Press, U. S. A., 1943, Chapter XI.
(4) L. A. Cohan, T his Journal, 60, 433 (1938).
(5) A. Wheeler, Presentations a t Catalysis Symposia, Gibson 

Island A. A. A. S. Conferences, June, 1945, and June, 1946.

which when integrated will show agreement with 
these experimental data. Before this can be done, 
it is necessary to evaluate R  and t as functions 
of the pressure.

Evaluation of Critical Kelvin Radius and Mul­
tilayer Thickness.—Wheeler has introduced a 
modified Kelvin equation in evaluating the cor­
rected Kelvin radius R. In this equation, the 
corrected or critical pore radius (critical in the 
sense that all pores having smaller radii than R  
have already been filled by multilayer adsorption 
and capillary condensation) is placed equal to the 
sum of the multilayer thickness and the radius 
normally calculated from the simple Kelvin equa­
tion. In other words

R  -  t - 2 (TV

RaT  In p/pQ (2)

<r being the surface tension, v the molar volume of 
the condensed liquid, and Rg the gas constant per 
mole, and T  the temperature. This equation 
states, very reasonably, that the radius determin­
ing the presence or absence of capillary condensa­
tion is that of the open section (the part not occu­
pied due to multilayer adsorption) in the pore and 
not that of the entire pore.

An approximate expression from the BET the­
ory of multilayer adsorption has been used by 
Wheeler for calculating multilayer thickness val­
ues. I t is known, however, that the BET thick­
nesses become much larger than experimental 
thicknesses for flat surfaces in the high pressure 
region. Figure 1 shows a comparison of these 
thickness values. In the upper part of this figure 
are shown experimental data taken from nine pub­
lished isotherms6 (nitrogen gas) for crystalline 
materials of large crystal size (1100 to 16,000 Ang­
stroms). These data are plotted on a V / Vm basis 
where Vm is the adsorbed volume corresponding to 
monomolecular coverage of the surface. Devia­
tions of the experimental points from the average 
isotherm are seen, but the general trend of the 
data is well established. The average isotherm 
is next transferred to a multilayer thickness curve 
(t values) by assuming the monomolecular thick­
ness to be 4.3 angstroms for nitrogen. This is 
shown in the lower part of Fig. 1 with the curve 
corresponding to the BET theory. Pronounced 
differences between the BET and experimental 
curves are to be noted in the higher pressure 
region.

Figure 2 shows curves for the corrected Kelvin 
radius R  as a function of pressure, calculated 
from Equation (2) by use of the above experi-

(6) P. H. Emmett and T. DeWitt, Ind. Eng. Chem., Anal. Ed., 13,
28 (1941); W. D. Harkins and G. Jura, T h is  J o u r n a l , 66, 1362
(1944).
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iV-Po.
Fig. 1 • Multilayer thickness as obtained for large 

crystals and as calculated from the BET theory Curve A 
experimental values of the number of adsorbed layers 
( T /F J  for crystalline materials of large crystal size; 
curve B, multilayer thickness for N2 calculated from BET 
theory; curve C, multilayer thickness curve derived from 
curve A.

mental and BET values for multilayer thickness. 
As expected, the differences between the two 
curves show up in the high pressure region. Ob­
viously it is necessary to make a decision as to 
which curve should be used in interpreting experi­
mental isotherms.

0 0.2 0.4 0.6 0.8 1.0 
P/Po.

Fig. 2.—Variation of the critical Kelvin radius as a 
function of the adsorption pressure: curve A, calculated 
using experimental multilayer thickness values; curve B, 
calculated using BET thickness values (Wheeler).

Wheeler has argued that since adsorption oc­
curs on the curved surface of a pore, larger thick­
nesses would be expected than on a flat surface, 
and hence the use of the BET theory is justified. 
Notwithstanding this, there are arguments which 
seem to indicate that the use of BET values is an 
over-correction for the effect and that it is prob­
ably better to use the flat surface experimental 
data.

Some insight into this can be gained by consid­
ering the adsorption process on systems having 
hypothetical pore structure. Consider first a sys­
tem where all of the pores are 100 Angstroms in 
radius. According to the curve derived from ex­
perimental data, which is shown in Fig. 2, capil­
lary condensation should occur at a partial pres­
sure of 0.895 after a multilayer thickness of 14.8 
Angstroms had been reached. On the other hand, 
the BET curve predicts capillary condensation as 
occurring at a partial pressure of 0.865 with a 
multilayer thickness of 31 Angstroms. Wheeler's 
argument that the pore curvature would increase 
the adsorption to BET values seems to be an over­
correction for the effect. I t  appears very un­
likely that the curvature in a pore of radius 100 
Angstroms would place in effect additional adsorp­
tive forces sufficient to more than double the ad­
sorbed film thickness.

A simple scale drawing with the pertinent rela­
tive dimensions indicates a much smaller effect 
than that given by the BET theory. Figure 3 il­
lustrates the predicted multilayer thicknesses at 
the time of capillary condensation for pores of 
radii 100, 50 and 25 Angstroms. For a radius of 
100 Angstroms the BET thickness seems much too 
large, for a 50 Angstrom radius it is still larger 
than would be expected but perhaps not unreason-

Shaded area is multilayer thickness from experimental 
data for large crystals. Unshaded area is extra thickness 
predicted by BET theory.
Fig. 3.—Diagram showing multilayer thickness at pressure 

of capillary condensation for pores of various sizes.
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ably so, and for a 25 Angstrom radius the two 
multilayer thicknesses are close together. Since 
the curvature effect becomes more pronounced as 
the radius is reduced and has little or no effect 
with large radii pores, it is seen that the BET 
values are inherently incorrect in their dependence 
upon the pore radius. If anything, the true curva­
ture values of the thickness should differ from flat 
surface values most drastically in the small pore 
region, and this is just the opposite of the result 
obtained by use of the BET multilayer thickness 
values. Until a more satisfactory theory account­
ing for curvature effects is available, the use of flat 
surface data would appear to be preferable. Ac­
cordingly, the curves on Figs. 1 and 2 correspond­
ing to experimental data will be used in the iso­
therm analysis given below. I t  should be men­
tioned that the procedure of isotherm analysis to 
be discussed in the following section is a general 
one applicable to whatever multilayer thickness 
values are selected.

Evaluation of Pore Size Integral.—There does 
not appear to be a simple method of inversion 
applicable to the pore size integral, Equation (1), 
by which the pore size distribution L(r) can be 
obtained from numerical values of Va — V. Indi­
rect methods are available, however, which permit 
an easy and convenient solution of the equation. 
The present method is one of comparison of the ex­
perimental isotherm with standard or calculated 
isotherms.

Wheeler has suggested that pore size distribu­
tions may be represented by simple analytical 
forms of Maxwellian or Gaussian type. Thus for 
a Maxwellian distribution of pore sizes

L(r) -  Are-r/ro (3)
with A and r0 constants, and when this is substi­
tuted into Equation (1) and the integration per­
formed we obtain

Va -  V = Ar*0M (R , r0) (4)
where
M(R,r0) -  ^  erR/n{R(R  -  t)2 +  6r$ +

2rg(3R -  21) +  r0(3R -  t)(R -  t) } (5)
The function M (Rf r0) has been evaluated for vari­
ous values of R  and r0i and a family of such curves 
is shown in Fig. 4. These curves will be referred to 
as standard inverted isotherms.7

Likewise for a Gaussian distribution of pore 
sizes

L(f) =  Ae-[0/ro(r-ro)]* (6)
with A, and n  constants, and this integrates into

Vw _  V = 2A(r*/p)Gé(R, To) (7)
where
Gp(R, r'o) =  e~pZ CR -  2/ +  r0) +

V w ll -  H(p)][(ro -  0]* +  \  (^ °)2[ (8) * 4

(7) Numerical values for the standard inverted isotherms of Figs.
4 to 6 have been tabulated and are available from the author.

p = - ( R — To), and H(x) — -4= C  e~y2dy  
ro v 7r Jo

Gp(R, r0) has been evaluated for — 2, 5 and 10 
and various values of R  and r0f and some of these 
standard isotherms are shown on Figs. 5 and 6. 
It may be mentioned that the parameter /3 deter­
mines the width of the pore size distribution while 
ro controls the average pore size.

Fig. 4.—Standard inverted isotherms: calculated for a 
Maxwellian distribution of pore sizes.

The procedure in interpreting experimental data 
is then the following. The experimental isotherm 
is replotted as Vs — V  (log scale) versus the Kelvin 
radius R. This is conveniently known as an in ­
verted isotherm. This inverted isotherm is next 
matched with one of the standard isotherms of 
Figs. 4-6. If a satisfactory match is obtained, the 
pore size distribution is known immediately from 
the parameters of the standard isotherm.

Sometimes the experimental inverted isotherm 
cannot be fitted to one of the standard isotherms 
and it is necessary then to resolve the experimental 
isotherm into two or more standard isotherms. 
For instance if an experimental isotherm can be 
resolved into the sum of a Maxwellian and a Gaus­
sian standard isotherm, then

Vs -  V -  A 0r*M(R, ro) +  2A x §  Gp^R, n) (9)
Pi

and hence

L(r) = A^e-r/r» +

In all cases, the coefficients A n can be evaluated 
from the relative amplitudes of the component 
isotherms. Needless to say, as many component 
isotherms can be used as is necessary to fit the 
data to the desired accuracy. For all practical 
cases to date, two terms have been found suf-
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Fig. 5.—Standard inverted isotherms calculated for a 
Gaussian distribution (/3 =  2) of pore sizes.

Fig. 6.—Standard inverted isotherms calculated for a 
Gaussian distribution (/3 =  5) of pore sizes.

ficient. The whole procedure can be carried out in 
fifteen or twenty minutes.

I t  is obvious that the specific surface may be 
calculated from the distribution L(r), using the 
equation

5  =  2xJ o *  rL(r) dr (11)

This method of calculation is, of course, independ­
ent of the usual BET method8 of determining the

(8) I t  will be recognized th a t this independence is not strictly true 
Since the BET theory has been used to obtain values of Vm used in

specific surface from adsorption isotherm data, 
but is more laborious and time-consuming. In  
particular instances, in which a variety of adsorb­
ates have been adsorbed on the same adsorbent, 
more consistent values of specific surface have 
been obtained by this calculation than by the 
BET method. I t  should also be pointed out that 
the Wheeler procedure5 of isotherm analysis does 
not permit a wholly independent calculation of the 
specific surface since the BET surface has entered 
directly in the pore size evaluation.

The above procedure of matching the experi­
mental data to a calculated curve is, of course, an 
indirect one in that the mathematical inversion 
required in Equation (1) is not accomplished in a 
straightforward fashion. This raises the question 
of uniqueness in the derived pore size distribution. 
I t  has been found that the selection of the matched 
standard curve is, in general, a well-defined one 
showing that one type of distribution is in consid­
erably better agreement with the data than any 
other. In cases where ambiguity in the choice of 
matching exists (for instance where the matching 
is equally good with a single curve or with the sum 
of two other curves), experience has shown that it 
makes little difference in the final distribution. 
I t  would seem that uncertainties in the basic as­
sumptions necessary to the application of the in­
version procedure are much more troublesome 
than the problem of uniqueness in the inversion.

Examples of Isotherm Interpretation.—As 
examples of the above procedure of analysis, 
the two isotherms given in Fig. 7 will be con­
sidered. These were obtained9 with samples of 
silica gel possessing widely different physical prop­
erties. Both adsorption and desorption data are 
presented, there being no hysteresis loop in the 
case of gel I. The solid line for gel II represents 
the adsorption data while the broken line corre­
sponds to desorption data. Selected isotherm 
points from the desorption curves have been re­
plotted as inverted isotherm points (open and 
shaded circles) in Fig. 8. The isotherm points for 
gel I are seen to agree closely with the standard 
isotherm M(R, 3), which has been drawn in from 
Fig. 4. Therefore the pore size distribution L(r) 
for this gel can be represented by a Maxwellian 
distribution with the parameter r0 having the 
value 3A. On the other hand, the isotherm points 
for gel II cannot be matched to one of the stand­
ard curves but they can be matched to the sum of 
two standard isotherms, G&(R, 43) and M (R , 18).
the determ ination of the m ultilayer thickness t as shown in Fig. 1. 
However, this procedure has drawn on the validity of the B ET de­
term ination of specific surface only in the case of materials of large 
crystal size and this has been shown by m any studies to be quite 
correct. N o assumptions regarding the validity of the B ET theory 
for the m aterial being studied have been made. I t  follows th a t the 
specific surface calculated from the pore size distribution is not 
necessarily the same as th a t generally calculated from the BET 
theory since the presence of the pore size distribution may have made 
questionable the application of the simple B ET theory.

(9) I am  indebted to Dr. P. B. Elkin for supplying the isotherm 
data  on these materials.
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0 0.2 0.4 0.6 0.8 1.0
P/Po.

Fig. 7.—-Nitrogen isotherms for two samples of silica gel. 
The solid and broken lines are the experimental isotherms. 
The circled points are taken from the matched standard 
isotherms of Figure 8.

The triangular points on Fig. 8 are matched with 
the standard isotherm Gf>(R, 43) and have been 
obtained by subtracting the standard isotherm 
M{Ry 18) from the experimental data (the open 
circles) for gel II. Thus the pore size distribution 
for gel II can be represented by an expression of 
the type given by Equation (10) with r0 = 18, 
ri = 43, ft. =  5 and relative values of Ai and Ao 
obtained (A\/A$ =  222) from the amplitudes of 
the two standard isotherms.

The differences between the experimental 
points and the standard isotherms in Fig. 8 have
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Fig. 8.—Comparison of silica gel isotherm data with se­
lected standard inverted isotherms.

been transferred to the original isotherms given in 
Fig. 7, since here the fluctuations can be more 
easily visualized in terms of experimental error. 
The circled points on the isotherms of Fig. 7 are 
taken directly from the standard inverted iso­
therms of Fig. 8. The agreement shown by the 
matching process is within the experimental error 
of the adsorption measurements.

0 20 40 60 80 100 120
Pore diameter (A.).

Fig. 9.—Pore volume distributions calculated for silica gel 
samples.

Pore size distributions for these two gels have 
been calculated and are shown in Fig. 9. These 
have been plotted as volume distributions F(r), 
rather than length distributions, since the former 
seem to have greater physical significance. This 
transformation is easily performed since

V(r) =  wr2L(r) (12)
Values of the average pore diameter (defined as 
that size which divides the pore volume distribu­
tion into two equal parts) have been marked on 
the distribution curves. These values are 21 and 
90 A . for gels I and II, respectively. I t  is interest­
ing to compare these with values of the mean pore 
diameter calculated from the expression10 4 Vs/S  
where S  is the specific surface determined by the 
standard BET method. Calculation shows the 
latter to be 23 and 107 A., respectively. Compari­
sons of the pore size distributions obtained by the 
above procedure with other independent data have 
been made for a variety of materials and these will 
be the subject of an accompanying publication.11

Summary
The theory of the interpretation of gas adsorp-

(10) If all pore volume is contained in one long cylindrical pore L  
units long, the diam eter of this pore can be w ritten

ttD2
D =  4

ttDL
4 Fa
5

(11) C. G. Shull, P. B. Elkin and C. Roess, T h is  J o u rnal , 70f
1410 (1948).
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tion data in terms of capillary condensation as ad­
vanced by Wheeler is discussed. I t  is suggested 
tha t the empirical use of experimental adsorption 
data for materials of large crystal size is preferable 
to the employment of the BET theory at the 
higher relative pressures (0.35 to 0.99) in evaluat­
ing the multilayer thickness of the adsorbed lay­

ers. A simplified procedure for applying the the­
ory of capillary condensation to experimental 
data, thereby obtaining the pore size distribu­
tion, is presented. Examples of this procedure 
are given in the treatment of data for two silica 
gels.
B eacon, N. Y. R eceived April 3, 1947

[Contribution from the Beacon Laboratories, T he T exas Company]

Physical Studies of Gel Microstructure
B y  C. G. S h ull , 1 P . B . E l k in 2 a n d  L . C. R o ess

Introduction
During the past few years a number of new tech­

niques have become available for studying the 
physical microstructure of porous and finely di­
vided materials. Low temperature gas adsorp­
tion has found widespread application in the 
determination of the specific surface available to 
gases.3 More recently, attempts have been made 
to interpret the adsorption isotherm in terms of 
pore dimensions in addition to specific surface.4 
X-Ray scattering at small angles has been used in 
obtaining information on the solid discontinuities 
present in colloidal materials, and these data have 
been correlated to a certain extent with crystal 
size data from the broadening of X-ray diffraction 
lines and with specific surface results.5*6

In the application of either of these techniques 
certain simplifying assumptions must be made 
with consequent uncertainty or ambiguity in the 
results of the analysis. One procedure for testing 
the validity of these assumptions for any particu­
lar material presents itself in the correlation of in­
dependent data to form a consistent over-all pic­
ture of the physical microstructure. Thus, as will 
be shown later in this paper, the specific surface 
should show a dependence on the particle size dis­
tribution; and the pore size and the particle size 
distributions should be related through the po­
rosity factor. If the various physical data can be 
shown to be consistent, then confidence in the 
validity of the analysis is gained. I t is to be em­
phasized that conclusions of this sort drawn for one 
material are not sufficient to justify the validity of 
the assumptions for all cases.

The present paper is concerned with a series of 
observations of the type outlined above obtained 
for a series of ten silica and silica-alumina gels.

(1) Present address: Oak Ridge National Laboratory, Oak Ridge, 
Tennessee.

(2) Present address: Los Alamos Scientific Laboratory, Los Ala­
mos, New Mexico.

(3) S. Brunauer, P. H. E m m ett and E. Teller, T his Journal, 60, 
309 (1938); W. D. H arkins and G. Jura, J . Chem. Phys., 11, 431 
(1943).

(4) A. Wheeler, Presentations a t Catalysis Symposia, Gibson 
Island Conferences, June, 1945, and June, 1946.

(5) P. B. Elkin, C. G. Shull and L. C. Roess, Ind. Eng. Chem., 37, 
327 (1945).

(6) C. G. Shull and L. C- Roess, J . Appl. Phys,, 18, 295 (1947).

These particular gels were selected because they 
possessed a wide range of physical properties and 
hence should serve as good illustrative examples of 
the correlative procedure.

Experimental Techniques
Nitrogen adsorption-desorption isotherms were 

obtained in a conventional volumetric apparatus 
at liquid nitrogen temperature and over a pres­
sure range from a few millimeters of mercury up to 
near saturation pressure. Measurements in the 
high pressure region were continued to high 
enough pressures to determine the plateau of ad­
sorbed volume characteristic of complete filling of 
the micropore volume. The saturation pressure 
po was measured continuously throughout the 
runs by means of a tube containing condensed 
nitrogen and connected to a manometer. From 
the data specific surface values were calculated by 
the Brunauer-Emmett-Teller equation.3 The 
data fit the linear plot of this method over the 
usual range of pressure values.

The micropore size distributions were obtained 
by analyzing the adsorption and desorption iso­
therms in terms of a composite multilayer adsorp­
tion and capillary condensation theory introduced 
by Wheeler.4 A modification in the procedure of 
applying the Wheeler theory to the experimental 
data was used in the present study and details of 
this are given in an accompanying paper.7 
Essentially, the method consists in matching the 
experimental isotherm with one of a series of 
standard isotherms which have been calculated for 
various pore size distributions. Values of median 
and mean pore diameters (defined in the following 
section) have been calculated from the size distri­
bution.

Values for the solid density p were obtained by 
displacement in helium gas in an apparatus similar 
to the one described by Schumb and Rittner.8 
The apparent density pa was determined in a mer­
cury pycnometer. From these values the per­
centage porosity was calculated by the equation

% porosity = 100 (p — pa)/p (1)
(7) C. G. Shull, T his J ournal , 70, 1405 (1948).
(8) W. C. Schumb and E. S. R ittner, ibid., 65, 1692 (1943).
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The small angle X-ray scattering technique has 
been described6 previously.

The gels were obtained from several sources and 
the methods of preparation for some gels were not 
reported. The emphasis here, however, is placed 
on physical properties rather than on methods of 
preparation. I t may be mentioned that the gels 
were heated in a furnace at about 540° prior to all 
physical measurements so that the residual water 
content must have been quite small. No correc­
tion for this was made.

Experimental Results
A list of the silica-alumina gels which have been 

studied is given in Table I. The alumina content 
of these gels is seen to vary between 0 and 28 
weight per cent, with most of the samples at the 
ends of this range. The variety of physical prop­
erties obtained are believed for the most part to 
reflect the various physical and chemical con­
ditions of preparation rather than the alumina 
content.

Table I
Summarized Gas Adsorption and D ensity D ata

Gel

Weight
per

cent.
AI2O3

Spe­
cific 
sur­

face, 
sq. m ./ 

g.

Vp
micro­
pore

volume
(cc./g.)

Per-
Density (g./cc.) by cent- 

displacement of age 
Helium M ercury por- 

p pa osity

Total
pore

volume,
cc./g.

I 25 453 0.563 2.53 1.031 59 0.575
II 23 425 .733 2.45 0.854 65 .774
I I I 24 475 .681 2.46 .750 69 .927
IV 26 321 .855 2.49 .787 68 .868
V 28 267 .994 2.31 .719 69 .958
VI 13 568 .863 2.30 .755 67 .890
V II 344 .870 2.32 .786 66 .840
V III 0 657 .384 2.39 1.168 51 .436
IX 0 248 .612 2.32 0.911 61 .667
X 0 478 .575 2.19 0.982 55 .562

The nitrogen adsorption-desorption isotherms 
are shown in Fig. 1. The desorption curves are 
the upper ones in each case. All except that for 
sample VIII have similar shapes, but differ in the 
magnitude and position of the steepest part of the 
curves. The isotherm for sample VIII, in which 
the adsorption and desorption data fell on the 
same curve, is the Langmuir type.

From the adsorption data, the values shown in 
Table I for the specific surface 5  and the specific 
micropore volume Vp (expressed as cc. of void per 
gram of gel) have been calculated. The solid 
density p obtained by helium displacement, the 
apparent density pa obtained by mercury displace­
ment and the percentage porosity and total pore 
volume calculated from the density values are 
also listed. The specific micropore volume has 
been obtained from the volume of gas adsorbed at 
saturation pressure and presumably is indicative 
of the pore volume in pores of diameter less than 
about 1000 A. On the other hand, the percentage 
porosity and total pore volume given in the last 
two columns include all pores up to the size which 
is penetrated by mercury a t atmospheric pressure, 
namely, about 50,000 A. I t  is seen that prac-

Fig. 1.—Nitrogen adsorption-desorption isotherms 
( -1 9 5 ° )  for gels I to X.

tically all of the pore volume (with the exception 
of that for gel III) exists in the micropore region. 
The total pore volume is listed as being slightly 
smaller than the micropore volume (obviously an 
impossibility) for three of the gels and this must be 
due to the presence of small errors in one or more of 
the measurements.

Both the specific surface and the micropore vol­
ume are seen to vary over a wide range of values. 
As is expected, the solid density shows little varia­
tion from gel to gel with some indication tha t the 
gels with higher alumina content possess somewhat 
higher solid density values.

Table II summarizes the results of pore size 
analysis as obtained from both adsorption and de­
sorption isotherms on the assumption that the 
pores are cylindrical. In this table the mean pore 
diameter Do is defined by

Do =  4VP /S  (2)

the median pore diameter D is defined by

=  f f  V(D) dD  (3)

where V(D) is the pore volume distribution func­
tion. D is thus defined as the pore diameter such 
that one half of the pore volume is contained in
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pores smaller than D. The mean pore diameter 
Do is defined as

Do -
V(D) dD

f  " V(D)
J  »

d D
(4)

Since in equation (4) the numerator is the pore 
volume per gram and the denominator is one- 
fourth the specific surface, it follows that Do and 
Do represent equivalent mean values. They are 
designated differently to emphasize that they have 
been calculated in an independent manner. I t is 
not expected that the median and mean values 
should agree in magnitude since they represent dif­
ferently weighted quantities. Also given in Table 
II is the ratio of the two mean values for the pore 
diameter.

tween values for Do and Do using both adsorption 
and desorption data. The general sequence of the 
points indicates that Do is about 10% larger than 
Do and, considering the assumptions which are 
necessary in evaluating the pore size distributions, 
this can be considered quite satisfactory. Al­
though it is seen that slightly better agreement is 
obtained when adsorption data are used, it is not 
felt that this is conclusive of a general criterion on 
the basis of the present data.

The results of the small angle X-ray scattering 
analysis and their correlation with adsorption data 
for these gels are given in Table III. The scatter­
ing analysis has been carried through in terms of a 
particle size distribution for spherical particles 
and from this the median particle diameter L  is 
evaluated as defined by

T a b l e  II
P o r e  D ia m e t e r  V a l u e s  C a l c u l a t e d  f r o m  A d s o r p t io n  
a n d  D e s o r p t i®n  D a t a  (A l l  V a l u e s  E x p r e s s e d  in  

A n g s t r o m s )

Do is mean pore diameter calculated from 4 Vp/S. D is 
median pore diameter calculated from pore size distribution. 
Do is mean pore diameter calculated from pore size

distribution.
From  desorption data  From  adsorption data

Gel Do D Do Do /Do D Do Do/Do
I 50 52 48 1.04 59 48 1.04
II 69 65 60 1.15 73 60 1.15
III 57 57 53 1.08 70 57 1.00
IV 107 90 89 1.20 114 105 1.02
V 149 136 126 1.18 170 157 0.95
VI 61 61 56 1.09 74 58 1.05
VII 101 95 94 1.07 131 121 0.84
VIII 23 21 18 1.31 21 18 1.31
IX 99 73 72 1.37 92 85 1.17
X 48 41 41 1.17 46 37 1.30

Average 1.17 1.08

Figure 2 illustrates the agreement found be- 
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Fig. 2.—Comparison of mean pore diameters (ang­
stroms) calculated from FP(D0) and from pore size dis­
tribution curves (Do).

f  “ M(L) dL = 2 \ L M(L) dL (5) 
Jo Jo

where M (L) is the mass distribution function in 
terms of the particle diameter L. Values of L  
ranging from 29 to 88 A. are to be noted in the sec­
ond column of Table III.

T a b l e  I I I

C o m p a r is o n  o f  P a r t ic l e  S iz e  V a l u e s  w it h  P o r e  S iz e  
a n d  P o r o s it y  R e s u l t s

Values of L  and D are in angstroms and So in 104 cm."1
Gel L Sp D /L VPp

I 48 1147 1.08 1.42
II 47 1041 1.38 1.80
III 45 1170 1.27 1.68
IV 65 799 1.38 2.13
V 88 617 1.55 2.30
VI 48 1308 1.27 1.99
VII 75 798 1.27 2.02
VIII 29 1570 0.72 0.92
IX 81 576 0.90 1.42
X 48 1048 0.85 1.26

In view of the dependence of the X-ray inten­
sity scattered at small angles on differences in elec­
tron density, independent evidence is required to 
establish whether the scattering is characteristic of 
the particles or of the pores. With crystalline ma­
terials, good agreement6 is found between the crys­
tal size and the average particle size calculated on 
the assumption that the scattering is character­
istic of the particles, and this can be considered as 
good evidence that the small angle scattering is 
indeed characterized by the particles. With 
amorphous materials such evidence is not avail­
able, and hence it is particularly interesting to 
compare the particle size data and the pore 
size data for the ten amorphous gels being dis­
cussed.

I t can be shown that the specific surface of an 
assemblage of particles is given by an expression 
of the type
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S =

M(L) d L

M(L) dL

= Ko/pL (6)
where Ko is a constant whose value depends in­
sensitively on the geometrical shape of the particle 
and the shape of the particle size distribution 
curve. Values for the product Sp are given in the 
third column of Table III and these are plotted 
versus L  in the log-log graph of Fig. 3. The in­
verse relationship between these variables is 
clearly indicated by the sequence of the points. 
The line drawn on the figure is the theoretical line 
to be expected for spherical particles and appears 
to be shifted from the median correlation line by 
about 10%. In view of the uncertainties in the 
interpretation of small angle scattering analysis, 
this discrepancy of the particle size values by 10% 
on an absolute basis is certainly not outside of pos­
sible error. I t  should be mentioned that correla­
tion of the type given in Fig. 3 is by no means re­
stricted to one class of materials (viz., silica- 
alumina gels) but can be obtained with a whole 
variety of substances whose solid density, specific 
surface and particle size cover much wider ranges 
than are indicated in the present data.

2000

^  1000

600

400

20 _  40 60 100
L.

Fig. 3.—Correlation between specific surface times 
density Sp and median particle diameter L. The dashed 
line is that calculated for spheres. Sp is given in units of 
104 cm."1 and L  in angstroms.

Of particular interest is the comparison of pore 
and particle size. The ratio of these variables is 
given in the fourth column of Table III. This 
ratio is seen to include values between 0.72 and
1.55. Since the surface area of the pores must 
equal that of the particles, it follows from Equa­
tions (2) and (6) that

D /L  =  k(VpP) (7)
since D is proportional to Do for a given distribu­
tion. The product (VPp) is called the porosity 
factor and is merely the ratio of total micropore

V\
o ^

N j

\
°°\__

THE ° / \  ORETICAL N

volume to total solid volume in the gel. The con­
stant k depends insensitively on the pore and par­
ticle size distributions. Figure 4 illustrates the 
agreement of the experimental data with the corre­
lation predicted by Equation (7). Values for the 
pore diameter are those obtained from the desorp­
tion analysis and the line is the theoretical correla­
tion using a value of 2/3 for the constant k which is 
the average for the size distributions encountered 
experimentally. A consistent trend in the values 
of the pore to particle size ratio with the porosity 
factor is to be noted and this can be considered evi­
dence that the small angle X-ray scattering is 
characteristic of the particle size rather than the 
pore size. If the X-ray scattering were indicative 
of the pore size, values of D /L  should have re­
mained constant independent of the porosity fac­
tor.

.tiio o ° >° y
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Fig. 4.—Correlation between pore to particle size ratio 
D /L  and porosity factor Vvp. The line is the theoretical 
correlation according to Equation (7).

The over-all agreement of the independently 
determined variables above appears very satis­
factory and is even somewhat surprising in view of 
the several assumptions which are necessary in 
interpreting the data. I t  is recognized imme­
diately that the assignment of a spherical shape to 
the particles and a cylindrical shape to the pores 
is inconsistent in a strict sense. The pores and 
particles are very probably irregular in both shape 
and size, but it would appear from the data that as 
far as the determination of average dimensions is 
concerned, they can be represented by these simple 
geometrical shapes. Once these discontinuity 
shapes are decided upon, further assumptions 
specific to the technique are required. Principal 
among these are the assumption of incoherence in 
the X-ray scattering from adjacent particles and 
the assumption that vapor condensation in a cap­
illary of colloidal size is exactly similar to that in 
macroscopic capillaries. Neither of these has 
been the subject of direct experimental test, but 
as the evidence presented above would indicate in­
directly, they appear not far from being correct.
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Summary
Physical data on the microstructure of a series 

of ten amorphous silica and silica-alumina gels 
have been obtained from studies of low tempera­

ture gas adsorption, porosity and small angle 
X-ray scattering. Good correlations are obtained 
between (1) the mean pore diameter calculated 
from the specific micropore volume and the spe­
cific surface and the mean pore diameter calcu­
lated according to a capillary condensation theory 
of isotherm analysis, (2) the average particle size 
and the specific surface and (3) the pore to particle 
size ratio and the porosity factor. I t is concluded 
that the over-all correlations which are found in­
dicate the validity of the assumptions necessary 
in the data interpretation at least for the materials 
which have been studied.
B e a c o n , N e w  Y o r k  R e c e iv e d  O c t o b e r  16, 1947

[C o n t r ib u t io n  f r o m  t h e  D iv is io n  o f  C h e m is t r y , N a v a l  R e s e a r c h  L a b o r a t o r y ]

The Preparation of Nitrite Salts of Alkyl Amines1
By John K. Wolfe2 and Kenneth L. Temple3

Alkyl ammonium nitrite salts have been pre­
pared by the reaction of the amine hydrochloride 
with sodium nitrite4 or silver nitrite,5 the amine 
sulfate with barium nitrite, or the amine with ni­
trogen sesquioxide,6 all of these reactions being 
carried out in aqueous solution. The present 
study outlines a new method of preparation, em­
ploying the amine, sodium nitrite, solid carbon di­
oxide, methanol and a small amount of water. 
Sodium carbonate precipitates as the reaction pro­
ceeds, leaving a methanol solution of the nitrite. 
The general reaction, using a primary amine as the 
example, can be represented by the equation
2RNH2 +  C02 +  H20  +  2N aN 02----

2RNH2H N 02 +  Na2C03
The reaction between the amine and carbon di­

oxide in methanol in the absence of water formed 
a white powder which precipitated at about — 20° 
and corresponded to the formula (RNH2)2*CC>2. 
These substances could be filtered and isolated at 
room temperature but they sublimed readily. 
Compounds of this type have been previously ob­
served and identified.7

This white powder reacted with sodium nitrite 
and water in the presence of methanol to produce 
the ammonium nitrite.

This method has been applied successfully to 
isopropylamine, diisopropylamine, diisobutyl- 
amine and triethylamine, with a yield of about 
75% of the nitrite in each case.

(1) T he opinions or assertions contained in this paper are the 
au th o rs’ and are no t to  be construed as official or reflecting the views 
of the  N avy D epartm ent.

(2) Present address: General Electric Research Laboratory,
Schenectady, N . Y.

(3) Present address: R utgers University, New Brunswick, N. J.
(4) Van der Zande, Rec. trav. chim . , 8, 205 (1889).
(5) Neogi, J,. Chem. Soc., 99, 1252 (1911).
(6) Bamberger and M uller, Ber., 21, 847 (1888).
(7) H ayashi, Abst. Bull. Inst. Phys. Chem. Res. (Tokyo), 11, 133 

(1932).

The use of methanol instead of water as the sol­
vent permits the use of a lower temperature, thus 
decreasing the formation of nitrosamines and the 
decomposition of unstable nitrites. The evolu­
tion of carbon dioxide gas during the preparation 
excludes oxygen and thus tends to prevent the 
formation of nitrates.

Table I summarizes the various reaction con­
ditions studied. Sodium nitrite is superior to po­
tassium nitrite since potassium carbonate sepa­
rates in a flocculent condition and is much harder 
to filter. Absolute ethanol, acetone and isopropa­
nol are inferior to methanol as a solvent, un­
doubtedly due to the higher solubility of sodium 
nitrite in methanol. The yield of sodium carbon­
ate is fairly constant in all of the cases in which 
methanol was used. The yield of sodium carbon­
ate is probably a better measure of the extent of 
the nitrite reaction than is the yield of the nitrite, 
since in many cases the nitrites are difficult to iso­
late.

This new method of synthesis was tried for higher 
molecular weight amines, whose nitrite salts are 
not water soluble, and quite low yields were ob­
tained. I t was found that some of these nitrites 
had been described in the literature and were pre­
pared in aqueous solution but the yields reported 
were often quite low and the methods were poorly 
described. Dicyclohexylammonium nitrite, a
compound not previously described, was prepared 
in this study in 98% yield and the experimental 
method used in its preparation is described as an 
example. Dicyclohexylaminenitrite is easily
converted to the N-nitrosamine by warming in 
dilute acid solution. A comparison of these two 
materials shows the expected chemical behavior.

A study of the alkyl ammonium nitrite salts 
which have been investigated indicates that, in 
general, the salts of primary amines of low molecu­
lar weight and the salts of tertiary amines are
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Table I
Preparation of Amine N itrite Salts by N ew  M ethod

Amine
Inorg.
nitrite Solvent

Moles solvent 
Moles n itrite

Time,
hr.

NaaCOs, 
% yield

N itrite  
salt, 

% yield
Di-isopropylamine N aN 02 MeOH 7.5 3 .5 76 76
Di-isopropylamine k n o 2 MeOH 12.5 4 .5 48“ 15
Di-isopropylamine N aN 02 AbsEtOH 10.3 18 56“ 43
Di-isopropylamine N aN 02 Acetone 82 8 61“ 19
Di-isopropylamine N aN 02 i -PrOH 26.6 3 .5 28“ 20
Di-isobutylamine NaNO* MeOH 15 3.5 74 66.5
Triethylamine N aN 02 MeOH 12.5 3 .5 75 68
Mono-isopropylamine N aN 02 MeOH 10 4 75 74

® Contained unreacted inorganic nitrite.

hygroscopic while the salts of primary amines of 
high molecular weight and the salts of secondary 
amines are not hygroscopic. The salts of highly 
branched secondary amines appear to be the most 
stable.

Experimental8'9
The following method was used in the preparation of 

the nitrite salts: A mixture of 200 mesh C. p . sodium 
nitrite, water and methanol was placed in a three-necked 
two-liter round-bottom flask fitted with dropping funnel 
and Hershberg stirrer. The stirred mixture was cooled 
to 0° by the addition of solid carbon dioxide and the 
amine was then added over a period of one and one-half 
to two hours, a temperature of 0-5° being maintained by 
the addition of solid carbon dioxide. Stirring was con­
tinued for about two hours, sufficient methanol being 
added to wash the foam from the sides of the flask. The 
precipitated sodium carbonate was filtered at room tem­
perature and washed well with methanol.10 The solvent 
was removed from the filtrate under reduced pressure and 
the solid product recrystallized from a suitable solvent.

The molecular weight of each of the nitrites was deter­
mined by boiling a weighed sample of the nitrite with an 
excess of 0.5 N  sodium hydroxide solution until the free 
amine was volatilized and then titrating the residual 
alkali with standard acid.

Diisopropylammonium Nitrite.—One mole of diiso­
propylamine (boiling at 81-85°), one mole of sodium 
nitrite, 0.5 mole of water and 300 ml. of methanol gave 
80 g. of sodium carbonate. The solution of the solid 
nitrite in 500 ml. of anhydrous isopropanol, filtered to 
remove sodium nitrite, gave 112 g. of nitrite when cooled 
to —40°. The melting point of 136-7° was unchanged 
by recrystallization from acetone and ethyl acetate.11

Anal. Calcd. for C6Hi602N2: C, 48.6; H, 11.0; N, 
18.9; mol. wt., 148. Found: C, 48.7; H, 11.5; N, 
18.6; mol. wt., 147.

Diisobutylammonium Nitrite.—The salt obtained from 
0.5 mole of diisobutylamine (boiling at 136-140°), 0.5 
mole of sodium nitrite, 0.25 mole of water and 300 ml. 
of methanol was dissolved in 250 ml. of isopropanol. By 
cooling the solution to —40°, 58.6 g. of colorless plates 
melting at 145-146° was obtained.

Anal. Calcd. for C8H20O2N2: C, 54.5; H, 11.5; N, 
15.9; mol. wt., 176. Found: C, 54.7; H, 11.2; N, 15.6; 
mol. wt., 174.5.

(8) The authors wish to  acknowledge the help of Miss Nyla Mack 
of the Chemistry Division, N RL, for some of the analyses.

(9) All melting points are corrected.
(10) The identity  of the  precipitate was established by X-ray 

diffraction examination, performed by Ens. Birks of the Physical 
Optics Division of N RL, and by comparison with an authentic 
sample of anhydrous sodium carbonate.

(11) Van der Zande4 reported a melting point of 140°. The
authors find th a t the melting point depends on the rate  of heating, 
approaching 140° in a rapidly heated bath.

Triethylammonium Nitrite.—One mole of triethyl­
amine (boiling at 88-90°), one mole of sodium nitrite, 
0.5 mole of water and 500 ml. of methanol gave 81 g. 
of sodium carbonate. Removal of the methanol in an 
atmosphere of dry carbon dioxide at a temperature not 
exceeding 25° gave one hundred grams of light tan crystals 
melting at 94-97° with decomposition. The product 
turned brown on standing at room temperature for a few 
hours but was stable when stored at —40° over calcium 
chloride in a vacuum desiccator. A solution of 2 g. of 
the salt in 400 ml. of absolute ether gave white silky 
needles when cooled to —60°. These needles melted at
96.5-98° in a sealed tube'.12

Anal. Calcd. for C6Hi60 2N2: mol. wt., 148. Found: 
mol. wt., 146,147.

Isopropylammonium Nitrite.—The reaction of one mole 
of isopropylamine (boiling at 31-35°), one mole of sodium 
nitrite, 0.5 mole of water and 470 ml. of methanol gave 
a methanol solution which was evaporated under reduced 
pressure in an atmosphere of carbon dioxide, the tempera­
ture being maintained below 25°. The white crystalline 
product weighed 79 g. and melted at 47-49°. This sub­
stance is very hygroscopic and turns brown when stored 
in a vacuum desiccator at room temperature, but is 
stable in a dry atmosphere at —40°. Recrystallization 
of the product from a solution of four parts of ethyl acetate 
and one part of isopropanol, by cooling the solution to 
— 60°, gave white crystals which melted at 49-50° in a 
sealed tube.

Anal. Calcd. for C3Hio0 2 N 2 : mol. wt., 106. Found: 
mol. wt., 107.

Di-cyclohexylammonium Nitrite [(C6Hn)2NH H N 0 2] .— 
Ten milliliters (9.1 g., 0.045 mole) of di-cyclohexylamine 
(Monsanto) were mixed with 400 ml. of water, an excess 
of concentrated hydrochloric acid was added and the 
mixture was heated almost to boiling to dissolve the salt 
formed. The solution was adjusted to pH  8 with ammo­
nium hydroxide. Solid C. p. sodium nitrite (150 g.) 
was added, the mixture was stirred at 0° for one hour 
and the precipitate was filtered and dried. The yield 
was 11.2 g. (98%) of̂  light tan crystals melting at 176- 
178° with decomposition. Recrystallization from meth­
anol yielded colorless plates melting at 178-180° with de­
composition.  ̂ Acidification of this product produced 
the characteristic nitric oxide odor.

Anal. Calcd. for Ci2H24N20 2: C, 58.8; H, 11.8; N , 
13.7. Found: C, 58.6; H, 11.7; N, 14.0.

N-Nitroso-Di-cyclohexylamine [ (C6Hn)2N N O ].—A 
sample of dicyclohexylamine acetate (m. p. 115-116°) 
was warmed with an aqueous solution of acetic acid and 
sodium nitrite. The insoluble precipitate was filtered 
and recrystallized from acetone, yielding colorless crystals 
of nitrosamine melting at 104-105°.

Anal. Calcd. for Ci2H22N20 : C, 68.5; H, 10.5.
Found: C, 68.6, 68.8; H, 10.3, 10.5.

(12) Neogi [J. Chem. Soc., 99, 1252 (1911)] and R ay  [ibid., 101, 
216 (1912) J reported th a t this compound forms yellow prism s de­
composing a t 75°.
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A mixed melting point of the nitrosamine with di- 
cyclohexylammonium nitrite showed the normal depres­
sion and wide range. N-Nitroso di-cyclohexylamine 
failed to give nitric oxide fumes on treatment with cold 
hydrochloric acid.

Summary
1. A new method is described for the prepara­

tion of alkyl ammonium nitrites from amines, em­
ploying sodium nitrite, carbon dioxide and metha­

nol. The nitrites of isopropylamine, diisopropyl­
amine, diisobutylamine and triethylamine have 
been prepared.

2. Alkyl ammonium nitrite salts of primary 
amines of low molecular weight and the salts of 
tertiary amines are in general hygroscopic while 
the salts of secondary amines are not hygroscopic.
Washington, D. C. R eceived August 19, 1947

[Contribution from the Chemical Laboratories of T he Johns H opkins U niversity]

The Selective Degradation of Certain Pyrryl Polycarboxylic Esters1,2 
By Alsoph H. Corwin and J. Lloyd Straughn3

Publication of a method for the conversion of 
Knorr’s pyrrole (2,4-dimethyl-3,5-dicarbethoxy- 
pyrrole) into 2-carboxyl-3,5-dicarbethoxy-4-meth- 
ylpyrrole4 opened the way for the preparation of 
many new pyrrole derivatives from this substance, 
providing that methods for selective degradations 
of the new acid could be found. The present pa­
per describes these selective degradations. 
Knorr’s pyrrole is already one of the most readily 
available substitution products of pyrrole. The 
numerous additional substances that can be pre­
pared from it by transformations recorded below 
make it the most versatile of all pyrrole deriva­
tives in the number and variety of chemical indi­
viduals which can be prepared from it.

Mechanism of Formation of 2-Carboxyl-3,5- 
dicarbethoxy-4-methylpyrrole.—-When Knorr’s 
pyrrole is chlorinated with sulfuryl chloride in 
glacial acetic acid, best yields of the desired 
acid are obtained if the reaction is performed at as 
low a temperature as possible. The use of 5% 
acetic anhydride lowers both the freezing point of 
the solution and its water content and increases 
the yield of acid by 5-10%. Increasing the tem­
perature of the reaction, on the other hand, lowers 
the yield of acid and increases the yield of alde­
hyde. This observation suggests that the alde­
hyde represents a by-product of the reaction and 
not an intermediate in the formation of the acid. 
This conclusion was confirmed by attempting to 
halogenate the aldehyde under the conditions of 
the reaction. No acid could be obtained and the 
aldehyde was recovered unchanged. When the 
same reaction was tried using 2-dichloromethyl- 
3,5-dicarbethoxy-4-methylpyrrole, however, 45% 
of acid and 36% of aldehyde could be obtained. 
These results show that the dichloromethylpyr- 
role can be an intermediate in the reaction and 
that any of it which is converted to aldehyde in 
the course of the reaction will not yield acid.

(1) Studies in the Pyrrole Series, X X ; Paper X IX , Erdman and 
Corwin, T his Journal, 69, 750 (1947).

(2) This paper is taken from the  doctoral dissertation of John 
Lloyd Straughn, The Johns Hopkins University.

(3) Present address, D epartm ent of Chemistry, Western M aryland 
College, W estminster, Md.

(4) Corwin, Bailey and Viohl, T his Journal, 64, 1267 (1942).

I t is possible to convert benzal chloride and ace­
tic acid to benzaldehyde and acetyl chloride.5 
The analogous reaction in the pyrrole series can be 
represented schematically as
RCHCla ■+ CHaCOOH — ^  RCHO +  CH3COCl -j- HCl

I t is easily demonstrated that this reaction pro­
ceeds at 50 ° but not rapidly at 17 °. At the higher 
temperature hydrogen chloride is given off and the 
distillate contains acetyl chloride, as shown by its 
reaction with aniline to form acetanilide. The di- 
chloromethylpyrrole is best prepared by chlorina­
tion in chloroform, to avoid the possibility of alde­
hyde formation.

I t follows from the observations recorded above 
that the aldehyde is not an intermediate in the 
formation of the acid, that the dichloro- and tri- 
chloro-pyrroles are intermediates and that re­
action conditions should be directed toward the 
stabilization of the dichloromethylpyrrole.

The Stability of Pyrryl-carboxylic Acids.— 
By methods outlined below several pyrryl- 
carboxylic acids were prepared which had one 
methyl group and various combinations of three 
electron attracting groups, either carboxyl or 
carboxylic ester groups. None of these acids 
could be decarboxylated smoothly by the usual 
methods. When combinations were tried which 
contained only two electron attracting groups, 
however, decarboxylation took place smoothly. 
This behavior is analogous to that found in the 
benzene series in which electron releasing groups, 
such as phenolic hydroxyl groups, facilitate decar­
boxylation and the addition of electron attracting 
groups, such as carboxyl, to phenolic compounds 
hinders decarboxylation.6 Because of this situa­
tion, further reactions were directed toward prepa­
ration and degradation of derivatives of methyl- 
dicarboxyl pyrroles.

(5) Jacobsen, German P aten t 11494 (1879), See FrdL, 1, 24 
(1888).

(6) A close analogy is afforded in the resorcylic acids. 2,6-Di- 
hydroxybenzoic acid decomposes in the range of 150-170° while the 
addition of a carboxyl group in the 3 position increases the stability 
so th a t the material melts a t 312° without marked decomposition. 
See Senhofer and Brunner, Wien. Akad. Ber., 80, 504 (1879), and 
Brunner, A nn., 351, 320 (1907).
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The flow sheet for the reactions to free the 2 and the first section of this paper. These reactions 
5 positions is given in Chart I .4-7 prove that compound X III has a methyl ester

group in the 5 position. Compound X  had 
been prepared previously by Fischer and 
Wiedemann by esterification of X II.8 This 
esterification proves the structure of com­
pound X.

The flow sheet for the freeing of the 3 
position is given in Chart III.

Compounds X X I and X IX  were pre­
pared by Kordo, Ono and Sato9 by a method 
which establishes the structure of XIX.

In addition to the reactions outlined 
above, certain other derivatives of com­
pound I were made as sketched in Chart 
IV. Interrelationships with substances 
with previously tagged ester groups are also 
shown.

The lack of identity of XXV and XXVII 
makes possible the location of the free car­

boxyl group in XXV, since it is known from 
XXXI that the carbomethoxy group in the 3
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The flow sheet for the reactions to free the 5 
position is given in Chart II.
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Compound X III was prepared from compound 

XV by reactions analogous to those discussed in
(7) See Corwin and Viohl, T his Journal, 66, 1145 (1944), for 

the preparation of compounds IV and V.

position is intact. The analysis of X XX I makes
(8) Fischer and W iedemann, Z. physiol. Chem., 155, 58 (1926).
(9) Kordo, Ono and Sato, J . Pharm. Soc. Ja p a n , 57, 1 (1937). 

See C. A ., 31, 7055 (1937).
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it possible to deduce the position of the group 
in compound XXX which has been hydrolyzed 
by alkali.

Compounds X X X III, XXXIV and XXXV 
were all prepared from compound I. The ester 
interchange observed in preparing compound 
XXXIV is not unusual when a-esters are treated 
with strong base.10a A corresponding change 
when esterification takes place under the influence 
of an acid catalyst is rare. The melting point of 
the triethyl ester, XXXV, is so low, 45-46°, as to 
render the substance undesirable for preparational 
purposes. This is the reason for choosing to make 
derivatives from the monomethyl ester, VIII, 
which melts a t 75°.

The experiments summarized above add five 
new cases, compounds I, III, VI, X and XXX to 
the generalization that attack by an alkaline 
catalyst upon an ester group is oriented a in pref­
erence to 13 whenever there is a choice.

One of us, J. L. S., wishes to acknowledge a 
grant-in-aid from the Hynson, Westcott and Dun­
ning Research Fund.

Experimental Section
2-Carboxy-3,5-dicarb ethoxy-4-methylpyrrole (I).—

The directions given by Corwin, Bailey and Viohl4 were 
modified in an effort to find optimum conditions for the 
reaction. The use of 10% of anhydrous formic acid in 
glacial acetic acid gave a slight increase in yield, due to 
the lower freezing point. A 5% solution of acetic anhy­
dride in glacial acetic acid gave a lower freezing point 
and a consistently higher yield. At 50°, no acid was 
obtained but a good yield of aldehyde was formed.

2 -Formyl -3,5 -dicarbethoxy -4 -methylpyrrole was treated, 
with bromine and sulfuryl chloride in acetic acid under 
the conditions used for the halogenation of 2,4-dimethyl -
3,5 -dicarbethöxypy rrole. The acetic acid was removed

(10) Corwin and Ellingson, T h is Journal, 66, (a) 1146, (b) 1150, 
(c) 1149 (1944).

by distillation under reduced pressure and 
the residue extracted with ether and then 
with toluene. The ether solution was 
concentrated by evaporation and the red 
oil remaining was allowed to crystallize. 
These crystals give a positive Beilstein 
test but on treating with alcohol and 
water the precipitate formed was the 
starting aldehyde. After partial evapora­
tion of the toluene solution crystals of the 
aldehyde were also obtained. In still an­
other experiment the halogenation was 
completed and the hydrolysis with water 
carried out in a manner identical to that 
used for the preparation of the acid. No 
acid was obtained.

When the same reaction was repeated 
on 2-dichloromethyl-3,5-dicarbethoxy-4- 
methylpyrróle (see below) a yield of 45% 
of the acid and 36% of the aldehyde was 
obtained.

2 -Dichloromethyl -3,5 -dicarb ethoxy -4 - 
methyl pyrrole.—Fifty grams of 2,4-di­
methyl -3,5-dicarbethoxypyrrole was dis­
solved in 200 cc. of dry, freshly redistilled 
C. p . chloroform (U. S. P. chloroform 
is unsuitable because it contains alcohol); 
34 cc. of sulfuryl chloride was added at 
about 40°. The solution was boiled to 
remove hydrogen chloride and the chloro­
form was then removed under vacuum. 

The crystals which formed were washed with hexane and 
crystallized from toluene. The use of alcohol for the crys­
tallization, as suggested by Fischer, Sturm and Friedrich,11 
causes decomposition of the substance and is probably re­
sponsible for the failure of these investigators to obtain 
the compound; m. p. 124-125°.

Anal. Calcd. for Ci2H150 4NC12: C, 46.77; H, 4.91. 
Found: C, 46.83; H, 4.88.

Reaction with Glacial Acetic Acid, (a) Cold.—A 
solution of 3 g. of the dichloromethylpyrrole in 25 ml. of 
glacial acetic acid at 17° in a flask was closed with a rubber 
stopper and placed in an ice-box for eight hours with 
occasional shaking. The semi-solid mass was then 
filtered with suction. The filtrate gave no test for acetyl 
chloride with aniline; 2.3 g. of the starting material was 
recovered. We conclude that these substances do not 
react appreciably under the conditions of the trichlorina­
tion reaction.

(b) Warm.—A solution of 4 g. of the dichloromethyl­
pyrrole and 25 ml. of glacial acetic acid was placed in a 
50-ml. round flask fitted with a small fractionating column 
with a condenser attached to the side arm. The solution 
was heated on a water-bath for one hour at 50°, then 
distilled. The fraction below 60° gave a crystalline 
precipitate with aniline, identified as acetanilide by its 
melting point. The solid remaining in the flask was 
crystallized from dry toluene. A mixed m. p. with 2- 
f ormyl -3,5 -dicarbethoxy -4 -methylpyrrole gave no de­
pression.

2-Carbomethoxy-3,5-dicarb ethoxy-4-methylpyrrole
(VI). First method.—Five grams of (I) was dissolved in 
a cold solution of 1.1 g. of potassium hydroxide in 25 ml. 
of methanol and 2.3 ml. of dimethyl sulfate added drop- 
wise while stirring. After standing half an hour, it was 
poured into aqueous sodium bicarbonate, filtered and the 
precipitate crystallized from methanol -water. The methyl 
ester can be purified by distillation at 235-240° at 20 mm. 
or by crystallization from hexane, in which it is slightly 
soluble; m. p. 75°.

Second Method.—This is the method of choice. To 
a mixture of 25 g. of (I) in 125 ml. of anhydrous methanol 
in a 250 ml. standard taper Erlenmeyer flask 1.5 g. of 
dry hydrogen chloride was added and the solution then 
refluxed for an hour. The solution was stirred into five 
times its volume of ice water containing 6 g. of sodium

(11) Fischer, Sturm  and Friedrich. A nn., 461, 267 (1928).
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bicarbonate to dissolve any starting ma­
terial. The ester separated as an oil 
which hardened after two hours of stand­
ing and was purified by distillation under 
reduced pressure and by crystallization 
from purified hexane; yields, 85-95%; 
m. p. 75°. This ester is insoluble in bi­
carbonate but is soluble in sodium hy­
droxide solutions, due to the acidity of 
the NH group under the influence of the 
three electron-attracting groups present.

Anal. Calcd. for CuHnOeN: C,
55.09; H, 6.05. Found: C, 55.17; H,
5.92.

2,5 -Dicarboxy-3 -carb ethoxy-4-methyl­
pyrrole (VII).—This substance is best 
prepared from (I ) . Fifteen grams of (I ) ,
4.5 g. of sodium hydroxide and 150 ml. of 
water were refluxed two and one-half hours 
in a 500-ml. Erlenmeyer flask. The solu­
tion was poured into an equal volume of 
water and acidified to the congo red end­
point with hydrochloric acid. The pre­
cipitate was filtered off, washed well with 
distilled water and pressed dry. The 
pyrrole acid was then resuspended in 
water to remove the hydrochloric acid.
After filtering and washing, it was dried 
to constant weight at 70°. A small 
amount of the di-acid was obtained from 
the filtrates by allowing them to stand.
The material was crystallized from eth­
anol and from 60% acetone in water; 
yield (crude), 85-95%; m. p. 236-237°
(dec.).

Anal. Calcd. for CioHnOgN: C, 49.79;
H, 4.60. Found: C, 49.71; H, 4.56.

The crude material is sufficiently pure 
for subsequent reactions if prepared from 
starting material which has been recrys­
tallized several times from ethanol.

The same substance is obtained by 
the alkaline hydrolysis of (VI) and of 
(XX X V ). The acidity of the pyrryl 
nitrogen is sufficient in each case to dis­
solve the pyrryl esters in aqueous alkali.

2 -Carbomethoxy -3 -carb ethoxy-4- 
m ethyl-5 -carboxypyrrole (VIII).—Seven 
and three-tenths grams of (VII) previ­
ously crystallized from acetone-water, and 
75 ml. of methanol containing 0.5 g. of dry hydrogen chlo­
ride were refluxed in a 250-ml. Erlenmeyer flask for one 
hour, the solution cooled to room temperature and then 
poured into 300 ml. of ice water containing sufficient so­
dium bicarbonate to dissolve the half esterified pyrrole. 
After standing in the ice-box for one hour, the by-product 
(XIII) was filtered off (dry yield 0.7 g.) and the 5- 
carboxypyrrole was isolated by acidification of the 
filtrate. It was washed with water and dried in the oven 
at 70°; yield, 6.2 g. or 88%. The pyrrole was crystal­
lized from acetone-water or alternatively from acetone- 
hexane; m. p. 204-205°.

2 -Carbomethoxy -3 -carb ethoxy-4 -methyl -5 -bromo - 
pyrrole (IX).—To a solution of 2.7 g. of (VIII) in 30 ml. 
of glacial acetic acid at 45°, 1.8 g. of bromine in 8 ml.'.of 
glacial acetic acid was added in ten minutes. The solu­
tion became clear. After ten minutes of standing 20 ml. 
of water was added in twenty minutes. After standing 
for forty-five minutes it was poured into 200 ml. of ice 
water and placed in the ice-box for one hour. The pre­
cipitate was filtered off, washed with water, dissolved in 
50 ml, of methanol and sodium bicarbonate added until 
no more carbon dioxide was evolved. The bromopyrrole 
was reprecipitated by pouring the methanol solution into 
200 ml. of ice water. After standing for one hour, the 
precipitate was filtered, washed with water and dried 
at 50°. It can be recrystallized from methanol-water.
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A small amount (0.2 g.) of the starting acid was recovered 
on acidification of the filtrate obtained after the bicarbon­
ate treatment; yield, 1.8 g. or 60%; m. p. 116-117°.

Anal. Calcd. for Ci0H12O4NBr: C, 41.40; H, 4.17. 
Found: C, 41.32; H, 4.24. This substance was also
obtained by the bromination of compound X  (see below).

2 -Carbomethoxy-3 -carb ethoxy-4 -methylpyrrole (X ).—  
For the dehalogenation of 2 g. of (IX ), it was dissolved 
in 50 ml. of methanol and 500 mg. of magnesium oxide, 
500 mg. of Norite and ten drops of 10% palladium chlo­
ride solution were added. The reduction required two 
hours under a pressure of two atmospheres of hydrogen. 
The catalyst was filtered off and washed with a few milli­
liters of hot methanol. The filtrate and washings were 
combined and dried under reduced pressure below 45°. 
The solid was dissolved in ether, transferred to a small 
beaker and the ether evaporated. It was then dissolved 
in the minimum quantity of ethanol at room tempera­
ture and cooled in an ice-bath. Ice water was added, 
drop by drop, while scratching the sides of the beaker, 
until the pyrrole crystallized; yield, 1.2 g. or 83%; 
m. p. 62°.

This pyrrole has also been prepared by the esterification 
of (XII) with diazomethane8; m. p. reported, 59°.

For further identification the pyrrole was brominated 
in glacial acetic acid. Fine needles of (IX) were obtained, 
m. p. 116°, mixed m. p., no depression.

C
H

O
H
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2-Carboxy-3-carbethoxy-4-methylpyrrole (XII) J2—Two 
hundred milligrams of (X) was hydrolyzed with 70 mg. 
of potassium hydroxide and 10 ml. of 80% ethanol. 
After precipitation and separation from unchanged ester 
the pyrrole was filtered off, washed, and crystallized from 
ethanol-water; colorless crystals, m. p. 197-197.5° with 
loss of carbon dioxide. Pilotv and Hirsch12 report 
196°.

3,3 '-Dimethyl-4,4 '-dicarb ethoxy-5,5 '-dicarbomethoxy- 
dipyrrylmethane (XI).—Two hundred milligrams of (X ), 
3 ml. of 70% acetic acid and 0.3 ml. of 40% formaldehyde 
were refluxed for five minutes and 0.1 ml. more of form­
aldehyde was added through the condenser. After 
refluxing for ten minutes longer, 2 ml. of water was 
added and the solution was placed in an ice box until 
crystallization was complete. The product was recrystal­
lized from methanol-water; m . p . 158-159°.

Anal. Calcd. for C21H260 8N2: C, 58.06; H, 6.03.
Found: C, 57.79; H, 6.01.

2 -Carboxy-3 -carb ethoxy-4 -methyl -5 -carbomethoxy- 
pyrrole (XIV).—Twenty-five grams of (XV )10b was treated 
with sulfuryl chloride and bromine by the procedure given 
for compound I ; yields: aldehyde, 36%; acid 38%; m.p.  
187°.

Anal. Calcd. for CnHisOeN: C, 51.76; H, 5.13.
Found: C, 51.69; H, 5.17.

2,5 -Dicarbomethoxy-3 -carb ethoxy -4 -methylpyrrole
(XIII).—This was prepared from (XIV) by esterification 
with dimethyl sulfate and with methanol and acid, in 
each case following the procedure used for compound 
VI. The latter method gave better yields. The product 
crystallizes from methanol in colorless crystals* m- t>- 
131-132°.

Anal. Calcd. for C12H150 6N: C, 53.52; H, 5.62.
Found: C, 53.61; H, 5.59.

2 -Carboxy-3 -bromo -4 -methyl -5 -carb ethoxypyrrole 
(XVII) .—This was prepared from (X V I)13 14 by a procedure 
essentially the same as for (I), given above; m .p .  254° 
with decomposition.

Anal. Calcd. for C9H10O4NBr: C, 39.13; H, 3.65. 
Found: C ,39.12,38.98; H, 4.31,4.29.

2 -Formyl -3 -bromo -4 -methyl -5 -carb ethoxypyrrole.— 
This was obtained as a by-product in the preceding prep­
aration. If desired in quantity it can be prepared in a 
manner exactly analogous to that used for 2-formyl-3,5- 
dicarbethoxy-4-methylpyrrole.4b It was prepared by 
Fischer, Berg and Schormüller14a using ether as a solvent. 
The use of glacial acetic acid is preferable.

2.5 -Dicarbethoxy -3 -bromo-4-methylpyrrole (XVIII) .15 
—This pyrrole was prepared by the esterification of 
(XVII) with diethyl sulfate in alcoholic potassium hy­
droxide by the first procedure under compound VI. The 
product crystallizes from ethanol-water in colorless needles 
melting at 85°.

Anal. Calcd. for CnH140 4NBr: C, 43.44; H, 4.64. 
Found: C ,43.43; H ,4 .73.

2.5 -Dicarbethoxy-4-methylpyrrole (XIX).—The pro­
cedure for the dehalogenation of (XVIII) was the same 
as that used in the preparation of (X),  given above; 
yield, 62%. Recrystallized from hexane or alcohol- 
water; m. p. 62°. This pyrrole has also been prepared 
from (XXI) which in turn was prepared by the condensa­
tion of the ethyl ester of glycine hydrochloride with 
acetylacetoacetic ester in alkaline solution.9 Kordo, 
Ono and Sato report m. p. 61°.

2 -Carboxy-4 -methyl -5 -carbethoxypyrrole (XX).—One 
and five-tenths grams of (XIX) was placed in a solution 
of 0.25 g. of sodium hydroxide in 25 ml. of 80% ethanol 
and the mixture refluxed for two hours. An equal volume 
of water was then added, the solution filtered and the

(12) Piloty and Hirsch, A nn., 296, 70 (1913).
(13) Fischer and E rnst, ibid., 447, 147 (1926).
(14) Fischer, Berg and Schormüller, ibid., 480, (a) 155, (b) 114 

(1930).
(15) Performed by S. R . Buc.

filtrate acidified with hydrochloric acid. The acid was 
filtered off, washed with water and crystallized from 
ethanol-water; m. p. 210-215° with decomposition.

Anal. Calcd. for C9H n04N: C, 54.82; H, 5.62.
Found: C, 54.88; H, 5.58.

2-Carbethoxy-3-methyl-4-bromopyrrole (XXII).—The 
decarboxylation of (XVII) was carried out by the method 
of Fischer, Berg and Schormüller.14b This method could 
be used only with quantities less than 2.5 g. The decar­
boxylation must be performed within five to ten seconds, 
for the bromopyrrole reacts with hot glycerol to form 
acrolein; m. p. 179-183°; yield, 40%.

Anal. Calcd. for C8Hi0O2NBr: C, 41.38; H, 4.31. 
Found: C, 41.34; H, 4.38.

2-Carbethoxy-3-methylpyrrole (XXIII).—One and a 
half grams of (XX) was heated with 6 g. of anhydrous 
glycerol and the distillate collected in a distilling flask 
cooled with running water. The new pyrrole distilled 
between 270 and 290°. Five cc. of ethanol was added to 
it cautiously and the solution was poured into 25 cc. of 
ice water. After scratching, the pyrrole precipitated 
as fine crystals which were filtered off and air-dried; 
m. p. 56°. Fischer and Wiedemann report 56°.8

This substance was also prepared by the dehalogenation 
by (XXII) by the method used in the preparation of (X) 
above; m. p. 56°; mixed m. p. with material from the 
decarboxylation of compound X X , 56°.

2.3.4 -Tricarboxyl-4 -methylpyrrole (XXIV) .—A solution 
of 25 g. of (I) and 12 g. of sodium hydroxide in 100 ml. 
of water was placed in a 200-ml. round flask connected 
to a fractionating column filled with glass helices and 
fitted with a reflux finger. The side arm of the column 
was connected to a condenser with a graduated cylinder 
as the receiver. The flask was heated on a water-bath 
for two hours. During this time 5 ml. of alcohol was 
collected below 80°. The flask was then heated with a 
free flame for four hours longer until the calculated amount, 
12 ml., was obtained. The mixture was transferred to a 
250-ml. beaker, cooled in an ice-bath and hydrochloric 
acid added to the congo red end-point. A thick white 
precipitate was formed which was filtered off with suction 
and the filtrate used to wash out the beaker. The product 
was crystallized from boiling water using Norite. It 
contained some sodium chloride which could be removed 
by several recrystallizations. The pyrrole is too soluble 
in cold water to permit washing to remove the salt. The 
product is insoluble in most organic solvents. It chars 
slightly when heated to 360°; yield, 15 g. or 76%.

Anal. Calcd. for CsHtOsN: C, 45.08; H, 3.31.
Found: C, 44.97; H, 3.37.

2,3-Dicarbomethoxy-4-methyl-5-carboxypyrrole (XXV). 
First Method.—A solution of 400 mg. of (XXIV) in 7 
ml. of methanol previously saturated with dry hydrogen 
chloride was refluxed for five hours and then poured into 
40 ml. of ice-cold sodium bicarbonate solution. After 
standing overnight in the ice box, the precipitate (XXVI) 
was removed by filtration and the filtrate acidified with 
hydrochloric acid. It was necessary to add a small amount 
of salt and to cool the solution before the product (XXV) 
precipitated. It was filtered off and crystallized from 
acetone-water; m. p. 211-211.5° with slight decom­
position.

Anal. Calcd. for C10HuO6N: C, 49.79; H, 4.60.
Found: C, 49.92; H, 4.71.

Second Method.—Five hundred milligrams of (XXXI) 
and 10 ml. of methanol containing dry hydrogen chloride 
were allowed to react in the manner described for the 
preparation of (VIII) above. The pyrrole obtained crys­
tallized from acetone-water and melted at 211-212°; 
mixed m. p. with XXV prepared from the tricarboxyl- 
pyrrole, no depression.

2.3.5 -Tricarbomethoxy-4-methylpyrrole (XXVI).—This 
was prepared from (XXVII) with dimethyl sulfate and 
with methanol and hydrochloric acid by the procedures 
described above for (VI). The triester crystallizes from 
methanol; m .p .  142-143°.
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The same substance was also obtained in small amounts 
in the esterification of XXIV (see XXV above) and of
(XXXI). It was also prepared by the esterification 
of (XXV). Melting points and mixed melting points 
of all these preparations are identical.

Anal. Calcd. for CnH130 6N: C, 51.76; H, 5.13.
Found: C, 51.67; H, 5.10.

2 - Carboxy - 3,5 - dicarbomethoxy - 4 - methylpyrrole 
(XXVII).—Seven grams of (XX V III)16 was treated with 
sulfuryl chloride and bromine by the method given for 
( I ) ; yield of acid, 4.5 g. or 59%; colorless needles from 
methanol; m .p .  205-206°.

Anal. Calcd. for Ci0HnO6N: C, 49.79; H, 4.60.
Found: C, 49.69; H, 4.58.

2 -C ar boxy -3 -carb om ethoxy -4 -m ethyl -5 -carb ethoxy - 
pyrrole (XXX).—Twenty-one grams of (X X IX )100 was 
treated with sulfuryl chloride and bromine in the manner 
described for the preparation of ( I ) ; yield of acid, 17.3 
g., or 73%. This pyrrole crystallizes from ethanol in 
fine needles; m .p .  157-158°.

Anal. Calcd. for CnH120 6N: C, 51.76; H, 5.13.
Found: C, 51.87; H, 5.16.

2.5 -Dicarboxy-3 -carbomethoxy-4 -methylpyrrole
(XXXI) .—One gram of (XXX) was dissolved in 15 ml. 
of water containing 0.55 g. of potassium hydroxide and 
the same procedure followed as for the preparation of
(VII). The product obtained was crystallized twice 
from acetone-water, the first time using Norite; m. p. 
243° with decomposition.

Anal. Calcd. for C9H 90 6N: C, 47.58; H, 3.99.
Found: C, 47.59; H, 4.02.

2,3 -Dicarbomethoxy-4-methyl-5 -carb ethoxypyrrole
(XXXII) .—The same procedure was followed as for the 
preparation of (VI) using potassium hydroxide and di­
methyl sulfate. The product crystallizes from methanol 
in colorless needles melting at 111°.

Anal. Calcd. for Ci2Hi50 6N: C, 53.52; H, 5.62.
Found: C, 53.45; H, 5.57.

2.5 -Dicarbanilido -3 -carbethoxy-4 -methylpyrrole
(XXXIII) .—A solution of 10 g. of (I) and 20 cc. of aniline 
was refluxed for three and a half hours and poured into 
a mixture of 100 ml. of hydrochloric acid and 500 ml. 
of water. The precipitate was filtered off, dissolved in 
hot alcohol and reprecipitated in an ice-hydrochloric acid 
mixture. The precipitate was then crystallized from 
methanol; m . p .  196° after sintering at 192°,

Anal. Calcd. for C22H21O4N3: C, 67.48; H, 5.41.
Found: C, 67.34; H, 5.86.

The position of the second anilide group has not been 
established. It seems probable that it is in the alpha 
position because of the numerous analogies in the pyrrole 
series.

1,4 -Dimethyl -2,5 -dicarbomethoxy-3 -carb ethoxypyrrole
(XXXIV) .—A solution of 25 g. of (VI) in 250 ml. of dry 
toluene was treated with 3 g. of metallic sodium, added 
in small portions between 95 and 100°. When all of the 
sodium had reacted, 11 ml. of dimethyl sulfate was added 
slowly to the solution. The solution was refluxed for 
one hour, filtered while hot and the toluene distilled off 
with steam. The residue was dissolved in cold methanol 
and the pyrrole precipitated by pouring into five times its 
volume of water. After standing for two hours the

(16) Kiister, Weber, M aurer, Schlack, Niemann, Willig and 
Schlayerbach, Z. physiol. Chem., 121, 135 (1922).

pyrrole was filtered off and crystallized from methanol- 
water; m. p. 60°.

Anal. Calcd. for Ci4Hi90 6N: C, 57.33; H, 6.33.
For Ci3H170 6N: C, 55.05; H, 6.04. Found: C, 55.19, 
55.18; H, 6.11, 6.02.

1,4-Dimethyl-2 -carboxyl-3-carbethoxy-5 -earbometh- 
oxypyrrole.—-A solution of 1 g. of potassium hydioxide in 
25 ml. of methanol was added to 5 g. of (XX X IV ). A 
precipitate formed immediately and dissolved on the addi­
tion of water. The solution was filtered and the filtrate 
acidified with hydrochloric acid to precipitate the pyrrole 
acid. The procedure used for the purification of (VII) 
was then followed. The product was crystallized from 
methanol-water; m .p .  88°.

Anal. Calcd. for C^H^OeN: N, 5.21. Found: N , 
5.19.

2,3,5 -T1 icarb ethoxy -4 -methylpyrrole (XXXV).17—This 
must be prepared from acid (I) which has been recrystal­
lized several times. The preparation is the same as for 
(VI) except that anhydrous ethanol is used. The al­
coholic solution was poured into water containing an excess 
of sodium bicarbonate. An oil separated and was ex­
tracted with ether. The extract was evaporated on a 
steam-bath. Portions of the residue were purified by 
distilling three times at 195° and 1 mm. pressure in the 
Craig microdistillation apparatus.17 18 19 A yellowish oil is 
obtained that solidifies slowly to give a white, waxy solid; 
m. p. 45-46°.

A n a l12 Calcd. for C14H190 6N: C, 56.56; H, 6.44.
Found: C, 56.33, 56.15; H, 6.54, 6.63.

Summary
1. I t is shown that 2-dichloromethyl-3,5-dicar- 

bethoxy-4-methylpyrrole reacts with glacial ace­
tic acid to form the pyrryl aldehyde and acetyl 
chloride.

2. This pyrryl aldehyde is not an intermediate 
in the formation of 2-carboxyl-3,5-dicarbethoxy-
4-methylpy rrole.

3. Carboxylic ester groups hinder decarboxyla­
tion in the pyrrole series.

4. Selective freeing of ring positions on tricar- 
boxylpyrrole derivatives may be secured by replac­
ing the first carboxyl group with bromine fol­
lowed by selective degradations of the resulting di­
carboxyl derivatives.

5. Flow sheets are given for the freeing of the
2,3 and 5 positions in derivatives of 2,3,5-tricar- 
boxyl-4-methylpyrrole.

6. Five new cases have been added to the 
generalization that attack by an alkaline catalyst 
upon pyrryl-carboxylic ester groups is oriented a 
instead of /3 whenever there is a choice.
Baltimore 18, M aryland R eceived September 6, 1947

(17) We wish to  acknowledge the  aid of B ryan t H arrell, Jr ., in 
this preparation.

(18) Craig, Ind. Eng. Chem., Anal. Ed., 8, 223 (1936).
(19) Performed by C. K arr.
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The Leuckart Reaction: A Study of the Mechanism
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B y  V in c e n t  J. W e b e r s 1

The preparation of N-benzhydryl formamide 
from benzophenone by the Leuckart reaction has 
been reported by Leuckart and Bach2 using am­
monium formate. The compound has been pre­
pared in this laboratory by the general procedure 
of Ingersoll3 with good results. Since Ingersoll4 
stated that somewhat higher yields might be ex­
pected in the Leuckart reaction if formamide it­
self were used rather than ammonium formate, 
benzophenone was refluxed with 99% formamide; 
after refluxing for four hours or more, much lower 
yields of the order of 40% N-benzhydryl forma­
mide were obtained, accompanied by recovery of 
the benzophenone. This unexpected result led 
the authors to a study of some factors that influ­
ence the Leuckart reaction, in order to determine 
the conditions under which formamide can be 
used effectively in the reaction, and to elucidate 
the mechanism. Catalysis by a selected group of 
salts was found to be important in securing a good 
yield in this reaction

Benzophenone is a good choice for a study of 
the reaction, as there are apparently no significant 
side reactions except the decomposition of forma­
mide and the product is readily identified and 
purified. The reaction of benzophenone with 
formamide was carried out under a variety of con­
ditions. Since the Leuckart reaction is concerned 
essentially with the formation of a formyl deriva­
tive, and not per se with the hydrolysis of the 
formyl compound to the amine, this formyl in­
termediate itself was isolated. I t  was found that 
one mole of benzophenone gave a homogeneous 
reaction mixture with six moles of formamide at 
180-190°, but not with four moles; hence all the 
experiments were run using six moles of the re­
agent. The results of these experiments are sum­
marized m Table I. For convenience, the amounts 
of reagents are referred to on the basis of one mole 
of benzophenone, although 0.467 mole was used in 
each case.

The procedure given in “Organic Syntheses” 
was followed, and a 92% yield of N-benzhydryl 
formamide was obtained (Table I, run 1). Schiedt,5 
using a very large excess of formamide, reported 
excellent yields. In order to test this with the 
99% formamide, benzophenone was treated with 
18 moles of this reagent for four hours. The 
amide was obtained in 87% yield, based on the 
benzophenone used (Table I, run 2). In contrast

(1) Present address: D epartm ent of Chemistry, University of
M innesota, Minneapolis 14, Minnesota.

(2) Leuckart and Bach, Ber., 19, 2128 (1886).
(3) Ingersoll, “ Organic Syntheses,” Coll. Vol. II, John Wiley and 

Sons, Inc., New York, 1943, p. 503.
(4) Ingersoll, Brown, Kim , Beauchamp and Jennings, T his 

J o urnal , 58, 1808 (1936).
(5) Schiedt, J . prakt. Chem., 157, 203 (1941).

w ith  W il l ia m  F. B r u c e

with this, the use of six moles of formamide gave 
less than 50% conversion (Runs 3-A and 4-A).

In testing the effect of the addition of various 
substances to the reaction mixture, all the runs 
numbered 3 were made in the same oil-bath at the 
same time and likewise for the runs numbered 4 
in order to secure reaction conditions as compar­
able as possible. Runs 3-A and 4-A, with the 
same reagents, served as controls so that a com­
parison might be made between the two sets. 
The runs were made for four hours in each case. 
The results given in Table I show that the addi­
tion of a base, dimethyl aniline, or the “Zwitter- 
ion,” pyridine-3-sulfonic acid to the reaction mix­
ture had little effect on the amount of conversion 
(Runs 3-B and 4-C). The addition of the ammo­
nium salts of sulfuric and formic acids, and of an­
hydrous magnesium chloride, an acid in the Lewis 
sense, increased the conversion by significant 
amounts (Runs 3-C, 4-B, and 4-C).

Mechanism.—The mechanism generally pro­
posed for the reaction was advanced by Wal­
lach6 and reiterated by Crossley and Moore7

H20 185°
H2NCHO ■■- - - >  NH4OCHO — NH3 +  HCOOH

I
NH2

Ri\  R i\ /  HCOOH
>CO +  NH3 --- > > C O H ----------- >

R /  r /
II III

Riv
>CHNH2 +  c o 2 +  h 2o  

r /
RiR2 CHNH2 -f* H COO H--- ^ RiR 2 CHNH3 00CH — ^

r xr 2c h n h c h o  +  h 2o

Doevre and Courtois8 and Davies and Rogers9 
suggest that in the reaction between ketones and 
formamide, the first reaction is the addition of 
formamide to the carbonyl group

R i\ R i\ /OH
>CO +  h 2n c h o  >C<

r 2/  r /  N nthcho
II I IV

A compound of the same type as IV is reported by 
Shive and Shive10; they isolated a-hydroxy-a 
formaminopropionic acid on mixing pyruvic acid 
with formamide at 40°. These investigators 
agree that the first step is the formation of a car-

(6) Wallach, A nn., 343, 54 (1905).
(7) Crossley and Moore, J . Org. Chem., 9, 529 (1944).
(8) Doevre and Courtois, Bull. soc. chim., 11, 545 (1944).
(9) Davies and Rogers, J . Chem. Soc., 126 (1944).
(10) Shive and Shive, T his Journal, 68, 117 (1946); for the addi­

tion of amides to  a-ketoacids, see also Shemin and Herbst, ibid., 
60, 1954 (1938); H erbst and M artell, J . Org. Chem., 6, 878 (1941). 
For the addition of amides to  aldehydes, see Pandya, et al., Proc. 
Indian Acad. Set., 10A, 282 (1939), and 7A, 361 (1938) [C. A ., 34, 
1980» (1940), and C. A., 32, 7434* (1938)].
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T able I
L euckart R eactions u nder  V arious Conditions w ith  B en zo ph eno ne  (1 M ole)

Run Reagent

Temp, of 
reaction, 

°C.

Ketone®
recovered,

%
Amide
obt.,
%

M . p. of
distilled 

amide (cor.), °<
1 (“Org. Syn.”) 6 moles H C02NH4 180-190 26 92 131-132
2 18 moles 99% HCONHa 180-190 1 87 130-132
3-A 6 moles 99% HCONH2 180-190 46 48 125-129
3-B Same, plus 2.1 g. MejjNCeHs 180-190 40 51 126-129
3-C Same, plus 6.4 g. (NH4)2S 0 4 180-190 12 80 123-126
4-A Same as 3-A* 180-190 61.5 37.5 123-129
4-B 1 mole NH4OOCH plus 5 moles 99% HCONH2 170-176d 2 95.5 131-133
4-C 4-A plus 6.3 g. pyridine-3-sulfonic acid 180-190 67.5 30.5 124-130
4-D 4-A plus 6.3 g. MgCl2 180-190 2 95.6 129.5-133

* These figures for benzophenone recovered on distillation are 1-2% too high; see experimental. h This ketone dis­
tilled over during the reaction. ® To compare series 3 with series 4, run on different days. d The temperature is lower 
because of the lower boiling point of this mixture.

bon-nitrogen bond between the carbon atom of the 
carbonyl group, and the nitrogen atom of ammo­
nia or formamide. This is then followed by the 
reduction of the alcohol thus formed by means of 
formic acid or formamide, respectively.

It is probable that the catalytic effects ob­
served by us are due to an initial polarization of 
the carbonyl group of the ketone. The magne­
sium chloride, or its reaction product with forma­
mide, Mg(HNCHO)2, or magnesium ion could co­
ordinate with the oxygen atom of the carbonyl 
group. The function of an ammonium salt as a 
catalyst for the reaction is probably to furnish a 
proton from a complex in equilibrium11 with its 
dehydration product, the amide. I t can be as­
sumed that the formation of an amide from an 
ammonium salt involves stepwise loss of an hy­
droxyl ion and a proton from the intermediate, 
R-C(OH)2NH2, proposed by Noyes and Goebel12; 
Krieble and Holst13 suggest that that the ion

r<OH

NH2+
is also intermediate in this reac­

tion; this ion can give up a proton to form the 
amide. A proton can also coordinate with the 
carbonyl group, increasing the effective positive 
charge on the carbon atom (making it more 
acidic), and facilitating the condensation with the 
relatively basic nitrogen atom of formamide
R i\

>CR /

Rr

R >c= 6 h  :

II v
R i\ + h 2n c h o  R

>C—O H -------------->
R2/  R:

Riv /OH

iv /'X OH
+ — >■

NH2CHO

rX:NHCHO
+  H H

•i\ / 'X
IV

h 2

OH

■N—<x

The reaction sequence in the case of magnesium 
chloride is similar; and if the reaction proceeds as 
suggested by Wallach, by the addition of ammo-

(11) Sidgwick, “ The Organic Chemistry of Nitrogen,” Oxford 
University Press, London, 1942, p. 145.

(12) Noyes and Goebel, T his Journal, 44, 2295 (1922).
(13) Krieble and Holst, ibid., 60, 2978 (1938).

nia, the catalysis could be explained on the same 
basis. The report of Crossley and Moore,7 tha t 
the yield in the Leuckart reaction is lower at 
higher temperatures, may be due to lower concen­
trations of ammonium formate at these tempera­
tures.

The Leuckart reaction using monoalkyl forma- 
mides14’15 or dialkyl formamides6*16*17 has not 
been investigated by the authors, but it is probable 
that they show the same catalysis. Wallach6 
found that when formic or acetic acid is added to a 
mixture of benzaldehyde and ammonium formate, 
only tribenzylamine was found in the product, 
whereas Leuckart17 showed that the reaction with­
out the addition of acid gave a mixture of N-ben- 
zyl formamide, N,N-dibenzyl formamide, and 
tribenzylamine. Nabenhauer16 found that the 
addition of formic acid is essential when tertiary 
amines are prepared by the Leuckart reaction with 
dialkyl formamides. The mechanism of the re­
duction of the alcohol, III  or IV, with formic acid 
or formamide is not known, but it may be related 
to the mechanism of the pyrolysis of alkyl form­
ates to form the corresponding hydrocarbon deriv­
ative.18

The authors wish to acknowledge the benefit 
of discussions with Dr. R. T. Arnold in which 
possible mechanisms were critically examined.

Experimental
Decomposition of Formamide.—Refluxing formamide 

alone gave slow decomposition to ammonia and carbon 
monoxide: about one liter of carbon monoxide collected 
in an hour from 30 cc. of formamide. The formamide, 
meanwhile, turned black, both in the flask and in the 
reflux condenser. Replacing the air in the system with 
nitrogen prevented most of the tar formation. Novelli 
and Somaglino19 conducted a current of carbon dioxide 
through the system, perhaps for the same reason. During 
the Leuckart reaction, the evolution of carbon dioxide

(14) Novelli, ibid., 61, 520 (1939).
(15) Goodson, W iegand and Splitter, ibid., 68, 2174 (1946).
(16) Nabenhauer, A bstracts of April, 1937, meeting of the Ameri­

can Chemical Society.
(17) Leuckart, Ber., 18, 2341 (1885).
(18) Bowden, Clark and Harris, J . Chem. Soc., 874 (1940).
(19) Novelli and Somaglino, Anal. Asoc. Quim. Argentina, 31, 150 

(1943).
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and ammonia protects the formamide from the air, and 
no trouble is encountered unless the heating is interrupted, 
or unless the heating is continued after the evolution of 
gases has ceased.

Standard Method of Carrying Out the Reaction.—
Eighty-five grams of benzophenone (0.467 mole) and 110 
cc. of 99% formamide (6 X 0.467 mole) (obtained from 
the Eastman Kodak Co.) together with any substances 
to be tested for catalytic effect, and a chip of porous 
plate were placed in a 20Q-cc. balloon flask equipped with 
an air-reflux-condenser. The air was displaced with 
nitrogen, and the flask immersed in an oil-bath kept at 
190-200°. After boiling had started, the temperature in 
the flask was at 180-190°. A small quantity of am­
monium carbonate sublimed into the reflux condenser, 
and ammonia and carbon dioxide were evolved. At 
exactly four hours after boiling started, the flask was re­
moved from the oil-bath, allowed to cool to about 140°, 
and cautiously poured into about 200 cc. of cold water. 
(If it was cooled much below 130°, the formyl derivative 
crystallized, and removal from the flask was difficult.) 
The flask was washed out with a little water, and the 
mixture of benzophenone, N-benzhydryl formamide, and 
water soluble substances was cooled, seeded with a crystal 
of benzophenone, and the mixture of solids collected on 
a Buchner funnel, washed with a little water, and dried. 
The amount of benzophenone and of N-benzhydryl 
formamide in the mixture of solids was determined by 
distillation in vacuo without a column. Benzophenone 
boils at 114° at 1.2 mm., but was collected at 120-130° 
in order to speed up the distillation. When the benzo­
phenone was all gone, the boiling point rose rapidly; 
at 160° the receiver was changed, and the remaining 
formyl derivative was distilled with strong enough heating 
to prevent crystallization in the side arm of the flask.

The amide boils at 173° at 1.2 mm., but as before, it 
saved time to collect it at 185-190°. A small amount of 
tar (about a gram) remained in the Claisen flask. The 
amount of benzophenone determined by this method may 
be too great by one to two grams (estimated), as a small 
amount of formamide remains with the solids, and distills 
over with the first few drops of benzophenone.

All of the reaction mixtures were homogeneous, with 
the exception of 3-C; the ammonium sulfate added is not 
completely soluble in the reaction mixture. The results 
are shown in Table 1. The melting point determined 
by Fischer block method was higher when the reaction 
was more complete. The value for the pure substance in 
the literature and in our hands is 132°.2 In order to 
judge the purity of the amide, a solution of 2% benzo­
phenone in molten N-benzhydryl formamide was made up 
and allowed to cool. This material melted at 126.5- 
130.5°, from which it is concluded that the maximum 
impurity in the amide samples in Table I is about 2 or 
3%.

Summary
1. The Leuckart reaction with benzophenone 

and formamide has been run under various condi­
tions; with pure formamide (99%) the yield is 
low unless a large amount of the reagent is used.

2. Ammonium formate, ammonium sulfate, 
and magnesium chloride have been shown to be 
effective catalysts for the reaction.

3. A partial mechanism is advanced for the 
reaction.
P h i l a d e l p h i a  30, P a . R e c e iv e d  A u g u s t  20, 1947

[C o n t r i b u t i o n  f r o m  t h e  C o n v e r s e  M e m o r ia l  L a b o r a t o r y  o f  H a r v a r d  U n i v e r s i t y ]

Gelsemine
By Bernhard Witkop1

Several recent papers18-’2’3 deal with the struc­
ture of gelsemine, C20H22O2N2, the principal crys­
talline alkaloid of Gelsemium sempervirens, the 
American “yellow jasmine.” Marion2 isolated an 
indole derivative as the product of soda-lime or 
selenium treatment of gelsemine. This is the 
first major degradation product reported, and re­
lates gelsemine to the indole alkaloids. Indole it­
self occurs in the oils from the enfleurage of jas­
mine flowers, where it is present in the form of an 
unknown complex.4 Marion and other investi­
gators, la>2 studying the degradation of gelsemine, 
report the presence of bases that were difficult to 
purify and obtainable only in very small yield.

By the use of a modified mild zinc dust distilla­
tion three degradation products have been ob­
tained from gelsemine. Two of basic nature were 
separated by the difference in basicities. The 
stronger base is an oil with quinoline or isoquino­
line odor, and yields a well-crystallized picrate. 
Analysis of the latter corresponds to an ethyl- or

(1) Fellow of the  M atthew  T. Mellon Foundation.
(la) Forsyth, M arrian and Stevens, J . Chem. Soc., 579 (1945).
(2) Marion, Can. J . Res., 21B, 247 (1943).
(3) Chu and Chou, T h is Journal , 62. 1955 (1940); 63, 827 (1941).
(4) Hesse, Ber., 37, 1457 (1904).

dimethyl- quinoline or -isoquinoline. I t is clear 
from the data of Table I that gelsemine is such a 
strong tertiary base that the basic nitrogen atom 
can neither be attached to a benzene nucleus nor 
form part of an unreduced pyridine ring, as has 
been suggested already by Forsyth, Marrian and 
Stevens.la A more weakly basic product, prob­
ably C14H11N, was obtained in the form of a pic­
rate. According to the analytical data it might 
be a methylbenzquinoline (or -isoquinoline). 
Skatole was isolated as the main non-basic product 
of indolic nature in the form of the picrate.

T a b l e  I
pKa  (negative logarithms of acidity constants of the hydrochlorides)

Quinoline 4 .895
Isoquinoline 5.36
Py-tetrakydroquinoline 5.03
Py-tetrahydroisoquinoline 9.41
Gelsemine 9.37*

The dimethylindole reported by Marion2 has 
not been observed in the present investigation. 
I t should be pointed out, however, that the identi­
fication of alkyl indoles is often rendered difficult

(5) K arrer and Schmid, Helv. Chim. Acta, 29, 1858 (1946).
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by the tendency of these substances to form mixed 
crystals. Soda-lime fusion, zinc dust distillation 
and dry distillation of yohimbine invariably lead 
to an isomorphous mixture of 3-ethylindole and 
skatole,6 which has been looked upon as an un­
known dimethylindole.7 The same conditions are 
encountered in the case of C-dihydrotoxiferine-I, 
an alkaloid of calebash curare. Here, too, an iso­
morphous mixture of the two /3-indole homologs 
simulates the properties of a new compound.8 
However, in the case of gelsemine purification of 
skatole could be effected with no great difficulties, 
which suggests the absence of other homologs.

The isolation from gelsemine of cleavage prod­
ucts containing nine and eleven carbon atoms inti­
mates that the decomposition has taken the simple 
course

C20H22O2N2----^  C9H 9 N  -1- CnHnN

and that the alkaloid may be built up by a com­
bination of the indole and the quinoline or iso­
quinoline nucleus. The latter possibility further 
suggests a relationship to the yohimbe alkaloids 
(cf. yohimbine (I)). I t  must be pointed out how­
ever that gelsemine contains an N-methyl group,

and that, if the above hypothesis be accepted, it is 
necessary to assume a migration of the methyl 
group from nitrogen to carbon. Since this change 
is somewhat unlikely,9 the possibility must befcon- 
sidered that the reactions occurring during the deg­
radation may be much more involved than is indi­
cated by the above argument.

T a b l e  I I

M elting  P oints of the Picrates

1-Ethy lisoquinoline
1,4-Dimethylisoquinoline
1.3- Dimethylisoquinoline
3.4- Dimethylisoquinoline 
CnHnN from gelsemine

209-21010 
221- 22210’11 12 
180-18112,0 
224-226 
185-187°

0 Mixed melting showed large depression.
(6) Witkop, A nn., 556, 105 (1944)
(7) Cf. Marion, Can. J . Res., 25B, 1 (1947).
(8) Wieland, Witkop and Bahr, A nn., 558, 144 (1947).
(9) Migration of blocking alkyl groups is reported in the case 

only of quaternary ammonium bases [Reher, Ber., 19, 2996 (1886)] 
and certain bicyclic ring systems [norlupinane — quinoline, Prelog 
and Balenovic, ibid., 74, 1508 (1941)].

(10) Spath, Berger and Kuntara, Ber., 63, 134 (1930).
(11) Krabbe, Schmidt and Eisenlohr, ibid., 74, 1905 (1941).
(12) Isolated from coal tar, cf. P. Karrer, “Organic Chemistry,”

New York, 1946, p. 898; O. Kruber, Z . angew. Chem., 53, 69 (1940);
E. Jantzen, C. A ., 27, 1064 (1933).

Comparison of the properties of the base Cn~ 
HnN with those of the previously known di­
methyl- and ethylisoquinolines, and further with 
two new substances, viz., 1,3- and 3,4-dimethyl- 
isoquinolines, which have been synthesized in the 
course of this investigation, has shown that the 
new base is not identical with any of those sub­
stances (Table II).

3,4-Dimethylisoquinoline was prepared by a 
modification of the method of Pictet and 
Gams.13-14 The oxime of dimethylphenylketol,

NH2OH ---------- >

CH; CH,

s / CH\ CH—CH3

H.CO

NH

on catalytic hydrogenation, lost its hydroxyl group 
and yielded 2-phenyl-3-aminobutane. Formyla- 
tion, ring closure and dehydrogenation gave the 
final isoquinoline.

Attempts have been made to prove the presence 
of an indole ring by ozonolysis6 or by the very 
characteristic reaction that is given by indole com­
pounds with perbenzoic acid.15 Only the reactive 
double bond present in gelsemine3 will react with 
ozone to yield an ozonide explosive in a dry state. 
Perbenzoic acid gives products that are no longer 
precipitated on addition of alkali. These findings 
together with the spectroscopic evidence16 and the 
positive “Otto reaction” 17 speak for a hydrogen­
ated indole ring present in gelsemine.

(13) Pictet and Gams, Ber., 43, 2384 (1910).
(14) Attempts to use the method of C. Pommeranz, Monatsh., 15, 

299 (1894), recently improved in the synthesis of quinine, Wood­
ward and Doering, T h is  Journal, 67, 860 (1945), failed to give prac­
ticable yields in the ring closure reaction of benzylidene-2-aminobu- 
tanon (3) diethylacetal with sulfuric acid of varying strength.

(15) Witkop, A nn., 558, 98 (1947).
(16) Janot and Berton, Compt. rend., 216, 564 (1943),
(17) Cf. Henry, ‘‘The Plant Alkaloids,” 1939, p. 507.
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Sempervirine.—The concomitant alkaloid sem­
per virine, C19H16N2, is a very interesting sub­
stance. I t is isomeric with isoyobyrine (II)18 and 
yobyrine (III).19 In its strong fluorescence and 
lack of optical activity also it resembles yobyrine.

On the other hand, the spectra of the three com­
pounds20»21 are entirely dissimilar. This differ­
ence is emphasized by the behavior of sempervi­
rine toward perbenzoic acid. Derivatives of har- 
mine form amine oxides and lose their fluorescence; 
the reaction is very prompt and characteristic.15 
Sempervirine is very stable to perbenzoic acid; a 
non-fluorescent amine oxide could not be iso­
lated .2151

Experimental22
Gelsemine.—Anal. Calcd. for C2oH2202N2-CH3CO- 

CH3: C, 72.63; H, 7.42; NCH3, 9.0. Found: C, 72.90;
H, 7.64; NCH3, 11.4.

Gelsemine Hydrochloride.—Anah Calcd. for C2oH22- 
0 2N2-HC1: C, 67.04; H, 6.42; NCHS, 8.1. Found: C, 
67.21; H, 6.61; NCH3, 9.49 (no methoxyl; calcd. for 
NC2H5: 12.01).23

Zinc Dust Distillation of Gelsemine.—For every dis­
tillation 50 mg. of gelsemine is mixed with 5 g. of zinc 
dust (reagent). The reaction is carried out in an apparatus 
described previously.24 The mixture is separated from 
the constriction by a 2 g.-layer of zinc dust. The tem­
perature inside the oven is regulated to 370°. Nitrogen 
is passed through a tube at such a velocity that one dis­
tillation does not take longer than ten minutes. Eighty 
such distillations were carried out.

Phenolic Fraction.—The combined ethereal solutions 
of the volatile degradation products are concentrated to 
50 cc. and extracted twice with 5 cc. of dilute alkali. 
The alkaline solution is acidified and extracted with ether. 
The solvent is removed and leaves a very small amount of 
an oil possessing a distinct phenolic odor. It does not 
give the reaction of Gerngross, Voss and Herfeld25 and, 
therefore, cannot be a phenol with a substituent in the 
para position.

Bases.—A.—The ether solution which contains a mix­
ture of bases is extracted first with 10 cc. of 2 AT acetic 
acid which removes preponderantly the stronger base. 
This base is liberated by alkali, taken up in ether, and,

(18) Cf. Julian, Karpel and Magnani, T his Journal, 70, 180 
(1948).

(19) Cf. Clemo and Swan, J. Chem. Soc., 617 (1946).
(20) Pruckner and Witkop, A nn., 554, 127 (1943).
(21) Private communication and reference (16); the author wishes 

to express his gratefulness to Prof. Janot, Paris, for his friendly 
donation of a sample of sempervirire.

(21a) Addendum in proof: very recently Goutarel, Janot and
Prelog were able to obtain yobyrine as well as tetrahydroisoyobyrine 
by dehydrogenation of sempervirine, Experientia, 4, 24 (1948).

(22) All melting points corrected.
(23) Many indole derivatives split off some volatile iodide under 

the conditions of the N-methyl determination: yohimbol, 3.04%; 
quinamine [Henry, Kirby and Shaw, J . Chem. Soc., 524 (194$) J,
I. 63% "NCHi.”

(24) Witkop, A nn., 554, 123 (1943).
(25) Gerngross, Voss and Herfeld, Ber., 66, 435 (1933).

after evaporation of the solvent, obtained in the form of 
an oil with a characteristic quinoline or isoquinoline odor. 
The crude base is purified by steam distillation in a micro - 
apparatus similar to that described by Gettler and Siegel.26 
The resulting colorless oil is dissolved in little 0.1 N  hydro­
chloric acid and precipitated as the picrate by the addition 
of the necessary amount of an aqueous solution of picric 
acid. The flocculent picrate is collected, washed with 
water and dried. Recrystallized twice from acetone, it 
forms bright yellow needles, m. p. 185-187°.

Anal. Calcd. for CuHnN-CeHaOiNj: C, 52.85; H, 
3.64. Found: C, 52.95; H, 3.59.

B.-—A weaker base is obtained by extracting the ether­
eal solution from (A) with 2 N  hydrochloric acid. It is 
liberated with alkali and taken up in ether. The ether is 
boiled off, and the oily residue subjected to steam distilla­
tion. Here, too, the resulting colorless oil has a charac­
teristic odor reminiscent of isoquinoline. The picrate 
of this base is prepared in the same way as described for 
the stronger base. Twice recrystallized from acetone, it 
forms beautiful needles, m. p. 218-220°.

Anal. Calcd. for CnHnN-C6H307N3: C, 56.87; H, 
3.36. Found: C, 56.47; H, 3.36.

Non-basic Fraction.-^The ethereal solution, which is 
now free of bases, is evaporated. The residue is sepa­
rated by steam distillation into a steam volatile and a non­
volatile part. The dry volatile part, which has a strong 
indolic odor, is distilled in high vacuum. The colorless 
oil which distills at 80-90° is dissolved in 4 drops of ben­
zene. On addition of 4 drops of a cold benzenic solution 
of picric acid and not too much petroleum ether one obtains 
a red. picrate (m .p , 153°). The addition of eight further 
drops of picric acid solution to the mother liquor yields a 
second purer crop of the red picrate. Recrystallized twice 
from benzene it forms dark red, glossy needles, m. p. 165°.

Anal. Calcd. for CgHsN-CeHjOiN,: C, 50.00; H,
3.33. Found: C, 49.99; H, 3.49.

When mixed with a very pure sample of skatole picrate 
(m. p. 174°) it melted at 172°. Careful study of the pic­
rate from gelsemine on a micro hot stage proves the 
identity in all respects with skatole picrate. It shows the 
two transformation points at 138° and 155° characteristic 
of skatole picrate.12

Admixture of 2,3-dimethylindole picrate with the 
picrate obtained from gelsemine does not lower the 
melting point below 156°. Equal parts of pure samples 
of skatole picrate and 2,3-dimethylindole picrate show a 
mixed melting point of 165°. In the same way, 2,3- 
dimethylindole (m. p. 106°) and skatole (m. p. 95°) 
fail to show a characteristic depression on admixture: 
the mixed melting point is 96°.

The residue from the steam distillation can be purified 
by high vacuum distillation. At 130° one obtains an 
oil which partially crystallizes on cooling. Recrystal­
lization from low boiling petroleum ether yields a very 
small amount of needles, m. p. 195°, which do not give 
the reaction of Hopkins-Cole. With dimethylamino- 
benzaldehyde in alcoholic solution and concentrated 
hydrochloric acid a purple coloration is obtained at room 
temperature, slightly intensified on heating.

1,3-Dimethylisoquinoline Picrate.—1,3-Dimethyl-3,4- 
dihydroisoquinoline27 is easily dehydrogenated by treat­
ment with palladium black at 200° for thirty minutes. 
The base is dissolved in N  hydrochloric acid and precipi­
tated as the picrate. Recrystallized from acetone it forms 
short needles, m. p. 180-181°.

Anal. Calcd. for CuHnN-CeHsOzNi: C, 52.85; H, 
3.64. Found: C, 53.15; H, 3.66.

On admixture with the isomeric picrate from gelsemine 
(m. p. 185-187°) the melting point is lowered to 145°.

Dimethylphenylketoloxime Hydrochloride.—Dimethyl - 
phénylketol28 (10 g., prepared by the Grignard method)

(26) G ettler and Siegel, Arch, of P a th o l 19, 208 (1935).
(27) H ey, 7. Chem. Soc., 18 (1930).
(28) W egmann and Dahn, Helv. Chim. Acta, 26, 191 (1946).
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is heated with hydroxylamine hydrochloride (4.1 g.) 
and anhydrous sodium acetate (4.1 g.) in 200 cc. of 
absolute ethanol under reflux for four hours. After 
removal of the sodium chloride the ethanol is evaporated 
in vacuum. The residue is taken up in 200 cc. of absolute 
ether. On passing dry hydrogen chloride through the 
solution the oxime hydrochloride is deposited in form of a 
sticky oil, which completely crystallizes after twenty 
hours in the ice box, m. p. 99°.

2 -Phenyl -3 -aminobutane.—The oxime hydrochloride 
(4.7 g., 0.2 mole) of 50 cc. of glacial acetic acid with 0.5 g. 
of platinum oxide takes up somewhat less than three moles 
of hydrogen. The solvent is removed in vacuum. The 
residue is taken up in ether, the base extracted with 
dilute hydrochloric acid, liberated with alkali, and taken 
up in ether. The amine was obtained as an oil (1.8 g., 
60%).

3,4-Dimethyldihydroisoquinoline.—The amine (1.8 g.) 
is heated with 20 cc. of 87% formic acid on the steam- 
bath for two hours. The formic acid is evaporated in 
vacuum and the procedure repeated. The resulting crude 
formylamino compound still contains some amine which 
is extracted with dilute acetic acid. The ethereal solution 
is evaporated to dryness. The carefully dried crude 
formylamino compound (1.1 g.) is dissolved in 30 cc. of 
freshly distilled tetralin and treated with 3.5 g. of phos­
phorus pentoxide. The mixture is refluxed for thirty 
minutes and another 3.5 g. of pentoxide is added in the 
middle of this time. The resulting base is isolated in the 
usual manner and distilled at 120° (10 mm.). It is 
converted into the picrate and recrystallized from acetone 
as needles, m. p. 208°.

Anal. Calcd. for CiiH13N-C6H307N3 : C, 52.57; H,
4.12. Found: C, 52.80; H, 4.12.

The hydrochloride is prepared from the picrate by 
trituration with dilute alkali and extraction with ether. 
When hydrogen chloride is passed through the dry ethereal 
solution the hydrochloride crystallizes and forms beauti­
ful needles from ethanol, m. p. 208° (sublimes).

3,4-Dimethylisoquinoline Picrate.—As in the case of the
1,3-dimethyl compound palladium (220°, thirty minutes) 
easily dehydrogenates the dihydro base in almost quantita­
tive yield. The picrate crystallized immediately from the 
aqueous solution in short needles, m .p . 224-226°.

Anal. Calcd. for CnHnN-C6H30 7N3-H20 : C, 50.37;
H, 3.95. Found: C, 50.37; H, 3.69.

Acknowledgment.—The author is indebted for 
support of this work to Prof. L. F. Fieser in 
whose laboratory part of this work was per­
formed.

Summary
Gelsemine can be degraded to skatole and a base 

CnHnN which is considered to be a dimethyliso- 
quinoline. None of the three possible dimethyl- 
isoquinolines bearing the methyl groups in the 
pyridine part of the molecule is identical with the 
base from gelsemine.
C o n v e r s e  M e m o r ia l  L a b o r a t o r y
Cambridge 38, Mass. Received September 2, 1947

[C o n t r ib u t io n  f r o m  t h e  D iv is io n  o f  H o r m o n e  C h e m is t r y , S l o a n - K e t t e r in g  I n s t it u t e  f o r  C a n c e r  R e s e a r c h ]

Studies in Steroid Metabolism. V. The Problem of Walden Inversion in the 
Reactions of Steroid Hydrogen Sulfates and Steroid Sulfites1,2

B y  S eym o ur  L ie b e r m a n , L u c ie  B. H arito n  a n d  D a v id  K. F u k u sh im a

This paper deals with the problem of Walden 
inversion in the reactions of steroid hydrogen sul­
fates and with the point of cleavage of the S-O-R 
linkage in these compounds. Since urinary ster­
oids are excreted, at least in part, as water-sol­
uble sulfates,3 this problem is of biological interest 
as well as chemical. The isolation of these conju­
gates is difficult, their quantitative estimation 
impractical, and therefore it is the general prac­
tice to hydrolyze these conjugates with boiling 
acid in order to estimate or identify the free 
steroids. Although it has been recognized that 
various artefacts result from this hydrolytic pro­
cedure, the possibility that another type of trans­
formation product might be formed has been over­
looked. This type of artefact would result from a

(1) This paper was presented before the Division of Organic Chem­
istry  a t the 112th M eeting of the American Chemical Society, New 
York City, September, 1947.

(2) A portion of th is paper was taken from the M aster’s Thesis 
of Lucie B. H ariton, June, 1947, D epartm ent of Chemistry, New 
York University.

(3) The following steroids have been isolated from urine as their 
sulfuric acid esters: (a) Estrone [Schachter and M arrian, J .  B io l .  
C h em ., 126, 663 (1938)]; (b) androsterone [Venning, Hoffman and 
Browne, J .  B io l .  C h e m ., 146, 369 (1942)]; (c) dehydroisoandroster- 
one [Munson, Gallagher and Koch, ib id . ,  152, 67 (1944)]; (d) A1»- 
allopregnenol-3/3-one-20 [Klyne and M arrian, B ia c h c m . J . ,  39, Proc. 
xlv (1945)]; (e) uranediol [Klyne, ib id . ,  40, P roc .lv  (1946)].

Walden inversion accompanying the hydrolysis of 
those urinary steroids conjugated with sulfuric 
acid. The supposition is based on the results ob­
tained on the cleavage of analogous sulfonoxy 
compounds.

CHS<
0  T> O
t / Rl t

—S—O—C—Rj Na—O—S—O—
1
O

\ ‘R a O

/ \

i i

Kenyon and Phillips4 have shown that displace­
ment reactions of ^-toluenesulfonates of optically 
active alcohols (I) are accompanied by inversion 
of configuration, and there are at least three re­
ports5 demonstrating that steroid toluenesulfon- 
ates undergo displacement reactions accompanied 
by Walden inversion. Esters of sulfonic aeids, 
therefore, unlike esters of carboxylic acids react 
by a rupture of the alkyl oxygen (SO-R) linkage.

(4) Kenyon, Phillips, e t a l . ,  J .  C h e m . S o c ., 123, 44 (1923); 127,
399,2552 (1925); 1676 (1930); 1072,1663 (1935); T r a n s .  F a r a d a y  
S o c ., 26, 451 (1930). •

(5) (a) Prelog and Szpilfogel, H e lv . C h im . A c ta ,  27, 390 (1944); 
(b) P lattner and Furst, ib id . ,  26, 2226 (1943); (c) Gallagher, private 
communication.
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It has been generally assumed6 that esters of sul­
furic acid likewise are cleaved at the SO-R linkage. 
The 6-sulfates of various hexoses when treated 
with barium hydroxide for long periods at 100° 
gave 3,6-anhydro sugars,7 a result which may be 
interpreted to indicate that the SO-R linkage had 
been ruptured. If the urinary steroid sulfates
(II) are similarly cleaved at the SO-R linkage by 
acid hydrolysis, it would be expected that Walden 
inversion would occur and as a consequence, a 
steroid which had been excreted as the 3/3-sulfate 
would be isolated and identified after acid hydroly­
sis as a Sce-hydroxy compound. The direction of 
cleavage of these steroid sulfates is therefore of 
considerable biological importance and in addition 
affords information on the general problem of 
cleavage of esters.

We have studied the fission of the S-O-R linkage 
by examining the products obtained from the 
acid hydrolysis and displacement reactions of sul­
furic acid esters of several steroid alcohols. The 
acid hydrolysis has been accomplished by continu­
ous ether extraction of a suspension of the steroid 
sulfate in aqueous acid. Under these conditions 
the free steroid accumulates in the ether extract 
and it is therefore unnecessary to resort to the 
prolonged heating usually employed for the acid 
hydrolysis of urinary steroid conjugates. The 
ether soluble reaction products were separated and 
were identified by melting point, melting point of 
mixtures and by their characteristic infrared spec­
tra. Mother liquors and all non-crystalline resi­
dues were also submitted to infrared spectral 
analysis in order that every precaution be made to 
detect small amounts of an isomer resulting from a 
reaction involving Walden inversion. Under these 
conditions, cholestanol-3a sulfate (III) and chol- 
estanol-3/3 sulfate (IV) yielded the corresponding 
alcohols (Va and V ila) without any inversion of 
configuration. Hydrolysis of the sulfates of 
cholesterol and dehydroisoandrosterone was simi­
larly accomplished without inversion of configura­
tion.

/

R O ' '* ' /
Va. R =  H 
Vb, R -  CH*CO

VI
r o /

V ila , R = H 
VHb, R = CHsCO

In view of these results, a series of reactions 
were investigated under conditions favorable for

(6) H am m ett, “ Physical Organic Chem istry,” M cGraw-Hill 
Book Co., Inc., New York, N . Y., 1946, p. 355.

(7) Percival, J . Chem. Socit 119 (1945).

a displacement reaction with inversion of con­
figuration. Sodium cholestanol-3a sulfate (III) 
was heated with silver acetate in acetic acid, and 
from the reaction mixture, cholestanol-Sa (Va) 
and its acetate (Vb), together with a small amount 
of neocholestene (VI) were obtained as the reac­
tion products. The isomeric sodium cholestanol- 
30 sulfate (IV) when treated with silver acetate in 
acetic acid also yielded products (Vila and VHb) 
without inversion. The results indicated that 
these reactions were also accomplished with re­
tention of configuration about C3. Sodium choles- 
tanol-3a sulfate (III) and sodium cholestanol-3/3 
sulfate (IV) when treated at room temperature 
with dry hydrogen chloride in absolute methanol 
solution, were converted in high yield to the cor­
responding alcohols (Va and Vila) without any 
evidence of inversion about the asymmetric carbon 
atom.

VIII
; \ y

/ \
o

\/\o— s— O
IX

/ y

\ J

In order to determine whether cleavage of the
S-OR linkage was a general phenomenon, we have 
investigated the cleavage of alkyl sulfites. The 
sulfites of cholestanol-3a (VIII) and cholestanol- 
3/3 (IX) were treated with silver acetate in acetic 
acid and with dry hydrogen chloride in methanol 
precisely as were the sulfates, and the products 
were isolated as in the previous experiments. 
Here, also, the products retained their configura­
tion about the asymmetric carbon atom and no 
evidence of Walden inversion was observed.

Discussion
The complete retention of configuration in all 

of the foregoing replacement reactions of the sul­
fates and the sulfites indicates that the principal 
course of the reaction was cleavage of the S-OR 
bond. Double inversion cannot account for re­
tention of configuration because both the sulfates 
and sulfites were prepared by methods which do 
not involve the O-R bond. The reagents appear 
always to have attacked the sulfur rather than the 
asymmetric carbon atom. In the acid-catalyzed 
reaction, it may be postulated that a proton adds 
to the oxygen between the sulfur and carbon 
atoms. This positive charge weakens the S-OR 
bond since there already exists a positive formal 
charge of two on the sulfur; the sulfur-oxygen 
linkage is then cleaved by an attack of a solvent 
molecule (water or methanol) on the sulfur atom 
yielding the alcohol with the original configuration.
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That a carbonium ion was formed as an inter­
mediate is possible, but unlikely, from the experi­
mental results. The possibility exists that a car­
bonium ion is so oriented by virtue of the many 
asymmetric centers in the steroid nucleus that 
the entering group could attack the carbonium 
carbon from one side preferentially. If this were 
the case, both the isomeric a- and /3-sulfates would 
yield a common carbonium ion and would conse­
quently yield the same isomer or mixture of iso­
meric alcohols. Since each sulfate was hydro­
lyzed with complete retention of configuration, 
this mechanism is unlikely and this view is 
strengthened by the results of the experiments in 
methanol with dry hydrogen chloride. Had these 
reactions taken place by a carbonium ion mecha­
nism, the products would have been the methyl 
ethers which were in no case isolated. These re­
sults eliminate not only the carbonium ion as a 
possible intermediate but also exclude the displace­
ment reaction involving a cleavage of the SO-R 
linkage.

In view of some recent work of Shop pee, who 
has pointed out that derivatives of the unsaturated 
series8 (X) react differently from those of the satu­
rated series9 (XI), the hydrolysis of the sulfates of 
the two unsaturated steroids, cholesterol and de- 
hydroisoandrosterone cannot be unobjectionably 
interpreted with respect to the direction of cleav­
age of the S-O-R linkage.

. 0Ac ; hydrolysis a / \ / \ /  
X  '

X I

Replacement of chlorine by acetoxyl and re­
placement of hydroxyl by chlorine in derivatives 
of the unsaturated series (X) was accomplished 
with retention of configuration, whereas these re­
placement reactions were accompanied by inver­
sion with the saturated compounds (XI) choles- 
tane and androstane. Since the presence of the 
/?, 7-double bond influences the steric course of re­
actions at the asymmetric C3, most of the reac­
tions reported here were carried out with deriva­
tives of the saturated steroids in order to facili­
tate the interpretation of the experimental results.

I t is important to note that in the reactions with 
silver acetate in acetic acid the uninverted alcohol 
was isolated. The cholestanol acetates found 
among the reaction products were probably not 
produced by the displacement of the sulfate ion 
by the acetate ion. Such a displacement must

(8) Shoppee, 7. Chem. Soc., 1147 (1946).
(9) Shoppee. ibid., 1138 (1946).

lead to inversion, and since this was not observed 
in any experiment, the ester must result from the 
secondary acetylation of the alcohol produced by 
fission of the sulfate. In agreement with this in­
terpretation we have found that cholestanol-3a 
acetate is formed from cholestanol-3« under the 
same experimental conditions employed for the 
cleavage, whereas cholestanol-3a acetate was re­
covered unchanged when subjected to this treat­
ment. The formation of the uninverted alcohols 
from the reactions with silver acetate can only be 
explained by the direct cleavage of the S-OR 
linkage. In addition to this, it is apparent that 
under the somewhat more drastic conditions uti­
lized in these reactions, some cleavage of the SO- 
R bond has occurred as evidenced by the forma­
tion of small amounts of neocholestene.

While the formation of unsaturated substances 
is without significance for the problem of Walden 
inversion in the displacement reaction, it has con­
siderable interest because similar unsaturated de­
rivatives of steroids have been frequently isolated 
from urine. Among these are the compounds: 
A2(or 3)-androstenone-17,10 A3’5-androstadienone- 
17,11 A9-etiocholenol-3a-one-1712 and A9-andro- 
stenol-3 a-one-17.13 The first two of these sub­
stances very probably arise from androsterone and 
dehydroisoandrosterone which have been shown 
to be, in part a t least, excreted as sulfates in hu­
man urine. In our experiments, neocholestene 
was found in only those reactions conducted at 
elevated temperature and it is likely that it is pro­
duced from the steroid sulfate by an elimination 
reaction. The unsaturated steroid derivatives 
which are isolated from urine after hydrolysis at 
reflux temperature are also probably formed by 
such an elimination reaction and need not neces­
sarily be produced by the prolonged action of the 
hot acid on the free steroid alcohols resulting from 
the cleavage of the conjugates. This contention 
is supported by the results of Talbot, Ryan and 
Wolfe14 who, working with the sulfate of dehydro­
isoandrosterone reported that “acid hydrolysis 
damages the conjugated dehydroisoandrosterone 
sterone before hydrolysis to the unconjugated 
form.” Since it appears that temperature is the 
factor which favors the elimination reaction of 
these steroid sulfates, the hydrolytic procedure 
employed in this investigation involving only a 
room temperature extraction offers marked ad­
vantage for the circumvention of this undesirable 
reaction.
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Experimental15'16
Sodium Cholesterol Sulfate.—This compound was pre­

pared with pyridine sulfur trioxide according to the 
method of Sobel17 and crystallized from methanol- 
ether as shiny plates, m. p. 182-183°. It was dried for 
analysis at 100° in vacuo for twenty-four hours.

Anal. Calcd. for C27H4504SNa*3H20 : Na, 4.23.
Found: Na, 4.14.

Potassium Dehydroisoandrosterone Sulfate.—This sub­
stance was prepared according to the method of Sobel.17 
After several recrystallizations from ethanol-ether, po­
tassium dehydroisoandrosterone sulfate melted at 221- 
223°.

Anal. Calcd. for C19H27O5SK: K, 9.6; S, 7.88.
Calcd. for Ci#H2705SK-HaO : K, 9.2; S, 7.55. Found: 
K, 9.23; S, 7.70.

Sodium Cholestanol-30 Sulfate.—To a cold solution 
of 1 g. of cholestanol-30 in 30 cc. of dry ether, 0.4 cc. 
of chlorosulfonic acid was added dropwise with swirling. 
After the mixture stood for one hour at room temperature, 
the ether was removed by distillation under reduced pres­
sure. To the residue 4 cc. of 2 N  sodium hydroxide 
solution was added slowly while the mixture was cooled 
in an ice-bath. The crystalline precipitate which formed 
was collected on a Büchner funnel, washed several times 
with ether and dried (1.15 g., 91%). Several recrystal­
lizations from methanol yielded pure sodium cholestanol- 
30 sulfate, m. p. 174-175,5°; [c*]29d + 16.6  =* 4° (eth­
anol) .

Anal. Calcd. for C27H4704SNa: C, 66.08; H, 9.65;
S, 6.53; Na, 4.69. Found: C, 66.04; H, 9.72; S, 6.61; 
Na, 4.52.

Sodium Cholestanol-3« Sulfate.—This sulfate was 
prepared in 76% yield according to the method of Sobel.17 
After three recrystallizations from methanol, sodium 
cholestanol-3« sulfate melted at 136-137°; [ar]29D +15.0  
=*= 5° (ethanol).

Anal. Calcd. for C27H4704SNa: C, 66.08; H, 9.65;
S, 6.53; Na, 4.69. Found: C, 65.91; H, 9.54; S, 6.39; 
Na, 4.55.

It was also prepared in 95% yield using chlorosulfonic 
acid as described for cholestanol-3/3 sulfate. In general 
the preparation of the steroid sulfates by the chlorosulfonic 
acid method was more convenient and gave higher yields 
than the pyridine sulfur trioxide method.

Cholestanol-3/3 Sulfite.—To a solution of 1.5 g. of 
cholestanol-30 in 25 cc. of dry ether and 1 cc. of pyridine 
was added slowly 5 cc. of dry ether containing 0.2 cc. of 
thionyl chloride. After standing overnight at room 
temperature, an equal volume of ether was added to the 
mixture. The ether solution was washed with dilute 
hydrochloric acid solution, water, sodium bicarbonate 
solution and water and dried over sodium sulfate. The 
ether was then evaporated and the residue digested with 
50 cc. of ethanol. The hot suspension was filtered to 
separate the insoluble starting material (650 mg.), m .p . 
135-139°. The filtrate was evaporated to dryness and

(15) The melting points were determ ined in a Hershberg melting 
po in t apparatus and are correct to  about =*=1°. The analyses 
were done by Dr. A. Elek, Rockefeller In stitu te  for Medical Research, 
and M r. J. Alicino, M etuchen, N. J.

(16) We wish to  express our gratitude to  Dr. K. Dobriner and 
M rs. P . H um phries for their help in determ ining and interpreting 
the  infrared spectra reported herein.

(17) Sobel and Spoerri, T his Journal , 63, 1 2 5 9  (1941).

the residue (720 mg.) was digested in 100 cc. of hot 
acetone. On cooling, 690 mg. of platelets, m. p. 196- 
197°, was obtained. Cholestanol-30 sulfite was recrystal­
lized for analysis from ethyl acetate and dried overnight 
in vacuo at 100°; m. p. 196-197.5°; reported9 194°; 
[oc]31d + 5 .2  =*= 2.5° (chloroform).

Anal. Calcd. for CmH 9403S: C, 78.77; H, 11.51; S,
3.89. Found: C, 78.71; H, 10.91; S, 3.97.

Cholestanol-3cc Sulfite. —This compound was prepared
in the same manner as the 30 isomer. When the reaction 
product was digested with ethanol, the cholestanol-3a: 
sulfite was separated as the insoluble fraction. Recrystal­
lization from ethyl acetate gave tiny rods, m. p. 210.5- 
211.5°. After drying in vacuo at 100° overnight the 
m. p. was lowered to 204-205°; [a]31*5D +39.0 =*= 2°
(chloroform).

Anal. Calcd. for C54H94O3S: C, 78.77; H, 11.51; S,
3.89. Found: C, 79.00; H, 11.28; S, 4.08.

Acid Hydrolysis of Sodium Cholestanol-3a Sulfate.— 
A suspension of 150 mg. of sodium cholestanol-30: sulfate 
in 50 cc. of 0.2 N  hydrochloric acid solution (pH 0.9) 
was extracted with ether in a continuous extractor for 
forty-eight hours at room temperature. The ether 
extract was washed with sodium carbonate solution and 
water, dried over sodium sulfate, and then evaporated 
to dryness yielding a crystalline residue weighing 116 mg. 
(97% of the theoretical yield).

The crystalline residue was dissolved in 8 cc. of absolute 
ethanol and a solution of 100 mg. of digitonin in 2 cc. 
of 50% ethanol was added. The mixture was allowed to 
stand overnight at room temperature during which time 
the digitoniue precipitated. About 100 cc. of anhydrous 
ether was added, the suspension was centrifuged and the 
supernatant ether was carefully decanted. This process 
was repeated several times with fresh portions of ether. 
The ether extracts were combined, washed with small por­
tions of water and dried. Evaporation of the ether left 
96 mg. (81%) of cholestanol-3or, m. p. 183-187°. Re­
crystallization from acetone gave a sample melting at 
185-187°; [ce]23d  +30.0  =*= 2° (ethanol); reported18 
(ck) d  +33.9°, and which did not depress the m. p. of an 
authentic sample of cholestanol-3a, m. p. 186-187°. 
Cholestanol-3<x acetate was prepared in the usual way, 
m .p . 94-95.5° (methanol); reported19 m .p . 95-96°.

The ether insoluble digitonide was dissolved in 5 cc. of 
pyridine and heated on a steam-bath for one hour. After 
cooling to room temperature, 100 cc. of anhydrous ether 
was added to precipitate the digitonin. The suspension 
was centrifuged, the supernatant carefully decanted, and 
the process repeated with fresh portions of ether. The 
ether fractions were combined, washed with 10% sulfuric 
acid solution and water, and dried over sodium sulfate. 
Upon evaporation of the ether, 19 mg. (16%) of a crystal­
line residue, m. p. 175-182° with softening at 150°, was 
obtained. Recrystallization from acetone gave 12 mg. 
of cholestanol-3« identified by its infrared spectrum and 
m. p. 185-186°. The presence of cholestanol-3a in the 
0-hydroxy steroid fraction was not unexpected since 
Noller20 has shown that a-hydroxy as well as 0-hydroxy 
steroids may form insoluble digitonides.

The oily material (7 mg.) remaining in the mother 
liquor from the above recrystallization was submitted to 
infrared spectroscopy. The spectrum obtained showed 
absorption characteristic of cholestanol-3a in the region 
1185-875 cm .-1. In Figure 1 are shown the infrared 
absorptions of cholestanol-3a and cholestanol-30 in the 
region of 1185-875 cm .-1. These curves are the tracings 
obtained directly from the automatic recording instru­
ment. They illustrate the relative characteristic ab­
sorption of these compounds in this region of the infrared 
and they demonstrate how these tracings can be used for 
the rapid detection and identification of compounds with­

(18) W indaus and Uibrig, Ber., 47, 2384 (1924).
(19) Ruzicka, Bruengger, Eichenberger and Meyer, Helv. Chim, 

Acta, 17, 1407 (1934).
(20) N a t e ,  T his J ournal, 61, 2717 (1939).
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out the necessity of establishing the per cent, transmission 
curves.21

In this experiment 91% (IpO mg.) of crystalline choles- 
tanol-3a was obtained from its sulfate by hydrolysis. If 
any isomeric cholestanol-30 was present in the residue 
from the mother liquor of the 0-hydroxy fraction, it 
was in too small an amount to be detected by infrared 
analysis.

Acid Hydrolysis of Sodium Cholestanol-30 Sulfate.—
A suspension of 200 mg. of sodium cholestanol-30 sulfate 
in 50 cc. of 0.2 N  hydrochloric acid solution (pH 0.9) 
was extracted in a continuous extractor for nineteen hours 
at room temperature. The ether extract was washed 
with sodium carbonate solution and water and dried over 
sodium sulfate. Evaporation of the solvent yielded 156 
mg. (98% of the theoretical). This material was re- 
crystallized from acetone (113 m g.), m. p. 143-143.5°, 
reported22 141-142°; [«]29d +33.2  =«= 5°; reported18
[« ] d  +28.8°; admixture with pure cholestanol-30 did 
not depress the melting point. Cholestanol-30 acetate 
was prepared in the usual way. After recrystallization 
from methanol, it melted at 108-110°; reported22 m. p. 
110-111°; the admixture with an authentic sample did 
not depress the melting point.

The mother liquor from the recrystallization of the 
cholestanol-30 was concentrated to dryness and the 
residue (43 mg.) was separated by digitonin as described 
above. The crystalline 0-hydroxy steroid fraction 
weighed 26 mg. Recrystallization from acetone gave 
cholestanol-30, m. p. 140.5-141°. Infrared analysis of 
the material remaining in the mother liquor demonstrated 
the presence of cholestanol-30; no a-isomer was indicated. 
The non-crystalline « -hydroxysteroid fraction weighed 11 
mg. and showed no characteristic absorption between 1185 
and 875 cm .”1. The presence of cholestanol-3« in quan­
tities greater than 1 mg. would have been detected in this 
fraction by this method.

Eighty-eight per cent of crystalline cholestanol-30 
was obtained by acid hydrolysis of its sulfate.

Acid Hydrolysis of Sodium Cholesterol Sulfate.—A 
suspension of 150 mg. of sodium cholesterol sulfate in 50 
cc. of 0.2 N  hydrochloric acid was extracted with ether in 
a continuous extractor for forty-eight hours at room tem­
perature. The ether extract was worked up in the same 
manner as that used for sodium cholestanol-3« sulfate. 
The residue from the ether extract weighed 106 mg. 
(98% based on hydrated sulfate). After digitonin sep­
aration the crystalline 0-hydroxy fraction weighed 93 
mg. (86%). Recrystallization from acetone gave a 
sample, m. p. 147-148.5°; [ « ] 22d  —30.0 =*= 2° (ethanol); 
which did not depress the melting point of an authentic 
sample of cholesterol; reported23 [«]d —29.9° (ethanol). 
The acetate melted at 114.5-115.5° and did not depress 
the m. p. of an authentic sample.

The «-hydroxy fraction (10 mg.) was a brown oil which 
did not crystallize. Infrared analysis indicated no 
characteristic absorption in the region 1185-875 cm."1.

Acid Hydrolysis of Potassium Dehydroisoandrosterone 
Sulfate.—By the foregoing procedure 150 mg. of potas­
sium dehydroisoandrosterone sulfate was hydrolyzed. 
The hydrolysate weighed 96 mg. (94% based on hydrated 
sulfate) and was separated by digitonin. The 0-hydroxy - 
steroid fraction weighed 87 mg. (85%) and after recrystal­
lization from acetone, the product melted at 146-148°; 
[«]23d +12.5 =*= 2° (ethanol); reported24 148-149°; 
[«]d +10.9° (ethanol)25; the admixture with dehydro­
isoandrosterone melted at 145-147°. The acetate melted 
at 168-170°; reported26 170-171°.

The «-hydroxysteroid fraction weighed 8 mg. and was
(21) Dobriner, Lieberman, Rhoads, Jones, Williams and Barnes, 

J . Biol. Chem., 172, 297 (1948).
(22) W illstatter and M ayer, Ber., 41, 2199 (1908).
(23) M authner, Monatsh., 27, 421 (1906).
(24) Wolfe, Fieser and Friedgood, T his Journal, 63, 582 (1941).
(25) B utenandt, Dannenbaum, Hanisch and Kudszus, Z. physiol. 

Chem., 237, 57 (1935).
(26) Ruzicka and W ettstein, Helv, Chim. Acta, 18, 986 (1935).

not crystalline. It showed no characteristic absorption 
in the 1185-875 cm."1 region of the infrared spectrum.

875 900 1000 1100 1185 1219

Fig. 1.—Infrared tracings of approximately 1% carbon 
disulfide solutions of (a) cholestanol-3« and (b) cholestanol- 
30 taken in a 1-mm. cell. Curve C shows some character­
istic absorption bands of acetone vapor which is used as an 
external standard.

Reaction of Sodium Cholestanol-3« Sulfate with Silver 
Acetate.—About 20 cc. of anhydrous acetic acid (distilled 
over triacetyl borate)27 was distilled into a flask containing 
100 mg. of sodium cholestanol-3« sulfate and 200 mg. of 
silver acetate and the mixture was refluxed for four 
hours. The acetic acid was distilled in vacuo and the 
residue was extracted several times with ether. The 
ether extract was washed with sodium carbonate solution, 
water and dried over sodium sulfate. The oily residue 
(75 mg.) was dissolved in 7 cc. of ligroin and chromato­
graphed on 2 g. of alumina.28 Three fractions were ob­
tained: (1) 2 mg. of oil eluted by ligroin and identified 
by infrared analysis as neocholestene. (2) 51 mg. of
crystalline cholestanol-3« acetate, eluted with ligroin. 
Recrystallization from methanol-acetone gave needles 
melting at 95.5-96°, which did not depress the melting 
point of an authentic sample. Infrared analysis of the 
mother liquor showed the presence of cholestanol-3« 
acetate, but did not indicate any cholestanol-30 acetate.
(3) 22 mg. of crystalline cholestanol-3« after recrystal­
lization from methanol-acetone melting at 186-187°.

(27) Eichelberger and LaM er, T his Journal, 55, 3633 (1933). 
This experiment was repeated with acetic acid which was dried simply 
by freezing and decantation and the results were essentially the  same 
except th a t more neocholestene was formed. The neocholestene 
was identified by m. p. (70-71°) and infrared analysis.

(28) This alumina was specially prepared and kindly made avail­
able to us by Dr. T. F. Gallagher [Hollander and Gallagher, J . Biol. 
Chem., 162, 549 (1946)]. I t  has been observed th a t  3-acetoxy- 
steroids are not appreciably hydrolyzed when chrom atographed 
on this acetic acid-washed alumina.
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Infrared analysis of the residue from the mother liquor 
did not indicate any cholestanol-30.

The total amount of eholes tanol-3« corresponds to 68 
mg. (46 mg., as the acetate and 22 mg. as the free alcohol) 
or 86%.

When eholes tanol-3« acetate was heated in acetic acid 
in the presence of silver acetate, eholestanol-3« acetate 
was recovered unchanged; cholestanol-3« under the same 
conditions yielded 62% cholestanol-3« acetate and 38% 
eholestanol-3«.

Reaction of Sodium Cholestanol-30 Sulfate with Silver 
Acetate.—A suspension of 100 mg. of sodium cholestanol- 
30 sulfate, 200 mg. of silver acetate and 20 cc. of acetic 
acid (distilled over triacetyl borate) was refluxed for four 
hours. The reaction mixture was worked up as above 
and yielded on chromatographic analysis: (1) 39 mg. of 
crystalline cholestanol-30 acetate. After recrystalliza­
tion from methanol-acetone, 29 mg., m. p. 109-110°, 
was obtained. The residue in the mother liquor was 
shown by infrared analysis to be cholestanol-30 acetate. 
(2) 28 mg. of crystalline cholestanol-30. After recrystal­
lization from methanol-acetone, it weighed 18 mg., m. p. 
140-142°. Infrared analysis of the mother liquor again 
indicated the presence of only the 0 isomer. The amount 
of cholestanol-30 recovered was 63 mg. (35 mg. as the 
acetate and 28 mg. as the alcohol) or 80%.

Reaction of Sodium Cholestanol-3« Sulfate in Methan­
olic Hydrogen Chloride.—Dry hydrogen chloride gas was 
bubbled through a suspension of 185 mg. of sodium 
cholestanol-3« sulfate in 20 cc. of absolute methanol for 
five minutes. The sulfate dissolved immediately but 
after the solution remained overnight at room temperature* 
a precipitate had formed. The product (101 mg., 69%) 
melted at 186-186.5°, and when mixed with an authentic 
sample of cholestanol- 3 the melting point was not de­
pressed.

The filtrate was concentrated to dryness and extracted 
with ether. The ether extract was washed with sodium 
carbonate solution and water, dried and the solvent re­
moved by distillation under reduced pressure. The 
residue (31 mg.), m .p . 175-183°, was separated by digi- 
tonin. The «-hydroxy fraction (16 mg., 11%) was 
crystalline cholestanol-3«, m. p. 185-187°. The digito- 
nide was dissociated and yielded 11 mg., m .p . 165-178°. 
Crystallization from acetone gave cholestanol-3«, m. p. 
185-186°. The residue (2 mg.) from the mother liquor 
had an infrared spectrum characteristic of cholestanol-3« 
and there was no absorption characteristic of cholestanol- 
30. In this experiment 126 mg. (86%) of crystalline 
cholestanol~3« was obtained.

Reaction of Sodium Cholestanol-30 Sulfate with 
Methanolic Hydrogen Chloride.—Sodium cholestanol-30 
sulfate (200 mg.) was suspended in 20 cc. of absolute 
methanol into which dry hydrogen chloride gas had been 
bubbled for five minutes. The mixture was allowed to 
stand overnight at room temperature and the solvent 
removed by distillation under reduced pressure. The 
residue was extracted with ether, the ether solution was 
washed with sodium carbonate solution and water, and 
dried. Evaporation of the solvent yielded 144 mg. 
which was recrystallized from acetone. Sixty-six mg. 
(42%), m. p. 142-142.5° was obtained which upon mix­
ing with cholestanol-30 did not depress the melting 
point. The residue (78 mg.) from the crystalline product 
was separated by digitonin. The 0-hydroxy fraction (69 
mg., 44%) was crystalline and upon crystallization from 
acetone gave cholestanol-30, m. p. 140-142°. The 
residue (4 mg.) showed absorption bands in the infrared 
characteristic of cholestanol-30. The non-crystalline 
«-hydroxysteroid fraction weighed 7 mg. and exhibited 
no characteristic absorption in the 1185-875 cm .-1 region. 
The total yield of crystalline cholestanol-30 was 86%.

Reaction of Cholestanol-3« Sulfite with Silver Acetate. 
—A mixture of 150 mg. of eholestanol-3« sulfite with 200

mg. of silver acetate was refluxed seven hours in 45 cc. 
of acetic acid (dried by freezing and decantation). After 
working up in the usual way, 151 mg. of an ether soluble 
oil, was obtained. It was separated by chromatographic 
analysis on 4.6 g. of alumina and yielded 14 mg. of neo­
cholestene, 70 mg. of crystalline cholestanol-3« acetate 
(recry stallized from acetone, 55 mg., m. p. 87-91°), 12 
mg. of unreacted sulfite (eluted with benzene-ligroin 
(1:1)), and 42 mg. crystalline cholestanol-3« (recrystal­
lized from methanol-acetone, 26 mg., m. p. 186.5-187°). 
The eholestanol-3« recovered amounted to 106 mg. (64 
rng. as the acetate and 42 mg. as the alcohol) or 84% 
based on the sulfite which had reacted.

The compounds were identified by melting point and 
infrared spectral analysis. The infrared analysis of the 
residues showed that only cholestanol-3« and its acetate 
were present. Neither cholestanol-30 nor its acetate 
was detected^

Reaction of Cholestanol-30 Sulfite with Silver Acetate.
—A mixture of 150 mg. of cholestanol-30 sulfite, 200 mg. 
of silver acetate and 45 cc. of anhydrous acetic acid was 
refluxed for four hours. The reaction mixture was worked 
up in the usual way and yielded on chromatographic 
analysis: (1) 2 mg. of neocholestene; (2) 11 mg. of un- 
reacted sulfite; (3) 58 mg. of crystalline cholestanol-30 
acetate which melted at 107-109.5° after a recrystalliza­
tion from methanol-acetone. The infrared analysis of 
the mother liquor indicated the presence of only choles­
tanol-30 acetate; (4) 58 mg. of crystalline cholestanol- 
30. After recrystallization from methanol, 43 mg., 
m .p . 140-142° was obtained. The residue in the mother 
liquor was shown by infrared analysis to be cholestanol- 
30.

Reaction of Cholestanol-3« Sulfite with M ethanolic 
Hydrogen Chloride.—Dry hydrogen chloride was bubbled 
through 20 cc. of absolute methanol for five minutes. 
After the solution had cooled to room temperature, 100 
mg. of cholestanol-3« sulfite was added and the suspension 
allowed to stand at room temperature for twenty-four 
hours. The reaction product was worked up in the usual 
way and chromatographed on alumina. The fractions 
obtained were: 4 mg. of an oil eluted with ligroin whose 
spectra could not be identified, 15 mg. of unreacted sulfite, 
and 64 mg. (80% based on reacted sulfite) of crystalline 
cholestanol-3«, m. p. 181-185°.

Reaction of Cholestanol-30 Sulfite with Methanolic 
Hydrogen Chloride.—Cholestanol-30 sulfite (100 mg.) 
was treated with methanolic hydrogen chloride as above. 
The reaction product was worked up in the usual way and 
chromatographed on alumina. Twenty-four milligrams 
of cholestanol-30 sulfite, and 69 mg. (95% based on 
reacted sulfite) of cholestanol-30 were obtained. Re- 
crystallization from methanol-acetone gave 60 mg. of m. 
p. 141-142°. The infrared analysis of the mother liquor 
from the recrystallization of cholestanol-30 showed the 
presence of only the 0 -isomer.

Summary
The acid sulfates and the sulfites of several ster­

oids have been prepared and their cleavage has 
been studied. The reaction of these compounds 
with aqueous acid solution, dry hydrogen chloride 
in methanol, or silver acetate in acetic acid pro­
ceeds with retention of configuration indicating 
that these compounds react by a rupture of the
S-OR linkage. These results are of biological im­
portance because they demonstrate that the 
steroid acid sulfates excreted in the urine are hy­
drolyzed without Walden inversion.
N e w  Y o r k , N . Y . R e c e iv e d  N o v e m b e r  14, 1947
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Cyclic Polyolefins. I. Synthesis of Cycloöctatetraene from Pseudopelletierine1
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This paper presents data amplifying our recent 
communication3 which reported duplication of the 
Willstatter synthesis of cycloöctatetraene from 
pseudopelletierine.4»5 Indirect evidence of three 
kinds had been interpreted as indicating that the 
Willstatter product might not have been 1,3,5,7- 
cycloöctatetraene6: Similarity of the product to 
styrene; the fact that catalytic dehydrogenation 
of cycloöctene at 425-455° yielded styrene; proof 
that application of the Hofmann exhaustive 
methylation procedure to diaminobutanes (in­
vestigated as open chain models of intermediates 
in the Willstatter synthesis) yielded ethylacetyl- 
ene and methylallene in addition to the conju­
gated 1,3-butadiene. Development of a catalytic 
synthesis of cycloöctatetraene from acetylene7 has 
renewed interest in the hydrocarbon. A corre­
spondence in properties7 made it appear likely that 
the catalytic and Willstatter products were identi­
cal. This has now been fully established by repe­
tition of the Willstatter synthesis and direct com­
parison of the product with cycloöctatetraene pre­
pared catalytically from acetylene.

Our synthesis began with the preparation of 
pseudopelletierine (I) from glutaraldehyde, meth- 
ylamine and acetonedicarboxylic acid.8 Subse­
quent steps are shown in the equations, which in­
clude yields and a comparison of the melting 
points of solid intermediates with those recorded 
previously. The following evidence was obtained 
for the structures of intermediates. N-Methyl- 
granatenine (III) was hydrogenated quantita­
tively in the presence of Adams platinum catalyst 
to the corresponding saturated compound, N- 
methylgranatanine, m. p. 47-48.5° (lit. 49-50°).9 
The diene resulting from the first Hofmann ex­
haustive methylation step (a-des-dimethyl-grana- 
tenine, V) also was hydrogenated quantitatively 
and yielded dimethylaminocycloöctane, which was 
identified by its physical properties and also con­
verted to the methiodide, m. p. 274-275° (dec.) 
(lit. 270-2710).4 The ultraviolet absorption 
curve of V (Fig. 1) showed a maximum at approxi-

(1) Presented at the T enth  N ational Organic Chemistry Sym ­
posium, Boston, M assachusetts, June 13, 1947.

(2) du Pont Postdoctorate Fellow, 1946-1947.
(3) Cope and Overberger, T his Journal, 69, 976 (1947).
(4) W illstatter and Waser, Ber., 44, 3423 (1911).
(5) W illstatter and Heidelberger, ibid., 46, 517 (1913).
(6) The argument has been summarized well by Baker, J. Chem. 

5oc., 258 (1945).
(7) Described in D epartm ent of Commerce reports of German 

technological developm ents, including a translation of a paper b y  
W. J. Reppe reprinted in “ German Synthetic Fiber D evelopm ents,” 
p. 631, Textile Research Institu te, N ew  York, N . Y ., 1946 (P. B. 
7416).

(8) B y modifications of th e procedure described by Schöpf and 
Lehmann, A nn., 518, 1 (1935); Cope, D ’Addieco and Overberger, 
to  be published.

(9) Ciamician and Silber, Ber., 26, 2738 (1893).

3200 3000 2800 2600 2400 2200
Wave length, A.

Fig. 1.—Curve 1, absorption spectrum of «-des-di- 
methylgranatenine (V); curve 2, absorption spectrum of 
1,6-bis- (dimethylamino) -2,4-cycloöctadiene (VIII).

mately 2200 A. (log e 3.9) indicating conjugation 
of the two double bonds; compare Xmax. 2170 A. 
(log e 4.32) for 1,3-butadiene.10 1,3,5-Cycloöcta- 
triene (VII), the product of the second exhaustive 
methylation step in the synthesis, absorbed three 
molar equivalents of hydrogen in a quantitative 
hydrogenation and yielded cycloöctane. The 
ultraviolet absorption spectrum of VII (Fig. 2) 
showed a maximum at 2650 A. (log e 3.57) indicat­
ing conjugation of the three double bonds. The 
absorption maximum for an open-chain conju­
gated triene, 2,4,6-octatriene, is cited as 2600 A. 
(log e3.90).11

3200 3000 2800 2600 2400 2200
Wave length, A.

Fig. 2.—Absorption spectrum of 1,3,5-cycloöctatriene
(VII).

(10) D im roth, Angew. Chem., 52, 549 (1939).
(11) R. A. M orton, “ The Application of Absorption Spectra to  

the Study of V itam ins, Horm ones and C oenzym es,” 2d ed., Adam  
Hilger L td., London, 1942, p. 25.



1434 Arthur C. Cope and C. G. Overberger Vol. 70

CH2—CH- -CH2 CH2— CH- -CH2 CH2—CH- -CH
Na +  C2H5OH I I I H2SO4 in CH3COOH | | || CH3I

CH2 N—CH3 0 = 0  ---------------------^  CH2 N—CH3 CHOH ------------ -------------- CH2 N—CH3 C H --------------
I I I 83.5% I I I 85.5% I I I 96%

CH2— C H ------CH2CH2—CH- -CH2 CH2— CH- -CH2
Pseudopelletierine, I N-Methylgranatoline, II, 

m. p. 98-99.1°; ref. 9, m. p. 100c
N-Methylgranatenine, III 
m. p. 16.5-17°; ref. 4, 
m. p. 17.2-17.4°

N-Methylgranatenine AgOH
methiodide, IV -----— >  Quaternary base
m. p. 352-357° (dec.)

Distillation at 
15-20 mm.

83%

N(CH3)2 

CH2— CH—  CH
1 11

CHj CH

CHjI

94.5%

CH2— C H =CH  
a-Des-dimethylgranatenine, V

«-Des-dimethyl- ,  D^ tdlff ion at <?H =C H -CH
granatenine methiodide, VI Quaternary base . ~ mm'
m. p. 183-183.5° (dec.); 
ref. 4, m. p. 172-173 ° (dec.) 70%

-5- CH, CH
Br2

Dibromide 
(not isolated)

(CH3)2NH

(CH3)2N-— c h - - c h = c h

CH2—CH=CH  
Cycloöctatriene, VII

CH:

47%

a t, n  1 ,Q-bis-(Dimethylamino)- . „ „
i n11 ^H3I  ̂ 2,4-cycloöctadiene dimethiodide, IX  AgOH^

Arr prr i U  q7 m. p. 173.4-174.1° (dec.); ref. 4, ^CHo-CH— CH 97.5 /0 m p 170_m  o (dec }

N(CH3)2
1,6-bis-(Dimethylamino) -2,4- 
cycloöctadiene, VIII

Quaternary base

Distillation at CH—CH=CH  
0.5 mm.
6.5-8.6%

->  CH CH

CH=CH—CH 
Cycloöctatetraene, X

The dibromide prepared by adding bromine to 
VII was not isolated, but was treated directly with 
dimethylamine to form a bis- (dimethylamino) - 
cycloöctadiene which was formulated by Will­
statter and Waser4 as VIII. Our data support but 
do not rigorously prove this structure, in the 
absence of information definitely establishing the 
relative positions of the two dimethylamino 
groups. Quantitative hydrogenation of VIII 
yielded a bis-(dimethylamino)-cycloöctane be­
lieved to be the 1,4-isomer, which was converted to 
a dimethiodide, m. p. 258-259° (dec.). The puri­
fication of VIII included treatment with warm, di­
lute hydrochloric acid, which would eliminate 
easily hydrolyzed vinylamine type isomers. The 
ultraviolet absorption spectrum of VIII (Fig. 1) 
approached a maximum below but near 2200 A., 
indicating conjugation of the two double bonds. 
These data appear to eliminate all possible iso­
meric structures derivable from VII except VIII 
and 1,2-bis- (dimethylamino) -3,5-cycloöctadiene. 
I t  should be noted that both bromines would be 
allylic in type in the product of 1,6-, 1,4 or 3,4- 
addition of bromine to 1,3,5-cycloöctatriene, and 
that the displacement reaction with dimethyl- 
amine could proceed with rearrangement, so that 
the diamine does not necessarily have the same 
arrangement of groups as the dibromide. 
Through a combination of displacement with and 
without rearrangement any of the four possible di­
bromides (products of 1,2-, 1,4-, 1,6- or 3,4-addi-

tion) could lead to either structure VIII or to 1,2- 
bis- (dimethylamino) -3,5-cycloöctadiene, and ac­
cordingly the dibromide could have any of these 
structures or be a mixture. The diamine (VIII) 
reacted with methyl iodide to give an excellent 
yield of a pure, crystalline dimethiodide (IX), and 
accordingly is homogeneous rather than a mixture 
of isomers.

The final exhaustive methylation gave a low 
yield of cycloöctatetraene (X), and a high propor­
tion of polymer. After purification by distillation 
through a Craig micro-fractionating column12 the 
cycloöctatetraene was obtained in 6.5-8.6% yield 
as a light yellow liquid, n25D 1.5342. The melting 
point of the product was —5.8 to —5.4°, and was 
not depressed on mixture with a sample prepared 
catalytically from acetylene.13 The maleic an­
hydride adducts obtained from cycloöctatetraene 
from the two sources also were identical (m. p. and 
mixed m. p.). Both samples of cycloöctatetraene 
had practically identical ultraviolet (Fig. 3) and 
infrared absorption spectra.14 The synthetic

(12) Craig, Ind. Eng. Chem., Anal. Ed., 9, 441 (1937).
(13) By the German procedure described by Copeland and Youker 

in F ia t Final R eport No. 720, 1946, p. 26 (distributed by the Office of 
the Publication Board, U. S. D epartm ent of Commerce).

(14) We are indebted to  Dr. R . C. Lord, Jr., and M r. R . S. M c­
Donald for th e  infrared data , which will be published separately. 
Infrared spectra also were determ ined for intermediates I, I I , I I I ,  
V, V II and V III. The spectra contain nothing inconsistent with the 
structures assigned to  these compounds, and have no features which 
would indicate the  presence of allene or acetylene structures.
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sample absorbed four molar equivalents of hydro­
gen in the presence of Adams platinum catalyst 
and yielded cycloöctane.

The melting point observed for the synthetic 
cycloöctatetraene is of interest, because Will­
statter and Heidelberger5 had reported a freezing 
point of about —27° for their product, which was 
purified by vacuum distillation without fractiona­
tion. The molal freezing point depression con­
stant of cycloöctatetraene was determined to be 
approximately 5.5. Using this value and assum­
ing a m. p. of —5° for pure cycloöctatetraene, a 
m. p. of —27° would correspond to the presence of 
approximately 30% of an isomeric impurity. 
Infrared spectra14 indicated the presence of small 
amounts of styrene (in the neighborhood of 3%) 
in our samples of cycloöctatetraene prepared by 
the Willstatter synthesis and in most samples pre­
pared from acetylene. This impurity may have 
been responsible for the low freezing point origin­
ally reported for cycloöctatetraene, and may have 
been removed from our product during the frac­
tional distillation, possibly by polymerization.

Experimental15
N-Methylgranatoline (II).9—A solution of 78.9 g. of 

pseudopelletierine (b. p. 101° (7 mm.), m. p. 45-46°)8 
in 1550 ml. of commercial absolute ethanol was placed in 
a 3-liter three-necked flask equipped with an efficient 
rëflux condenser. The solution was heated to the boiling 
point and 120 g. of sodium was added in small pieces 
during two to three hours, as rapidly as possible without 
flooding the condenser. After all of the sodium had re­
acted, the mixture was cooled, diluted with 600 ml. of 
water and concentrated under reduced pressure until the 
residue contained an aqueous phase of approximately 100 
ml. After cooling, 300 ml. of water and 500 ml. of ether 
were added to the residue and the ether solution was 
separated. The aqueous solution was extracted with 500 
and 200 ml. portions of ether, and the combined ether 
extracts were dried over magnesium sulfate. The solvent 
was removed under reduced pressure and the brown solid 
residue recrystallized from commercial hexane, b. p. 60- 
66°. II was obtained as brown plates in two crops; yield 
66.6 g. (83.5%), m. p. 86-95°. The average yield in four 
preparations was 82%. The crude product was suf­
ficiently pure for use in preparing III. Several recrystal­
lizations from ligroin (b. p. 74-93°) gave II as small, 
white plates, m .p . 98-99.1°.

Anal. Calcd. for C9H17NO: C, 69.60; H, 11.04; N, 
9.02. Found: C, 69.88; H, 11.06; N, 9.31.

Willstatter and Waser4 stated that II was obtained 
from natural pseudopelletierine in a yield corresponding 
to 80%.

N-Methylgranatenine (III) .■—Glacial acetic acid (34 
g.) was added with cooling to 66.6 g. of N-methylgranato- 
line (II). Concentrated sulfuric acid (122 g.) was added 
slowly with cooling to the resulting sirup. The solution 
was placed in a flask attached to a reflux condenser and 
heated in a bath at 165° for six and one-half hours. The 
mixture was cooled, 400 ml. of water was added and the 
solution was made basic by adding a 20% sodium hydrox­
ide solution with good cooling. The dark oil which sepa­
rated was taken up in 200 ml. of ether and the aqueous 
layer was extracted with four 300-ml. portions of ether. 
In some cases emulsions were formed during the extrac­
tion. Water was added if necessary to keep inorganic 
salts in solution. The extracts were dried over magnesium

(15) Melting points are corrected and boiling points are uncor­
rected. We are indebted to M r. S. M. Nagy, Mr. Philip H. Towle 
and Mrs. Louise W. Spencer for analyses.

3800 3400 3000 o 2600 2200
Wave length, A.

Fig. 3.—Absorption spectrum of cycloöctatetraene. 
Curve 1, sample prepared from acetylene, freshly distilled; 
curve 2, sample prepared from pseudopelletierine; curve 3, 
sample prepared from acetylene, four days after dis­
tillation.

sulfate and the product was distilled through a column 
with a 20 X 1.2 cm. section packed with glass helices. 
The yield of III was 50.3 g. (85.5%), b. p. 71-72° (17 
mm.). The average yield in four preparations was 85.5%. 
A sample purified by redistillation had the following physi­
cal constants: b. p. 56° (10 mm.); m. p. 16.5-17°;
n25D 1.4945; d254 0.9549.

Anal. Calcd. for C9H15N: C, 78.77; H, 11.01; N, 
10.20. Found: C, 78.77; H, 11.09; N, 10.55.

This procedure is based upon the preparation of tropidine 
from tropine described by Ladenburg16 and Willstatter.17 
Willstatter and Waser4 reported b. p. 62-62.2° (9 mm.) 
and m. p. 17.2-17.4° for III prepared in a similar manner 
in unspecified yield.

Hydrogenatjion of 1 g. of III in 16 ml. of absolute 
ethanol in the presence of 0.3 g. of pre-reduced Adams 
platinum catalyst was complete in two hours and required 
103.6% of one molar equivalent of hydrogen. The prod­
uct, N-methylgranatanine, was isolated by distillation 
under reduced pressure. It crystallized as a hygroscopic 
solid and was purified by sublimation at 40° and 3 mm.; 
m. p. 47-48.5°.

Anal. Calcd. for C9H17N: C, 77.39; H, 12.30; N ,
10.06. Found: C, 77.34; H, 12.35; N, 10.00.

Ciamician and Silber9 reported the m. p. of N-methyl­
granatanine obtained by the phosphorus and hydro- 
iodic acid reduction of III as 49-50°. Willstatter and 
Veraguth18 reported m. p. 55-58° for the compound, pre­
pared by electrolytic reduction of pseudopelletierine. 
Their product was not analyzed and may have contained 
some N-methylgranatoline, which also was obtained from 
the electrolytic reduction.

N -Methylgranatanine was converted to the methiodide 
by heating to reflux with an excess of methyl iodide in 
cyclohexane solution. The salt which separated on cool­
ing was recrystallized from 80% ethanol as a white pow­
der, m. p. 353-359° (dec.).

Anal. Calcd. for Ci0H2oNI: I, 45.13. Found: I,
45.06.

N-Methylgranatenine Methiodide (IV).—N-M ethyl- 
granatenine (III) (50.3 g.), methyl iodide (78 g.) and 500 
ml. of cyclohexane were placed in a 1-liter flask attached 
to a reflux condenser and heated to 40° for three hours. 
After addition of 5 g. of methyl iodide the mixture was 
heated at 40° for an additional two hours. Filtration 
separated 96.5 g. of IV, a white crystalline salt. The 
filtrate was warmed with 10 g. of methyl iodide for three 
hours at 40°. An additional 2 g. of IV was obtained, 
making the yield 98.5 g. (96%). The average yield in

(16) Ladenburg, A nn., 217, 118 (1882).
(17) W illstatter, ibid., 326, 28 (1902).
(18) W illstatter and Veraguth, Ber., 39, 1984 (1905).
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four preparations was 96.5%. An analytical sample was 
recrystallized from 95% ethanol; m .p . 352-357° (dec.) 
after partial sublimation at 280°.

Anal. Calcd. for CioH18NI: C, 43.02; H, 6.49; N, 
5.01; 1,45.46. Found: C, 42.79; H, 6.59; N, 4.88; I, 
45.15.

a-Des-dimethylgranatenine (V) .—Silver hydroxide was 
prepared by adding a solution of 28.3 g. of sodium hy­
droxide in 150 ml. of water to 120 g. (0.706 mole) of silver 
nitrate in 400 ml. of water. The precipitate was washed 
until free from alkali and added to 98.5 g. (0.353 mole) 
of the methiodide (IV) and 400 ml. of water in a 1-1. 
flask. After mechanical stirring and heating at 60° for 
one hour, the mixture was filtered. The silver iodide- 
silver hydroxide mixture was washed with water on the 
filter and then heated with 100 ml. of water at 60-70° 
with intermittent shaking for fifteen minutes. After 
again filtering, the combined filtrates were concentrated 
under reduced pressure. The concentrate was trans­
ferred to a 250-ml. Claisen flask attached to a well-cooled 
receiver and the quaternary base was decomposed (with 
some foaming) by heating in a bath at 100-110° at 15- 
20-mm. pressure. The upper parts of the flask were 
rinsed with 10 ml. of water to dissolve any remaining 
quaternary base, and the solution was again distilled to 
dryness in the same manner.

The colorless oil was separated from the water in the dis­
tillate by extraction with 50 and 100 ml. portions of ether. 
The ether extracts were dried over magnesium sulfate 
and distilled through a column with a 20 X 1.2 cm. section 
packed with glass helices. Foaming interfered with the 
distillation, which yielded 44.3 g. (83%) of V, b. p. 80°
/ t C l  ______  \  'TTM_______________ ____ J . .  „ r n n

m i l l . ) .  X  1AC c t  V CJL c tg ,C  y  1C1UL m  1 V U I  W c w

81.5%. An analytical sample had the following proper­
ties: w26d 1.4988; d254 0.9038; M b  calcd. 49.18, found 
49.12.

Anal. Calcd. for C10H17N: C, 79.40; H, 11.33; N, 
9.26. Found: C, 79.46; H, 11.20; N, 9.25.

Willstatter and Waser4 reported a 90% yield of V, b. p. 
71-71.5° (8 mm.); d 2\  0.910.

Hydrogenation of 1.5 g. of V in the presence of 0.2 g. of 
pre-reduced Adams platinum catalyst in 16 ml. of absolute 
ethanol was complete in four hours and required 101% 
of two molar equivalents of hydrogen. After separation 
of the catalyst, distillation yielded 1.3 g. (85%) of di- 
methylaminocycloöctane. After redistillation, its prop­
erties were b. p. 110° (40 m m .); n25d 1.4707; d254 0.877; 
M b  calcd. 50.14, found 49.76.

Anal. Calcd. for Ci0H2iN: C, 77.34; H, 13.63; N, 
9.02. Found: C, 77.41; H, 13.45; N, 9.04.

The methiodide of dimethylaminocycloöctane obtained 
in this manner, prepared in cyclohexane solution and puri­
fied by recrystallization from a mixture of acetone and 
commercial hexane (b. p. 60-66°), had m. p. 274-275° 
(dec., slight darkening at 270°).

Anal. Calcd. for C11H24NI: C, 44.44; H, 8.13; N, 
4.71; I, 42.70. Found: C, 44.39; H, 8.13; N, 4.49; 
I, 42.82.

Willstatter and Waser4 reported b. p. 86-86.5° (11 
mm.), n 20i> 1.4790, d 204 0.883 and M b  49.78 for dimethyl­
aminocycloöctane and m. p. 270-271° for its methiodide.

a-Des-dimethylgranatenine Methiodide (VI),—VI was 
prepared from 44.3 g. of V and 80 g. of methyl iodide in 
500 ml. of cyclohexane. The conditions of reaction were 
similar to those described for the preparation of IV, and 
the product was obtained in two crops as slightly pink, 
chloroform soluble crystals; yield 81 g. (94.5%). The 
average yield in three preparations was 92.3%. An 
analytical sample was recrystallized from a mixture of 
acetone and commercial hexane; m .p . 183-183.5° (dec.).

Anal. Calcd. for CuH2oNI: C, 45.05; H, 6.88; N, 
4.77; 1, 43.28. Found: C, 44.96; H, 7.05; N, 4.69; I, 
42.90.

1,3,5-Cycloöctatriene (VII).—The freshly prepared, 
alkali-free silver hydroxide obtained from 77.6 g. of silver 
nitrate and 18.3 g. of sodium hydroxide was added to a

solution of 67 g. of VI in 100 ml. of water. The reaction 
conditions were similar to those described under V. 
Foaming occurred during concentration and also during 
the decomposition of the quaternary base, which was con­
ducted in a 500-ml. Claisen flask at a bath temperature 
of 90-110° and 20-30 mm. pressure. The organic layer 
which separated in the receiver, which was cooled with 
Dry Ice, was extracted with ether, dried over magnesium 
sulfate and distilled through a column with a 20 X 1.2 
cm. section packed with glass helices. A trace of picric 
acid was added as a polymerization inhibitor before dis­
tillation. The yield of VII was 16.8 g. (70%), b. p. 
65-66 ° (60 m m .). After redistillation its properties were: 
b .p . 45° (18 mm.); n 2bB 1.5248; d 2h  0.9042; M b  calcd. 
35.65, found 35.94.

Anal. Calcd. for C8H10: C, 90.50; H, 9.50. Found: 
C, 90.49; H, 9.51.

VII proved to be somewhat unstable and accordingly 
was used at once.

Willstatter and Waser4 reported a 72% yield of VII.
Hydrogenation of 1 g. of VII in the presence of 0.2 g. 

of Adams platinum catalyst in 25 ml. of absolute ethanol 
was complete in one hour and required 99.5% of three 
molar equivalents of hydrogen. The cycloöctane formed 
could not be separated from ethanol by distillation. The 
alcohol solution was diluted with water and extracted with 
ether. The extracts were dried over magnesium sulfate, 
distilled and redistilled through a Craig micro fractionation 
column12; n2bd 1.4562; m. p. 11.7°.

Anal. Calcd. for C8H16: C, 85.62; H, 14.37. Found: 
C, 85.57; H, 14.18.

1,6-èw-(Dimethylamino) -2,4-cycloöctadiene (VIII).— 
A solution of 28 g. (0.175 mole) of dry bromine in 130 
ml. of dry, alcohol-free chloroform was added dropwise 
during five hours to 18.5 g. (0.175 mole) of VII in 250 
ml. of dry chloroform at —20° with mechanical stirring 
in a flask protected from atmospheric moisture. The 
solution remained colorless throughout the addition and 
no hydrogen bromide was evolved. The chloroform was 
removed under reduced pressure at room temperature and 
500 ml. of a benzene solution containing 1.48 moles of 
dry dimethylamine was added to the residue with cooling. 
Dimethylamine hydrobromide began to separate after 
a few minutes. After standing for eleven hours, the mix­
ture was cooled and extracted with an excess of 15% 
hydrochloric acid. The acid extracts were made basic 
by adding an excess of 20% sodium hydroxide solution 
with cooling and extracted with four 200-ml. portions of 
ether. The ether was removed under reduced pressure, 
and approximately 300 ml. of 2 A  hydrochloric acid was 
added to the residue. The acid solution was heated at 
55-70° for three to five minutes to hydrolyze any sub­
stituted vinyl amine types present in the crude product. 
After cooling, the solution was extracted with 100 ml. of 
ether, made basic with 20% sodium hydroxide solution 
with cooling, and extracted with three 125-ml. portions 
of ether. The ether extracts of the basic solution were 
dried over magnesium sulfate for one hour and distilled 
under nitrogen through a column with a 20 X 1.2 cm. 
section packed with glass helices. VIII was obtained as 
a light straw-yellow liquid which was kept under nitrogen 
and cooled to prevent rapid darkening which occurred 
otherwise; yield 15.9 g. (47%); b. p. 116° (8 mm.), 
n25D 1.4990; d 2h  0.9317.

Anal. Calcd. for C12H22N2: C, 74.16; H, 11.41; N, 
14.41. Found: C, 74.38; H, 11.13; N, 14.53.

The above procedure is similar to the one used by Will­
statter and Waser.4 These investigators purified their 
product by acid hydrolysis to remove vinyl amine types 
after distillation of VIII, before conversion to quaternary 
salts, and do not report physical constants for VIII after 
purification.

A sample of VIII was treated with picric acid in alcohol 
solution and converted into the dipicrate, which was re- 
crystallized from a large volume of absolute alcohol con­
taining 5-10% acetone; m. p. 194.6-195.2° (dec.).
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Anal. Calcd. for C24H28N 8Oi4: C, 44.17; H, 4.33;
N, 17.17. Found: C, 44.41; H, 4.51; N, 16.97.

Hydrogenation of 0.879 g. of VIII in the presence of
O. 3 g. of prereduced Adams catalyst was complete in 
seventeen hours and required 108% of two molar equiva­
lents of hydrogen. Distillation followed by redistillation 
through the Craig micro column gave 1,4-bis-(dimethyl­
amino) -cycloöctane, b. p. 105° (6 mm.), n25d 1.4823; 
d25i 0.9166.19

Anal. Calcd. for C12H26N2: C, 72.65; H, 13.21; N, 
14.13. Found: C, 72.53; H, 13.12; N, 14.08.

The product of a similar quantitative hydrogenation, 
in which 1.5 g. of VIII absorbed 103% of two molar 
equivalents of hydrogen in twenty-two hours, was distilled 
through the Craig micro column. Methyl iodide (4 g.) 
in 25 ml. of absolute ethanol was added to several fractions 
from this distillation (0.85 g.), and the mixture was boiled 
under reflux for three minutes. The yield of 1,4-bis - 
(dimethylamino) -cyóloöctane dimethiodide was 1.98 g. 
(96%), m .p . after recrystallization from absolute ethanol 
258-259° (dec.).

Anal. Calcd. for CuHnNal*: C, 34.86; H, 6.69; N, 
5.81; 1,52.64. Found: C, 35.07; H, 6.67; N, 5.60;
l, 52.99.

Another sample of 1,4-bis-(dimethylamino)-cycloöctane 
obtained by hydrogenation of VIII was converted to the 
dipicrate, which was recrystallized from absolute ethanol;
m. p. 171.5-172.2° (dec.).

Anal. Calcd. for C24H32NgOi4: C, 43.90; H, 4.90; N,
17.07. Found: C, 43.96; H, 5.07; N, 16.88.

1,6-bis-(Dimethylamino) -2,4-cycloöctadiene Dimeth­
iodide (IX).—Methyl iodide (35 g.) was added to 10.1 
g. of VIII in 300 ml. of absolute ethanol. The reaction 
mixture was boiled under reflux for five minutes, 2 g. of 
methyl iodide was added, and the mixture was allowed to 
cool slowly. IX separated as colorless to light yellow 
crystals in three crops in a total yield of 24.2 g. (97.5%), 
m. p. after recrystallization from absolute ethanol 173.4- 
174.1° (dec.).

Anal. Calcd. for C14H2gN2I2: C, 35.16; H, 5.90; N, 
5.86; 1, 53.08. Found: C, 35.27; H, 6.14; N, 5.87; I, 
52.76.

Cycloöctatetraene (X).—The freshly prepared silver 
hydroxide obtained from 25.5 g. of silver nitrate and 6 g. 
of sodium hydroxide was added to 23 g. of the dimeth­
iodide (IX) in 100 ml. of water. The suspension was 
stirred and heated at 30-40° for twenty-five minutes, 
cooled and filtered. The mixture of silver iodide and 
silver hydroxide was warmed with 75 ml. of water and 
shaken intermittently for ten minutes. The mixture 
was filtered and the combined filtrates were concentrated 
to a volume of 75 ml. by warming in a bath at 30-35° 
under reduced pressure. The residue was transferred to 
a 500-ml. Claisen flask and distilled at 0.5 mm. into a 
receiver cooled with a Dry Ice-solvent mixture. The 
decomposition of the quaternary base occurred with foam­
ing at a bath temperature of 40-65° and 0.5 mm. pressure. 
The light yellow liquid which separated when the distil­
late was allowed to come to room temperature in a nitrogen 
atmosphere was extracted with a small volume of ether

(19) W illstatter and W aser4 reported b. p. 259-261° (718 mm.), 
d%h  0.913 for 1,4-bis-(dimethylamino)-cycloöctane prepared in the 
same way.

and dried over magnesium sulfate. The ether solution 
was concentrated and the product distilled through a 
Craig micro distillation column under nitrogen at 50 mm. 
The yellow product was separated from a polymeric dis­
tillation residue as six fractions; yield 0.43 g. (8.6%), 
»25d 1.5342; m .p . —5.8 to —5.4°; mixed m .p . with a 
sample of cycloöctatetraene prepared from acetylene 
(melting at —5.9 to —5.3°) —6.0 to —5.3°.

Anal. Calcd. for C8H8: C, 92.26; H, 7.74. Found: 
C, 92.47; H, 7.91.

A repetition of this preparation gave a 6.5% yield of 
X with the same physical properties.

A maleic anhydride adduct was prepared by heating 
30 mg. of the sample of cycloöctatetraene described above 
and 20 mg. of maleic anhydride under nitrogen until re­
fluxing occurred for two minutes. On cooling the mixture 
solidified, and was recrystallized from chlorobenzene. 
The adduct melted at 166.2-167.8° (m .p . determined by 
the hot-stage microscope technique) and showed no de­
pression in mixed m. p. (165.4-167°, hot stage) with a 
sample of the adduct prepared from X obtained from 
acetylene (described below).

Hydrogenation of 0.165 g. of this sample of cyclo- 
octatetraene in the presence of 0.2 g. of pre-reduced 
Adams catalyst in 20 ml. of glacial acetic acid was com­
plete in seventy-five minutes and required 101.5% of 
four molar equivalents of hydrogen. After separation 
of the catalyst, the solution was made alkaline by adding 
10% sodium carbonate solution and extracted with ether. 
The ether solution was dried and distilled through a Craig 
micro column. The last of three fractions of the cyclo- 
octane obtained melted at 8.8°, presumably depressed by 
slight contamination with solvent.

Cycloöctatetraene-Maleic Anhydride Adduct.—Cyclo- 
octatetraene (0.5 g.) prepared from acetylene13 and maleic 
anhydride (0.48 g.) were heated under nitrogen at a tem ­
perature which caused refluxing for five minutes. The 
solid which separated on cooling was crystallized from 8 
ml. of chlorobenzene. The crystalline adduct (0.4 g.) 
was recrystallized from 6 ml. of chlorobenzene; m. p.
166.5-167.6° (lit, 166°).20

Anal. Calcd. for C12H10O*: C, 71.27; H, 4.95. Found: 
C, 71.10; H, 5.03.

Ultraviolet Absorption Spectra.—Ultraviolet absorption 
spectra of compounds V, VII, VIII and X  were deter­
mined with a Beckmann quartz ultraviolet spectropho­
tometer. Purified cyclohexane21 was used as the solvent in 
each case. The spectra are shown in Figs. 1-3, in which 
logarithms of the molar extinction coefficients are plotted 
against the wave lengths in angstrom units.

Summary
The Willstatter synthesis of cycloöctatetraene 

from pseudopelletierine has been duplicated, and 
the product has been shown to be identical to 
cycloöctatetraene prepared catalytically from 
acetylene. Evidence supporting the structures of 
intermediates in the synthesis has been obtained. 
C a m b r id g e , M a s s . R e c e iv e d  S e p t e m b e r  13, 1947

(20) Ref. 7, p. 650.
(21) M aclean, Jencks and Acree, J . Research Natl. Bur. Standards, 

34, 271 (1945).
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X-'Rsy diffraction studies of the structure of 
amylose and amylose complexes have been lim­
ited for the most part to preparations which give 
powder patterns. Less ambiguous interpretations 
of structure can be given fiber patterns, but ori­
ented preparations are required, which are diffi­
cult to prepare by conventional methods owing to 
the low wet strength and hydrophilic character of 
amylose films.

These difficulties can be circumvented by ori­
enting a non-hydrophilic derivative of amylose 
and then converting this derivative to amylose 
under such conditions that orientation is retained. 
Amylose triacetate serves this purpose well, for it 
is easily oriented by stretching in glycerol at 170°. 
Oriented alkali amylose is produced directly on 
deacetylation of clamped filaments in alcoholic 
alkali solution. Alkali amylose can be converted 
to the A, B2 and V structural modifications by 
methods previously described,8

All structural modifications give well-defined 
fiber patterns. The alkali amyloses give patterns 
especially rich in reflections and, because they 
constitute an isomorphous series, their patterns 
can be more readily interpreted than those of the 
other modifications.

Experimental
Amylose was prepared by twice fractionating 

autoclaved potato starch with nitrobenzene.4 
Acetylation was carried out by the method of 
Whistler, Jeanes and Hilbert,6 and films about
0.25 mm. thick were cast from chloroform solu­
tion. Strips 2 to 4 mm. wide were oriented by 
stretching in glycerol6 at 170°. Films stretched 
500% are highly oriented, as evidenced by their 
diffraction pattern, and are suitable for deacetyla­
tion.

In the deacetylation experiments, 3- to 10-cen­
timeter filaments of oriented amylose triacetate 
were held taut in stainless steel clamps and sus­
pended in the various deacetylating solutions. 
Unless clamped, the filaments retract consider­
ably, especially at higher alkali concentrations, 
and give disoriented diffraction diagrams. The 
characteristic diffraction pattern of potassium hy­
droxide amylose is given by filaments deacetylated

(1) One of the Laboratories of the  Bureau of Agricultural and In ­
dustria l Chemistry, A gricultural Research Administration, United 
S tates D epartm ent of Agriculture, Article no t copyrighted.

(2) F iber p a tterns of th e  B structu ral modification have been 
described by R. E . Rundle, L. Daasch and D. French, T his Journal, 
66, 130 (1944).

(3) F . R . Senti and L. P. W itnauer, ibid., 68, 2407 (1946).
(4) R . L. W histler and  G. E . H ilbert, ibid., 67, 1161 (1945).
(5) R . L. W histler, H. Jeanes and G. E. Hilbert, ibid., in press 

(1948).
(6) M ethod of N . C. Schieltz, p rivate  communication.

at 25° in 0.01 to 0.30 N  potassium hydroxide (car­
bonate-free) in 75% ethanol. Completion of de- 
acetylation has been checked by analysis of the 
filaments and is also evidenced by the disappear­
ance of the amylose triacetate reflections from the 
diffraction pattern.

That ethanol is not an integral part of the struc­
ture is demonstrated by the identical patterns 
produced by filaments deacetylated in 0.25 N  po­
tassium hydroxide in 75% ethanol, 75% methanol, 
saturated butanol or in water. Deesterification 
proceeds slowly in the last two media and is ac­
companied by breakage of many filaments in the 
aqueous alkali solutions.

Filaments from which the alkali has been re­
moved by extraction with absolute methanol give 
amorphous diffraction diagrams. Extraction with 
75% methanol or ethanol results in fiber patterns 
characteristic of the “V structure. Reconstitu­
tion, by soaking in 0.2 N  potassium hydroxide in 
75% ethanol, restores the original diffraction pat­
tern.

Amylose triacetate filaments deacetylated in 
75% ethanol, 0.01 to 0.30 N  in lithium or cesium 
hydroxide, give the characteristic diffraction pat­
terns of lithium hydroxide amylose and cesium 
hydroxide amylose. At the higher concentration 
of alkali (above 0.3 N  potassium hydroxide, for 
example) the characteristic fiber pattern dimin­
ishes in intensity and is gradually replaced by a 
diffuse pattern of the V-type.

Sodium hydroxide and guanidine in 75% etha­
nol likewise deacetylate amylose triacetate and 
produce the corresponding alkali amyloses with 
characteristic X-ray diagrams. No systematic 
study of the composition of these filaments or 
those of ammonium hydroxide amylose, prepared 
as described below, has been made. The similar­
ity of their diffraction patterns to those of lithium, 
potassium, and cesium hydroxide amylose, how­
ever, indicates that they have the same structure 
and composition as the latter.

Preparation of an alkali amylose is not limited 
to the deacetylation of amylose triacetate by the 
corresponding hydroxide, but is also accomplished 
by the exchange of one alkali for another. For 
example, cesium hydroxide amylose results when 
potassium hydroxide amylose is immersed in al­
coholic cesium hydroxide. Thallium hydroxide 
amylose has been obtained in similar manner. 
Barium hydroxide can be exchanged for potas­
sium hydroxide, but the resulting fiber gives a 
poorly defined diffraction pattern. Attempts to 
prepare ammonium hydroxide amylose by deacet­
ylation have failed, whereas exchange with alco­
holic ammonia solutions has been successful.
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Many salts in aqueous alcohol solution can be 
exchanged for the alkali in alkali amylose. By 
this method we have obtained compounds of am­
ylose with the iodide, bromide, acetate, formate 
and propionate of potassium. All give excellent 
fiber diffraction patterns, which will be described 
in another publication.

Alkali and Water Content.—On removal from 
the deacetylating solution, the clamped fila­
ments were wiped dry with absorbent tissue to 
remove adhering alkali solution. Adsorbed al­
cohol, which is difficult to remove by vacuum 
drying, was removed by humidification of the fila­
ments over water in a vacuum desiccator for six­
teen to twenty-four hours. The vacuum-dried 
filaments were weighed, excess acid added, and ti­
trated with sodium hydroxide. Figure 1 presents 
data on the alkali content of the filaments as a 
function of the normality of the deacetylation 
solution.

I t is to be noted that the alkali content of the 
filaments increases rapidly with concentration of 
base in the deacetylation solution up to a normal­
ity of 0.02. Above 0.02 N, the alkali content of 
the fibers increases at a much lower rate, and the 
composition curve is nearly horizontal over a 
range of normalities, particularly in the case of 
cesium and potassium hydroxide. At higher 
normalities, the slope of the composition curve 
again increases. These observations suggest 
stoichiometric compound formation between am­
ylose and alkali a t a composition corresponding to 
the horizontal portion of the curve. For cesium 
hydroxide amylose, this composition corresponds 
to an alkali content of 26%, whereas for potassium 
and lithium hydroxide amyloses, the alkali con­
tents are 11 and 5%, respectively. The observed 
values are in satisfactory agreement with those 
calculated from the formula 1MOH • 3C6H i0O5, 
which requires 23.7% cesium hydroxide, 10.3% 
potassium hydroxide and 4.7% lithium hydroxide.

At both extremes of the composition curve, how­
ever, the alkali content of the filaments deviates 
considerably from that corresponding to the sto­
ichiometric ratio 1MOH: SCeHioOg, and the prob­
lem of the distribution of the alkali arises. One 
possibility is that the alkali is distributed at ran­
dom among a number of crystallographically re­
lated sites, which are progressively filled as the 
alkali content increases. On this hypothesis we 
should expect the relative intensities of the dif­
fraction maxima to vary with the alkali content. 
Since the lithium, potassium and cesium amyloses 
appear to be isomorphous, the magnitude of the 
shift in relative intensities is indicated by a com­
parison of the patterns of cesium and potassium 
amylose having the same mole per cent, alkali. 
On the cesium amylose (lCsOH: 3C6H10Os) pat­
tern, /(ioi) C  7(200), whereas for potassium amylose 
(1 KOH:3C6H i0O5), 7(ioi) »  7(20o). If the amount 
of potassium is increased and the cesium is de­
creased until the two isomorphous structures con-

Fig. 1.—Alkali content of lithium, potassium and 
cesium hydroxide amylose as a function of the normality 
of alkali in the deacetylating solution.
tain equivalent alkali on the basis of scattering 
power, the ratio 7(i0i)/7(2oo) should be the same for 
the two patterns. Since the scattering factor of 
cesium is three times that for potassium, patterns 
of cesium amylose of composition approximately 
0.5CsOH:3C5H io05 were compared with those of 
potassium amylose of composition approximately 
1.5KOH: 3C6H10O5. For each pattern, the ratio 
7(ioi) /7(2oo) was unchanged within the error of vis­
ual estimation, and it is certain that the inequali­
ties indicated above were not reversed. Random 
substitution in a set of sites related by symmetry 
is thus not consistent with our observations.

I t appears more likely that the crystalline por­
tions of the fibers are essentially constant in com­
position with respect to the symmetry-related 
alkali. Alkali present in other sites would not 
affect the relative intensities of the discrete dif­
fraction maxima but would contribute to the amor­
phous background. Any large excess would be 
expected to distort the structure, causing a change 
in lattice constants and resulting ultimately in a 
new or amorphous structure. The possibility that 
the amorphous regions of the filaments increase 
in extent and contain an excess or deficiency of 
alkali at the extremes of composition is not ex­
cluded. Experimentally, it is observed that the 
background scattering increases and the discrete 
maxima diminish in intensity when the filaments 
have either a low or high alkali content.

The water content of lithium, potassium and ce­
sium hydroxide amyloses was determined a t sev­
eral humidities after preliminary humidification 
at 85% R.H. to remove adsorbed ethanol. Hu­
midities were maintained by saturated salt solu­
tions in vacuum desiccators. Water contents on 
desorption are given in Table I. Diffraction p a t­
terns were taken of filaments enclosed in glass 
capillaries after equilibration at the humidities 
listed in Table I. Below 30% R.H., corresponding 
to a w ater. content of about 10%, the patterns 
diminished in intensity, and there was a slight de­
crease in lattice dimensions. Precise values of the 
lattice dimensions of the dry fibers were not de­
termined because accurate measurement of the
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weak patterns was impossible. A water content 
of 10% corresponds to one molecule of water per 
glucose residue, and this is concluded to be the 
normal content in the crystalline regions of the
filaments.

T a b l e  I
M o i s t u r e  C o n t e n t  o f  A l k a l i  A m y l o s e  a t  2 5 °  i n  P e r  

C e n t , o f  D r y  W e i g h t  o n  D e s o r p t i o n

R elative «------------------------W ater, %, in------------ — ---------- -
hum idity , % LiOH-Amylose KOH-Amylose CsOH-Amylose

50 12.6 12.9 11.4
30 9 .7 9.9 9 .0
12.5 6.3 6.3 6.0

I t  should be noted that lithium hydroxide am­
ylose also occurs in a more highly solvated struc­
ture. Filaments deacetylated in 0.2 N  lithium 
hydroxide in 75% ethanol and X-rayed while 
moist with deacetylating solution give an X-ray 
pattern showing the same fiber repeat period 
(22.6 kX), but a t least one lateral identity period 
larger than that of the normal hydrate to which 
the structure reverts upon drying in air. Under 
the conditions of deacetylation we have employed, 
neither cesium nor potassium hydroxide amylose 
has given any indication of a more highly solv­
ated structure.

X-Ray Diffraction Patterns.—Patterns for in­
dexing were taken in a cylindrical cassette of
5-cm. radius with filtered CuKa radiation. Fila­
ments mounted with the fiber axis along the cylin­
der axis show only the second-order reflection of 
the fiber repeat period. To observe the higher or­
ders, filaments were oscillated with the fiber axis 
perpendicular to the cylinder axis. Superposition 
of reflections from planes not perpendicular to the 
fiber axis on the desired orders of the fiber repeat 
period was prevented by restriction of the oscilla­
tion range. By maintaining a common reflection 
on succeeding photographs, it was possible to 
compare the relative intensities of the various or­
ders. Relative intensities of the meridian (orders 
of the fiber identity period) reflections of lithium, 
potassium and cesium amyloses were placed on a 
common basis by the comparison of timed photo­
graphs of filaments of known thickness and alkali 
content. Intensities were estimated visually by 
comparison with a scale of known relative intensi­
ties.

Unit Cell.—The fiber identity period of the 
alkali amyloses is readily determined from the 
layer line separation on cylindrical cassette pat­
terns or from the 7-values of the various orders 
of the fiber identity period obtained from the os­
cillation photographs. Determination of the 
lateral identity periods is ambiguous. The as­
sumption was made that a reflection corresponding 
to a primitive lateral translation would appear on 
a t least one of the eight layer lines observed. 
Thus, the first and second nearest reflections to the 
meridian were indexed as 0kl and Ik0, respectively, 
where k is the layer line index. On the further as­

sumption that the lattice is orthorhombic, sin 0 
values were computed and compared with the ob­
served values. The results for potassium hydrox­
ide amylose, based on the orthorhombic unit hav­
ing a0 -  12,7 kX, 60 = 22.6 kX, and c0 = 9.0 kX, 
are presented in Table 11. A comparison or the 
dimensions of the orthorhombic unit cells found 
for the alkali amyloses is given in Table III. All 
reflections were indexed on the patterns of lithium 
and cesium hydroxide, whereas the unit cell di­
mensions of sodium, ammonium and guanidinium 
hydroxide amylose were derived from measure­
ment of equatorial reflections and layer line sepa­
rations alone. The lateral dimensions increase 
regularly with increasing size of the cation ex­
cept for cesium hydroxide amylose, which has a 
smaller aQ than expected. Since the fiber repeat 
period remains the same, the decrease in a>o is prob­
ably due to a small rotation of the glucose residues 
about the 6-axis, and it is unlikely that this will 
affect the validity of the isomorphous relations 
which we apply.

Potassium hydroxide amylose containing 10% 
potassium hydroxide and 13% water has a density 
(determined by flotation in carbon tetrachloride- 
petroleum ether mixtures) of 1.53. If it is as­
sumed that the water and alkali are uniformly dis­
tributed throughout the filaments, then the num­
ber of glucose residues (mol. wt. 162) in the unit 
cell is

_  12.7 X 9.0 X 22.6 X 1.53 X 0.77 
162 X 1.65

A similar computation for cesium hydroxide am­
ylose (28.1% cesium hydroxide, 9.0% water, d = 
1.86) gives a value of 11.3 for N. Consequently, 
there are twelve glucose residues in the orthorhom­
bic unit cell.

Space Group.—If the alkali amylose structures 
are based on an orthorhombic lattice, as appears 
likely from the agreement of observed and 
calculated sin 0 values, the space group must be 
isomorphous with the point group D2. All other 
point groups of the orthorhombic system contain 
planes of symmetry which are not permitted by 
the optically active amylose molecules.

Of the reflections (0&0), only those with k even 
were observed out to k =  16 in lithium, potassium 
and cesium hydroxide amyloses. I t is therefore 
probable that the structures possess a twofold 
screw axis parallel to the fiber axis. Observed re­
flections of the form (M0) and (00/) are consistent 
in all cases with twofold screw axis in the directions 
a and c, although not sufficient orders were ob­
served to establish this beyond a possibility of 
doubt. The observed reflections thus allow space 
grOUpS P2i2i2i> P22i2i , i W ,  and P22i2*

Intensity considerations, however, permit only 
space group P212121. This follows from the Patter­
son projections P v(uw) of the lithium (Fig. 2) and 
potassium hydroxide (Fig. 3) amyloses. Since the 
amylose chains lie along 6 (fiber axis), the projec­
tion P v(uw) should give lateral vector distances u,



April, 1948 Structure of Alkali Amylose 1441

hkl
101
200
201
002
202
302 
401 1 
003 J
203 
501 l
303 f  
600 \
204 ƒ 
602 
305 
703

111
210
211
012
310 \
112 j
311 
212
411 1 
013 J
113
213
412 1
510 [  
313 \
511 ƒ
512
214 \
610 f 
513 1
612 ƒ
414 
115 \  
711 J 
120 
121 
220 
221 
122 1
320 J
321 
222
420
421 \  
023 ƒ 
520 
124 1 
423 ƒ 
523

Table II
C o m p a r is o n  o f  C a l c u l a t e d  a n d  O b s e r v e d  S i n  6 Va l u e s  f o r  

Sin e Sin 9
(obs.) (calcd.) I  (est.) hkl

0.1049
.1207
.1488
.1708
.2107
.2495

.2563

.2843

.3150

.3637

.4005

.4653

.4954

0.1049 
.1210 
.1483 
.1714 
.2098 
.2496 

f .2567 
\  .2571 

.2841

i .3143 
.3147 
.3629 
.3635 
.4014 
.4653 
.4953

S+
w -
w
s-
w -
M 

W + 

w

W +

w -
W“
w=
w-

.1097

.1254

.1533

.1754

.1845

.2034

.2118

.2585

.2665

.2862

.3025

.3160

.3506

.3652

.4000

.4213

.4337

.1102 

.1256 

.1521 

. 1747 
f .1846 1 
\  .1849 ƒ 

.2035 

.2125 
f  .2589 1 
\  .2593 /  

.2663 

.2861 
f .2984 1 
X .3043 f 
Ï .3165! 
\ .3162 J 

.3493 
f .3651 1 
1 .36451
I .3984 X 
X .4028 J 

.4209 
ƒ .4340 1 
I .4333 J

S + 
S +
w-
M

M +

M
M -

W +

W
W

W

W

w -

w -

w -

W-

w -

130
131
230
231
330 1
132 J
331
133
233 
432
531
532
234

140
041
141
240
241
042
142 1
340 ƒ
341
043 1 
441 /  
244 1 
640 J 
642

150 
051
151
250
251
350 1
152 ƒ
351
153 
253 
353 \  
551 J

.0905

.1253

.1391

.1634

.1945

.2113

.2200

.2512

.2672

.3084

.3574

.4023

.0908 W 160
,1249 S+ 161
1387 w + 261
1630 w - 162

.1940 1 c 360
1937 J o 262
2118 W“ 460
2205 W" 163
2513 w 462

2655 1 w2659 /
.3099 W
.3546 \
.3593 J M diff.

.4027 W + diff.

P o t a s s iu m  H y d r o x id e  A m y l o s e
Sin 9 Sin 9
(obs.) (calcd.) I  (est.)

0.1188 0.1183 W -
.1457 .1461 W“
.1571 .1580 M
.1806 .1797 W

-2071 {:ÏS} M
.2246 .2249 M
.2831 .2830 W +
.3009 .3018 W=
.3148 .3134 Wdiff.
.3303 .3304 Wdiff.
.3613 .3622 Wdiff.
.3780 .3774 Wdiff.

.1483

.1608

.1719

.1825

.2016

.2179

.2273

.2427

.2905

.3888

.4230

.1484 

.1603 

.1714 
.1817 
.2009 
.2185 
.2267 1 
.2265 /  
.2421 
.2906 1 
.2902 f 
.3879 X 
.3874J 
.4236

s-
M
W=
w -
M -
W +

M +
W

W+

W“

W~

.1797 

. 1901 

.1993 

.2091 

.2254

.2486

.2629

.3136

.3314

.3573

.1799 

.1898 

. 1992 

.2082 

.2251 

.2482 1 

.2484 ƒ 

.2626 

.3138 

.3308 

.3574 \  

.3571 J

W - diff. 
M
w -
W“
M -

w-
w
w
w +

W"

.2129 .2121

.2287 .2287

.2535 .2516

.2718 ƒ .2727 
V .2725

.2918 .2921

.3162 .3160

.3335 .3333

.3593 .3595

w -
M
M

M diff.

M diff. 
W +
W +
W

w between the chains. Resolution of individual since there will be much overlapping in the pro­
carbon and oxygen atoms cannot be expected, jection, and furthermore, early termination of the
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T a b l e  I I I
U n it  C e l l  D im e n s io n s  o f  A l k a l i  A m y l o se s

Amylose ao, kX
bo (fiber axis), 

kX Co, kX
LiOH 1 2 .1 22.6 8 .8
NaOH 12.3 22.6 8.9
KOH 12.7 22.8 9 .0
NH4OH 12.7 22.6 9.0
C sO H 12.4 22.6 8.9
C ( N H 2)3OH 13.1 22.6 9 .0

series required by the observed reflections results 
in low inherent resolution. We interpret the 
maxima in Figs. 2 and 3 at (0, 0) and (x/ 2, Va) to 
indicate two amylose chains in the unit cell sep­
arated by the vector distance O / 2, V 2) .  Such an

0 1

1
w

Fig. 2.—Patterson function Pv(uw) for lithium hydroxide 
amylose.

0 1

w
Fig. 3.—'Patterson function Pv(uw) for potassium hy­

droxide amylose.

arrangement is consistent with space group P 2l2l2l 
as indicated in Fig. 4, where the chains lie on the 
screw axis along b. Since the amylose molecule 
does not possess twofold symmetry, it cannot lie 
on a twofold axis, and a structure based on P 2212 
would have four chains in the orthorhombic cell. 
Disposition of the four chains in the unit cell ac­
cording to symmetry requirements and packing 
considerations demands a Patterson projection 
having maxima at approximately (Va, 0) and (0, 
1/ 2) in addition to the observed maximum at O/2, 
Va)* Likewise, structures based o n P 21213 or Pmn

can be eliminated by comparison of their pro­
jected intermolecular vectors with the observed 
Patterson projection.

Fig. 4.—Projection of the alkali amylose structure 
on (010), showing position of amylose chains and alkali 
ions.

Isomorphism of the Alkali Amyloses.—The
near identity of the unit cell dimensions and the 
fact that all diffraction patterns are consistent 
with space group P 2l2121, indicate that the alkali 
amyloses are isomorphous. Further evidence is 
provided by a comparison of the |Pj -values (Table 
IV) of the (0&0) reflections of lithium, potassium 
and cesium hydroxide amyloses. Filaments hav­
ing the same content of alkali on a mole basis (1 
mole alkali/3 glucose units) were used for this 
purpose. Appropriate corrections were made for 
the time of exposure, sample thickness, absorp­
tion, Lorentz and polarization factors. The as­
sumption was made that all filaments are equally 
crystalline. This appears reasonable, since all 
filaments were prepared from amylose triacetate 
stretched and deacetylated under identical condi­
tions except for the variation of the alkali. If the 
structures are isomorphous then
l-F|ofco (KOH-Amylose) — |F|ofco (LiOH-Amylose _  
iF|ofco (CsOH-Amy lose) — |F|o&o (KOH-Amylose) ~~

/ k + ~  / li+ 
/ ob+ — / k +

where the f s  represent the ionic scattering factors. 
At low angles the value of the ratio is Va and de­
creases with increasing angles. Thus |P|(o&oKOH- 
Amylose) — ] P| oko (LiOH-Amylose) =  Va to
V3 [ | P| ofco (CsOH-Amylose) -  |P |0*o (KOH-Am­
ylose)] for the orders considered. These differ-

T a b l e  IV

F-Va l u e s  f o r  t h e  (0&0) R e f l e c t io n s  o f  L it h iu m , 
C e s iu m  a n d  P o t a s s iu m  H y d r o x id e  A m y l o s e s

(1) ■ , (2) , , (3) (6)
F lioh- |F  KOH- F CsOH- (4) (5) (3)-(2)

o&o Amylose Amylose Amylose (2 )-(l) (3)-(2) Calcd.
020 1 6 22 5 16 - 1 4 .7
040 ( ~ )  7 10 18 3 8 -  7 .8
060 0 11 35 11 24 + 2 4 .0
080 (+ )  17 9 9 8 18 - 2 0 .4
0-10-0 0 0 0 0 0 0
0-12-0 ( —) 25 12 8 13 20 + 2 0 .4
0-14-0 <1 4 15 4 11 — 19.8
0 -1 6 0 ("~> 10 i 17 5 . 22 +  7 ,8
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ences are listed in Table IV,7 in columns 4 and 5, re­
spectively. The agreement is satisfactory, con­
sidering the difficulty of making accurate inten­
sity measurements.

Structure of the Alkali Amyloses.—The lateral 
arrangement of the amylose chains and alkali 
ions in the isomorphous structures is evident 
from the Patterson projections of Figs. 2 and 3. 
Owing to its low scattering, lithium ion con­
tributes little to the Patterson projection, and the 
maxima in Fig. 2 result from glucose-glucose inter­
actions. Elongation of the maxima in Fig. 2 indi­
cates that the planes of the glucose residues are 
nearly parallel to the ab plane, as represented in 
Fig. 4. Since there are twelve glucose residues in 
the unit cell, each of the positions indicated in 
Fig. 4 must correspond to the projection of six 
glucose residues. Alkali ion parameters are de­
termined by comparison of Figs. 2 and 3; the ad­
ditional maxima in the latter result from potas­
sium-potassium and potassium-amylose interac­
tions. Assigning maxima A  and A f to the former 
and maxima B and B ' to the latter, the structure 
represented in Fig. 4 is derived with alkali ions at
approximately x  =  a0t z =  J -  Co and positions
derived by symmetry.

Patterson projections of the structure perpendic­
ular to b (the fiber axis) should give the y parame­
ter of the glucose residues and the alkali ions. 
Unfortunately, the superposition of reflections of 
different forms having nearly identical sin 6 
values does not permit the assignment of ^ -v a l­
ues to the forms which contribute to the functions 
Pw(uv) and Pu(vw). The Patterson projections 
PuwO'O on the fiber axis can be evaluated, how­
ever, since only forms (0&0) contribute, and the cor­
responding F2-values were determined from oscil­
lation photographs. P uw(y) for cesium hydroxide 
amylose is given in Fig. 5. Because of the high 
scattering factor of cesium, the dominant peaks 
in this function should correspond to Cs+-Cs+ 
distances along b. According to Fig. 5, these dis­
tances are Vs fa.

Fig. 5.—Patterson function P uw(v) for cesium hydroxide 
amylose.

The data of Table IV should also determine the 
y parameter of the alkali ions, for |F |0£o (Cesium 
hydroxide-Amylose) — |F|ofco (KOH-Amylose) 
represents the contribution of an alkali ion of 
scattering factor /c 3+ ~  / k + to the amplitude of

(7) The signs of the Fofco’s for lithium  hydroxide-amylose which 
appear in parentheses were determ ined by the procedure described 
in the following section.

the reflection (OkO), Column 6 of Table IV gives 
the calculated F-values for an alkali ion at y = 
63° using a scale factor to give agreement with 
the observed value for (060). The agreement 
with the observed values of column 5 are satis­
factory except for (0-14-0) and (016 0). Part 
of this discrepancy may be due to error in inten­
sity measurements of the high orders which ap­
peared as weak reflections on the photographs. 
From the sign of the contribution of the alkali 
ions to the structure amplitudes of the (OkO) re­
flections, we can determine the sign of the F- values 
of lithium hydroxide amylose (as given in column 
2 of Table IV). A Fourier series using these values 
gives the projection of the amylose chain on 
[010]. This projection appears in Fig. 6 and has 
maxima at y  =  2/60, y =  7.5/60, y =  13/60 and 
positions related by the center of symmetry of the 
projection. If it is assumed that these peaks cor-

Fig. 6.—Fourier projection of lithium hydroxide amylose 
on [010].

respond to the centers of the glucose residues of 
the two amylose chains which have been projected 
on [010], then we can consider that one chain is 
displaced with respect to the other by 5,5/60 fa 
or by about one half the projected length (10/60 
fa) of a glucose residue on the fiber axis. This 
interpretation, however, is somewhat doubtful, 
because models of extended amylose chains show 
that there are concentrations of atoms roughly 
5/60 fa along its axis. The Fourier projection 
would then be explained by placing the two chains 
in the unit cell with their centers at the same level 
along b.

The exact configuration of the glucose residues 
in alkali amylose can be determined only by a 
complete structural analysis, which involves the 
location of thirty-three atoms of the three inde­
pendent residues. Fourier series methods have 
limited application in this case, and the analysis 
would have to be carried out by trial-and-error 
methods which we have not attempted. A fre­
quently used but less satisfactory procedure is the 
comparison of the observed fiber repeat period 
with that calculated on the basis of various chain 
configurations.

If it is assumed that all glucose residues have 
the symmetrical chair configuration8 with the

(8) Pierce, Trans, Faraday Soc., 42, 545 (1946), has shown th a t  
the unit cell dimensions and the intensities of the meridian reflections 
of cellulose are consistent with the symmetrical chair configuration 
of the glucose residues. We have used Pierce’s bond distances and 
angles with the exception of the O -C distance, which we take as 
1.54 kX  instead of 1.52 kX ,
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bond distances C—C = 1.54 kX, C—O = 1.43 kX 
and all angles tetrahedral except the ring angle 
C—O—C, which was taken as 90°, the projection of 
six maximally extended residues is computed to 
be 22.4 kX. A chain of maximally extended resi­
dues in this configuration does not possess the re­
quired twofold screw symmetry, and rotation of 
the residues to give the required symmetry de­
creases the fiber repeat period. Bond angles or 
lengths must be changed, therefore, to obtain 
agreement with the observed fiber repeat period 
of 22.6 kX. If the symmetrical chair configura­
tion of minimum steric repulsion is retained, the 
most reasonable change is to increase the oxygen 
angle in the ring. Increasing this angle to 109° 
and using the same values as above for all other 
angles and distances, the projection of six maxi­
mally extended residues is computed to be 26.1 
kX. I t  is evident that models can be constructed 
having the symmetrical chair configuration and 
satisfying the requirements of twofold screw sym­
metry and the observed fiber repeat period by se­
lecting a value for the ring oxygen angle between 
90 and 109°. Such agreement, of course, does not 
eliminate from consideration models of the amyl­
ose chain based on other configurations of the 
glucose ring.

In the structure proposed, the effective thick­

ness of the glucose residue is 4.5 A., which is con­
sistent with the value found in cellulose and alkali 
cellulose.9 The width of the glucose residues plus 
the contribution of alkali and water (position un­
determined) is 12.7 A., again consistent with the 
corresponding value found in sodium cellulose
III.8

Summary
Amylose forms crystalline addition compounds 

with lithium, sodium, potassium, ammonium, 
cesium and guanidinium hydroxide. Diffraction 
patterns indicate these compounds constitute an 
isomorphous series based on the orthorhombic 
space group P 2l2l2l. Analyses of lithium, potas­
sium and cesium hydroxide amylose shows their 
composition to be 3C6Hio05*MOH-3H20 , and it 
is probable that this formula represents the compo­
sition of the entire series.

All compounds have the same fiber repeat pe­
riod, 22.6 kX, corresponding to the extension of 
six glucose residues. Positions of the alkali ions 
and the lateral packing of the amylose chains have 
been determined with the aid of Patterson pro­
jections.

(9) K. H. Meyer, L. Misch and N. P. Badenhuizen, Helv. Chim. 
Acta , 22, 59 (1939).
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Surfaces of Solids. XVIII. The Heats of Emersion and Desorption of Water from
Graphite at 25°

By Paul R. Basford, George Jura and William D. Harkins

I. Introduction
A recent paper,1 gives the adsorption isotherms 

of water and w-heptane on a sample of graphite 
with a content of less than 0.004% ash and pre­
sumably free from oxygen. In that paper some of 
the problems associated with the graphite-water 
system were indicated, but their discussion was 
deferred until after the completion of the calori­
metric study of the system as presented here.

II. Experimental
The graphite, furnished through the courtesy of 

Dr. Lester L. Winter of the National Carbon 
Company, is described elsewhere. The calorime­
ter and technique of the measurements was that 
of Harkins and Jura.2 Because of the low area of 
the sample, 4.22 sq. m. g._1, the limited supply of 
the powder and the small amount of water ad­
sorbed per gram, the technique of Harkins and 
Jura2 for determining the amount of water ad-

(1) W. D. Harkins, G. Ju ra  and E . H. Loeser, T his Journal* 68, 
664 (1946).

(2) W. JP* and Q, $rnm, ibid., 66, 919 (1944)/

sorbed could not be used. Instead, the equilib­
rium pressure of the adsorbed vapor was deter­
mined. The amount of adsorbed water was then 
obtained from the data of the isotherm. For high 
values of p /p Q this leads to a considerable uncer­
tainty in the exact amount adsorbed. However 
the actual results in this region are such that this 
error is insignificant.

III. Experimental Results
The heat of emersion of graphite as a function 

of the amount of water adsorbed (molecules per 
sq. cm.) is exhibited in Fig. 1. Each value listed 
in Table I is the average of either two or three de­
terminations, usually three. The table gives also 
the number of determinations and the average 
deviation of each determination. From this table 
it is possible to calculate all the heat values given.

Unfortunately, the results are not very precise, 
due to (1) low area coupled with small heat effects 
per unit area, and (2) difficulty of dispersion. 
The absolute error in a single determination is 
about twice that of Harkins and Jura2 in their cor-
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T able I
T he  H eat of E mersion  of Gra phite  from  W ater at 
25°, and the I ntegral H eat of D esorption  of W ater 
from Graphite at 25 °, as a F unction of th e  Amount of 

Adsorbed W ater

C c. H20  
(S. T. P.) 
adsorbed 

per g.

No.
molecules

per
sq . cm.(x 1019

^E(SfL) 
ergs cm. " 2

^D(VS) 
ergs cm.

Num ­
ber
of

1 detns.
0.0000 0 167 =*= 3 0 5

.00728 0.046 82 =*= 16 89.4 2

.0332 .211 65 =*= 7 118.6 2

.0625 . 3 9 8 58 =*= 11 138.7 3

: .1450 .923 -  62 =*=54 297.2 2
.2192 1.396 -  73 =*=12 342.0 2
.2820 1.796 — 132 =*=29 430.1 3
.3882 2.472 -  32 ±45 379.8 3
.4970 3.165 -  15 =*=20 413.3 3

1 .1 1 1 7.076 8 =*= 14 675.4 3
1.471 9.369 -  9 =*= 23 858.6 3
1.754 11.171 32 =*= 11 949.0 2
1.978 12.598 49 =«= 11 1035.7 2
2.134 13.591 -  88 =*= 47 1245.0 3
2.288 14.572 -  37 =*= 47 1265.3 3
2.325 14.807 -  99 =*= 42 1345.0 3
2.484 15.820 -  95 =*= 52 1414.2 3
2.741 17.457 -  89 =*= 56 1527.9 3
3.260 20.762 -  94 =*= 44 1773.4 3
4.220 26.876 -124 =*= 55 2249.0 3
4 . 6 5 2 2 9 . 6 2 8 — 6 2  =*= 6 2 2386.9 3

responding determinations with titanium dioxide
of area 13.8 sq. m. g.-1. In order to obtain much 
more precise values, a calorimeter with an in­
creased sensitivity by a factor of 10 would be essen­
tial. The present results, however, are the best 
that can be obtained with our present equipment. 
Fortunately, many of the changes in energy are 
so large that certain conclusions can be drawn.

Figure 1 exhibits two points of interest: (1) the 
heats of emersion are negative when the amount of 
water adsorbed per gram is between 0.5 X 1014 
and 7.0 X 1014 molecules per sq. cm. and also for 
all values above 13.5 X 1014 molecules per sq. cm.; 
and (2) there are two discontinuities in the values 
of the heat of emersion, the first between 1.8 X 
1014 and 2.5 X 14 and the second between 12.6 X 
1014 and 13.6 X 1014 molecules per sq. cm. The 
first of these is important, since, insofar as is 
known to the writers, this is the first case in which 
heat has been found to be absorbed in the process 
of immersion of a solid. In other later work it was 
found also that when a sample of clean silver sul­
fide is immersed in ^-heptane at 25° heat is ab­
sorbed. The detailed set of data for this and other 
systems will be presented in a later paper.

The general position of the two discontinuities 
in the heat of emersion corresponds to those in the 
derivative of the volume with respect to the pres­
sure in the adsorption isotherm. Jura, Loeser, 
Basford and Harkins3 have shown that if a second

(3) G. Jura, E. H. Loeser, P. R . Basford and W. D. Harkins, 
J . Chem. P h y s 14, 117 (1046).

Moles per sq. cm. X 1014.
Fig. 1.—The heat of emersion of graphite, with various 

amounts of water adsorbed in its surface from water at 
25°.

order phase transition occurs there is finite discon­
tinuity in (dz//d£)x,s. ^  there is a finite discon­
tinuity in this derivative, it can be shown that 
there should also be a finite discontinuity in the 
heat of emersion. Similarly, for a first-order 
change, the heat of emersion is independent of the 
amount adsorbed for those values of the amount 
adsorbed over which the transition occurs. For a 
third order change there is a finite discontinuity 
in the derivative of the heat of emersion with re­
spect to the amount adsorbed. Thus, the behavior 
of the heat of emersion can be used as a criterion 
for a phase change of the second or third order. 
The effect of temperature on isotherms in the re­
gion of a first order change is so striking that there 
can be no reasonable doubt of the phenomenon. 
In the vicinity of second order changes the ex­
perimental problem is more exacting, since it is 
necessary to prove the existence of a discontinuity 
in the derivative.

However, for the water-graphite system dis­
cussed in this paper, the discontinuities in the 
derivative are supported by a directly measured 
discontinuity in the heat functions. For the ad­
sorption of water on graphite the discontinuities 
in the adsorption isotherm are so small that their 
existence was not entirely certain until the dis­
continuities in the heats were found. The iso­
therm is shown in Fig. 2. In this respect the dis­
continuities found here differ from those previ­
ously reported by the writers. Those discontinui­
ties reported earlier were so large that the isotherm 
was sufficient to establish their existence without 
doubt.

One of these discontinuities occurs in the mono­
molecular film a t ca. 56 A .2 per molecule, but the 
second does not appear until the film becomes 
polymolecular a t ca. 7.5 A .2 per molecule. (The 
area occupied by a water molecule at 25° is at 
least 10.6 A .2 in a monolayer.) The regions of the 
discontinuities in this isotherm are shown on an 
expanded scale in Fig. 3. The chord-area method
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Fig. 2.—Isotherm of adsorption of water on graphite at 25°.

was used to obtain the derivative, fövfóp)x,s. 
This is shown in Fig. 4.

Fig. 3.—Discontinuities in the adsorption isotherm of 
water on graphite at 25°.

The values of the derivative, (dv/dp)T,zf and 
of the heat of emersion, fe(SfL), are shown plotted

Fig. 4.—Chord area plot for determination of (pv/bp)T, z, 
in the region of the discontinuities.

against the number of molecules per sq. cm. in Fig.
5. Both quantities show discontinuities a t sub­
stantially the same points.

Fig. 5.—The discontinuities in the heat of emersion and in 
(dv/dp)T, s .

In addition to the work on water, the heats of 
emersion from benzene and ^-heptane of the 
graphites of 0.004 and 0.46% of ash were deter­
mined. These values and those of Harkins and 
Boyd4 for a sample of graphite containing 10% ash 
are listed in Table II.

T a b l e  I I

The H eats of E mersion of Graphite from Liquids 
(Ergs Cm.-2  at 25°)

G raphite W ater Benzene «-Heptane
10% ash 265 225 ...........
0.46%  ash 225 ± 8  147 =*= 10 167 =*= 10
Less than 0.004% ash 167 =*= 3 163 ± 2  146 ±  10

The values indicate that the heat of emersion is 
highly dependent on the ash content of the graph­
ite. These differences do not seem to be explained 
by the assumption that a certain fraction of the 
surface is ash and the remainder is graphite.

In the case of the graphite with 0.46% ash the 
heat of emersion was determined also in undried 
benzene. The value found was 219 =*= 16 ergs 
cm.”2, while with thoroughly dried benzene it was 
147 =*= 10 ergs cm.”2 (cf. 225 =*= 8 for water). This 
indicates that when working with non-polar solids, 
it is essential to dry even hydrocarbons if correct 
results are to be obtained.

The absolute method for the determination of 
area5 was applied to the graphite of less than
0.004% ash by saturating the powder with n-hep-

(4 )  W .  D . Harkins and G. E. Boyd, T his Journal, 64, 1195 
(1942).

(5) W. D. Harkins and G. Jura, ib i d . ,  66,1362 (1944).
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tane. The area of the particles covered with the 
film was found to be 4.6 =»= 0.6 sq. m. g.”1. For 
graphite the geometry of the individual particles 
is not well enough known to correct this figure 
exactly for the additional area due to the film. If 
the graphite particles were cubes, the area of the 
sample would be 4.1 sq. m. g.” 1, while if they were 
rectangular parallelopipeds whose dimensions are 
in the ratio of 10-10-1 the area would be 4.4 sq. m. 
per gram, and if these dimensions are 100-100-1 
the correction is negligibly small. Actually, the 
particles are thin flakes, so a ratio of 10-10-1 (i. e.t 
S = 4.4 =*= 0.6 sq. m. g.”1) is the best that can be 
estimated. The areas determined by the adsorp­
tion of nitrogen, ^-heptane, and w-hexane vary 
from 4.06 to 4.42 sq. m. g.” 1, depending on the gas 
and on whether the relative method of Harkins 
and Jura6 or the theory of Brunauer, Emmett and 
Teller7 is used. From the available data it is not 
possible to decide which of the areas determined 
by adsorption is the correct one, so the weighted 
average, 4.22 sq. m. g.” 1 was used. The good 
agreement between the area as determined by the 
absolute method and those obtained by adsorp­
tion indicates that the sample is non-porous and 
that capillary condensation need not be consid­
ered. If an appreciable fraction of the area were 
in small pores, the area determined by the absolute 
method would be less than those by adsorption. 
Since this is not the case, the solid may be consid­
ered to be non-porous.

Figure 6 exhibits the integral heat of desorption 
of water vapor at 25° from the low ash content 
graphite. The values were calculated from the 
data for the heat of emersion by the relationship

^D (V S) — ^E(SL) — ^E(SfL) +  n \  ( 1 )

where Ae(sl) is the heat of emersion of the clean 
solid from water, AE(SfL), is equal to — Ai(sfL) 
when n moles is adsorbed per sq. cm., and \  is the 
heat of condensation, 10,480 cal. mole”1. Table I 
includes the values of Ad (v s ) s o  calculated. The 
two discontinuities correspond to those in the heat 
of emersion. The data on adsorption available to 
the writers indicate that these discontinuities are 
quite common when a sufficiently detailed inves­
tigation is made of the heat of adsorption.

The differential heat of adsorption in calories 
per mole of water is equal to 1.463 X 1016 times 
the slope of the curve in Fig. 6. I t decreases from 
approximately 100,000 cal. mole” 1 when 4.65 X 
1012 molecules are adsorbed per sq. cm. to
30,000 cal. mole” 1 a t 1.80 X 1014 molecules per 

.sq. cm. When the amount of water adsorbed is 
between 2.47 and 12.60 X 1014 molecules per sq. 
cm., the heat is constant, within the limits of the 
large experimental error, at 9,100 cal. mole”1. 
Above 13.59 X 1014 molecules adsorbed per sq. 
cm. the heat is again constant and equal to 10,500 
cal. mole”1, which is equal to the heat of condensa­

te) W. D. Harkins and G. Jura, T h is Journal, 66, 1366 (1944).
(7) S. Brunauer, P. H. Em m ett and E. Teller, ibid., 60, 309 

(1938).

Fig. 6.—The integral heat of desorption of water from 
graphite in ergs per sq. cm.

tion. Of these results the high values exhibited 
by the differential heat of adsorption below 1.80 X 
1014 molecules per sq. cm. are not understood at 
the present time.

There is no precedent in the literature for such 
high values for the heat of adsorption when physi­
cal adsorption is involved. However, to the 
knowledge of the writers, no data are available in 
the literature when so few molecules are present on 
the surface. Analogous results in the very low 
pressure region have been obtained with water and 
titanium dioxide. Until more data are available, 
it is not possible to give any explanation of the 
seemingly unreasonably high values. The amount 
of ash is too small to be responsible. The remain­
der of the values are in complete accord with re­
sults which have been obtained when water is ad­
sorbed on charcoal.

Figure 7 shows the change in total surface en­
ergy, free surface energy, and the product of the 
temperature and entropy as a function of the 
amount of water adsorbed. In this system, in that 
of water-titanium dioxide, as well as in previously 
reported systems, the greatest contribution to the 
heat evolved arises from the entropy rather than 
from the free energy. The discontinuities in the 
derivative of the free energy do not show on the 
scale of Fig. 7.

IV, Discussion
The film of water on graphite exhibits certain 

relations which are difficult to understand. The 
results of the calorimetric and adsorption de­
terminations in this and the preceding paper are 
not sufficient for this purpose. I t is probable, be­
fore a more complete understanding is possible, 
that (1) other graphites and other solids which ex­
hibit a similar behavior must be investigated, (2) 
the precision of the measurements, especially 
those of the heat involved, must be increased, and
(3) experimental procedures other than those 
used thus far must be used.
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Fig. 7.—The decrease of free surface energy (ƒ), of total 
surface energy (h), and of the product, temperature times 
surface entropy (7 s), as a function of the amount of water 
adsorbed. The uppermost curve is the decrease of free 
surface energy; this accounts for relatively little of the 
total surface energy. The two curves to the left below 
(h below Ts above) very nearly coincide. In the remain­
ing two sets of curves, h is in both cases below and Ts 
above. All curves are drawn to the same scale.

The two experimental facts which lead to the 
greatest difficulty are (1) the film is polymolecular 
a t high vapor pressures, and (2) the contact angle 
is not zero. Unfortunately, the thickness of the 
film cannot be determined with any certainty. 
This difficulty arises on account of the fact that 
there is no reliable estimate of the number of mole­
cules required to form a monomolecular layer. 
The only method for obtaining this quantity lies 
in the theory of Brunauer, Emmett and Teller,7 
which, as indicated below, does not seem to be ap­
plicable to this case.

Although the simple two-constant equation of 
this theory apparently reproduces well the experi­
mental data from p/po = 0.1 to p/po ~ 0.35, the 
value of vm (0.3 cc. g.-1) is such that the effective 
area of the water molecule obtained is 52 A.2 per 
molecule, or five times that which would be ex­
pected for a closely packed monolayer. Though a 
loosely packed film would not be unexpected, the 
actual number of molecules required to form a 
monolayer would seem to be greater than corre­
sponds to this value. Thus, the BET theory does 
not seem to be applicable. Second, the value of c 
is less than unity, which means that Ei — El < 0. 
Actually, as is shown later, E i—E l > 0, and is over 
2300 cal. mole” 1. Thus, it appears that in this 
particular case the theory fails. The failure is 
probably due to the fact that the agreement be­
tween theory and experiment in the region p /p0 =
0.1 to 0.35 is fortuitous, since, at relative pres­
sures above 0.4, p/v(po — p) actually decreases 
with an increase in p f  pa. This behavior is unusual.

If it is assumed that the water molecules form a 
tightly packed film, vm must equal 1.49 cc. g.*"1 and 
the average thickness of the film at a relative pres­

sure of 0.985 would be 3 vm, or about 10 A. The 
extrapolation of the observed isotherm to p /p 0 = 
1 gives as the thickness about 5 vm, or 17 A. Thus, 
the o minimum estimated thickness of the film is 
10 A., but it is more probable that it is 16 A. On 
the basis of the theory of Brunauer, Emmett and 
Teller (vm = 0.3 cc.) the calculated minimum 
thickness of the film would be about 50 A., and 
probably 83 A. The value of the contact angle for 
water-graphite is discussed in an earlier paper.1

The fact that the contact angle is not zero indi­
cates that the film is non-duplex, which in turn 
signifies that in the outermost layer of the film the 
water molecules do not assume the packing and 
orientation that exists in the surface of liquid wa­
ter. If the film were only monomolecular, this 
state would be understandable and expected. I t 
is difficult to conceive, however, how the effect 
of the surface can be sufficiently marked at a dis­
tance of a t least three molecular diameters, and 
probably more, to affect seriously the packing and 
orientation of the water molecules.

The available evidence indicates the existence 
of a polymolecular non-duplex film, a type of film 
postulated by Harkins.8 If future work should 
show that this class of film exists, then this film of 
water on graphite is the first member of this class 
to be found.

Thermodynamically, there is no question as to 
the self-consistency of the available data. This 
can be shown in the following manner. For the 
formation of a duplex film it is necessary that

^8 — ^SL ^  (2)
while the condition that a duplex film cannot be 
stable is9

T's — T'sl <  T'l (3)
If the inequalities are combined with the relation

Ŝe = ^SL +  TL COS & (4)
it is found, if inequality (2) holds for the system 
under discussion, that

ire ^  V l  (1 — cos &) (5)
while if a duplex film cannot be formed

7re <  Yl (1 — cos $) (6)
I t is inequality (6) which is of interest. The ques­
tion is, can 7re have a value less than a pre-assigned 
positive value for a film of a given thickness. I t  is 
possible for the following reasons. 7re is given by 
the integration of the Gibbs adsorption equation, 
as suggested by Bangham.10’11’12 The equation is

£> 1̂
. 

II (7)

v  _  RTpo f v \
\ p j  Average

00

(8) W. D. Harkins, in J. Alexander, "Colloid Chemistry,” Rein­
hold Publishing Corp., New York, N. Y., 1945, p. 12.

(9) W. D. Harkins, J . Chem. Phys., 9, 552 (1941).
(10) D. H. Bangham, Trans. Faraday Soc., 33, 805 (1937).
(11) D. H. Bangham and R. I. Razouk, ibid., 33, 1463 (1937).
(12) D. H. Bangham and R. I. Razouk, Proc. Roy. Soc. (London), 

*166,572 (1938).
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From eq. (8) it is apparent that, even if the values 
of 7re and the volume of gas adsorbed at saturation 
are fixed, then, mathematically it is possible to 
construct an infinite number of isotherms so that 
eq. (8) is satisfied. The only general statement is 
that for a given ire, the larger the value of the vol­
ume adsorbed at saturation, the smaller must be 
the volume adsorbed at low pressures. Whether 
or not any of these mathematically possible iso­
therms exist physically can be determined only 
by experiment. The results of the adsorption of 
water on graphite indicate that such a case actu­
ally occurs.

The preceding paragraphs show also that, from 
the thermodynamic standpoint, the thickness of 
the adsorbed film does not determine whether or 
not the contact angle is zero or greater than zero. 
The physical evidence also indicates that the film 
thickness of itself does not determine the contact 
angle.

The only point upon which there might be a 
reasonable doubt is the value of the contact angle 
of water against graphite, but even here all the 
evidence is that the angle is not zero. The actual 
determinations of this quantity are discussed in 
the earlier paper.1 The present calorimetric data 
also indicate a contact angle greater than zero. 
If the contact angle were zero over a small tem­
perature region within which the measurements 
are made, the heat of emersion at p /p 0 = 1.0 would 
be 119 ergs cm.-2. At p /p Q = 0.985 this quantity 
is —86 ergs cm.-2 and is apparently not increasing 
with p/po- To judge from the behavior of the heat 
of emersion up to a relative pressure of 0.985, an­
other phase transition would be essential if the 
heat of emersion is to become that characteristic 
of a zero contact angle. Experimental difficulties 
encountered in this region preclude any definite 
statement as to this possibility.

I t  would be of interest to estimate the decrease 
of the energy of interaction of the solid as the film 
thickness increases, but the observed data are not 
sufficiently accurate to do this quantitatively. 
The uncertainty in the amount of gas adsorbed in 
a single layer is even more serious. If it is as­
sumed, as a rough approximation, that the water 
molecules have an effective cross-sectional area of
10.6 A.2, i. e.y that the film is tightly packed, the 
energy of interaction between the solid and the 
first Vm adsorbed is a maximum. If it is also as­
sumed that the second and third layers have the 
same packing, then the average energy in excess 
of condensation for the adsorption of the first 
vm is 2300 cal. mole” 1; for the second, 1500 cal. 
mole”1; and for the third, zero cal. mole” 1. 
These figures are obtained from Fig. 6 by dividing 
the appropriate value of Ad(vs) by the number of 
molecules per sq. cm., multiplying by 1.423 X 1016 
and subtractingX (i. e.t 10,480 cal. mole”1). Since 
none of these is very large compared with R T  
(RT  == 600 cal. per mole) it is evident that even 
the first layer is not nearly complete before an ap­

preciable number of molecules are adsorbed in the 
second and higher layers. Under these condi­
tions, the 2300 cal. per mole calculated for the 
first layer must be too low, since many of the 
molecules included are in the second and higher 
layers, with lower interaction energies. The fig­
ures for the second and third layers must be simi­
larly revised.

Neither the data nor the assumptions about the 
number of molecules in a monolayer are good 
enough to attempt to determine E\ — E l to any 
degree of accuracy. The values of 2700, 1300 and 
—150 cal. mole” 1 for Ei — E l , E2 — E l  and Ez — 
El approximate the observed values moderately 
well if the usual assumption is made of a Boltzmann 
distribution between the layers. Another diffi­
culty with this simple treatment is that the heat 
must be a continuous function of the amount ad­
sorbed. This is contrary to the experimental re­
sults. Even in this respect any simple approach 
is precluded. I t  is evident that no analysis based 
on the simplified theories now available is capable 
of explaining the observed facts.

Summary
1. The heat of emersion (he) from water of a 

graphite of specific area =  4.22 sq. m. g .” 1 and of 
ash content less than 0.004%, presumably free 
from any oxygen complex, was determined as a 
function of the amount of water adsorbed on the 
surface. For the clean graphite (he) is 167 ergs 
cm.”2, decreasing to —132 ergs cm.” 2 when 1.80 
X 1014 molecules of water are adsorbed per sq. 
cm. From 2.47 X 1014 to 12.60 X 1014 molecules 
per sq. cm. the heat of emersion increases from 
—32 to +49 ergs cm.”2. From 13,59 to 29.63 X 
1014 molecules adsorbed per sq. em. the value, 
within a large experimental error, is constant a t 
—84 erg cm.”2.

2. There are two finite discontinuities in the 
heat of emersion. These discontinuities coincide 
with two discontinuities in the derivative of the 
volume with respect to the pressure in the iso­
therm. Either of the above is sufficient to show 
that a second order phase change occurs in the 
film formed by adsorption. The actual determina­
tion of both discontinuities is the best evidence 
which can be obtained for this type of phase 
change.

3. For the first time negative heats of emer­
sion have been obtained.

4. The area of the solid was determined by the 
use of the absolute method of Harkins and Jura, 
using ^-heptane at 25°. The area obtained was
4.4 =±= 0.6 sq. m. g.”1. This agrees with the area 
determined by adsorption (4.06 to 4.42 sq. m. 
g.”1). Since the absolute method gives the value 
at saturation, and adsorption at low relative pres­
sures, it is evident that capillary condensation is 
negligibly small.

5. From the amount of water adsorbed as de­
termined from the isotherm, the area of the solid,
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and the fact that capillary condensation is negli­
gible, it is shown that the film of water on graphite 
attains a minimum thickness of 10 A. at a relative 
pressure very close to saturation. The extrapola­
tion of the isotherm to unit relative pressure indi­
cates a minimum thickness of 16 A. These figures 
are obtained on the postulate that the density of 
the adsorbed material is that of the liquid at the 
same temperature. The physical relations indi­
cate that the packing must be looser than in the 
liquid. Consequently, the figures quoted are to 
be considered minima and not a reliable estimate 
of the true thickness.

6. I t is shown thermodynamically that the film 
can be polymolecular with a contact angle not

equal to zero. I t is also pointed out that this situa­
tion leads to a difficult problem in the construction 
of a model compatible with both conditions.

7. I t is shown that Ei — EL > 0, E2 — EL > 
0 and E3 —■ El <  0.

8= The integral and differential heats of ad­
sorption of water on graphite are determined 
from the heats of emersion.

9. The heats of emersion are used to determine 
the change in total surface energy caused by the 
adsorption of water. These values combined with 
the free surface energy changes as determined 
from the adsorption isotherm permit the calcula­
tion of the change in surface entropy.
C h ic a g o , I l l in o is  R e c e iv e d  A u g u s t  11, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  M e r c k  a n d  Co ., I n c .]

Synthesis of DL-Methionine
B y  E arl  P ie r so n , M ario  G ie ll a1 a n d  M a x  T ish l e r

Consideration of the various syntheses of methi­
onine indicates that the first recorded synthesis, 
tha t of Barger and Coyne,2 using /3-methylmercap- 
topropionaldehyde, is the most direct in approach. 
The over-all yield of about six per cent, by the 
modified Strecker reaction and the difficulty in 
obtaining the required aldehyde discouraged the 
use and the further development of this synthesis.

With the recent availability of commercial 
acrolein, and the reports that /3-methylmercapto- 
propionaldehyde has been prepared from acrolein 
and methylmercaptan,3 the development of a 
practical synthesis of methionine became of inter­
est.

Catch and his collaborators4 recently prepared 
methionine from acrolein and methyl mercaptan 
in 29% yield by a modified Strecker reaction em­
ploying liquid hydrogen cyanide. We have also 
prepared methionine in about the same over-all 
yield (25%) by the Strecker reaction without re­
sorting to the use of liquid hydrogen cyanide. 
Further improvement was observed using the well- 
known Bücherer hydantoin synthesis, whereby an 
over-all yield of 50% was obtained.

I t was found that methyl mercaptan adds 
smoothly to acrolein at atmospheric pressure, 
when the reaction is catalyzed by a small amount 
of copper methyl mercaptide.5

The conversion of /3-methylmercaptopropional- 
dehyde into 5- (/3-methylmercaptoethyl) -hydan­
toin was accomplished by the usual Bücherer pro­
cedure and also by transformation into the cyano-

(1) Present address: A. C. Lawrence Leather Company, Peabody, 
Mass.

(2) Barger and Coyne, B iochern . J . ,  22, 1417 (1928).
(3) Kaneko and Mii, J .  C h em . S o c . J a p a n ,  59, 1382 (1938); 

R othstein , J .  C h em . S o c ., 1560 (1940).
(4) Catch, Cook, Graham and Heilbron, N a tu r e , 159, 578 (1947).
(5) The English investigators4 used a te rtia ry  amine as a catalyst.

hydrin followed by treatment with ammonium 
carbonate.

The hydrolysis of the hydantoin to methionine 
was effected by concentrated hydrochloric acid at 
135°, by ammonium sulfide solution at 135°, and 
by aqueous sodium hydroxide at 100°. The 
routes investigated are indicated.
CHsSH +  CH2= C H —CHO 

H
CH8SCH2CH2— C—COv

I > n h
HN—CCK |  

Methionine*

CHsSCH2CH2CHO

i  h
• CH,SCH,CH2C—CN

, I
OH 

H
• CHjSCHjCHjC—CN

NHS
Experimental

1. 0-Methylmercaptopropionaldehyde.—Gaseous 
methyl mercaptan, 48 g., 1.0 mole, was bubbled during 
the course of thirty minutes under the surface of a cooled, 
stirred mixture of 56 g. (1.0 mole) of acrolein and 0.5 g. 
of cupric acetate, while the internal temperature, was 
maintained at 35-40°. The mixture was agitated for an 
hour and distilled under reduced pressure giving 0- 
methylmercaptopropionaldeliyde, 87 g., 84%; boiling 
52-54° (11 mm.), n2°D 1.4850, d20 1.036; MRd (calcd.)
28.4, found 28.7. The undistilled aldehyde is sufficiently 
pure for use in the reactions described below.

The 2,4-dinitrophenylhydrazone was prepared in the 
conventional manner, m. p. 116-119°.

Anal. Calcd. for C10H12O4N4S: C, 42.45; H, 4.26;
N, 19.70. Found: C, 42.23; H, 4.20; N, 19.61.

2. a-Hydroxy-(3 -methylmercaptobutyronitrile.— (3~ 
Methylmercaptopropionaldehyde, 10.4 g., 0.10 mole, 
was shaken for ten minutes with a solution of 10.4 g.,
O. 10 mole, of sodium bisulfite in 35 ml. of water. A sub­
stantial amount of the adduct crystallized upon cooling 
to room temperature. A solution of 4.9 g., 0.10 mole, 
of sodium cyanide in 15 ml. of water was added in three 
portions, without permitting the temperature to exceed 
35°. The oil that separated immediately was extracted
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three times with benzene; the combined benzene extracts 
were extracted with sodium bisulfite solution and then the 
solvent was removed under reduced pressure. The crude 
cyanohydrin was thus obtained as a colorless oil weighing
11.8 g. (90%). For analyses, a small sample of this 
product was distilled at 100° under a pressure of three 
microns.

Anal. Calcd. for C8H9NOS: C, 45.8; H, 6.87; N, 
10.68. Found: C, 46.0; H, 6,88; N, 10.49.

3. 5 ( jS-Methylmercaptoethyl) -hydantoin. A. From 
0-Methyhnercaptopropionaldehyde.—A mixture of 26 g. 
(0.25 mole) of /3-methylmercaptopropionaldehyde, 113 
g. (1.17 moles) of finely divided ammonium carbonate, 
24.5 g. (0.5 mole) of sodium cyanide, 335 ml. of ethanol 
and 335 ml. of water was agitated and heated for four 
hours at 50-55°. The light yellow reaction mixture was 
filtered, and the filtrate was concentrated at 60° to a 
volume of 300 ml., acidified with 50 ml. of concentrated 
hydrochloric acid and heated for five minutes at 90° 
to cyclize the hydantoic acid, which was found to be 
present in small amounts. After crystallization, separa­
tion and drying, the hydantoin weighed 34 g. (79% yield) 
and melted at 103-105°. The melting point remained 
unchanged after recrystallization from ethanol.

Anal. Calcd. for C6Hio02N2S: C, 41,38; H, 5.74.
Found: C, 41.36; H ,'5.81.

B. From a-Hydroxy-Y-methylmercaptobutyronitrile.— 
The cyanohydrin was prepared by the method given 
previously from 2.0 moles of the aldehyde. Removal 
of the benzene solvent left 255 g. of crude cyanohydrin, 
which was converted into the hydantoin, 174 g. (50% 
yield based on /3-methylmercaptopropionaldehyde), by 
reaction with 420 g. of ammonium carbonate in 1000 ml. 
of 50 volume per cent, methanol for two and one-half 
hours at 50-55°, The product was isolated by the pro­
cedure described above.

4. DL-Methionine. A. From the Hydantoin.—5-
( j3-Methylmercaptoethyl)-hydantoin, 17.4 g. (0.10 mole) 
was refluxed for six hours with a solution of 8.8 g. of sodium 
hydroxide in 75 ml. of water contained in a stainless steel 
flask; an additional 4.4 g. of sodium hydroxide was added, 
and refluxing was continued for a total of twenty-four

hours. The reaction mixture was decolorized with 
Norit, neutralized to litmus with concentrated hydro­
chloric acid, and allowed to crystallize at 5°. The prod­
uct weighed 10.8 g. (73,5%); m. p. 269° with decom­
position. An additional 1.7 g. (11%) of material could 
be isolated by a procedure involving acidification (hydro­
chloric acid), concentration to dryness, extraction with 
ethanol, and neutralization of the filtered ethanol extract 
to Congo with pyridine. After recrystallization of the 
combined fractions from aqueous ethanol, 10.6 g. of 
analytically pure methionine was obtained.

By omitting the isolation of both the /3-methylmercap- 
topropionaldehyde and 5-(/3-methylmercapto)-hydantoin, 
pure methionine was obtained in 50% yield based on the 
charge of acrolein and methyl mercaptan.

B. From the Cyanohydrin.—Gaseous ammonia was 
passed into 123 g. (0.94 mole) of the stirred cyanohydrin, 
maintained at 60° for thirty minutes. The reaction 
mixture was dissolved in benzene, heated to expel excess 
ammonia, and extracted with dilute hydrochloric acid. 
The aqueous layer was made alkaline with^ ammonia 
water and extracted with benzene; evaporation of the 
solvent left 49 g. (40%) of crude methionine nitrile. 
Several futile attempts were made to purify this inter­
mediate and to obtain a crystalline derivative. The crude 
aminonitrile (10 g.) was hydrolyzed by heating on the 
steam-bath for five and one-half hours with 20 ml. of 
concentrated hydrochloric acid. The reaction mixture 
was diluted with 50 ml. of water, decolorized with Darco, 
and the solution concentrated to dryness under vacuum. 
The resulting solid was extracted with hot ethanol, and 
the ethanolic solution was filtered and neutralized to 
Congo with pyridine. Methionine in 75% yield (8.5 
g.) was obtained.

Summary
A three-step synthesis of methionine has been 

devised based on the catalyzed addition of methyl 
mercaptan to acrolein, followed by the Bücherer 
hydantoin reaction, and then by hydrolysis.
R a h w a y , N e w  J e r s e y  R e c e iv e d  N o v e m b e r  7, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  T h e  B. F. G o o d r ic h  C o . j

A Synthesis of 2-Thiazolethiol and its Disulfide
B y  R oger A . M atiies

2-Thiazolethiols, particularly 2-mercaptobenzo- 
thiazole, have been used extensively for many 
years as accelerators for the vulcanization of rub­
ber. The preparation of 2-thiazolethiol (IV), the 
parent compound of this series, recently has been 
reported1 in the patent literature. This synthesis 
which was effected by treating a-chloroacetalde- 
hyde (I) with ammonium dithiocarbamate (II), 
has been investigated by us in some detail and 
under varied conditions. The intermediate, 
formylmethyl dithiocarbamate (III), was iso­
lated and characterized. The yield of IV was 50% 
CICHaCHO +  NH2CSSNH4 — >  NH2CSSCH2CHO —

I II III
HC----- S

II I
HC C—SH

\ n ^
IV

and  A do lph  J . B e b e r

based on I. The synthesis of IV is attended by 
troublesome side reactions, giving rise to gummy 
by-products, which apparently result from inter- 
molecular reactions of aldehydes I and III with 
amino groupings in II and III. Acetaldehyde is 
known to react with II ,2 and I likewise reacts as a 
typical aldehyde.3 Substituted 2-thiazolethiols,4 
on the other hand, can be prepared, usually in 
high yields,40 by the conventional reaction of a~ 
halogen ketones with II. 1,2-Dichloroethyl ether 
which is known to replace I in thiazole syntheses5 
reacts with II to give a liquid of uncertain compo­
sition.6

(2) Levi, Gazz. chim. ital., 69, 757 (1929).
(3) N atterer, Monatsh., 3, 442 (1882); Glinsky, Z. Chemie, 

N. F„ 6, 647 (1870).
(4) (a) M iolati, Gazz. chim. ital., 23, 575 (1893); (b) Levi, ibid., 

61, 719 (1931); (c) M athes, U. S. P aten t 2,186,419.
(5) T raum ann, A nn., 249, 36 (1888); Hantzsch, ibid., 250, 271 

(1889).
(6) M athes, U. S. P aten t 2,411,219.(1) Jones, U. S. P aten t 2,426,397.
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The preparation of the previously undisclosed 
disulfide, 2,2/-dithio-bis-thiazole (V), was effected 
using a number of oxidizing agents; the best of 
these, ammonium persulfate, gave a 93% yield.

Experimental
Formylmethyl Dithiocarbamate (III).—Fifty-eight 

grams (0.53 mole) of II was dissolved in a solution of 50 
ce. of water and 20 cc. ethanol. While stirring this solu­
tion and maintaining the temperature at 20°, 43.8 g. (0.5 
mole) of I was added in thirty minutes. An oily layer 
separated but quickly solidified as agitation was continued. 
After cooling to —3°, the product was recovered by fil­
tration, and upon drying at room temperature, 47 g. (69% 
yield), melting at 101-103°, was obtained. As a con­
siderable amount of gum precipitated in the filtrate, the 
recovery of more product was not attempted. After re­
crystallizing from water, III was obtained as colorless 
crystals melting at 110°.

Anal. Calcd. for C3H5NOS2: C, 26.65; H, 3.73; N, 
10.36; S, 47.43; mol. wt., 135. Found: C, 26.74; H, 
3.78; N, 10.31; S, 47.51; mol. wt., 138.5.

2-Thiazolethiol (IV).—One hundred and twenty grams 
(1.1 moles) of II7 was dissolved in 250 cc. of water and 
while stirring vigorously 87.5 g. (1 mole) of I dissolved in 
150 cc. of ethanol was added rapidly. The temperature 
rose from 25 to 82° during this reaction. The water 
solution of the reaction mixture was decanted from a small 
amount of sticky, yellow gum and was transferred to an 
evaporating dish. The solution was evaporated at 50° 
almost to dryness and was then extracted with 200 cc. 
of chloroform. The chloroform solution, after evaporat­
ing to dryness, gave 95 g. of crude product which upon 
recrystallizing from water yielded 58 g. (50%) as colorless 
plates, melting at 79-80°.

Anal. Calcd. for C3H3NS2: C, 30.75; H, 2.58; N,
11.95; 3, 54.72; mol. wt., 117. Found: C, 30.82; H, 
2.64; N, 11.88; S, 54.58; mol. wt., 115.5.

A sample of the gum formed in the reaction, after re­
peated extractions with hot water, gave positive qualita­
tive tests for nitrogen and sulfur. The composition of the 
gum was not determined because its physical condition 
made purification difficult.

It was concluded from further experimental work that
(7) M athes, U. S. P aten t 2,117,619. Ammonium dithiocarba­

m ate was prepared according to Example 2.

no improvement in yield is obtained when the following 
variations in reaction conditions are employed: reversal 
of the order of addition, length of time of addition, re­
action temperatures of 0 to 50°, concentration of re­
actants, the absence of air and light, the control of pH. 
and the use of organic solvents as reaction diluents.8

In an attempt to promote ring closure by the addition of 
sulfuric acid to the solution resulting from the initial inter*- 
action of I and II, a colorless, apparently amorphous 
product melting at 96-98° was precipitated. The com­
position of this compound was not determined but it 
slowly undergoes spontaneous decomposition to form IV 
in rather low yield (38%).

2,2'-Dithio-bis-thiazole (V).—One hundred and fifty- 
two grams (1.3 moles) of IV was dissolved in a solution 
of 500 cc. of water and 54.6 g. (1.35 moles) of sodium 
hydroxide. While vigorously stirring this solution, 163 g. 
(0.72 mole) of ammonium persulfate, dissolved in 500 cc. 
of water, was added in one hour at 8°. During the 
addition of ammonium persulfate, a crystalline solid pre­
cipitated. After stirring for thirty minutes, the product 
was recovered by filtration, washed with water and 
dried at room temperature to give 141 g. (93% yield), 
melting at 79-80°. After recrystallizing from n-hexane, 
the disulfide was obtained as fine, light yellow needles 
melting at 83°.

Anal. Calcd. for C6H4N234: C, 31.01; H, 1.74; N, 
12.06; S, 55.19; mol. wt., 232. Found: C, 31.13; H, 
1.79; N, 12.13; S, 55.27; mol. wt., 236.

The disulfide decomposed slowly on storage. A similar 
effect has previously been reported for 2,2'-dithio-bis- 
(4,5-dimethylthiazole) .9

Summary
The synthesis of 2-thiazolethiol and its inter­

mediate, formylmethyl dithiocarbamate, from the 
interaction of chloroacetaldehyde and ammonium 
dithiocarbamate has been described. The oxida­
tion of 2-thiazolethiol, under mild conditions, is 
shown to proceed normally to give the disulfide,
2,2 '-dithio-bis-thiazole.

(8) In  these experiments, chloroacetaldehyde was used both as the 
hemihydrate and as the anhydrous compound which was prepared 
by passing hot vapors of the hem ihydrate over calcium chloride.

(9) Buchman, Reims and Sargent, J . Org. Chem., 6, 764 (1941).

Akron, Ohio R eceived  October 6, 1947

[Contribution  from the R esearch Laboratories of T he  B. F. G oodrich Co.]

A Synthesis of 2-Pyrimidinethiols
B y  R oger  A. M a t h es , F loyd D. Stew art  and  F r a n k  S w e d ish , J r .1

In view of the usefulness of heterocyclic thiols 
as vulcanization accelerators, the authors had 
occasion to investigate 2-pyrimidinethiols. A 
new synthesis has been developed which simplifies 
the preparation, results in improved yields and 
extends the scope of former methods.

Methods previously employed to prepare 2- 
pyrimidinethiols include, among others, the in­
teraction of 2-amino-2-methyl-4-pentanone (diace- 
tonamine) and isothiocyanates2 and the reaction 
of aliphatic ketones with ammonium thiocyanate.8

(1) Present address: M arathon Corporation, Rothschild, Wis.
(2) Traube, Ber., 27, 279 (1894); Traube and Lorenz, Ber., 32, 

3156 (1899).
(3) te r H orst, U. S. Patent 2,234,848, ibid., 35, 4242** (1941).

When mesityl oxide reacts with ammonium thio­
cyanate in the presence of a strong mineral acid,
2-methyl-2-thiocyano-4-pentanone4 is formed. 
When this compound reacts with a primary amine 
or ammonia and an acid catalyst, a condensation 
takes place resulting in the formation of a 2-pyrim- 
idinethiol. In the absence of an acid catalyst, 
ring closure is less readily effected and the inter­
mediate thiourea is formed along with the 2-py- 
rimidimethiol.
(CH3)2C =CH —C—CH3 +  HCl +  NH4SCN —->•

o
(4) Bruson, U. S. P aten t 2,395,453, ibid., 40, 3467* (1946).
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T a b l e  I

2~Mercapto-3-substituted-4,6,6-trim ethylpyrim idines

/---------------- Calcd., %--------------—n  ----------------- Found, %-

R*
M. p.,
°c.«

Yield,
%* Formula C H N S

Mol.
wt. C H N S

Mol.
wt.

1 Hydro 254-255 90 C7H12N2S 53.78 7.75 17.94 20.53 53.70 7.84 17.81 20.38
2 i>-Tolyl 191 83.5 C14H18N2S 68.29 7.31 11.40 13.00 246 68.22 7.34 11.42 12.97 238
3 a-Naphthyl 216 87 C17H18N2S 72.29 6.43 9.92 11.36 282 72.17 6.45 9.98 11.35 277
4 2- Hydroxy ethyl^ 180 54.5 C9H16N2OS 53.96 8.05 13.99 16.01 200 54.01 8.05 14.08 16.07 197
5 Isopropyl® 267 27 C10H18N2S 60.55 9.15 14.13 16.17 198 60.56 9.14 14.13 16.22 203
6 CyclohexyR 281-282 / C13H22N2S 65.49 9.30 11.76 13.45 238 65.45 9.28 11.82 13.46 238
7 1,3-Phenyleneff 202 87 C20H26N4S2 62.12 6.78 14.50 16.60 62.05 6.77 14.56 16.57
8 1,4-Phenylene 225 61 C20H26N4S2 62.12 6.78 14.50 16.60 386 61.76 6.92 14.49 16.64 384

a Melting points given are for analytical samples. 6 Yields are based on crude products. c Compounds 2, 3, 4, 7 
were recrystallized from ethanol; 5, 6, 8 from chloroform; 1 from benzene. d During the preparation of this com­
pound, the intermediate, 1-ethanol-3-[2-(2-methyl-4-pentanonyl) ]-2-thiourea, was isolated. It melted at 144°. 9 In
addition to this compound, l-isopropyl-2-thiourea (m. p. 168-169°) was recovered from the reaction mixture. f This 
compound was recovered from the reaction mixture in low yield. The principal product of the reaction was 1-cyclohexyl- 
2-thiourea (m. p. 162°). 3 l,3-Phenylene-bis-3,3'-(2-mercapto-4,6,6-trimethylpyrimidine).

(CH3)2C—c h 2—C— c h 3
I || + r n h 2 -

S—C==N O

(CII3)2C - -c h 2—c — c h 3-----> (CH,)2C* 2c —SH
II H + | |

1 0 H—Cs ■ 3 N — R
N==C— N—R 

1 H1 xx 
SH CH,

This method of preparing 2-pyrimidinethiols 
from 2-methyl-2-thiocyano-4-pentanone and a 
primary amine or ammonia, in the presence of an 
acid catalyst, is of quite general application. It 
can be used successfully to prepare 2-pyrimidine­
thiols from mono and poly aromatic amines, ali- 
cyclic amines, aliphatic amines and hydroxy ali­
phatic amines. The reactions take place more 
readily and result in higher yields when aromatic 
amines are employed.

A second method was developed whereby the 
reaction can be carried out in one step, thus elimi­
nating the initial preparation of 2-methyl-2-thiocy- 
ano-4-pentanone. In this modified procedure, acid 
is added to an agitated aqueous mixture of ammo­
nium thiocyanate, mesityl oxide and a primary 
amine. Under the experimental conditions em­
ployed, this method was found to be applicable 
only to aromatic amines. Cyclohexylamine, iso­
propylamine, n-amylamine and ethanolamine 
were tried but in no case was a reaction product 
isolated. Apparently amines having dissociation 
constants greater than about 10 “9 do not form 2- 
pyrimidinethiols in the modified procedure.

Experimental5
2 -Methyl-2 -thiocyano -4 -pentanone.—Forty-nine grams 

(0.5 mole) of sulfuric acid dissolved in 50 ml. of water 
was added over a period of fifteen minutes to 98 g. (1 mole) 
of mesityl oxide at 15°. Seventy-six grams (1 mole) of 
ammonium thiocyanate dissolved in 100 ml. of water was 
added quite rapidly to this mixture at 20°. After stirring 
for fifteen minutes, the upper, red, oily layer was separated 
and was washed with water until free from acid. The 
crude product weighed 145 g., a yield of 92%. An an-

(o) The melting points given are uncorrected.

alytical sample boiled at 97° (10 mm.), n20i> 1.5030, d202o
I. 0363.

Anal. Calcd. for C7HnONS: C, 53.50; H, 7.00; N, 
8.91; S, 20.38; mol. wt., 157. Found: C, 53.47; H, 
7.06; N, 8.88; S, 20.30; mol. wt., 161.

The 2,4-dinitrophenylhydrazone derivative was pre­
pared and when purified melted at 204°.

Anal. Calcd. for C13Hi50 4N5S: N , 20.77; S, 9.49. 
Found: N, 20.75; S, 9.45.

2 -Mercapto -3 -phenyl -4,6,6 -trimethylpyrimidine—Gen - 
eral Procedure.—A mixture of 78.5 g. (0.5 mole) of 2- 
methyl-2-thiocyano-4-pentanone, 46.5 g. (0.5 mole) of 
aniline, 2 g. (0.02 mole) of sulfuric acid and 150 ml. of 
water was agitated and warmed to refluxing temperature. 
The buff-colored crystalline product precipitated almost 
immediately. After cooling to room temperature, filter­
ing, washing with water and drying, 96 g. (82.8% yield) 
of crude product melting at 188-190° resulted. On 
recrystallizing twice from alcohol, the melting point was 
192-193°.

Anal. Calcd. for Ci3H16N2S: C, 67.25; H, 6.90; N, 
12.05; S, 13.80; mol. wt., 232. Found: C, 67.11; H, 
6.98; N, 11.97; S, 13.84; mol. wt., 232.

3-o -T oly 1 -2 -m ercapto -4,6,6-trim ethylp vrimi din e—Modi­
fied Procedure.—A mixture of 49 g. (0.5 mole) of mesityl 
oxide, 38 g. (0.5 mole) of ammonium thiocyanate, 53.5 
g. (0.5 mole) of ö-toluidine and 100 ml. of water was 
agitated in the reaction flask. Fifty-five grams (0.55 
mole) of hydrochloric acid was added in ten minutes at 
a temperature of 20°. When heated to reflux, the buff- 
colored, crystalline product precipitated. After cooling 
to room temperature, filtering, washing with water and 
drying, 104.6 g. (85% yield) of crude product melting at 
199-201° resulted. On recrystallizing twice from alcohol, 
the melting point was 202°.

Anal. Calcd. for C14H18N2S: C, 68.29; H, 7.31; N ,
II. 40; S, 13.00; mol. wt., 246. Found: C, 68.08; H, 
7.30; N, 11.41; S, 13.08; mol. wt., 253.

Summary
1. A new synthesis for 2-pyrimidinethiols, 

which consists of the reaction of 2-methyl-2-thio- 
cyano-4-pentanone with primary amines, has 
been developed.

2. In a modified method it is shown that 3- 
aryl-2-pyrimidinethiols can be prepared in one 
step, with no evidence of the intermediate forma­
tion of 2-methyl-2-thiocyano~4-pentanone.

3. The preparation by these methods of ten 
representative compounds is described.
Akron, Ohio  R eceived  D ecem ber  6, 1947
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[Contribution  from  th e  R esearch Laboratories, M erck  & Co., I nc .]

A New Method for the Preparation of 17(a)-Hydroxy-20-ketopregnanes
B y  L e w is  H . Sarett

Two methods1’2 have been described for the 
fabrication of 17(a)#21-dihydroxy-20-ketopreg- 
nanes.3 Both of these methods suffer from the 
circumambience involved in total degradation of 
the sterol or bile acid side chain to a 17-ketone, 
followed by reassembly of the two carbon side 
chain. One of these processes comprises five steps, 
the other seven, with respective yields of about
3.5 and 5%. The present reaction series, however, 
employs 20-ketopregnanes as starting material and 
gives yields of 15 to 50%, depending on the nature 
of the other substituents in the molecule.

Pregnane-3 (a) -ol-11,20-dione acetate (I) re­
acted with hydrogen cyanide in alcohol solution to 
give 60-80% of a crystalline cyanhydrin (V). The 
mother liquors consisted of somewhat lower melt­
ing crystals, which presumably contained the 
epimeric cyanhydrin. Some very interesting prop­
erties of the pure cyanhydrin and of the lower 
melting mixture were observed. While both were 
stable to hot alcohol, to alcohol-pyridine mix­
tures and to silver acetate in alcohol, they decom­
posed when eluted from chromatographic alumina. 
However, the nature of the products depended on 
how the alumina had been prepared. With acid- 
washed alumina, dehydration was the principal 
reaction. A small yield of a mixture of unsatu­
rated nitriles was obtained. With alumina which 
had not been treated with acid and which there­
fore was, as is almost invariably the case, alkaline 
to phenolphthalein, loss of hydrogen cyanide oc­
curred. About 90% of the parent ketone was re­
covered from the eluate.

The presence of the acetate group at C3 was 
found to affect greatly the stability of the C2o 
cyanhydrin group. When pregnane-3 (a) -ol-11,20- 
dione (II) was converted to the corresponding cy­
anhydrin (VI), the latter rapidly decomposed to 
the parent ketone in warm alcohol solution, with 
or without the addition of pyridine. It was, how­
ever, perfectly stable to dilute acetic acid and 
could be smoothly oxidized with chromic acid to 
the 3-keto derivative (IX). In this compound 
also the tendency to lose hydrogen cyanide in al­
cohol or alkaline alumina was marked. Even acid- 
washed alumina gave 40% of the 20-ketone, to­
gether with oily fractions representing dehydra­
tion or rearrangement products.

(1) Reichstein and von Euw, Helv. Chim. Acta, 23, 1258 (1940); 
von Euw  and Reichstein, ibid., 24, 1140 (1941).

(2) S arett. J . Biol. Chem., 162, 601 (1946).
(3) The stereochemical conventions used in this paper are based 

upon th e  recent findings of Gallagher and Long [J. Biol. Chem., 
162, 495 (1946)], of Sorkin and Reichstein [Helv. Chim. Acta, 29, 
1218 (1946)] and of von Euw and Reichstein, ibid., 30, 205 (1947)]. 
The d a ta  presented in the last-mentioned contribution show th a t 
the configuration of the two carbon side chains in those naturally- 
occurring pregnane derivatives which bear a hydroxyl group a t the 
17 position is probably /?.

The reactions of the cyanhydrins of 17-keto- 
steroids have been investigated by Butenandt and 
Schmidt-Thomé4 who showed that they can be 
dehydrated with phosphorus oxychloride in py­
ridine at 150°. Upon testing the action of this 
agent with the 20-cyanhydrin of pregnane-3 (a)-
ol-ll,20-dione acetate (V), it was found that the 
a y(3 unsaturated nitrile (XI) was produced very 
smoothly at room temperature. When the C3 sub­
stituent was a keto group, however, the more facile 
loss of hydrogen cyanide from the cyanhydrin 
group reflected an increased difficulty in the dehy­
dration reaction. Thus, the 20-cyanhydrin of 
pregnane-3,11,20-trione (IX) gave only 20% of 
the unsaturated nitrile (XII). Accompanying, 
XII, however, there was a considerable quantity of 
a lower melting mixture, consisting apparently 
of isomeric nitriles or rearrangement products. 
When the dehydration of the cyanhydrins was 
effected by boron trifluoride or acid-washed alu­
mina, similar mixtures, from which no pure com­
pound was isolable, were obtained.

The reaction of the unsaturated XI and 
XII with osmium tetroxide in benzene was ex­
tremely slow, as would be predicted from the 
presence of the negative cyano group attached to 
the ethylene linkage. However, a small amount 
of pyridine5 accelerated the addition so that 
formation of the osmate was complete in a few 
hours. Hydrolysis of the osmate ester proceeded 
smoothly with sodium sulfite at room temperature 
but the corresponding 17,20-dihydroxy-20-cyano- 
pregnane (XVII) could not be isolated. The 
17(a)-hydroxy-20-ketopregnane derived from it 
by loss of hydrogen cyanide was indeed the only 
product. This result is in accord with the previ­
ously mentioned instability of 3-hydroxy- and 3- 
keto-20-cyanhydrins, but it is mildly surprising 
that the 17(a)-hydroxy-20-ketones are stable in 
the decidedly alkaline (pH 10) hydrolysis medium.

From A17-20-cyanopregnene-3,ll-dione (XII), 
pregnane- 17(a)ol-3,11,20-trione (XX) was ob­
tained. The latter was identical with the previ­
ously described oltrione obtained by oxidation of a 
pregnane-17,20-diol-3,ll-dione.6 Hence this di- 
oldione also belongs in the 17(a)-hydroxy series. 
A17 - 20 - Cyanopregnene -3(a)-ol- 11-one acetate 
(XI) gave upon hydroxylation a mixture of preg­
nane-3 (a),17(a)-diol-11,20-dione (XVIII) and its
3-acetate (XIX). That the 17-hydroxyl in XVIII 
and XIX is a was demonstrated by oxidation of 
XVIII to XX.

The addition of a 21-acetoxy group to the 20-
(4) B utenandt and Schmidt-Thomé, Ber., 71, 1487 (1938); 72, 

182 (1939).
(5) Criegee, M archand and Wannowius, A nn., 660, 99 (1942).
(6) Sarett, T his Journal, 68, 2478 (1946).
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CH 2R 2

I
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CHjRi

HO—CI—CN

II. Ri =  HO, R2 =  H 
III. Ri = R2 =  OAc

V. Ri = AcO, R2 =  H 
VI. Ri = HO, R2 = H 

VII. Rj =  R2 = OAc
IV. Ri = HO, R2 =  OAc VIII. Ri = HO, R2 = OAc

IX. R2 = 0 = ,  R2 = H
X. Ri =  0 = ,  R2 = OAc

CH2R2

CI—CN

XIII. Ri = R2 = AcO
XIV. Ri =  0 = ,  R2 = OAc
XV. Ri = 0 = ,  R2 =  OH

XVI. Ri = R2 =  HO

CH,

c h 2r 2

Ac
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. A ° h .
XVII

XIX. Ri = AcO, R2 = H 
XX. Ri = 0==, R 2 = H 

XXI. Ri = Ri = HO 
XXII. Ri = R2 = OAc

XXIII. Ri ■= O—, R2 == OH
XXIV. Rt = 0 = ,  R2 = OAc

CH2R2

XXV. R2 — H 
XXVI. R2 -  OAc

ketopregnane structures did not materially alter 
the course of the synthesis. Pregnane-3 (a) ,21 
diol-ll,20-dione diacetate (III) and the corre­
sponding 21-monoacetate (IV) gave the respective 
cyanhydrins (VII and VIII). Dehydration of the

diacetate cyanhydrin afforded a good yield of the 
unsaturated nitrile, (XVI), but the 20-cyanhydrin 
of pregnane-2l-ol-3,11,20-trione acetate (X) gave 
only 20% of the unsaturated compound (XIV). 
The adverse influence of the 3-keto group on the 
dehydration is again evident. The hydroxylation 
of XIV and XV proceeded normally to yield 70- 
80% of pregnane-3 (a), 17(a), 21-triol-ll,20-dione 
(XXI) and pregnane-17(a),21-diol-3,ll,20-trione 
(XXIII). Treatment with acetic anhydride-py­
ridine replaced the 21-acetate groups which were 
removed during the sodium sulfite hydrolysis.

The surprising durability of the side chain per­
mitted conversion of the 3-keto derivatives (XX 
and XXIV) to the corresponding unsaturated ke­
tones, A4-pregnene- 17-ol-3,11,20-trione (XXV) 
and A4-pregnene-17,21-diol-3,11,20-trione acetate 
(XXVI, Kendall’s compound E acetate).

The assignment of the a or “natural” configura­
tion to the C 17 hydroxyl group in the dioltrione 
X X III follows from its conversion into Compound 
E. Evidence indicates that the other 17-hydroxy- 
20-ketones described (XVIII, XX and XXII) also 
belong in the 17(a)-hydroxy series. First, the 
method of preparation is identical in each case and 
only one compound is obtained. Second, the rota­
tions fall in the range predicted for 17(a)-hydroxy 
compounds,3 the rotations for the 17(/?)-hydroxy- 
pregnanes being of the order of 100° more toward 
the levo side.

The conversion of A5-pregnene-3(/3)-ol-20-one 
into 17-hydroxyprogesterone was also attempted 
but the drastic conditions required for hydroxyla­
tion of the 17,20 double bond, when conjugated 
with the 20-cyano group, led to an extensive a t­
tack on the A5’6 linkage. Öppenauer oxidation of 
A5 • 17-20-cy anopregnadiene-3 (/3)-ol gave A4 * 17-20- 
cyanopregnadiene-3-one but osmium tetroxide in 
the presence of pyridine appeared to attack both 
double bonds here also.

Experimental
Rotations were taken in acetone, c ^  1.0. Melting 

points are corrected.
20-Cyanhydrin of Pregnane-3(cO-ol-Il,20-dione Ace­

tate (V).—A solution of 1.70 g. of pregnane-3 (a) -ol- 
11,20-dione acetate (I) in a mixture of 17 cc. of alcohol 
and 6.4 cc. of acetic acid was cooled to 0° and treated 
with 6.0 g. of potassium cyanide. The mixture was stir­
red for one-half hour, then permitted to warm to room 
temperature. After two hours the solution was diluted 
with water and the crystalline precipitate was filtered 
and washed. The wet cake was dissolved in ethyl acetate, 
excess water removed and the solution concentrated 
in vacuo to a small volume. The addition of petroleum 
ether gave 1.64 g. of crystals which melted with decom­
position at 205-220°. Recrystallization from ethyl 
acetate gave 1.3 g. of product; in. p. about 221-223° 
(dec.). A second recrystallization afforded a sample of 
melting point 217-232° (dec.). Recrystallization from 
alcohol lowered the melting point to 205-210°.

Anal. Calcd. for C24H35N04: C, 71.78; H, 8.80.
Found: C, 71.50; H, 8.67.

A sample (35 mg.) dissolved in a minimum volume of 
benzene was put on a column of 1 g. of untreated chroma­
tographic alumina. Elution with 20 cc. of ether gave 29 
mg. of pregnane-3 (a) -ol-l 1,20-dione acetate (I); m. p.
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and mixed m .p . 135-136°. The experiment was repeated 
using acid-washed7 alumina. A crystalline mixture, 
which melted at 149-170°, was obtained. Repeated 
recrystallization from methanol yielded a small amount 
of product of melting point 152-160 °.

20-Cyanhydrin of Pregnane-3 (a) -ol-l 1,20-dione (VI).— 
This cyanhydrin was prepared from XI by the procedure 
given above. From 1.8 g. of ketone, 1.5 g. of recrystal­
lized cyanhydrin, dec. 160-170°, was obtained.

Anal. Calcd. for C22H33NO3: C, 73.49; H, 9.26.
Found: C, 73.60; H, 9.51.

20-Cyanhydrin of Pregnane-3 (a) ,21 -diol-11,20-dione 
21-Acetate (VIII).—This cyanhydrin failed to crystallize 
readily upon dilution of the alcohol-hydrogen cyanide 
reaction mixture. The diluted solution was consequently 
extracted with ethyl acetate, the latter solution washed 
with water and concentrated in vacuo to a small volume. 
From 2.0 g. of ketone (IV) 1.3 g. of recrystallized cyan- 
hydrin was obtained. It decomposed at 175-185° and 
lost hydrogen cyanide in alcohol or dilute pyridine solu­
tion. A trace of acetic acid appeared to stabilize the 
compound completely, however.

Anal. Calcd. for C24H35N05: C, 69.03; H, 8.45; N, 
3.35. Found: C, 68.91; H, 8.37; N ,3.60.

Pregnane-3 (a) ,21 -diol-11,20-dione Diacetate (III) and 
its 20-Cyanhydrin (VII).—A sample of pregnane-3 (a),21- 
diol-11,20-dione 21-acetate (IV) was warmed on the 
steam-bath with pyridine-acetic anhydride for ten 
minutes. The solution was diluted with water and ex­
tracted with ether. The ethereal solution was washed 
with dilute hydrochloric acid, dilute sodium carbonate, 
finally with water and concentrated to a small volume. 
The addition of petroleum ether gave crystals of the di­
acetate, dec. 100-110°, which contained 10% of solvent of 
crystallization. From benzene-petroleum ether a sample 
of dec. p. 82-90° was obtained. Conversion of 3.0 g. of 
this ketone (solvated) to the cyanhydrin gave 2.2 g. of 
crystals; dec. 148-160°.

Cyanhydrin of A5-Pregnene-3( /3)-ol-20-one Acetate.— 
The usual procedure afforded 88% of a product of melting 
point 194-198° with decomposition.

Anal. Calcd. for C24H35N03: C, 74.96; H, 8.92; N, 
3.64. Found: C, 74.70; H, 9.05; N, 3.71.

20-Cyanhydrin of Pregnane-3,11,20-trione (IX).—A 
solution of 1.4 g. of the 20-cyanhydrin of pregnane-3 (a)- 
ol-ll,20-dione (VI) in 70 cc. of glacial acetic acid was 
cooled to 16° and treated over a period of twenty minutes 
with a solution of 0.9 g. of chromic acid in 7 cc. of acetic 
acid and 7 cc. of water. After one hour the solution was 
diluted with water, the precipitate filtered and dissolved 
in ethyl acetate. Excess water was removed and the 
solvent was taken off in vacuo. The crystalline residue 
weighed 1.1 g. Recrystallization from ethyl acetate 
gave 930 mg. of cyanhydrin; dec. 170-180°. For anal­
ysis the compound was dried in vacuo at room tem­
perature, as with the other cyanhydrins, but, presumably 
because of solvation, no agreement with theory could 
be obtained.

20-Cyanhydrin of Pregnane-2l-o l-3,11,20-trione Ace­
tate (X).—A solution of 1.2 g. of the 20-cyanhydrin of 
pregnane-3 (a) ,21 -diol-11,20-dione acetate (VIII) in 20 
cc. of acetic acid and 2 cc. of water was treated over 
a period of five minutes with a solution of 600 mg. of 
chromic acid in 1.2 cc. of water and 11 cc. of acetic acid. 
After the mixture had stood at room temperature for an 
hour, water was added and the product worked up as in 
the preceding oxidation. After purification, 1.0 g. of 
cyanhydrin, dec. 214-217°, was obtained.

Anal. Calcd. for C24H33N05: C, 69.36; H, 8.01; N, 
3.37. Found: C, 69.31; H, 8.30; N, 3.36.

Samples of this cyanhydrin and of the cyanhydrin IX
(7) Chromatographic alumina was suspended in water and suffi­

cient dilute sulfuric acid added to bring the p H  to 3.0. The alumina 
was then  washed repeatedly with sufficient distilled water to bring 
the pH . to  5.5-6.0, then dried a t  150°.

were treated with alkaline alumina in the manner de­
scribed above. In both cases the parent ketone was ob­
tained in high yield. Even acid-washed alumina gave 
30-40% of the ketone, the remainder of the product 
being non-crystalline.

A17-20-Cyanopregnene-3 («) -ol-l 1 -one Acetate (XI).—
A solution of 2.5 g. of the 20-cyanhydrin of pregnane- 
3 (a)-ol-l 1,20-dione acetate (V) in 8 cc. of pyridine was 
treated with 1.2 cc. of phosphorus oxychloride. After 
standing at room temperature overnight, the solution was 
diluted, the crystalline precipitate filtered and recrystal­
lized from dilute alcohol. The product weighed 1.9 g. 
and melted at 199-201°. A sample was recrystallized 
from methanol for analysis and melted at 201.0-201.5°; 
[a]25 d + 40°.

Anal. Calcd. for C24H33NO3: C, 75.15; H, 8.67; N,
4.05. Found: C, 75.10; H ,8.62; N ,4.07.

With crude cyanhydrin the yield of the desired unsatu­
rated nitrile was decreased out of all proportion to the 
amount of impurities initially present. A sample of 
cyanhydrin (V) which had been crystallized once from 
ethyl acetate-petroleum ether (90% of theory, dec. 
200-210°) was dehydrated as above. Chromatography 
of the product gave only 20% of the unsaturated nitrile 
X I. The remaining crystalline fractions consisted of a 
mixture, m. p. 172-182°, the properties of which could 
not be greatly altered by recrystallization and for which 
the analytical data corresponded most closely to the same 
empirical formula as the nitrile X I.

Anal. Calcd. for C24H33NO3: C, 75.15; H, 8.67; N,
4.05. Found: C, 75.57; H, 8.33; N ,3.55.

A17-20-Cyanopregnene-3,11 -dione (XII).—The dehy­
dration of the cyanhydrin IX was carried out in the man­
ner described above. After chromatography of the crude 
product, 20% of XII was obtained; m. p. 229-237°;
[ a ] 25D +38°.

Anal. Calcd. for C22H29N02: C, 77.84; H, 8.62.
Found: C, 78.05; H, 8.67.

A17-20-Cyanopregnene-3 (a) ,21 -diol-11 -one (XVI).— 
The dehydration of 2.2 g. of the cyanhydrin VII was 
carried out in the usual manner. The product was an 
oil (2.0 g.) which was chromatographed and the portions 
eluted with petroleum ether-ether mixtures combined. 
This material, which was presumably XIII, weighed 1.84 
g. and failed to show signs of crystallizing. Hence it 
was saponified by dissolving in a mixture of 10 cc. of 
benzene and 10 cc. of 1.1 N  methanolic potassium hy­
droxide. After ten minutes the solution was acidified 
with acetic acid, the benzene removed in vacuo and the 
residue crystallized from dilute methanol. The free diol 
melted at 242-254° and weighed 1.45 g. After recrystal­
lization from acetone and from dilute alcohol it melted 
at 256-257°; [ a ] 25d  +19.5°.

Anal. Calcd. for C22H33N03: C, 73.92; H, 8.73; N, 
3.92. Found: C, 73.68; H, 8.48; N, 4.22.

Ar'-20-Cyanopregnene-21-ol-3,ll-dione Acetate (XIV). 
—Dehydration of 6.2 g. of the cyanhydrin X  according 
to the usual procedure gave a mixture which was diluted 
with water and extracted with benzene. The benzene 
solution was concentrated to dryness and the residue 
(4.7 g.) was chromatographed. The unsaturated nitrile
(XIV) was isolated in 28% yield. Some samples melted 
at 181-182° with resolidification and remelting at 195- 
196°, while others only showed the higher melting point; 
[ck] 25d  +50°.

Anal. Calcd. for C24H3iN 04: G, 72.52; H, 7.85; N,
3.53. Found: C, 72.68; H, 7.85; N, 3.57.

A17-20-Cyanopregnene-21 -ol-3,11 -dione (XV).—Hydrol­
ysis of the acetate (150 mg.) was accomplished by dis­
solving it in 5 cc. of methanol and adding 2 cc. of water 
containing 200 mg. of potassium carbonate. The solu­
tion was kept at 50° for fifteen minutes, the methanol was 
then removed in vacuo and the crystalline precipitate 
filtered. Recrystallization from ethyl acetate gave 
a product of melting point 263-265° (sample introduced 
at 250°); [ a ] 25D +36°.
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Anal. Calcd. for C22H29N 0 3: C, 74.34; H, 8.22; N, 
3.94. Found: C, 74.23; H, 8.00; N, 4.22.

A6’17-20-Cyanopregnadiene-3(/3)-ol Acetate.—The de­
hydration of the cyanhydrin of A5-pregnene-3(/3)-ol-20- 
one acetate (900 mg.) in the usual manner gave 60% of 
a product of melting point 170-172°. This was chro­
matographed and recrystallized, but this treatment 
failed to produce an analytically pure sample. Hence, 
it was converted to the free alcohol.

A5* 17-20-Cyanopregnadiene-3 ( (3) -ol.—The benzene- 
methanolic potassium hydroxide method described above 
was used to hydrolyze A5>17 -20-cyanopregnadiene-3 ( /3) -ol 
acetate. Recrystallization of the crude product from 
dilute methanol gave 85% of the free alcohol; m .p . 176- 
177°; M 25d - 86°.

Anal. Calcd. for C22H3iNO: C, 81.18; H, 9.60.
Found: C, 81.22; H, 9.16.

Attempted hydroxylation of this compound or of the 
corresponding A5-3-acetoxy derivative by the osmium 
tetroxide-pyridine procedure described below gave oily 
products. Milder treatment gave only starting material.

Pregnane-3(a),17(a)-diol-ll,20-dione (XVIII) and Its
3-Monoacetate (XIX) .—To a solution of 1.65 g. of 
A17-20-cyanopregnene-3(«)-ol-l 1-one acetate (XI) in
16 cc. of dry benzene was added 1.7 g. of osmium tet- 
roxide and 0.75 cc. of pyridine. After standing at room 
temperature overnight, the mixture was treated with 50 
cc. of water containing 3.0 g. of sodium sulfite. The 
benzene was then concentrated in vacuo to about 5 cc., 
and the whole was diluted with 50 cc. of alcohol. The 
mixture was stirred at room temperature for twenty 
hours, filtered, acidified with a few drops of acetic acid 
and concentrated in vacuo to a small volume. The 
aqueous mixture was extracted with chloroform, the 
chloroform solution concentrated to dryness in vacuo and 
the residue crystallized from acetone-ether. The 800 mg. 
so obtained was recrystallized from dilute alcohol, 
giving pregnane-3 (a), 17 (a) -diol-11,20-dione; m. p. 207- 
208°; [a]25o +68.5°.

Anal. Calcd. for C21H32O4: C,72.39; H, 9.25. Found: 
C, 72.54; H, 9.19.

The mother liquors (850 mg.) consisted of a crystalline 
mixture of the dioldione and its 3-acetate. It was con­
verted entirely to the latter by dissolving it in 3 cc. of 
pyridine and 3 cc. of acetic anhydride. The addition of 
water after three hours gave 850 mg. of crystals; m. p. 
206-208°. Recrystallization from dilute alcohol gave 
the pure 3-acetate (X IX ); m. p. 208-209°; [ a ] 25D
+84°. A mixed melting point with XVIII showed a 
depression of 30°.

Anal. Calcd. for C23H34O5: C, 70.73; H, 8.79. Found: 
C, 70.83; H, 8.96.

Pregane-17(a)-ol-3,11,20-trione (XX) from A17-20- 
Cyanopregnene-3,11 -dione (XII).—The hydroxylation of 
XII was carried out according to the procedure described 
above. A yield of 83% of the oltrione, m .p . 205-206°, 
was obtained. A mixed melting point with the pregnane-
17 («)-ol-3,11,20-trione prepared by oxidation of preg­
nane-3 (a), 17(a),20-triol-ll-one showed no depression.

Anal. Calcd. for C2iH30O4: C, 72.78; H, 8.81. Found: 
C, 72.81; H, 8.70.

Pregnane-17 (a)-01-3*11,20-trione (XX) from Pregnane- 
3 (a), 17(a) -diol-11,20-dione (XVIII).—A solution of 75 
mg. of XVIII in a mixture of 0.8 cc. of acetic acid and 0.2 
cc. of water was treated with a solution of 60 mg. of 
chromic acid in 0.06 cc. of water and 1.14 cc. of acetic 
acid. After standing at room temperature for ten min­
utes the solution was diluted with water and extracted 
twice with chloroform. The washed chloroform solution 
was concentrated to dryness in vacuo and the residue 
crystallized from ether. Recrystallization from dilute 
acetone gave the pure oltrione; m. p. and mixed m. p. 
205-206°.

Pregnane-3 (a) ,17 (a) ,21 -triol-11,20-dione Diacetate
(XXH).—The osmium tetroxide-sodium sulfite procedure 
described above was applied to 1.1 g. of A17-20-cyano-

pregnene-3 (a) ,21 -diol-11 -one diacetate (amorphous, pre­
pared by acetylation of the pure A17-20-cyanopregnene- 
3 (a ),21-diol-11-one (XVI) in the usual manner). The 
crude product was amorphous and presumably consisted 
of equal amounts of pregnane-3 (a), 17(a) ,21-triol-11,20- 
dione and its 3-monoacetate. In addition, the product 
was contaminated with some green osmium salts. These 
were partially removed by dissolving the product in a small 
volume of acetone and diluting with 100 cc. of absolute 
ether. The flocculent precipitate was separated, the 
supernatant yellowish solution was concentrated to 
dryness and dissolved in a mixture of 5 cc. of pyridine 
and 5 cc. of acetic anhydride. After standing at room 
temperature for several hours, the solution was diluted 
with water and the crystalline precipitate was filtered. 
Recrystallization from dilute acetone and from alcohol 
gave 504 mg. of the diacetate; m. p. 233-236°. Addi­
tional recrystallization from benzene and from acetone- 
ether failed to raise the melting point or to remove a 
trace of greenish discoloration; [a] 25d  +93 °.

Anal. Calcd. for C^HseO?: C,66.94; H, 8.08. Found: 
C, 66.41; H, 8.08.

Pregnane-17 (a) ,21 -diol-3,11,20-trione (XXIII) .■—One
gram of A17-20-cyanopregnene-21-ol-3,ll-dione acetate 
(XIV) was treated with osmium tetroxide-pyridine and 
then hydrolyzed with sodium sulfite in the fashion de­
scribed above. After concentration of the aqueous- 
alcoholic solution to a small volume in vacuo, it was 
extracted with four 150-cc. portions of chloroform which 
were then combined and washed with successive small 
portions of sodium bicarbonate, dilute hydrochloric acid 
and water, the washes being back extracted each time. 
The chloroform solution was then concentrated to dryness 
in vacuo and the residue (861 mg.) crystallized from 
acetone. A yield of 60% of dioltrione, m. p. 233-235°, 
was obtained. The pure material was sparingly soluble 
in chloroform, ethyl acetate and acetone.

Anal. Calcd. for C2iH3o05: C, 69.59; H, 8.33. Found: 
C, 69.45; H, 8.13.

The 21-monoacetate was prepared by treatment of the 
dioltrione with pyridine-acetic anhydride at room tem­
perature. The initially insoluble starting material dis­
solved after five to ten minutes of stirring. After an 
additional five minutes the acetate was precipitated by 
addition of water. It melted at 228-230°; [ a ] 25D + 82°.

Anal. Calcd. for C23H3206: C, 68.29; H, 7.98. Found: 
C, 68.14; H, 7.91.

A4-Pregnene-17(a)-ol-3,ll,20-trione (XXV).—To a so­
lution of 86 mg. of pregnane-17 (a)-ol-3,11,20-trione (XX) 
in 1.0 cc. of acetic acid was added a solution of 41 mg. of 
bromine in 0.41 cc. of acetic acid. After two minutes the 
bromine color suddenly disappeared, the solution was 
poured into water and extracted with chloroform. The 
chloroform solution was washed with dilute potassium 
carbonate and water, then concentrated to dryness in 
vacuo. The residue was crystallized from ether to give 
71 mg. of crude crystalline 4-bromopregnane-17(a)-ol- 
3,11,20-trione; dec. ca. 185°. This substance was re­
fluxed for five hours in pyridine, the latter removed in 
vacuo and the residue dissolved in ether and dilute hydro­
chloric acid. The washed ether layer was concentrated 
to a small volume and the crystalline precipitate (19 mg.) 
recrystallized twice from methanol. It then melted at 
236-239°.

Anal. Calcd. for C21H28O4: C, 73.23; H, 8.18. Found: 
C, 73.43; H, 7.49.

A4-Pregnene-17(a) ,21 -diol-3,11,20-trione Acetate 
(XXVI) (Kendall's Compound E Acetate).—A solution 
of 333 mg. of pregnane-17(a) ,21-diol-3,11,20-trione 21- 
acetate (XXIV) in 5.0 cc. of acetic acid was treated 
with a solution of 132 mg. of bromine in 1.0 cc. of acetic 
acid. After decolorization had ensued, the solution 
was worked up as above. Crystallization cf the chloro­
form residue gave 300 mg. of the 4-bromo derivative; 
dec. 190°. This material was then refluxed with 12 cc. 
of pyridine for five hours and the mixture then concen-
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trated in vacuo, dissolved in chloroform, washed with 
dilute hydrochloric acid and with water, and concentrated 
to dryness in vacuo. The residue (170 mg.) was crystal­
lized from benzene by the addition of ether, giving 118 
mg. of crude crystalline XXVI. This product was dis­
solved in 2.5 cc. of hot alcohol and the solution per­
mitted to cool slowly to room temperature = It was then 
kept at —5° for two days at the end of which time the 
initial precipitate of long dense needles had become con­
taminated by a small superficial layer of fluffy crystalline 
balls, apparently containing the saturated dioltrione 
(X X IV ). The needles were easily separated mechanically 
and after two further recrystallizations from alcohol 
melted at 236-238°. A total of 83 mg. was obtained; 
[ a ] 25d  +170°. A mixed melting point with an authentic 
sample of Compound E acetate gave no depression.

Anal. Calcd. for C2ZHSQ0 6: C, 68.61; H, 7.52. Found: 
C, 68.85; H, 7.34.
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Summary
A new method for the preparation of 17(a)-hy­

droxy-20-ketopregnanes is described. A 20-keto- 
pregnane is converted to its cyanhydrin which is 
then dehydrated to give a A17-20-cyanopregnene. 
With osmium tetroxide followed by aqueous so­
dium sulfite, the unsaturate nitrile is converted to 
the 17(a)-hydroxy-20-ketopregnane, hydrogen cy­
anide being spontaneously eliminated from the 
hypothetical intermediate, 17,20-dihydroxy-20- 
cyanopregnane. The method is also feasible for 
introducing a 17(a)-hydroxy group into a 20-keto- 
21-acetoxypregnane. This permits the synthesis 
of Kendall’s Compound E.
R a h w a y , N e w  J e r s e y  R e c e iv e d  D e c e m b e r  5, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m is t r y  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  M ic h ig a n ]

The Reaction of Anthracene with Maleic and Fumaric Acid and their Derivatives 
and with Citraconic Anhydride and Mesaconic Acid

B y  W. E. B achm ann  and  L. B . S cott1’2

In the present work the addition of seven dieno- 
philes to anthracene is described, the relative 
rates of reaction are compared, and the effects of 
changes in some of the reaction variables are 
noted. By the addition of both the cis and trans 
forms of a dienophile, information on the applica­
tion of the rule of cis addition in the Diels-Alder 
reaction was obtained.

The reaction of maleic anhydride and anthra­
cene to give cis-9,10-dihydroanthracene-9,10- 
endo-a, /3-succinic anhydride3 is well known. We 
obtained the same anhydride (and not the acid) in 
high yield from the reaction of maleic acid with 
anthracene in boiling dioxane. I t  is not known 
whether the molecule of water is lost before or 
after addition, but the latter seems probable in 
view of the ease with which the cis-diacid (I, R = 
H) is converted to the anhydride (e.g., on recrys-

H
R

-C—COOH

/ i ---------- C —COOH
H |

H
___________  I

(1) From  the Ph.D . dissertation of L. B. Scott, 1944.
(2) Present address: Shell Development Company, Emeryville, 

California.
(3) In  this paper the prefixes cis and trans refer solely to  the con­

figuration a t  the two carbon atom s attached to th e  carboxyl groups 
and not to the configuration a t  the 9,10 positions.

tallization or on standing in a vacuum desiccator). 
Diels, Alder and Beckmann4 prepared the cis-di- 
methyl ester from the anhydride. We have ob­
tained this ester by the addition of dimethyl 
maleate to anthracene.

In spite of the impression that fumaric acid does 
not engage in the Diels-Alder reaction,5 we tried 
its reaction with anthracene and obtained the 
addition product, the trans-acid (I, R = H) in 
95% yield. Fumaric acid6 reacts more slowly 
(see Table I) than maleic anhydride, requiring 
days of refluxing in a given solvent to hours for the 
anhydride. The reaction of anthracene with 
maleic acid (or maleic anhydride) to give the cis 
adduct and with fumaric acid to give the trans 
acid offers a simple classroom illustration of the

(4) Diels, Alder and Beckmann, A nn., 486, 191 (1931).
(5) Alder and Stein, A nn., 514, 203 (1934) mention th a t fumaric 

acid does not add to  cyclopentadiene. On page 309 of R ichter’s 
"Textbook of Organic Chem istry,” 2nd ed., John Wiley and Sons. 
Inc., New York, N. Y. 1943, the  following statem ent appears in the 
section on the Diels-Alder reaction: "T his type of reaction does not 
occur with the trans isomer, fumaric acid.”

Dilthey and Henkels, J . prakt. Chem., 149, 85 (1937), stated th a t 
the product obtained from acecyclone and fumaric acid was identical 
with th a t obtained with maleic acid (or anhydride) and attribu ted  
this result to the addition of maleic acid formed by rearrangement of 
the fumaric acid. After our work had been completed (1942; 
publication delayed by the  war), Bergmann, Eschinazi and Neenam, 
J . Org. Chem., 8 , 179 (1943), reported the formation of an amorphous 
acid adduct from 1,1 '-bicyclohexenyl and fumaric acid a t 190-200®. 
The nature of the adduct, which was characterized as a dianilide, 
was not clearly indicated.

(6) In the paper which follows a Diels-Alder reaction is reported 
in which fumaric acid was superior to  maleic anhydride in th a t it 
gave a higher yield of adduct and a lower yield of copolymer.
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principle of cis addition of the diene to the double 
bond of the dieneophile. We have also prepared 
the /raws-dimethyl ester in high yield by the direct 
addition to anthracene of dimethyl fumarate. 
Unlike the cis-diacid, the trans-diacid showed no 
tendency to lose water and form an anhydride and 
could be recrystallized unchanged from a mixture 
of acetic anhydride and acetic acid.

cis - 9,10 - Dihydroanthracene- 9,10-endo-«-meth­
yl- a, ̂ -succinic anhydride (anhydride of I, R = 
CH3) had been prepared previously in unspecified 
yield, by melting together anthracene and citra- 
conic anhydride.4 We have prepared it in 96% 
yield by refluxing the same reactants in either 
toluene or xylene solution. The /raws-diacid was 
obtained directly through the reaction of anthra­
cene and mesaconic acid. Here, too, the cis-diacid 
lost water readily to form the corresponding anhy­
dride whereas the /raws-diacid did not; in fact, the 
latter could be sublimed unchanged at 200°. The 
cis-dimethyl ester and the /raws-dimethyl ester 
were prepared by treating the corresponding di­
acids with diazomethane. The as-diester was 
isomerized to the trans-diester by prolonged treat­
ment with methanolic potassium methoxide. The 
rearrangement of this c^s-ester with an a-methyl 
group to the trans configuration proceeded much 
more slowly than the rearrangement of the cis- 
ester without the a-methyl group.

The reaction of bromomaleic anhydride and an­
thracene yielded cis-9,10-dihydroanthracene-9,10- 
endo-a-bromo-a,/5-succinic anhydride. When 
this anhydride was warmed gently with potassium 
hydroxide, the bromine group was replaced and 
the corresponding a-hydroxy diacid was isolated. 
No attempt was made to determine whether the 
hydroxy diacid was cis or trans, but its method of 
preparation and its stability toward anhydride 
formation during recrystallization favor the trans 
configuration. These compounds should prove 
useful for a study of the Walden inversion.

The relative rates of most of the above Diels- 
Alder reactions were compared in a series of experi-

T a b l e  I

R e l a t iv e  R a t e  o p  A d d it io n  o f  D ie n o p h il e s  to  A n t h r a ­
c e n e

Anthracene, 0.0112 mole; dienophile, 0.0112 mole; 
dioxane, 50 cc.; reaction temperature, ca. 102°

Dienophile
Reaction 
time, hr.

Anthracene 
isolated, %

Yield® of 
product, %

Maleic anhydride 2 31 67
Bromomaleic anhydride 2 62 36
Maleic acid 2 92 6.5
Maleic acid 24 52 47
Dimethyl fumarate 24 58 4T
Fumaric acid 24 70 28
Citraconic anhydride 24 70; 73 28; 26
Mesaconic acid 24 92 7.5

* High yields of the adducts were obtained by increasing 
the reaction time, the concentration or the temperature 
(by means of a higher boiling solvent) (see Experimental). 
6 Product isolated as the trans-diacid.

ments in which homogeneous dioxane solutions of 
equimolar quantities of the two reactants were 
refluxed for measured periods of time. The yields 
of the product are recorded in Table I; the rela­
tive accuracy of the results is considered to be 
±2-3% .

Slower rates resulted when the maleic anhydride 
was replaced by a cis-diacid, a trans-di&cvd or a 
trans-diester, or when a hydrogen on one of the 
double-bond carbons was replaced by a bromine 
or a methyl group. I t  is of interest that bromo­
maleic anhydride reacts very much more rapidly 
than does citraconic anhydride although the bro­
mine atom and the methyl group are thought to be 
similar in size.7 The substitution of a hydrogen 
by a bromine would increase the electron affinity 
of the dienophile while replacement by a methyl 
group would not. The rate of addition of chloro- 
maleic and fluoromaleic anhydride would be of 
interest in this connection as the steric factor 
should have a lesser magnitude and the electronic 
factor a greater one.

In another series of runs (Table II) the rate of 
reaction of citraconic anhydride with anthracene in 
equal volumes (sufficient for complete solution) of 
different solvents was determined. As expected, 
the rate of reaction increased as the reaction tem­
perature was increased. The rate of reaction 
was greater than expected from the increase in 
temperature when a mildly polar solvent such as 
acetic or propionic acid was used instead of low 
polarity solvents such as toluene and xylene.8 
An experiment was conducted in 2-nitropropane 
because of this solvent’s somewhat polar nature, 
but no enhancement of the rate was observed.

T a b l e  II
E f f e c t  o f  R e a c t io n  T e m p e r a t u r e  a n d  S o l v e n t  o n  
t h e  R a t e  o f  R e a c t io n  o f  A n t h r a c e n e  a n d  C it r a c o n ic  

A n h y d r id e

Anthracene, 0.0112 mole; citraconic anhydride, 0.0112 
mole; solvent, 25 cc. except as noted; reaction time, 24 

hours

Solvent

Approx, 
reaction 
tem pera­
ture , °C.

Anthracene 
isolated, %

Yield of 
product, %

Benzene 78 91 8
Dioxane 102 59; 58 40; 41
Toluene 111 52; 49 47; 49
2-Nitropropa ne 122 38 62
Xylene 142 21;21;18 78; 78; 80
Acetic acid (50 cc.) 119 40 59
Acetic acid (30 cc.) 119 15 83
Propionic acid 144 13 86

The effect of the concentration of the reactants 
on the rate of addition of anthracene to citraconic 
anhydride was studied in still another group of ex­
periments (Table III). Different volumes of di­
oxane were used for equimolar quantities of the

(7) Pauling, "T he N ature of the Chemical Bond,” Cornell U ni­
versity Press, Ithaca, New York, 1939.

(8) Cf. Fairclough and Hinshelwood, J . Chem. Soc., 236 (1938), 
and Wasserman, ibid., 1028 (1936).
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reactants, and the homogeneous solutions were re­
fluxed for twenty-four hours. The values calcu­
lated for a bimolecular reaction rate constant were 
in fairly close agreement.

T a b l e  III
E f f e c t  o f  C o n c e n t r a t io n  o f  R e a c t a n t s  on  t h e  R a t e  
o f  R e a c t io n  o f  A n t h r a c e n e  a n d  C it r a c o n ic  A n ­

h y d r id e

Anthracene, 0.0112 mole; citraconic anhydride, 0.0112
mole; reaction time, 24 hours;

102°
reaction temperature, ca,

Volume of 
dioxane, cc.

A nthracene 
isolated, %

Yield of 
product, % ka

12.5 43 57 69
25 58; 59 41; 40 69
50 70; 73 28; 26 71

100 85 14.5 67
a Bimolecular reaction rate constant (cc./hr. moles) 

calculated using the higher value for **% anthracene 
isolated" where there was a choice. The volume of the 
solution was taken as the volume of the solvent +  1.5 cc.

Experimental
Reactions of Anthracene

With Maleic Acid.—A solution of 2 g. (0.0112 mole) 
of anthracene and 3“.9 g. (0.0336 mole) of maleic acid in 
17 cc. of dioxane was refluxed for thirty hours. The 
dioxane was removed in a current of air on a steam-bath 
and the residue was shaken for two hours at room tem­
perature with excess, dilute sodium bicarbonate (this 
treatment had been shown to have no effect on the an­
hydride). The mixture was filtered and the filtrate was 
added to an excess of hydrochloric acid; yield of cis-9,10- 
dihydroanthracene-9,10-endo-a,{3-succinic acid, 0.035 g. 
(1%). The bicarbonate-insoluble residue (the anhy­
dride) was warmed gently with 45% potassium hydroxide, 
water and benzene (in that order) and the clear layers 
were separated. The benzene layer contained 0.065 
g. (3%) of anthracene while the aqueous layer, upon ad­
dition to excess hydrochloric acid, yielded 3.10 g. (94%) 
of cis-diacid (I, R =  H ). As has been reported,9 the 
cis-diacid crystallized from ethyl acetate as colorless 
prisms of the corresponding cis-anhydride; m. p. 264- 
264.5° cor. (reported,4 262-263° for the product prepared 
directly by the addition of maleic anhydride to anthra­
cene). When a small sample of the diacid in a melting 
point tube was plunged into a bath at 255° cor., it melted 
with gassing, solidified after 20-30 seconds and remelted 
(presumably as the cis-anhydride) at 261-263° cor.

With Fumaric Acid.—A solution of 6 g. (0.0336 mole) 
of anthracene and 1.3 g. (0.0112 mole) of fumaric acid 
in 50 cc. of dioxane was refluxed for three days, the 
solvent was removed, and the residue was shaken several 
hours with dilute sodium bicarbonate and then worked 
up in the same manner as was the maleic acid mixture; 
the benzene layer contained 4.08 g. of anthracene. The 
bicarbonate solution was slowly added with stirring to 
warm, dilute hydrochloric acid and the mixture was 
filtered while warm (to keep fumaric acid in solution); 
yield of trans-9,10-dihydroanthracene-9,10-endo-a, (3-suc­
cinic acid, 3.13 g. (95%) ; m .p . 240-242° dec. with previ­
ous softening at 238° (reported,4 241-242° dec.). A por­
tion of the diacid treated with ethereal diazomethane 
gave the trans-dimethyl ester which crystallized from 
methanol in colorless, rhombic plates; m. p. 108.4- 
108.9° cor. (reported,4 106-107° for the product obtained 
by isomerization of the cis-diester by sodium methylate). 
The trans-diacid showed no tendency to form either a 
cis or a trans -anhydride when recrystallized from acetic 
anhydride-glacial acetic acid or when stored, for several 
days in a vacuum desiccator.

(9) Bachmann and Kloetzel, T h is Journal, 60, 481 (1938).

With Dimethyl Maleate.—Two grams (0.0112 mole) of 
anthracene, 2.43 g. (0.0168 mole) of dimethyl maleate10 
and 10 cc. of dioxane were refluxed for eight days. The 
clear solution was transferred to a sublimation tube, the 
solvent was removed and the residue was evaporatively 
distilled at about 0.05 mm. The light-yellow material 
distilling between 140 and 175° (cis-dimethyl ester con­
taminated with a small amount of anthracene) weighed 
3.56 g. and melted at 139-146° with previous softening; 
estimated yield of diester, 90-95%. After three re~ 
crystallizations from methanol, the square, colorless 
plates of the dimethyl ester of cis -9,10 -dihydroanthracene - 
9,10-endo-a,,/3-succinic acid melted at 150-150.5° cor. 
This ester (m .p . 150-151°) has been prepared previously 
by the action of methanolic hydrogen chloride on the 
cis-acid.4

In a second experiment a solution of 2 g. (0.0112 mole) 
of anthracene, 8.1 g. (0.056 mole) of dimethyl maleate 
and 65 cc. of xylene was refluxed for three days. The 
xylene was removed and the residue was refluxed for seven­
teen hours with 50 cc. of methanol and 25 cc. of 45% 
potassium hydroxide. The methanol was removed, water 
and benzene were added and the clear layers were sepa­
rated. The benzene layer contained 0.24 g. (12%) of 
anthracene and the aqueous layer 2.89 g. (87%) of trans- 
diacid; m. p. 239.5-241° dec. The product was con­
verted to the trans-dimethyl ester with diazomethane and 
was crystallized from methanol; m. p. 108-108.5° cor. 
alone and when mixed with an authentic sample of the 
trans-diester.

With Dimethyl Fumarate.—A solution of 2 g. (0.0112 
mole) of anthracene and 2.43 g. (0.168 mole) of dimethyl 
fumarate (prepared by the action of methanolic hydrogen 
chloride on maleic anhydride; m. p. 101-100.5° after 
recrystallization from methanol) in 12 cc. of dioxane was 
refluxed for three days. The solvent was removed and 
the residue was evaporatively distilled at about 0.05 mm. 
A total of 3.63 g. of light-yellow trans-dimethyl ester 
contaminated with a small amount of anthracene distilled 
at 140-175°; estimated yield of diester, 90-95%. Three 
recrystallizations from methanol raised the melting point 
of the product from 90-96° to 107-108° cor.

In another experiment a solution of 2 g. (0.0112 mole) 
of anthracene and 16.2 g. (0.11 mole) of dimethyl fuma­
rate in 150 cc. of xylene was refluxed for three days, and 
the reaction product was hydrolyzed with methanolic 
potassium hydroxide and worked up in the manner de­
scribed in the corresponding dimethyl maleate experiment; 
anthracene, 0.20 g. (10%); trans-diacid, 2.87 g. (87%).

With Citraconic Anhydride.—A solution of 2 g. (0.0112 
mole) of anthracene and 2.52 g. (0.0224 mole) of citra­
conic anhydride11 in 25 cc. of xylene (or toluene) was 
refluxed for eighty-four hours. Most of the solvent was 
removed in a current of air, the residue was treated with 
45% potassium hydroxide, water and benzene, and the 
clear layers were worked up in the usual manner; anthra­
cene, 0.06 g. (3%); cis-9,10-dihydroanthracene-9,10-
endo-a-methyl-a,/3-succinic acid (I, R =  CH3), 3.33 g. 
(96%). When a small sample of the diacid in a melting 
point tube was plunged into a bath at 173°, it melted 
with gassing, solidified after 15-20 seconds and remelted 
(presumably as the cis-anhydride) at 181-182°.

The cis-diacid was readily converted into the cis- 
anhydride by prolonged drying in a vacuum desiccator or 
recrystallization from ethyl acetate. The anhydride 
product evaporatively distilled at 160-190° and ca. 0.05 
mm. without appreciable decomposition and crystallized 
from ethyl acetate in fine, colorless prisms; m. p. 185.1- 
185.5° cor. (reported,4 182° after repeated recrystalliza­
tions). The cis-anhydride was formed in about 60% 
yield by heating 1.8 g. of anthracene with 1.3 g. of citra­
conic anhydride at 155-165° for two hours according to 
the procedure of Diels, Alder and Beckmann.4

(10) Wolf and Straete, Bull, classe sci., Acad. roy. Belg.,21, 216 
(1935).

(11) Shriner, Ford and Roll, "Organic Syntheses,” H , 28, 70 
(1931).
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Three grams of recrystallized £ A-anhydride was hy­
drolyzed by warm dilute sodium hydroxide, and the 
clear solution was added to an excess of hydrochloric acid. 
The damp cA-diacid was treated with ethereal diazo- 
methane and the product was triturated with dilute sodium 
bicarbonate; yield, 3.40 g.; m. p. 133-134.5°. After 
recrystallization from methanol and evaporative distilla­
tion at 135-145° and ca. 0.05 mm., the dimethyl ester of 
cis- 9,10 - dihydroanthracene-9,10-endo-a-methyl-a, 0 -suc­
cinic acid crystallized from methanol in colorless plates; 
m. p. 140.9-141.2° cor.

Anal. Galcd. for C21H20O4: C, 74.97; H, 5.99. Found: 
C, 75.00; H, 6.01.

The same compound was prepared in only slightly lower 
yield by refluxing for eight hours a solution of 5 g. of the 
anhydride in 250 cc. of methanol which had been satu­
rated with dry hydrogen chloride at 0° and which was 
treated with hydrogen chloride during the refluxing period.

With Mesaconic Acid.—Two grams, (0.0112 mole) of 
anthracene, 7.3 g. (0.056 mole) of mesaconic acid12 (m. p. 
204-205° cor.) and 40 cc. of propionic acid were refluxed 
for ninety-six hours at about 144°. The temperature 
was then held at 90-95° for seventy-two hours more, a 
total reaction time of seven days. The light-yellow solu­
tion gradually darkened but remained clear. The re­
action mixture was worked up as before; anthracene, 
0.35 g. (17.5%); trans-diacid, 2.79 g. (80%). The
/raws-9,10-dihydroanthracene -9,10 -endo -a  -methyl-a, 0- 
succinic acid (I, R = CH3), after a treatment with Norit 
in acetone, crystallized from acetone-ethyl acetate as a 
colorless powder; m .p . 232.1-232.4° dec. cor.

Anal. Calcd. for Ci9Hi60 4: C, 74.02; H, 5.23;
neut. equiv., 154. Found: C, 74.04; H, 5.29; neut. 
equiv., 154.

The trans-diacid showed no tendency to form an an­
hydride. When an unpurified sample (m. p. 214-219° 
dec.) was heated in a sublimation tube at 200-220° and 
ca. 0.05 mm., some decomposition occurred; but most of 
the material sublimed as colorless, bicarbonate-soluble, 
trans-diacid.

The trans-dimethyl ester, prepared from recrystallized 
acid and diazomethane, crystallized from methanol in 
colorless, rhombic prisms; m .p . 119.2-119.7° cor.

Anal. Calcd. for C21H20O4: C, 74.97; H, 5.99. Found: 
C, 75.17; H, 6.05.

The trans-diester was also prepared from the £ A-isomer. 
A solution of 1 g. of the cA-dimethyl ester, 60 cc. of meth­
anol and 30 cc. of 45% potassium hydroxide was refluxed 
for thirty-two hours. From it 0.78 g. of diacid was iso­
lated, which on treatment with diazomethane and recrystal­
lization of the product from methanol yielded 0.6 g. (60%) 
of trans-dimethyl ester; m. p. 117-118.5°. In another 
experiment, 1 g. of the £ A-dimethyl ester and 0.03 g. of

(12) Shriner, Ford and Roll, “ Organic Syntheses” 11, 74 (1931).

potassium metal were dissolved in 75 cc. of anhydrous 
methanol, and the solution was refluxed for forty-five 
hours. The recovered product was shown to be a mixture 
of about 75% trans- and 25% £ A-diester by fractional 
crystallization. When a solution of 1.91 g. of the ester 
in 60 cc. of anhydrous methanol in which 20 mg. of sodium 
had been dissolved was refluxed for thirty minutes, no 
change occurred. Under the same conditions the cor­
responding maleic ester addition product was isomerized 
to the trans-ester.

With Bromomaleic Anhydride.—A mixture of 2 g. 
(0.0112 mole) of anthracene, 3 g. (0.0169 mole) of bromo­
maleic anhydride (prepared from dibromosuccinic acid 
by the method of Walden13; b. p. 72-75° at 2-3 mm.) 
and 15 cc. of toluene was heated on a steam cone for forty- 
eight hours. The reaction mixture was cooled, a few 
dark-brown particles were removed by filtration, and the 
filtrate was concentrated to about one-half of its original 
volume in a vacuum desiccator. The crystals of cis- 
9,10 - dihydroanthracene -9,10-endo-a.-bromo-a, /3-succinic 
anhydride which precipitated were filtered and washed with 
ether; yield, 2.59 g.; m. p. 169-170° cor. A single 
recrystallization from acetone raised the melting point 
to 171.5-172.9° cor.

Anal. Calcd. for Ci8HnBr03: C, 60.87; H, 3.12.
Found: C, 60.81; H, 3.13.

The solvent was removed from the filtrate and the 
residue was warmed gently with 45% potassium hydroxide, 
water and benzene. The benzene layer contained 0.06 
g. (3%) of anthracene and the acidified and concentrated 
aqueous layer yielded 1.02 g. (31%) of 9,10-dihydro- 
anthr ac en e -9,10-en do -a -hydroxy -a, /3 -succinic acid; m. p. 
224-230° dec. cor. with previous softening. The hy­
droxy diacid crystallized from ethyl acetate in colorless 
prisms; m. p. 232.5-233.2° dec. cor.

Anal.14 Calcd. for C18Hi40 6: C, 69.66; H, 4.55;
neut. equiv., 155. Found: C, 69.63; H, 4.69; neut. 
equiv., 155.

Summary
The reaction of anthracene with seven dieno- 

philes is described. The order of reactivity with 
anthracene was found to be: maleic anhydride >  
bromomaleic anhydride >  maleic acid >  dimethyl 
fumarate >  fumaric acid, citraconic anhydride > 
mesaconic acid.

The addition of the /raws-dienophiles fumaric 
acid and mesaconic acid yielded trans-acids in 
agreement with the rule of cA-addition.
A n n  A r b o r , M ic h ig a n  R e c e iv e d  D e c e m b e r  1, 1947

(13) Walden, Ber., 30, 2886 (1897).
(14) Semi-microanalysis by Dr. M arjorie Horning.
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The Reaction of 1-Vinylnaphthalene and 6-Methoxy-1 -vinylnaphthalene with 
Citraconic Anhydride, Fumaric Acid and Mesaconic Acid1

B y  W. E. B a c h m a n n  a n d  L. B. S c o t t 2

Cohen5 made the interesting discovery that 
1 -vinylnaphthalene can function as a diene in the 
Diels-Alder reaction. From the reaction of this 
hydrocarbon with maleic anhydride in xylene, 
cis - 1,2,3,10a - tetrahydrophenanthrene -1,2 - dicar- 
boxylic anhydride (la) was obtained.4 The prod­
uct was isomerized to the naphthalenic compound
1,2,3,4 - tetrahydrophenanthrene- 1,2-dicarboxylic 
anhydride (Ila) by treatment with glacial acetic 
acid saturated with dry hydrogen chloride.

la, R =  H
lb, R = OCHa

We have investigated this reaction and similar 
ones and have examined the by-products. I t was 
found that when 1-vinylnaphthalene and maleic 
anhydride reacted in toluene at 90-100° a mixture 
of monomeric and copolymeric addition products 
was formed.5 The monomeric portion which was 
essentially the non-naphthalenic anhydride (la) 
could be isolated from the mixture in 16% yield 
by recrystallization. When the crude mixture was 
subjected to evaporative distillation at low pres­
sure, the distillate was the as-naphthalenic an­
hydride Ila.

Ila, R = R' =  H I lia , R =  R' =  H
lib , R =  OCH3, R' =  H Illb , R = OCH3, R' =  H
lie , R »  H, R' -  CH3 I llc , R =  H, R' =  CH3
lid , R = OCH3, R' =  CHS IHd, R =  OCH3, R' =  CH3

Various procedures were tried to separate the 
maximum amount of monomeric product from 
the mixture. The best procedure consisted in

(1) Presented by W. E. Bachmann in Basel, Zürich, and Geneva, 
Switzerland, May 9-16, 1947, under the auspices of the American- 
Swiss Foundation for Scientific Exchange.

(2) From the Ph.D. dissertation of L. B. Scott, 1944. Present 
address: Shell Development Company, Emeryville, California.

(3) Cohen, Nature, 136, 869 (1935).
(4) Cohen and Warren, J. Chem. Soc., 1315 (1937).
(5) In the light of our present results, the products reported by 

Bachmann and Kloetzel, T h is Journal, 60, 2204 (1938), as powders 
and melting over a wide range may have contained polymeric ma­
terial.

hydrolysis of the crude mixture, esterification of 
the resulting diacid with diazomethane, and 
evaporative distillation. In this manner the di­
methyl ester of cis-1,2,3,4-tetrahy drophenan- 
threne-1,2-dicarboxylic acid (acid corresponding 
to Ila) was obtained in 60% yield. Recently, 
Cohen’s structure for this ester was confirmed 
by Fujimoto6 in this Laboratory, who obtained 
the same ester by esterifying the acid prepared 
by sodium amalgam reduction of the acid IV 
derived from the 3,4-dihydrophenanthrene-1,2-di- 
carboxylic anhydride of Fieser and Hershberg.7 
The formation of the cis acid showed that cis ad­
dition of hydrogen to the double bond had taken 
place.

When vinylnaphthalene and maleic anhydride 
were refluxed in acetic or propionic acid, the mono­
meric addition product was entirely naphthalenic 
and consisted of a mixture of anhydride and di­
acid that contained some of the trans-isomer. I t 
is considered that the primary product la  is isom­
erized under the conditions of the experiment.

Of considerable interest is the result with the 
/raws-dienophile, fumaric acid. Although fumaric 
acid reacts more slowly than maleic anhydride 
(110 hours required compared with 3 hours for 
maleic anhydride), it was found to be superior: 
the yield of monomeric adduct was higher and 
that of copolymer was lower. The addition prod­
uct from fumaric acid and vinylnaphthalene in 
boiling propionic acid was entirely naphthalenic. 
After esterification with diazomethane and evapo­
rative distillation of the product, an 89% over-all 
yield of trans-diester (ester of Ilia) containing 
some cw-diester was obtained. The presence of 
the cis-isomer may have been the result of a con­
version of some of the fumaric acid to maleic an­
hydride during the long reflux period at elevated 
temperatures.

Pure trans-diacid (Ilia) can be prepared by 
treating either the cA-diacid or diester (or cis- 
trans-mixtures) with methanolic potassium hy­
droxide, while pure m-diacid can be obtained by 
gentle alkaline hydrolysis of distilled and recrys­
tallized cA-anhydride (Ila). Both the cis- and

(6) From the Ph.D. dissertation of George Fujimoto, 1947.
(7) Fieser and Hershberg, T h is Journal, 57, 1851 (1935).
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trans-diacids can be recrystallized unchanged but 
each is converted to the as-anhydride by evapora­
tive distillation at 160-200° under reduced pres­
sure. The pure diesters were prepared by treat­
ing the corresponding diacids with diazomethane; 
aVdimethyl ester was also obtained by refluxing 
pure cis-anhydride with methanol and treating 
the resultant acid-ester with diazomethane. Both 
esters can be evaporatively distilled unchanged. 
The above results indicate that the best prepara­
tive procedure for this group of compounds in­
volves the addition of fumaric acid to vinylnaph­
thalene in acetic or propionic acid followed by 
conversion of the cis-trans-mixture so obtained to 
either a pure cis- or a pure trans-addition product 
by the methods outlined above.

The results from 6-methoxy-1-vinylnaphthalene 
and maleic anhydride to give lib  and with fumaric 
acid to yield IHb were entirely analogous. Here, 
too, the cis-trans and trans-cis interconversions 
could be carried out. The only previous work with 
these compounds was that of Cohen and Warren,4 
who obtained the methoxy derivative lb from the 
reaction of 6 methoxy-1-vinylnaphthalene and 
maleic anhydride in xylene.

It has been reported8 that citraconic anhydride 
does not react with 1-vinylnaphthalene. We 
found that reaction did occur in benzene, toluene, 
xylene, and dioxane but only alkali-soluble co­
polymers were formed. However, when the reac­
tion was carried out in boiling acetic or propionic 
acid, the product was a mixture of copolymeric 
material and cA-naphthalenic monomer (44-49%), 
The Diels-Alder reaction followed by isomeriza­
tion could give rise to two as-naphthalenic anhy­
drides, one with the methyl group in the 1-posi­
tion (lie) and the isomer with the methyl group 
in the 2-position. Only a single isomer was iso­
lated and all the evidence indicates that it is the 
product with the methyl group in the 1-position, 
namely, cis-1 methyl-1,2,3,4-tetr ahydrophenan- 
threne-l,2-dicarboxylic anhydride (He).9 The 
trans-diacid (M e) was prepared directly in 
yields as high as 57% from mesaconic acid and 1- 
vinylnaphthalene in propionic acid.

The cis- and the trans-diacids were both con­
verted to the cA-anhydride by evaporative distil­
lation. When the cA-diester was refluxed with 
methanolic potassium hydroxide for twenty-four 
hours, a cis-trans-diacid mixture was obtained.

The evidence for the location of the methyl 
group in the 1-position is three-fold. A methyl 
group was introduced into the alicyclic ring of the 
dimethyl ester of trans- 1,2,3,4-tetrahydrophenan- 
threne-l,2-dicarboxylic acid (ester of Ilia) by 
forming a sodio derivative with triphenylmethyl- 
sodium and adding methyl iodide. I t was ex­
pected that the a-H adjacent to the naphthalene 
ring would be the one to be replaced by the methyl

(8) Bergmann and Bergmann, T his Journal, 59, 1443 (1937).
(9) The preparation of the isomer with the methyl group in the 

2-position is described in the paper by Bachmann and Chemerda 
which follows.

group in this reaction. The complex mixture of 
cis- and /raws-compounds that resulted was con­
verted to a totally m-mixture and was fraction­
ally crystallized. The only product isolated in 
pure form was the dimethyl ester of cis-1-methyl-
1,2,3,4 - tetrahydrophenanthrene - 1,2-dicarboxylie 
acid (ester of acid of lie).

The calcium salt of the cis-diacid (derived from 
lie) was dry-distilled and the distillate was de­
hydrogenated. The product was a mixture but it 
gave a single, pure picrate: the picrate of 1- 
methylphenanthrene.

The trans-diester of IIIc was half-hydrolyzed in 
99% yield by refluxing its methanolic solution 
with one equivalent of sodium hydroxide. Since 
esters of secondary carboxyl groups are saponified 
much more rapidly than esters of tertiary carboxyl 
groups, the half-ester probably has the free car­
boxyl group in the 2-position. When a sample of 
aVdiester was similarly half-hydrolyzed a cis- 
trans-acid ester mixture resulted. An Arndt- 
Eistert synthesis was carried out on the trans-acid 
ester. The product, which is considered to be IV 
(R = H) depressed the melting point of both the 
cis- and trans-forms of V10 (R = H) one of which 
was expected if the original adduct had the methyl 
group in the 2-position.

/ CH2COOH CH,
N —COOCH,

f Y y -R/UU
-COOCH,

CH,

IV
R

j/X /X SH C O O H

KJ
The addition of l-vinyl-6-methoxynaphthalene 

in boiling acetic or propionic acid to citraconic an­
hydride gave l id  (60% yield isolated as the ester) 
and to mesaconic acid yielded H id  (72% yield 
isolated as the ester). The properties of the prod­
ucts were similar to those of the desmethoxy com­
pounds. The cis and trans forms of the dimethyl 
ester of 7-methoxy-l-methyl-l,2,3,4-tetrahydro- 
phenanthrene-l,2-dicarboxylic acid were obtained 
by C-methylation of the ester of Illb . The prod­
uct (probably IV, R =  OCH3) obtained by an 
Arndt-Eistert reaction on the half-ester differed 
from the cis and trans forms of V (R = OCH3). 
Further confirmation of the structures is being 
sought by synthesis by other methods.

Experimental
Reactions of 1-Vinylnaphthalene

With Maleic Anhydride, (a) In Toluene.—A solu­
tion of 4.45 g. (0.0289 mole) of freshly prepared and dis­
tilled 1-vinylnaphthalene4 (b. p. 93-99° at 9-10 mm.), 
3.36 g. (0.0342 mole) of freshly sublimed maleic anhydride 
and 10 cc. of dry toluene was warmed on a steam-cone 
for three hours. Light-yellow solid began to precipitate 
almost immediately. The mixture was cooled and the 
precipitate was filtered and washed with 10 cc. of toluene; 
yield, 6.63 g. of a mixture of monomeric and copolymeric

(10) Bachmann and Wilds, T h is  J o u r n a l , 62, 2084 (1940).
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addition products, which sintered at 125°, softened at 170° 
and melted at 177-191° dec. It was soluble in warm, 
dilute sodium hydroxide but not in dilute sodium bicar­
bonate, and it reacted with neutral permanganate and 5% 
bromine in carbon tetrachloride, in agreement with results 
previously reported. The solvent was removed from the 
filtrate in a current of air on a steam cone and the residue 
was treated with 45% potassium hydroxide, water and 
benzene (in that order). A minimum of gentle warming 
was used to effect solution, the clear layers were separated, 
and an additional 0.34 g. of almost completely copolymeric 
product and 0.15 g. (3% of the charged diene) of viscous, 
brown oil were isolated from the aqueous and benzene 
phases, respectively. The hydrocarbon fraction, which 
reacted instantly with permanganate, was presumably 
1-vinylnaphthalene and its homopolymers.

A portion of the initial 6.63 g. of product was dissolved 
in dilute sodium hydroxide with a minimum of gentle 
warming and was added to excess hydrochloric acid. The 
resultant diacid mixture was treated with diazomethane 
and was evaporatively distilled at 160-200° and ca. 0.05 
mm. A light-yellow distillate of the dimethyl ester of 
cA -1,2,3,4-tetrahydrophenanthrene -1,2 -dicarboxy 1 ic acid 
(ester of Ila) was obtained in what corresponded to a 60% 
yield based on 1-vinylnaphthalene; a residue, presumably 
polymeric, remained undistilled after two hours at 200°. 
The diester distillate which was inactive toward neutral 
permanganate and 5% bromine in carbon tetrachloride 
crystallized from methanol in stout colorless prisms, m .p .
105.5-106.5° cor. Cohen3-4 prepared this compound by 
the action of methanolic hydrogen chloride on the naph­
thalenic anhydride and by the action of dilute sodium 
hydroxide and dimethyl sulfate on the non-naphthalenic 
anhydride ( la ) .

A second portion of the initial product was dissolved in 
glacial acetic acid saturated with dry hydrogen chloride 
and was refluxed for ninety minutes with the constant 
addition of a slow stream of hydrogen chloride.4 It 
was then converted to the diacid, esterified with diazo­
methane, and evaporatively distilled as above. Approxi­
mately the same over-all yield of monomeric product was 
obtained as above, but it proved to be a mixture of the 
cis- and trans-naphthalenic dimethyl esters; m. p. 92- 
96.5° with previous softening at 90° after one crystalliza­
tion from methanol. Fractional recrystallization using 
seeds of pure cis- and trans-diesters (m. p. 106° and 68°, 
respectively) resulted in the isolation of pure, colorless 
samples of each of these compounds.

A third portion was treated with acetic acid-hydrogen 
chloride as above and was evaporatively distilled without 
further treatment at 180-200° and ca. 0.05 mm. Yellow 
cis-1,2,3,4-tetrahydrophenanthrene-l ,2-dicarboxylic an­
hydride (Ila) distilled in what corresponded to a 36% 
over-all yield based on 1-vinylnaphthalene. The cis- 
anhydride showed no activity toward neutral permangan­
ate or 5% bromine in carbon tetrachloride and crystallized 
from ethyl acetate in light-yellow prisms melting at 168.5- 
170° cor. After treatment with Norit in acetone and re- 
crystallization from acetone-ethyl acetate, the pale- 
yellow prisms melted at 170.3-170.8° cor. (reported,3*4 
167-168° for a sample of adduct treated with acetic acid- 
hydrogen chloride; 169-170°8 for a solid treated with hot 
glacial acetic acid and recrystallized from acetic acid- 
acetic anhydride and from toluene). A portion of the 
recrystallized c A-anhydride was converted to the cis- 
diacid which crystallized from glacial acetic acid in color­
less, powdery crystals melting at 228-229° dec. (reported,4 
220° dec.). Another portion of the anhydride was re­
fluxed in methanol for twenty hours. After about one 
and one-half hours the pale-yellow crystals had completely 
dissolved to form a faintly yellow solution, which became 
colorless during the next few hours. The solution was 
cooled and treated with diazomethane without the isola­
tion of the intermediate acid-ester. The cA-dimethyl 
ester melted at 108.5-109° cor.

When a portion of the initial addition product was 
evaporatively distilled without prior treatment of any 
kind, much decomposition occurred and some maleic

anhydride was collected; over-all yield of £ A-anhydride 
(Ila), ca. 10%.

With the rest of the initial product it was shown that 
the polymeric material was more soluble than the mono­
meric in toluene, in ethyl acetate, in glacial acetic acid and 
in acetone. Accordingly, the above Diels-Alder reaction 
was duplicated on a 0.13-mole scale and the initially pre­
cipitated addition product was recrystallized once from 
toluene and twice from acetone. The colorless crystals 
of £A-1,2,3,10a-tetrahydrophenanthrene-l,2-dicarboxyjic 
acid anhydride (la) weighed 5.3 g. (16%); m. p. 187.5- 
190° dec. with previous softening at 186° (reported,4 186- 
189° for a product obtained in a similar manner).

(b) In Acetic or Propionic Acid.—A solution of 4.2 g. 
(0.027 mole) of 1-vinylnaphthalene and 3.35 g. (0.034 
mole) of maleic anhydride in 10 cc. of acetic acid was 
warmed on a steam cone for three hours. The clear, yel­
low solution was cooled and the colorless precipitate was 
filtered and washed, yield 2.91 g. (39%). The solvent 
was removed from the filtrate and the residue was warmed 
with 45% potassium hydroxide, water and benzene as 
before. The aqueous layer gave 3.38 g. (45%) of prod­
uct; the hydrocarbon fraction weighed 0.61 g. (14%). 
Experiments similar to those conducted above established 
the following facts: (a) the product was a mixture of
monomeric and copolymeric solids that reacted sluggishly 
and to only a slight extent with neutral permanganate 
and 5% bromine in carbon tetrachloride; (b) the mono­
meric product, a mixture of anhydride and diacid, was 
essentially cis but contained some trans; (c) by esterifica­
tion of the total addition product, followed by evaporative 
distillation, the naphthalenic diester (ester of Ila) could 
be obtained in 45% over-all yield.

With Fumaric Acid.—A solution of 5.2 g. (0.034 mole) 
of 1-vinylnaphthalene and 15 g. (0.129 mole) of recrystal­
lized fumaric acid in 250 cc. of propionic acid and 2.5 
cc. of propionic anhydride was refluxed for 110 hours. 
The solvent was removed and the residue was treated with 
45% potassium hydroxide, water and benzene as before. 
The aqueous layer was added with stirring to an excess of 
hot, dilute hydrochloric acid and the mixture was filtered 
hot (to keep fumaric acid in solution). The product was 
esterified with diazomethane and was fractionally and 
evaporatively distilled at ca. 0.05 mm., a small dimethyl 
fumarate fraction being discarded. The main fraction, 
which came over at 180-220°, was the dimethyl ester of 
trans - 1,2,3,4 - tetrahydrophenanthrene -1,2 - dicarboxylic 
acid mixed with 20-30% of the £A-diester, yield, 8.95 g. 
(89% yield based on 1-vinylnaphthalene). The diester 
mixture crystallized from methanol in large, stout prisms, 
m. p. 88-93.5° cor.

cis- to /raws-Inversion.—A mixture of 2 g. of the cis- 
/raws-dies ter product from the fumaric acid experiment 
and 1.56 g. of £A-diacid from distilled £A-anhydride when 
refluxed with 20 cc. of 45% potassium hydroxide and 40 
cc. of methanol for twenty-four hours gave 3.2 g. (95%) 
of trans -1,2,3,4-tetrahy drophenanthr ene -1,2-dicarboxylic 
acid (Ilia), m .p . 222-223° dec. cor. with previous soften­
ing at 221°. The acid crystallized from glacial acetic 
acid in powdery, colorless crystals, m. p. 225-227° dec. 
cor.

Anal. Calcd. for Ci6Hi40 4: C, 71.09; H, 5.22; neut. 
equiv., 135. Found: C, 70.97; H, 5.39; neut. equiv., 
136.

A portion of the above recrystallized trans-diacid was 
esterified with diazomethane and the /raws-dimethyl ester 
was recrystallized from methanol. The colorless mixture 
of glistening prisms and clusters of needles melted at 
67.8-68.6° cor.

Anal. Calcd. for Ci8H180 4: Cs 72.47; H, 6-08,
Found: C, 72.32; H, 6.13.

trans- to £A-Inversion.—One gram of recrystallized 
/raws-diacid (XVII) was evaporatively distilled at ca. 
0.05 mm. and 160-200° (residue, 0.02 g.). The light- 
yellow distillate was triturated with dilute sodium bicar­
bonate and with water and dried, yield, 0.895 g. (96%) 
of the £A-anhydride (Ila). Its identity was established
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by mixed melting points of the anhydride and the derived 
cA-dimethyl ester.

Reduction of 3,4-Dihydrophenanthrene-l,2-dicarboxylic 
Acid by Sodium Amalgam.6—A solution of the disodium 
salt of the acid, prepared by warming 0.78 g. of the 
anhydride7 with 0.28 g. of sodium hydroxide and 2.8 cc. 
of water, was swirled with 28 g. of 2% sodium amalgam 
for twenty-five minutes while the mixture was warmed on 
a steam-bath. Acidification yielded 0.69 g. of acid which 
crystallized from acetic acid in colorless prisms, m. p.
219-221°. The dimethyl ester, prepared by means of 
diazomethane, crystallized from methanol in colorless 
prisms, m. p. 102-104°, and, after evaporative distilla­
tion, 104-105.5° alone and when mixed with the dimethyl 
ester of cA-1,2,3,4-tetrahydrophenanthrene-l,2-dicar- 
boxylic acid.

With Citraconic Anhydride.—In twenty-one different 
experiments in which 1 g. of freshly prepared 1-vinyl- 
naphthalene and various weights of citraconic anhydride11 
were brought into reactive relationship with or without a 
solvent of low dipole moment, no monomeric product 
was isolated. These experiments involved reaction tem­
peratures of 25° to 215°, reaction periods of one hour and 
twenty minutes to fourteen days, solvents such as ben­
zene, toluene and xylene, and the use of sulfur, an atmos­
phere of nitrogen, hydroquinone and a commercial 
rubber-polymerization inhibitor. The copolymeric addi­
tion products that were obtained reacted sluggishly or not 
at all with neutral permanganate, gave indefinite neutral 
equivalents ranging from 165-220 (calculated for the 
monomer, 142), had molecular weights of more than 
400 (calculated for the monomer, 284) as determined in 
camphor by the Rast method, and did not evaporatively 
distil at 240° and 0.05 mm.

A subsequent series of ten experiments conducted in 
acetic, propionic and valeric acids gave addition mixtures 
of monomeric and copolymeric addition products from 
which a single cis -naphthalenic monomer was isolated by 
means of evaporative distillation or fractional crystalliza­
tion in yields up to 49%. In a typical run a clear solution 
of 8 g. (0.052 mole) of 1-vinylnaphthalene and 17.5 g. 
(0.156 mole) of citraconic anhydride in 50 cc. of propionic 
acid was refluxed for seventeen hours. The solvent was 
removed on a steam cone in a current of air, excess citra­
conic anhydride was distilled at 0.3-0.4 mm., and the 
residue was warmed gently with 45% potassium hydroxide, 
water and benzene (in that order). The benzene layer 
contained 1.75 g. (22%) of viscous, brown oil which re­
acted instantly with neutral permanganate. The dark- 
brown, gummy diacid addition product isolated from the 
aqueous layer was evaporatively distilled at 0.05 mm. and 
160-200°. The light-yellow distillate of cA-1-methyl-
1,2,3,4-tetrahydrophenanthrene-1,2-dicarboxylic an­
hydride (lie) weighed 6.1 g. A sample after decoloriza 
tion in acetone, crystallized from acetone-ethyl acetate in 
fine, colorless prisms, m .p . 140.8-141.1° eor.

Anal. Calcd. for C17H14O3: C, 76.67; H, 5.30. Found: 
C, 76.64; H, 5.42.

Distilled anhydride was dissolved in a moderate excess 
of warm sodium hydroxide and the solution was added to 
an excess of hydrochloric acid. The precipitated cis- 
diacid was isolated and 1 g. was esterified with diazo- 
methane, yield, 1.08 g. (98%), m. p. 100-101°. The 
dimethyl ester of c A -1 -methyl -1,2,3,4 -t etr ahy dr oph en - 
anthr ene -1,2-dicarboxylic acid crystallized from methanol 
in fine, colorless needles, m. p. 101-101.5 cor.

Anal. Calcd. for C19H20O4: C, 73.06; H, 6.45.
Found: C, 72.97; H, 6.26.

With Mesaconic Acid.—A solution of 9.6 g. (0.062 
mole) of 1-vinylnaphthalene and 20 g. (0.154 mole) of 
mesaconic acid12 in 60 cc. of propionic acid was refluxed 
for one hundred and six hours. The solvent was removed 
on a steam cone m a current of air and the residue was 
treated with warm potassium hydroxide, water and

(11) Shriner, Ford and Roll, Org. Syntheses, 11, 28, 70 (1931).
(12) Shriner, Ford and Roll, ibid., 11, 74 (1931).

benzene. Undissolved copolymeric material (3.35 g.) 
was filtered off and the clear layers were worked up as 
before; neutral oil in benzene layer, 1.85 g. (19%); 
unpurified diacid addition product, 10.35 (59%). An 
aliquot of the product was esterified with diazomethane 
and the ester was evaporatively distilled at 0.01 mm. and 
160-190°; yield 57% based on 1-vinylnaphthalene. The 
dimethyl ester of trans-l-methyl-1,2,3,4-tetrahydrophen- 
anthrene-l,2-dicarboxylic acid, after decolorization in 
acetone, crystallized from acetone-methanol in large, 
colorless prisms, m. p. 118.8-119.5° cor.

Anal. Calcd. for Ci9H2o04: C, 73.06; H, 6.45.
Found: C, 73.18; H, 6.35.

The rest of the addition product was treated with 
Norit in acetic acid solution and was recrystallized from 
acetic acid. The Znms-diacid (IIIc) crystallized in small, 
colorless prisms; m .p . 251-252° dec. cor.

Anal. Calcd. for Ci7H160 4: C, 71.81; H, 5.67. Found: 
C, 72.07; H, 5.69.

cis- to trans-Inversion.—A solution of 0.5 g. of cis- 
dimethyl ester in 25 cc. of 45% potassium hydroxide and 
50 cc. of methanol was refluxed for twenty-four hours, and 
the resulting mixture of cis- and /raws-diacids was esteri­
fied with diazomethane. A 30% yield of trans-diester 
melting at 112-114° was isolated from the mixture.

trans- to cA-In version.—Evaporative distillation of 2 g. 
of unpurified trans-diacid at 190-200° and 0.01 mm. gave 
1.78 g. (95%) of the cA-anhydride ( lie ) , m. p. 136.5- 
138.5°. The distillate was insoluble in dilute sodium 
bicarbonate; its identity was established by mixed melting 
points of the anhydride and the derived cis-dimethyl 
ester.

Introduction of a Methyl Group into the Alicyclic Ring.—
A solution of triphenylmethylsodium (prepared from 1.1 
g. of triphenylchloromethane in 40 cc. of ether-benzene) 
was added dropwise to an ether-benzene solution of 0.75 
g. of the dimethyl ester of Aaws-l,2,3,4-tetrahydrophen­
anthrene -1,2-dicarboxylic acid in a nitrogen atmosphere. 
The blood-red solution reacted immediately with the ester 
and a yellow-green solid precipitated. The addition was 
continued until a blood-red color persisted for fifteen 
minutes. The mixture was then shaken with 15 g. of 
methyl iodide for twenty-four hours. A slight excess of 
dilute acid was added, the solvent was removed and the 
residual oil was refluxed with methanolic potassium 
hydroxide for six hours. Preliminary crystallizations 
indicated that the resulting diacids were a complex mix­
ture of cis- and /rarcs-compounds. In order to reduce this 
complexity, the cis- and /raws-diacids were converted to 
the cis-anhydride by evaporative distillation at 0.01 mm. 
and 160-200°. The light-yellow distillate was refluxed 
in methanol and the solution was treated with diazometh­
ane. Fractional crystallization yielded 0.47 g. (60% 
yield based on starting diester) of the dimethyl ester of 
c A - 1  -methyl -1,2,3,4 - tetrahydrophenanthrene -1,2 - dicar- 
boxylic acid; m. p. 96-99°. Recrystallization of this 
fraction from methanol gave colorless prisms; m. p. 99.5- 
100.5° alone and when mixed with an authentic sample. 
The m. p. was depressed by the original diester.

Degradation to 1 -Methylphenanthrene.—The calcium 
salt of l ie  prepared from 1 g. of recrystallized cA-anhydride 
was intimately mixed with 1.5 g. of calcium oxide and a 
little water, and the mixture was distilled. The gummy 
distillate was triturated with warm, dilute sodium hy­
droxide and was evaporatively distilled at 110-135° and 
ca. 0.05 mm. The light-yellow oil (0.35 g.) proved to 
be a mixture, at least a part of which contained active 
double bonds. Accordingly, 90 mg. of the oil was treated 
with 10 mg. of 30% palladium-charcoal catalyst13 at 310° 
for thirty minutes in an atmosphere of nitrogen, and the 
aromatized product was redistilled. From the colorless 
distillate (m. p. 98-105°) and picric acid in absolute 
ethanol was obtained the picrate of 1-methylphenanthrene 
in fine, yellow needles; m .p . 135.7-136.2°; mixed melt­
ing point with the picrate of authentic 1-methylphe-

(13) Zelinsky and Turowa-Pollak, Ber., 58, 1295 (1925).
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nanthrene (136-136.5°), 136-136.5°. The hydrocarbon, 
regenerated from the picrate by treatment with ammo­
nium hydroxide, crystallized from ethanol in thin, colorless 
plates, m. p. 116-118°; mixed melting point with 1- 
methylphenanthrene (120-121°), 118.5-120.5° with previ­
ous softening at 117°. A portion of the regenerated 
hydrocarbon was converted to the trinitrobenzene com­
plex, which crystallized from ethanol in fine, yellow needles 
melting at 157.5-158.5° alone and when mixed with an 
authentic sample (m. p. 157.5-158.5°). 2-Methylphen- 
anthrene melts at 55-56°; its picrate at 118-119°.

Hydrolysis to the Acid Ester.—A solution of 1.5 g. 
of recrystallized trans-dimethyl ester, 9.7 cc. of 0.5 N  
sodium hydroxide (1.01 equivalents) and 35 cc. of meth­
anol was refluxed for twenty-four hours. From the solu­
tion was isolated 1.425 g. (99.5%) of the acid ester, pre­
sumably trans-1 -methyl-1 -carbomethoxy-l,2,3,4-tetrahy- 
drophenanthrene-2-carboxylic acid, melting at 186- 
189.5°. The acid ester crystallized from methanol in 
colorless prisms, m. p. 193-195° cor.; after another re- 
crystallization from acetone, 194.2-195° cor.

Anal. Calcd. for Ci8H180 4: C, 72.47; H, 6.08; neut. 
equiv., 298. Found: C, 72.47; H, 6.11; neut. equiv., 
301.

When the above hydrolysis was carried out on the cis- 
dimethyl ester, the product was a mixture of cis- and 
trans- acid esters, m .p . 169.5-181° with previous softening 
at 162°. Esterification of this acid ester mixture with 
diazomethane and fractional crystallization of the product 
gave crystals of pure cis-diester and of pure trans-diester.

Aradt-Eistert Reaction on the Acid Ester.—A mixture 
of 4.54 g. of unpurified trans-acid ester, 5 cc. of dry ether, 
5 cc. of dry benzene and 4 cc. of oxaiyi chloride (a large 
excess) was allowed to react for six hours. A solution was 
obtained in three hours and gassing ceased after about five 
and one-half hours. Volatile compounds were removed 
completely in vacuo, the acid chloride was dissolved in dry 
ether-benzene, and the solution was added dropwise with 
swirling to a 3-mole excess of ice-cold, ethereal diazo­
methane. After two hours at room temperature, the 
solvents were removed and the crystalline yellow diazo­
ketone was refluxed with silver oxide in absolute methanol 
for six hours. A total of seven 0.05-g. portions of silver 
oxide was added during this period; no evolution of nitro­
gen was noted after the first three hours. The diester 
isolated from the filtered mixture was evaporatively dis­
tilled at 175-195° and ca. 0.05 mm. Since the viscous, 
yellow oil (4.28 g.) did not crystallize readily, it was dis­
solved in methanol and refluxed for two and one-half 
hours with 1.01 equivalents of N  methanolic sodium hy­
droxide.10 The acid ester (4.05 g .) , presumably 1-methyl- 
l-carbomethoxy-l,2,3,4-tetrahydrophenanthrene -2 -acetic 
acid (IV, R =  H ), after decolonization in acetone, crystal­
lized from acetone-methanol in colorless prisms; yield, 
2.48 g. (52%), m. p. 148-149.5° .cor. After a second 
recrystallization, a sample melted at 150.9-151.7° cor.

Anal. Calcd. for Ci9H20O4: C, 73.06; H, 6.45.
Found: C, 73.27; H, 6.43.

This compound depressed the melting points of samples 
of a- (m. p. 133-134°) and (3- (m. p. 158-160°) 2-methyl- 
2 -carbomethoxy -1,2,3,4-tetrahydrophenanthrene-l -acetic 
acid.10

Reactions of 1 -Vinyl -6 -methoxynaphthalene
With Maleic Anhydride.—Two grams (0.011 mole) of 

freshly prepared and recrystallized 1-vinyl-6-methoxy­
naphthalene (obtained in 68-79% yield4) and 2.2 g. 
(0.022 mole) of sublimed maleic anhydride were refluxed 
in 8 cc. of glacial acetic acid for two and one-half hours. 
The yellow color that appeared at the instant of mixing 
gradually deepened to a red-orange. The solvent was 
removed from the clear solution and the reaction mixture 
was treated with 45% potassium hydroxide, water and 
benzene. The mixture was filtered and the clear layers 
were separated and worked up as in the case of desmeth- 
oxy experiments. From the benzene layer was isolated 
0.98 g. (49%) of a brown oil (presumably the starting

vinyl compound and/or its homopolymers) that reacted 
instantly with neutral permanganate and from the aqueous 
phase there was obtained 1.27 g. of red-orange diacid that 
showed little double bond activity, m. p. indefinite. A 
portion of the diacid evaporatively distilled at 185-225° 
and ca. 0.03 mm. gave yellow cis-anhydride (26% over­
all yield). After treatment with Norit in acetone solution, 
the cA-7-methoxy-l,2,3,4-tetrahydrophenanthrene-l,2-di­
carb oxylic anhydride (lib) crystallized from ethyl acetate 
in glistening yellow prisms, m. p. 160.5-161° cor. A 
recrystallization from acetone did not change the color or 
the melting point.

Anal. Calcd. for Ci7H u04: C, 72.33; H, 5.00. Found: 
C, 72.37; H, 4.95.

Cohen and Warren reported 171-175° for the non- 
naphthalenic adduct (lb) . The rest of the diacid was 
esterified with diazomethane and the rA-dimethyl ester 
(30% over-all yield) was evaporatively distilled, m. p.
117.5- 118° after recrystallization from methanol. There 
was some indication that a small impurity of trans-diester 
was present.

When distilled rA-anhydride was refluxed with methanol 
for five hours, the yellow crystals dissolved to give a solu­
tion which gradually became colorless. Upon cooling, 
thin, colorless flakes of £ A-acid ester precipitated, m. p.
208.5- 210.5° cor. The mixture was treated with diazo­
methane; the dimethyl ester of £A-7-methoxy-l,2,3,4- 
tetrahydrophenanthrene-l,2-dicarboxylic acid crystallized 
from methanol in large, colorless prisms, m. p. 119.5- 
120° cor.

Anal. Calcd. for Ci9H2o05: C, 69.50; H, 6.14.
Found: C, 69.50; H, 6.24.

Several other similar runs were made with quantities of 
reactants identical to the above but varying one or more 
of the reaction conditions. In an experiment in which only 
half as much acetic acid (4 cc.) and a reaction temperature 
of only 90-95° was used, solid began to precipitate after 
six minutes of the two and one-half hour reaction period. 
The addition product (2.38 g.) was mainly copolymeric 
and only a 9% over-all yield of £A-diester distilled. When 
4 cc. of toluene was used as a solvent only 7% yield of cis- 
diester was obtained. When additional maleic anhydride 
was used as the solvent in a two and one-half hour run 
at 90-95°, the addition product was one-half monomeric 
(15% yield).

With Fumaric Acid.—A solution of 2 g. (0.011 mole) of 
1-vinyl-6-methoxynaphthalene and 1.5 g. (0.013 mole) 
of recrystallized fumaric acid in 10 cc. of glacial acetic 
acid was refluxed for eighteen hours, and the reaction 
mixture was worked up as above; 0.42 g. (21%) of brown 
oil with active double bonds was isolated from the benzene 
layer. The aqueous suspension of the nearly colorless 
diacid addition product was filtered while hot; yield 2.44 
g. A portion of the diacid was esterified with diazo­
methane and was fractionally and evaporatively distilled 
at ca. 0.05 mm. After traces of dimethyl fumarate had 
distilled at 100-140°, the trans-dimethyl ester came over 
at 170-225° in what corresponded to a 71% over-all 
yield, m. p. 117-118° after recrystallization from meth­
anol. Fractional crystallization of the diester indicated 
that it contained about 5-12% of the £A-isomer.

In a second experiment identical with the preceding 
one except that a fifty-six hour reflux period was used, 
a 72% over-all yield of distilled diestér (80-90% trans- 
and 10-20% cis-) was obtained. Addition had taken 
place to the extent of 90%, but more copolymeric material 
was produced.

Part of the diacid addition product from the first ex­
periment was dissolved in methanol and was refluxed for 
ten hours with 45% potassium hydroxide to isomerize the 
£A-impurity. The resultant trans-7-methoxy-l, 2,3,4-
tetrahydrophenanthrene-l,2-dicarboxylic acid, after de- 
colorization with Norit and recrystallization from glacial 
acetic acid, crystallized from acetone in colorless prisms; 
m. p. 220.5-221.5° dec. cor.

Anal. Calcd. for Ci7Hi6Oö: C, 67.99; H, 5.37; neut.
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equiv., 150. Found: C, 68.16; H, 5.45; neut. equiv., 
152.5.

The /rans-dimethyl ester prepared by means of diazo­
methane crystallized from methanol in fine, colorless 
crystals; m, p. 118.5-119° cor.; after another recrystal* 
lization from methanol-acetone, 119.4-119.8° cor.

Anal. Calcd. for C19H20Ofi: C, 69.50; H, 6.14.
Found: C, 69.50; H, 6.15.

The mixed melting point of the cis- (m. p. 119.5-120° 
cor.) and trans- (m. p. 118.8-119.3° cor.) dimethyl esters 
was 100-115° with previous softening at 98°.

cis- to trans -Inversion.—A solution of 1 g. of the cis- 
diester in 10 cc. of 45% potassium hydroxide and 20 cc. 
of methanol was refluxed for twenty-three hours. The 
diacid was treated with diazomethane and the resultant 
/raws-diester was crystallized from methanol; yield, 95%; 
m. p. 118.8-119.5° cor. alone or when mixed with an 
authentic sample.

trans- to £ A-Inversion.-—Evaporative distillation of the 
unpurified trans-diacid at 100-225° and ca. 0.03 mm. 
yielded the £ A-anhydride as shown by mixed melting 
points of the recrystallized anhydride and of the derived 
£ A-dimethyl ester.

With Citraconic Anhydride.—A solution of 4.75 g. 
(0.026 mole) of 1 -vinyl«6-methoxynaphthalene and 6.2 g. 
(0.055 mole) of citraconic anhydride in 50 cc. of propionic 
acid was refluxed for twenty-one hours. The diacid (5.84 
g.), which showed no olefinic activity, was divided into 
two portions. One part on evaporative distillation at 200- 
225° and ca. 0.02 mm. gave cA-1-methyl-7-methoxy-
l ,  2,3,4-tetrahy drophenanthr ene -1,2-dicarboxylic anhy­
dride (lid) (56% yield), which crystallized from ethyl 
acetate in fine, colorless prisms; m. p. 127.5-128.5°, and 
after two more recrystallizations, 129-129.7° cor.

Anal. Calcd. for Ci8H160 4: C, 72.96; H, 5.44.
Found: C, 72.74; H, 5.28.

The rest of the diacid was treated with excess diazo­
methane, and the £A-dimethyl ester was evaporatively 
distilled (60% yield) and crystallized from methanol in 
fine, colorless needles; m .p . 165-166°, and after another 
recrystallization from acetone, 168.3-168.8° cor.

Anal. Calcd. for C2oH22Oe: C, 70.16; H, 6.48. Found: 
C, 70.32; H, 6.55.

With Mesaconic Acid.—A solution of 4.75 g. (0.026 
mole) of 1 -vinyl-6-methoxynaphthalene and 7.07 g. 
(0.055 mole) of mesaconic acid in 40 cc. of propionic acid 
was refluxed for four days. Considerable copolymeric 
material insoluble in both warm benzene and warm base 
was filtered off during the isolation procedure. Grayish- 
white trans-diacid (5.43 g.) was esterified with diazometh­
ane and the ester was evaporatively distilled under re­
duced pressure, 64% yield. The dimethyl ester of the 
trans-acid after two recrystallizations from methanol and 
two from acetone-methanol formed colorless platelets;
m. p. 134.4-135° cor.

Anal. Calcd. for C2oH220 5: C, 70.16; H, 6.48. Found: 
C, 70.47; H, 6.54.

The trans-l-Methyl-7-methoxy-l,2,3,4-tetrahydrophe­
nanthr ene-1,2-dicarboxylic acid (Illd), obtained by meth­
anolic alkaline hydrolysis of the distilled ester, after de- 
colorization with Norit in glacial acetic acid, crystallized 
in fine, colorless crystals; m. p. 227-232° dec. with previ­
ous softening; after further recrystallization from acetic 
acid and then from acetone, 243-244° dec. cor.

Anal. Calcd. for C18Hi80 5: C, *68.78; H, 5.77; neut. 
equiv., 157. Found: C, 68.96; H, 5.81; neut. equiv., 
158.

cis- to trans-Inversion.—When 0.5 g. of the £A-diester 
30 cc. of 45% potassium hydroxide and 60 cc. of methanol 
were refluxed for thirty-six hours, the diacid (0.44 g., 
m, p. 195-199.5° dec.) was mainly trans as judged by 
fractional crystallization of the £A-/nms-diester mixture 
obtained by esterification. About a 40% yield of trans- 
dimethyl ester melting at 130-132.5° was isolated.

trans- to £A-Inversion.—Evaporative distillation of a

sample of crude trans-diacid at 180-225° and ca. 0.01 mm. 
gave the £A-anhydride in about 90% yield.

Introduction of a Methyl Group into the Alicyclic Ring.— 
The reaction between 1 g. of the dimethyl ester of trans-7- 
methoxy-l,2,3,4-tetrahydrophenanthrene-i,2-dicarboxylic 
acid and a solution of triphenylmethylsodium was carried 
out as described for the desmethoxy analog; much dark- 
green solid precipitated. The mixture was then shaken 
with 20 g. of methyl iodide for fourteen hours and was 
worked up as before. The diacid mixture (from which 
0.2 g. of the cis- and a few mg. of the trans-diester can be 
isolated if it is esterified) was evaporatively distilled at ca. 
0.01 mm. and the resultant cis anhydride was refluxed 
with methanol for ten hours. The £A-acid ester was 
treated with diazomethane and the product was recrystal­
lized from methanol; yield, 0.79 g. (76% over-all yield) 
of the dimethyl ester of £A-l-methyl-7-methoxy-l,2,3,4- 
tetrahydrophenanthrene-l,2-dicarboxylic acid; m. p.
163.5-165°, and after another recrystallization 164.5- 
165.5° alone or when mixed with an authentic sample.

Hydrolysis of the /raws-Dimethyl Ester to the Acid 
Ester.—Two grams of Zrans-dimethyl ester, 5.46 cc. of
l .  07 N  sodium hydroxide and 75 cc. of methanol were 
refluxed for twenty-four hours. An aqueous suspension 
of the sparingly soluble sodium salt of the acid ester was 
added slowly with stirring to an excess of hydrochloric acid, 
stirring was continued for three hours, and the mixture 
was left overnight before filtering; yield 1.81 g. (95%),
m. p. 186.5-188.5° with previous softening. The acid 
ester, presumably trans-l -methyl-1 -carbomethoxy-7-meth­
oxy-1 ,2,3,4 -tetrahydrophenanthrene -2 -carboxylic acid, was 
decolorized with Norit and recrystallized from acetone; 
m. p. 194.5-195.5° cor.

Anal. Calcd. for Ci9H2o05: C, 69.50; H, 6.14; neut. 
equiv., 328. Found: C, 69.52; H, 5.98; neut. equiv., 
328.

Arndt-Eistert Reaction on the Acid Ester.—By the
method described for the desmethoxy analog, the acid 
ester (2.5 g.) gave yellowish crystals of the diazoketone; 
m .p . 151-153° dec. This was refluxed for five hours with 
absolute methanol and several portions of silver oxide, and 
the resulting dimethyl ester was evaporatively distilled 
at 170-190° and ca. 0.03 mm.; yield of light-yellow, glassy 
solid, 2.39 g. This was refluxed in methanolic solution 
with one equivalent (+1.5%  excess) of N  sodium hydrox­
ide for two and one-half hours; yield, 2.11 g. The acid 
ester, presumably trans-l -methyl -1 -carbomethoxy-7 -meth - 
oxy-1,2,3,4 -tetrahydrophenanthrene -2 -acetic acid (IV, 
R =  OCH3) , after decolorization in acetone, crystallized 
from methanol in colorless prisms; yield, 1.16 g. with m .p . 
171-172° and 0.52 g. with m. p. 169-170.5°; total, 64% 
over-all yield. After a recrystallization from ethyl 
acetate, the acid ester crystallized from acetone-methanol 
in stout, colorless plates; m. p. 173.4-173.8° cor.

Anal. Calcd. for C20H22O5: C, 70.16; H, 6,48. Found: 
C, 70.47; H, 6.51.

This compound markedly depressed the melting points 
of samples of a- (m .p . 137-138°) and /3- (m, p. 211-212°)
2 -methyl -2 -car botnet hoxy-7 -methoxy -1,2,3,4 -t etr ahy dr o - 
phenanthrene-1-acetic acid.14

The dimethyl ester prepared by means of diazomethane, 
after one crystallization from ligroin-benzene and two 
recrystallizations from acetone-methanol, formed colorless 
prisms; m. p. 85.2-86.3° cor.

Anal. Calcd. for C21H24CV. C, 70.77; H, 6.79. Found: 
C, 70.73; H, 6.59.

This compound depressed the melting points of samples 
of a- (m. p. 126-126.5°) and /3- (m. p. 114-114.5°) 
dimethyl ester of 2-methyl-2-carbomethoxy-7-methoxy-
1,2,3,4-tetrahydrophenanthrene-l -acetic acid.14

Summary
The addition of fumaric acid to 1-vinylnaphtha-

(14) Bachmann, Cole and Wilds, T his Journal, 62, 824 (1940).
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lene gave a higher yield of monomeric adduct than 
did maleic anhydride.

Citraconic anhydride and mesaconic acid add to
1-vinylnaphthalene and to l-vinyl-6-methoxy- 
naphthalene to give the cis and trans forms of

adducts in which the methyl group is in the 1- 
position of the hydrophenanthrene nucleus.

cis-trans Interconversions of the products are 
described.
A n n  A r b o r , M ic h ig a n  R e c e iv e d  D e c e m b e r  1, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m is t r y  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  M ic h ig a n ]

The Diels-Alder Reaction of 1 -Vinyl-6-methoxy-3,4-dihydronaphthalene with
Citraconic Anhydride1

B y  W. E. B achm ann  a n d  J. M. C h e m e r d a2

l-Vinyl-6~methoxy-3,4-dihydronaphthalene 
has been allowed to react with a number of dieno- 
philes in order to obtain estrogens or suitable in­
termediates for the synthesis of estrone.3*4*5 In 
1941 we began an investigation6 of the reaction of 
this diene with citraconic anhydride.7 Theoreti­
cally, two sets of products were possible: I,
with the methyl group in the 1-position, and II, 
with the methyl group in the 2-position. In vir­
tue of the three asymmetric carbon atoms, each 
of the structures can exist in eight stereoisomeric 
forms (four racemic mixtures). However, the 
principle of cis addition reduces the number to 
two racemic mixtures for each structure; and, if 
the rule of the “maximum accumulation of double 
bonds” prior to addition is applicable, only one ra­
cemic mixture for each structural isomer should 
be obtained. The configuration of the 2-methyl 
derivative should be Ila ; similarly, the single ra­
cemic mixture of I would have the H’s on C2 and 
Cioa and the methyl group on Ci cis to each other.

Citraconic anhydride reacted with l-vinyl-6- 
methoxy-3,4-dihydronaphthalene in boiling ben­
zene to give a mixture of adducts in 70% yield, 
from which two pure, crystalline anhydrides were 
isolated. The anhydrides, m. p. 128° (one part)

(1) Presented by W. E. Bachmann in Basel, Zürich, and Geneva, 
Switzerland, M ay 9-16, 1947, under the auspices of the American- 
Swiss Foundation for Scientific Exchange.

(2) Research Associate supported by a grant from the Horace H. 
Rackham  Fund a t the University of Michigan, 1941-1942. Present 
address: Merck and Co., Rahway, N. J.

(3) Dane and co-workers, A nn., 532, 29, 39 (1937); 536, 183, 
196 (1938); 537 ,246  (1939).

(4) Goldberg and Müller, Helv. Chim. Acta, 23, 831 (1940).
(5) Bockemuller, U. S. Paten t 2,179,809; C. A ., 34, 1823 (1940).
(6) This investigation, which was interrupted by the war, is now 

being resumed. F urther work on the reaction of the diene with 
citraconic anhydride and a study of the reaction with mesaconic acid 
are in progress.

(7) See Bachmann and Scott, T his Journal, 70, 1458 (1948), for
the addition of citraconic anhydride and of mesaconic acid to 1-
vinyl-6-methoxynaphthalene.

CHS

Ila
and m. p. 163° (two parts), comprised at least 
60% of the mixture.8 These results illustrate the 
pronounced steric selectivity of the Diels-Alder 
addition. For convenience in isolation, the crude 
product was hydrolyzed, and the acid portion was 
separated from neutral material and reconverted 
to anhydrides by fusion at 190-200°. I t was not 
determined whether the original compounds were 
regenerated or whether this treatment shifted the 
double bond (for example, to the 4a-10a position).9

The 128° anhydride is cis-1 -methyl-7-methoxy- 
hexahydrophenanthrene-1,2-dicarboxylic anhy­
dride (I), since treatment of it or the corresponding 
acid with palladium on charcoal10 at 315° for a 
short time yielded l-methyl-7-methoxyphenan- 
threne and (after hydrolysis) the cA-l-methyl-7- 
methoxy-1,2,3,4 - tetrahydrophenanthrene-1,2-di- 
carboxylic acid (V) of Bachmann and Scott.7 
The 163° anhydride is cis-2-methyl-7-methoxy - 
hexahydrophenanthrene-1,2-dicarboxylic anhy­
dride (II); it and the acid (IV) derived from it 
were transformed smoothly into 2-methyl-7- 
methoxyphenanthrene11 and the anhydride of

(8) Cf. Breitner, Med. u. Chem., 4, 317 (1942); Chem. Zentr., 114, 
I, 2688 (1943); C. A ., 38, 4953 (1944). The German abstract 
appeared after most of our experimental work had been completed. 
Breitner obtained a potent estrogen from an anhydride adduct 
(m. p. 210°) prepared from the diene and citraconic anhydride. 
Later the Government Intelligence Team (Report No. 248, Pharm a­
ceuticals a t the I. G. Farbenindustrie Plant, Elberfeld, Germany, 
Office of the Publication Board, D epartm ent of Commerce, Washing­
ton, D. C.) reported th a t B reitner’s product was prepared from an 
adduct melting at about 125° and a t 160° after several recrystalliza­
tions.

(9) The structures I, II , I II , and IV are written with the double 
bond in the 4-4a position until more information is available.

(10) Hartung, T his Journal , 50, 3370 (1928); 66, 888 (1944).
(11) Heer and Miescher, Experientia, 3, 322 (1947), recently 

reported the formation of 1-methyl- and 2-methyi-7-methoxyphen- 
anthrene from the adducts which they obtained from the diene and 
citraconic anhydride. An example of a l-methyl-l-carboxyhydro- 
phenanthrene derivative which has been decarboxylated and dehy­
drogenated is abietic acid (Ruzicka, et al., Helv. Chim. Acta, 6, 692 
(1923); 16, 842 (1933)) and of a 2-methyl-2-carboxy derivative is 
estric acid (Butenandt, Weidlich and Thompson, Ber., 66, 601 
(1933)).
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cis - 2 - methyl - 7 - methoxy -1,2,3,4 - tetrahydrophe­
nanthrene-1,2-dicarboxylic anhydride (anhydride 
of VI).12 The formation of the 2-methyl- as well 
as the 1-methylhydrophenanthrene adduct is in 
contrast to the behavior of 1-vinylnaphthalene 
and l-vinyl-6-methoxynaphthalene, which yielded 
only the 1-methyl derivatives with citraconic an | 
hydride and with mesaconic acid.7

The 1-methylhexahydro acid III, derived from 
the 128° anhydride, was hydrogenated smoothly 
in the presence of palladium-charcoal to a mixture 
of stereoisomeric octahydro acids (Vila) from 
which a single pure compound was isolated in 70- 
80% yield via the dimethyl ester or more efficiently 
through the anhydride. It is of interest that a 
single compound was formed in such a high yield 
on reduction.

COOH

—COOH

c h 3o /
III, R' =  CH3; R -  H
IV, R =  CH3; R' =  H

COOH

COOH

c h 3o /
V, R' =  CH3; R =  H 

VI, R =  CH3; R' =  H
Two Arndt-Eistert reactions were carried out 

on the acid ester (presumably VHb) obtained by 
half hydrolysis of the dimethyl ester of Vila. 
Pyrolysis of the lead salt of the product (presum­
ably Vlld) yielded a neutral product, m. p. 100- 
101°, whose analysis was in fair agreement with 
that of the methyl ether of an isomer of estrone 
(VIII). The small amount of material available 
prevented us from fully characterizing the com­
pound.

V ila , n =  0, R = H 
VHb, n = 0, R -  CH3 
V ile, n = 1, R -  CH3 
V lld , n =  2, R = H 
V ile, n = 2, R -  CH3

The 2-methylhexahydro acid IV, derived from 
the 163° anhydride, absorbed hydrogen rapidly in 
acetic acid only when a large proportion of Adams 
catalyst was employed. Whether this is indica­
tive of the double bond lying in the 4a-10a posi-

(12) This compound should prove useful in a project now in prog­
ress concerned with the determ ination of the configuration a t C /D  
ring fusion of equilenin, estrone and other steroids.

tion is left undecided at this time. From the mix­
ture of products a crystalline octahydro acid IX 
could be isolated but only in low yield. After 
conversion of the non-crystallizable acids to an­
hydrides by distillation, a crystalline anhydride of 
the octahydro acid was isolated readily. Crystal­
line derivatives of the same octahydro acid were 
obtained by reduction of the hexahydro acid ester 
and the dimethyl ester. Various methods suggest 
themselves for converting these compounds to es­
trone or its stereoisomers and these are now under 
investigation.

CH3
COOH

CHsO

COOH

IX
Experimental

Preparation of 1-Vinyl-6-methoxy-3,4-dihydronaphtha­
lene.—Purified acetylene was bubbled at the rate of 2-3  
bubbles per second for twenty-four hours through an ice- 
cold, ethereal solution of ethylmagnesium iodide (the 
iodide was used instead of the bromide3 because of the 
greater solubility of the acetylene Grignard reagent in 
ether-benzene) prepared from 28 g. of magnesium and 
110 cc. of ethyl iodide in 500 cc. of ether. The ether 
layer was decanted from the heavy, viscous purple layer 
of the acetylene-bis-magnesium iodide, which was then 
dissolved in 300 cc. of dry thiophene-free benzene. To the 
filtered Grignard solution, 20 g. of 6-methoxy-l-tetralone13 
was added in one portion. After eight horns at room tem ­
perature, the reaction mixture was hydrolyzed with ice- 
cold ammonium chloride solution, and the filtered organic 
layer was evaporated under reduced pressure at 35-40°. 
The partly solid residue was filtered and the solid diol, 
—C(OH)C^C(OH)C— , on the filter was washed with 
small amounts of ether; after a second evaporation, a 
second crop of diol was removed. The filtrate was evapo­
rated in a modified Claisen flask with an 8-inch Vigreux 
column, and the apparatus was filled with nitrogen and 
then evacuated before the dehydration was carried out. 
At 100-110° (0.5-0.6 mm.) the liquid bubbled vigorously 
as water was evolved; the eneyne, 1 ~et hyny 1 - 6 -m ethoxy - 
3,4 -dihydronaphthalene, distilled smoothly at 118-123° 
(0.5-0.6 mm.) (reported, 124-130° at 0.5 mm.3 and 120° 
at 0.1 mm.4 for a purer sample); yield, 10.9 g. (52%). 
The eneyne reacted instantly with ammoniacal silver 
nitrate solution and with an alcoholic mercuric chloride 
solution in the presence of sodium ethoxide.14

For best results exposure of the carbinol to air should 
be avoided throughout. Midway in the distillation of 
a batch of acetylenic carbinol which had been kept over­
night in a refrigerator, a sudden violent reaction set in 
with the formation of a green tar in the flask and the 
receiver. This danger can be partially averted by storage 
of the carbinol in an atmosphere of nitrogen at 0°, but it 
is better to carry out the entire sequence of steps from the 
hydrolysis of the Grignard reaction mixture to the dis­
tillation without interruption. Because the eneyne 
oxidized rapidly in the presence of air even at 0°, the 
partial hydrogenation to the diene was carried out im­
mediately after the distillation.

(13) Burnop, Elliot and Linstead, J . Chem. Soc., 727 (1940). 
In place of steam  distillation, we distilled under reduced pressure the 
crude 6-m ethoxy-l-tetralone obtained by chromic acid oxidation of 
6-methoxy te tra lin .

(14) Shriner and Fuson, “ The Identification of Organic Com­
pounds,” John Wiley and Sons, Inc., New York, N. Y., 2nd edition, 
1940, p. 59.
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The eneyne (10.9 g.) in 30-40 cc. of absolute alcohol 
with 0.5 g. of palladium-charcoal absorbed the equivalent 
of one mole of hydrogen at slightly more than one atmos­
phere pressure in one to three hours. After filtration 
from the catalyst and concentration in vacuo at 35-40°, 
l-vinyl-6-methoxy-3,4-dihydronaphthalene was obtained 
as a practically colorless liquid. Since the product gave 
no test for an ethynyl group, it was used in the Diels- 
Alder reaction without further purification. A sample 
reacted instantly with maleic anhydride in benzene to give 
an adduct melting at 201-202° (reported,3 201°) after 
one recrystallization.

Reaction of the Diene with Citraconic Anhydride.—A
solution of 31 cc. of citraconic anhydride and 10.9 g. of the 
diene in 150 cc. of dry thiophene-free benzene was refluxed 
for forty-eight hours, the solvent was removed from the 
mixture in a current of air, and the residual citraconic 
anhydride was distilled at 100° (0.5 mm.). The sticky, 
semi-crystalline residue was warmed gently on a steam- 
bath with 10 cc. of 45% aqueous potassium hydroxide 
solution and 40 cc. of water until the anhydrides were hy­
drolyzed (fifteen minutes). After the removal of 1.5 g. 
of alkali-insoluble material by extraction with ether, 
the aqueous solution was added with stirring to a solution 
of 15 cc. of concentrated hydrochloric acid and 15 cc. of 
water. The precipitated acid, after it had crystallized 
(on standing or when seeded and scratched) was filtered 
and washed thoroughly with water. A solution of the 
product in ethyl acetate deposited crystalline acid (m .p . 
174-179°) which on continued recrystallization was trans­
formed to an anhydride (m. p. 161.5-165°). The product 
was separated more efficiently by recrystallization of the 
anhydrides (12.3 g. or 70%) which were prepared by fusion 
of the above mixture of dicarboxylic acids at 190-200° 
in an atmosphere of nitrogen. Breitner8 obtained about 
the same yield of adduct by heating the diene with citra­
conic anhydride at 50-60° and allowing the temperature 
to rise to 160-190°.

A hot solution of the anhydrides in 25 cc. of ethyl 
acetate and 10 cc. of acetone was concentrated and 
then seeded with the high melting isomer. After one to 
two hours at room temperature, 4.6 g. of cA-2-methyl- 
7 -methoxyhexahydrophenanthrene-1,2 -dicarboxylic anhy­
dride (II) was obtained as square yellowish tablets, 
m. p. 158-162°. A colorless, constant-melting product 
was obtained after evaporative distillation at 160-200° 
(0.01 mm.) and one recrystallization from ethyl acetate, 
m. p. 163-163.5°.

A n a l* 1* Calcd. for Ci8H180 4: C, 72.5; H, 6.1.
Found: C ,73.1; H, 6.2.

The anhydride reacted readily with a dilute solution of 
potassium permanganate in acetone.

The mother liquor from the first crop of high melting 
anhydride was concentrated to a volume of about 10 cc. 
and allowed to cool undisturbed. A mixture of crystals 
was obtained consisting of small yellow tablets (m. p. ca. 
160°) and large, jagged, rectangular, colorless masses, 
m .p . 125-150°. The two forms were separated mechani­
cally and 2.6 g. of fairly pure cis- l -methyl-7-methoxy­
hexahy drophenanthr ene -1,2 -dicarboxylic anhydride (I) 
was obtained. After one recrystallization from ethyl 
acetate the anhydride melted at 125-128°; yield 2.1 g. 
After evaporative distillation at 0.01 mm. and recrystal­
lization from ethyl acetate-ligroin, the anhydride melted 
at 127-128°.

Anal.* Calcd. for CisHisCh: C, 72.5; H, 6.1. Found: 
C, 72.8; H, 6.2.

Additional crops of material were obtained from the 
mother liquor after removal of the second crop. These 
usually were rich in the lower melting anhydride. In 
one experiment there appeared to be some indication 
of the presence of ah additional isomer but complete 
characterization of this substance has not been accom­
plished.

(15) Analyses marked “ m ” are by Dr. T. S. M a and those marked
“ k ” are by Mr. Fred Kaufm ann.

Derivatives and Reactions of 1-Methyl-7-methoxyhexa­
hy drophenanthr ene -1,2 -dicarboxylic Acid

Proof of Structure of the 128° Anhydride.—Three 
hundred milligrams of the 128 ° anhydride (I) and 150 mg. 
of palladium charcoal10 were heated in an atmosphere of 
nitrogen at 310-315° for fifteen minutes when gas evolu­
tion ceased. The product after separation from the 
catalyst was digested with N  sodium hydroxide. The 
insoluble portion (10 mg.) gave a yellow trinitrobenzene 
derivative in alcohol; m. p. 136-138°. Mixed melting 
point determinations with samples of the trinitrobenzene 
derivatives of synthetic 1-methyl and 2-methyl-7-meth- 
oxyphenanthrene proved conclusively that the neutral 
material was 1-methyl-7-methoxyphenanthrene.

Acidification of the alkaline filtrate followed by recrystal­
lization of the product from aqueous acetone yielded 150 
mg. of an acid as colorless needles, m. p. 196-198° dec. 
(bath pre-heated to 185°). The dimethyl ester, pre­
pared by means of diazomethane crystallized from meth­
anol in colorless needles, m .p . 168-169° alone and when 
mixed with dimethyl ester of cA-l-methyl-7-methoxy-
1.2.3.4- tetrahydrophenanthrene-l ,2-dicarboxylic acid 
(V).7

1-Methyl-7-methoxyphenanthrene was prepared in the 
following manner. One gram of 1-keto-7-methoxy-
1.2.3.4- tetrahydrophenanthrene was added to a solution 
of methylmagnesium iodide prepared from 0.3 g. of mag­
nesium. After forty-eight hours at 0°, the reaction mix­
ture was hydrolyzed with ice-cold ammonium chloride 
solution and the desired carbinol, 1 -met.hyl-1 -hydroxy-7- 
methoxy-l,2,3,4-tetrahydrophenanthrene, was isolated 
by evaporation of the filtered organic layer; yield of prod­
uct after trituration with ethyl acetate-ligroin, 0-48 g.. 
m. p. 78-92°. More material was isolated from the 
mother liquor.

A mixture of 480 mg. of the carbinol and 100 mg. of 
palladium charcoal10 was heated at 300-320° in an atmos­
phere of nitrogen for thirty minutes. An acetone ex­
tract of the reaction mixture was filtered, concentrated 
and diluted with alcohol. The 1-methyl-7-methoxy- 
phenanthrene which crystallized in nacreous colorless 
leaflets (200 mg., m. p. 131-132.5°) was recrystallized 
from alcohol, purified through the picrate and recrystal­
lized from absolute alcohol; m. p. 135-136° (reported,15 16
133.5-134°).

The trinitrobenzene derivative crystallized from hot 
alcohol-benzene in bright yellow needles, m. p. 143- 
143.5°.

Anal.k Calcd. for C22H17N3O7: C, 60.69; H, 3.94
Found: C, 60.59; H, 3.93.

Dimethyl Ester of the Acid III.—The dimethyl ester of 
cis-1 -methyl - 7 - methoxyhexahydrophenanthrene -1 ,2- di­
carboxylic acid, obtained from the crude diacid and diazo­
methane, crystallized from aqueous methanol in rectan­
gular prisms; m. p. 83.5-85°.

Anal.m Calcd. for C2oH2405: C, 69.7; H, 7.0. Found: 
C,69.6; H, 6.8.

Reduction of the Hexahydro Acid.—The crude diacid 
from 4.3 g. of the 128° anhydride (I) in 75 cc. of acetic 
acid with 1.5 g. of palladium-charcoal absorbed one mole 
equivalent of hydrogen in one to two hours at slightly 
more than one atmosphere pressure. When 10 to 20% 
of catalyst by weight was used, about twenty-four hours 
was required for the hydrogenation. The filtered solution 
was evaporated to dryness and the solid diacid mixture 
was converted either to the anhydrides or to the dimethyl 
esters for purification. The anhydrides were obtained 
by refluxing the diacid with 40 cc. of acetic anhydride 
and 25 cc. of acetyl chloride for three hours. After re­
moval of the solvents under reduced pressure, 2.85 g. of 
an anhydride crystallized from ethyl acetate as glistening 
thick prisms; m. p. 161-163.5°. From the filtrate an 
additional 0.7 g. of anhydride, m. p. 162-164°, was ob­
tained; total yield, 83%. After one more recrystalliza-

(16) Short and Stromberg, J. Chem. Soc., 319 (1936); ibid., 516
(1937).
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tion, as-l-methyl-7-methoxy-l,2,3,4,4a,9,10,l0a-octa- 
hydrophenanthrene-1,2-dicarboxylic anhydride (anhy­
dride of Vila) was pure and melted at 163-164°.

Anal.* Calcd. for Ci8H20O4: C, 72.0; H, 6.7. Found: 
C, 72.0; H, 7.0.

The same dimethyl ester was obtained by diazomethane 
treatment of the diacid mixture and of the hydrolysis 
or methanolysis product of the pure anhydride. The 
dimethyl ester of cis - l  -methyl-7-methoxy-1,2,3,4,4a,9,- 
10,IOa-octahydrophenanthrene-1,2-dicarboxylic acid crys­
tallized from methyl alcohol in colorless needles, m. p. 
126-127.5°.

Anal.* Calcd. for C2oH2605: C, 69.3; H, 7.6. Found: 
C, 69.5; H, 7.4.

Hydrolysis of the Dimethyl Ester of Vila to the Acid 
Ester.-—A solution of 3.7 g. of the above £ A-dimethyl 
ester in 50 cc. of methanol and 10.5 cc. of 1.04 N  sodium 
hydroxide solution was refluxed for thirty-eight hours. 
After removal of methanol in a current of air, the residue 
was treated with water and ether. The ethereal solution 
contained 0.7 g. of a mixture of cis and trans esters. Acidi­
fication of the aqueous layer gave the acid ester (2.7 g.; 
m. p. 169-183°) which crystallized from ethyl acetate in 
colorless prisms; yield, 2.56 g. (85%) ; m. p. 184-188°. 
After a few recrystallizations from ethyl acetate the acid 
ester, presumably /ra«s-l-methyl-1-carbomethoxy-7-
methoxy-1,2,3,4,4a,9,10,10a - octahydrophenanthrene - 2- 
carboxylic acid (VHb) melted at 186-187° dec.

Anal.m Calcd. for Ci9H24O5: C, 68.7; H, 7.3. Found: 
C, 69.0; H, 7.3.

The acid ester is assigned the trans configuration be­
cause on treatment with diazomethane it gave a practically 
quantitative yield of a dimethyl ester (different from the 
original diester) which crystallized from methanol in 
colorless rhombs; m. p. 134-135°. A mixture of this 
ester and the original diester melted at 107°.

Anal.m Calcd. for C20H26O5: C, 69.3; H, 7.6. Found: 
C, 69.7; H, 7.4.

Partial hydrolysis of the trans-dimethyl ester gave the 
same acid ester in 85% yield.

Amdt-Eistert Synthesis on the Acid Ester VHb.—Oxalyl 
chloride was found to be superior to thionyl chloride and 
phosphorus pentachloride for preparing the ester acid 
chloride. The acid ester (50 mg.) was added to 0.25 
cc. of oxalyl chloride in 1 cc. of dry thiophene-free benzene 
and after two hours at room temperature the solution 
was evaporated. Treatment of the residual yellow gum 
with methanol gave 40 mg. of pure /rcms-dimethyl ester; 
no acidic products were isolated.

After many failures the following procedure was found 
to be successful for the Arndt-Eistert synthesis. The 
acid chloride solution, prepared as above from 500 mg. 
of pure trans-acid ester, was evaporated under reduced 
pressure at room temperature. Twice, the residue was 
redissolved in benzene and the solution evaporated. A 
solution of the colorless acid chloride in 15 cc. of dry 
benzene was added slowly to an ice-cold distilled, ethe­
real solution of diazomethane (prepared from 4.5 cc. of 
nitrosomethylurethan). The reaction appeared to be 
slow. After one day at 0° and another day at room 
temperature, the reaction mixture was filtered and evapo­
rated to dryness under reduced pressure. The semi­
crystalline mass yielded 390 mg. (72%) of crystalline 
diazoketone upon trituration with ether-ligroin, m. p. 
131-133° dec.

For the rearrangement, a silver mirror was prepared by 
refluxing a suspension of 0.1 g. of silver oxide in 15 cc. of 
methanol for one and one-half hours. To the hot mix­
ture, the diazoketone was added in one portion. After 
one-half hour of refluxing another portion of silver oxide 
was added and refluxing was continued for another half- 
hour. After filtration of the suspension and evaporation 
of the solvent, the yellow oil was evaporatively distilled 
at 180-230° (0.03 mm.) and saponified by refluxing with 
0.9 cc. of 1.04 N  sodium hydroxide solution for three 
hours; weight of acid ester, 270 mg. The acid ester, pre­

sumably 1 -methyl-1 -carbomethoxy-7-methoxy-l ,2,3,4,4a,- 
9,10,10a-octahydrophenanthrene-2-acetic acid (Vile), 
crystallized from ethyl acetate in glistening prisms; yield 
180 mg. (57%), m. p. 182-186°; after several recrys­
tallizations of the compound the m .p . was 186-187°.

Anal*  Calcd. for C2oH2605: C, 69.33; H, 7.56.
Found: C, 69.95; H, 7.76.

A portion of the pure acid ester with diazomethane 
gave the dimethyl ester which crystallized from methanol 
in tiny colorless prisms; m .p . 78-79 °.

Anal.* Calcd. for C21H28O5: C, 70.0; H, 7.8. Found: 
C, 69.9; H, 8.0.

For the next Arndt-Eistert synthesis, 500 mg. of the 
acid ester (Vile) was allowed to react with 3 cc. of oxalyl 
chloride in 2 cc. of dry benzene for three hours at room 
temperature. The reaction of the acid chloride with diazo- 
methane at 0° was rapid; after twelve hours at 0°, the 
suspension of crystalline diazoketone in ether was evapo­
rated to dryness. In this manner 570 mg. of a light cream- 
colored diazoketone was obtained, m. p. 138-140°.

The crude diazoketone was submitted to a rearrangement 
in methanol as described, and the product was hydrolyzed 
by refluxing with 1.45 cc. of 1.03 N  sodium hydroxide solu­
tion in 10 cc. of methanol for one and one-half hours; 
weight of acid ester, 530 mg.; m. p. 171-180°. The acid 
ester, presumably 1-methyl-1-carbomethoxy-7-methoxy- 
1,2,3,4,4a,9,10,10a - octahydrophenanthrene - 2 - propionic 
acid (Vile), crystallized from ethyl acetate in small thin 
plates, yield 380 mg. (70%), m .p . 183-184° with previous 
sintering; after one more recrystallization the m .p . was
184.5-186°.

Anal*  Calcd. for C2iH280 5: C, 69.98; H, 7.83.
Found: C, 69.52; H, 7.78.

Cyclization of the Diacid Vlld.—A mixture of 130 mg. 
of the acid ester (V ile), 3 cc. of 45% aqueous potassium 
hydroxide and 6 cc. of methanol was refluxed for twenty- 
one hours. Acidification of the alkaline solution gave a 
crystalline diacid (presumably V lld ), m. p. 214-215°, 
which was used without further purification. In our 
best experiment, 61 mg. of the diacid was heated in 
methanol with 60 mg. of lead acetate and the white 
suspension was evaporated to dryness.17 The solid 
was heated at 290-310° at 0.01 mm. until distillation 
stopped. The distillate was digested with 5% sodium 
hydroxide solution and the neutral product isolated by 
extraction with benzene. The compound, presumably 
7 -methoxy -1 ' -keto -1 -methyl -1 ,2 ,3 ,4 ,4a,9,10,10a - octa- 
hydro-l,2-cyclopentenophenanthrene (VIII) crystallized 
from methanol in small prisms, yield 10 mg., m. p. 99- 
100.5°, unchanged by another recrystallization. In 
another run, less well-defined crystals were obtained by 
recrystallization from aqueous methanol, m. p. 100- 
101°. Both samples were analyzed.

Anal.* Calcd. for C19H24O2: C, 80.24; H, 8.51.
Found: C, 79.47, 79.93; H, 8.42, 8.54.
Derivatives and Reactions of 2-Methyl-7-methoxyhexa- 

hydrophenanthrene-1,2-dicarboxylic Acid
Proof of Structure of 163° Anhydride.—A mixture of 

1 g. of the 163° anhydride (or the corresponding acid) 
and 500 mg. of palladium-charcoal was heated in an 
atmosphere of nitrogen at 315-320° for fifteen minutes. 
The filtered acetone extract of the product was treated 
with Norit, concentrated and diluted with ethyl acetate. 
Practically colorless rectangular prisms of the anhydride of 
cis-2 -methyl-7-methoxy -1,2,3,4 - tetrahydrophenanthrene -
l ,  2-dicarboxylic acid (VI) crystallized; yield 610 mg.;
m. p. 183-186°. After several recrystallizations from 
ethyl acetate and benzene the pure anhydride melted at 
185-186°.

Anal.* Calcd. for Ci8Hi60 4: C ,73.0; H, 5.4. Found: 
C, 73.0; H, 5.5

A mixture of 1.08 g. of the 185-186° anhydride and 50 
cc. of methanol was refluxed for twenty-two hours.

(17) L itvan and Robinson, J . Chem. Soc., 1997 (1938).
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Upon concentration of the solution chalky prisms of an 
acid ester crystallized; yield, 650 mg., m. p. 186-188°.

A n a l* Calcd. for C19H20O5: C, 69.50; H, 6.14.
Found: C, 69.56; H, 6.02.

Additional crystalline material could be obtained from 
the mother liquor, but it was not pure. Both the ma­
terial from the mother liquor and the pure acid ester above 
reacted with diazomethane to give the cis-dimethyl ester, 
m. p. 100-101°, which crystallized from aqueous methanol 
in chalky white needles.

Anal*  Calcd. for C20H22O5: C, 70.16; H, 6.48.
Found: C, 70.22; H, 6.44.

The same dimethyl ester was obtained by the dehydro­
genation of the hexahydro dimethyl ester and the octa­
hydro dimethyl ester. The yield of ester was inferior to 
the yield of the aromatic anhydride because of its less 
favorable solubility in organic solvents.

Digestion with N  sodium hydroxide of the material in 
the filtrate after removal of the anhydride left 47 mg. of 
solid (m. p. 105-135°), which after two recrystallizations 
from methanol gave 10 mg. of 2-methyl-7-methoxyphe­
nanthrene, m .p . 141-144° alone and when mixed with a 
synthetic specimen. The m. p. (141-143.5°) of the tri­
nitrobenzene derivative was riot depressed by a sample 
of known structure.

2-Methyl-7-mèthoxyphenanthrene was synthesized by 
reducing 1.2 g. of l-keto-2-methyl-7-methoxy-l,2,3,4- 
tetrahydrophenanthrene18 to the corresponding 1-hydroxy 
derivative by means of a ten-fold excess of aluminum iso- 
propoxide. The reaction mixture was hydrolyzed with 
ice-cold dilute sulfuric acid solution, the product extracted 
with benzene and the benzene extract washed with dilute 
ammonia. Evaporation of the extract gave 1.2 g. of a 
stereoisomeric mixture of carbinols, m. p. 102-115°; after 
one recrystallization from benzene-petroleum ether, the 
m. p. was 109.5-117°.

A mixture of 500 mg. of the recrystallized carbinols 
and 100 mg. of palladium-charcoal10 was heated at 315° 
in an atmosphere of nitrogen for fifteen minutes. A 
filtered acetone extract of the product was concentrated, 
diluted with alcohol. After a few recrystallizations of 
the plate-like crystals (310 mg., m. p. 142-143.5°) and 
purification through the picrate, the melting point was 
not changed significantly but the analysis was low in car­
bon. The following treatment with alkali removed the 
impurity and led to an analytically pure sample. The 
crude product was dissolved in methyl alcoholic potassium 
hydroxide with the aid of warm acetone and water was 
added until crystallization began. The 2-methyl-7- 
methoxyphenanthrene crystallized from alcohol-acetone 
in slender rectangular prisms, m. p. 144.5-145.5° (re­
ported,3 143-144°).

Anal*  Calcd. for C16H140 :  C, 86.45; H, 6.35.
Found: 0 ,86 .57; H, 6.26.

The trinitrobenzene derivative crystallized from hot 
alcohol-benzene in fine orange needles, m. p. 146-147°.

Anal*  Calcd. for C22H17N307: C, 60.69; H, 3.94.
Found: C, 60.62; H, 3.96.

Dimethyl Ester of the Acid IV.—The 163° anhydride 
did not appear to react with warm dilute sodium bicar­
bonate solution but was hydrolyzed rapidly by hot N  
sodium hydroxide solution. Upon acidification of the 
alkaline solution, the dicarboxylic acid (IV) was obtained 
which melted at 179-180° after one recrystallization from 
ethyl acetate.

The dimethyl ester of 2-methyl-7-methoxyhexahydro- 
phenanthrene-1,2-dicarboxylic acid prepared from the 
crude dicarboxylic acid by means of diazomethane, crystal­
lized from aqueous methanol as hexagonal plates, m. p. 
90-93°. After two more recrystallizations from aqueous 
methanol, the pure ester melted at 91-92°.

Anal.m Calcd. for C20H24O5: C, 69.7; H, 7.0. Found: 
C, 69.9; H, 7.0.

(18) Bachmann, Cole and W ilds, T h is  Journal, 62, 824 
(1940).

Preparation of the Acid Ester.—A solution of 2.57 g. 
of the aforementioned dimethyl ester in 30 cc. of methanol 
containing 7.1 cc. of 1.1 N  sodium hydroxide was refluxed 
for forty-six hours. After evaporation of the methanol, 
addition of water and extraction of the insoluble material 
(0.08 g.) with benzene, dilute hydrochloric acid was added 
to the aqueous layer. The product crystallized when 
stirred with ether and after evaporation of the ether, 2.45 
g. of solid was filtered and washed with water, m. p. 117- 
170 °‘ dec. The acid ester crystallized from ethyl acetate 
in silken colorless needles, yield 730 mg., m. p. 185- 
187° dec. At the melting point the acid ester gave the 
anhydride (II), tn. p. 163°.

Anal.m Calcd. for C19H22O5: C, 69.1; H, 6.7. Found: 
C, 69.1; H, 6.7.

When a solution of 5 g. of the 163° anhydride in meth­
anol was refluxed for twelve hours and concentrated, 2.16 
g. of needles was obtained; m. p. 182.5-184° dec. alone 
and when mixed with the acid ester obtained by alkaline 
hydrolysis. Both acid esters were converted to the di­
methyl ester, m. p. 91°, obtained from the anhydride in 
the manner described.

Hydrogenation of Derivatives of the 163° Anhydride, 
(a) Dicarboxylic Acid.—Attempts to hydrogenate deriva­
tives of the hexahydro anhydride to octahydro derivatives 
using 5-10% by weight of Adams catalyst were unsuccess­
ful. When 40-50% by weight of the catalyst was used, 
hydrogenation was rapid. A mixture of 850 mg. of the 
diacid IV, 35 cc. of acetic acid, and 300 mg. of pre - 
reduced Adams catalyst absorbed one mole equivalent 
of hydrogen at slightly more than one atmosphere pres­
sure in forty-five minutes. On concentration of the 
filtered solution in a current of air, 56 mg. of the octa­
hydro dicarboxylic acid IX  crystallized in colorless 
prisms, m. p. 202-203° dec. Since it was difficult to 
obtain more crystalline material from the mother liquor, 
the residual material was evaporatively distilled at 200- 
250° (0.01 mm.) to convert the diacids into the cor­
responding anhydrides. The solution of the distillate 
in ethyl acetate yielded 335 mg. of anhydrides in two crops, 
m. p. 165-166° and m. p. 150-155°. as-2-Methyl-7- 
methoxy - 1,2,3,4,4a,9,10,10a - octahydrophenanthrene-
l ,  2-dicarboxylic anhydride, the material from the first 
crop, was recrystallized from ethyl acetate without any 
change in melting point.

Anal* Calcd. for Ci8H2o04: C, 71.98; H, 6.71.
Found: C, 72.23; H, 6.74.

(b) Acid Ester.—Hydrogenation of 1.3 g. of the acid 
ester of IV was accomplished with 0.45 g. of pre-reduced 
Adams catalyst in 50 cc. of acetic acid in three hours. 
The filtered solution was concentrated and the residue 
crystallized from ethyl acetate, yield 420 mg., m. p. 194- 
204° dec. The pure octahydro acid ester crystallized 
from ethyl acetate in small cubes, m. p. 206-208° dec. 
(bath preheated to 180 °). The melting point varied 
markedly with the rate of heating.

Anal.m Calcd. for C19H24O5: C, 68.7; H, 7.3. Found: 
C, 68.8; H, 7.2.

(c) Dimethyl Ester.—A mixture of 1.15 g. of the 
dimethyl ester of IV and 0.4 g. of pre-reduced Adams 
catalyst in 35 cc. of acetic acid absorbed one mole equiva­
lent of hydrogen at slightly more than one atmosphere 
pressure in forty-five minutes. A methanol solution of 
the product deposited colorless needles of the dimethyl 
ester of ris-2-methyl-7-methoxy-l,2,3,4,4a,9,10,10a-octa- 
hydrophenanthrene-1,2-dicarboxylic acid, yield 470 mg.,
m. p. 104.5-108.5°; after several recrystallizations the 
m. p. was 108.5-109.5°.

Anal* Calcd. for C2oH2605: C, 69.3; H, 7.6. Found: 
C, 69.3; H, 7.6.

The configurations of the derivatives isolated from the 
three hydrogenations were the same. Both the anhydride 
and the acid ester were converted to the 109.5° dimethyl 
ester.

Hydrolysis of the Dimethyl Ester.—Alkaline hydrolysis 
of the dimethyl ester gave 2-methyl-7-methoxy-l,2,3,4,-
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4a,9,10,10a-octahydrophenanthrene-l,2-dicarboxylic acid
(IX) which crystallized from ethyl acetate in colorless 
prisms, m. p. 211-213° dec.

Anal.m Calcd. for Ci8H22O0: C, 68.0; H, 7.0. Found: 
C, 68.0; H, 7.1.

Summary
Two structurally isomeric adducts are formed 

in the reaction of citraconic anhydride with 1- 
vinyl-6 methoxy-3,4-dihydronaphthalene. One is

a derivative of 1-methylhexahydrophenanthrene; 
the other has the methyl group in the 2-position of 
the hexahydrophenanthrene nucleus. From one a 
compound was synthesized whose analysis agreed 
with that of the methyl ether of an isomer of es­
trone. Preliminary studies have been carried out 
on the conversion of the other isomeric Diels-Al­
der adduct to estrone.
A n n  A r b o r , M ic h i g a n  R e c e iv e d  D e c e m b e r  1, 1947

[C o n t r i b u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r ie s  o f  I n d i a n a  U n i v e r s i t y  a n d  Y a l e  U n i v e r s i t y ]

Amino Acids. V.1 Phthalyl Derivatives
B y  J o h n  H. B illm an2 and  W illiam  F. H a r t in g 3

Interest in amino acids has increased enor­
mously during recent years mainly because of the 
many new uses which have been found for these 
compounds in the nutritional and medicinal 
fields. Additional reagents for the characteriza­
tion of amino acids are accordingly useful.

Succinic anhydride and maleic anhydride were 
investigated as reagents but proved to be unsatis­
factory. However phthalic anhydride gives 
compounds of excellent properties with a large 
number of amino acids.

Table I contains a list of the phthalyl deriva­
tive prepared in these laboratories. Phthalic an-

COOH

-CH— COOH +  H20
I

R

The recorded yields are those obtained from 0.2 to
T a b l e  I

P h t h a l y l  D e r iv a t iv e s  o f  A m in o  A c id s

Amino acid used

M. p. of
derivative Y ield, 

°C. (uncor.) %
Analyses, % 

Calcd. Found

N eutral 
equivalents  

Calcd. Found

G lycine® 191-192 90 C 58.54 58.57 205 205
H 3.41 3.56

D L -A lan in eb 160-161 92 N 6.39 6.45 219 218
D L -a -A m in o -w -b u ty r ic  acid® 95.5-96.5 65 233 231
D L -a -A m in o -iso b u ty r ic  a c id d 152-153 79 233 231
D L -a -A m in o -w -v a ler ic  a c id 103-104 53 N 5.66 5.84 247 244
dl-V a lin e 101.5-102 54 N 5.66 5.82 247 249
dl - a  -A m in o  - a -m e t h y  lb u t  yr ic  acid® 139-140 53 C 63.16 62.97 247 248

H 5.26 5.44
DL-Norleucine 111.5-112.5 38 N 5.36 5.25 261 259
DL-Leucine7 140-141 41 261 260
L-Leucine5’6’ff 115-116 70 N 5.36 5.22 261 264
D L -Iso leu c in e 120-121 66 N 5.36 5.34 261 264
L -G lu ta m ic  a c id 188-189 45 N 5.05 4.93 277 275
DL-a-Aminophenylacetic acidA 167-168 64 C 68.3 68.5 281 280

H 3 .9 4.0
DL-Phenylalanine 174-175 79 N 4.74 4.81 295 300
D L -T h reon in e 102-103 30 N 5.62 5.81 243 246

Reese, Ann., 242, 1 (1887). 6 Gabriel, Ber., 38, 634 (1905). c Hildesheimer, Ber., 43, 279 (1910). d Gabriel, Ber.
44, 59 (1911). e Freytog and Gabriel, Ber., 48, 648 (1915). f Ulrich, Ber., 37, 1695 (1904). g Fling, Minard and Fox 
report the m. p. of 118-119°. h McKenzie and Barrow, J. Chem. Soc., 103,1332 (1913) (m. p. 170.5-171.5°).

hydride condenses with amino acids according to 
the following general equation, the reaction being 
complete in fifteen minutes at 180-185°.

(1) Paper IV, Billm an and Parker, T his J ournal, 67, 1069 (1945).
(2) On leave at Yale University, Septem ber, 1946-June, 1947.
(3) Present address: Coca-Cola Company, Linton, Indiana.

0.5 g. of the amino acid. Much smaller amounts 
of the amino acid can be used with equal success. 
Large amounts, such as 5 g. of several of the am­
ino acids were tried and in most cases the yields 
were considerably higher than those reported in 
the table. All of the derivatives were easily and
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quickly prepared and melted in a convenient tem­
perature range.

Since the basic function of the amino group is 
suppressed by this reaction, the derivatives be­
have as ordinary carboxylic acids. The neutral 
equivalent of the derivative can therefore be used 
as a criterion of identity. This is particularly 
useful when the melting points of two derivatives 
are separated by only a few degrees.

A solution of phthalyl L-leucine when examined 
polarimetrically was found to be optically active. 
This confirms the findings of Fox4 and Reese.5 
Phthalyl L-gtutamic acid likewise was found to 
be optically active. Since racemization does not 
appear to occur during their preparation, phthalyl 
derivatives should be valuable for the rapid 
characterization of optically active amino acids.

Tryptophan, tyrosine, serine and taurine did not 
give the desired derivatives.

Preparation of Phthalyl Derivatives of Amino 
Acids.—In a Pyrex test-tube is placed a mixture 
of 0.5 g. of an amino acid and 1.0 g. of phthalic 
anhydride. The tube is then placed in an oil- 
bath, which has previously been heated to ISO- 
1850, for fifteen minutes. During the first ten

(4) Fling, M inard and Fox, T h is  J o u r n a l . 69s 2468 (1947).
(5) Reese, Ann., 242, 9 (1887).

minutes, the mixture is stirred occasionally and 
the phthalic anhydride which sublimes and de­
posits on the walls of the tube is pushed down into 
the reaction mixture by means of a glass rod. The 
mixture is left undisturbed during the remaining 
five minutes. At the end of fifteen minutes, the 
test-tube is carefully removed and cooled until the 
liquid mass solidifies. I t  is then inverted and the 
excess phthalic anhydride sublimed on the walls is 
scraped out. The residue is recrystallized from 
10% ethyl alcohol or water. Most of the phthalyl 
amino acids are very soluble in dilute alcohol. 
When alcohol is used, some of the derivatives oil 
out if too concentrated a solution of the derivative 
is made or if the solution is cooled too rapidly.

When working with a specific amino acid it is 
desirable to use an approximately one to one molar 
ratio of amino acid to phthalic anhydride.

Summary
A series of phthalyl derivatives of amino acids 

has been prepared by a general procedure and it 
has been shown that phthalic anhydride is a useful 
reagent for the identification of most of the simple 
amino acids.
B l o o m in g t o n , I n d .
N e w  h a v e n , C o jsin . R e c e iv e d  N o v e m b e r  20, 1947

[C o n t r ib u t io n  f r o m  K e d z ie  C h e m ic a l  L a b o r a t o r y , M ic h ig a n  S t a t e  C o l l e g e ]

Condensation of Some Tertiary Octyl Alcohols with Phenol
B y  R a l ph  C. H u s t o n , W illiam  K. L ang do n la a n d  L o uis  J. S n y d e r 10

In previous communications from this Labora­
tory,2 the condensations of eleven tertiary alcohols 
with phenol have been described. The present 
paper reports the condensation of the five tertiary 
alcohols shown in Table I.

These alcohols were prepared as described by 
Huston and co-workers3 and condensed with phe­
nol in the presence of anhydrous aluminum chlo­
ride. The yields of the £-£-octylphenols varied 
from 36 to 80%. No isomers or disubstituted 
products were isolated. In addition to the ben­
zoyl esters and a-naphthylurethans of these p-t- 
octylphenols, the phenylurethans of three of them 
were prepared.

The position of the alkyl group in each phenol 
was proven by oxidation of the corresponding ni- 
tro-octylbenzene,4 by heating in a Carius tube 
with 6 N  nitric acid at 130°, to yield only p-nitro- 
benzoic acid. The corresponding /-octylbenzene3 
was also converted into the phenol by nitration, 
reduction to the amine, diazotization and hydroly­
sis.2 The phenol thus synthesized was shown to

(1) Present location: (a) W yandotte Chemical Corp., Wyandotte, 
M ich.; (b) E thyl Corp., Baton Rouge, La.

(2) (a) Houston and Guile, T his Journal, 61, 69 (1939); (b) 
H uston and Meloy, ibid., 64, 2655 (1942).

(3) H uston, Goerner, et ol., ibid., 70, 1090 (1948).
(4) Malherbe, Ber., 62, 319 (1919).

be identical with the one obtained through direct 
condensation of the alcohol and phenol by means 
of melting point and mixed melting point deter­
minations. The assignment to the alkyl group of 
the phenol the same structure as that of the alkyl 
group of the alcohol from which it is formed is 
based upon the following considerations:

(a) There are theoretically possible seventeen 
£>-/-octylyhenols.

(b) In the rearrangement of alkyl groups during 
processes of condensation, primary groups may 
change to secondary or tertiary, secondary may 
change to tertiary, and tertiary may change to 
tertiary. Instances of the formation of appreci­
able yields of isomeric primary or secondary 
groups from tertiary groups are not known.25

(c) Fifteen different ^-/-octylphenols, corre­
sponding to the fifteen tertiary octyl alcohols, 
other than 2,3,3-trimethyl-2-pentanol and 2,2,3- 
trimethyl-3-pentanol, have been described2*5 or 
are described in this article.

When 2,3,3-trimethyl-2-pentanol is condensed 
with phenol, two />-/-octylphenols are formed, 
neither of which is identical with any of the other 
fifteen. The condensation of 2,2,3-trimethyl-3- 
pentanol with phenol gives the same two p-t-octy\-

(5) H uston and K rantz, J . Org. Chem., 13, 63 (1948).
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T a b l e  I

S o m e  T e r t ia r y  O cty l  P h e n o l s  a n d  D e r iv a t iv e s

3-Methyl- 3-E thyl- 2,4-Dimethyl- 3,4-Dim ethyl- 2-M ethyl-3-
Alcohols 3-heptanol 3-hexanol 4-hexanol 3-hexanol ethyl-3-pentanol

^-/-Octylphenols, yield, % 80 36 61 40 54

B. p., °C. (mm.) |f 293.7 (758) 265 (741) 287.5 (758) 294 (758) 270 (756)“
[ 128-130 (3) 134-137 (6) 125 (3) 130-133 (3) 1 1 0 -1 1 2  (2)

tt*°D 1.5164 1.5212 (14.5°) 1.5162 1.5247
d% 0.9516 0 . 9561 (<Z202o) 0.9530 0.9717
Carbon, % (calcd. 81.50) 81.38 81.60 81.47 81.41 81.42
Hydrogen, % (calcd. 10.75) 10.78 10.92 10.73 10.57 10.69
Benzoyl esters, m. p., °C. 122 40-40.5 123 125 38.2-38.6

Carbon, % (calcd. 81.25) 81.13 81.18 81.18 81.23 81.06
Hydrogen, % (calcd. 8.44) 8.23 8.42 8.31 8.29 8.64
a-Naphthy- f M. p., °C. 94 106.7-107 90 129 128-128.5

urethans \  N, % (calcd. 3.73) 3.58 3.66 3.67 3.51 3.68

Phenylurethans { ^  4 .30)
104

4.28
94
4.21

119
4.18

£-Nitro- f B. p., °C. 145-147 (3) 125-130 (3) 160-163 (9) 159-160 (9)5 130-135 (6)
/-octylbenzenes \  N, % (calcd. 5.95) 5.72 + 6.07 5.81 5.97

^-Amino- ( B. p ., °C. 129-130 (3) 120-125 (3) 130-131 (3) 134-136 (3) '' 125-130 (6)
/-octylbenzenes \  N, % (calcd. 6.82) 6.74 6.80 6.67 6.75
° M. p. 33.5-34°. 6 Distilled with decomposition.

phenols. These are now being studied in this Labo­
ratory. The only other evidence of rearrange­
ment noted is the formation of some 2,4,4-tri- 
methyl-2-/?-hydroxyphenylpentane together with
2.3.4- trimethyl-2-£-hydroxyphenylpentane when
2.3.4- trimethyl-2-pentanol is condensed with phe­
nol.5

(d) Seventeen different ^-/-octylphenols have 
been formed by the condensation of seventeen iso­
meric octyl alcohols. In cases where only one 
phenol is isolated, the assignment of the structure 
of the alkyl group of the alcohol to the side chain 
of the octylphenol is justified.

Experimental
Melting points and boiling points are uncorrected.
The alcohols were prepared as indicated by Huston, 

Goerner, et al.,3 with one exception. Part of the 3-ethyl-
3-hexanol was made by adding one mole of chloroacetyl 
chloride to slightly over three moles of ethyl Grignard 
reagent. The ether was then removed and the dry re­
action mixture heated on the steam-bath for twenty-four 
hours in order to insure the hydrocarbon type of syn­
thesis on the a-carbon atom. The average yield was 75%.

Condensations with Phenol, (a) Using 3-Ethyl-3- 
hexanol and 2-Methyl-3-ethyl-3-pentanol.—Thirty-two 
grams (0.25 mole) of octyl alcohol, 47 g. (0.5 mole) of 
phenol and 200 ml. of petroleum ether were mixed in a 500 
ml., three-neck flask equipped with a thermometer, con­
denser and mechanical stirrer. Anhydrous aluminum 
chloride (17 g., 0.125 mole) was added portionwise during 
the course of an hour. The temperature was maintained 
between 25 and 30° by external cooling when necessary,

(b) Using the Other Three /-Octyl Alcohols.—The 
proportions of reactants were: alcohol, 32.5 g. (0.25
mole); phenol, 23.5 g. (0.25 mole); aluminum chloride, 
17 g. (0.125 mole); petroleum ether, 80 ml. The method 
was the same as in (a).

After the addition of the aluminum chloride, stirring 
was continued for four hours and the reaction mixture 
allowed to stand overnight. After hydrolysis by ice and

hydrochloric acid, the layers were separated and the 
aqueous layer extracted with ether. The combined ether- 
petroleum ether layers were washed with 10% sodium 
carbonate solution and dried. Distillation through a 
modified Claisen flask with a 30 to 45 cm. Vigreux column 
gave the following fractions: (1) b. p. below 65° (5 to
10 m m.), probably unreacted alcohol or the corresponding 
chloride; (2) b. p. 65 to 100° (5 mm.), chiefly recovered 
phenol; (3) b. p. 100 to 140° (3 mm.). The last fraction 
was redistilled until a product with a narrow boiling point 
range was obtained. 2-Methyl-3-ethyl-3-(^-hydroxy- 
phenyl)-pentane, the only solid phenolic product, was re­
crystallized from petroleum ether.

The benzoyl esters were prepared by the method of 
Shriner and Fuson.6 Since the esters did not solidify 
when poured into water, it was necessary to separate the 
oil, extract the aqueous layer with ether, wash the ether 
extract successively with dilute acid and sodium carbonate 
solution and distil under diminished pressure. The esters 
crystallized at once or when chilled in the refrigerator. 
They were recrystallized from petroleum ether or ethyl 
alcohol.

The phenylurethans and a -napht hy lur et hans prepared 
by the method of Bickel and French7 or by the method of 
French and Wirtel,8 were recrystallized from alcohol or 
petroleum ether.

Summary
1. Five /-octyl alcohols have been condensed 

with phenol in the presence of aluminum chloride.
2. The benzoyl esters and a-naphthylurethans 

of the resulting ^-/-octylphenols have been pre­
pared. The phenylurethans of three of these 
phenols were also prepared.

3. The structures of the phenols have been es­
tablished.
E a st  L a n s in g , M ic h ig a n  R e c e iv e d  A u g u s t  25,1947

(6) Shriner and Fuson, “ Systematic Identification of Organic 
Compounds,” John Wiley and Sons, Inc., New York, N . Y., 1940, p. 
137.

(7) Bickel and French, T his Journal , 48, 747 (1926),
(8) French and W irtel, ibid., 48, 1736 (1926),
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Synthesis of 6-Nitro-6-desoxy-D-glucose and 6-Nitro-6-desoxy-L-idose
By J . M. Grosheintz and Hermann O. L. Fischer

The synthesis of 6-carbon C-nitrodesoxy-al- 
doses. in which the hydroxyl group on carbon 
atom 6 is replaced by a nitro group, thus forming 
the grouping —CH2N 02, was of interest, since 
these compounds represent a new type of sugar 
derivative and also show, as was anticipated, a re­
markable tendency to form cyclic compounds of 
the cyclohexane and benzene series, on which we 
shall report in a subsequent paper.

Two of these sugars, 6-nitro-6-desoxy-D-glucose 
and 6-nitro-6-desoxy-L-idose, have been prepared 
by the condensation of l,2-acetone-D-#y/ö-trihy- 
droxyglutaric dialdehyde (II) with nitromethane. 
Such a condensation reaction of an aldehyde with 
a nitroparaffin, which dates back to Henry1 has 
received much attention in recent years.2 I t has 
been used previously in this Laboratory for the 
preparation of nitrolactaldehyde,3 and recently 
for the preparation of carbohydrate C-nitroalco- 
hols.4 In the case under consideration the con­
densation was effected in ethanol with sodium 
methoxide in the presence of an excess of nitro­
methane. When no further change in optical ro­
tation occurred (after eighteen hours), the solution 
was processed and a crystalline Mixture A of the 
two diastereoisomers III and IV was obtained in a 
yield of 50% of the theoretical amount (calcd. on 
the dialdehyde).

The 1,2-acetone-D-xy/#-trihydroxyglutaric dial­
dehyde, which is made from monoacetone-D-glu- 
cose (I)5 by oxidation with lead tetraacetate, has 
been described previously with a rotation of [ a ] 10D 
+  20 =*= 3°.6 On preparing this compound we ob­
tained products of varying rotations. Therefore, 
in the experimental part we describe our method 
of preparing the dialdehyde for our present pur­
pose. Further investigations of the sirupy dial­
dehyde are being conducted.

I t  was found impracticable to separate the two 
isomers from the mixture A by fractional crystalli­
zation. A very small amount of IV (less than 5%) 
was obtained on extraction with absolute ether 
and repeated crystallization from dibutyl ether. 
However, separation could be effected satisfac­
torily by a process we would like to call “fractional 
acetonation.” We found that under similar con­
ditions, IV was acetonated to a diacetone deriva­
tive in a yield of about 90%, whereas III was ace-

(1) L. Henry, Compt. rend., 120, 1265 (1895).
(2) Reviews by H. B. Hass and Riley, Chem. Reviews, 32, 373

(1943) ; H. B. Hass, Ind. Eng. Chem., 35, 1146 (1943); Hass and 
Bouriand, C. A ., 38, 2969 (1944).

(3) H. O. L. Fischer, E. Baer and H. Nidecker, Helv., 18, 1079 
(1935).

(4) J. C. Sowden and H. O. L. Fischer, T h is  Journal, 66, 1312
(1944) ; 67, 1713 (1945); 68, 1511 (1946); 69, 1048, 1963 (1947).

(5) Preparation according to  Hixon, ibid., 51, 523 (1929).
(6) Koichi Iwadare, Bull. Chem. Soc., Japan, 16, 40 (1941); 

C. A ., 35, 4740 (1941).

tonated in a yield of only about 25%. Thus aee- 
tonation of the mixture A resulted in practically 
complete acetonation of IV and only partial ace- 
tonation of III. This mixture could then be sep­
arated easily into the monoacetone derivative 
III, the diacetone derivative VI, and a residual 
amount of a crystalline mixture of the two diace­
tone derivatives V and VI, from which V could 
not be separated. The latter was, however, ob­
tained from acetonation of III.

On desacetonation of III and V, 6-nitro-6-de- 
soxy-D-glucose was obtained as a white powder 
which crystallized on slow cooling from a mixture 
of butanol and dibutyl ether. The crystalline 6- 
nitro-6-desoxy-D-glucose shows a downward mu- 
tarotation in water. Acids slightly accelerate the 
mutarotation, whereas traces of alkali induce sec­
ondary reactions. The downward direction of the 
mutarotation indicates that the 6-nitro-6-desoxy- 
D-glucose crystallizes in its a-form.7

On desacetonation of IV and VI, 6-nitro-6-de- 
soxy-L-idose was obtained as a resinous, slightly 
colored mass, which so far has resisted crystalliza­
tion. The initial and final values of the rotation of 
this amorphous material were considerably de­
pendent on the degree to which it had been pre­
viously dried. Acids accelerate the mutarotation 
whereas traces of alkali induce secondary reac­
tions.

To establish the configuration of III, it was re­
duced to the known l,2-acetone-6-amino-6-de- 
soxy-D-glucose,8 which was isolated in the form of 
its ^-toluenesulfonate in a yield of 85%. Further 
evidence that III and V possess the D-glucose con­
figuration was obtained by the reduction of V to 
the known l,2,3,5-diacetone-6-amino-6-desoxy- 
D-glucose ^-toluenesulfonate.9 This establishes 
the D-glucose configuration for III and for V and 
for the acetone-free nitrodesoxysugar VII obtained 
from III and V. I t leaves for IV, VI and VIII the 
L-idose configuration, as indicated in the table.

On reduction of VI, as above, the crystalline p~ 
toluenesulfonate of l,2,3,5-diacetone-6-amino-6- 
desoxy-L-idose could be isolated in a yield of 
80%.

Experimental
(1) Condensation of 1,2-Acetone-D-xylo-trihydroxy- 

glutaric Dialdehyde with Nitromethane.—One hundred 
grams of monoacetone-D-glucose (m. p. 159-160°) was 
added to 1.6 liters of dry benzene and the suspension just 
brought to the boil while stirring moderately. Then 205 
g. of lead tetraacetate was added in five equal portions at 
intervals of about three minutes without further heating, 
and the stirring was continued for an additional quarter 
of an hour at 70°. Any slight excess of lead tetraacetate

(7) C. S. Hudson, T his Journal, 31, 66 (1909).
(8) H. Ohle and L. v. Vargka, Ber., 61, 1206 (1928).
(9) H. Ohle and L. v. Vargha, ibid., 62, 2432 (1929).
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was then reduced with a few drops of ethylene glycol and, 
after cooling to room temperature, the precipitated lead 
diacetate was filtered off and washed with a little benzene. 
The combined filtrates, about 2 liters, were quickly ex­
tracted four or five times with 25 cc. of ice-water, until 
no more lead diacetate could be traced in the last aqueous 
extract, and the benzene solution was cleared from sus­
pended water by filtration. On removal of the benzene 
under reduced pressure, about one-third of the amount 
of aldehyde formed remained as a viscous sirup. The 
optical rotation of this sirup was [ a ] 25D + 50 2° (c =  5)
in ethanol. The combined aqueous extracts, about 125 
cc., were kept at 0° and extracted quickly six to eight 
times with 25 cc. of chloroform. Thus the remaining 
aldehyde was almost entirely extracted from the aqueous 
solution, containing lead diacetate and acetic acid, and 
was obtained as a viscous sirup after drying and evaporat­
ing the chloroform under reduced pressure. The optical 
rotation of this sirup was [ « ] 25d  + 40  =±= 2° ( c  =  5) in 
ethanol. The lower optical rotation of the product re­
covered from the chloroform solution, as compared with 
that recovered from the benzene solution, may be due to 
polymerization or to a partial desacetonation, resulting 
in an admixture of the optically inactive xylo-trihydroxy- 
glutaric dialdehyde. However, both sirups, which may 
still contain small amounts of formaldehyde, gave the 
same mono-phenylhydrazone, m. p. 140.5-141 °, [ a ] 28D 
—42° (c =  5.0) in chloroform, as described by Koichi 
Iwadare.6 Over-all yield of the sirupy material was ap­
proximately 80%. For all further experiments these 
sirups were dissolved in ethanol and used together.

One hundred grams of the above 1,2-acetone-D-xylo- 
trihydroxyglutaric dialdehyde was dissolved in a mixture 
of 400 cc. of 95% ethanol and 200 cc. of nitromethane. 
The solution was made alkaline to litmus by the addition 
of 2 N  sodium methoxide. An excess of 20 cc. of 2 N  
sodium methoxide was then added and the solution left at 
room temperature for eighteen hours. The solution was 
then concentrated in vacuo to about one-fifth of its volume, 
and, after addition of about 500 cc. of chloroform, it was 
extracted five to six times with about 20 cc. of water. 
The condensation products were then obtained as a viscous

residue on evaporation of the organic solvents in vacuo. 
On addition of an equal amount of absolute ether to this 
residue and stirring until a homogeneous mixture was ob­
tained, crystallization of the condensation products was 
soon induced and the crystals were filtered with suction 
and washed twice with absolute ether. The mother 
liquor and ether washings, containing an appreciable 
amount of condensation products, were collected and 
evaporated and the residue treated as above. This 
crystalline mixture of 1,2~acetone-6-nitro-6-desoxy-D- 
glucose and l,2-acetone-6-nitro-6-desoxy-L-idose could 
be crystallized from dibutyl ether (25 parts), chloroform 
and ether-petroleum ether (b. p. 40-60°), but no appreci­
able separation of the isomers took place. The mixture 
melted between 105 and 120° and showed a specific optical 
rotation of between —21° and —25°. The yield of this 
mixture A of colorless crystalline nitrodesoxysugars was 
about 50% of the theoretical.

(2) 1,2-Acetone-6-nitro-6-desoxy-D-glucose.—One hun­
dred grams of mixture A, as under (1), was dissolved in 
2 liters of absolute acetone, containing 10.0 cc. of con­
centrated sulfuric acid, and kept at room temperature for 
four days. The sulfuric acid was then just neutralized 
with concentrated ammonia (an excess of ammonia being 
avoided), the ammonium sulfate was centrifuged off, and 
the solution was concentrated in vacuo to about 200 cc. 
The residue was taken up in 2 liter of ether and extracted 
twice with 50 cc. and twice with 25 cc. of water and 
filtered clear. The ether was distilled off, leaving a crys­
talline sludge from which the remaining solvent was 
distilled off in vacuo at about 60°. The resulting crystal­
line mass was dissolved in about 150 cc. of hot ethanol 
and the solution was slowly diluted with 600 cc. of water. 
Most of the diacetone products crystallized out immedi­
ately, and, after standing overnight in the ice-box, the 
crystals (B) (about 40 g.) were filtered with suction and 
washed with a little water. The mother liquor was 
concentrated in vacuo to half its volume, heated shortly 
to 80° with a little charcoal, and filtered. On complete 
evaporation of the solvents in vacuo the unchanged 1,2- 
acetone-6-nitro-6-desoxy-D-glucose crystallized out and 
was recrystallized first from benzene and then from
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dibutyl ether (1 g. in 25 cc.). In this way 40 g. of the 
almost pure isomer, m. p. 123-125°, [a]25D —18 to —20°, 
was obtained. On repeating with this substance the entire 
acetonation and crystallization procedure as above, the 
purest isomer we could prepare, m. p. 126-127° and 
[a ]24D —16.8° in water (c — 4.2), was obtained. Anal. 
Calcd. for C9Hi50 7N (249): C, 43.3: H, 6.02; N, 5.62; 
acetone, 23.3. Found: C, 43.4; II, 6.17; N* 5.64:
acetone, 23.1.

(3) 1,2-Acetcne 6-nitro-6-desoxy~i.-idose-—On extrac­
tion of 5 g. of mixture A, as under (1), with absolute ether 
in a Soxhlet apparatus, about 0.5 g. of impure 1,2-acetone- 
6~nitro-6-desoxy-L~idose, m. p. 135-142°, remained un­
dissolved. After three crystallizations from dibutyl 
ether this substance had a m. p. of 161-162° and [q:]24d 
—39.0° in water (c =  3.32) and no change of these con­
stants was observed on recrystallization. Anal. Calcd. 
for C9H150 7N (249): C, 43.3; H, 6.02; N, 5.62; acetone, 
23.3. Found: C, 43.6; H, 5.93; N, 5.55; acetone, 23.6.

(4) 1,2,3,5 -Diacetone-6-nitro-6-desoxy-D-glucose.—
This was obtained on acetonation of our purest 1,2- 
acetone -6 -nitro-6 -desoxy-D-glucose, as under (2) and 
crystallization from ethanol, and subsequently from 50% 
aqueous methanol, in a yield of 25%, while 60% of the 
unchanged starting material was recovered; m. p. 106- 
107°, M 23d + 18 .8°  in pyridine (c =  3.56). Anal. 
Calcd. for C12H190 7N (289): C, 49.8; H, 6.58; N, 
4.84; acetone, 40.1. Found: C, 50.0; H, 6.49; N, 
4.87; acetone 40.3.

(5) l,2,3,5-Diacetone-6-nitro-6-desoxy-L-idose.—On 
crystallizing the mixture B (40 g. as under (2)), once 
from 80% ethanol and three times from methanol, 20 g. 
of diacetone-6-nitro-6-desoxy-L-idose, m. p. 150-151° 
and l<x]2bD —30.1° in pyridine (c =  2.80), was obtained. 
After five recrystallizations from methanol or ethanol the 
melting point was one-half degree higher, but the optical 
rotation was unchanged. Anal. Calcd. for Ci2Hi90 7N 
(289): G, 49.8; H, 6.58; N ,4.84; acetone, 40.1. Found: 
C, 49.7; H; 6.78; N, 4.75; acetone, 40.3. The mother 
liquors were combined and concentrated in vacuo, leaving 
a crystalline sludge, consisting mainly of the diacetone- 
glucose derivative. Fractional crystallization of this 
mixture from ethanol and water yielded further amounts 
of the diacetone-idose derivative. The main portion of 
about 15 g., however, could not be separated completely 
from its isomer and melted from about 95 to 105°.

Acetonation of l,2-acetone-6-nitro~6-desoxy-L-idose, as 
under (2), yielded about 90% of diacetone-6-nitro-6- 
desoxy-L-idose.

(6) ó-Nitro-6-desoxy-D-glucose.—The 1,2-acetone-6- 
nitro-6-desoxy-D-glucose (m. p. 124° and higher), was 
dissolved in five times its weight of 0.1 A  sulfuric acid and 
kept for about seventy-five minutes in a water-bath at 
75-80°. The diacetone-6-nitro-6-desoxy-D-glucose was 
treated in the same manner, except for the addition of 
about 20% of ethanol to facilitate its solution. The 
solutions were then freed from the sulfuric acid by careful 
addition, with stirring, of 80% of the theoretical amount 
of barium hydroxide solution and balanced out exactly 
with a 0.1 N  solution of barium acetate. This solution 
should at no time become even slightly alkaline on account 
of the extreme sensitivity of the free nitrodesoxysugar. 
The barium sulfate was removed by centrifuging or filter­
ing. On evaporation in vacuo of the water, the free sugar 
was obtained as a white powder, m .p . 152-154°, with an 
initial optical rotation of [<x]23d + 40  =*= 2° within five 
minutes after dissolution in water. Ten grams of this 
substance was dissolved in a boiling mixture of 500 cc. of 
^-butanol and 500 cc. of n-dibutyl ether and the solution 
seeded at about 100° with crystalline nitrodesoxyglucose. 
(Seeds were obtained by dissolving a sample of the nitro­
desoxysugar in a mixture of the solvents as above, and 
letting stand overnight.) Approximately 5 g. of material 
crystallized in small white needles on slow cooling to 50° 
within six hours. On further cooling, the remaining sub  ̂
stance came out as an amorphous precipitate from the 
mother liquor, and could be recovered completely by 
evaporation of the solvents in vacuo.

The crystalline 6-nitro-6-desoxy-D-glucose melts at
156-157° and shows the mutarotation (=*=0.5°).

T i m e
[O! ]23D

in H2O (c = 2.90)
[ö>]23D

in 0.1 N  H 2S O 4 (c ■■

5 min. + 45° ±  0.5° + 44.6° 0,
10 min. 44.6° 44.0°
30 min. 43.6° 42.8°
60 min. 43.0° 40.9°
2 hours 41.0° 39.2°
3 hours 39.0° 37.9°
4 hours 37.8° 37.4°
5 hours 37.0° 37.0°
6 hours 36.7° 36.9°

12 hours 36.7° 36.8°
2 days 35.6° 36.8°
5 days 32.6° 36.8°

12 days 29.1°
18 days 24.9°

The end rotation was thus reached within six to seven 
hours in water and dilute acid. A very much slower 
change of the optical rotation was observed after that time 
in water, indicating that a secondary reaction took place. 
This was probably due to the slight alkalinity of the glass 
with which the solution came in contact, since no such 
change was observed in dilute acid. Anal. Calcd. for 
C6Hn0 7N (209): C, 34.5; H, 5.27; N, 6.70. Found: 
C, 34.6*, H, 5.23; N, 6.94.

(7) 6-Nitro-6-desoxy-L-idose was prepared from its 
diacetone derivative, as under (6), So far. it has not 
been obtained in a crystalline state, but only as a resin­
ous, slightly colored mass. We have been unable, there­
fore, as yet, to determine accurately the optical properties 
of this compound, especially since sharp drying in high 
vacuum over phosphorus pentoxide resulted in a brittle, 
glassy mass with a very much smaller mutarotation than 
material dried to a viscous consistency. A representative 
experiment can be given as follows: 1.503 g. of diacetone-
6-nitro-6-desoxy-L-idose, m. p. 150-151°, was dissolved 
in 20 cc. of boiling ethanol and kept at 75-80° for one 
hour after the addition of 10.0 cc. of A  sulfuric acid; 
then 15 cc. of warm water was added and the solution kept 
at the same temperature for an additional hour. After 
cooling to room temperature and adjusting the volume of 
the solution to 50.0 cc. with water, the optical rotation 
was [<a]20D —13.8°. After removal of the sulfuric acid 
and the solvents, as under (6), and drying the residue to a 
viscous consistency, the initial optical rotation was [ck]23d  
-1 6 .6 °  in water (c =  3.15), M 23d  -1 2 .3 °  in 0.1 A  
sulfuric acid (c =  2.63), and the rotation seven days later 
[o:]23d  —20.9° in water, [ce]23D —26.0° in 0.1 A  sulfuric 
acid. After drying the same sample to a brittle, glassy 
mass, which was crushed to a powder, the initial optical 
rotation was [q:]23d —10.4° in water (c =  4.36), [<x]21d 
— 12.2° in 0.1 A  sulfuric acid, and the rotation forty-eight 
hours later [a]22D — 1 2 . 9 °  in water, [a]22n —14.0° in 
0.1 A  sulfuric acid.

(8) l,2-Acetone-6-amino-6-desoxy-D-glucose p-Tolu- 
enesulfonate.—1,2-Acetone- 6 -nitro -6 -desoxy -D-glucose 
(1.01 g., m. p. 126°) was dissolved in 30 cc. of water and 
reduced with hydrogen at ordinary temperature and 
pressure in the presence of 8 g. of freshly prepared Raney 
nickel catalyst. Within the first ten minutes 250 cc. of 
hydrogen was absorbed and 55 cc. within the next fifty 
minutes (calcd., 307 cc. at 23° and 753 mm.). (This 
reduction was also carried out at room temperature and 
a hydrogen pressure of 20-30 atm. and was then complete 
in five minutes.) The catalyst was then centrifuged off 
and the solution neutralized with 0.5 A  £-toluenesulfonic 
acid and evaporated to dryness in vacuo. The amorphous 
residue was dissolved in about 6-8 cc. of absolute ethanol 
and filtered. On gradual addition of about 300 cc. of 
absolute ether, in portions, 1.2 g. (85%) of the crystalline 
compound was obtained, m. p. 176-177°, [a]26D —7.0°
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in water (c =  3.7). These constants agree with those 
reported by Ohle8 for the same compound (m. p. 176- 
177°, H 20d -7 .0 2 °  in water, (c =  5.01)).

(9) 1,2,3,5-Diacetone-6-amino-6-desoxy-D-glucose p-
Toluenesulf onate.—An amount of 1.05 g. 1,2,3,5-diace­
tone-6-nitro-6-desoxy-D-glucose (m. p. 106-107°) was 
dissolved in 60 cc. of dioxane and reduced as under (8). 
The reduction was complete within forty-five minutes and 
the free amine was obtained as a viscous sirup after cen­
trifuging off the catalyst and evaporating the dioxane 
in vacuo at 40°. This sirup was dissolved in 20 cc. of 
water, neutralized exactly with 0.5 A  p -t oluenesulfonic 
acid and filtered. On evaporating the water in vacuo, 1.3 
g. (83%) of the salt was obtained and was crystallized 
once from benzene and once from dry ethyl acetate. 
Anal. Calcd. for CijÉ^OgNS (431): C, 52.8; H, 6.72; 
N, 3.25; acetone, 26.9. Found: C, 52.9; H, 6.62; N, 
3 J.2; acetone, 26.7.

Since the melting point found for this substance did not 
entirely agree with that reported by Ohle, the physical 
constants of the salt were thoroughly examined by Mr. 
D. L. MacDonald of this Laboratory, who reports as 
follows:

“The melting point of this compound varied consider­
ably with the rate of heating, and melting was accom­
panied by decomposition; as these characteristics were 
not reported by Ohle and v. Vargha, the compound was 
also prepared according to their method from 6-tosyl-l,2- 
monoacetone-D-glucose via 6 -t osy 1 - 1 ,2,3,5 -diacet one -D -  
glucose.9*10 The amine salt prepared by the two different 
methods was found to be identical as regards melting point 
(with decomposition), solubilities in various solvents, 
crystal form, optical rotation and dependence of melting 
point on rate of heating, as shown in the table. From 
the data, it can be concluded that the compound under 
consideration is identical with Ohle and v. Vargha *s

Prepared according to:
Ohle Grosheintz
and and

v. Vargha Fischer
From  dry ethyl acetate:

(1) Standing in bath  for
20 minutes a t  160° 160°

(2) Heating a t l° /m in u te  172-172.5° 171.5-172°
(3) Heating a t 10°/m inute 177-179° 176-179°
(4) [«]d ( ld m . tube, H2O) f + 3 0 .5 °  + 2 9 .1

\  (c =  5 .4 , (c =  4 .0 , 10
t  =  25°) t  =  24°)

Mixed 
melting 

point, °C.

171.5-172°

(10) H. Ohle and E. Dickhauser, Ber., 58, 2602 (1925); H. Ohle 
and L. v. Vargha, ibid., 61, 1208 (1928).

1,2,3,5-diacetone-6-amino-6-desoxy-D-glucose ^-toluene- 
sulfonate. The slightly low rotation m ay indicate the 
presence of a small amount of the corresponding L-idose 
compound.”

(10) 1,2,3,5-Diacetone-6-amino-ö-desoxy-L-idose p -
Toluenesulf onate.—An amount of 2.35 g. of 1,2,3,5- 
diacetone -6-nitro-6-desoxy-L-idose (m. p. 150-151°) was 
dissolved in 100 cc. of dioxane, reduced, and the resulting 
amine was neutralized with ^-toluenesulfonic acid as under 
(9). The crude salt was dissolved in a little warm 
methanol, treated with charcoal, and filtered. On addi­
tion of about 5 volumes of absolute ether to this solution
2.8 g. (80%) of substance crystallized immediately in long 
fine needles, m. p. 198-200° (dec.), [ a ] 25D + 5 .8° in 0.1 
A NaOH (c =  3.8), [«]26d +0.84° in absolute ethanol 
(c =  3.5), [q;]26d —7.0° in dry pyridine (c =  5.3). No 
optical rotation could be observed in water. Anal. 
Calcd. for QgH^OsNS (431): C, 52.8; H, 6.72; N, 3.25; 
acetone, 26.9. Found: C, 52.7; H, 6.55; N, 3.24;
acetone, 26.8.
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Summary
The preparation of a new type of sugar deriva­

tive is described. 1,2-Acetone-D-xy/tf-trihydroxy- 
glutaric dialdehyde was condensed with riitro- 
methane to yield a mixture of l,2-acetone-6-nitro-
6-desoxy-D-glucose and l,2-acetone-6-nitro-6-de- 
soxy-L-idose. Separation of the two diastereoisó- 
mers could be effected. The free nitrodesoxysug- 
ars were obtained on desacetonation with dilute 
sulfuric acid.

The constitution and configuration of the glu­
cose derivatives were established by the reduc­
tion of the mono- and diacetone-6-nitro~6-desoxy- 
D-glucose to the known l,2-acetone-6-amino-6- 
desoxy-D-glucose and to l,2,3,5-diacetone-6-amino-
6-desoxy-D-glucose and subsequent isolation of 
their toluenesulfonates.

This leaves for the other isomer the L-idose con­
figuration.
T o r o n t o , C a n a d a  R e c e iv e d  N o v e m b e r  10, 1947

[C o n t r ib u t io n  f r o m  t h e  B a n t in g  a n d  B e s t  D e p a r t m e n t  o f  M e d ic a l  R e s e a r c h , U n iv e r s it y  o f  T o r o n t o ]

Cyclization of 6-Nitrodesoxyaldohexoses to Nitrodesoxyinositols
By J. M. Grosheintz and Hermann O. L. Fischer

When an aldose, in which the primary hydroxyl 
group is replaced by a nitro group, is exposed to a 
mild alkali, condensation of the aldehyde group 
into the —CH2N 02 group may be expected1 form­
ing the group —CH(N02)—CH(OH)— with two 
new asymmetric carbon atom centers. Such a re­
action, reminiscent of an aldol condensation, could 
produce either straight-chain or cyclic polymers 
or produce cyclic monoisomers. In the latter case 
the aldehyde group would condense with the ni- 
tromethylene group of the same molecule. I t was 
with this reaction in mind that we synthesized

(1) L. Henry, Compt. rend., 120, 1265 (1895).

6-nitro-6-desoxy-D-glucose and 6-nitro-6-desoxy- 
L-idose,2 since we expected intramolecular con­
densation, i. e.y cyclization of these nitrodesoxy- 
sugars to a number of nitrodesoxyinositol stereo­
isomers. We found our expectations confirmed 
and we were able to isolate some of these nitrode­
soxyinositols under certain controlled conditions.

Evidence for the cyclohexane ring structure of 
our condensation products is shown by the quanti­
tative transformation of these compounds to a 
known aromatic compound. Thus, on dissolving 
a pentaacetylnitrodesoxyinositol in warm pyridine

(2) Grosheintz and Fischer, T his J ournal, 70, 1476 (1948).



1480 J. M. Grosheintz and Hermann O. L. F ischer Vol. 70

it is immediately and quantitatively transformed 
to diacetyl-5-nitroresorcinol. Similarly, on dis­
solving any of the nitrodesoxy inositols in warm 
pyridine and acetic anhydride the diacetyl-5-nitro- 
resorcinol is immediately formed in a quantita­
tive yield. This transformation is in principle the 
same as that of inosose and its pentaacetate to the 
tetraacetate of 1,2,3,5-tetrahydroxybenzene as de­
scribed by Posternak.3 On ring closure the alde­
hyde group disappears with the formation of a 
new hydroxyl group. This was evidenced by the 
preparation of pentasubstituted nitrodesoxyinosi- 
tol derivatives and by the absence of any carbonyl 
reaction. Thus, after reduction of the nitro group 
to an amino group, the amino sugars give a strong 
Fehling test, whereas the amino inositols give none 
whatever. Also characteristic for our condensa­
tion products is the absence of any optical activ­
ity. This property points to the formation of sym­
metrically built molecules, or the presence of equal 
amounts of enantiomorphs.

The cyclization process, which was followed 
polarimetrically, is induced by very small amounts 
of alkali, as was already observed during the in­
vestigation of the mutarotation of 6-nitro-6-de- 
soxy-D-glucose.2 I t  takes place, in water, via the 
nitronium salts, as evidenced by an initial (nu­
merical) increase in the optical rotation, and it 
can be arrested a t any stage by acidification 
of the reaction solution or by precipitation of the 
nitronium salts; on restoring the initial pH of the 
solution or on redissolving the precipitated salts in 
water the cyclization continues where it had been 
interrupted, until the optical activity had disap­
peared. The rate of cyclization and the end-prod­
ucts are dependent, within limits, on the alkalinity 
to which the nitrodesoxysugars are exposed.

For one series of experiments the nitrodesoxy­
sugars were dissolved in the calculated amount of
0.1 to 0.16 N  barium hydroxide. Approxi­
mately half of the theoretical amount of barium 
salts of the cyclic compounds would crystallize 
overnight and the other half could be precipi­
tated by the addition of ethanol. A slight excess 
of barium hydroxide solution did not affect the 
reaction, but tends to discoloration of the 
barium salts, whereas a great excess and espe­
cially greater concentration of the alkali induces 
strong discoloration and subsequent lower yields 
of the free nitrodesoxyinositols. On dissolving 
the barium salts in acetic acid and eliminating 
the barium in the usual manner, a mixture of 
the crystalline isomers was obtained in excellent 
yield. Thus from the cyclization of crystalline 
nitrodesoxy-D-glucose two individual substances 
could be isolated in approximately equal 
amounts. The separation could be effected due 
to the fact that one isomer, which we shall call 
Nitrodesoxyinositol I, crystallized from pure 1,4- 
dioxane with one half mole of solvent, was prac­
tically insoluble in acetone and could not be aceto-

(3) Th. Posternak, Helv. Chim. Acta , 19, 1333 (1936).

nated under the usual conditions, whereas the 
other isomer, which we shall call Nitrodesoxyin­
ositol II, crystallized only in very small amounts, 
when pure, from dioxane, and was very easily 
acetonated to a diacetone derivative. In a similar 
manner, but in somewhat smaller yields, two ni­
trodesoxyinositols could be isolated from the mix­
ture of stereoisomers obtained from the cycliza­
tion of amorphous nitrodesoxy-L-idose. These two 
isomers proved to be identical with those obtained 
from the cyclization of nitrodesoxy glucose.

An altogether different mixture of nitrodesoxy­
inositols was obtained when a molar solution of 
nitro glucose was made alkaline with one-third 
of the calculated amount of normal sodium 
hydroxide. The cyclization proceeded slowly 
and a main product, which we will call Nitro­
desoxyinositol III, was obtained in a yield of 
about 65% of the theoretical. This material did 
not represent a pure isomer, since products of 
slightly differing melting points were isolated on 
fractional crystallization, but no clear separation 
of individual compounds could be effected. I t  did 
not form acetone derivatives under the usual con­
ditions. Moreover, the reaction mixture con­
tained some nitrodesoxyinositol II, which could be 
isolated due to its ready formation of a diacetone 
derivative, and we believe, therefore, that it also 
contained smaller amounts of nitrodesoxyinositol I.

These results lead to the following considera­
tions with regard to the steric configuration of our 
compounds: on ring closure of 6-nitro-6-desoxy- 
D-glucose four isomers may be formed theoreti­
cally, of which two would possess symmetrical and 
two asymmetrical molecular structure; the same 
is the case for 6-nitro-6-desoxy-L-idose. The iso­
mers with asymmetrical molecular structure which 
would be thus obtained by cyclization of one of the 
sugars are the enantiomorphs of those to be ex­
pected by cyclization of the other sugar, whereas 
all the expected isomers with symmetrical molec­
ular structure would have a different steric con­
figuration from one another. Therefore, having 
obtained two nitrodesoxyinositols from one of the 
sugars under certain experimental conditions, one 
should expect two different nitrodesoxyinositols 
from the other sugar under the same experimental 
conditions, while the absence of optical activity 
would, in general, indicate the absence of asym­
metrical structure in these compounds. vSince we 
obtained only two different compounds in all, 
under similar experimental conditions, we conclude 
that, in alkaline medium, an equilibrium is estab­
lished between the cyclic and open-chain forms of 
the nitrodesoxysugar derivatives (Table I) result­
ing in a transformation of these derivatives, 
whether originally of the D-glucose or L-idose con­
figuration, to an identical mixture of nitrodesoxy­
inositol isomers.4 This would therefore not ex-

(4) This, of coarse, does not exclude other reaction mechanisms 
in the alkaline medium, e. g., cleavage of the nitrohexoses into n itro­
methane and D-xylo-trihydroxyglutaric dialdehyde, and the recon­
densation to  nitrohexoses and /or nitroinositols.
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elude the formation of racemates and one may not 
rule out any of the eight possible steric configura­
tions on the grounds of optical inactivity. We be­
lieve that in the case of cyclization experiments 
with mild and dilute alkali, such as one-tenth nor­
mal barium hydroxide, the reaction indicated in the 
table is the main reaction. Thus, the conversion 
into one another of the two nitrodesoxyinositols 
I and II was easily effected under the same con­
ditions as their preparation from the nitrodesoxy- 
sugars. This conversion may, of course, simply 
indicate an isomerization due to the intermediate 
formation of a nitronium salt, but we are more in­
clined to believe that a symmetrical arrangement 
of the hydroxyl groups is achieved prior to the pre­
cipitation of the salts and that upon reconversion 
of the salts to the free nitro compounds the nitro 
group is guided into the trans position with regard 
to the neighboring hydroxyl groups. Such an 
arrangement would agree with all observed reac­
tions as well as with previous experience.5 In the 
case of the cyclization experiments which led to 
the formation of nitrodesoxyinositol III, a much 
greater concentration of alkali prevailed. There­
fore, one cannot dismiss completely the possibil­
ity of far reaching enolization such as the sugars 
are known to undergo in alkaline solution as evi­
denced in the reduction of glucose at ordinary tem­
perature and pH 10-13.6

Such a reaction would leave the way open to 
all theoretically possible steric rearrangements. 
The non-occurrence of isomers is not surprising in 
such a labile system where certain molecular 
structures would naturally be preferred.

From the aforesaid it is evident that for the prep­
aration of these cyclic compounds one need not 
start from the individual 6-nitro-6-desoxy-D-glu- 
cose or 6-nitro-6-desoxy-L-idose, but may use 
their equimolecular mixture, which is readily

(5) H. O. L. Fischer and E. Baer, Helv. Chim. Acta, 19, 519 
(1936).

(6) M. L. Wolfrom, B. W. Lew and R. Max Goepp, Jr., T his 
Journal, 68, 1443 (1946), and preceding papers.

available by desacetonation of “mixture A,” as de­
scribed in our previous publication.2

All cyclic nitro compounds were reduced and in 
most cases the corresponding amino compounds 
could be isolated. The desamination of the amino 
compounds to the inosityls and the transforma­
tion of the nitro compounds to inososes by means 
of the Nef reaction7 has not yet been realized.

We wish to stress the fact that the significance 
of our observations lies not so much in the purity 
or final identification of individual isomers, but 
rather in the ease with which ring closure is ef­
fected8 under mild conditions. We feel that such 
a model experiment gives validity to the belief that 
inositol is formed in nature through cyclization of 
glucose.9 The easy transformation of a sugar via an 
inositol derivative to an aromatic compound as 
demonstrated by us in the laboratory might well 
have its counterpart in an enzymatic process in 
nature.

Experimental
A. Cyclization of 6-Nitro-6-desoxy-D-glucose. (1) 

Barium Salts of Nitrodesoxyinositols.—To a solution of
12.0 g. of nitrodesoxy-D-glucose (m. p. 154-156°)2 in 
100 cc. of water was added 352 cc. of 0.163 A  barium 
hydroxide. Crystallization of barium nitrodesoxyinositol 
started within a few minutes; 8.7 g. or 55% of the theo­
retical of the salts separated within twelve hours and 7.2 
g. or 45% of the theoretical of crystalline salts precipitated 
on addition, in portions, of 600 cc. of ethanol within the 
next thirty-six hours. The first crystals formed were 
colorless, whereas those formed later were usually light 
brown. Anal. Calcd. for Ci2H2oOi4N2Ba (553): Ba,
24.77. Found: Ba, 24.6.

(2) Nitrodesoxyinositols.—An amount of 8.65 g. of
the above barium salts was dissolved in 40 cc. of 2 A  
acetic acid by shaking at room temperature. The result­
ing solution was freed from the barium by addition of 95% 
of the theoretical amount of A  sulfuric acid and balanced

(7) Nef reaction: J. U. Nef, Ann., 280, 263-291 (1894); cf. also 
J. C. Sowden and H. O. L. Fischer, T his J ournal, 69, 1963 (1947).

(8) For literature on attem pted  ring closure by chemical means 
cf. F. Micheel, A nn., 496, 77 (1932); “ Chemie der Zucker und Poly­
saccharide,” Leipzig, 1939, p. 329.

(9) For further support of this contention cf. H. O. L. Fischer, 
Harvey Lectures, Series XL, 1944-1945, pp. 156-178.
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out exactly with 0.1 A  sulfuric acid. On evaporation, 
in vacuo, of the filtered solution a mixture of isomeric 
nitrodesoxyinositols was obtained as a partly crystalline 
mass. After drying this mixture over phosphorus pent­
oxide and sodium hydroxide and dissolving it in 50 cc. of 
boiling 1,4-dioxane, 3.7 g. or 47% of the theoretical of 
substance (Nitrodesoxyinositol I) crystallized with one- 
half mole of dioxane on cooling to room temperature. 
Twice recrystallized from the same solvent, this substance 
melted at 147-148°. Anal. Calcd. for (C6Hii07N )2- 
C4H s0 2 (506): C, 37.94* H, 5.93; N, 5.53. Found: C, 
38.10; H, 5.97; N, 5.55.

The mother liquors were collected and evaporated in 
vacuo and the residue was dissolved in a little hot methanol. 
On partial evaporation of the solvent over phosphorus 
pentoxide 3.0 g. or 46% of the theoretical of crystalline 
substance (Nitrodesoxyinositol II) was obtained. Crystal­
lized from absolute ethanol with addition, in portions, of 
about 20% of absolute ether this substance melted at 
185-186° (dec.). Anal. Calcd. for C6Hu0 7N (209): 
C, 34.5; H, 5.27; N, 6.70. Found: C, 34.5; H, 5.26;
N, 6.72.

(3) Nitrodesoxyinositol I.—This substance, as obtained 
under (2), contained some isomers which could not 
be eliminated satisfactorily by repeated crystallization. 
However, separation was partially effected due to the 
fact that this substance could not be acetonated under 
standard conditions, whereas the contaminating isomers 
were easily acetonated. Thus 2 g. of this powdered sub­
stance was shaken for five hours in 50 cc. of absolute ace­
tone containing 0.5% of concentrated sulfuric acid, where­
upon the undissolved material was filtered off, washed 
with a few drops of absolute acetone and crystallized from 
dry 1,4-dioxane. This operation was repeated (3-5 
times) until the substance showed a constant melting 
point. After filtration from the acetonation solution it 
melted at 182-183° (dec.). Anal. Calcd. for C6Hh0 7N 
(209): C, 34.5; H, 5.27; N, 6.70. Found: C, 34.6; H, 
5.23; N, 6.82. After crystallization from 1,4-dioxane 
the nitrodesoxyinositol I contained one half mole of 
dioxane and melted at 162-163°. Anal. Calcd. for 
(C6Hn07N)2*C4H80 2 (506): C, 37.94; H, 5.93; N, 5.53. 
Found: C, 38.10; H, 5.81; N, 5.52. The acetone mother 
liquor contained some diacetone-nitrodesoxyinositol II, 
as described under (6), and small amounts of not aceto­
nated nitrodesoxyinositols, which were not further in­
vestigated.

(4) Aminodesoxyinositol I Hydrochloride.—An amount 
of 1.02 g. of nitrodesoxyinositol I, as obtained under (2), 
was dissolved in 50 cc. of distilled water and reduced with 
hydrogen at 26° and 752 mm. pressure in the presence of 
2 g. of freshly prepared Raney nickel. Within the first 
ten minutes 250 cc. of hydrogen was absorbed, and 15 cc. 
within the next fifty minutes (calcd. 263 cc.). The catalyst 
was centrifuged off and the solution was neutralized with
O. 5 A  hydrochloric acid, and concentrated to about 25 cc., 
filtered with a little charcoal, and further concentrated to 
about 10 cc. On addition of about 80 cc. of acetone the 
solution turned slightly turbid and the hydrochloride crys­
tallized within thirty minutes in long needles with one mole 
of water in a yield of about 75%. Anal. Calcd. for 
C6H1405-HC1H20  (233.5): C, 30.9; H, 6.85; N, 6.01. 
Found: C, 31.3; H, 6.80; N, 6.00. This compound sin­
tered at 211° and slowly fused under decomposition on 
further heating to 230°. It did not reduce Fehling solu­
tion, which is a characteristic difference between the amino- 
inositols and the aminosugars, nitrosugars or nitroinositols.

(5) Nitrodesoxyinositol II.—This substance, as ob­
tained under (2), appeared to be free of isomers, since its 
melting point did not change on repeated crystallization 
from ethanol or methanol and ether. Moreover, this 
procedure is wasteful. Pure substance in best yields is 
obtained by acetonation of the crude mixture of isomers 
and subsequent desacetonation, as described under (6).

(6) Diacetone-nitrodesoxyinositol II.—An amount of 
2.4 g. of nitrodesoxyinositol II was added to 50 cc. of dry 
acetone containing 0.25 cc. of concentrated sulfuric acid, 
in which it dissolved on shaking, within thirty minutes.

The solution was kept at room temperature overnight 
and was then neutralized with the calculated amount of 
concentrated ammonium hydroxide; the precipitate of 
ammonium sulfate was centrifuged off and the solution 
was evaporated, in vacuo, to about 5 cc. Then 100 cc. 
of ether was added and the ethereal solution was washed 
and dried and the ether was evaporated. Crystallization 
from w-butanol gave 2.8 g. or 85% of the theoretical of the 
diacetone compound, which showed a constant melting 
point of 186-186.5° after one more crystallization from 
the same solvent. Anal. Calcd. for Ci2Hig07N (289): 
C, 49.8; H, 6.58; N, 4.84; acetone, 40.1. Found: 
C, 49.7; H, 6.62; N, 4.74; acetone, 40.4.

Desacetonation of this substance by dissolving 2.0 g. 
of it in 20 cc. of boiling ethanol, refluxing for one hour 
with 20 cc. of A  sulfuric acid, eliminating the sulfuric 
acid with the exact amount of barium acetate, evaporating 
the solvent in vacuo and crystallizing the residue from 
ethanol and ether, gave the nitrodesoxyinositol II, m. p. 
185-186° (dec.), in a yield of 83% of the theoretical.

(7) Monoacetyl-diacetone-nitrodesoxyinositol II.—
This was obtained by acetylating 0.5 g. of diacetone- 
nitrodesoxyinositol II in a mixture of 2 cc. of pyridine 
and 2 cc. of acetic anhydride and keeping the reaction mix­
ture at room temperature for two hours, then evaporating 
the solvents in vacuo and crystallizing the residue twice 
from ethanol; m .p . 226°; yield about 87% of the theo­
retical. Anal. Calcd. for CiiH2i0 8N (331): C, 50.7;
H, 6.35; N, 4.23; acetone, 35.0. Found: C, 50.6; H, 
6.35; N, 4.24; acetone, 34.9.

(8) Diacetone-aminodesoxyinositol II -Toluenesulfon­
ate.—An amount of 0.929 g. of diacetone-nitrodesoxy­
inositol II was dissolved in 25 cc. of 1,4-dioxane and 
reduced with hydrogen at 28° and 756 mm. pressure in 
the presence of 1 g. of freshly prepared Raney nickel. 
Within the first ten minutes 210 cc. of hydrogen was ab­
sorbed and 40 cc. within the next twenty minutes (calcd. 
248 cc.). The catalyst was centrifuged off, the dioxane 
was evaporated in vacuo to about 5 cc. and 20 cc. of water 
was added, whereupon the solution was neutralized with 
0.5 A  />-toluenesulfonic acid, filtered with a little charcoal 
and evaporated to dryness in vacuo. On dissolving the 
residue in a little cold absolute ethanol and adding about 
five times the amount of absolute ether, long colorless 
needles of the salt formed immediately in a yield of 82% 
of the theoretical; decomposition point 225°. Anal. 
Calcd. for C19H2908NS (431): C, 52.8; H, 6.72; N, 
3.25; acetone, 26.9. Found: C, 52.8; H, 6.64; N, 3.22; 
acetone, 26.9.

(9) Nitrodesoxyinositol III.—To a solution of 12.3 g.
of nitrodesoxy-D-glucose in 90 cc. of water was added 30.0 
cc. of 1.003 A  sodium hydroxide. This reaction mixture 
was kept at room temperature until the optical rotation 
had disappeared (forty-eight horns), and was then 
acidified with 32 cc. of A  acetic acid. After the addition 
of 1.030 A  sulfuric acid the solution was evaporated to 
dryness in vacuo. The dry, crystalline residue was ex­
tracted three times with 100 cc. of absolute ethanol. 
On cooling the alcoholic extract, 4.0 g. of nitrodesoxy­
inositol III, m. p. 215° (dec.) crystallized. From the 
mother liquor an additional 4.1 g. of the same substance 
was collected on evaporation of the solvent and boiling 
the residue in a little dioxane. On dissolving this sub­
stance in boiling ethanol only 20% of it crystallized on 
cooling, m. p. 212-213° (dec.); still less was obtained on 
using dioxane, from which it crystallized with a m. p. 
of 218-219° (dec.*). Anal. Calcd. for CeHnOyN (209): 
C, 34.5; H, 5.27; N, 6.70. Found: C, 34.8; H, 5.14; 
N, 6.84. This compound did not form acetone deriva­
tives under standard conditions, but some diacetone- 
nitrodesoxyinositol II, m. p. 184-185°, was isolated on 
acetonation of the mother liquor residues, as under (6).

(10) Aminodesoxyinositol III.—An amount of 1.04 
g. of nitrodesoxyinositol III was dissolved in 50 cc. of 
distilled water and reduced with hydrogen at 24° and 760 
mm. pressure in the presence of freshly prepared Raney 
nickel; 265 cc. of hydrogen or 71% of the theoretical 
were absorbed within two and one-half hours. The
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catalyst was then centrifuged off and the solution filtered 
with a little charcoal, and evaporated to about 10 cc. 
in vacuo, whereupon crystallization of the amine began; 
yield 69% of the theoretical. Anal. Calcd. for C6Hi3- 
0 5N (179): C, 40.2; H, 7.26; N, 7.82. Found: C,40.1; 
H, 7.09; N, 7.74. This substance started decomposing 
at about 255° and melted under decomposition at 280- 
285°.

(11) Pentaacetyl-nitrodesoxyinositol III.—This was 
obtained by mixing 0.5 g. of nitrodesoxyinositol III with
10 cc. of acetic anhydride containing one drop of concen­
trated sulfuric acid and keeping the mixture at 20-22°; 
the nitrodesoxyinositol went quickly into solution and 
the pentaacetate crystallized immediately. After stand­
ing for two hours the crystals were filtered with suction 
and washed with water, yielding 90% of the theoretical. 
After crystallization from dioxane this substance melted 
at 258-259° (dec.). Anal. Calcd. for CieH2iOi2N (419): 
C, 45.7; H, 5.01; N, 3.34. Found: C, 45.7; H, 4.88; 
N, 3.63.

(12) Sodium Salts of Nitrodesoxyinositols .—These 
were isolated in an almost quantitative yield by dissolving
2.0 g. of nitrodesoxyinositol I or nitrodesoxyinositol II 
in 7 cc. of water and adding the theoretical amount of 2 A  
sodium hydroxide. Small colorless needles formed 
quickly; 30 cc. of ethanol was added, in portions, and the 
crystals were filtered with suction and washed with a little 
ethanol and ether. These salts could be recrystallized 
from water alone, or better by dissolving 1 g. in 25 ec. 
of warm water and adding 50 cc. of acetone in portions. 
Anal. Calcd. for C6Hi0O7NNa (231): Na, 9.95. Found: 
9.78. From a concentrated aqueous solution of these 
sodium salts the barium nitrodesoxyinositols could be 
precipitated quantitatively by a molar solution of the 
calculated amount of barium chloride.

(13) Conversion of Nitrodesoxyinositol I into Nitro­
desoxyinositol II.—To a solution of 0.010 mole (2.09 g.) 
of pure nitrodesoxyinositol I, as obtained under (3), in 
64 cc. of water, was added 0,0050 mole of barium hydroxide 
dissolved in 36 cc, of water. Crystals appeared within 
two minutes; 2.66 g. of barium nitrodesoxyinositol was 
isolated after fifteen hours and 0.10 g. from the mother 
liquor, on addition of 200 cc. of ethanol, or a total of 99.7% 
of the theoretical. On treating this salt as described 
under (2), (5) and (6), the diacetonenitrodesoxyinositol
11 was isolated in a yield of 58% of the theoretical.

(14) Conversion of Nitrodesoxyinositol II into Nitro­
desoxyinositol I.—On repeating as under (12) with nitro­
desoxyinositol II, barium nitrodesoxyinositol was isolated 
in a nearly quantitative yield. On treating this salt as 
under (2), nitrodesoxyinositol I was isolated in a yield of 
43% of the theoretical.

B. Cyclization of 6-Nita*o-6-desoxy-L-idose.— (15) To
a solution of 9.2 g. of nitrodesoxy-D-idose2 in 100 cc. of 
water was added 188 cc. of 0.235 A  barium hydroxide. 
The solution was kept at room temperature for sixteen 
hours, during which time only a very small precipitate 
formed.10 On addition, in portions, of 700 cc. of ethanol, 
8.5 g. or 70% of the theoretical of finely precipitated 
barium nitrodesoxyinositol was obtained. On eliminating 
the barium, as described under (2), a mixture of nitro­
desoxyinositols was obtained in a yield of 83% of the 
theoretical. From this mixture identical compounds were 
isolated as described under (2)- (8).

(16) Change of the Optical Rotation during Cycliza­
tion.—This was observed on the following solutions— 
Solution A: 104.5 mg. crystalline nitrodesoxy-D-glucose,
rn. p. 156°, dissolved in 5.0 cc. of 0.126 A sodium hydrox­
ide. Solution B: 2.50 cc. of an 0.20 molar solution of
the same sample of nitrodesoxy-D-glucose, prepared twenty 
hours in advance and made alkaline with 2.50 cc, of

(10) The failure of the barium salts to precipitate directly from
the aqueous solution, as in the case of the cyclization of the 6-nitro-6“ 
desoxy-D-glucose, may be due to the fact th a t the starting material 
was amorphous and perhaps less pure. This is also indicated by the 
considerably lower yield in which the mixture of nitrodesoxyinositols 
was obtained.

0.252 A  sodium hydroxide. Solution C: 68.7 mg. of
crystalline nitrodesoxy-D-glucose dissolved in 0.4 A  sodium 
hydroxide. Solution D: 5.00 cc. of a solution of nitro- 
desoxy-L-idose, prepared by deacetonation of 3.563 g. of 
diacetone-6-nit.ro-6-desoxy-L-idose with 8.00 cc. of A  
sulfuric acid, as described previously (2), made up to
100.0 cc., made alkaline with 1.00 cc. of 1.20 A  sodium 
hydroxide. The following changes in rotation were 
observed:

T a b l e  II
Time

Soln. A. 
[a 124d

Soln. B. 
[a ]24D

Soln. C. 
[a] 25d

Soln. D. 
[a J26 d

Before addition
of NaOH (+ 45 .5 ) + 3 6 .4 (+ 4 4 .3 ) - 2 7 .3

After addition of NaOH
2 minutes + 5 6 .1 + 5 7 .8 - 6 0 .7
3 minutes + 5 6 .3 + 56 .3 . . . .
4 minutes + 5 6 .8 + 5 6 .8 . . . .
5 minutes + 5 6 .1 + 56 .3 + 4 9 .8 - 5 6 .3
6 minutes + 5 5 .5 + 5 6 .0
7 minutes + 5 4 .7
8 minutes + 5 3 .5 + 5 4 .7
9 minutes + 5 2 .5

10 minutes
11 minutes + 5 1 .3

+ 5 3 .0 + 4 4 .1 - 5 0 .7

15 minutes + 4 9 .0 + 4 8 .5
20 minutes + 4 5 .4 + 3 6 .8 - 4 4 .6
25 minutes + 4 0 .6 + 40 .6
48 minutes . 
50 minutes 
60 minutes

+ 2 7 .9
+ 2 5 .2

- 1 9 .7
1.5 hours 
2 hours +  10.1 +  10.3

+  11.6 - 1 4 .2

2.5  hours +  2 .9 +  2.5 0 -  8 . 8
3 hours +  1.2 +  1.2 . . . .
3.5  hours
5.5 hours

0 0
-  3 .9

8 hours 0

C. Cyclization Products Obtained from “ Mixture A.” 11
—(17) An amount of 50 g. of “Mixture A ” was dissolved 
in 300 cc. of 0.1 A  sulfuric acid and kept for about seventy - 
five minutes at 75-80°. The warm solution was then 
freed from the sulfuric acid by addition of the exact 
amount of barium acetate; the precipitate was centrifuged 
off and the solution was concentrated to dryness in vacuo. 
The residue was dissolved in 100 cc. of water and 2100 
cc. of 0.1 A  barium hydroxide was added. Crystalliza­
tion of barium nitrodesoxyinositols started within a few 
hours and the optical activity of the supernatant solution 
disappeared after twenty hours. The solution was acidi­
fied with glacial acetic acid and stirred until all crystals 
had dissolved. On processing this solution, as described 
under (2), a crystalline mass was obtained from which 25 
g. of nitrodesoxyinositol I (50% of the theoretical) was 
obtained on crystallization from dioxane, and 18 g. of 
diacetone nitrodesoxyinositol II (31% of the theoretical) 
was obtained on acetonation of the dioxane soluble ma­
terial, as described under (5) and (6).

D. Aromatization of the Nitrodesoxyinositols.— (18) 
Acetylation of any of the foregoing nitrodesoxyinositols 
oy dissolving 0.5 g. of these substances in a mixture of 2 
cc. of pyridine and 2 cc. of acetic anhydride and warming 
the solution to 70° for one minute, then evaporating the 
solvents in vacuo and crystallizing the residue twice from 
ethanol, gave diacetyl-5-nitroresorcinol, m .p . 105°, in an 
almost quantitative yield. Anal. Calcd. for CioHgOeN

(11) This “ mixture A” represents th e crude mixture of 1,2- 
aceton e-6-n itro-6 -desoxy-D -g lu cose and 1,2-acetone-6-nitro-6-
desoxy-L-idose as described in our preceding publication.2
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(239): C, 50.2; H, 3.76; N, 5.85; CH3CO-, 36.0. 
Found: C, 50.1; H, 3.72; N, 5.81; CH3CO-, 36.9. 
Propionylation of the nitroinositols gave in a similar 
manner, the dipropionyl-5 -nitror esorcinol, m .p. 115°, from 
70% ethanol. Anal. Calcd. for Ci2Hi30 6N (267): C, 
53.9; H, 4.86; N, 5.24. Found: C, 53.7; H, 4.90; N, 
5.20. On hydrolysis of the two above substances with 
50%  alcoholic 0.5 A  potassium hydroxide, the known 5- 
nitro resorcinol, m. p. 157-159°, was isolated in the usual 
manner and gave, on methylation, the known 3,5-meth- 
oxynitrobenzene, m. p. 89.5°.

On dissolving 0.5 g. of pentaacetyl-nitrodesoxy­
inositol III, as described under (11), in 5 cc. of hot 
pyridine, it was transformed almost quantitatively into 
diacetyl-5-nitroresorcinol.

Acknowledgment.—The authors wish to ex­
press their gratitude to the Nutrition Founda­
tion, Inc., for the support of this work.

Summary
The cyclization of 6- nitro-6-desoxy-D-glucose 

and 6-nitro-6-desoxy-L-idose to a mixture of nitro­
desoxyinositols is described. Starting from either 
of the nitrodesoxy hexoses, the same mixture of 
nitrodesoxyinositols was obtained. A reaction 
mechanism for the cyclization is proposed.
T o r o n t o , C a n a d a  R e c e iv e d  N o v e m b e r  10, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a to r y  o f  N o r t h w e s t e r n  U n iv e r s it y ]

Hydroxylation of 2 ,3-Dihydropyran and the Application of Desoxyaldopentoses in
the Browning Reaction1

By Charles D. Hurd and Charles D. Kelso

The reaction of reducing sugars with amino 
acids, leading to the evolution of carbon dioxide and 
the development of an intense brown color was 
studied by Maillard.2 This general subject of 
the “browning reaction” has been one of consid­
erable interest in recent years, since it seems to 
be intimately associated with the color changes 
observed in many foodstuffs during processing or 
storage.

To extend our knowledge of the fundamentals 
of this reaction, two model aldoses were synthe­
sized for test purposes. One was tetrahydropyran- 
2-ol, made by hydration of dihydropyran (I), fol­
lowing the directions3 of Schniepp and Geiler. 
This is stated to exist in equilibrium (95:5) with 5- 
hydroxypentanal

c h 2c h 2c h 2c h 2c h o h  oeuctuchsCiu c h o
I----------o ----------1 I

OH
This material may be regarded as a 2,3,4-tride- 
soxyaldopentose. The substance is similar to

CH2 CH

CH2 /CH

/ CH2\
ch2
c h 2

CHOR

CHOR
O'
I

OA
II (R =  H)
III (R = Ac)

4-hydroxypentanal, CH2CHOHCH2CH2CHO, 
which was synthesized by Helferich4 and shown to

(1) The subject m atter of this paper has been undertaken in 
cooperation with the Committee on Food Research of the Quarter­
m aster Food and Container Institu te  for the Armed Forces under a 
contract with Northwestern University. The opinions and conclu­
sions contained in this report are those of the authors. They are not 
to  be construed as necessarily reflecting the views or endorsement of 
the W ar Departm ent.

(2) M aillard, Compt. rend., 154, 66 (1912); Ann. chim., [9] 5, 
258 (1916).

(3) Schniepp and Geiler, T his Journal, 68, 1646 (1946).
(4) Helferich, Ber., 52, 1128, 1802 (1919).

exist primarily in the cyclic modification
CH3CHCH2CH2CHOH

i------ o ------ 1
The second model sugar was tetrahydropyran-

2.3- diol (II). This substance is new. I t  may be 
regarded as a 3,4-didesoxyaldopentose, thereby 
providing an aldose molecule with inert beta and 
gamma positions. In solution the cyclic alpha and 
beta forms of II should be in equilibrium with the 
open-chain structure, HOCH2CH2CH2CHOH- 
CHO, just as the alpha and beta forms of a glycose 
are in equilibrium with the glyconaldehyde.

Synthesis of II was readily accomplished from I 
by use of hydrogen peroxide in £-butyl alcohol 
using osmium tetroxide as catalyst. This follows 
the type of synthesis devised by Milas and co­
workers5 for such syntheses as these: isobutylene 
glycol from isobutylene, ethylene glycol from 
ethylene, racemic acid from fumaric acid, glycerol 
from allyl alcohol, glycolaldehyde from vinyl 
acetate or vinyl ether, etc. Glycals, according to 
Hockett and co-workers,6 behave analogously.

Although hydroxylation of double bonds by 
hydrogen peroxide ordinarily produces cis gly­
cols,5 it seems reasonable to think that both cis and 
trans hydroxyls are present in II because of the 
equilibration reaction mentioned above. Besides 
II, the reaction product also contained a consid­
erable Cio-fraction revealing both non-reducing 
and reducing isomers. The non-reducing com­
pound was shown to be 3,4-didesoxyaldopentosyl
3.4- didesoxyaldopentoside (IV). Products II 
and IV accounted for half of the I used. An addi­
tional 10-15% was accounted for by reducing di­
saccharide and 6% by a fraction, some of which is 
reducing, which may contain trisaccharide.

(5) Milas arid Sussman, T his Journal, 58, 1302 (1936) ; 59, 2345 
(1937); Milas, Sussman and Mason, ibid., 61, 1844 (1939); Milas 
and Maloney, ibid., 62, 1842 (1940).

(6) Hockett, Sapp and Millman, ibid., 63, 2051 (1941); Hockett 
and Millman, ibid., 63, 2587 (1941).
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/CH,v
c h 2 1

e b .

CHOR
ROc h CHn ? h 2

CH- -o - - i :H CH2

IV (R -  H)
V (R =  Ac)

Structures II and IV are apparent from the 
following evidence: (1) correct carbon and hydro­
gen analyses; (2) II reduces Benedict solution, 
while IV is non-reducing; (3) IV is quantita­
tively converted to II by dilute hydrochloric acid 
at 70°. This is proven by the identity of the 2,4- 
dinitrophenylosazones formed from II and from 
the hydrolysis product of IV and by the fact that 
the hydrolysis product reduces Benedict solution; 
(4) II and IV yield bis-3,5-dinitrobenzoic esters on 
treatment with 3,5-dinitrobenzoyl chloride in py­
ridine. Similarly, on acetylation, II gives rise to 
2,3-diacetoxytetrahydropyran (III) and IV yields 
2-acetyl-3,4-didesoxyaldopentosyl 2-acetyl-3,4-di- 
desoxyaldopentoside (V). II has been obtained 
only as a thick oil, whereas IV is crystalline (m. p. 
142.5-143°).

The crystalline nature of IV suggests that it 
may be a d ,l  pair or one meso form. Out of four 
possible d ,l  pairs and two meso forms for IV, only 
one d ,l  pair and one meso form would be expected 
if IV was related only to the cis forms of II.

In the browning studies it was demonstrated 
that 2,3,4-tridesoxyaldopentose or tetrahydropy- 
ran-2-ol underwent only a slight discoloration 
when heated with glycine solution, whereas 3,4- 
didesoxyaldopentose browned more readily even 
than D-glucose itself. Evidently, therefore, a 5- 
hydroxy aldehyde does not undergo the browning 
reaction, whereas an ce,5-dihydroxy aldehyde does 
do so. It seems that the a-hydroxy group is re­
quired for this reaction. Results are shown in 
Table I. In these experiments the solutions in 
question were heated at 90-95° under reflux con­
densers for four hours. Carbon dioxide was 
evolved from solutions 1 and 3. Initial and final 
absorptions at 4900 A. were observed, using a 
Beckman spectrophotometer. The pH was that

T a b l e  I

Hours
Solution

P e r  C e n t . A b s o r p t io n  a t
n

4900 A.
4

pH % abs. 'p H % abs.
1 5.2 11 4.1 98
2 4.5 8 4.0 11
3 5.6 1 5.2 57.5
4 5.95 3.2 5.5 7.5
5 6.6 0 5.5 0

Solution 1.

2c
3.

4.

5.

Equal volumes of 1.0 M  3,4-didesoxyaldo- 
pentose and 1.0 M  glycine

1.0 M  3 ,4-didesoxyaldopentose alone 
Equal volumes of 1.0 M  D-glucose and 1.0

M  glycine
Equal volumes of 1.0 M  2,3,4-tridesoxyaldo­

pentose and 1.0 M  glycine
1.0 M  2,3,4-tridesoxyaldopentose alone

of the natural, unadjusted solutions. The four- 
hour samples of solutions 1, 2, and 3 were also 
taken for absorption spectra measurements be­
tween 3300-2550 A. Solutions 1 and 3 revealed a 
definite maximum at 2950 A., whereas solution 2 
showed no such maximum.

Experimental
Hydroxylation of 2,3-Dihydropyran.—2,3-Dihydropyran 

(196 g., 2.3 moles), obtained from the du Pont Company, 
and 5 ml. of osmium tetroxide catalyst (0.5 g. Os04 in 
100 ml. of £-butyl alcohol) were placed in a 2-liter, 3-neck 
flask and 1320 ml. of hydrogen peroxide solution (6% 
H20 2 in £-butyl alcohol5) was added dropwise with stirring 
at —10 to + 5 °  over a period of four hours. Additional 
catalyst solution (3 ml.) was added after two hours and 
after all of the peroxide solution had been added. The 
reaction is highly exothermic and care must be exercised 
not to add the peroxide at too fast a rate. The solution 
was allowed to stand overnight. The solvent was removed 
under reduced pressure at a bath temperature of 60° or 
below. The residue (255 g.) was acetylated by dissolving 
it in 500 ml. of pyridine and adding 750 ml. of acetic 
anhydride at 10°. The solution was allowed to warm to 
room temperature and stand overnight. After destruc­
tion of the unused acetic anhydride by addition of excess 
75% ethyl alcohol, the solvent was removed at reduced 
pressure. The residue (335 g.) was allowed to stand 
overnight, whereupon some crystallization was noted, 
leading to 53 g. of V, which was collected on a filter. 
The solid was recrystallized from methyl alcohol: m. p. 
132-133 °. It sublimes at a pressure of 1 mm. of mercury.

Anal. Calcd. for Ci4H220 7: C, 55.61; H, 7.34. Found: 
C, 55.78; H, 7.38.

The filtrate, after separation of V, was distilled at 1 
mm., yielding 135 g. of crude 2,3-diacetoxytetrahydro­
pyran (III) (b. p. 96-115°). Redistillation of this ma­
terial gave 115 g. of product collected at 108-120° and 
2-5 mm.

Anal. Calcd. for C9Hi40 5: C, 53.46; H, 6.98. Found: 
C, 53.43; H, 7.74.

The residue (120 g.) after removal of V and III was 
dissolved in 100 ml. of methanol and cooled to 0°. An­
other 12 g. of crude V separated and was collected on a 
filter. Methanol was distilled from the filtrate and the 
residue was distilled at low pressure7 into two fractions, 
VI and VII. At a bath temperature of 150-170° and a 
pressure of 10“ 6 to 10"3 mm., there was collected 48.4 
g. of VI, a mixture of V and its isomers (the diacetate of 
the “ disaccharide” portion). At a bath temperature 
of 170-200° and the same pressure was collected the ace­
tate of the higher-boiling portion (V II); yield, 19.7 g.

The over-all yield data for utilization of 2,3-dihydro­
pyran are as follows: 135 g. or 28.6% of III, 65 g. or 
18.5% of V, 48.4 g. or 13.5% of a mixture of V and a di­
acetate of a reducing disaccharide, 19.7 g. or 6.3% of an 
acetate of a higher-boiling fraction.

Hydroxylation, Second Method.—The products of 
another comparable run were processed without the 
acetylation procedure. In this experiment 70 ml. of dihy­
dropyran was taken and other reagents were used pro­
portionately. After the solvent had been removed under 
reduced pressure, the resulting sirupy product was sub­
jected to continuous extraction with cyclohexane (100 m l.). 
Sixteen grams of the product was insoluble in the hot hy­
drocarbon, whereas 41 g. was extracted. Of this 41 -g. 
portion, 33.6 g. (A) was a sirup soluble in ether, and 7.4 
g. (B) was a white solid insoluble in ether. Fraction A 
was essentially II (37% yield), and fraction B was proved 
by analysis (Found: C, 55.50; H, 8.76) and m .p .  141 °
to be IV (8% yield).

Deacetylation of 2,3-Diacetoxytetrahydropyran (III).—
Twelve grams of III was dissolved in 100 ml. of absolute

(7) Hurd, Liggett and Gordon, T his J ournal, 63, 2656 (1941).
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methanol and 8 ml. of 0.4 N  barium methoxide solution 
was added. After forty-eight hours at 0°, the solution 
was carbonated by addition of Dry Ice, and the methyl 
alcohol was evaporated off at room temperature. Treat­
ment of the residue with dry ether resulted in formation 
of a white amorphous precipitate (barium salts). After 
filtration and distillation of the solvent, finally at 52° (10 
mm.), there remained 6.0 g. (85% yield) of water white, 
thick liquid. In other runs, yields of II have been 95- 
97%.

Anal. Calcd. for C6H10O3: C, 50.88; H, 8.54. Found : 
C, 51.63; H, 8.54.

This material is soluble in water, ether and most other 
organic solvents except hexane. It reduces Benedict 
solution at once at 90° and reacts with phenylhydrazine 
to give a red oil.

3,4-rDidesoxypentose 2,4-Dinitrophenylosazone.—Tet- 
rahydropyran~2,3-diol (0.5 g.) was dissolved in 200 
ml. of absolute ethanol and 2.5 g. of 2,4-dinitrophenyl- 
hydrazine was added. The reaction mixture was refluxed 
several minutes. Then 5 ml. of coned, hydrochloric 
acid was added and the refluxing was resumed, where­
upon the color changed to dark brown. After fifteen 
minutes of refluxing, the reaction mixture was cooled and 
filtered (yield, 1.1 g.). Three recrystallizations from 
acetone led to a red-orange, crystalline solid of m. p. 242°.

Anal. Calcd. for CnHisNgOg: N, 23.52. Found: N, 
23.35.

Tetrahydropyran-2,3-diol Bis-3,5-dinitrobenzoate.—
One gram of II was dissolved in 10 ml. of pyridine. Three 
grams of 3,5-dinitrobenzoyl chloride was added. The 
reaction mixture was allowed to stand overnight at room 
temperature and was then treated with water and 5% 
aqueous sodium carbonate. The gummy product weighed 
3 g. Three recrystallizations from a 3:1 mixture of 
ethanol and ethyl acetate led to a crystalline product 
melting at 174.5-175.5°.

Anal. Calcd. for C19H14N4O13: N, 11.06. Found:
N, 10.95.

Deacetylation of 2-Acetyl-3,4-didesoxyaldopentosyl 2- 
Acetyl-3,4-didesoxyaldopentoside (V) into (IV).—The V 
(8.5 g., m. p. 132-133°), which had been recrystallized 
twice from methanol, was dissolved in 200 ml. of absolute 
methanol and deacetylated as above (dilute sulfuric acid 
instead of carbon dioxide was used to destroy the barium 
methoxide). It was necessary to allow the reaction to 
proceed for six days because of the limited solubility 
of IV in cold methanol. The product was worked up as 
above except that the residue was extracted with ethyl 
acetate instead of ether. The yield was 5.7 g. or 92%. 
The product was crystallized twice from ethyl acetate 
and sublimed before analysis (m. p. 141.5-142°).

Anal. Calcd. for CioHi8Os: C, 55.03; H, 8.31.
Found: C, 55.42; H, 8.35.

This material (IV) is water soluble, is non-reducing to 
Benedict solution, and does not react with phenylhy­
drazine. A dinitrobenzoyl derivative of this material

may be prepared as above (m. p. 245-246° after three 
recrystallizations from a 3:1 mixture of ethyl acetate and 
acetic anhydride).

Anal. Calcd. for C24H22N4OW: N, 9.24. Found: N, 
9.35.

Hydrolysis of IV into II.—Acid hydrolysis of IV was 
carried out by dissolving 1 g. of the solid in 25 ml. of 
water, adding 1.5 ml. of coned, hydrochloric acid, and 
heating to 70-80° for thirty minutes. The solution was 
cooled, neutralized to phenolphthalein with 10% sodium 
hydroxide solution, and one drop of coned, hydrochloric 
acid added. This solution reduced Benedict solution, 
whereas the solution before treatment with acid was 
non-reducing. The solution was evaporated to dryness 
at room temperature with the aid of an air jet. The 
residue was treated with ether and the ether solution 
decanted from sodium chloride and evaporated, leading to 
1 g. of clear sirup. This was placed in reaction with 2,4- 
dinitrophenylhydrazine as above The product melted 
at 242-243 0 after two recrystallizations from acetone and 
showed no m. p. depression when mixed with the 2,4- 
dinitrophenylosazone of II described above.

Deacetylation of Fractions VI and VII from High 
Vacuum Distillation.—These water insoluble acetates 
were deacetylated as above Fraction VI was first dis­
solved in methyl alcohol and crystallization was allowed 
to take place to remove the bulk of V present. The 
filtrate after removal of the solid was evaporated leaving 
an oily residue which showed no tendency to crystallize. 
This residue (8.5 g.) was deacetylated in 90.5% yield 
(5.8 g.). The product is water soluble and reduces 
Benedict solution strongly. Attempts to prepare pure 
derivatives of this material have failed.

Fraction VII showed no tendency to crystallize and 
was deacetylated in 80% yield to a water soluble, re­
ducing material.

Acknowledgments.—Combustion analyses (C, 
H, N) were performed by P. Craig, M. M. Led- 
yard, and N. Mold.

Summary
Mono- and disaccharide-like compounds have 

been obtained by hydroxylation of 2,3-dihydropy­
ran, using hydrogen peroxide in /-butyl alcohol and 
osmium tetroxide. The implications of the fact 
that tetrahydropyran-2,3-diol may be regarded 
as 3,4-didesoxyaldopentose are expounded. This 
compound gives rise to a strong brown coloration 
in its reaction with glycine, whereas 2,3,4-tride- 
soxyaldopentose (tetrahydropyran-2-ol) does not, 
thereby demonstrating the importance of the a- 
hydroxy aldehyde function in this reaction.
E vanston, Illinois R eceived  October 14, 1947
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Asa model for the preparation of 3-acylsteroids, 
we have made a study of various methods for 
preparing methyl cholesteryl ketone, VI. All of 
the successful methods make use of cholesteryl 
Grignard reagents. This reagent may be con­
verted into an impure methyl carbinol, IV, which 
is then oxidized to the ketone or it may be con­
verted into the acid and to the acid chloride which 
with methyl Grignard or dimethylcadmium yields 
the ketone.

The preparation of cholesterylmagnesium chlo­
ride has been described briefly by Marker.3 The 
reaction is carried out in the presence of ethyl- 
magnesium bromide and is very slow in reflux­
ing ethyl ether. Even though the cholesteryl 
chloride is added slowly over a period of six 
hours, there is always formed the coupling prod­
uct, 3-cholesteryl-5-cholestene (biocholesteryl),
II. This compound is almost insoluble in ether, 
and, although it must have been encountered pre­
viously, it has not been characterized.4 We have 
isolated the compound in yields as high as 12% 
and have characterized it by physical constants 
and molecular weight determination. Choles­
teryl bromide forms the Grignard reagent more 
rapidly than does the chloride but offers no ad-

(1) Presented under the the  title  “ M ethyl Cholesteryl Ketone” 
a t the Atlantic City M eeting of the American Chemical Society, 
April, 1947.

(2) Junior Fellow of the N ational Institu te  of Health.
(3) M arker, Oakwood and Crooks, T his Journal, 58, 481 (1936); 

Marker, Kamm, Oakwood and Laucius, ibid., 58, 1948 (1936).
(4) The white solid (ref. 3) which was removed by filtration and 

rejected probably was bicholesteryl. The compound obtained 
by Galinovsky and Bretschneider (Monatsh., 72, 190 (1938) by the 
catalytic reduction of cholestenone pinacol may have been it though 
no physical constants were given.

vantage as a means of diminishing the production 
of bicholesteryl.

The reactions of cholesteryl Grignard are quite 
slow and although it is possible to carbonate it in 
almost quantitative yield, those reagents which 
are condensable undergo reaction with the pro­
duction of large quantities of cholestene.5 Table I 
summarizes the Grignard reactions. Cholestene 
was formed in all of these runs in yields of approxi­
mately 50%. In spite of the fact that acetalde­

hyde probably condenses more rapidly than 
do the other reagents used, it also reacts 
more rapidly in the desired way. The prod­
ucts of the acetaldehyde reactions do not 
crystallize, probably due to the presence of 
steroisomeric carbinols. The product of the 
Oppenauer6 oxidation of the crude carbinol 
also is difficult to crystallize, but after puri­
fication by way of the semicarbazone it crys­
tallizes very well.

Another approach, through the reaction 
of methylmagnesium bromide or dimethyl- 
cadmium on cholesteryl-3-carboxylic acid 
chloride, has proven to be the best route to 
the ketone. Although these methods, in­
volving two Grignard reactions, would seem 
to be longer than the first ones discussed 
they are actually economical of time since 
the ketone is produced without an oxidation 
step and its purity is sufficiently high to 
allow crystallization without purification by 

the semicarbazone. An approximately 40% yield 
of crystalline ketone may be obtained by use of 
the magnesium or 82% by use of the cadmium 
reagents.

Diethylcadmium furnishes the ethyl ketone to 
about the same extent. In early experiments with 
the cadmium alkyls the reaction was carried out 
over long periods of time at comparatively low 
temperature and there resulted high-melting by­
products. One of these has been identified as di- 
methylcholesterylcarbinol by comparison with a 
sample synthesized from 3-carbomethoxy-5-cho- 
lestene and methylmagnesium iodide. Since the 
color test for methylmagnesium bromide was nega­
tive it appears that a large excess of organocad- 
mium reagent is capable of production of tertiary 
alcohols.

The various methods have thus far produced 
only one crystalline form of the methyl ketone, m. 
p. 104-105°; [ a ] 27D — 11°. The assignment of
structure is based not only on its method of syn­
thesis but also upon the fact that it has been de-

(5) Carbonization and oxidation (ref. 3) are the  only previously 
studied reactions of this Grignard reagent.

(6) Oppenauer, Rec. trav. chem., 56, 137 (1937).
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T a b l e  I
-% Productsa-

Organo-
metallic Reagent Ketone

3-
Cholesteryl- 
5-cholestene, 

II
RMgCl6 CHsCHO 16.3 7
RMgBr CH3CHO 12.8 12
RMgBr CHsCOCl 0.34
RMgCl CH3CN 0
RMgCl c h 3c o c o c h 3 0 3
CH3MgBr RCOC1 40
(CH3)2Cd RCOC1 82
(C2H6)2Cd RCOC1 75
a Cholestene accounts for approximately 50% of each 

yield except the last three. b R is 3-cholesteryl.

graded to cholesteryl-3-carboxylic acid. The 
degradation was accomplished according to the 
excellent method discovered by Professor Carroll 
King of these Laboratories.7 When heated with 
iodine and pyridine the ketone was converted into 
the crude pyridinium iodide in 75% yield and this 
upon cleavage by alkali gave Marker’s acid3 in 
86% yield.

The success experienced recently in the replace­
ment of the ^-toluenesulfonoxy group through 
the use of sodiomalonic ester8 led to attempts to 
effect similar replacements with potassium cya­
nide. Such a cyanide would probably yield the 
methyl ketone by reaction with methyl Grignard. 
The replacement has not been accomplished, but 
this reaction is of interest because it produces 3,5- 
cholestadiene in good yield. Suspensions of equi­
molar mixtures of cholesteryl tosylate and potas­
sium cyanide in xylene do not react at 80° or 100° 
during twenty-four hours, but refluxing (139°) 
for eighteen hours produced the easily isolated di­
ene in 70% yield. The diene is also formed 
(81%) by fusion of cuprous cyanide and choles­
teryl bromide at 130° for four hours, but the 
product is more difficult to purify.

Experimental9
Cholesteryl Chloride, I.—This was prepared according 

to Diels10 with the exceptions that enough thionyl chloride 
was used to take all the cholesterol into solution and the 
reaction product was poured into water. A quantitative 
yield of crude product was obtained and this was reduced 
to 63% by crystallization from four times its weight of 
acetone, m. p. 96-97°. A quantitative yield of crude 
product, m. p. 84-92°, was also obtained from the re­
action of equal weights of cholesterol and phosphorus 
oxychloride for eighteen hours at room temperature but 
the product is difficult to purify.

It is necessary that the cholesteryl chloride used in 
the preparation of cholesterylmagnesium chloride be very 
pure; the melting point should be as high as 95-96°. 
The purification has been accomplished by chromatographic 
adsorption. A solution of 10 g. of crude cholesteryl 
chloride, m. p. 85-93°, in 100 ml. of petroleum ether 
(80-100°) was passed through a column containing 18 X 
100 mm. of 80-200 mesh activated alumina and 18 X 
50 mm. of Norit. The petroleum ether was evaporated

(7) King, T his Journal, 66, 894, 1612 (1944).
(8) Kaiser and Svarz, ibid., 67, 1309 (1945).
(9) Microanalyses by M argaret Ledyard and Patricia Craig.
(10) Diels and Blumberg, Ber., 44, 2847 (1911); Diels and Abder- 

halden, ibid., 37, 3102 (1904).

off under vacuum and the cholesteryl chloride crystal­
lized from acetone, m. p. 95-96°. The purified com­
pound was then crystallized from absolute ether at —50° 
and dried in vacuo at 78° for four hours.

Cholesteryl-3-carboxylic Acid, V.—This was prepared 
„ in 85% yield, m .p . 210-220°, by a modification of Mar­
ker’s method3 in, which the Grignard solution made from 
12 g. of chloride was poured into a flask containing crushed 
Dry Ice in absolute ether and allowed to stand overnight 
before working up. One crystallization from benzene 
gave 90% of the material, m. p. 222-223°, and 10%, 
m. p. 225-227°.

Cholesterylmagnesium Chloride and Bromide.—To
0.73 g. (0.03 mole) of powdered magnesium there was 
added 0.7 g. (0.0064 mole) of ethyl bromide in 10 ml. of 
absolute ether. When this reaction was complete a solu­
tion of 9.2 g. (0.023 mole) of pure cholesteryl chloride 
in 50 ml. of dry ether was added over a period of three 
hours, gentle reflux being maintained throughout the 
addition time and for an additional thirty to thirty-five 
hours. The volume of the solution was maintained at 
50-60 ml. by occasional addition of dry ether. Stirring 
was not used.

The preparation of the bromo Grignard was similarly 
carried out with the exception of a shorter refluxing period, 
fifteen to twenty hours.

3-Cholesteryl-5-cholestene, II.—This was isolated from 
the early experiments by filtration of the ether extracts 
of acidified reaction mixtures. The suspended material 
collects at the interface between the aqueous and ether 
phases, but is re-suspended upon shaking. In later 
experiments it was removed from the Grignard prepara­
tion by filtration prior to addition of the reactant. It 
was separated from any unreacted magnesium by extrac­
tion with hot benzene in which it is only slightly soluble. 
It crystallizes from benzene in small colorless plates which 
melt at 2 6 7 - 2 6 9 °  to a cloudy melt with decomposition, 
[ « ] 24-5d  +30° (6.8 mg. made up to 5 ml. with benzene, 
a -f 0.07°; /, 2  dm.).

Anal. Calcd. for C54H90: C, 87.73; H, 12.27; mol. 
wt., 739. Found: C, 87.90; H, 12.39; mol. wt. (Rast), 
751.

Methyl Cholesteryl Ketone Semicarbazone.—To the
Grignard solution prepared from 0.7 g. (0.006 mole) of 
ethyl bromide and 9.2 g. (0.023 mole) of cholesteryl chlo­
ride in 50 ml. of ether was added 50 ml. of an absolute 
ether solution of dry acetaldehyde (0.077 mole). The 
addition was made at 0 0 over a period of two hours and the 
mixture was allowed to stand, finally reaching room tem­
perature over a period of four hours. The mixture was 
then hydrolyzed with 5% hydrochloric acid and extracted 
with ether. The crude bicholesteryl, 1.2 g., was separated 
by filtration and then the ether solution was evaporated 
to an oil which was dried in vacuo at 100°.

The oil was oxidized by refluxing for fourteen hours in a 
mixture of 75 ml. of dry acetone and 150 ml. of benzene 
containing 10 g. of aluminum /-butoxide. Upon working 
up the product there was obtained about 5 g. of a yellow 
oil which was heated in vacuo at 100° for three hours in 
order to remove the simple condensation products of 
acetone.

The resulting ketonic oil was refluxed for one hour with 
0.9 g. of semicarbazide hydrochloride and 2 ml. of pyri­
dine in 20 ml. of ethanol. The solvent and pyridine were 
removed by evaporation and the solid was washed with 
ether and collected on a filter. It was then boiled with 20 
ml. of water and filtered hot to remove biurea. The dried 
semicarbazone weighed 1.74 g., (16.3%), m. p. 215- 
225°. Crystallized from benzene twice the m. p. is 229- 
231°, dec.

Anal. Calcd. for C3oH5iON3: C, 76.70; H, 10.94;
N, 8.95. Found: C, 76.87; H, 10.98; N, 9.02.

Methyl Cholesteryl Ketone, VI.—To 194 mg. of the 
semicarbazone and 20 ml. of 95% ethanol there was added 
1 ml. of concentrated sulfuric acid and the mixture heated 
under reflux. The suspension became homogeneous and 
when concentrated to 10 ml. after two hours of heating
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and cooled to 0 ° the ketone crystallized. This was taken 
lip in ether and washed with potassium carbonate solu­
tion then water and the ketone was recovered. Crystal­
lization from 5 ml. of 95% ethanol gave 51 mg. (29.8%) 
of colorless needles, m. p. 104-105°, [<*]27d —11° (67 mg. 
made up to 2.0 ml. with chloroform, a —0.37; /, 1 
dm,).

Anal. Calcd. for C29H480 :  C, 84.40; H, 11.72.
Found: C, 84.44; H, 11.76.

Methyl Cholesteryl Ketone (second method).—3- 
Cholesterylcarboxylic acid, 2.84 g. (0.0069 mole), m. p. 
210-220°, was dried for one hour in vacuo at 100°. It 
was then mixed with 2.0 g. (0.0096 mole) of phosphorus 
pentachloride and the mixture heated in vacuo at 100 ° for 
an hour. The dark reaction mixture was allowed to stand 
at room temperature for eighteen hours at the end of which 
time it was taken up in dry ether and filtered to remove the 
insoluble residue. The ether solution was then cooled 
to —10° and to it was added a solution of methylmagne­
sium iodide prepared from 1.24 ml. (0 .02 mole) of methyl 
iodide and 0.5 g. of magnesium in 10 ml. of ether. The 
mixture was allowed to stand at —100 for thirty-six 
hours during which time an oil had settled out. The 
mixture was then poured into 50 ml. of ice water con­
taining 10 ml. of 10% sulfuric acid. The organic material 
was then taken up in ether which was dried, filtered, and 
evaporated to a gum, 0.74 g. The gum was then dissolved 
in acetone, filtered and crystallized to yield two fractions; 
0.138 g., m. p. 107-112°, and 0.280 g., m. p. 98-103°. 
The latter fraction was recrystallized from acetone to 
give a product, m. p. 100-103°, which with methylcholes- 
teryl ketone, previously prepared, m. p. 104-105°, gave 
a mixed m .p . 103-105°.

Methyl Cholesteryl Ketone (third method).—Thionyl 
chloride was a more suitable reagent than phosphorus 
pentachloride for the preparation of 3-cholesterylcarboxylic 
acid chloride. The acid, 1.2 g., was refluxed with 1 ml. 
of thionyl chloride in 10 ml. of benzene for four hours and 
allowed to stand overnight. The solvent and excess 
reagent were then removed in vacuo at 100° leaving the 
crude acid chloride, 96% yield, m .p . 118-120°.

The acid chloride, 0.50 g. (1.15 X 10"3 mole), in 3 ml. 
of ether was added to 2 X 10“3 mole of dimethylcadmium 
contained in 5 ml. of ether at 0°. The mixture was re­
fluxed for forty-five minutes and then decomposed by ice 
water. The product was extracted with ether and washed 
with 10% hydrochloric acid, saturated sodium bisulfite, 
10% potassium hydroxide and then water. Acidification 
of the alkaline wash afforded 0.10 g. of crude 3-choles­
teryl carboxylic acid. The ether solution was dried over 
sodium sulfate and evaporated to yield 0.39 g. of ketone, 
m. p. 103-105°, 82% yield.

Variation of this procedure by refluxing the reactants 
in benzene for two hours11 led to a product more difficult 
to purify in 40% yield.

Ethyl Cholesteryl Ketone.—In a manner similar to 
the third method described above diethylcadmium gave 
the ethyl ketone, m. p. 133-134°; [ a j 27D —14 (25.9 mg. 
made up to 3.61 ml. with chloroform, a  —0.10, 1,1 dm.).

Anal. Calcd. for C30H50O: C, 84.44; H, 11.82.
Found: C, 84.31; H, 11.77.

The semicarbazone of ethyl cholesteryl ketone was pre­
pared in order to determine the amount of ketone in an 
impure fraction of material prepared as above. By use 
of the pyridine method previously described, 1.45 g. of 
ketonic material gave 0.58 g. of semicarbazone, m .p . 224- 
225°, from benzene-ethanol.

Anal. Calcd. for C31H53N30 :  C, 76.93; H, 11.03; N,
8.73. Found: C, 77.24; H, 11.08; N, 8.41.

Degradation of Methyl Cholesteryl Ketone.7—Methyl 
cholesteryl ketone, 65 mg. (1.58 X 10"4 mole) was heated 
with 1 ml. (1.24 X 10"2 mole) of pyridine and 25 mg. 
( I X  10"4 mole) of iodine at 100° for twenty-two hours. 
The pyridine was then removed in vacuo at 100° and the 
product was extracted with three 1-ml. portions of absolute

ether which yielded 26 mg. of starting material. The 
ether insoluble material was then extracted with three 2- 
ml. portions of warm methanol. By fractional crystal­
lization of the methanol solution there was obtained 43 mg. 
of the crude pyridinium iodide of methyl cholesteryl ketone, 
m. p. 190-192° with prior softening (75% yield based on 
recovered ketone).

The pyridinium iodide, 20 mg. (3.2 X 10~5 mole) in 
5 ml. of ethanol containing 0.2 ml. of 10% potassium 
hydroxide was then refluxed three hours. The reaction 
mixture was then poured into water and extracted with 
ether. The aqueous layer upon acidification with sulfuric 
acid gave a yellow coagulum, which, after cooling to 0° 
and filtering, yielded 11.5 mg. (86%) of crude acid. 
Crystallized from benzene the acid melted at 223-225° 
and showed no depression with mixtures of 3-cholesteryl 
carboxylic acid.

3-Carbomethoxy-5-cholestene.—Following the method 
of Marker,3 550 mg. (1.3 X 10"3 mole) of 3-cholesteryl­
carboxylic acid, V, was converted into 559 mg. of the 
methyl ester, m. p. 93-103°. One crystallization from 
methanol or chromatographing a cyclohexane solution 
on alumina followed by elution with benzene yielded 
crystals, m. p. 100-101°, [ck] 27d  —16 (53 mg. made up to 
2 ml. with chloroform, a —0.42, l, 1 dm.). The purified 
product amounted to 64% of the total ester. The benzene 
eluate, 33%, melted at 86-90° and this indicates that the 
101.5°-melting form of Marker is probably entirely of 
one configuration.

Dimethylcholesterylcarbinol.—This compound was 
isolated in about 4% yield from reactions of five-fold 
excess cadmiumdimethyl (prepared from methyl bromide) 
with the acid chloride in benzene at 25 ° for eighteen hours. 
It was isolated in two ways. Upon adding petroleum ether 
solutions of the reaction product to ethanol there was ob­
tained as many as three fractions melting variously be­
tween 143 and 160°. The filtrate from the third frac­
tion upon evaporation yielded the ketone. When the 
whole reaction product was absorbed from petroleum 
ether solution on alumina and eluted with methanol, the 
ketone was removed first and the carbinol melted as low 
as 128°. Air-dried crystals from methanol melt about 
128° and prolonged drying in vacuo at 100° (72 hours) 
is required to obtain an analytically pure sample, m. p. 
159-160°; [ a ] 28d  —26 (47.0 mg. made up to 2.0 ml. with 
chloroform, a —0.62; 1,1 dm.).

Anal. Calcd. for CsoH^O: C, 84.04; H, 12.23.
Found: C, 83.96; H, 12.02.

The melting point was not depressed by mixtures with 
a sample synthesized as follows:

Methylmagnesium iodide was prepared in the usual 
way from 0.5 g. (2.06 X 10"2 mole) of magnesium powder 
and 2.28 g. (1.6 X 10"2 mole) of methyl iodide in 8 ml. 
of ether. To the Grignard solution, 200 mg. of 3-carbo- 
methoxy-5-cholestene in 2 ml. of ether was added. The 
reaction mixture was allowed to reflux twenty-four hours 
with stirring under 800 mm. nitrogen pressure. The ether 
was evaporated and the residue cobled to 0°. This was 
hydrolyzed by slow addition of 13 ml. of 10% ammonium 
chloride solution and the mixture was allowed to stand 
eighteen hours. The solution was transferred to a separa­
tory funnel, and following acidification with sulfuric acid 
it was extracted twice with ether. The ether extracts 
were washed once with water, once with saturated sodium 
bisulfite, and then four times with water; the ether was 
then dried over anhydrous sodium sulfate for eighteen 
hours, filtered and evaporated to dryness in vacuo yielding 
crystals; 200 mg., m. p. 129-130°.

Upon drying in vacuo at 100° for seventy-two hours a 
different form of the carbinol results, m .p . 159-160°.

3,5 -Cholestadiene.—Cholesteryl-^-toluenesulfonate,12 
5 g. (0.0093 mole), and 1.2 g. of potassium cyanide 
(0.0185 mole) were dried and suspended in 20 ml. of 
xylene. The mixture was refluxed for eighteen hours at 
which time a heavy white precipitate is obtained. The 
suspension was cooled and extracted by filtration with 200

(11) Cason, T his Journal, 68 , 2078 (1946), (12) Wallis* Fernbolz and Q ephart, ibid,, 8®, 137 (1937),
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ml. of dry ether. The clear filtrate was evaporated in 
a dry air stream at 100 ° and the product crystallized from 
100 ml. of acetone to produce 2.4 g. (70%) of 3,5-eholes ~ 
tadiene, m. p. 73-74°. Crystallization from acetone 
then absolute ethanol raised the m. p. to 76-77°, [ « ] 22-5d  
— 96.5 (109.8 mg. made up to 5 ml. with chloroform, <x, 
—4.24°; I, 2 dm ); 'yiaax (obs.) 236. These values are 
in agreement with those of the literature, m .p . 78-79°,13 14 15 16 
[ a l 20d  —97.5,13 Ymax (obs.) rn/u 235.14 The diene gives 
a 20 ° depression in m. p. when mixed with Acholestadiene15 
and its ultraviolet spectrum is clearly different from that 
of the i -diene.18

Isolation of 5-Cholestene.—Separate experiments gen­
erally were made to determine the extent of cholestene 
formation. The product resulting from the reaction of 
0.026 mole of diacetyl with a mixture of 0.024 mole of 
cholesterylmagnesium chloride was treated so as to remove 
bicholesteryl. Of the remaining 8.3 g. of oil, 2 g. was 
dissolved in 50 ml. of petroleum ether (30-60°) and 
passed through a 17 by 1 em. column packed with Brock­
man alumina. The eluate, 45 ml., and the first 15 ml. 
fraction of petroleum ether washings gave upon evapora­
tion 1.26 g. of product, m. p. 80-84°. Crystallized once 
from acetone the m. p. was 85-87°, [«]24-5d —53.5°. 
The literature17 values are 89-90° and —56.3°.

(13) Stavely and Bergmann, J . Org. Chem., 1, 567 (1937).
(14) Woodward, T his Journal, 64, 74 (1942).
(15) K indly furnished by Professor Byron Riegel.
(16) We are indebted to Professor I. M. Klotz and his associates 

for determining th is spectrum, cf. Klotz, ibid., 66 , 88 (1944).
(17) M authner, Monatsh., 28, 1113 (1907).
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Summary
1. Methyl cholesteryl ketone has been pre­

pared by the reaction of cholesteryl Grignard re­
agents with acetaldehyde followed by oxidation 
of the impure carbinol and by Grignard alkylation 
of cholesteryl-3-carboxylic acid chloride. Its semi­
carbazone is described.

2. The ketone has been degraded back to 
cholesteryl-3-carboxylic acid.

3. 3-Cholesteryl-5-cholestene has been identi­
fied as a by-product of the formation of choles­
teryl Grignard reagents.

4. 5-Cholestene is formed in large quantity in 
the reaction of cholesteryl Grignard reagents with 
a variety of compounds.

5. 3,5-Cholestadiene is conveniently prepared 
by the reaction of cholesteryl ^-toluenesulfonate 
with potassium cyanide.

6. Ethyl cholesteryl ketone, its semicarba­
zone, and dimethylcholesterylcarbinol have also 
been prepared.
E v a n s t o n , I l l in o is  R e c e iv e d  N o v e m b e r  1, 1947

[C o n t r ib u t io n  f r o m  t h e  Ch e m ic a l  L a b o r a t o r y  o f  N o r t h w e s t e r n  U n iv e r s it y ]

The Cleavage of Benzyl Ethers with Hydrogen
B y  R o bert  H . B a k e r , K ath ryn  H erold  C o rnell  a n d  M a r t in  J. Cro n

Recently it has been shown that vinyl ethers 
and amines which are so substituted as to activate 
the alkyloxy or alkylamino group may be cleaved 
by hydrogen prior to saturation of the double 
bond which carries the activating effect.1 I t was 
hoped that the remarkable promoting effects of 
perchloric and sulfuric acids2 might allow prefer­
ential cleavage of unsqturated benzyl ethers, but 
the results, Table I, were not promising.

Cyclic ethers bearing phenyl groups on the a 
carbon atom have been found to undergo hydro­
genolysis. 2-Phenyltetrahydropyran3 yields 5- 
phenylpentanol and since the starting materials 
are easily available, a convenient synthesis for 5- 
arylpentanols is indicated. Phenyldioxane and 2,3- 
diphenyldioxane4 reacted, respectively, with one 
and two moles of hydrogen. The 2-(2-phenyl- 
ethoxy)-ethanol produced from the former of 
these demonstrated that the ether linkage 13 to a 
phenyl group is quite stable under the conditions 
which will completely cleave a similar group in the 
a position.

(1) Baker and Weiss, T his Journal, 66, 343 (1944); Baker and 
Schlesinger, ibid., 68, 2009 (1946).

(2) K arg and M arcus, Ber., 75, 1850 (1942); Kindler and Kwok, 
A nn., 654, 9 (1943).

(3) Paul, Compt. rend., 198, 124Ö (1934).
(4) The aryldioxanes were furnished by Prof. R. K. Summerbell, 

cf. Summerbell and Bauer, T his Journal, 57, 2364 (1935).

Two isomeric compounds, m. p. 122 and 174°, to 
which the structure o f cis and trans 2,5-diphenyl- 
dioxane have been tentatively assigned failed to 
behave in the expected manner.5 Over palladium- 
charcoal they showed no reduction in acetic acid; 
with added hydrochloric acid the reduction was 
very slow and with added perchloric or sulfuric 
acids they took up three moles of hydrogen with 
no diminution of the rate a t two moles. This can 
hardly be due to cleavage of 2-phenylethanol fol­
lowed by its reduction to ethylbenzene because 
this would require four moles of hydrogen and 
repeated values of three would be unexpected. 
Further evidence against this explanation is seen in 
the behavior of phenethyl benzyl ether and in the 
fact that 2-phenylethanol takes up only 4% of one 
mole of hydrogen in the time and under the con­
ditions required for complete cleavage of the 
phenyldioxanes.

A liquid described as 2,6-diphenyldioxane was
(5) These compounds were prepared by Aldro Bryan, Ph.D . 

Thesis, Northwestern University, 1945, by reaction of 2,5-dichloro- 
dioxane with a phenyl Grignard. They were believed to  contain no 
acetal or ketal linkage on the basis of stability to  acid hydrolytic 
conditions. Dibromination followed by hydrolysis and treatm ent 
with phenylhydrazine produced the osazone of phenylglyoxal in 
poor yield. The compound referred to  as 2,5-diphenyl-l,4-dioxane, 
m. p. 147-152°, by Smedley, U. S. P aten t 2,414,982; C. A ., 41, 2755 
(1947), is in fact the source of these isomers.
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T able I

H ydrogenations with Palladium- C harcoal

Milli­ Cat., Moles Time,
Compound Run moles mg. Solvent® H2 min. % Products isolated

Benzyl allyl ether 1 1 35 AcOH 2 100
2 1 35 Ac-P 2 40
3 1 35 BtOH 1 60

Benzyl methallyl ether 4 1 35 AcOH 2 60
5 1 35 Ac-P 2 50
6 1 35 EtOH 1 80

Benzyl 2-phenylethyl ether 7 100 500 Ac-S 1 90 86 C6H5CH2CH2OH
2-Phenyltetrahydropyran 8 56 1000 Ac-P 1 35 72 C6H6(CH2)6OH
Phenyldioxane4 9 1 35 Ac-S 1 120 75 C6H5CH2CH20CH2CH80H
2,3-Diphenyldioxaue4 10 1 35 Ac-P 1 180 83 C6H6CH2CH2C6H6
122°-Isomer6 11 1 35 Ac-S 2 b 36 c

12<* 1 100 Ac-S 3 45 40-48 C6H5CH2CH2OH
13 1 35 Ac-P 3 48 c

14 1 35 Ac-HCl 2b 140 31 Starting cpd.
174°-Isomer8 15 1 35 Ac-S 2h 42 c

Liquid isomer6 16 12 500 Ac-S 1.8* 195 10 C6H6CH2CH2OH
Benzoin diethylacetal7 17 1 100 Ac-P 3 30 . .  C6HbCH2CH2C6H5

* Ac-P and -S  refer to acetic acid containing 2.5% of 60% aqueous perchloric or 2% sulfuric acid, respectively. The 
millimolar runs employed 4 ml. and the 0.1 molar 40 ml. of solvent. 6 These runs were stopped short of completion. 
c The unmistakable odor of 2-phenylethanol was observed but no derivatives were obtained. d Average values of three 
identical runs.

kindly furnished by Dr. W. S. Emerson.6 Two 
middle fractions of it, b. p. 158-162° and 162- 
163° (2 mm.), n 20d 1.5602, were combined and 
subjected to incomplete hydrogenation. No prod­
uct corresponding to the expected diphenethyl 
ether could be isolated by 3-plate fractionation. 
The lowest boiling fraction, 75° at 2 mm., n20d 
1.5109, was shown to contain 2-phenylethanol.

Benzoin diethylacetal was studied because of 
its similarity of structure to some of the other com­
pounds in Table I . The compound is very difficult 
to obtain by the published method,7 and is ob­
tained only when very dry reagents are used and 
the reaction mixture is allowed to stand in the 
cold for twenty-one days. The oil which is ob­
tained slowly produces crystals from petroleum 
ether, b. p. 60-80°, and after two more crystalliza­
tions gives the acetal, m. p. 67-68° in 3% yield. 
The compound could not be hydrogenated over 
palladium on charcoal in ethanol even at 70°.

Experimental
Preparation of Compounds.—Benzyl allyl ether has been 

described previously.8 It was prepared in 65% yield by 
reaction of 2.1 moles of benzyl chloride with 2.1 moles of 
sodium allyloxide in excess allyl alcohol, b. p. 204-205°; 
n 2Qd 1.5090; d2b4 0.959.

Benzyl methallyl ether was made in a similar manner 
from 5.4 moles of dry methallyl alcohol, 1.56 moles of 
sodium and 1.56 moles of benzyl chloride. The crude 
ether, b. p. 110-118° at 13 mm., was subjected to 10- 
plate fractionation to give 33% yield, b. p. 113-114° at 
12 mm.; n 20B 1.5095; d2h 0.958; M b  calcd., 50.57, 
found 50.59.

Benzyl 2-phenylethyl ether was similarly prepared but 
from sodium 2-phenylethyloxide in toluene, b. p. 175- 
178° at 13 mm., n 20n  1.5545.9

(6) Emerson, T his J ournal, 67, 516 (1945).
(7) Ward, /. Chem. Soc., 1541 (1929).
(8) v. Braun, Ber., 43, 1350 (1910).
(9) This preparation will be the subject of a future publication.

2-Phenyltetrahydropyran was prepared from dihydro­
pyran according to the method of Paul.3 The crude prod­
uct, b. p. 110-114° at 12 mm., from the first distillation 
was distilled again to duplicate the published physical prop­
erties . The sources of other materials are noted in Table I .

Hydrogenations.—The millimolar reactions were car­
ried out at one atmosphere pressure in a shaking vessel 
of 8-ml. capacity attached to a hydrogen buret. Pal­
ladium on charcoal (5%) obtained from W ilkens-Ander - 
son Company, Chicago, was used in all the runs. In the 
small runs the catalyst was shaken with hydrogen to con­
stant volume before dropping the sample, contained in a 
thimble, into the reaction mixture. Larger runs were 
carried out in standard size apparatus at 3 atmospheres. 
The data are summarized in Table I.

Isolation and Identification of Products.—No attempts 
to isolate products from the allyl and methallyl ethers 
were made. The reaction mixtures which were expected 
to contain alcohols were poured into 10% sodium hy­
droxide-ice mixtures and were refluxed for thirty minutes 
to saponify acetate esters which often form in the presence 
of noble metal catalysts. The neutral materials were 
extracted from the alkaline saponification mixtures with 
ether or tetrachloroethane. It was proved independently 
that tetrachloroethane could be distilled from 2-phenyl- 
ethanol without loss of the latter.

An analytical procedure was used to determine the quan­
tity of 2-phenylethanol resulting from Run 12 in dry 
tetrachloroethane, the procedure being standardized 
with known samples of the alcohol.10 From other runs 
similar to 12 the alcohol was identified as its 1-naphthyl- 
carbamate, m. p. 116-117° (lit.11 119°). This alcohol 
was otherwise identified from Run 7 by physical constants, 
and from Run 16 by its allophanate, m. p. 184-185°, 
(lit.12 186°).

2-(2-Phenylethoxy) -ethanol from Run 9 was also iden­
tified as its allophanate, m. p. 148-149° (from toluene), 
lit.13 150°. 1,2-Diphenylethane was purified by sublima­
tion in vacuo, m. p. and mixed m. p. with an authentic 
sample, 51.5-52 °, lit.14 52 °.

(10) Adkins, Frank and Bloom, T his Journal, 63, 554 (1941).
(11) M cElvain, “ The Characterization of Organic Com pounds,” 

The M acm illan Co., N ew  York, N . Y ., 1945, p. 195.
(12) Béhal, Bull. soc. chim., [4] 25, 473 (1919).
(13) H alasz, ibid., [5] 8, 170 (1941),
(14) Ref. U , p. 237,
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5-Phenylpentanol from Run 8, b. p. 142-148° at 10 
mm., d2%4 0.9857, had the characteristic odor of lemons 
and compared favorably with the product as previously 
described, b. p. 140-142° at 16 mm., d2\  0.9651.15 Since 
no direct derivatives were found, the alcohol was converted 
into crude 5-phenylpentyl bromide by refluxing with 
hydrobromic acid containing a trace of sulfuric acid. 
The bromide was refluxed in ethanol with an equivalent 
of ammonium dithiocarbamate16 to produce an oil which 
upon crystallization from ether-petroleum ether gave 5- 
phenylpentyl dithiocarbamate, m .p . 72-74°, lit.17 75°.

(15) v. Braun, Anton and Weissbach, Ber., 63, 2847 (1930); 
v. Braun, ibid., 44, 2867 (1911).

(16) Mulder, Ann., 168, 228 (1873).
(17) v. Braun, Ber., 45, 1563 (1912).

Summary
1. In acid solution it is not practical to selec­

tively hydrogenate allyl or methallylbenzyl ethers 
over palladium-charcoal.

2. The structures of certain aryldioxanes have 
been proved by hydrogenation.

3. Some compounds isomeric with 2,3-diphen- 
yldioxane do not react with hydrogen in ways con­
sistent with their suspected structures.

4. A convenient synthesis of 5-phenylpentanol 
has been described.
E v a n s t o n , I l l in o is  R e c e iv e d  D e c e m b e r  11, 1947

[C o n t r ib u t io n  f r o m  t h e  L a b o r a t o r y  o f  R a d io c h e m is t r y , U n iv e r s it y  o f  C in c in n a t i]

3-Nitrofluorenone
B y F rancis E arl R ay

Mononitration of fluorene yields only 2-nitro- 
fluorene. As this is easily oxidized to 2-nitrofluo- 
renone the properties of both compounds are well 
known.1

4-Nitrofluorenone also seems to be well known, 
having first been prepared by Schmidt and Baur,2 
from the known 4-nitrophenanthraquinone by 
means of the benzilic acid rearrangement followed 
by oxidation and decarboxylation. Courtot3 and 
Bell4 have confirmed this work.

1-Nitrofiuorenone has not been prepared.
3-Nitrofluorenone was first reported by Schmidt 

and Soli5 who obtained it by the simultaneous ni­
tration and oxidation of 9,10-diaminophenan- 
threne to 3-nitrophenanthraquinone. A benzilic 
acid rearrangement, followed by oxidation and 
decarboxylation gave a compound melting at 209- 
210° which was described as 3-nitrofluorenone. 
Its oxime melted at 240°. As the structure of 3- 
nitrophenanthraquinone had been proved con­
clusively by J. Schmidt6 seven years previously, 
there seemed no reason to question the identity 
of Schmidt and Soil’s compound. Especially was 
this true after the appearance of the paper by 
Eckert and Langecker7 in 1928.

Using a different method, the simultaneous ni­
tration and oxidation of 2-acetylaminofluorene to
3-nitro-2-amino-fluorenone followed by removal of 
the 2-amino group, Eckert and Langecker ob­
tained identical melting points, Table I. Eckert 
and Langecker proved the position of the nitro 
group by converting their compound to the known
3-hydroxyfluorenone.8

(1) “Organic Syntheses,” Coll. Vol. II, 447 (1943); Barbier, Ann. 
chim. phys., [5] 7, 479 (1876); Ullmann and Mallett, Ber., 31, 1694 
(1898).

(2) Schmidt and Baur, Ber., 38, 3737 (1905).
(3) Courtot, A nn. chim., [10] 14, 5 (1930).
(4) Bell, J . Chem. Soc., 1990 (1928).
(5) Schmidt and Soli, Ber., 41, 3691 (1908).
(6) J. Schmidt, ibid., 34, 3531 (1901).
(7) Eckert and Langecker, J . prakt. Chem., 118, 263 (1298).
(8) Ullmann and Bleier, Ber., 35, 4279 (1902) ; Errera and La 

Spada, Gass. chim. ital., 35, 539 (1905).

and  Jam es G. B arrick

Better evidence for the identity of 3-nitrofluor­
enone could hardly be desired. Nevertheless, in 
1931 Bardout9 reported that his preparation of 
this compound by essentially Eckert and Lang- 
ecker’s method yielded 3-nitrofluorenone melting, 
not at 210°, but at 239°. The oxime instead of 
melting at 240°, as previously reported, melted at 
221°, cor. Bardout also converted his compound 
to the known 3-hydroxyfluorenone as well as to 
the known 3-bromofluorenone. 10

In the course of his synthesis Bardout also ob­
tained 3-nitrofluorene melting at 105°. Hayashi 
and Nakayama11 repeated the synthesis of 3- 
nitrofluorene and found the same melting point as 
Bardout. They did not, however, oxidize it to 
the fluorenone.

With a view to resolving this difficulty, Scheer12 
attempted to repeat Bardout’s synthesis but found 
great difficulty in isolating pure compounds. 
Repeating Schmidt and Soil’s work, he obtained, 
supposedly, 3-nitrofluorenone which melted con­
siderably higher than Schmidt and Soil’s and Eck­
ert and Langecker’s compound but not quite as 
high as Bardout’s. From the two degree range in 
melting point Scheer concluded that his material 
was still impure. The significant part remains 
that even the impure material melted consider­
ably higher than the first investigators reported. 
A summary of these results will be found in Table
I.

It seemed of interest, therefore, to attempt an 
entirely new synthesis of 3-nitrofluorenone in the 
hope of settling the controversy.

Our starting material was the readily available
2-aminobiphenyl. This was treated with toluene- 
sulfonyl chloride and the product nitrated accord-

(9) Bardout, Andies asoc. quim. argentina, 19, 117 (1931); 22, 123 
(1934).

(10) Montague, Rec. trav. chim., 28, 449 (1909); Montagne and 
van Charenti, ibid., 32, 164 (1913).

(11) Hayashi and Nakayama, J . Soc. Chem. Ind. Japan , 36, 1278 
(1933).

(12) Scheer, Master’s Thesis, University of Cincinnati, 1942.
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T a b l e  I
P r o p e r t ie s  o f  3 -N it r o f l u o r e n o n e  a n d  D e r iv a t iv e s

M elting points, °C. 3-Amino- Acetyl
Worker Ketone Oxime fluorenone deriv.

S and S5 209-210 240
E and L7 210 240 158-159 215
Bardout9 232 (239 cor.) 217 (221 cor.)
Scheer12 225-227 214
Authors 235-236 224r-225 157-158 215-216

(239-240 cor.)

ing to the method of Bell13 and of Jones and 
Braker14 to give on hydrolysis 2-amino-5-nitro- 
biphenyl. The use of the acetyl derivative gives 
inferior results in nitration.15 2-Cyano-5-nitrobi- 
phenyl was obtained in the usual manner. On 
hydrolysis, 5-nitrobiphenyl-2-carboxylic acid was 
obtained.

The structure of this compound rests on 
Sako’s16 proof of structure for 2-amino-5-nitrobi- 
phenyl. Reduction gave the diaminobiphenyl 
and by conversion to a Lauth’s violet, the amino 
groups were shown to be para to each other. An 
isomeric diamine was shown to be 2,3-diamino - 
biphenyl by treating it with phenanthraquinone 
to form the quinoxaline. The 2-amino-4-nitro 
isomer would yield the well known 2-nitrofluo- 
renone.

5-N itrobiphenyl-2-carboxylic acid was con­
verted to 3-nitrofluorenone by heating with con­
centrated sulfuric acid, a method widely used in 
the preparation of fiuorenones17 as well as other 
cyclic ketones.18 The crude 3-nitrofluorenone was 
obtained on pouring the sulfuric acid solution onto 
ice. The oxime was prepared by Bardout’s 
method. I t melted somewhat higher than Bard­
out’s value but not nearly as high as the value re­
ported by Schmidt and Soil, and by Eckert and 
Langecker, Table I.

I t is possible that the differences in the melting 
point of the oximes may be due to cis-trans isom­
erism. It is not so easy, however, to explain the 
low melting point for 3-nitrofluorenone reported 
by the earlier investigators. If only a single paper 
were involved one might be tempted to suggest 
that the melting point values for the ketone and 
the oxime were interchanged.

In the hope of obtaining further data we reduced 
our 3-nitrofluorenone to 3-aminofluorenone and 
prepared the acetyl derivative. Much to our sur­
prise we found the melting points to agree almost 
exactly with those reported by Eckert and Lang­
ecker. We must conclude that the impurities in 
their 3-nitrofluorenone were eliminated when it 
was converted into 3-aminofluorenone. These 
values are also given in Table I.

(13) Bell, J . Chem. Soc., 2770 (1928).
(14) Jones and Braker, U. S. Patent, 1,922,265, August 15, 1933, 

1,976,940, October 16, 1934.
(15) Barrick, M aster’s Thesis, University of Cincinnati, 1947.
(16) Sako, Bull. Chem. Soc. Japan, 9, 55 (1933).
(17) Huntress, Pfister, 3rd, and Pfister, T his Journal, 64, 2845 

(1942); Atkinson, et al., ibid., 67, 1513 (1945).
(18) Johnson, “ Organic Reactions,’’ Vol. II, 115 (1944).

Experimental
2-Aminobiphenyl.—This dark pink material was East­

man Kodak Co. practical grade and melted at 47-49°. 
Distillation under reduced pressure removed the color but 
did not raise the melting point above 49°.

2 -p-Toluenesulfonamidobiphenyl.—This compound was 
best prepared by condensing p -toluenesulfony 1 chloride 
and 2-aminobiphenyl in the presence of pyridine. From 
85 g. of 2-aminobiphenyl, 100 g. of ^-toluenesulfonyl 
chloride and 200 cc. of pure pyridine there was obtained 
135 g. (84%) of 2-£-toluenesulfonamidobiphenyl melting 
at 98-99 °.14

5-Nitro-2-£-toluenesulf onamidobiphenyl .—Bell’s 
method13 gave largely the unchanged starting material. 
It was modified as follows. Sixty grams of 2-_/>-toluene- 
sulfonamidobiphenyl was dissolved in 120 cc. of warm 
glacial acetic acid, nitric acid (15 cc., sp. g. 1.5) was 
added slowly and the mixture was heated on the steam - 
bath to 90°. When the temperature started to rise 
rapidly, the beaker was removed from the heat and the 
reaction allowed to continue for three minutes. It was 
poured into cold water and a red oil precipitated which 
quickly solidified. When recrystallized from 400 cc. of 
hot ethyl alcohol, yellow needles were obtained melting 
at 168-169°; yield 55 g. (80%). When recrystallized a 
second time the compound melted sharply at 169 °.

5-Nitro-2-aminobiphenyl.—A solution of 25 g. of 5- 
nitro-2-^-toluenesulfonamidobiphenyl in 50 cc. of con­
centrated sulfuric acid was allowed to stand for one hour 
at room temperature. It was then added dropwise to 200 
cc. of an ice slurry. The yellow amine weighed 16 g. 
(yield quantitative) and was recrystallized twice from al­
cohol, m. p. 125°.13

5-Nitro-2-cyanobiphenyl.—A solution of 16 g. of 5-
nitro-2-aminobiphenyl in 100 cc. of concentrated hydro­
chloric acid was diazotized at 0° with 5.2 g. of sodium 
nitrite in 50 cc. of water. After one hour urea was added 
and the solution filtered. This solution was slowly added 
to a solution of potassium cuprocyanide, prepared from 
25 g. of copper sulfate and 28 g. of potassium cyanide and 
containing 15 g. of sodium carbonate, at 10°. After half 
of the diazonium solution had been added a further 15 g. 
of sodium carbonate was added in 50 cc. of water. After 
one hour the light tan precipitate was removed. It 
weighed 12 g .; yield, 72%. On recrystallization it melted 
at 134-135°.13

5-Nitrobiphenyl-2-carboxylic Acid.—Twelve grams of 
5-nitro-2-cyanobiphenyl was hydrolyzed by boiling with 
70 cc. of concentrated sulfuric acid in 100 cc. of water for 
six hours. After several hours the solid changed to an 
oil and finally became semisolid. The crude material 
(10 g.) was dissolved in 100 cc. of 10% sodium hydroxide,
1 g. of Darco added, the mixture boiled for fifteen minutes, 
filtered and acidified. White platelets weighing 6 g., 
yield 50%, were obtained melting at 179-180°. Recrys­
tallization from alcohol gave a m. p. of 180°. No m .p .  
is given by Jones and Braker.14

Anal. Calcd. for C13H9NO4: eq. wt., 243. Found: 
eq. wt., 244.

3-NitrofiLuorenone.—Two grams of 5 -nitrobipheny 1 -2- 
carboxylic acid in 10 cc. of coned, sulfuric acid was heated 
in an oil-bath to 120° and held at this temperature for ten 
minutes. After cooling this blood red solution to room 
temperature it was poured into a slurry of ice yielding a 
yellow precipitate weighing 2 g . It was recrystallized from 
glacial acetic acid with Darco, then from ethyl alcohol and 
melted constantly at 235-236° (239-240°, cor.). The 
same melting point was obtained when samples were re- 
crystallized from benzene and pyridine.

Anal. Calcd. for C13H7NO3: N , 6.22. Found: N,
6.45.

3-Nitrofluorenone Oxime.—A 0.5-g. sample of 3-nitro­
fluorenone was heated with 0.25 g. of hydroxylamine in 
15 cc. of alcohol and 0.3 g. of oxime was obtained which 
on recrystallization from alcohol melted at 224-225°,
Table I.
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3-Aminofluorenone.—Five grams of sodium sulfide was 
added over a period of two hours to 100 cc. of boiling 
alcohol containing 1 g. of 3-nitrofluorenone and 2 g. of 
ammonium chloride. After refluxing for an additional 
hour it was poured into cold water and extracted with 
ether. The ether was extracted with dilute hydrochloric 
acid and on neutralization a deep yellow precipitate was 
obtained. It was not possible to get a better melting point 
than 142-146°. Following the procedure of Eckert and 
Langecker,7 who encountered similar difficulties, the amine 
was acetylated. Recrystallization from alcohol gave 3- 
acetylaminofluorenone.

3 -Acetylaminofluorenone was hydrolyzed by boiling 
with 20% hydrochloric acid. It yielded 3-aminofluore- 
none, Table I.

Summary
A new synthesis of 3-nitrofluorenone has been 

described and Bardout’s characterization of this 
compound has been substantially confirmed.

The following melting points, uncorrected unless 
otherwise stated, have been found for 3-nitro­
fluorenone and related compounds:

' 3-Nitrofluorenone 
3-Nitrofluorenone oxime 
3-Aminofluorenone 
3-Acetylaminofluorenone

M. p., °C.

235-236(239-240, cor.) 
224-225 
157-158 
215-216

The values of the latter two compounds given 
by Eckert and Langecker have been confirmed 
but their values for 3-nitrofluorenone and 3-nitro- 
fluorenone oxime as well as those of Schmidt and 
Soil are shown to be in error.
Cincinnati 21, Ohio  R eceived  D ecember 3, 1947

[Contribution  from the Chemical Laboratory of N orthw estern  U niv ersity]

The Synthesis and Spectrum of 2-Cyclopropylpyridine*
B y  R aym ond  P . M a r ie l la , Low ell F . A . P e t e r so n * 1 a n d  R o be r t  C. F e r r is2

Some recent work by Klotz3 has shown that 
the cyclopropane ring, when adjacent to an olefinic 
or carbonyl group, produced spectra which could 
be interpreted in terms of resonance due to hyper­
conjugation. This effect had also been observed 
by Carr and Burt,4 who examined the spectra of

A.
Fig. 1.—Absorption spectra of 2-vinylpyridine# A; 2- 

cyclopropylpyridine, B; and 2-w-propylpyridine, C.
* Presented before the Division of Organic Chemistry, American 

Chemical Society, Chicago, Illinois, April 22, 1948.
(1) Present address: Northwestern University Medical School, 

Chicago, Illinois.
(2) Present address: University of U tah, D epartm ent of Chemis­

try , Salt Lake City, U tah.
(3) Klotz, T his Journal, 66, 88 (1944).
(4) Carr and Burt, ibid., 40, 1590 (1918).

compounds in which the cyclopropane ring was in 
‘ ‘conjugation” with both a carbonyl group and 
the benzene ring. From these spectra it was not 
possible to secure information regarding the extent 
of conjugation of the cyclopropane grouping alone 
with the aromatic nucleus.

In the present work, 2-cyclopropylpyridine 
(IX) was synthesized. This compound has the 
cyclopropane ring alone in conjugation with a 
highly aromatic nucleus.5 A comparison of its 
absorption spectrum with those of 2-n-propylpy- 
ridine (VIII) and 2-vinylpyridine (X) (Fig, 1), 
showed the cyclopropane compound to have a 
maximum (2690 A.) between that of the similarly 
conjugated (2775 A.) and non-eonjugated (2620 
A.) system.

Since the maximum for pyridine itself is at 2530
A.,6 the presence of an alkyl or alicylic group in the 
a position causes a shift of the maximum to longer 
wave lengths. This effect appears greater with the 
cyclopropyl group than with the w-propyl group, 
and confirms chemical evidence long known7 that 
the cyclopropane ring possesses a certain degree 
of unsaturation. The phenomenon no doubt oc­
curs because the electrons of cyclopropane are 
rendered especially polarizable by the unusual 
angle between the bonds.

If the shift to longer wave lengths is to be inter­
preted as a “hyperconjugation” effect, then in the 
case of 2-cyclopropylpyridine we can postulate 
that certain ionic structures exist, which in addi-

(5) After the initial submission of th is manuscript a paper ap­
peared (Rogers, ibid., 69, 2544 (1947)), in which the absorption spec­
trum  of cyclopropylbenzene was given. This compound also showed 
a shift in the maximum toward longer wave lengths when compared 
with propylbenzene, which was interpreted as a  hyperconjugation 
effect.

(6) Fischer and Steiner, Compt. rend., 176, 882 (1922).
(7) Kohler and Conant, T h is Journal, 89,1404, 1699 (1917).
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tion to the usually written hyperconjugation 
forms, contribute to the excited structure. Two 
of the twelve possible additional forms are listed 
below (I and II).

©I
✓ CH2

©I
N' l=CH

CH2 \N' CH

©
CH2

II
ĉ h 2

Since thé three-membered ring is not necessarily 
coplanar with the pyridine ring these resonance

IN—c—c h 3 +  CH3CH2OOCH
IX II o

OH

(2H2)
~[H+]

\ N ;

C CH—CHO
IIO

III

NISP 
VIII

CH2CH2CH3

NaNH2
C2H5Br

, ]

c h = c h 2
X

Fig. 2.

Na~

\^CNCH2CONH2 
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forms probably do not contribute as much as ex­
pected, causing the shift from 72-propyl to eyclo- 
propyl to be small but still measurable.

The maximum due to the cyclopropane ring it­
self, probably about 2100 A., was beyond the 
range of the instrument used.

The flow sheet for the synthesis of 2-cyclopro­
pylpyridine and related compounds is shown in 
Fig. 2.

The sodium salt (III) was reported recently,8

H
XI

(8) Chelintsev, J . Gen. Chem, U, S. S . JR., 14, 1070 (1944); cf,
C. A ., 41, 101 (1947).

but no yield was given. The condensation of I II  
with cyanoacetamide could have yielded X I in­
stead of IV, but this possibility was eliminated by 
the isolation of the known compound (VIII), in 
the acidic reduction of VII. In all steps, the 
yields were lower than in similar reactions of com­
pounds9*10 in which the cyclopropyl ring was re­
placed by a simple alkyl group. In many of the 
reactions, there was evidence of considerable de­
composition and tar formation. This was partic­
ularly noticeable in the decarboxylation of V to 
VI, which succeeded only in small runs of one and 

a half grams each.
The cyclopropane ring re­

mained fairly stable to reagents 
such as concentrated hydro­
chloric acid and phosphorus 
pentachloride, as evidenced by 
the isolation of V and VII, 
which still possessed the ali- 
cyclic ring intact. Treatment 
with bromine, however, im­
mediately destroyed the cyclo­
propane ring in IV to give a 
compound containing only one 
atom of bromine, instead of two. 

The compound, CgHyBr^O, probably has the 
formula XII, and its formation is postulated by 
the following steps.

The compound (XII) was quite unstable in the 
crude state, and purification by crystallization 
was very difficult. Bromination was assumed to 
attack the cyclopropane ring because compounds 
having the general formula X III, where R is a 
simple aliphatic group, do not react with bromine 
in glacial acetic acid.11

H
XIII

The 2-w-propylpyridine (VIII) (conyrine) was 
made by a method similar to that of Chichibabin,12 
and the 2-vinylpyridine was a product obtained 
from the Reilly Tar and Chemical Corporation.

The authors acknowledge a grant from the
(9) Perez-Medina, Mariella and McElvain, T his Journal, 69, 

2574 (1947).
(10) Mariella, ibid., 69, 2670 (1947).
(11) Mariella, unpublished work.
(12) Chichibabin, Bull. soc. chim., [5] 8, 1607 (1936).
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Graduate School, which made some of the work 
possible.

Experimental13
Sodium Salt of Hydroxymethylene Methyl Cyclo-

propyi Ketone (HI) .— i o 58 g. of sodium metai ribbon in 
one liter of absolute ether was added a mixture of 185 g. 
of ethyl formate14 and 210 g. of methyl cyclopropyl ke­
tone,15 dropwise over a period of two hours. The reaction 
mixture was protected from moisture, cooled in an ice-bath, 
and stirred during the addition. When about one-fourth of 
the addition mixture had been added, the tan-colored 
precipitate first appeared, and increased in amount as the 
addition continued. Stirring was continued for one-half 
hour after the addition was completed. The cooling bath 
was then removed, and stirring continued, at room tem­
perature, for an hour and a half. The brown solid was 
then filtered and dried in a vacuum desiccator. Addi­
tional product was obtained by filtering the solid which 
developed in the filtrate. The combined solids weighed 
219 g. (65% yield).

3 -Cyano -6-cyelopropylpyridone -2 (IV).—A solution of 
115 g. of the sodium salt (III), 84 g. of cyanoacetamide, 
and piperidine acetate catalyst in 250 ml. of water was 
refluxed for two hours. (The catalyst was prepared by 
adding piperidine to a solution of 9 ml. of glacial acetic 
acid in 25 ml. of water until basic to litmus.) The solu­
tion was then diluted with 250 ml. of water, acidified with 
glacial acetic acid, and cooled in an ice-bath for an hour. 
The yellow solid, which had formed, was filtered and dried, 
73 g. (53% yield). Purification by a carbon treatment 
and several recrystallizations from alcohol gave a white 
powder, m .p . 239-240° (dec.).

Anal. Calcd. for C9H8N20 : C, 67.48; H, 5.04; N,
17.5. Found: C, 67.39; H, 5.06; N, 17.2.

Bromination of 3 -Cyano-6 -cyelopropylpyridone -2.—A 
solution of 0.50 g. of IV in 10 ml. of glacial acetic acid 
heated to 60° was treated with a solution of 0.3 ml. of 
bromine in 5 ml. of glacial acetic acid. A copious evolu­
tion of hydrogen bromide gas ensued, as the solution was 
kept at 60° for ten minutes. The solution was then 
poured on 50 g. of cracked ice, and the yellow solid, 
which immediately formed, was filtered and dried, 0.69 
g. (93% yield). The crude material soon developed a 
green color and finally turned black. A pure sample was 
obtained by treating the yellow solid with Norit in alcohol, 
followed by five recrystallizations from alcohol and six 
recrystallizations from benzene. The white solid, so 
obtained, remained colorless, m. p. 221-222°.

Anal. Calcd. for C9H7BrN20 : C, 45.21; H, 2.95;
N, 11.7. Found: C, 45.09; H, 3.04; N, 12.0.

6-Cyclopropane-2 -oxo-3 -pyridine Carboxylic Acid (V).
•—A solution of 73 g. of IV in 250 ml. of concentrated 
hydrochloric acid was refluxed for four hours. The solu­
tion was then poured into 250 ml. of water, cooled in an 
ice-bath for an hour, and the gray solid filtered and 
dried, 44 g. (54% yield). After a carbon treatment and 
seven recrystallizations from 3:1 water-glacial acetic 
acid, the pure white solid was obtained, m .p . 248-250° 
(dec.). The compound was only slightly soluble in cold 
water and gave a negative ferric chloride test.

Anal. Calcd. for C9H9N 0 3: N, 7.8. Found: N,
7.8.

2-Cyclopropyl-6-pyridol (VI).—A test-tube containing 
powdered V was heated to 290°. The solid melted and 
decomposed as carbon dioxide was evolved. A cold finger 
was then inserted in the test-tube to collect the product 
which sublimed in the form of white plates. The yields 
varied, depending upon the amount and purity of the 
starting material. A maximum of 70% yield was ob­

(13) Analyses by Miss Patricia Craig and Mrs. Nelda Mold.
(14) Purified according to  “ Org. Syntheses,” Coll. Vol. II, p. 180, 

b. p. 53.5-54.5°.
(15) A U. S. Industrial Chemicals product. The sample used in 

this work had ft b. p, 110-111°,

tained when 1.5 g. of V, purified by two crystallizations 
from alcohol, was used. The yields fell off sharply if 
more material was used in the decarboxylation. Addi­
tional purification was achieved by a vacuum sublimation 
at 0.05 mm. and at a temperature of 110-120°, m. p. 165- 
166 °. The white solid gave a deep red ferric chloride test.

Anal. Calcd. for C8H9NO: N, 10.4. Found: N,
10.4.

2-Cyclopropyl-6-chloiopyridine (VII).—To a solution 
of 10.5 g. of VI in 16 ml. of phosphorus oxychloride 
heated to refluxing was added 20 g. of phosphorus penta­
chloride, in small portions, over a period of one-half hour. 
The oil-bath temperature was then raised to 165° and 
kept there for one hour. The, phosphorus oxychloride 
was removed under reduced pressure, 50 g. of ice then 
added, and the mixture made strongly basic by adding a 
concentrated potassium hydroxide solution. When this 
was steam distilled, a colorless heavy oil was obtained, 
which was separated by two extractions with 100-ml. por­
tions of ether. The ether was dried and removed, and 
the residue distilled, giving a colorless oil, 4.0 g. (34% 
yield), b. p. 107-108° (16 mm.), n2hd 1.5512. The liquid 
darkened very slowly when exposed to light.

Anal. Calcd. for C8H 8C1N: N, 9.1. Found: N,
9.1.

Reduction of VII in Acidic Solution.—To a solution 
of 0.193 g. of VII in 15 ml. of absolute alcohol were 
added a solution of 100 mg. of palladium chloride in one
ml. of concentrated hydrochloric acid, one ml. of 15% 
hydrogen chloride in absolute alcohol, 0.50 g. of Norit 
and hydrogen. The reduction proceeded at room tempera­
ture and atmospheric pressure and stopped in fifty minutes, 
at which time two moles of hydrogen had been absorbed. 
There was no distinct break in the hydrogenation curve 
during the reduction. The mixture was filtered and the 
liquid filtrate concentrated to a colorless oil. The chloro- 
platinate of this material did not depress the m. p. 163 ° 
of an authentic sample of the chloroplatinate of 2-n- 
propylpyridine.

Reduction of VII in Basic Solution: 2-Cyclopropyl-
pyridine (IX).—To a solution of 1.26 g. of VII in 25 ml. 
of 3% alcoholic potassium hydroxide was added 4.0 g. 
of 5% palladium on charcoal. The hydrogenation pro- 
ceded at room temperature and atmospheric pressure and 
was complete in thirty minutes, at which time 0.90 mole 
of hydrogen had been absorbed. The mixture was fi ltered, 
made faintly acid with hydrochloric acid and concentrated. 
The addition of concentrated potassium hydroxide liber­
ated the free base, which was taken up in ether. The 
solution was dried, ether removed in vacuo, leaving an oil, 
which on distillation gave 0.65 g. (67% yield), b. p. (750
mm. ) 174-175°, w25d 1.5110, d2\ 0.956. The material pos­
sessed the characteristic alkyl pyridine odor. It was ob­
served that the liquid caused a temporary numbing 
effect when brought in contact with the skin.

The picrate was isolated as pale yellow needles, m. p. 
115-117°.

Anal. Calcd. for Ci4Hi2N40 7: C, 48.28; H, 3.47.
Found: C, 48.19; H, 3.48.

The chloroaurate was prepared as a yellow powder, 
m. p. 111-113°.

Anal. Calcd. for C8HioCl4NAu: Au, 43.0. Found:
Au, 43.0.

The chloroplatinate came down very slowly when a 
solution of chloroplatinic acid was added to the 2-cyclo­
propylpyridine hydrochloride in water. The orange 
solid melted at 159-160°. The mixed m. p. with the 
chloroplatinate of 2 -n -propyIpyridine was depressed to 
140°.

Anal. Calcd. for Ci6H2oCl6N2P t: Pt, 30.1. Found:
Pt, 30.1.

2-w-Propylpyridine (Conyrine) (VIII) — To 300 ml. 
of liquid ammonia containing 0.3 g. of ferric nitrate, was 
added 35 g. of sodium metal. The excess ammonia was 
allowed to escape and 83 g. of «-pieolme (b* p. 128°) was
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added. To this mixture, with stirring, was added 120 
g. of ethyl bromide, over a period of four hours. After 
standing two days, the excess sodamide was decomposed 
by the addition of 200 ml. of water. The mixture was 
extracted with ether, the ether solution dried, and the 
ether removed on a steam-bath. The residue was dis­
tilled, giving 8.0 g. (7% yield), b. p. 165-166° (755 
m m .),16 n™T> 1.4897, d2\  0.9121.

The picrate was easily isolated as small yellow needles, 
m. p. 64°.16

Anal. Calcd. for C14H14N4O7: C, 48.00; H, 4.03;
N, 16.0. Found: C, 47.89; H, 4.01; N, 15.8.

The chloroplatinate formed very quickly, and resulted 
in orange plates, m .p . 163-164°.17

Anal. Calcd. for Ci6H24Cl6N2P t: Pt, 29.9. Found:
Pt, 30.2.

The chloroaurate came down as a yellow powder, m .p . 
77°.

Anal. Calcd. for C8Hi2Cl4NAu: Au, 42.7. Found:
Au, 42.5.

2-Vinylpyridine (X).—A sample from the Reilly Tar 
and Chemical Corporation was fractionated, and the 
constant boiling cut, b. p. 60° (17 mm.), used in this 
work,18 n31 d 1.5442, <Z314 0.9661.

The picrate was isolated as a yellow powder, m .p . 152- 
154°.

Anal. Calcd. for Ci3Hi0N4O7: C, 46.71; H, 3.02.
Found: C, 46.73; H, 3.01.

(16) Chichibain, ref. 12, reports a b. p. 173° and a m. p. 76° for 
the picrate.

(17) Ladenburg, A n n . ,  247, 21 (1888), reports a m. p. of 159-160°.
(18) Ladenburg, B e r ., 22, 2585 (1889), reports a b. p. 79-82° (29

mm.).

The chloroplatinate melted at 174-175°, and the chloro­
aurate melted at 143°.19

Spectra.—The ultraviolet absorption spectra were ob­
tained with a Beckmann quartz spectrophotometer. All 
physical constant measurements of the above alkyl 
pyridines were performed immediately after their isola­
tion. Solutions of known concentrations were made by 
dissolving weighed quantities of compound in absolute 
alcohol in a volumetric flask. Dilutions were made volu- 
metrically to give suitable density readings.  ̂ The solu­
tions were poured into one of two matched silica absorp­
tion cells and the second cell was filled with the solvent. 
Extinction coefficients were calculated from the equation

e =  d/cl
where c is the concentration of the solute, in moles per 
liter, l is the thickness of the cell, in centimeters, and d =  
logio (To//). To is the intensity of light passing through 
the solvent, and I  is the intensity of light passing through 
the solution.

Summary
2-Cyclopropylpyridine was prepared and its ul­

traviolet absorption spectrum compared with 
those of 2-w-propylpyridine and 2-vinylpyridine. 
The maximum of 2-cyclopropylpyridine falls in a 
position between the two comparison compounds. 
This effect can be interpreted in terms of addi­
tional resonance due to hyperconjugation.

(19) Ladenburg, ibid., reported the chloroplatinate m. p. 174°, 
and the chloroaurate, m. p. 144°.

E v a n s t o n , I l l in o is  R e c e iv e d  O c t o b e r  6 , 1947

[C o n t r ib u t io n  f r o m  t h e  G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y , C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y
No. 1157]

An Electron Diffraction Investigation of the Structure of Adamantane
By Werner Nowacki and Kenneth W. Hedberg

The crystal structure of adamantane (Ci0Hi6, 
see Fig. 1) has been investigated by Nowacki,1 who 
found a C-C bond distance of 1.54 =±= 0.02 A. on 
assumption of tetrahedral bond angles, and by 
Giacomello and Illuminati,2 who obtained similar 
results by Fourier methods. A significant differ­
ence has been found between C-N distances in the 
crystal3 and vapor4 of hexamethylenetetramine, a 
molecule whose configuration is closely similar to 
that of adamantane, and although no such dif­
ference would be expected in adamantane, it 
seemed worth while to study it by electron dif­
fraction in the vapor phase.

The photographs obtained show twelve maxima 
and shelves extending to q values of about 90 
(q = (40/X) sin<p/2 = (10/7r)s).

Experimental
The sample of adamantane, which had been 

synthesized by Prelog and Seiwerth,5 was vapor-
(1) W. Nowacki, Helv. Chim. Acta, 28, 1233 (1945).
(2) G. Giacomello and G. Illum inati, Ricerca Sci., 15, 559 (1945).
(3) P. A. Shaffer, Jr., T his J o u r n a l , 69, 1557 (1947).
(4) V. Schomaker and P. A. Shaffer, Jr., ibid., 69, 1555 (1947).
(5) V. Prelog and R. Seiwerth, B e r ., 74, 1644, 1769 (1941).

ized by use of a high temperature nozzle6 in the 
apparatus described by Brockway.7 The camera 
distance was about 11 cm. and the electron wave 
length8 about 0.06 A. Corrections were made for 
film expansion.

Radial Distribution Curve
The radial distribution curve (Fig. 2) was calcu­

lated from the equation910 by use of punched
q m a x  ,

rDM =  XI exp. ( - a q 2) sin q r
q — 1 , 2 . . .  V 1 U

cards1011; the quantities I(q) were taken from 
the visual curve (Fig. 2) drawn to represent the

(6) L. O. Brockway and K. J. Palmer, T his J o u r n a l , 59, 2181 
(1937).

(7) L. O. Brockway, R e v . M o d e r n  P h y s . , 8, 231 (1936).
(8) For wave length calibration see C. S. Lu and E. W. Malmberg, 

R ev. S c i .  I n s tr u m e n ts , 14, 271 (1943); the lattice constants of zinc 
oxide given by Lu and Malmberg in kx units were converted to 
Angstrom units.

(9) R. Spurr and V. Schomaker, T h is  J o u r n a l , 64, 2693 (1942).
(10) P. A. Shaffer, Jr., V. Schomaker and L. Pauling, J .  C h em . 

P h y s . ,  14, 659 (1946).
(11) P. A. Shaffer, Jr., V. Schomaker and L. Pauling, ibid., 14, 

648 (1946).
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appearance of the photographs, and the constant a 
was chosen to give exp ( — aq2) = 1/10 at q = 90. 
The resulting curve shows major peaks at 1.53 and 
2.52 A. which correspond to the bonded and to the 
shortest non-bonded C • • • C distances in a model 
such as C with tetrahedral bond angles; in model 
C these distances are 1.540 and 2.515 A. oThere 
are additional peaks at TOO, 2,92 and 3.46 A., and 
a broad feature at 2.20 A. With the exception of 
the first none of these is sufficiently well resolved 
for a determination of interatomic distances, 
though they agree well with our final model, as 
shown by the vertical lines. The heavy lines de­
note the C • • • C distances and the light, the C • • • 
H; the lengths of the lines indicate the relative 
weights of the distances.

The deviation of the peak at 1.00 A. from the 
value 1.09 A. normally obtained from bonded 
C • • * H interactions closely parallels the result ob­
tained by Schomaker and Shaffer4 in their study 
of hexamethylenetetramine.12

Correlation of Visual and Intensity Curves
Intensity curves were calculated1011 from the

bond angle is varied from 106°28' to 112°28'. 
Models G and H, which have tetrahedral C-C-C 
angles, are characterized by a shortened C-H dis­
tance (1.05 A.) and an increased H-C-H angle 
(114°28')> respectively. Terms representing all 
bonded and non-bonded atomic interactions ex­
cept H • • • H were included in the calculations. An 
effective value of Z  = 1.2 was employed for hy­
drogen in order to approximate better its scatter­
ing power relative to carbon for small q. The 
coefficient aij was given the value 0.00016 for 
bonded C-H, 0.00030 for all non-bonded C - H  
interactions,13 and zero otherwise.

T a b l e  I
E l e c t r o n  D if f r a c t io n  D a t a  f o r  A d a m a n t a n e

Max. Min. Sobsd,
Sealed.

(Model C) Scaled./ Sobsd.*

1 6.5 5.3 (0.815)
1 9.6 8.5 (0.885)

2 13.3 12.6 (0.947)
2 17.8 17.8 1.000

A 21.9 22.2 1.014
A 25.1 25.5 (1.016)

3 27.8 27.2 (0.798)
3 30.3 29.3 (0.967)

4 32.8 33.7 [1.027]
4 35.7 35.3 [0.989]

5 38.7 38.1 0.984
5 42.2 42.0 0.995

6 45.8 46.2 1.009
6 49.3 49.8 1.010

7 53.3 53.2 0.998
7 57.4 57.0 0.993

8 61.4 61.2 0.997
8 66.0 67.3 (1.020)

9 70.6 72.3 [1.024]
9 74.2 75.2 [1.013]

10 77.7 78.1 1.005
10 81.7 82.2 1.006

11 85.5 86.7 1.014
11 90.1 90.5 1.004

Average 1.004 
Average deviation 0.008

* Parenthesized values were omitted in evaluation of 
averages, bracketted values were given half weight.

1(g) =  exp. (~ai,jq3) sin

equation9 for a model of symmetry Td — 43m as­
suming C-C = 1.54 A. throughout, C-H = 1.09
A. except for model G, and ZHCH 109°28' ex­
cept for model H. In models A to F the C2C3C2

(12) The visual curve for adam antane was drawn without previous 
knowledge of the appearance of the  hexamethylenetetramine photo­
graphs or of the corresponding intensity curves, although subse­
quently the photographs of the two substances were carefully com­
pared and found to be closely similar. The errors in the two visual 
curves which correspond to the errors a t 1.0 A. in the two radial dis­
tribution functions are evidently nearly alike. Perhaps this is be­
cause they represent errors of interpretation which are in some way 
peculiar to the types of features shown by hexamethylenetetramine 
and adam antane.

Comparison of the calculated curves with the 
visual curve shows model A to be unacceptable; 
minimum 8 appears in the calculated curve as far 
too broad and the relative depths of minima 9 and 
10 are inverted. Curve B is somewhat better 
than A but the disagreement in the relative depths 
of minima 9 and 10 is still present. Curve C is 
generally satisfactory.14 Curve D is acceptable

(13) Because of the relative rigidity of the carbon skeleton of 
adam antane we believe the value 0.00030 for a i , j  to be a reasonable 
one for all the non-bonded C - • • H  interactions.

(14) The main points of disagreement in the correlation of model C 
with the observed intensity distribution are seen to involve (1) the 
relative depths of minima 1 and 2, (2) the strength of shelf A, (3) 
the shape of maximum 8, and (4) the relative depths of minima 5 and 
6. The first two items do not appear to  be serious; estimates of the 
depth of the first minimum are subject to  considerable error, and a
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Fig. 2.—Electron diffraction curves for adamantane.

reexamination of the  photographs indicates the  exaggeration of shelf 
A to  be a simple m isinterpretation (the dotted  line is felt to be a  more 
accurate representation of th is feature). Item  (3) also arises from 
errors of interpretation, as shown by comparing photographs of 
adam antane and hexamethylenetetramine; the appearance of maxi­
mum 8 is closely similar and was satisfactorily represented by Scho­
maker and Shaffer4 in their visual intensity curve for hexamethylene­
tetram ine. I t  is difficult to  explain the reversal of minima 5 and 6 
(item (4)). Perhaps the  trouble is due to  a  tendency to  compensate 
incorrectly for the background intensity, which is difficult to  esti­
mate in patterns as complicated as th a t of adamantane.

although maximum 4 is a poorer representation of 
the appearance of the photographs than the same 
maximum in C. Curves E and F are unsatisfac­
tory. Curves G and H are both acceptable al­
though G is not as satisfactory as C in the region 
of maximum 4. We conclude that in the adaman­
tane molecule in the gas phase Z C2C3C2 — 109.5 =*= 
1.5°, the upper limit of this determination being 
especially conservative. The Z HCH and C -H /
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C-C determinations cannot be made to within 
sizable limits of error.

A comparison (Table I) of the observed q values 
with those calculated for model C (all bond angles 
tetrahedral, C-C = 1.54 A., C-H = 1.09 A.), a 
consideration of the radial distribution function, 
and comparisons of visual and calculated inten­
sity curves lead to the following structural parame­
ters and probable limits of error: symmetry Td — 
43m (assumed), ZHCH = 109°28' (assumed), 
C-H = 1.09 A. (assumed), C-C = 1.54 =*= 0.01 A., 
ZC2C3C2 = 109.5 =*= 1.5°.

Acknowledgment.—We thank Professor Ver- 
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tive criticism, Professor V. Prelog (Zürich) for the 
sample of adamantane used in the investigation, 
and the International Business Machines Corpo­
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his gratitude to Professor Linus Pauling for the 
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Forschung an der Bernischen Hochschule, and to 
the Government of the Canton of Berne for finan­
cial support and leave of absence.

Summary
An electron diffraction investigation of the 

structure of the adamantane molecule in the gas 
phase has led to values for the structural parame­
ters in agreement with those found in the crystal. 
On the assumption of symmetry Td — 43m, of 
C-H = 1.09 A., and of ZHCH = 109.5°, the re­
sults are C-C = 1.54 =*= 0.01 A., and ZC2C3C2 =
109.5 ±  1.5°.
P a sa d e n a  4, C a l if o r n ia  R e c e iv e d  N o v e m b e r  18, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  a n d  C h e m ic a l  E n g in e e r in g  o f  t h e  U n iv e r s it y  o f
W a s h in g t o n ]

The System Cesium Fluoride-Hydrogen Fluoride
B y  R. V ir g in ia  W inso r  and  G eorge  H. C ady

Mathers and Stroup1 have shown that solutions 
made by melting acid fluorides of cesium may be 
used at approximately room temperature as elec­
trolytes for the preparation of fluorine. They 
found that the acid fluorides of cesium have lower 
melting points than the corresponding salts of po­
tassium, but in their work identified only the pre­
viously known compound, CsF-HF. A more 
thorough study of the system comprises the sub­
ject matter of the present article.

Experimental
A 36.0-g. sample of cesium fluoride was prepared 

from pulverized pollucite following a procedure 
based upon work of Wells2 and recommended by 
Geo. McPhail Smith. The mineral was digested 
with an equal weight of 6 N  hydrochloric acid at 
about 95° for approximately three days. Solid 
remaining undissolved was separated by filtration 
and the filtrate was evaporated to dryness. The 
product was then dissolved in four times its 
weight of 4 N  hydrochloric acid and, after filtering, 
one gram atom of iodine was added for each mole 
of cesium chloride present. The liquid was then 
heated while an excess of chlorine was passed. 
As the resulting solution was allowed to cool, the 
compound CsICl2 crystallized. This salt was puri­
fied by three re crystallizations in the presence of a 
little IC1 in solution. Cesium chloride was pro­
duced by the thermal decomposition of CsICl2. 
The chloride was converted to the nitrate which

(1) F. C. M athers and P. T. Stroup, Trans. Am . Electrochem. Soc., 
66, 245 (1934).

(2) H. L. Wells, Am. Chem. J ., 26, 265 (1901).

was fused with oxalic acid to form the carbonate. 
Aqueous hydrofluoric acid was allowed to react 
with the carbonate and the resulting solution was 
poured into the silver vessel shown in Fig. 1. 
Evaporation of the solution left the fluoride. 
Hydrogen fluoride was then added. The vessel 
was heated and hydrogen fluoride was removed 
by vacuum distillation. This process of adding 
and then removing hydrogen fluoride was repeated 
a few times with the result that the vessel plus the 
cesium fluoride came to constant weight.

Hydrogen fluoride was obtained as the vapor 
by distillation from a cylinder of the commercial 
anhydrous acid. About half of the material orig­
inally present in the cylinder had been removed 
by evaporation before starting the work on the 
system.

Cooling or warming curves were determined 
using the apparatus shown in Fig. 1, This com­
prised a silver cylinder, A, of 105 ml. capacity 
equipped with a thermocouple well, B, and a 
monel metal tube, C, through which materials were 
added or removed. The composition of the charge 
was determined by weighing the vessel and its 
contents. Temperatures were measured with a 
calibrated copper-constantan thermocouple con­
nected to a potentiometer. Each cooling curve 
was established by first heating the vessel and then 
allowing it to cool slowly while being held firmly 
in a Dewar flask or other well-insulated vessel 
which was moved rapidly back and forth in a me­
chanical shaker. Temperatures below that of the 
room were reached by placing solid carbon diox­
ide in the Dewar vessel in such a location that the
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refrigerant did not 
touch the silver cylin­
der. In a number of 
cases, both cooling and 
warming curves were 
determined.

The temperatures of 
the observed significant 
breaks in the curves are 
shown in Fig. 2. From 
this diagram the data 
presented in Table I 
were selected.

Discussion
The data indicate 

the existence of four 
acid fluorides: CsF • HF, 
CsF • 2HF, CsF • 3HF 
and CsF • 6HF. The 
first of these exists in 
two or perhaps three 
forms within the tem­
perature range 30° to 

p. 1 the melting point 176°.
lg‘ ' Several attempts were

made to determine the number of forms and the 
transition temperatures, but the experiments 
gave ambiguous results.

T a b l e  I

S y s t e m  CsF -H F
Mole 

fraction 
of HF

in
solution

Tem p., 
°C.

Type of 
point

Solid phases 
present

0.500 176.0 Freezing CsF-HF
.667 50.2 Freezing CsF-2HF
.750 32.6 Freezing CsF-3HF
.857 - 4 2 .3 Freezing CsF-6HF
.453 151.5 Eutectic CsF-HF and CsF
.639 38.3 Eutectic CsF-HF and CsF-2HF
.709 16.9 Eutectic CsF*2HF and Cs-F3HF
.828 - 4 9 .5 Eutectic CsF-3HF and CsF-6HF

<  .61 34.4 to 58.8 One or two transi­ Two or perhaps three
tion points forms of CsF-HF

In general, an abrupt change in slope in the cool­
ing curve for a sample containing solid CsF-HF 
occurred at about 56.5°. The corresponding break 
in the warming curve usually occurred at about 
42°. The proximity of the latter temperature to 
the eutectic point, 38.3°, for CsF• HF and CsF* 
2HF added to the difficulty of interpreting the ex­
perimental observations.

It is almost certain that no additional acid fluo­
rides of cesium will be discovered by extending the 
study of the system beyond the concentration 
limits used in this research. In the case of mix­
tures rich in cesium fluoride, the thermal effect 
resulting from the freezing of CsF • HF and an­
other solid, probably cesium fluoride, was still 
readily detected at a mole fraction of hydrogen 
fluoride of 0.205. It is also the case that the ther­
mal decomposition of molten CsF • HF leaves

1.0 0.8 0.6 0.4
Mole fraction of HF.

Fig. 2.—The system CsF-HF.

solid cesium fluoride rather than an acid fluoride. 
These two facts strongly suggest that no acid fluo­
rides exist which are richer in cesium fluoride than 
the salt CsF • HF. Since the most dilute solution 
studied (mole fraction of hydrogen fluoride equal 
to 0.876) showed no thermal effect due to eutectic 
freezing down to temperatures as low as —83° and 
since no other acid fluorides containing over six 
moles of hydrogen fluoride per mole of metal fluo­
ride are known, it is unlikely that additional com­
pounds exist in this part of the system.

A comparison of the acid fluorides of the alkali 
metals reveals the following trends with increas­
ing atomic number of the metal: (1) The melting 
points of corresponding compounds decrease. (2) 
The corresponding compounds become more sta­
ble. (3) The maximum number of moles of hy­
drogen fluoride capable of combining with one 
mole of metal fluoride apparently increases. Item
(1) is illustrated by the fact that N aF-H F melts 
at some as yet undetermined temperature above 
278°,3 while the corresponding acid fluorides of 
potassium,4 rubidium5 and cesium melt congru- 
ently at 239.0, 205 and 176.0°, respectively. 
This trend is comparable with that existing for the

(3) Froning, Richards, Stricklin and Turnbull, Ind. Eng. Chem., 
39, 275 (1947).

(4) G. H. Cady, T his Journal, 56, 1431 (1934).
(5) E. B. R. Prideaux and K. R. Webb, J. Chem. Soc., 1 (1937).
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normal fluorides whose freezing points ate reported 
to be: lithium fluoride, 870°; sodium fluoride, 
980-997°; potassium fluoride, 880°; rubidium 
fluoride, 760°; cesium fluoride, 684°. Item (2) 
is illustrated by the heats of formation of the acid 
fluorides of the type MF • HF from the solid fluo­
rides of the type M F-H F from the solid fluo­
ride of the metal and gaseous hydrogen fluoride. 
Values given by de Forcrand6 for the salts pro­
gressing from that of sodium to that of cesium are 
in calories per mole: 17.10, 21.56, 22.58, 23.57. 
Further evidence for increasing stability is fur­
nished by the temperatures at which the MF -HF 
compounds decompose to give solid MF and hy­
drogen fluoride vapor at one atmosphere pressure. 
The lithium and sodium salts decompose without 
melting at “below 200°”7 and at 278°,3 respec­
tively. Potassium acid fluoride, KF-HF, melts, 
and the liquid must be heated to about 400°,4*8 to

(6) M . de Forcrand, Compt. rend., 152, 1557 (1911).
(7) H. V. W artenberg and O. Bosse, Z. Elektrochem., 28,386 (1922).
(8) Fredenhagen and Cadenback, Z. anorg. allgem. Chem., 178, 

289 (1928).

cause the vapor pressure of hydrogen fluoride to 
be one atmosphere. The corresponding salts of 
rubidium and cesium require still higher, but a t 
present unknown, temperatures. Item (3) is il­
lustrated by the formulas for the highest known 
acid fluorides: LiF-HF, NaF-HF, KF-4HF,
RbF-3HF (others may yet be found), CsF-6HF.

Both K F-H F and CsF-HF undergo transitions 
involving large heat effects. In the case of the 
former, the heat of transition is larger than the 
heat of fusion and the modification existing above 
the transition point is much softer than the low 
temperature form. The cause of the transition is 
not known, but it may possibly involve rotation of 
the HFa-  ion.

Summary

Cesium fluoride and hydrogen fluoride form the 
compounds: CsF-HF, CsF-2HF, CsF-3HF and 
CsF • 6HF.
Seattle 5, W ashington  R eceived  A ugust 8, 1947

[Contribution  No. 9 from  the  T hermodynamics Laboratory, P etroleum  E xper im ent  Station ,
B u reau  of M in e s]

The Heat Capacity, Heat of Fusion and Entropy of Benzene1
B y  G eorge  D. Ol iv e r , M argaret E aton  a n d  H ug h  M . H u ffm an

Because of the importance of benzene in organic 
chemistry and in industry the Bureau of Mines 
has considered it desirable to include this material 
in its research program involving determination 
of the thermodynamic properties of hydrocarbons 
and their derivatives.

Low-temperature measurements have been 
made on benzene by several investigators. 
Nernst2 made measurements over the temperature 
range 20 to 80°K. Huffman, Parks and Daniels3 
made measurements over the temperature range
92 to 300°K. More recently Ahlberg, Blanchard 
and Lundberg4 made measurements from 4 to
93 °K. These authors used their data, combined 
with those of Huffman, Parks and Daniels,3 to cal­
culate the entropy of liquid benzene at 298.1°K. 
Hence the best experimental value of the entropy 
of benzene is the resultant of measurements made 
in different laboratories. I t  seemed desirable to 
obtain the value of the entropy from a single set 
of precise data in order to make a reliable com­
parison with the entropy calculated from spectro­
scopic and molecular data.

The Apparatus.—-The measurements were made in the 
apparatus described by Ruehrwein and Huffman.5 Very * 52

(1) Published by permission of the Director, Bureau of Mines, 
U. S. D ept, of the Interior. Article not copyrighted.

(2) W. Nernst, A n n . Physik, 36, 395 (1911).
(3) H . M . Huffman, G. S. Parks and A. C. Daniels, This Journal,

52, 1547 (1930).
(4) J. E. Ahlberg, E. R. Blanchard and W. O. Lundberg, J. Chem. 

Phys., 5, 539 (1937).
(5) Ruehrwein and Huffman, T his Journal, 65, 1620 (1943).

briefly, the method is as follows: About 0.6 mole of the 
material under investigation was contained in a sealed 
copper calorimeter, which was mounted in the adiabatic 
calorimetric system. A measured amount of electrical 
energy was supplied to the calorimeter, and at all times 
the temperature of the environment was maintained at 
that of the calorimeter to prevent heat interchange. The 
initial and final temperatures of the calorimeter were meas­
ured by means of a platinum resistance thermometer. 
The electrical measurements required for determination 
of the resistance of the thermometer and for electrical 
energy were made on a “ White” double potentiometer 
in conjunction with a high-sensitivity galvanometer and 
accurately calibrated resistances. The potential was in 
terms of a bank of six saturated cadmium cells which had 
been certified by the National Bureau of Standards. 
Time measurements were made with an electric stop clock 
driven by alternating current, the frequency of which was 
controlled to about 0.001%. The precision of the meas­
urements was in general better than 0.1%, and above 
30 °K. it is believed that the accuracy uncertainty should 
not be greater than 0.2%. The energy measurements 
were made in terms of the NBS international joule and 
were converted to calories by dividing by 4.1833.

Experimental
The Material.—The benzene used in this investigation 

was purified at the Laramie station of the Bureau of 
Mines6 and supplied to this Laboratory for a check of its 
purity by a calorimetric melting point determination.

In July, 1944, a melting point study was made on this 
material but heat capacity measurements were not made 
at that time, since the laboratory hydrogen liquefier was 
not yet in operation. The material was left in the sealed 
calorimeter from July, 1944, until June, 1947, when the 
measurement of the heat capacity was undertaken. Due 
to a change in calorimetric technique it was necessary to

(6) H. M. Thorne, W. Murphy and J. S. Ball, Anal. Chem., 19, 481
(1945).
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1 2 3 4 5 6
l/F .

Fig. 1.—Benzene melting point.

transfer the benzene to another calorimeter. The trans­
fer was made by distillation at room temperature in an air- 
free glass system.

During the heat capacity measurements, a second 
study of the melting point was made, and the amount of 
impurity found was approximately three times as great 
as in the original investigation. This finding suggests 
that benzene stored in copper is not stable, although it is 
possible that the benzene may have been contaminated in 
the transfer process.

T a b l e  I
B e n z e n e  M e l t in g  P o in t  S u m m a r y

0°C. =  273.16 °K. 
1944 Expt.

% T, °K.
M elted Obsd. Calcd.

5 .3 278.5882 278.5436
27.6 .6686 .6626
4 9 .7a .6751 .6751
74.4 .6796 .6804
81 .0 ft .6757 .6812
8 5 .36 .6794 .6817
94.1® . 6825 .6825

100% .6830
Pure .6908
Triple point =  278.691 =±= 

0.010
Im purity  =  0.012 mole %

N2/F  =  0.0153AT
1947 Expt.

% T, °K.
Melted Obsd. Calcd.

24.9 278.6067 278.5974
45.1® .6367 .6367
69.3 . 6526 .6537
89.5® .6606 .6606

100% .6633
Pure .6850

Triple point =  278.685 =*= 
0.010

Im purity  =  0.033 mole %
® These points[used to obtain calculated values. b These 

points obtained from freezing expt.

The melting point studies were made in the way de­
scribed by Todd, Oliver and Huffman.7 The results of 
the investigations are summarized in Table I. As dis­
cussed in the above reference,7 a plot of the melting point 
against the reciprocal of the fraction melted should yield 
a straight line if Raoult\s law is obeyed. The data are 
plotted in Fig. 1, and it is apparent that the observed 
points do not follow the theoretical linear relationship. 
It may be argued that the departure from linearity is due 
to experimental error. This is quite possible, but it is 
believed that it is not due to the thermometry, as in gen­
eral the thermometry is precise to a few ten thousandths 
of a degree. The fact that the departure from linearity 
is qualitatively the same in both sets of measurements is 
a substantial argument in favor of the observations being 
characteristic of the benzene solution. If the observed 
curvature is not characteristic of the benzene solution under 
equilibrium conditions, it is a resultant of the combination 
of benzene, the calorimetric system, and the method em­
ployed. This latter statement is made because, in similar 
studies of other compounds using the same calorimetric 
system, a linear relation, within the thermometric error, 
has been found.

The data have been used in the usual way to obtain the 
melting point of the pure material by an extrapolation 
of the straight line, through the points at approximately 
90 and 50% melted, to l /F  equals zero. The slope of 
this line times the cryoscopic constant gives the mole frac­
tion of impurity.

It is obvious that, in this case, the above procedure is 69
(7) S. S. Todd, G. D. Oliver and H. M. Huffman, T h is  J o u r n a l ,

69, 1519 (1947).
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arbitrary, since the data do not show conclusively that 
Raoult’s law is obeyed. These observations will em­
phasize the conclusion of Todd, Oliver and Huffman7 
that the interpretation of melting point data obtained in 
the ordinary specific heat calorimeter should be made with 
caution.

Results
In Table II are given the results of the experi­

mental heat capacities and in Table III are listed 
the values of the molal heat capacity at integral 
temperatures as selected from a smooth curve 
drawn through the experimental data. The 
smoothed heat capacity data of Ahlberg, Blanch­
ard and Lundberg4 and of Huffman, Parks and 
Daniels3 have also been listed in Table III for com­
parison.

T a b l e  II
T h e  M o l a l  H e a t  C a p a c it y  o f  B e n z e n e

0°C. =  273.16°K., mol. wt. 78.108 
0.60020 mole in calorimeter

Csatd. Csatd.r, °k . AT cal./deg. r, °k . AT cal./deg.
12.97 1.502 0.687 156.08 8.996 15.943
14.25 1,765 .870 157.46 8.151 16.045
14.77 2.142 .957 164.90 8.645 16.646
16.52 2.802 1.270 173.39 8.323 17.393
16.95 2.259 1.350 181.56 8.018 18.154
19.64 3.142 1.913 189.92 8.694 18.979
19.93 4.037 1.981 198.90 9.281 19.895
23.04 3.666 2.689 207.99 8.903 20.916
23.67 3.463 2.837 216.73 8.560 21.921
26.77 3.794 3.570 225.53 9.048 23.002
27.47 4.141 3.717 234.19 8.268 24.072
30.59 3.841 4.427 235.10 10.145 24.200
31.77 4.466 4.698 242.79 8.945 25.285
36.51 5.026 5.691 245.02 9.691 25.583
41.68 5.318 6.631 252.03 9.529 26.583
47.09 5.498 7.482 254.51 9.282 26.948
52.68 5.673 8.232 261.36 9.129 27.972
54.07 4.743 8.404 261.41 8.192 27.896
58.09 ,5.151 8.860 263.16 8.029 28.249
59.33 5.780 8.999 269.42 7.834 29.427
65.52 6.616 9.607 270.28 8.709 29.592
71.72 5.762 10.100 270.61 6.862 29.612
78.20 7.196 10.602 Liquid
85.58 7.569 11.151 286.90 8.108 31.930
93.35 7.943 11.646 289.37 8.124 32.063

101.65 8.682 12.151 294.96 8.012 32.343
110.12 8.257 12.681 300.41 9.389 32.629
118.19 7.885 13.194 309.73 9.255 33.104
125.92 7.572 13.712 318.92 9.119 33.614
133.80 8.188 14.262 327.97 8.986 34.160
141.84 7.887 14.835 336.89 8.856 34.670
149.59 7.603 15.425

Two measurements of the heat of fusion were 
made. The values found were 2357.6 and 2358.6 
calories per mole, mean 2358.1 =*= 0.5 calories per 
mole. The uncertainty given is the precision un­
certainty; the accuracy uncertainty may be con­
siderably greater than this due to lack of knowl­
edge of the exact amount of premelting, of the ex­
act composition, and of the behavior of the impur­
ity when the material was crystallized.

T a b l e  III
M o l a l  H e a t  C a p a c it y  o f  B e n z e n e  a t  I n t e g r a l  

T e m p e r a t u r e s
This Gflatd. cal./degree

T, °K. research A, B & L H, P &
13 0.685
14 .830
15 . 995 0 .9 2 0
20 2 .0 0 0 1 .8 4
25 3 .1 4 5 3 .0 0
30 4 .3 0 0 4 .2 4
35 5 .3 8 5
40 6 .3 4 0 6 .4 7
45 7 .1 6 5
50 7 .8 8 5 8 .1 4
55 8 .5 0 5
60 9 .0 6 5 9 .3 2
65 9 .5 4 0
70 9 .9 7 5 10 .16

. 75 10 .375
80 10 .750 10 .85
85 11 .105
90 11.430 11 .44 11 .40
95 11 .745 11 .70

100 12 .050 11 .99 12.01
110 12 .670 12 .65
120 13.310 13 .34
130 14.000 14 .07
140 14 .700 14 .80
150 15 .450 15.56
160 16 .230 16 .34
170 17 .090 17 .16
180 18 .020 18 .06
190 18 .980 19.03
200 2 0 .0 1 0 2 0 .0 6
210 2 1 .1 4 0 2 1 .1 7
220 2 2 .3 2 0 2 2 .3 2
230 23 .5 5 0 2 3 .5 5
240 2 4 .8 8 0 2 4 .8 3
250 2 6 .3 0 0 26 .2 1
260 2 7 .7 6 0 2 7 .7 7
270 2 9 .3 1 0
2 7 8 .69 3 0 .7 6 0 -

278 .69 3 1 .5 2
280 3 1 .5 9 3 1 .4 6
290 3 2 .1 0 3 1 .8 7
2 9 8 .16 3 2 .5 2 3 2 .2 2
300 3 2 .6 2 3 2 .3 0
310 3 3 .1 6
320 3 3 .6 9
330 3 4 .2 6
340 34 .8 7
350 3 5 .5 0
35 3 .2 6 3 5 .7 0

The heat capacity data have been utilized to 
calculate the entropy of benzene. The results of 
these calculations are summarized in Table IV.

Discussion
Heat capacity measurements on liquid benzene 

were made to within about 12° of the normal boil-
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T a b l e  IV
E n t r o py  o f  B e n z e n e  in  C a l . / D e g . / M o l e

Si3° (Debye, 4.5° freedom, 6 = 130.5) = 0.228
AS13 -278.69 (graphical) 30.560
AS278.69 (2358.1/278.69) = 8.461
A5*278.69—298.i6 (graphical) = 2.162
5298.16® liquid = 41.411 0.08

AkSvap.. 298.16 (809012/298.16) = 27.133
AScompression, (R hi 95.1313/760) = -4 .1 2 9
A5gas imperfection = 0.042
5°, ideal gas at 1 atm. 64.457 '=*= 0.12

A5*278.69—363.26 (liq.) graphical = 7.928
5liq/*353.26 = 47.177
A5vaP.. 353.26 (734914/353.26) = 20.803
A5gas imperfection = 0.145
S, ideal gas at b. p. 353.26 = 68.125 =*= 0.12
° Entropy of saturated liquid. 6 From equation of 

state of reference.11

ing point. Hence it should be noted that the val­
ues listed in the tables are for the saturated liquid. 
The difference between Cp and Csatd. may become 
barely significant at the higher temperatures.

The heat capacity measurements of Ahlberg, 
Blanchard and Lundberg4 showed no regular de­
viation from those of this research but were both 
lower and higher in the temperature range 15 to 
90°K. The differences ranged from —8.7 to 
+3.2%. They calculated a value of 10.89 cal./ 
degree for the molal entropy at 90° compared 
with 10.82 cal./degree obtained in this research.

The entropy of gaseous benzene has been calcu­
lated by Taylor, Wagman, Williams, Pitzer and 
Rossini,8 who used the vibrational assignment of 
Pitzer and Scott.9 They calculated Sgas 298 16° = 
64.34 and SgSLS 353.26° = 67.98 cal./degree/mole. 
A similar calculation using the more recent vibra­
tional assignment of Herzfeld, Ingold and Poole10

(8) Taylor, Wagman, Williams, P itzer and Rossini, J . Research, 
Natl. Bur. Standards, 37, 95 (1946).

(9) K. S. Pitzer and D. W. Scott, T his J ournal, 65, 817 (1943).
(10) Herzfeld, Ingold and Poole, J . Chem. Soc., 316 (1946).
(11) Scott, W addington, Sm ith and Huffman, J. Chem. Phys., 15, 

565 (1947).

and the same values for the moments of inertia and 
fundamental constants used by Taylor, et al.* 
gives values of 64.33 and 67.97 cal./degree/mole. 
The vapor heat-capacity data of Scott, Wadding­
ton, Smith and Huffman11 indicate significant 
anharmonicity in the vibrations of the benzene 
molecule. The correction for anharmonicity in­
creases the calculated entropy by 0.02 and 0.04 
cal./degree/mole at 298.16° and 353.26°K., re­
spectively. These calculated values are shown in 
Table V. The agreement between the experimen­
tal and calculated values is within the estimated 
experimental error.

T a b l e  V
C o m p a r is o n  o f  C a l c u l a t e d  a n d  E x p e r im e n t a l  E n ­

t r o p ie s  o f  B e n z e n e  G a s

298.16°K . 353 .2 6 GK .
5°, ideal gas at 1 atm.

(calcd.)® 64.33 67.97
Correction for anhar-

monicity5 0.02 0.04

5°, ideal gas at 1 atm. 64.35 68.01
(exptl.) 64.46 ±  0.12 6 8 . 1 2  0 . 1 2

• Harmonic oscillator-rigid rotator approximation, using 
vibrational assignment of Herzfeld, Ingold and Poole.10 
b See ref. 11.

Summary
The heat capacity of benzene has been measured 

over the temperature range 12 to 341 °K. From 
these and other data the entropy of the liquid and 
vapor a t 298.16 and 353.26°K. were calculated. 
The experimental values of the entropy were 
found to be in good agreement with those calcu­
lated from spectroscopic and molecular data.
B artlesville, O k l a . R eceived  D ec em ber  5, 1947

(12) Osborne and Ginnings, J . Research Natl. Bur. Standards, 39, 
453 (1947).

(13) American Petroleum Institu te  Research Project 44 a t  th e  
National Bureau of Standards, Selected Values of Properties of 
Hydrocarbons, Table No. 5k (Part 1).

(14) W addington and Douslin, T his Journal, 69, 2275 (1947).
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Heats of Fusion
B y  J oseph  G ordon

This paper presents the results of a low tem­
perature calorimetric investigation on ethyl chlo­
ride. Linnett1 has calculated the entropy of the 
gas for several assumed atomic distances and the 
cases of completely free and completely restricted 
internal angular motion about the carbon-carbon 
bond. In the absence of more complete molecular 
data these calculations leave an uncertainty of the 
order of one or two cal. deg.-1 mole-1 in the en­
tropy.

Ethyl Chloride.—Ethyl chloride, C2H5C1, was 
obtained from the Eastman Company in five 100 
g. ampoules. The material was purified by the 
following procedure: Two fractional crystalliza­
tions were carried out in a bulb equipped with a 
side arm. The resulting material was pumped to 
remove air and then dried by condensing it in a 
bulb of phosphorus pentoxide. Following this the 
material was alternately solidified and melted 
several times and a vacuum of 10 “6 mm. was 
pumped on the solid after each such crystalliza­
tion to insure the removal of air or any other vola­
tile material. The ethyl chloride was then distilled 
in two lots in a silvered, vacuum-jacketed column 
about 1.3 cm. i.d., which was packed for a length 
of 50 cm. with small glass helices. A reflux ratio of 
the order of 30 :1 was used. The rate of removal 
was controlled by means of a system of capillaries 
which led to a receiving vessel where the product 
was obtained as a solid by condensation in liquid 
air. As usual the glass receiving vessel was pro­
tected from the liquid air by means of a metal 
sheath in case of breakage. The condenser of the 
fractionating column was cooled by ice. The two 
middle fractions were combined to give about 100 
cc. of the final product.

The small amount of heat due to premelting 
observed in connection with heat capacity meas­
urements just below the melting point was used 
to estimate the liquid-soluble solid-insoluble im­
purity as of the order of 0.02 mole per cent.

Method and Apparatus.—The measurements 
were made in a calorimeter which has been 
described previously2*8*4 and given the laboratory 
designation Gold Calorimeter II. The most de­
tailed description of this type of calorimeter has 
been given by Giauque and Egan.5 An accident 
to the apparatus necessitated winding a new gold 
resistance thermometer-heater which was practi­
cally the same as had been used previously. A 
small platinum well was fused to the bottom of

(1) L innett, Trans. Faraday Soc., 36, 527 (1940).
(2) Giauque and Wiebe, T his Journal, 50, 101 (1928),
(3) Giauque and Johnston, ibid., 51, 2300 (1929).
(4) Blue and Giauque, ibid., 57, 991 (1935).
(5) Giauque and Egan, J. Chem, Phys., 5, 45 (1937).

and Vaporization
a n d  W . F . G ia u q u e

the gold calorimeter and filled with Rose’s metal 
to facilitate contact with the junction of the 
standard thermocouple.

The standard thermocouple which has the lab­
oratory designation W was, as usual, compared 
with the triple and boiling points of hydrogen and 
the vapor pressure of liquid oxygen by liquefying 
these substances in the calorimeter. The com­
parison served to emphasize the importance of 
considering a standard thermocouple and the po­
tentiometer used to measure its e. m. f. as a unit 
to be calibrated together. The potentiometer 
had been returned to the manufacturer for recon­
ditioning prior to its use in this research. In terms 
of temperature the comparison using the recondi­
tioned potentiometer indicated that the thermo­
couple read high by 0.70° at the triple point of 
hydrogen, 13.95°K., and 0.45° high at the boil­
ing point of hydrogen 20.37°K. Since two other 
standard thermocouples compared under similar 
conditions showed almost identical deviations it 
was clearly evident that the absolute reading of 
the potentiometer had been altered. At 72°K. 
the apparent change was 0.04° high and a t 78°K.,
0.05° high. As nearly as the change could be 
allocated between thermocouple and potentiom­
eter it appeared that the actual change of the 
thermocouple was in the direction to read about
0.1° low at liquid hydrogen temperatures if the 
potentiometer had not been altered. I t  was of 
course not necessary to allocate the change in 
using the thermocouple to determine temperature.

Vapor Pressure of Ethyl Chloride.—The vapor 
pressure was measured by means of a mercury 
manometer with an inside diameter of 1.6 cm., 
and a standard meter bar suspended between the 
manometer tubes. A Société Génévoise cathe- 
tometer with a precision of 0.002 cm. was used as 
a comparison instrument.

The manometer line was connected to the calo­
rimeter which provided almost ideal temperature 
control. The data of Cawood and Patterson6 were 
used to correct for capillary depression. The data 
were corrected to international cm. by means of 
the thermal expansion of mercury as given in the 
“I.C.T.”7 and the acceleration of gravity8 which 
was taken as 979.973 cm. sec.-2 for this location. 
The standard acceleration used was 980.665 cm. 
sec.-2.

The vapor pressure data covering the range 217 
to 286°K. are represented by the equation

(6) Cawood and Patterson, Trans. Faraday Soc., 29, 522 (1933),
(7) “International Critical Tables,** Vol. I, McGraw-Hill Book 

Co., New York, N. Y., 1926.
(8) Landolt, Bornstein and Roth, “Physikalisch-chemische Tabel­

len/’ Verlag Julius Springer, Berlin, 1923,
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logio P  (int. cm. Hg) =  (-1777.378/7"*) -0.01157897* +
1.06734 X 10~5r 2 +  10.54417

The observations are compared with the above 
equation in Table I. The temperatures are given 
to thousandths of a degree to permit the calcula­
tion of accurate derivatives from the precise re- 
mometer data although the absolute temperatures 
may be in error by as much as 0.05°.

The equation gives the value of the boiling 
point as 285,37°K.

T a b l e  I

April, 1948

V a p o r  P r e s s u r e s  o f  E t h y l  C h l o r id e  
(0°C. =  273.10 °K.)

r, °k .
P  obsd. 

(int. cm. Hg)
P  obsd. 

— P  calcd.
T  obsd. 

— T  calcd.
217.223 2.245 + 0 .005 -0 .0 3 1
229.456 5.045 -  .004 +  .013
237.659 8.245 -  .006 ; +  .0 1 2
245.015 12.413 +  .003 -  .005
253.106 18.841 +  .006 -  .007
259.621 25.786 -  .002 +  .002
265.464 33.661 -  .006 +  .004
271.222 43.219 +  .002 -  .001
276.548 53.899 +  .031 -  .014
279.591 60.830 +  .002 -  .001
283.590 71.037 +  .001 .000
285.611 76.683 -  .002 +  .001

dP/dP  =. 2.8591 cm./degree at 1 atm.

T a b l e  I I

M e l t in g  P o in t  o f  E t h y l  C h l o r id e  
0°C. «  273.10 °K.

Per cent. T, °K. T, °K.
melted thermocouple resistance thermometer

10 134.69 134.702
30 134.84 134.803
60 134.80 134.804
80 134.81 134.808

Lccepted value 134.80 ±  0. MolOO

T a b l e  I I I

C o m p a r is o n  o f  M e l t in g  a n d  B o il in g  P o in t  D a ta  o f

M elting
point,

Boiling
point,

Ethyl Chloride 
0°C. =  273.10 °K.

°K. °K. Observer
285.28 Linnemann9 (1871)
285.43 Schacherl10 (1880)
285.6 Jenkin and Short hose11 (1923)

133.7 285.30 Kanolt12 (1926)
285.50 Fuchs13 (1930)

134.4 Timmermans and Hennaut-Roland14 
(1937)

134.80 285.37 This research

(9) Linnemann, Ann., 160, 214 (1871).
(10) Schacherl, ibid., 206, 68 (1880).
(11) Jenkin and Shorthose, Dept, o f Sci. and Ind. Red., No. 14, 

(1923).
(12) Kanolt, Bur. of Standards Sci. Paper 520, 619 (1926).
(13) Fuchs, Z. Physik, 63, 838 (1930).
(14) Timmermans and Hexmaut-Roland, J , chim. phys., 34, 

(1937).

Melting Point of Ethyl Chloride.—As usual 
the melting temperature was observed with 
various fractions of the material, in the calorim-

T a b l e  IV
M o la l  H e a t  C a p a c it y  o f  E t h y l  C h l o r id e  

0 °C. =  273.10 °K. Molecular weight, 64.517. 1.3946
moles in calorimeter 

C p

Cal. deg. “1 mole ~1 Series
1.20
1.93 
2.73
3.61
4.51 
5.37
6.18  
6.97
7.58
8.21
8.79
9.54 I

10.20
10.78
11.34
11.92
12.58
12.95 
13.32
13.95
14.78
15.68
16.68 
17.83a 
19.70®

Melting point
23.16 I
23.07
23.00 
22.99
22.91
22.84
22.84
22.90 
22.87
22.90
22.83 II
22.89
22.92
23.06
23.08 
23.22 
23.26
23.35
23.46 III
23.62
23.78  
23.86
24.03
24.24
24.41 r: .
24,49 r:

e Premelting,

T , °K. Approx. &
14.55 2.4
17.08 2 .4
19.99 3.3
23.62 3 .6
27.43 3.9
31.40 4 .0
35.33 3.9
39.03 3 .5
42.71 3 .8
46.61 4.0
50.87 4 .5
55.55 4 .7
60.34 4.9
65.15 4 .4
69.78 4.9
74.70 5.0
79.96 5.5
85.67 5.3
91.50 6.1
97.49 5.8

103.74 6.5
110.19 5.903
115.90 5.351
121.08 4.868
126.82 6.427
134.80
139.82 6.0
145.83 5.8
151.09 5.4
156.55 5.2
162.39 5 .9
168.30 5.7
174.10 5.5
179.75 5.3
185.14 5 .2
190.62 5 .7
199.72 5.4
205.44 5.3
210.87 5.1
216.72 5 .7
222.68 5.5
228.54 5.3
234.25 5.2
239.77 5.0
244.51 4 .9
250.29 5.3
255.97 5.2
261.68 5.1
267.74 5.0
273.67 4 .8
279.47 4 .7
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eter, melted. The data are given in Table II. 
Each of the temperatures given was obtained by 
waiting a long period for equilibrium after each 
addition of heat to alter the fraction melted. 
The observations extended over a period of 35 
hours.

The melting and boiling point observations of 
other observers are given in Table III for compari­
son with those found in the present research.

H eat Capacity of Ethyl Chloride.—The heat 
capacity from 13°K. to the boiling point was 
measured in the same manner as has been used 
in many similar researches3 in this Laboratory.

The value 4.1833 international joules was taken 
equal to one calorie. The amount of ethyl chlo­
ride in the calorimeter was 89.978 g., equivalent to 
1.3946 moles, using 64.517 as the molecular weight. 
Correction was applied for the small amount of 
heat used in vaporization into the gas space above 
the liquid in the calorimeter.

Values of the heat capacity read at even values 
of the temperature from a smooth curve through 
the observations are given in Table V. I t is esti­
mated that the smooth curve represents the heat 
capacity to within 0.2% above 35°K., within 
1% at 20°K. and within 3% at 15°K. due to the 
low temperature coefficient of the resistance ther­
mometer.

T a b l e  V

H e a t  C a p a c it y  o f  E t h y l  C h l o r id e

Smooth curve through observations 
(0°C. = 273.10°K.; molecular weight, 64.517)

T, °K. cal. deg .-1 m ole-1 T, °K., cal. deg.-1 mole”1
15 1.35 140 23.15
20 2.73 150 23.04
25 3.95 160 22.95
30 5.07 170 22.90
35 6.10 180 22.86
40 7.08 190 22.86
45 7.96 200 22.89
50 8.73 210 22.94
60 10.15 220 23.04
70 11.36 230 23.19
80 12.58 240 23.37
90 13.20 250 23.60

100 14.26 260 23.85
110 15.65 270 24.12
120 17.58 280 24.40
130 20.22 290 24.69
134.80 21.71 (solid)

Melting point
134.80 23.23 (liquid)

H eat of Fusion of Ethyl Chloride.—Three de­
terminations of the heat of fusion of ethyl chlo­
ride were made in the usual way. Heat input 
started somewhat below the melting point and 
ended a t a temperature somewhat above. A 
correction was made for the small amount of 
premelting which had occurred below the start­
ing temperature e The results are summarized in 
Table VL

T a b l e  VI
H e a t  o f  F u s io n  o f  E t h y l  C h l o r id e  

Melting point 134.80°K.; molecular weight 64.517
Total Pre- p  AH
heat melting J  Cp d T  fusion

Tem perature 
interval, °K.

added 
cal. m ole-1

. cal. 
mole -1

cal.
mole - i

cal.
mole ~'1

1 3 0 .1 0 9 -1 3 5 .6 9 8 1181 .6 1 .5 1 19 .0 1064.1
131 .8 3 7 -1 3 8 .1 6 2 1203.1 2 .4 141 .0 1064.5
1 3 2 .2 4 2 -1 3 6 .0 9 5 1145.1 2 .7 8 4 .6 1063 .2

Average 1064 =*= 1

Heat of Vaporization of Ethyl Chloride.—The
heat of vaporization was measured by vaporizing 
the material from the calorimeter into a bulb 
where it was condensed by means of liquid air. 
The pressure was maintained constant during 
vaporization a t approximately 1 atmosphere by 
means of a system of capillary tubes, which could 
be used in various combinations, between the 
calorimeter line and the condensation bulb. Only 
the heater on the lower half of the calorimeter was 
used in these measurements and only liquid in the 
upper half of the calorimeter was evaporated. 
This avoided possible superheating of the gas fol­
lowing vaporization.

The temperature of vaporization was obtained 
by observing the vapor pressure during the heat 
input. The rate of vaporization used in such 
measurements in this Laboratory is kept low 
enough so that vaporization occurs quietly at the 
surface with no bubble formation Since some 
superheat occurs toward the bottom of the liquid 
the final temperature after heating and condensa­
tion is ended will be somewhat different than the 
initial temperature or the vaporization tempera­
ture. Accordingly correction was applied for the 
heat capacity, heat leak and vaporization into 
the known gas volume, including the volume pre­
viously occupied by the liquid. A small correc­
tion was applied to correct the values of the heat of 
vaporization to the exact temperature 285.37°K., 
the normal boiling point of ethyl chloride.

The experimental observations are given in 
Table VII. The value calculated from the vapor 
pressure equation and the assumption that the gas 
volume may be calculated by assuming a Berthe- 
lot gas is in excellent agreement but is given no 
weight in comparison with the direct observations.

T a b l e  VII
H e a t  o f  V a p o r iz a t io n  o f  E t h y l  C h l o r id e  

Boiling point, 285.37 °K.

Run
Moles

evaporated

Time of 
energy 
input, 

m inutes
AH  vaporizati 

cal. mole”*
1 0.15210 40 5894
2 .14240 40 5898
3 .13736 40 5897
4 .13379 40 5891
5 .17709 45 5886
6 ,17732 45 5885

Average 5892 6
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Value calculated from vapor pressure equation 
5875 cal. mole-1.

The Entropy of Ethyl Chloride.—The calcula­
tion of the entropy of ethyl chloride from the 
calorimetric data is summarized in Table VIII.

T a b l e  VIII
C a l c u l a t io n  o f  t h e  E n t r o p y  o f  E t h y l  C h l o r id e

Cal. deg.-1, mole-1
0-15°K., Debye extrapolation 0.50
15-134.80°K., graphical 18.725
Fusion, 1064/134.80 7.893
134.80—285.37°K., graphical 17.401
Vaporization, 5892/285.37 20.647

Entropy of actual gas at boiling point 65.17 ±  0.10
Correction for gas imperfection 0.14

Entropy of ideal gas at boiling point 65.31

The correction for gas imperfection given in 
Table VIII was calculated by assuming that Ber- 
thelot's equation of state represented the gas im­
perfection. For this case the equation (ï)S/ 
dP)r = ~ (b V /d T )P gives

*S*ideal factual “  (27RT°P)/(32T31\)
=  0.14 cal. deg.-1 mole-1

The values Tc — 460.3°K. and P c — 52 atm. were 
taken from the “International Critical Tables.”

Entropy Calculations Based on Molecular 
Data.—Since the potential barrier for internal 
rotation of ethyl chloride has not been observed 
spectroscopically the entropy could not be com­
pletely calculated from molecular data. However, 
the data are otherwise sufficiently complete so 
that the entropy due to internal rotation may be 
evaluated by difference. “I.C.T.” values of nat­
ural constants were used in the calculations.

The following distances were adopted as a basis 
for the calculation C-C, 1.54 A.; C-H, 1.09 A.; 
C—Cl, 1.75 A. Tetrahedral angles were assumed 
in the absence of definite information since the 
error due to this assumption should not have much 
effect on the entropy calculation. The vibra­
tional assignment given by Linnett1 was adopted 
except that we accepted a suggestion of Professor
K. S. Pitzer to delete the values 1000 and 1120 
cm.-1, and add 1319 and 1385 cm.-1 although the 
change has little effect on the vibrational entropy 
at the boiling point since this is principally due to 
the lower frequencies. The assignment used is 
337, 655, 790, 970, 1050, 1070, 1290, 1319, 1385, 
1400, 1450(2), 3000(5).

The principal moments of inertia were calcu­
lated to be h  = 30.20 X 10-40, J2 = 159.7 X 10-40 
and h  = 178.5 X 10-40 g. cm2., where / 3 is per­
pendicular to the plane of symmetry. The angle 
between the C-C direction and the principal axis 
of Ii was found to be 45°48' = 0. The reduced 
moment of inertia was calculated from the for­
mula

<*• ”  /c h * [ x ~  /c h * ( + ^  +  x r ) ]

given as Formula (la) by Pitzer and Gwinn.15 
Ired. was found to be 4.73 X 10-40 g. sq. cm.-2.

The entropy calculation for the gas at the boil­
ing point is summarized in Table IX.

T a b l e  IX
Ca l c u l a t io n  o f  t h e  E n t r o p y  o f  E t h y l  C h l o r id e  G a s  
fr o m  M o l e c u l a r  D a t a  a t  it s  B o il in g  P o in t , 285.37°K.

Calories degree-1 m ole-1

1509

Translation 38.20
Rotation (rigid molecule) 23.58
Vibration 1.98

63.76
Total entropy, measured 65.31
Entropy due to internal rotation 1.55

The potential barrier may be evaluated from the 
tables prepared by Pitzer and Gwinn.15 If the 
internal rotation were completely free the entropy 
corresponding to the reduced moment of inertia 
given above would be 3.46 cal. deg.-1 mole-1 a t 
285.37°K. S free  -  ^ res tric ted  = 3.46 -  1.55 = 
1.91 cal. deg.-1 mole-1. In the present case there 
are three potential minima per revolution and the 
potential barrier corresponding to the suppression 
of internal rotation by 1.91 cal. deg.-1 mole-1 is 
found to be 4700 cal. mole-1.

A summary of the entropy calculation for 
298.1 °K. is given in Table X.

T a b l e  X
E n t r o p y  o f  E t h y l  C h l o r id e  G a s  a t  298.1°K.

Calories
degree-1 m ole-1

Translation 38.42
Rotation (rigid molecule) 23.70
Vibration 2.19
Internal rotation 1.60

65.91

The entropy value 65.91 cal. deg.-1 mole-1 does 
not include the effects of isotopes and nuclear spin 
since these effects should be ignored in ordinary 
thermodynamic calculations.

We thank Dr. W. M. Jones for assistance with 
some of the experimental measurements.

Summary
The heat capacity of ethyl chloride has been 

measured from 13 to 287°K.
The melting and boiling points were found to 

be 134.80 and 285.37°K., respectively.
The heat of fusion was determined to be 1064 

cal. mole-1 and the heat of vaporization 5892 cal. 
mole-1.

The vapor pressure was measured and repre­
sented by the equation logio P(inter. cm. Hg) = 
(-1777.378/T -  0.0115789P +  1.06734 X
10-5T2 +  10.54417 which applies over the range 
217 to 286°K.

The entropy of the gas at the boiling point was 
found to be 65.31 cal. deg.-1 mole-1 of which L55

(15) Pitzer atsd Gwinn, J, Chem, Phys., 10, 428 (1942)*
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cal. deg.-1 mole-1 was shown to be due to internal 
rotation, corresponding to a potential barrier of 
4700 cal. mole-1.

The entropy at 298.1° K. and 1 atmosphere 
was found to be 65.91 cal. deg.-1 mole-1.
B e r k e l e y , C a l if o r n ia  R e c e iv e d  N o v e m b e r  6, 1947

[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y , I n s t it u t e  o f  T e c h n o l o g y , U n iv e r s it y  o f  M in n e s o t a ]

The Chlorophyll-sensitized Photooxidation of Phenylhydrazine by Methyl Red. II. 
Reactivity of the Several Forms of Methyl Red1

By Robert Livingston and Rudolph Pariser

In a previous study2 of this reaction a mecha­
nism was suggested which led to the prediction 
that the quantum yield should increase with in­
creasing concentration of phenylhydrazine. Di­
rect measurements, in the range from 0.01 to 0.20 
M  phenylhydrazine, showed a definite although 
small decrease in the yield with increasing concen­
trations. Since it was noticed that the color of 
methyl red was also affected by this change in con­
centration, a series of measurements using varying 
mixtures of phenylhydrazine and phenylhydra­
zine hydrochloride were made. Both the concen­
tration of a “red” form of the methyl red and the 
yield of the reaction increased with increasing 
acidity of the solution, the yield approaching a 
limiting value of about 0.5. Since methyl red has 
three colored forms,3 it was necessary to determine 
the absorption spectra of each of these forms, be­
fore it was possible to analyze the solutions spec- 
trophotometrically. Using this method of anal­
ysis, it was found that only the intermediate form 
of methyl red reacted in the solutions used. 
Making allowance for the variation of quantum 
yield with dye concentration, it can be shown that 
the yield is also a (symbatic) function of the phen­
ylhydrazine concentration. The yield appears to 
be independent of intensity. A relatively simple 
reaction mechanism is consistent with these ob­
servations.
Part I. Spectrophotometric Analysis of Methyl 

Red
Experimental Methods and Materials

Materials .—The methanol was purified by treating 
synthetic methanol with an amount of sodium estimated 
to be three times as much as was required to react with 
the water present, refluxing with an excess of methyl 
phthalate,4 and then distilling through an efficient packed 
column. The purification of the methyl red has been de­
scribed.2 Alcoholic hydrochloric acid was prepared by 
bubbling dry hydrogen chloride into methanol. Sodium 
methylate solutions were prepared by allowing weighed 
quantities of clean sodium to react completely with meth­
anol. The concentrations of the acid and base solutions 
were checked by titration with aqueous standard solutions.

(1) This work was supported jo in tly  by the Graduate School of 
the U niversity cf Miuusscta and by the  Office cf LTaval Research 
(C ontract N6ori-212, T . O. I) to  whom the authors are indebted.

(2) R . Livingston, D. Sickle and A. Uchiyama, J . Phys. Colloid 
Chem., 51, 775 (1947).

(3) A. Thiel, A. Dassler and F. W ülfkin, Fortsch. Chem. Physik. 
physik. Chem., 18, no. 3 (1924).

(4) We are indebted to  Dr. R . Arnold of the  Organic Division of
th is departm ent for suggesting th is m ethod.

The several solutions were made from stock solutions 
of methyl red and of either sodium methylate or alcoholic 
hydrochloric acid. All measurements were made with 
2 X 10“ö M  methyl red. As only ordinary precautions 
were taken to keep the solutions out of contact with labora­
tory air, it is probable that the sodium methylate solutions 
contained some carbonate and hydroxide.

Methods.—The photometric measurements were made 
with a Beckmann spectrophotometer at room temperature 
(24 to 27°). Measurements were made at 100 A. intervals 
in the range from y  3600 to 6000 A .  Duplicate prepara­
tions and measurements were made for each solution 
studied.

Experimental Results
The solutions studied were made up to contain, 

in addition to 2 X 10 5 methyl red, the follow­
ing added substances: (1) 0.40 M  HCl, (2) 10-3 
M  HCl, (3) 10 ~4 ikf HCl, (4) 10'-« Af HCl, (5) 10-6 
MNaOCHs, (6) 10-5 M  NaOCH3, (7) 2 X 10 M  
NaOCHs, (8) 5 X 10-5 M  NaOCH3, and (9) 10-3
M  NaOCH3.

Further increase of the hydrochloric acid concen­
tration above 0.40 M  did not affect the extinction 
curve. At the other end of the range, use of con­
centrated sodium methylate results in a fading of 
the yellow color. This fading is reversible. I t  is 
not complete even in very basic solutions. The ex­
tinction coefficients a t wave lengths near the 
maximum decrease about 30% as the concentra­
tion of methylate is increased from 10-3 to 1 M. 
The absorption spectrum of the dye is practically 
unchanged in the range from 2 X 10-4 to 5 X 10-3 
M  NaOCHa.

The extinction curves for solutions 1,3, 6, 7, and 
9 are plotted in Fig. 1. The curves corresponding 
to solutions 4, 5 and 8 have been omitted from 
the plot to simplify it. They belong to the same 
family of curves as those plotted. I t  should be 
noted that the curves intersect at one of two 
points, corresponding to either X 4360 or 4800 A. 
One curve, number II, passes through both points 
of intersection.

It is apparent that the dye can exist in three 
different colored forms. From the variation of the 
absorption curves with the acidity of the solutions, 
it may be safely assumed that curves 9 and 7 cor­
respond, respectively, to the pure forms I and III .5 
I t is impossible to calculate exactly the extinc-

(5) I t  is possible th a t solution 9 contains a trace of the  colorless 
form. However, the  practical independence of the curve from the 
methylate concentrations over a wide range is evidence th a t the 
percentage of the  dye present in the colorless form is small.



April, 1948 Photo oxidation R eactivity of M ethyl R ed 1511

36 38 40 42 44 46 48 50 52 54 56 58 60
X, A. X 10~2.

Fig. 1.—Extinction coefficients of methyl red dissolved in methanol containing acid or base.

tion curve of the third form from the curves for the 
two pure forms and from any number of curves for 
mixtures.6 However, a reasonably precise nu­
merical approximation, to the curve of form II, 
may be readily obtained.3*6 The curves which 
pass through the point a t 4360 A. correspond to 
solutions which are free from form III; and those 
which cross at 4800 A. represent solutions free 
from form I. The analysis of the data was sim­
plified by the fact that one curve (for solution num­
ber 4) which is not shown on Fig. 1 passes very 
close to both points of intersection. Accordingly 
this solution must contain chiefly form II of the 
dye. For those solutions whose curves cross at 
4360 A. the observed extinction coefficient ft 
equals

f t , X  =  a * i , \ C i  +  O L 2 , \ C 2

when Ci and C2 are the concentrations of form I 
and II in the ith  solution and aif\ and a2,\ are the 
extinction coefficients of the pure form I and II at 
the wave length X. Similarly for curves crossing 
at 4800 A.

ft,X = QJ2,xC2 ~b 0*3,xC$
Approximately the values of f t ;x are equal to those 
of a2,x. Curve II has been obtained from the val­
ues of solution No. 4 by a process of successive 
approximations, as follows. Minor adjustments 
were made in these approximate values of a2\ 
until all of the mixture curves (2, 3, 5, 6, 7 and 8) 
could be fitted in terms of the preceding two 
equations and a series of values of aX)x, a2,x and 
afz\. I t is assumed that these values are close ap­
proximations to the true values for the extinction 
coefficients of the three pure forms of the dye. 
The three solid curves of Fig. 1 are plots of these 
values which are listed in Table I.

(6) Compare B. Q , Adams and L„ Rosenstem, T his J ournal, 86, 
1452 (1914).

T a b l e  I
E x t in c t io n  C o e f f ic ie n t s  o f  t h e  C o l o r e d  F o r m s  o f  

M e t h y l  R e d

x. A. «1 X 10-« ca X lO - * eet X 10“4
(lit./mole)® (lit./mole)® (lit./mole)®

3600 0.99 0.243 0.187
3700 1.44 .40 .117
3800 1.91 .55 .075
3900 2.32 .79 .057
4000 2.64 1.00 .065
4060 2.716
4100 2.67 1.26 .112
4200 2.45 1.50 .212
4300 2.07 1.75 .39
4400 1.72 1.97 .66
4500 1.37 2.22 1.05
4600 1.01 2.53 1.61
4700 0.70 2.87 2.32
4800 .44 3.18 3.13
4900 .262 3.33 3.94
4910 3.346
5000 .138 3.27 4.78
5100 .085 2.99 5.42
5200 .038 2.44 5.70
5210 5.715
5300 .020 1.72 5.60
5400 .010 1.04 5.35
5500 .005 0.57 4.79
5600 .005 .270 3.56
5700 .005 . 130 2.02
5800 .000 .075 0.89
5900 .000 .025 .295
6000 .000 .000 .082

° The values of the extinction coefficients are in terms of 
common logarithms. 6 The maximum value of the ex­
tinction coefficient.

I t  is interesting to compare these results with 
those obtained by Thiel, Dassler and Wülfkin 
(ref. 3, Fig. 13) for aqueous solutions of methyl
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red. The data of Table II7 suggest that, while two 
of the colored forms are chemically identical in 
methanol and in water, the remaining forms differ.

T able  II
C omparison of M aximum  A bsorption  in  A queous and  

M ethanol Solutions

Solution
Basic
Intermediate
Acidic

Aqueous solutions 
X,A. a  X 10"4
4470 2 .08
5300 5.33
5170 5 .25

Methanol solutions 
X, A. a  X lO "4
4060 2.71
4910 3.34
5210 5.71

Part II. Photochemical Measurements 
Experimental Methods and Materials

The reagents used were similar to those de­
scribed by Livingston, Sickle and Uchiyama.2 
The method of purifying methanol is described in 
the first part of the paper. The apparatus, de­
scribed by them,2 was slightly improved mechan­
ically and by the use of a voltage stabilizer with 
the light source. Cylindrical reaction vessels, 12 
mm. in length, were used in all of the present ex­
periments.

Except for the analytical method, the experi­
mental procedure and the routine computations

_:i----a 2  a 11vvcic öxxxxxxcxx uxxwot p x u a x _ y  u c a u iu c u . rvii
solutions were analyzed for methyl red concentra-

(7) As was pointed out by Thiel in 1924,3 the probable structures 
of m ethyl red in aqueous solutions are as follows.

o

c—o—
Basic:

Intermediate:

■N=N—< N(CH3)2
o

L o -
N = N —/  >̂N(CH„)2 (in H20)

O
/  H 

C—O

Acidic:

While the  Basic and Acidic forms are essentially unchanged in going 
from aqueous to  alcoholic solution, the zwitterion form of the inter­
m ediate is probably replaced by an uncharged molecule which is sta­
bilized by an internal hydrogen bond.

o

Intermediate:

N(CH,)2
(in CHjOH)

I t  is notew orthy th a t  the  wave length maxima for the basic and 
interm ediate forms are shifted strongly to  the violet when the solvent 
is changed from water to methanol. In  both of these cases the prin­
cipal resonance of the excited sta tes involves a separation of charges. 
In  the  acid form where a similar resonance can occur without a sepa­
ration  of charge, th e  effect of the  solvent upon the  wave length of the 
extinction maximum is slight. As a result of these shifts, the maxi­
m um of th e  Acidic form lies between the  maxima of the Basic and 
interm ediate forms in aqueous solution, b u t to  th e  red side of th a t 
of the In term ediate form in alcoholic solution.

tion, before and after illumination, with the Beck­
mann spectrophotometer. Two or more wave 
lengths were used and the measured values were 
corrected for the (small) absorption due to chloro­
phyll. Control experiments showed that this 
method of analysis did not produce any change 
in the concentration and that it gave results con­
sistent with the analytical method used in the 
earlier measurements.2

The results of a number of determinations of 
the quantum yield, in terms of the disappearance 
of methyl red, are presented in Table III. Chlo­
rophyll A at a concentration of 5 X 10 “6 M  was 
used in all experiments. The solvent was meth­
anol. The experiments were performed at room 
temperature, which varied between 25 and 28°. 
The actinic light was a red band, having a maxi­
mum at 6200 A., cutting off sharply at 6000 A., 
and tailing off gradually to about 7300 A. The 
special symbols used in the table have the follow­
ing significance: I, number of quanta absorbed 
per second in the reaction cell, (Ph), molarity of 
phenylhydrazine, (PhHCl), molarity of phenyl­
hydrazine hydrochloride, (D)0, initial molarity of 
the total methyl red, and (D")o> initial molarity 
of the intermediate form of methyl red. The quan­
tum yield, Ip, is the average value and is defined by 
the equation
-  «  [(Do) -  (D)finai ](moles/liter)
* I (quanta/sec.) [To — Tfhmi] (sec.) W

N  (molecules/mole) 
The significance of the values tabulated in the 
last three columns is discussed in a later section 
of the paper.

The average value of the quantum yield, Ip, cor­
responding to those solutions in which there was 
no phenylhydrazine hydrochloride, is 0.14. This 
is in reasonable agreement with the value of 0.12 
obtained by Livingston, Sickle and Uchiyama.2 
The statement by these latter authors, that the 
yield is independent of the methyl red concentra­
tion, was based upon preliminary unpublished 
experiments and appears to be in error.

Attempts to make quantum yield measure­
ments in more acid solutions were unsatisfactory, 
due partly to the instability of chlorophyll in 
acid solutions, and partly to a dark reaction be­
tween phenylhydrazine and methyl red, which be­
comes appreciable as the phenylhydrazine is 
completely neutralized with hydrogen chloride.8 
A few experiments were performed with solutions 
which contained 0.10 M  phenylhydrazine hydro­
chloride but no free base. In these solutions, the 
dye was partly in form II and partly in form III. 
The quantum yields obtained were lower than in 
less acid solutions, and suggest that form III 
(like form I) of methyl red is incapable of under­
going a photosensitized reaction with phenylhy­
drazine.

When purified methylaniline is substituted for 
phenylhydrazine no detectable reaction occurs.

(8) Ghosh and Sen G upta, J . Ind. Chem. Soc., I I ,  69 (1934).
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T a b l e  III
S u m m a r y  o f  t h e  E x p e r im e n t a l  M e a s u r e m e n t s

No. 1 X 10 -u (Ph) (PhHCl) (D)o X lO4 (D óe X 104 <p v ' (D) X 104 4»

45 8 .3 0.100 a 1.22 0.089 0.11 0 .12 0.065 0 .4 9
44 7 .5 .050 a 1.19 .110 .10 .10 .072 .44

9 4 .7 .100 0 1.19 .107 .13 .14 .074 .52
4 3.9 .200 0 1.19 . 109 .12 .13 .081 .43
3 3 .9 .100 0 1.19 .125 .13 . 14 .096 .44
8 4 .7 .100 0 1.19 .135 .13 .15 .100 .44

214 5 .5 .050 0 1.09 .134 .11 .14 .105 .40
211 6 .6 .050 0 1.10 .137 .18 .22 .106 .63
213 5 .9 .050 0 1.10 .141 .16 .19 .109 .54
206 1 .0 .050 0 1.09 . 140 .13 .16 .109 .44

14 5 .3 .050 0 1.19 .165 .15 .18 .116 .50
5 3 .4 .200 0 1.19 .147 .12 .12 .117 .34

119 1.1 .050 0 1.12 .141 .14 .17 .119 .38
2 3 .8 .050 0 1.12 . 162 .14 .16 .132 .41
1 4 .8 .050 0 1.17 .181 .16 .19 .137 .48

23 1 .6 .500 0.250 0.24 .208 .21 .21 .142 .52
6 3 .7 .025 0 1.19 .304 .15 .22 . 195 .43
7 3 .9 .020 0 1.19 .359 .14 .22 .222 .41

37 3 .1 .250 0.750 0.61 .610 .31 .32 .348 .50
38 2 .4 .250 .750 0.61 .610 .34 .35 .357 .54
29 2 .5 .100 .200 1.19 0.87 .29 .30 .438 .43
24 2 .4 .050 .250 1.19 1.05 .32 .33 .468 .46
33 2 .4 .100 .005 1.19 0.81 .23 .25 .468 .35
30 3 .0 .500 .100 1.23 1.03 .31 .31 .478 .44
34 2 .8 .100 .005 1.22 0.85 .27 .30 .498 .42
31 2 .5 .100 .010 1.19 .91 .26 .28 .543 .38
32 2 .9 .500 .005 1.23 0.97 .28 .28 .578 .38
25 2 .5 .500 .250 1.19 1.05 .29 .29 .605 .39
26 2 .4 .250 .750 1.19 1.14 .35 .36 .690 .46
28 2 .4 .250 .750 1.19 1.19 .34 .34 .735 .43
42 1.4 .250 .750 6.10 6.10 .45 .45 2.49 .49
36 2 .5 .250 .750 5.95 5.95 .41 .42 2 .54 .45
35 2.2 .250 .750 5.95 5.95 .49 .49 2 .68 .53
39 7 .9 .250 .750 6.10 6.10 .45 .46 3 .12 .48

® Contained 10“ 4 M  NaOCH3.

Two experiments were performed with solutions 
containing 5 X 10“6 M  chlorophyll A, 2 X 10~5 
M  methyl red, and 0.050 M  methylaniline. If any 
reduction of methyl red occurred its quantum 
yield was less than 0.005. In contrast to this re­
sult, hydrazobenzene undergoes a reaction com­
parable to that obtained with phenylhydrazine. 
Quantum yields of 0.17 and 0.19 were obtained 
with solutions containing 5 X 10 _6 M  chlorophyll 
A, 1 X 10~4 M  methyl red, and 0.050 M  hydrazo­
benzene. In these (four) experiments the solvent 
was methanol, and the light intensity and temper­
ature were comparable to those reported in Table
III.

Discussions and Computations
The data presented in Table III are consistent 

with any of several different mechanisms. The 
following series of steps has been adopted for pur­
poses of discussion. I t  is as simple as any and 
has the further advantage that it is in agreement 
with the interpretation of the reversible bleaching 
of chlorophyll which was recently suggested by

McBrady and Livingston.9*10 The special sym­
bols used have the following significance: GH, 
chlorophyll, HG, long-lived activated chlorophyll, 
D", methyl red in form II, and DH2, reduced 
methyl red. Making the usual assumption that a

GH +  hv — >  GH* (i)
GH* - —>  GH +  hvi (2)
GH* —->  HG (3)
H G ---->  GH (4)

D" +  HG -— ^ HGD (5)
HGD — > GH -f- D" (6)

C6H 5N 2H 3 +  H G D ----GH +  DH +  C6H 5N2H2 (7)
2DH — >  D" +  DH2 (8)

2C6H5N2E 2 ---->  (C6H 5N2H2)2 (9)

steady state exists, an equation for the steady-
(9) J. M cBrady and R. Livingston, J . Phys. Colloid Chem., 52, 

in press (1948).
(10) Unpublished results on the quenching of fluorescence, ob­

tained recently in this Laboratory by Dr. W. W atson, indicate th a t  
the photochemical properties of chlorophyll are modified by m ethyl 
red due to  the formation of an addition compound. If th is postu late 
is confirmed, the present mechanism can be modified to  conform to  it.
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state can be obtained11
__ 1 v  fa k7 (C6H5N2H)

*’~ D 2 A k2 +  kt fa +  k7 (C6H5N2H3) A
fa ( D 7/) m  

fa A fa 0 >") w
For the concentrations used in the present experi­
ments, the factor involving the concentrations of 
phenylhydrazine as well as the ratio of (D") to 
(D) remain sensibly constant during each run, 
and therefore we write

< P -  D

and
- ƒ '  X

d (D )  
d t

l  v v  d(D">
I '  A (D")o A df (2)

d(D") (D")o T, A (k,/kt)(D")
dt ~  (D)„ l A l +  (fe/W(D") w

where I '  is the intensity of the absorbed light ex­
pressed in Einsteins per liter per second and

. MCeHisNüH,,) 
k,  +  £7(C6H6N2HS)

The definite integral corresponding to equation
(3) iS

|  In |g !> ï +  (D")0 -  (D") =  f / y A I ' i  (4)

Introducing the experimentally determined av­
erage value for the quantum yield

-  ( D ) o - ( D )  (D)o (D")o — (D") /Er,
* = — r i -------- -W T o ---------r i ------- (5)

we obtain
fa In ( D 'V -  In (D ')  A
fa (D")0 -  CD") ^  *

Rearranging and introducing the symbol (D") for 
the logarithmic mean12

(D'Qo -  (D'Q 
In (D)0/(D")

we obtain equation (5) for the mean quantities, 
which has the same form as equation (1) relating 
to the instantaneous values.
— _  1  V / f a  & 7 / & 6 ( C 6 H 5 N 2H 3)

* “  2 X fa ■+ fa A 1 +■ WMCeHsNaHa) *
fa/fa C6)

1 +  fa/fa (D")
Assuming the validity of this equation, we may 

compute <p'f the values which <p would approach 
a t high concentrations of phenylhydrazine.

r  = * [ i + ^  x (C|H(NlHj)] (7)
The values of 7pf, listed in the eighth column of 
Table III, were computed in this way, using an

(11) I t  is interesting to note th a t the preceding mechanism and 
the derived equation for the quantum  yield are formally similar 
to  those presented by Ghosh and Sen G upta.8 The chief differences 
are the  nature of the activated chlorophyll molecule, the restriction 
of the  reaction to the intermediate form of the dye, and the postulated 
final products. The la tter differences lead to  a limiting quantum  
yield of one-half in the present case and of unity  in the earlier paper.

(12) We are indebted to Dr. B. Crawford, Jr., for pointing out th a t 
th e  function (xi — #2)/In  X1/X 2 is known as the logarithmic mean and is 
com m only used in engineering problems.

empirical value of fa/fa of 1.0 X 102 (liter/mole). 
In making this correction, the total concentra­
tion of phenylhydrazine, rather than the concen­
tration of the free base, was used. While this 
procedure seems to be in better agreement with 
the data, they are not sufficiently precise to prove 
that it is correct. '

Figure 2 is a plot of l/7p' against 1 /(D"). While 
the points show considerable scatter, they unmis­
takably conform to the expected linear relation. 
The values of the constants, corresponding to the 
line drawn in the figure, are fa/ fa = 5.0 X 104 
(liter/mole) and = 1/2 X fa/fa +  &3) = 0.46 
(molecules/quantum). The latter quantity is the 
maximum value for the quantum yield and cor­
responds to a value of fa/(fa +  fa) of 0.92. If the 
electronically excited chlorophyll, GH*, is inca­
pable of directly sensitizing the reaction (as is as­
sumed in the mechanism), this value is in close 
agreement with the commonly quoted value of
0.08 for the fluorescence efficiency of chlorophyll 
in solution.

The values of 4>, listed in the last column of 
Table III, were computed from the corresponding 
values of 7pf and of (D") by means of equation (8).

* - ' ' [ 1 + 5 è ) ]  (8)
The mean of the tabulated values of 4> is 0.45, with 
a standard deviation of the mean of 0.06. The 
several values of 4> show no significant correlation 
with any of the experimental variables (concen­
trations or intensity). In other words equation
(6) fits the data within the limit of their random 
variation. I t  was not found possible to fit to the 
data any simple equation which contained, in 
place of (D"), the total concentration of the dye, 
the concentration of its basic form or the concen­
tration of its acidic form. Accordingly, we are 
forced to the conclusion that only the intermedi­
ate form of the dye enters, directly, into the re­
action. This result, which was unexpected, is 
probably related to the relative stabilities of the 
semiquinones of the several forms of the dye.

The mechanism proposed here is based as much 
upon the reversible bleaching data (5) as it is upon 
the kinetics results. Therefore, the values of the 
rate constants of the individual reaction steps 
must be consistent with both sets of data. The 
mean life of the activated state, HG, was deter­
mined13 from the reversible bleaching measure­
ments to be equal to or less than 4 X 10“5 sec­
onds. Combining this with the present value for 
fa/fa, we obtain

fa < 109 (liter/moles) per sec.
In terms of the simple collision theory, the value 
for fa corresponds to a collision efficiency of about 
1%. In other words, step 5 would require little or 
no heat of activation, and its rate would be prac­
tically independent of temperature.

(13) R. Livingston, J .  Phys. Chem., 45, 1312 (1941).
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0 2 4 6 __ 8 10 12 14 16
l/(D 'f) X 10“4.

Fig. 2.—The reciprocal of the (corrected) average quantum yield, <p't plotted as a function of the reciprocal of the logarith­
mic mean, Z>", of the dye concentration.

The mean life of the complex, HGD, was not 
determined9 at all precisely, but is approximately 1 
second. If we identify HGD with the bleached 
form of chlorophyll in solutions containing methyl 
red and further assume9 that its disappearance is 
due to a monomolecular reaction (step 6), we may 
conclude that fa — 1 sec.-1. The corresponding 
value of fa is apparently 102 (liter/mole) per sec­
ond. Since this is smaller than the maximum 
value for a second order rate constant, it indicates 
that step 7 must require a considerable energy of 
activation. I t is to be expected, therefore, that 
the reaction should exhibit a marked dependency 
upon temperature when the phenylhydrazine 
concentration is low, but not when it is high.

The simple form of equation (1) or (2) is a direct 
consequence of the use of the analytically deter­
mined concentration of the intermediate form of 
methyl red. An equation containing the stoichio­
metric concentration of methyl red would be of 
much more complex form. I t  would contain a 
function of the concentration of phenylhydrazine 
hydrochloride as well as of the free base.

The present case is the first chlorophyll-sensi­
tized photoöxidation which has been studied 
quantitatively over a wide range of experimental 
conditions. I t  is, therefore, particularly gratify­
ing that it can be represented by a relatively 
simple empirical relation. The available facts do 
not determine a mechanism uniquely, but they do 
constitute a definite step in that direction and

suggest that further measurements of this type 
may be of real aid to our understanding of the 
4 ‘inner mechanisnT ’ of photosynthesis.

Summary
Methyl red can exist in three colored forms in 

methanol. The relative concentration of these 
forms depends upon the acidity of. the solution. 
The absorption coefficients for each of these pure 
forms has been determined in the range X3600 to 
6000 A.

In the chlorophyll-sensitized photoöxidation of 
phenylhydrazine, only the intermediate form of 
methyl red reacts.

The maximum quantum yield for the reaction is 
about 0.5.

The quantum yield, <p, is an empirical function 
of the stoichioinetric concentration of phenylhy­
drazine, (Ph), and of the concentration of the in­
termediate form of methyl red, (D")

102(Ph) 5 X 104(D"
1 -f  102(Ph) X 1 +  5 X 104(D";

Over a fairly wide range, <p is independent of the 
light intensity and of the concentration of chloro­
phyll.

A relatively simple mechanism is proposed 
which is consistent with the preceding facts 
and with recently published results9 on the re­
versible photobleaching of chlorophyll.
M in n e a p o l is , M in n e s o t a  R e c e iv e d  S e p t e m b e r  12,1947
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[Contribution  from  the R esearch D epartment of U nion  Oil  C ompany of California]

Photochemical Decomposition of /-Butyl Nitrite
By Clarence S. Coe and Thomas F. D oumani

The photochemical decomposition of /-butyl ni­
trite has been studied in the vapor phase using a 
quartz mercury vapor lamp as a source of ultra­
violet radiation. Some of the experimental tech­
nique and methods of analysis employed in these 
laboratories for the study of the determination of 
the primary products from the thermal cracking 
of hydrocarbons have been applied to this photo­
chemical decomposition. This study involves dis­
tinguishing between the initial and the secondary 
reaction products by determining the composition 
of the products formed when only small percent­
ages of the compound studied are decomposed at 
relatively low pressures. The mass spectrometer 
pattern for the gaseous decomposition products 
free of undecomposed /-butyl nitrite was obtained 
by subtracting the mass number contributions of 
the latter compound from the total pattern of the 
decomposition products. To determine which de­
composition products were present, the mass spec­
trometer patterns for a large number of possible 
compounds were examined. Chemical tests were 
made on the residue in the quartz flask after each 
experiment and, where possible, solid derivatives 
were prepared for identification.

The initial photochemical decomposition prod­
ucts are acetone and nitrosomethane. During the 
decomposition this latter compound is constantly 
removed from the gas phase forming colorless long 
needles of m. p. 122° in dimeric form on the surface 
of the quartz reaction flask. Nitrosomethane and 
its dimer are believed to be new compounds. The 
initial reaction in the photochemical decomposi­
tion of /-butyl nitrite appears to be as follows

(CH3)3CONO — ^ (CH3)2CO +  CH3NO
Dimerization of nitrosomethane appears to occur 
rapidly

2CH3NO — > (CH3NO)2
The progress of this decomposition was followed 

by mass spectrometer analysis and manometri- 
cally by determining the total gas pressure in the

irradiation quartz flask after various reaction 
times.

Experimental
Materials Used

/-Butyl Nitrite.—Technical /-butanol was purified by 
fractional distillation followed by fractional crystalliza­
tion. Five moles (370.6 grams) of /-butanol, m .p . 25.0- 
25.1°, was mixed with a solution of 5.5 moles (379.5 g.) 
of sodium nitrite dissolved in 1500 ml. of distilled water. 
Three moles (667 ml.) of 35% sulfuric acid was added 
during two hours to the bottom of the previous solution 
at 0° with stirring. The oil layer which was less dense 
than the aqueous layer was washed with water, aqueous 
sodium bicarbonate solution (5%), again with water, 
and finally dried with anhydrous sodium sulfate. The 
crude /-butyl nitrite (400 g.) was fractionated in vacuo 
in a packed column of about 10 theoretical plates. The 
composited fractions used in the irradiation studies had 
a b. p. of 34.0° (250 mm.), »20d 1.3687 and sp. gr. 204
0.867,.

Acetone.—J. T. Baker analyzed, C. p . was used.
Nitromethane.—The product from Commercial Solvents 

Corporation was fractionated, b. p. 101-102°, w20d
1.3821.

Nitrogen Dioxide and Nitrous Oxide.—These gases 
were obtained in cylinders from the Matheson Company 
in 98% purity.

Nitric Oxide.—The method of Johnson and Giauque1 
was used.

Irradiation
The apparatus (Fig. 1) used for the irradiation experi­

ments was assembled in a dark room which could be 
maintained at 25 ±  1°. The radiation from a quartz 
mercury vapor lamp2 (A) was passed through a quartz 
flask (B) containing distilled water and then into the 
quartz flask (C) of 350 ml. capacity filled with vapors of 
/-butyl nitrite. The quartz flask containing distilled 
water served to filter out infrared wave lengths and helped 
to focus the ultraviolet beam on the sample. The distance 
from “Uviarc” to focusing flask was 21.7 cm. and from the 
center of the latter to the center of the sample flask was
16.1 cm. The quartz flask (C) was connected to a mer­
cury manometer (D) which was used to determine the 
total pressure therein. To introduce the /-butyl nitrite 
into the flask (C) the entire system was evacuated with a 
mercury diffusion pump through stopcock (E) in the pres­
ence of a few ml. of liquid /-butyl nitrite which was sur­
rounded by liquid nitrogen in (G). The nitrite was then 
allowed to warm until the desired pressure was reached in 
the system. Gas samples were taken after varying ir­
radiation times directly into evacuated 2-liter glass bulbs 
(F) which were covered with black tape to eliminate 
photochemical decomposition due to daylight. All 
samples were analyzed in a mass spectrometer within 
eight hours after collection.

In following the pressure change in the system during the 
photochemical decomposition the mercury manometer 
was replaced by a more sensitive combination mercury-oil 
manometer.

To prepare sufficient amounts of dimeric nitrosomethane 
for a determination of some of its properties the following 
procedure was found effective. About one milliliter of 
liquid /-butyl nitrite was condensed into the bottom of the

(1) H. L. Johnson and W. F. Giauque, T his Journal, 51, 3195 
(1929).

(2) “ Uviarc,” 360 w att, 6 inch (General Electric Company). 
The principal lines are reported to lie between 2345 and 5790 A.
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T a b l e  I*
P h o t o c h e m ic a l  D e c o m po sit io n  o f  /-B u t y l  N it r i t e

Experiment
Reaction 

time, min.
Pressure, mm. 

Initial Final

Analysis of gaseous reaction product 

/ - C 4H 9 O N O  ( C H O 2C O  / - C 4H 9 O H

, mole %
C H 3N O 2 ,  n o 2j 

N O ,  C H a N O ,  
etc.

P-9692 30 154.9 160.1 91.1 4 .5 1.6 2 .8
P-9693-2 5 159.7 160.3 96.4 1.0 0.2 2 .4
P-9696-1 5 48.0 48.2 97.0 2.0 0.4 0.6
Q-2310-2 7.5 46.4 47.2 95.1 3.3 0.6 1.0
Q-2306-5 10 46.4 46.6 93.9 4.4 0 .7 1.0
Q-2312-6 20 46.5 48.6 88.0 9.0 0.0 3 .0
Q-2328-3 40 46.4 48.4 77.0 17.0 1.0 5 .0
Q-2328-5 60 46.6 48.8 74.0 25.0 1.0 0 .0
Q-2329-2 120 46.9 50.1 50.0 50.0 3 .0 4 .0
Q-2333-2 290 34.4 39.7 5 .5 71.7 7.3 15.5
Q-2333-3 386 35.0 48.0 1.8 57.9 7.4 32 .9

Detailed data for the spectrometer analyses may be obtained from the authors on request.

evacuated quartz flask. The reactiou vessel was then 
irradiated with the ‘‘Uviarc,’* shielding the liquid from 
direct radiation. The liquid /-butyl nitrite served as a 
reservoir for the production of the gaseous nitrite. The 
crystals were deposited in much larger quantities in the 
quartz flask than when the homogeneous nitrite vapors 
were irradiated.

Results
Data on the photochemical decomposition of /- 

butyl nitrite vapor at various pressures and irra­
diation times are given in Table I. A plot show­
ing the decrease in the /-butyl nitrite and the in­
crease in the acetone percentages with time is 
given in Fig. 2.

Fig. 2.—Effect of irradiation time.

A pressure-time curve for the photochemical 
decomposition of /-butyl nitrite is shown in Fig. 3. 
This first irradiation period of about 200 minutes is 
characterized by the production of predominantly 
initial decomposition products. Secondary de­
composition products are principally formed dur­
ing the second reaction period from 200 to about 
320 minutes. The practically constant pressure 
state is finally reached after about 400 minutes 
when compounds substantially stable to the ultra­
violet light are present. For this experiment 
small crystals of nitrosomethane dimer were no­
ticeable with the naked eye after about 120 min­

utes of irradiation. These crystals grew to well- 
defined needles until after about 290 minutes they 
commenced to be transformed to an amorphous 
deposit of trimeric formaldoxime. Continued ir­
radiation caused a practically complete conversion 
of the dimeric nitrosomethane to the latter com­
pound after about 420 minutes. A photograph of 
some crystals of nitrosomethane dimer in the 
quartz irradiation flask is shown in Fig. 4.

Fig. 3.—Total pressure-time plot.

The irradiated vapors of /-butyl nitrite in the 
quartz flask was shaken with an aqueous solution 
of 2,4-dinitrophenylhydrazine hydrochloride form­
ing the hydrazone of m. p. 125.6° (cor.). Mixed 
m. p. with pure acetone 2,4-dinitrophenylhydra- 
zone was the same.

Anal. Calcd. for C9H10N4O4; C, 45.38; H, 
4.23. Found: C, 45.41; H, 4.50.

Some Properties of Dimeric Nitrosomethane. 
—Several grams of crystals was collected from a 
series of the irradiation experiments and crys­
tallized from ethanol as colorless needles, m. p. 
122.0-122.2° (cor.). This compound is very sol­
uble in ethanol, moderately soluble in water or 
acetone, slightly soluble in ethyl ether, benzene or 
carbon tetrachloride, and insoluble in pentane.
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Fig. 4.—Crystals of dimeric nitrosomethane in quartz 
reaction flask.

Anal* Calcd. for (CH3NO)2: C, 26.66; H, 
6.71; N, 31.10; mol. weight, 90.1. Found: C, 
26.94; H, 7.01; N, 31.15; mol. weight, 93.4
(benzophenone as solvent).

The mass spectrometer numbers for this dimer 
were obtained by admitting vapors from the finely 
crushed powder at room temperature into the 
head of the mass spectrometer a t low pressure. 
The mass numbers 90, 75, 60, 45, 30, and 15 were 
obtained.

When nitrosomethane dimer is heated above its 
melting point a blue color is noticeable, especially 
in the vapor. Likewise, when this dimer is heated 
in organic solvents, such as toluene, a blue color 
is produced. The colorless solution is restored by 
cooling. This reversible color change may be 
represented by the equation

(CH3NO)2 7 ^  2CHsNO 
Colorless Blue 3

(3) Low N values are obtained by the usual micro-Dumas or 
miero-Kjeidahl methods. Friederich’s micro-Kjeldahl method 
with hydriodic acid was used (Pregl-G rant, "Q uantitative Organic 
M icroanalysis,” The Blakiston Co., Philadelphia, Pa., 1946, p. 82).

Prolonged heating of dimeric nitrosomethane 
above its melting point converts it to trimeric 
formaldoxime, insoluble in ethanol

3(CH3NO)2 — >  2(CH2NOH)3
Nitrosomethane dimer forms a blue color when 
tested with diphenylamine in concentrated sul­
furic acid.

Discussion
Both the experimental data and the proposed 

mechanism for the photochemical decomposition 
of /-butyl nitrite of Thompson and Dainton4 are 
at variance with the results of the present investi­
gation. Their mechanism involving the formation 
of hyponitrous acid does not explain the forma­
tion of nitrosomethane or acetone. None of the 
products propylene, formaldehyde, ethane or 
ethylene required by their mechanism could be 
found in the gaseous decomposition products.

The complete absence of ethane in the decom­
position products seems to indicate that the nitro­
somethane is probably formed intramolecularly. 
If the nitrosomethane were formed by the com­
bination of free methyl radicals with nitric oxide 
the formation of at least some ethane might be ex­
pected.

The mass spectrometer pattern for nitroso­
methane dimer serves as further evidence for its 
constitution. Loss of a methyl radical of mass 15 
from dimeric nitrosomethane of mass 90 leaves a 
mass of 75. Removal of a second methyl radical 
leaves 60, whereas depolymerization of the dimer 
produces two molecules of monomeric nitroso­
methane of molecular weight 45. Removal of a 
methyl radical from the monomer produces the 30 
mass.

Previous workers5 have postulated the existence 
of nitrosomethane in explaining the inhibition 
of some chain reactions by nitric oxide. Isolation 
of this compound serves to substantiate some of 
these mechanisms.

The development of alternative methods for the 
synthesis of nitrosomethane dimer is being con­
sidered as well as its isomerization to trimeric 
formaldoxime. The photochemical decomposition 
of some other organic nitrites is being checked to 
determine whether nitroso compounds are in­
volved.

Acknowledgment.—We wish to thank the 
management of the Union Oil Company of 
California for permission to publish this paper. 
We are especially grateful to our analytical de­
partment for their generous assistance.

Summary
1. The photochemical decomposition of /-butyl 

nitrite has been studied in the vapor phase at 25° 
and at pressures of about 50 mm. using a quartz 
mercury vapor lamp.

(4) H. W. Thompson and F. S. Dainton, Trans. Faraday Soc., 33, 
1551 (1937).

(5) H. A. Taylor and H. Bender, J. Chem. Phys., 9, 761 (1941).
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2. Acetone and nitrosomethane were found 
to be initial products of the decomposition. The 
latter new compound was identified as the hitherto 
unknown crystalline dimer.

3 Some of the properties of nitrosomethane 
and its dimer have been determined.
W il m in g t o n , C a l if o r n ia

R e c e iv e d  S e p t e m b e r  26, 1947

[C o n t r ib u t io n  N o . 66 f r o m  t h e  G e n e r a l  L a b o r a t o r ie s  o f  t h e  U n it e d  S t a t e s  R u b b e r  C o m p a n y ]

Copolymerization. IV. Effects of Temperature and Solvents on Monomer
Reactivity Ratios

B y  F red e r ic k  M. L e w is , C h e v e s  W alling , W illiam  C um m ing s , 1 E m o rene  R. B r ig g s2 a n d
F ran k  R. M ayo  .

Previous papers from this Laboratory and else­
where3 have shown that the behavior of mono­
mers in free radical type copolymerizations may 
be described accurately by the copolymerization 
equation3a*4 >5

d [ M i ]  __ [M i ] r i  [M i ] +  [ M 2] m

d[M2] [M2]V2[M2] +  [Md W
where [Mi] and [M2] are concentrations of unre­
acted monomers, is the ratio of the rate con­
stants for the reaction of an Mi-type radical with 
Mi and M2, respectively, and r2 is the ratio for 
reaction of an M2-type radical with M2 and Mi, 
respectively. The quantities r± and r2 have been 
designated monomer reactivity ratios, and it should 
be noted3b that a comparison of the reciprocals of a 
series of monomer reactivity ratios for a particular 
radical with a number of monomers yields the 
relative reactivities of the monomers toward that 
radical. If such series for all radicals were the 
same, i. e., if, in general, fif2 =  1, Equation (1) 
would reduce to the simpler form earlier proposed 
by Wall.6 However, a striking feature of free 
radical copolymerizations is that, in many pairs, 
each monomer prefers to react with the opposite 
type radical. This “alternating effect,” which 
can be discussed qualitatively in terms of ryr2 
products (rir2 being zero for complete alternation), 
appears to be an additional effect superimposed 
upon a fundamental order of monomer reactiv­
ity,30 and Price7 has suggested, on the basis of the 
data available at the time, that it arises from polar 
interaction between radical and monomer. The 
present series of nine papers increases five-fold 
the number of monomer pairs for which monomer

(1) Present address, D epartm ent of Chemistry, University of 
M innesota, Minneapolis, Minn,

(2) Present address, R. F. D. 2, Guilford, Conn.
(3) (a) Mayo and Lewis, T his J ournal, 66, 1594 (1944); (b) 

Lewis, Mayo and Hulse, ibid., 67, 1701 (1945); (c) B artle tt and 
Nozaki, ibid., 68, 1495 (1946); (d) Alfrey, Goldberg and Hohenstein, 
ibid., 2464; (e) Fordyce and Chapin, ibid., 69, 581 (1947). Further 
references will be found in these papers.

(4) (a) Alfrey and Goldfinger, J . Chem. Phys., 12, 205 (1944); 
(b) Wall, T his Journal, 66, 2050 (1944).

(5) H ereafter in this series the new nomenclature for copolymeri­
zation constants, e/. Alfrey, Mayo and Wall, J . Polymer Sci., 1, 
581 (1946), is used. Thus, Mi, M2, r\ and r% correspond to S, M or 
and u in previous papers.

(6) Wall, ibid., 63, 1862 (1941).
(7) Price, J. Polymer Sci., 1, 83 (1946).

reactivity ratios are available. The results give 
partial support to Price's suggestion and permit a 
much more detailed discussion of copolymeriza­
tion phenomena than has hitherto been possible.

The present paper discusses refinements in 
techniques and in the treatment of data which 
have been developed in this Laboratory during the 
past three years and presents measurements of 
the temperature coefficients of monomer reactiv­
ity ratios for five monomer pairs. I t  also reports 
more precise measurements of the effects of sol­
vents on the monomer reactivity ratios for styrene 
and methyl methacrylate.

The next three papers, V-VII, describe new 
experiments on twenty-nine monomer pairs. In 
VIII, all of these data are reviewed and the theo­
retical implications discussed in terms of monomer 
activity and polarity series. Copolymerization 
IX presents and discusses experiments on the 
relative reactivities in copolymerization of cis 
and trans isomers. The last three papers, X—X II, 
are a study of the effect of nuclear substitution on 
the reactivity of styrene in copolymerization. 
Here, measurements on thirty-six systems throw 
further light on the nature of the “alternating ef­
fect” in copolymerization.

Experimental
Materials.—Diethyl maleate and diethyl fumarate were 

Eastman Kodak Co. materials, melting points —12 to 
— 11 and 0 to 1°, respectively. They were used without 
further purification. Styrene, methyl methacrylate and 
methyl acrylate were commercial materials, fractionally 
distilled and stored in the ice-box until used. £-Chloro- 
styrene was prepared by the decarboxylation of p-chloro- 
cinnamic acid. Its preparation and physical properties 
are described elsewhere.8

Polymerization Technique.—Polymerizations were car­
ried out in duplicate or triplicate on 1:4 and 4:1 molar 
ratios of monomers in sealed tubes in absence of air, 
essentially as described in previous papers in this series.Sa 
At 60°, 0.1 mole % benzoyl peroxide was used as catalyst, 
at 131°, no catalyst except for the styrene-methyl 
methacrylate system where 0.1% acetone peroxide was 
added. All polymers were soluble in benzene and were 
isolated by the frozen benzene technique.9 Results of all 
experiments reported here are listed in Tables I and II.

Experimental Errors.-—Extensive experience in this 
laboratory has shown that, although any set of experi­
ments may give a very small intersection in the graphical

(S) Walling and W olfstirn, T h is  J o u r n a l , 69, 852 (1947).
(9) Lewis and Mayo, Ind. Eng. Chem., Anal. Ed., 17, 134 (1945).
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T a b l e  I

C o p o l y m e r iz a t io n  E x p e r im e n t s  a t  T w o  T e m p e r a t u r e s
Time, % C in

[Mi ]o® [M2]o® [Mi]® [M2]® hr. polymer
Styrene (M i)-M ethyl M ethacrylate (M2) a t 60°6

aoUU • JJ JL 16.03 58.80 14.43 5 .0 83.66 83.77 83.94
39.77 39.67 36.24 36.27 5 .0 76.52 76.61
16.04 63.42 14.46 59.41 2.68 69.13 69.11
63.24 15.81 58.76 14.24 89c 83.98 84.00
39.62 39.37 35.88 35.78 89® 76.70 76.53
15.75 63.97 12.83 56.39 68.5® 68.90 69.07

Same a t 131°
63 .0 16.19 4 6 .3d 10 .73d 1.0 84.45 84.34
39.50 39.64 29.56 29.99 1.0 76.59 76.42
15.95 6.45 12.38 54.4 0.83 68.39 68.41

Styrene (Mi) -M ethy l Acrylate (M2) a t 60°
17.67 78.65 14.28 73.30 2 .8 71.55 71.49 71.59
19.24 80.88 15.66 75.25 3 .7 71.55 71.67 71.68
19.15 80.98 15.37 74.98 3 .7 71.59 71.61 71.73
79.85 20.21 74.12 18.68 3 .7 85.68 85.63 85.69
79.78 20.18 74.72 18.85 3 .7 85.79 85.72 85.62
80.28 21.03 75.62 19.74 3 .7 85.48 85.39 85.46

Same a t 131°
19.65 80.92 16.38 75.28 .67 70.69 70.77 70.84
19.64 80.85 16.13 74.86 .67 70.94 70.93 70.88
22.32 81.20 18.42 75.00 .67 71.67 71.68 71.65
79.80 20.17 68.10 17.24 .67 86.03 85.99 86.04
80.30 20.00 68.80 17.17 .67 86.09 86.18 86.11
78.80 20.81 67.60 17.94 .67 85.92 85.87 85.90

Styrene (Mi)--D iethyl M aleate (M2) a t 60°
63.51 15.68 37„79c 14.54 36 89.81 89.71
64.05 15.62 38.77 14.48 36 89.63 89.76
16.13 62.77 7.985 59.12 100 76.75 76.74
16.05 62.69 8.030 59,31 100 76.60 76.57

Same a t 131°
63.88 15.87 6.056 10.59 66 87.50 87.42
63.53 15.95 12.31 12.45 18 88.62 88.47
65.68 15.85 11.94 11.89 18 88.22 88.35

Styrene (M i)- D iethyl Fum arate (M2) a t  60°
15.93 63.48 2.979 49.90 62.6 69.27 69.03
15.72 63.61 3.191 50.13 62.6 68.89 68.96
15.88 63.28 3.096 49.45 62.6 69.00 68.82
64.99 16.94 4.936 9.83 23 76.42 76.79
63.83 16.03 4.790 9.34 23 77.22 77.39

Same a t 131°
16.12 64.22 3.307 45.22 219.3 66.30 66.43
16.61 63.81 3.574 44.81 219.3 66.50 66.59
63.80 16.34 53.13 12.16 2 .0 78.02 78.07
63.85 16.10 52.33 11.76 2 .0 78.20 78.30

Styrene (M i)-£-Chlorostyrene (M2) a t 60°
9.615 32.27 6.825 22.10 14 21.18/ 21.18

40.09 10.06 31.33 7.32 14 7 .4 8 / 7.51
39.57 10.96 29.97 7.77 12 7.87^ 7.78
10.14 41.61 7.555 30.47 12 21.70/ 21.78

Same a t  131°
39.70 10.34 24.73 5.86 1.75 7 .2 1 / 7.41
10.07 39.90 5.78 21.80 1.25 21 .66 / 21.71
10.09 39.55 6.34 23.90 1.25 21.63/ 21.74
40.00 10.15 19.29 4.30 1.50 6 .9 0 / 7.08
10.21 39.90 3.80 13.37 1.0 21.56/ 21.68

«Millimoles of unreacted monomers; zero subscripts 
indicate initial quantities. b Data taken from Mayo and 
Lewis, ref. 3, experiments 4B, 4C, 4D, 5A, 5B, 5 0  listed in 
that order but recalculated using empirical analyses on 
blanks (4A and 4E) for calculating polymer composition 
(see text). c Calculated using 92.24 as % C in styrene 
(see text). d Calculated using same blanks as 60° experi­
ments. 6 Thermal polymerization, no catalyst added. 
Per cent. Cl in polymer.

T a b l e  I I

E f f e c t  o f  S o l v e n t s  o n  M o n o m e r  R e a c t iv it y  R a t io s  o f  
S t y r e n e  (M i) a n d  M e t h y l  M e t h a c r y l a t e  (M2) a t  60 °

[Mi ]o [M2]o (M,]
Time,

[M2] hr.
% C in  

polymer
Benzene (9 vol.r

63.7 16.01 51.7 11.91 72 84.40 84.39 84.10
39.8 40.02 29.9 30.6 72 77.11 76.75 76.96
16.03 63.79 8.37 43.79 72 69.13 69.34 69.20

Acetonitrile (8 vol.)\a
63.06 17.07 55.74 14.27 72 83.74 83.43
46.12 39.84 32.87 32.77 72 76.61 76.69
16.13 71.70 9.55 52.47 72 . 68.49 68.45

Methanol (2 vol.)a
63.44 19.07 55.98 16.13 24 83.30 83.43
40.60 39.54 32.33 32.12 24 77.31 77.29
16.03 6 6 .1 1 7.09 42.45 24 69.14 69.05

«Per volume total monomers.
solution of the copolymerization equation, these inter-
sections shift appreciably from set to set. In early work 
many of these shifts proved to be due to inadequate 
techniques of polymer isolation. With more refined 
methods, they now appear to be usually the result of 
small systematic errors in polymer analysis. The tem­
perature coefficients of monomer reactivity ratios dis­
cussed in this paper represent, at best, small differences 
between experimentally measured quantities. Accord­
ingly, the highest attainable accuracy in determination of 
monomer reactivity ratios is important. Further, since 
the desired quantities are differences, the presence of a 
small systematic error (so long as it is the same for the 
experiments at both temperatures) causes no trouble.

In order to “ freeze” this error as nearly as possible, 
each set of experiments at two temperatures reported here 
was carried out and worked up by the same operator at 
the same time and using the same techniques. The 
relative experimental error at each temperature was then 
calculated as the standard deviation of duplicate experi­
ments, and the errors in heats and entropies of activation 
were determined by the usual formulas for propagation 
of error. In the most fortunate cases, for example, 
styrene-methyl acrylate, the relative experimental error 
in monomer reactivity ratios determined in this way is 
considerably smaller than the probable absolute error. 
However, for the reasons outlined above, we consider it 
the proper one to use in the subsequent calculations. 
The styrene-methyl methacrylate system was studied 
before this procedure was adopted. The experimental 
error in this case was taken as that arising from a 0.1% 
error in carbon analysis (see below). An idea of the 
agreement obtained between experiments and the magni­
tude of the change in monomer reactivity ratios arising 
from a 70° change in temperature may be gotten from 
Fig. 1 in which the graphical solutions of the copolymeri­
zation equation for the styrene-methyl acrylate system are 
illustrated.

In the case of the styrene-diethyl maleate system, the 
monomer reactivity ratio for the maleate-type radical is 
indistinguishable from zero. Accordingly, only 4:1 
styrene-maleate experiments were carried out at 131°, 
and the heats and entropies of activation differences for 
the reaction of the stjnrene type radical calculated from 
the shift of the intersection of the high styrene experiments 
with the zero axis.

It is of course important to have an idea, as well, of 
the magnitude of the absolute experimental error in the 
measurement of monomer reactivity ratios. Since, 
with suitable technique in polymer isolation, this error 
arises chiefly from errors in polymer analysis, we have 
adopted the following technique for its estimation, based 
upon the observation that blank carbon analyses run in
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our analytical laboratory on known samples deviate from 
calculated results by over 0.2% less than one time in 
five. For a given monomer pair two representative ex­
periments, one at 1:4 and the other at 4:1 monomer ratios 
are chosen and [Mi] and [M2] recalculated assuming
4-0.2% and —0.2% errors in analysis. The results are 
then replotted on a rL vs. r2 plot, yielding a parallelogram 
about the former intersection. This parallelogram is now 
shifted so that its center coincides with the best value 
of ri and r2 determined by the whole set of experiments 
carried out on the given monomer pair, and the absolute 
experimental error is taken as the range of values of rx and 
r2 lying within the parallelogram. The best justification 
for the method, aside from the arguments just outlined, 
is that with sufficient care sets of experiments can gener­
ally be obtained in which all of the lines corresponding to 
the individual experiments pass through the parallelo­
gram. In the case that they do not, and it does not 
appear feasible to run additional polymerizations, the 
standard deviation is taken as the absolute experimental 
error. However, this difficulty has not arisen with any 
of the monomer pairs reported here. In the cases where 
[Mi] and [M2] are determined by nitrogen or chlorine 
analysis, calculations are based upon a 0.1% experimental 
error. In the case of the system styrene-methyl meth­
acrylate, blanks of pure polymeric styrene and methyl 
methacrylate were analyzed simultaneously with the co­
polymers and the empirical carbon contents used in cal­
culating copolymer compositions. Although the ex­
periments are those described in the first paper of this 
series,3a this changes the values of the momomer re­
activity ratios slightly from the values previously re­
ported.10 For styrene-diethyl maleate, polymer composi­
tions lay very close to pure polystyrene. Accordingly, 
a sample of pure polystyrene to which diethyl maleate 
monomer had been added was worked up together with the 
copolymers and analyzed. The result (92.24% C) was 
used in calculations and served as a check both on the 
isolation procedure and the accuracy of carbon analysis 
(calcd. 92.26%). In view of the employment of these 
precautions, the use of 0.1% error in carbon seemed 
justified in calculating the experimental errors in this 
system.

Results and Discussion
Measurements at Two Temperatures.—Previ­

ous measurements of monomer reactivity ratios 
in copolymerizations have been limited to a 
single temperature. Measurement at two tem­
peratures are of obvious practical interest. 
Further, since a monomer reactivity ratio repre­
sents the ratio of two rate constants which may 
be expressed in the form

4= 4= 4= 4=
A S i i  — ASi2   A H  n  —A H i2

ri =  e “~r " RT (2)
—j— —j-" —j**

where ASn, AHu, AS&, and AHu are, respec­
tively, the entropies and heats of activation for 
the reaction of Mi type radical with Mi and M2, 
measurement of r\ a t two temperatures permits 
the calculation of the differences in the heats and 
entropies of activation for the two reactions of the 
radical. These differences, for the monomer pairs 
of Table I, are listed in Table III. Since (AS u — 
ASu )/R  = In (P11Z11/P 12Z12) in the Arrhenius 
treatment, and since this ratio perhaps provides a

(10) Although blanks were run  indicating slightly low (0.1-0.3%) 
carbon analyses, the original calculations were based on theoretical 
carbon analyses. We have since frequently based calculations on 
actual instead of theoretical analyses and this procedure is now ex­
tended to our earlier work; cf. Nozaki, ref. 11.

r2 (Methyl acrylate).
Fig. 1.—Copolymerization of styrene and methyl 

acrylate at 60° and 131 °. Numbers of lines correspond to 
order of experiments in Table I.

simpler way of visualizing the magnitude of a 
“steric” effect, it has been calculated as well, 
and is included in Table III.

Two conclusions may be safely drawn from the 
data of Table III. The first is that, despite the 
care with which the experiments were carried out, 
the resulting uncertainties in heat and entropy of 
activation differences are still quite large. The 
second is that, for most of the pairs, entropy of ac­
tivation differences do not differ significantly from 
zero, and the major source of the differences in 
reactivity of monomers in polymerization lies in 
heats of activation. Accordingly, the practice of 
discussing these differences as due to resonance 
stabilization of complexes, polar interaction, etc., is 
in general justified. The only case where the en­
tropy difference clearly differs from zero is that 
of the reaction of the fumarate type radical with 
styrene and diethyl fumarate. Although the 
reason for the difference, corresponding to a three­
fold difference in PZ  factors, cannot be stated 
unequivocally, it lies in the direction which would 
be expected if the second carboethoxy group 
of diethyl fumarate offered steric hindrance to­
ward the attack of the radical on the double bond. 
If this were the case, a similar difference should be 
anticipated for the styrene radical in the same co­
polymerization and in the system styrene-diethyl 
maleate. Although in both cases the entropy dif­
ference does lie in the right direction, it is smaller 
and, in the first, within experimental error of zero.

Another result of these measurements is that 
in general the temperature coefficients of the 
monomer reactivity ratios are rather small. This
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T a b l e  III
H e a t  a n d  E n t r o p y  o f  A c t iv a t io n  D i f f e r e n c e s  i n  t h e  C o p o l y m e r iz a t io n  o f  S o m e  M o n o m e r  P a ir s

ri 4= rjr 4:
Radical type® 60° 131° A/iii — AH i2 A.S11 — AS12 P n Z n /P 12Z12

Styrene 0.520 =t=0.026 0.590 0.026 480 ±  250 0.12 ± 0 .6 8 1.06 ± 0 .3 0
Methyl methaery] ate .460 noA• KJZJXJ .536 r t .026 580 ±  280 .19=*= .76 1.10 ±  .34

Styrene .747 r t .028 .825 r t .005 380 =i= 140 .54 ±  .36 1.31 ±  .16
Methyl acrylate . 182 r t .016 .238 r t .005 1020 ±  340 .66 ±  .86 1.39 ±  .49

Styrene
Diethyl maleate 

Styrene

6.52  
<  .01 

.301

dfc .05 5.48 r t .56 -6 6 0  ±  480 1.87 ± 1 .3 6 2.55 ±  1.26

r t .024 .400 =fc .014 1070 ±  320 .82 ±  .82 1.50 ±  .50
Diethyl fumarate .0697 ± .0041 .0905 r t .0008 990 ±  290 - 2 .3 5  ±  .73 0.31 ±  .14

Styrene .742 r t ,030 .816 r t .015 360 ±  170 .48 ±  .43 1.27 ±  .24
p -  Chlor ost yr ene 1.032 =b .030 1.042 r t .015 35 ±  120 .40 ±  .32 1.22 ±  .18

a Each monomer of the pair being considered as Mj in turn.

is, indeed, a necessary consequence from the ob­
served small differences in entropies of activation, 
and may be generalized to the statement that 
the composition of the copolymer obtained from 
systems in which neither monomer reactivity ratio 
differs greatly from unity will be quite insensitive 
to temperature. This conclusion is of some prac­
tical importance.

Absolute Values of Monomer Reactivity 
Ratios.—Using the procedure described in the 
Experimental Fart, absolute experimental errors 
for monomer reactivity ratios for the monomer 
pairs studied here have been calculated, and re­
sults are summarized in Table IV, together with 
the results of other workers on the same sys­
tems. The agreement between work in this 
Laboratory and elsewhere will be seen to be 
quite satisfactory.

T a b l e  IV
M o n o m e r  R e a c t iv it y  R a t io s  a t  6 0 °  w it h  C a l c u l a t e d  

E x p e r i m e n t a l  E r r o r s
Error 

as­
sumed, Monomer reactivity ratios

Radical type % This paper Other workers
Styrene 0 .2  C 0.520 ±  0.026 (60°) 0.65 ± 0 .0 8 °
M ethyl

m ethacrylate .2  C .460 ± .026 (60°) .51 .10°
Styrene .2 C .75 ± .07 (70°) .7 5 ( ± 0 .1 ) 6
M ethyl acrylate .2 C .18 =*= .02 (70°) .2 (=*=0.05)6
Styrene .1 C 6.52 =*= ,50 (70°) 5 ( =*= 1 .5 )&
Diethyl maleate .1 C .005 .=*= .01 (70°) 0 (=b0.1)6
Styrene .2 C .30 ± .02
Diethyl fum arate .2 C .070 =•= .007
Styrene .1 Cl .74 =fe .03 c
p-Chlor ostyrene .1 Cl 1.025 =t= .05 c

a Nozaki, J. Polymer Sci., 1, 455 (1946). Results of 
two sets of experiments have been averaged. b Alfrey, 
Merz and Mark, ibid., p, 37. The experimental errors 
have been estimated by plotting their data on a ri vs. r2 
plot and by taking the axes of the smallest ellipses through 
which all the lines corresponding to their experiments 
would pass. c Marvel and Schertz, T h is  J o u r n a l , 65, 
2054 (1943), prepared and. analyzed samples of this 
copolymer but monomer compositions were not varied 
sufficiently for a calculation of monomer reactivity ratios.

Effect of Solvents.—Copolymerizations of 
styrene with methyl methacrylate in benzene 
and acetonitrile (solvents of low and high dielec­

tric constant, respectively) and in methanol (a 
solvent from which the polymer precipitates) are 
listed in Table II and the graphical solutions il­
lustrated in Fig. 2. Since experiments were car­
ried out using better techniques than in the first 
paper, intersections are smaller and render more 
certain the conclusion 3a«11 that solvents have no 
detectable effect on monomer reactivity ratios. 
This conclusion is also in agreement with the 
results of other workers who have found identical 
monomer reactivity ratios for the systems sty­
rene-methyl methacrylate12 and styrene-acrylo­
nitrile36 studied under homogeneous conditions 
and in emulsion.

Fig. 2.—Constancy of monomer reactivity ratios for 
styrene-methyl methacrylate in various solvents at 60°: 
47-49, benzene; 50-52 acetonitrile; 53-55, methanol. 
Numbers of line correspond to order of experiments in 
Table II. Black triangle represents intersection in ab­
sence of solvent.

Acknowledgment.—The inception of work on 
copolymerization in these laboratories is largely 
due to the early decision by Dr. Robert T.

(11) Nozaki, J . Polymer Sci., 1, 455 (1946).
(12) Smith, T his Journal, 68, 2069 (1946).
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Armstrong that a study of copolymerization 
would be one of the best approaches to a funda­
mental understanding of polymerization as a 
whole, a decision which we feel has been amply 
justified. We are also indebted to Dr. Oscar W. 
Lundstedt who was in charge of analytical work 
while most of the work in this series of papers was 
in progress. The consistency of analytical re­
sults discussed in this paper is largely the result 
of his efforts. Finally, we wish to acknowledge the 
considerable contributions of Mrs. Charles J. 
Pennino and Miss Lucille Librizzi, who have car­
ried out much of the actual experimental work 
described in this series.

Summary
1. By carrying out copolymerizations at 60

and 131°, heat and entropy of activation differ­
ences for the reaction of each radical with the two 
monomers have been determined for the systems 
styrene-methyl methacrylate, styrene-methyl 
acrylate, styrene-diethyl maleate, styrene-diethyl 
fumarate and styrene-^-chlorostyrene.

2. In every case the difference in reactivity of 
the two monomers is found to be due, primarily, to 
differences in heat of activation. Only in the re­
action of the diethyl fumarate radical with styrene 
does the difference in entropies of activation clearly 
differ from zero by more than experimental error.

3. Further data are presented showing that
solvents (benzene, acetonitrile or methanol) are 
without effect on the monomer reactivity ratios 
of the system styrene-methyl methacrylate. 
P a s s a ic , N e w  J e r s e y  R e c e i v e d  J u l y  17, 1947

[C o n t r i b u t io n  No. 67 f r o m  t h e  G e n e r a l  L a b o r a t o r ie s  o f  t h e  U n i t e d  S t a t e s  R u b b e r  C o m p a n y ]

Copolymerization. V.1 Some Copolymerizations of Vinyl Acetate
B y  F r a n k  R. M ayo , C h e v e s  W alling ,

This paper presents experiments on the copoly­
merization of vinyl acetate with eight representa­
tive monomers. The double bond of vinyl acetate 
proves to be one of the least reactive of any com­
mon monomers toward free radical attack.

Experimental
Materials.—Vinyl bromide was prepared from ethylene 

bromide by the action of alcoholic sodium hydroxide. 
After washing with water and drying with potassium car­
bonate, the fraction used boiled at 15.5-16.0° at 761 mm. 
Vinyl chloride, obtained from the Dow Chemical Co., was 
used without purification. The other monomers were 
commercial materials fractionally distilled before use 
and stored in a refrigerator.

Procedure.—With the exceptions noted below, reaction 
mixtures were prepared as described previously1 and prod­
ucts were isolated by the frozen benzene technique.3 In 
the trichloroethylene experiments (5.00 g. of total mono­
mers and 6.1 mg. of benzoyl peroxide) air was displaced 
from the reaction tubes by flushing with nitrogen and the 
polymers obtained by distilling off the monomers and 
heating the residue for sixteen hours at 90-100° and 2 mm. 
pressure. The acrylonitrile runs were carried out in the 
presence of 5 cc. of acetonitrile. The low nitrile runs 
remained homogeneous. These polymers were pre­
cipitated twice from acetone solution with petroleum 
ether and were then pressed out into thin sheets and 
dried for twenty hours at 60° and 1 mm. pressure. The 
high acrylonitrile runs gave a very fine suspension of 
polymer which at first gave no indications of coagulating 
or settling. As soon as these indications appeared, heat­
ing was stopped. The mixtures were diluted with benzene 
and petroleum ether; the polymer was collected on a filter 
as a white powder, washed with the latter solvent and 
dried for twenty hours at 60° and 1 mm. pressure.

The vinyl halides were measured out approximately 
by volume; their exact weights were determined by dif-

(1) For the preceding paper in this series, see Lewis, Walling, 
Cummings, Briggs and Mayo, T his Journal, 70, 1519 (1948).

(2) Present address, Department of Geology, Bureau of Mineral 
Research, Rutgers University, New Brunswick, N. J.

(3) Lewis and Mayo, Ind. Eng. Chem., Anal. Ed., 17, 134 (1945).

F r ederick  M. L e w is  a n d  W. F . H u l s e 2

ference from the weights of the total contents of the 
reaction tubes. Copolymers containing large proportions 
of vinyl halide were insoluble in the reaction mixture 
(except when chlorobenzene was used as solvent) and in 
benzene. The excess vinyl halide was allowed to escape 
and the polymers were precipitated twice from chloroform 
(bromide) or a chloroform-acetone mixture (chloride) 
and petroleum ether. The chloride polymers were broken 
up and heated for about twenty-four hours at 60° and 
1 mm. pressure. Solvent was removed from the bromide 
polymers by twenty-four hours of evacuation at 0° and 
1 mm. pressure. They were finally warmed cautiously 
for a few minutes in warm water. Longer or stronger 
heating led to very rapid discoloration.

Analyses for acetic acid4 were carried out by determining 
hydrolyzable acetoxy groups as acetic acid. The polymer 
sample (0.3-0.8 g.) was weighed into a flask, dissolved in 
30 ml. of benzene, and treated for forty-eight hours at 
room temperature with 50 ml. of 0.5 N  alcoholic sodium 
hydroxide. Benzene and alcohol were then removed by 
steam distillation, adjusting heat and steam input to main­
tain about the same volume of solution. The mixture was 
next acidified with 15 ml. of phosphoric acid and 500 ml. 
of steam distillate collected. The steam distillate was 
gently aerated for twelve minutes to remove carbon di­
oxide and titrated to phenolphthalein end-point using 
decinormal sodium hydroxide. A blank correction 
(M).3 ml.) was applied and the results calculated as 
per cent, acetic acid in the original polymer sample.

Data on experiments are summarized in Table I. In 
the copolymerization with vinyl ethyl ether, the monomer 
reactivity ratio for the ether was assumed to be zero and 
the vinyl acetate monomer reactivity ratio calculated from 
two duplicate experiments.

Discussion
Monomer reactivity ratios obtained from the 

data of Table I are summarized in-Table II. 
Since data on the eight systems were gathered a t 
scattered times over four years, during which ana­
lytical precision has varied, the standard deviation

(4) The authors are indebted to Dr. Ellen Bevilacqua for the 
development of the analytical method described, and also for most of 
the analyses reported here.
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T a b l e  I
P e r o x i d e -C a t a l y z e d  P o l y m e r iz a t io n s  o f  V i n y l  A c e t a t e  (M2) a t  6 0  °

[M2]o® [Mil® [M2]«

Reaction
time,
hr. Polymer analysis

Mi =  styrene % c
16.20 66.45 5.35 65.60 120 89.69 89.80
10.86 62.70 3.22 61.55 168 87.46 87.30
39.50 35.99 6.13 34.95 168 91.24 91.13
39.20 36.38 5.96 34.92 168 90.76 90.90

Mi = methyl methacrylate % AcOH
41.98 158.43 29.77 157.5 'I 7.80 7.89
40.61 159.80 29.84 158.9 \ 5.3 7.43 7.52
41.33 158.70 28.23 157.7 8.02 7.59

161.02 42.58 133.83 40.3 0.76 0.56
159.20 40.56 131.97 38.28 2.7 0.69 0.81
158.62 35.78 131.6 33.51 , 0.68 0.8

M, =  methyl acrylate %  AcOH
17.36 63.89 11.80 61.31 .25 22.06 22.08
41.69 40.53 32.26 39.62 .11 6.21 6.11
65.45 17.16 28.33 15.13 .07 3.64 3.60

Mi = acrylonitrile; each run contained 5 cc. acetonitrile % N (Duma
16.45 63.04 5.97 54.65 1 15.75 11.45 11.27
16.42 62.88 5.95 54.93 11.73 11.62
63.75 15.91 56.72 15.504 23.51 24.04
63.93 16.03 56.70 15.556 J 23.69 23.40

Vinyl bromide = Mx % Br6
15.70 63.28 6.32 47.95 ] 32.16 32.33
17.64 64.65 7.86 51.59 | 35.96 35.97
69.70 16.14 47.71 14.44 3 70.38
63.54 16.08 40.69 14.79 71.22 71.69
47.61 16.22 37.03 15.35 j 70.09

Vinyl chloride =  Mj (12 mg. Bz20 2) %C1
23.39 78.70 12.76 64.17 :l A £ 19.66 19.71
25.60 78.35 14.62 64.46 ,? 4.0 20.62 20.76
65.08 19.88 53.81 18.25 1[ 3.5 47.23 47.41
64.42 19.70 56.06 18.24 j 45.87 45.63

Following runs contained 5.00 cc. chlorobenzene, 10 mg. Bz20 2
92.80 16.67 84.40 15.84 'l 6 49.02 49.86
88.16 16.50 78.10 15.39 jf 6 49.09 49.52

Vinyl ethyl ether == Mi % AcOH
16.06 62.85 12.43 25.26 1[ 19.76 63.75 63.65
15.60 63.30 11.79 24.03 J 63.70 63.50

Trichloroethylene == Mt %C1
7.61 46.46 3.42 25.27' 18.80 18.81

15.23 34.96 12.35 27.84 24 31.54 31.61
19.04 29.04 14.96 21.12 35.64 35.65
23.98 23.35 21.26 17.98 38.56 38.59

11.31

50.95*
49.22 49.03*

° Millimoles of unreacted monomers; zero subscripts indicate initial quantities. 6 Analyzed by combustion in stream 
of oxygen, as described by Gregg and Mayo,® after unsuccessful attempts to obtain reasonable and reproducible results 
by other methods. c Heterogeneity of sample may be responsible for poor checks. All sample used in analyses and 
all results averaged. d Calculations based on experimental value of 26.06% N  in polyacrylonitrile. In press.

of separate experiments is taken as the experi­
mental error.1 The outstanding feature of the re­
sults is the low reactivity toward free radicals of 
vinyl acetate as compared with other monomers: 
except for vinyl ethyl ether, the vinyl acetate 
radical prefers to react with the other monomer of

the pair. A similar conclusion, based on a-values5 
derived from single experiments, has been reached 
by Nozaki.6 Although the unconjugated mono­
mers (unsaturated halides) have the same order of

(5) W all, T his J o u r n a l , 63, 1862 (1941).
(6) Nozaki, J. Polymer Sci., 1, 455 (1946).
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reactivity as vinyl acetate, the monomers with 
conjugated phenyl, ester, or nitrile groups are so 
much more reactive than vinyl acetate that the 
monomer reactivity ratios for the vinyl acetate 
radical are indistinguishable from zero and it is 
therefore impossible to compare the reactivities of 
these monomers.

T able  II
Summary of M onomer R eactivity  R atios in  Copoly­

merizations of V in yl  A cetate (M2)
Mi ri n

Styrene 55 ±  10 0.01 ± 0 .0 1
Methyl methacrylate 20 db 3 .015 ± .015
Methyl acrylate 9 dr 2 .5 .1 dr .1
Acrylonitrile 4.05 dr .3 .061 dr .013
Vinyl bromide 4 .5 dr 1.2 .35 dr .09
Vinyl chloride 1.68 ± .08 .23 dr .02
Vinyl ethyl ether 0 3.0 dr .1
Trichloroethylene .01 dr .01 0.66 dr .04

Vinyl ethyl ether not only is less reactive than 
vinyl acetate with both the latter and with sty­
rene, it retards the polymerization of vinyl ace­
tate. Thus a 4:1 ether-acetate feed gives <3% 
polymer in two-hundred fifty-eight hours. This re­
tardation may be due to the formation of a less 
reactive a-vinyloxyethyl radical by chain trans­
fer, the a-hydrogen of the ethyl group being easily 
susceptible to free radical attack, or to as rapid 
decomposition and inefficient utilization of the 
catalyst.7

Experiments on the vinyl chloride-vinyl acetate 
system indicate a possible effect of precipitation 
of the polymer on its composition. The polymers 
from the high vinyl chloride feeds precipitated as 
they formed, yielding a highly swollen but fairly 
stiff gel. Such experiments failed to give repro-

(7) See, e. g., Cass, T his Journal, 69, 500 (1947).

ducible results, although the homogeneous runs 
gave good checks. The monomer reactivity ratios 
here obtained are consistent with the observation 
of Staudinger and Schneiders8 that fractionation 
of a 1:1 copolymer gave fractions containing as 
much as three chlorine atoms per acetate group. 
The difficulty encountered by Marvel and co­
workers9 in obtaining consistent a-values with 
these monomers may have been partly due to pre­
cipitation of polymer.

The vinyl bromide results are subject to consid­
erable uncertainty because of analytical difficul­
ties. The lowest values of the monomer reactivity 
ratios are the most probable because otherwise 
the product of the ratios exceeds unity by an un­
expected margin. Even so, the results indicate 
that, in comparison with a chlorine atom, a bro­
mine atom gives much less tendency to alternate 
with vinyl acetate, but a considerably higher av­
erage activity.

A comparison of the reactivity of several chloro­
ethylenes with vinyl acetate10 and a discussion of 
rate phenomena in the styrene-vinyl acetate sys­
tem11 will be given in later papers in this series.

Summary
Copolymerizations of eight monomers with 

vinyl acetate have been examined. The data 
show that, in comparison with monomers with 
conjugated substituents, the double bond in 
vinyl acetate is unreactive.

(8) Staudinger and Schneiders, Ann., 541, 193 (1939).
(9) Marvel, Jones, Mastin and Schertz, T h is Journal, 64, 2356 

(1942). Plotting these data with the integrated copolymerization 
equation gives erratic results, the monomer reactivity ratios for the 
chloride and acetate radicals ranging from 1.0 to 2.8 and from 0.2 to 
1.3, respectively.

(10) D oak, T his Journal , 70, 1525 (1948).
(11) Mayo, Lewis and Walling, ibid., 70, 1529 (1948).

Passaic, N ew  Jersey  R eceived  July  17, 1947

[Contribution  No. 68 from the G eneral L aboratories of the U nited  States R ubber  C om pany]

Copolymerization. VI.1 The Copolymerization of Chloroethylenes with other
Monomers

B y  K e n n e t h  W . D oak

This paper presents a comparison of the reactiv­
ities of all the chlorinated ethylenes with each of 
two or more other radicals. Some data have been 
taken from other papers in this series; the new 
data include the systems vinyl chloride and tri­
chloroethylene with styrene, tetrachloroethylene 
with styrene, vinyl acetate and acrylonitrile, and 
vinylidene chloride with vinyl acetate and diethyl 
fumarate. More precise data for the system sty­
rene and vinylidene chloride have been obtained.

The relative reactivities of 1,1- and 1,2-dichlo- 
roethylenes with some other monomers have been

(1) For the preceding paper in the series, see Mayo, Walling, 
Lewis and Hulse, T h is  Journal, 70, 1523 (1948).

reported by Nozaki2 on the basis of single experi­
ments, but strong alternation tendencies3 in­
volved in some of the systems make the present 
method more reliable.

The monomers were commercial samples which 
had been carefully refractionated. Except as in­
dicated, the experimental procedure was similar 
to that of Mayo and Lewis.3a The copolymers of 
acrylonitrile and tetrachloroethylene and of vin­
ylidene chloride (80 mole % in reaction mixture)

(2) Nozaki, J. Polymer Sci., 1, 455 (1946).
(3) (a) Mayo and Lewis, T h is Journal , 66, 1594 (1944); (b) 

Lewis, Mayo and Hulse, ibid., 67, 1701 (1945); (c) Bartlett and 
Nozaki, ibid., 68, 1495 (1946).
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with vinyl acetate and diethyl fumarate precipi­
tated from the reaction mixtures as finely divided 
powders which were washed with ethanol and 
dried at 65° and 1 mm. All other copolymers were 
purified by the frozen benzene technique of Lewis 
and Mayo.4

The monomer reactivity ratios were determined 
graphically from the data in Table I. For the

T ab le  I

C opolymerizations with 0.1 M ole P er  C ent. Benzoyl

P eroxide a t  60 °

[Mi ]q« [Mi]® [Ma]o® [Mai®
Time,

hr.
Polymer analysis 

(% Cl)
Tetrachloro­

Vinyl Acetate ethylene
160.3 63.7 40.6 35.9 9 7.20 7.45
80.84 25.52 19.73 16.80 18 7.96 7.87
80.50 25.86 19.92 17.00 18 8.00 7.96

Tetrachloro­
Acrylonitrile ethylene
94.1 36.0 94.0 93.8 1 ? 0.79 0.90

Tetrachloro­
Styrene ethylene

48.00 16.10 94.02 93.50 168 2 . 12 2.17
49.87 41.09 49.85 49.80 25 0.88 0.78
Vinylidene Vinyl •

Chloride Acetate
78.58 74.40 21.64 21.33 3 26.72 26.63'’
79.09 73.31 22.62 22.17 3 26.69 26.91*
19.14 9.45 78.70 72.86 8 35.43 35.71"
19.16 9.05 78.28 72.36 8 35.50 35.37"
Vinylidene Diethyl

Chloride Fumarate
77.31 59.11 21.06 20.62 6 26.04 26.09"
76.56 59.14 21.18 20.72 6 26.07 26.24*
18.40 6.62 83.60 77.86 24 3 9 .176
19.34 7.15 83.83 78.34 24 3 8 .576

Vinyl
Styrene Chloride

80.82 51,64 53.59 52.32 39 1.43 1.45
20.75 5 .60101 .53  95.50 130 10.93 10.95
79.91 56.61 29.82 29.08 29 0.85 0.89

Vinylidene 
Styrene Chloride

76.03 65.86 20.02 18.67 13 8.06
75.45 66.36 20.88 19.63 13 8.28
34.48 29.84 63.16 60.40 15 26.05
34.42 29.79 62.71 59.95 15 26.08

Trichloro-
Styrene ethylene

68.83 55.20 29.97 29.59 20 2.76
68.68 55.22 30.35 29.93 20 3.06
20.20 16.62 79.16 78.41 68 16.95
° Millimoles of unreacted monomers; zero subscripts 

indicate initial quantities. 6 % C.
(4) Lewis and Mayo, Ind. Eng. Chem., Anal. Ed., 17, 134 (1945).

systems containing tetrachloroethylene, it was 
assumed that the reactivity ratio for the tetrachlo­
roethylene radical is zero, since this monomer did 
not homopolymerize under the experimental con­
ditions. The other reactivity ratio was considered 
to be the intersection of the calculated lines with 
the ri axis. Monomer reactivity ratios, together 
with literature data necessary for the discussion, 
are given in Table II.

Results and Discussion
Relative reactivities of the chloroethylenes with 

four radicals were determined from the recipro­
cals3*5 of r\, and are recorded in Table III. The 
values for vinyl chloride are taken as unity.

The relative reactivities of the chloroethylenes 
depend upon the reference radical, presumably be­
cause of the alternating tendency, although quali­
tatively the general order, with one possible ex­
ception, is the same for different radicals. As 
shown qualitatively by Nozaki,2 unsymmetrical 
substitution of a second chlorine increases the re­
activity, since extra resonance forms are possible. 
These data show the increase to vary from a factor 
of 3.6 to 10.5 or greater. Symmetrical substitution 
of the second chlorine decreases the reactivity, 
presumably because of steric interference with the 
approaching radical. The difference in the cis- 
and /raws-dichloroethylenes is discussed by Lewis 
and Mayo in a later paper in this series.6 Trichlo­
roethylene, in which the effects are opposed, has a 
reactivity intermediate between that of the sym­
metrical and unsymmetrical dichloroethylenes. 
Tetrachloroethylene offers additional steric hin­
drance, and is much less reactive than trichloro­
ethylene.

A comparison óf the products5 in Table II 
shows that vinyl chloride alternates better than 
vinylidene chloride with the electron acceptors 
diethyl fumarate and acrylonitrile but less readily 
with the electron donors vinyl acetate and styrene. 
With vinyl acetate, all the dichloroethylenes 
alternate better than vinyl chloride. All these 
results are consistent with the idea that di­
chloroethylenes should be better electron accept­
ors7 than vinyl chloride. Trichloroethylene, tet­
rachloroethylene, and the 1,2-dichloroethylenes, 
in comparison with vinyl chloride, are about 
three times as reactive toward the styrene radical 
as toward the vinyl acetate radical. If this result 
were wholly due to donor-acceptor effects, it 
would mean that styrene is a better donor than 
vinyl acetate, a conclusion which seems to be con­
tradicted by the weight of other evidence.70

Acknowledgment.—The author wishes to ex­
press his appreciation to Dr. Frank R. Mayo for

(5) Lewis, W alling, Cummings, Briggs and M ayo, T his Journal, 
70, 1519 (1948).

(6) Lewis and Mayo, T his Journal, 70, 1533 (1948).
(7) (a) Price, J. Polymer Sci., 1, 83 (1946); (b) Alfrey and Price, 

ibid., 2, 101 (1947); (c) Mayo, Lewis, and Walling, T his Journal, 
70, 1529 (1948).
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M onomer Reactivity R atios
Monomer ri Monomer T2 Y\Y2

Vinyl acetate 6 .8 d= 0.5 Tetrachloroethylene (0)
Acrylonitrile 470 db ? Tetrachloroethylene (0)
Styrene 185 ± 2 0 Tetrachloroethylene (0)
Vinyl acetate® 0.66 0.04 Trichloroethylene 0.01 ± 0 .0 1 0.007
Styrene 16 db 2 Trichloroethylene 0 .0  ±  ?

Styreneb 1.85 d= 0.05 Vinylidene chloride 0.085 ± 0 .0 1 0 0.16
Acrylonitrile* 0.91 db 0.1 Vinylidene chloride 0.37 ±  0.1 0.34
Vinyl acetate 0 .0 d= 0.03 Vinylidene chloride 3.6 ± 0 .5 <  .1
Diethyl fumarate 0.046 ± 0.015 Vinylidene chloride 12.2 ± 2 .0 .56
Styrene 17 dr 3 Vinyl chloride 0.02 ±  ? .34
Vinyl acetate® 0.23 dr 0,02 Vinyl chloride 1.68 ± 0 .0 8 .38
Acrylonitrile** 3.28 dr 0.06 Vinyl chloride 0.02 ± 0 .0 2 .07
Diethyl fumarate* 0.47 d= 0.05 Vinyl chloride 0.12 ± 0 .0 1 .056
Vinyl acetate* 6.3 dr 0.2 m-Dichloroethylene 0.018 ± 0 .0 0 3 .11
Vinyl acetate* 0.99 dr 0.02 /raws-Dichloroethylene 0.086 ±  0.010 .085

® Ref. 1. h Lewis, Mayo and Hulse3b reported 2.0 ±  0.1 and 0.14 ±  0.05. c Ref. 3b. d Lewis, Walling, Cummings, 
Briggs and Wenisch, T his J o u r n a l , 70, 1527 (1948). e Ref. 6.

helpful discussions during the course of this 
work.

T able III
Relative R eactivities of Chloroethylenes with 

D ifferent R adicals
Vinyl Acrylo­ Diethyl

Monomer radical type acetate Styrene nitrile fumarate
Vinylidene chloride > 7 .5 9 .2 3.6 10.5
Vinyl chloride 1.00 1.00 1.00 1.00
Trichloroethylene 0.34 1.06
trans-D ichlor oethylene*1 .12 0.276
as-Dichloroethylene® .018 .0395
Tetrachloroethylene® .017 .046 0.0035

a The values for the symmetrical monomers have been 
divided by two, since there are two equivalent ways in 
which they can add to a radical. 6 Ref. 6.

Summary
Monomer reactivity ratios have been deter­

mined for several new systems of chloroethylenes 
with other monomers. The data are correlated 
with other available data to give the following re­
activity series: vinylidene chloride > vinyl chlo­
ride > trichloroethylene > /nms-dichloroethylene 
> c^Vdichloroethylene and tetrachloroethylene. 
This series can be accounted for qualitatively by a 
consideration of steric effects and of the ease of 
formation of di- and trisubstituted radicals. 
Differences in alternating tendencies in various 
systems are consistent with existing theories of 
alternation.
Passaic, N ew  Jersey R eceived July 17, 1947

[Contribution N o . 69 from the General Laboratories o f  the United States R ubber Company]

Copolymerization. VII.1 Copolymerizations of Some Further Monomer Pairs
B y  F r ederick  M . L e w is , C h ev es  W alling , W illiam  C um m ing s , 2 E m o rene  R . B r ig g s3 a n d

W . J. W e n isc h 4

This paper presents experimental data on the 
copolymerization of eight monomer pairs needed 
to supplement our series of relative reactivities of 
monomers with radicals. The monomer reactivity 
ratios calculated from these data are summarized 
in Table I. Since the data were gathered over 
an interval of four years, the standard deviations 
of the separate experiments rather than any es­
tablished analytical error5 have usually been used

(1) For the preceding paper in th is series see Doak, T his Journal, 
70, 1525 (1948).

(2) Present address, D epartm ent of Chemistry, University of 
Minnesota, Minneapolis, Minn.

(3) Present address, R. F. D. 2, Guilford, Conn.
(4) Present address, D epartm ent of Chemistry, New York Uni­

versity, New York, N. Y.
(5) Lewis, W alling, Cummings, Briggs and M ayo, T his Journal, 

70, 1519 (1948).

to determine the stated experimental errors. Also 
included in this paper are some less reliable mono-

T able I
M onomer R eactivity R atios at 60 °®

Mi ri m 2 rt
Styrene 0.78 =*= 0.01 Butadiene 1.39  ±  0 .03
Styrene .54 ± .01 0-Chloroethyl

acrylate 0 .10  =*= .01
Styrene .30 ± .10 M ethacrylonitrile 0 .16  ±  .06
Styrene6 .29 =»= .04 M ethyl vinyl ketone 0 .35  ±  .02
Acrylonitrile® .61 =*= .04 M ethyl vinyl ketone 1 .78  ±  .22
Acrylonitrile 3 .28  ± .06 Vinyl chloride 0 .02  ±  .02
M ethyl m eth­ 0 .67 ± .10 M ethacrylonitrile 0 .65  ±  .06

acrylate
Isobutylene 0 .08  ^ .10 Vinyl chloride 2.05  =*= .3

° M ’s and r's in each line correspond to the particular 
monomer pair indicated. b Experimental error from 0.2% 
error in carbon analysis. c Experimental error from 0.1% 
error in nitrogen analysis.
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mer reactivity ratios for six additional pairs (Ta­
ble II). Most of the experiments were carried out 
in the course of preliminary studies using three ex­
periments at 4:1, 1:1, and 1:4 mole ratios of the 
two monomers, but the lower accuracy obtained 
(cf. experimental errors in Table II) does not ap­
pear to justify detailed presentation.

T able II
Additional M onomer R eactivity R atios at 60°

Mi
Vinyl acetate® 
Styrene 
M ethyl m eth­

acrylate0,6 
/3-Chloroethyl 

acrylate 
/3-Chloroethyl 

acrylate 
/S-Chloroethyl 

acrylate®

ri
0.60 *  0.15 

90 *  20
0.25 «fa 0 .03

5 .5  ±  1

4 =*= 1

0 .9  =•= 0 .1

M 2 r2
Allyl acetate  0.45 ±  0.15 
Vinyl ethyl ether 0 
Butadiene 0.75 =±=0.05

Allyl acetate  0

M ethallyl acetate 0

M ethyl acrylate 0 .9  =*= .1

* Experiment by Mr.. R. H. Snyder. 6 At 90°. ® Ex­
periment by Dr. K. W. Doak.

Correlation and discussion of the results of 
Table I and II will be given in a subsequent paper 
in this series.6

Experimental
Materials.—Isobutylene and butadiene were obtained 

from the Matheson Company and used without purifica­
tion other than drying. Methacrylonitrile, from the 
Shell Chemical Company, was fractionated just prior to 
use; n20D 1.4003. /3-Chloroethyl acrylate was prepared 
by acid-catalyzed ester interchange from methyl acrylate 
and ethylene chlorohydrin in the presence of an inhibitor. 
The crude product was fractionated in vacuo under nitro­
gen; b. p. 94.1-95 at 18.5 mm.; n20n 1.4490. Methyl 
vinyl ketone was obtained from E. I . du Pont de Nemours 
and Co. as an azeotrope with water containing 85% ketone. 
Upon saturating with potassium carbonate and distilling 
through a packed column the pure ketone was collected 
as a fraction boiling at 80.5-81.0° at one atmosphere. 
Since it was unstable and polymerized readily, it was 
stored in the ice-box and used as soon as possible. Other 
monomers, usually fractionated commercial materials, 
were those described in previous papers in this series.

Polymerizations.—Except as noted, experiments were 
carried out and polymers isolated as described in previous 
papers. Results are tabulated in Table III.

In styrene-butadiene experiments, styrene charges were 
first weighed accurately into tubes, then butadiene was 
added in approximate amounts to the chilled tube. The 
exact weights of butadiene used were then determined 
from the weights of the charged and sealed, and empty 
reaction tube.

Since both isobutylene and vinyl chloride are low boiling 
monomers, a manifold was constructed with stopcocks 
leading to a vacuum line, to a standard taper joint and 
to two graduated tubes for measuring the monomers. 
Tubes containing pure monomer were attached by the 
standard taper joint and the monomers were degassed 
and distilled into the respective graduated tubes. By 
suitable manipulation of the stopcocks the monomers 
could then be separately distilled in vacuo into the re­
action tube attached to the ground joint. The graduated 
tubes were adjusted to approximately —50° for volume 
readings, the exact temperature noted, and the correspond­
ing density read from graphs. Weights of single monomers 
measured from this apparatus showed that their densities 
were a linear function of temperature, varying from 0.949 
g./m l. at 0° to 1.018 at —48° for vinyl chloride; and from 
0.619 at 0° to 0.664 at --40° for isobutylene.

(6) M ayo, Lewis and Walling, T his Journal , 70, 1529 (1948).

Table III
Experimental D ata on Copolymerizations at 60°

Time, Polymer
[Mi ]o® [M2]o® [Mi]® [m 2]® hr. analysis

Styrene (Mi)-Butadiene (M2) n20d

69.45 12.40 40.60 6.24 72 1,5860
39.80 23.40 15.33 6.64 117 1.5730
16.00 36.80 13.43 29.03 239 1.5461

Styrene (Mi)-/?-■Chloroethyl Acrylate
(M2) % Cl

57.70 17.32 49.15 14.19 5.3 8.5
41.00 42.70 33.32 37.25 3.5 12.8
16.31 68.60 9.85 59.60 2.5 17.0
Styrene (Mi)-!Methacrylonitrile (M2) % , N
63.58 18.88 42.65 8.21 62 4.63 4.67
39.68 39.20 24.30 25.56 62 7.56 7.52
15,87 63.05 8.00 47.84 62 11.58 11.57

Styrene (Mi)-Methyl Vinyl Ketone (M2) %>c
64.28 16.11 50.71 9.45 11.3 86.28 86.44
63.80 16.39 49.63 10.02 11.3 86.85 86.64
16.62 64.34 10.74 50.72 2.7 77.92 77.65
16.66 64.34 11.86 53.34 2.7 77.79 77.71

Acrylonitrile (Mi)-Methyl Vinyl Ketone
(M2) %. N

15.61 64.25 14.10 53.53 0.84 2.53
15.63 64.10 14.40 54.92 0.84 2.42
16.47 63.30 14.66 52.75 1.00 3.03 3.01
64.90 16.14 55.34 12.44 0.67 17.46 17.49
64.78 16.07 52.50 11.07 0.67 17.16 17.20
64.08 16.17 58.12 13.64 4.25 16.94

Acrylonitrile (Mi)-Vinyl Chloride (M2) %, N
23.72 39.49 4.87 30.87 9.5 16.94 17.37
64.55 24.34 36.98 21.02 1.1 23.02 23.29
62.80 17.60 31.11 14.42 1.1 23.48 23.71
24.21 38.44 5.13 29.31 9.5 16.77 16.98

Methyl Methacrylate (Mi)-Methacrylo-
nitrile (M2) % N

79.06 19.88 61.58 14.35 15.5 3.65
79.61 19.93 63.02 14.78 15.5 3.61
19.95 87.24 14.79 68.78 49.5 14.38
20.12 87.77 14.55 69.39 49.5 14.29
Isobutylene (Mi)-Vinyl Chloride (M2) %C1
64.5 21.0 61.4 16.5 56 35.65 35.57
43.0 43.3 36.4 27.6 56 41.70 41.91
17.0 59.0 13.17 31.5 56 50.53 50.79
° Millimoles of unreacted monomer; zero subscripts 

indicate initial quantities.

Isobutylene-vinyl chloride polymers were precipitated 
from acetone solution with methanol. Nitrile polymers 
were dissolved in dimethylformamide or acetonitrile, 
precipitated with petroleum ether or methanol, and 
dried for several days at 60 ° in vacuo.

Polymer compositions were determined by standard 
analytical methods except for styrene-butadiene systems. 
Several attempts to determine the monomer reactivity 
ratios for this pair by combustion analysis oi; by separa­
tion and analysis of the unreacted monomer mixture were 
unsatisfactory. The data given in Table I are based 
on polymer analysis by index of refraction.  ̂ Since, for 
emulsion copolymers of styrene and butadiene, other
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factors being constant, the index of refraction of the 
copolymers is a linear function of composition,7 the same 
relation has been assumed here for oil-phase copolymers, 
using for the pure polymers of styrene and butadiene, 
made under the same conditions as the copolymers, nud 
1.5935 and 1.5160, respectively. The high-styrene poly­
mer was quite hard and an optical surface was generated 
by pressing the polymer against a hot glass plate and 
allowing it to cool in contact. Optical contact of the 
resulting surface with the prism of an Abbe refractometer 
was made with a saturated aqueous solution of cadmium 
borotungstate and the refractive index was measured 
by reflected light. The intermediate-styrene polymer

(7) “ Analyses by Refractive Index,” Lundstedt and Hampton,
Akron Copolymer Research Group Meeting, June 12-13, 1944.

was soft enough to make optical contact with the prism 
directly under pressure, allowing measurement by re­
flected light. The low-styrene polymer was soft enough 
to squeeze between the two prisms of the refractometer 
for measurement by transmitted light. All readings were 
reproducible to ±0.0002.

Summary
1. Copolymerization data and monomer reac­

tivity ratios at 60° are given for eight new mono­
mer pairs.

2. Monomer reactivity ratios of lower preci­
sion are given for six additional pairs.
P a s s a ic , N e w  J e r s e y  R e c e iv e d  J u l y  17, 1947

[C o n t r ib u t io n  N o , 70 f r o m  t h e  G e n e r a l  L a b o r a t o r ie s  o f  t h e  U n it e d  S t a t e s  R u b b e r  C o m p a n y ]

Copolymerization. VIII. The Relation Between Structure and Reactivity of
Monomers in Copolymerization1

B y  F r a n k  R . M ayo , F rederick  M . Le w is  a n d  C h e v e s  W alling

The first papers in this series2 showed that series 
of copolymerizations make possible the determin­
ation of the relative reactivities of monomers to­
ward certain radicals, and that such relative re­
activities are independent of the feed compo­
sition, conversion, solvents, regulators, sources 
of free radicals used and rates of polymerization. 
On the other hand, such relative reactivities do 
appear to depend upon the particular attacking 
radical, and the results indicate a general order of 
monomer reactivity toward radicals on which is 
superimposed a tendency of certain monomers 
to alternate in copolymerization. In some mono­
mer pairs this alternating effect appears to be neg­
ligible; relative reactivities of the monomers are 
the same toward both types of radicals and the 
monomer reactivity ratio product, r\r2, ^  1. 
Such systems, of which styrene-butadiene is an 
example (r\r2 =  1.08) have been termed “ideal” 
by Wall.3 In other systems the “alternating ef­
fect” appears dominant, rpr2 ^  0, and the initial 
copolymer from any feed consists of regularly al­
ternating units of the two monomers (e .'g ., sty­
rene-maleic anhydride r±r2 ^  0.001).4 In the 
great majority of copolymerizations, however, 
both effects appear of importance and monomer 
reactivity ratios have intermediate values: sty­
rene-methyl methacrylate, rir2 =  0.26; acryloni­
trile-methyl methacrylate, ryr2 =  0.24.

The purpose of the present paper is to discuss
(1) This paper is based on papers presented a t the Atlantic City 

M eeting of the American Chemical Society, April 9,1946 (Symposium 
on the Physical Chemistry of Copolymers and Copolymerization) 
and a t the Gibson Island Conference on High Polymers, July 1, 
1946.

(2) (a) Mayo and Lewis, T his Journal, 66, 1594 (1944); (b) 
Lewis, Mayo and Hulse, ib id . ,  67, 1701 (1945).

(3) Wall, ib id . , 66, 2050 (1944). This theoretical paper shows 
clearly how copolymer compositions depend on feed for representa­
tive monomer reactivity ratios. Some special cases were considered 
earlier by Jenckel, Z. physik . Chem . , 190A, 24 (1942).

(4) Alfrey and Lavin, ibid., 67, 2044 (1945),

these phenomena in more detail using the exten­
sive experimental data recently presented from 
this Laboratory,5 and also making reference to ad­
ditional material to appear in subsequent papers 
in this series.6

The Alternation Tendency in Copolymeriza­
tion.—An earlier paper20 stated that the alter­
nating effect “seems sometimes to be due to 
steric effects, at other times to dipole effects or 
specific interactions (compound formation) be­
tween monomers.” This section will amplify this 
statement in the light of the work cited above.5*6 
Price7 has proposed that substitutents in a radical 
or monomer may withdraw or supply electrons 
from the site of reaction, resulting in effective 
charges on the trivalent or doubly bound carbon 
atoms. The alternating effect then arises from an 
attraction between a negative double bond and a 
positive radical, or vice versa. Alfrey and Price8 
have since attempted to place this suggestion on 
a general and quantitative basis, describing the 
reactivity of each monomer in terms of two param­
eters, referring to the “general monomer reactiv­
ity” (Q) and “polarity factor” (e). Bartlett and 
Nozaki9 have mentioned the possibility that 
electron transfer from a donor radical to an ac­
ceptor monomer, or vice versa, in the activated 
complex may account for alternation tendencies, 
and we have developed and discussed this con­
cept further in later papers in this series.10

(5) (a) Lewis, Walling, Cummings, Briggs and Mayo, ibid., 70» 
1519 (1947); (b) M ayo, Walling, Lewis and Hulse, ibid., 70, 1523 
(1948); (c) Doak, ibid., 70, 1525 (1948); (d) Lewis, Walling, Cum­
mings, Briggs and Wenisch, ibid., 70, 1527 (1948).

(6) (a) Lewis and Mayo, ibid., 70, 1533 (1948); (b) Walling, Briggs 
and W olfstirn, ibid., 70, 1543 (1948).

(7) Price, J . Polymer Sci., 1, 83 (1946).
(8) Alfrey and Price, ibid„ 2, 101 (1947); Alfrey, paper presented 

a t A tlantic C ity Meeting, April, 1946.1
(9) B artle tt and N ozaki, T his Journal, 68, 1495 (1946).
(10) (a) Walling, Briggs, Wolfstirn and M ayo, ibid . , 70, 1537

(1948); (b) Walling, Seymour and Wolfstirn, ibid . ,  70, 1544
(1948).
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Table I
P r o d u c t s  o f  M o n o m e r  R e a c t iv it y  R a t io s  i n  C o p o l y m e r iz a t io n s  a t  60 °

Vinyl acetate
Butadiene
1.08 Styrene

0.3 Allyl acetate
.39 0.34 Vinyl chloride

<  .3 0.19 .26 Methyl methacrylate
<  .1 .16 0.61 Vinylidene chloride

.14 Methyl acrylate

.10 Methyl vinyl ketone

.054 <  .3 .8 i8-Chloroethyl acrylate

.05 .43 Methacrylonitrile
.25 ,02 .07 .24 .34 1.1 Acrylonitrile
.004 .02 .06 .56 Diethyl fumars

Both of these schemes lead to the prediction 
that the larger the difference in polarity or donor- 
acceptor properties between two monomers, the 
greater will be the alternation tendency, a conclu­
sion which is given qualitative support by Table I. 
In this table, monomers have been arranged ap­
proximately in order of their increasing tendency 
to alternate with styrene, as measured by the 
decreasing products of monomer reactivity ratios. 
The monomers are then seen to be arranged ap­
proximately in order of the tendency of the substit­
uents to accept electrons from the double bonds 
(i. e., decrease the rate of substitution in the ben­
zene ring). The acetoxy, vinyl and phenyl groups 
seem to be the best donors and poorest acceptors, 
followed by substituted alkyl, chlorine, carbalk- 
oxy, carbonyl and nitrile groups. The effects of 
substituents are roughly additive. Considering 
the rather large experimental errors in some of the 
products, Table I is surprisingly consistent and 
gives strong support to the qualitative notion: 
in each horizontal row, the monomer reactivity 
ratio products tend to increase from a minimum 
value at the left margin to unity at the right end, 
and the products in each column tend to decrease 
from unity at the top to a minimum value at the 
bottom.

On the other hand, there are enough inconsist­
encies in Table II to suggest that such a scheme 
will not work quantitatively. For example, us­
ing the Q and e values of Alfrey and Price8 for sty­
rene, methyl methacrylate and acrylonitrile, Q and 
e values for methyl vinyl ketone and methacrylo- 
nitrile5d were each calculated from two independ­
ent sets of data. Styrene data give for methyl 
vinyl ketone, Q == 0.75 and e =  0.51, while the 
acrylonitrile data give Q =  0.59, e =  1.00. For 
methacrylonitrile, our styrene data give Q =
0.59, e =  0.74 while our methacrylate data give 
Q =  0.95, e =  0.914. Clearly some other factors 
must be considered. One of these is the existence 
of specific resonance interactions between certain 
radicals and monomers, often large, and perhaps 
involving actual electron transfer.9*10 Another is 
the effect of differences in entropies of activation, 
or steric effects, most striking in the case of copoly­

merization of a 1- or 1,1-substituted ethylene with 
a 1,2-substituted derivative (as with styrene-di­
ethyl fumarate5a), where alternation results (in 
half the steps) in more crowding of substituents. 
Such an effect may account for the abnormally low 
alternation tendency (large rxr2) in the diethyl fu- 
marate-vinylidene chloride system (Table I) and 
for the high alternation tendency in the vinyl ace­
tate-trichloroethylene system.5b In the latter 
case, polyvinyl acetate and the copolymer may 
be constructed from Fisher-Hirschfelder models 
while poly trichloroethylene cannot: an alterna­
tion tendency should be expected in general when 
a radical from a small monomer prefers to react 
with a more highly substituted monomer which 
cannot polymerize with itself. Further, compari­
son of cis and trans isomers in copolymerizations 
shows that even configurations of substituents in 
the activated complex are important in determin­
ing reactivity.6a While the above examples are 
all concerned with 1,2-substituted ethylenes, 
where steric effects were anticipated by Alfrey and 
Price,8 there is good evidence of steric hindrance 
in the polymerization of 1,1-disubstituted ethyl­
enes where these workers neglect steric effects: 
heats of polymerization of 1,1-substituted ethyl­
enes (methyl methacrylate, 11.6 kcal./mole, iso­
butylene, 12.8 kcal./mole)11 are significantly 
lower than for 1-substituted ethylenes (styrene,
16.1 kcal./mole,12 acrylic acid, 18.3 kcal./mole11).

Average Activities of Monomers in Copoly­
merization.—The reciprocals of a series of mono­
mer reactivity ratios for a reference radical 
with a number of monomers are the relative reac­
tivities of the monomers toward the reference 
radical.2 Table II summarizes data on monomers 
which have been tested in enough combinations 
to be of interest. The first column of figures gives 
the relative reactivity of monomers toward the 
vinyl acetate-type radical, taking the relative re­
activity of vinyl acetate as one. Similarly, the 
second column gives the relative reactivity of 
monomers toward the styrene-type radical, taking 
the relative reactivity of styrene as one, etc. Since

(11) Evans and Polanyi, Nature, 152, 738 (1943).
(12) Tong and Kenyon, T his Journal, 69, 1402 (1947).
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T a b l e  I I

R elative R eactivities o f  M onomers w ith  Various R adicals at 60°°

Structure and Reactivity of M onomers in Copolymerizations

M ethyl Vinyl­ /3-Cliloro” Di­
Radical Vinyl Allyl Vinyl m eth­ idene M ethyl ethyl Acrylo­ ethyl

Monomer acetate Styrene acetate chloride acrylate chloride acrylate acrylate n itrile fum arate
a-Vinylpyridine 1.82 2.54
0-Chlorostyrene 1.78 2 .0
Styrene >50 1.00 >50 50 2.2 12 5.5 10 25 14
Methyl methacrylate 70 1.9 >50 1.00 4.0 5 .5
Methyl vinyl ketone 3.5 1.6
Methacrylonitrile 3.3 1.5
Acrylonitrile 16 2.5 50 0.75 2.7 1.00
/?-Chloroethyl acrylate 1.9 >50 1.1 1.00
Methyl acrylate 10 1.34 1.0* 1.00 1.1
Vinylidene chloride >30 0.54 3.2* .40 1.00 1 .0 * 1.1 22
Methallyl chloride 8 C .05 3 .2d .13 0.9
Methallyl acetate .014* .1 .42 • 0.25
Vinyl chloride 4.3 .06 1.00 .08 .31 0 .2 0.30 2.1
Vinyl acetate 1.00 .02 2 .2 0.60 .05 .28 .11 .25 2 .3
Isobutylene .49 .65 0.3*
Vinyl ethyl ether 0.33 .01 .31 .3 .2
Allyl chloride .03" .02 .22 .18
Allyl acetate 1.7 .O il1' 1.00 .86* .043* .15 .2 .18
Maleic anhydride >50 >130/ .11 .4* .17
Diethyl fumarate 90 3.3 8.3 .08 .12 1.00
Diethyl maleate 6 .15 1.3 .05* .08 .08
Trichloroethylene 1.5 .06 .01 .03* .015
Jraws-Dichloroethylene 1.0 .03
m-Dichloroethylene .16 .005
Tetrachloroethylene .15 .005 .005 .007

° Italic values have been calculated from «-values obtained from single experiments in a preliminary survey carried out 
largely by Mr. W. F. Hulse. The results have not been reported elsewhere, but, except when starred, are probably ac­
curate within a factor of two. 6 Alfrey and Harrison, T h is  J o u r n a l , 68, 299 (1946) (70 °). c>d’e Calculated from Moffett 
and Smith, U. S. Patent 2,356,871. Reactions at 80°, 45°, 40°, respectively. /  Ref. (9), 35°. g Doak and Walling, 
unpublished work.

is tertiary > secondary > primary.13 Thus, those 
addition reactions to double bonds are preferred 
where the new radical formed is the most stabilized 
by resonance. However, the conjugation and hy­
perconjugation which stabilize the radicals should 
also stabilize the double bonds (but to a lesser ex­
tent since there will be a greater energy difference 
between the main and resonating structures), 
making the double bonds less reactive. Since the 
conjugated double bonds are actually more re­
active, the conjugation must stabilize the acti­
vated complex more than the monomer, a conclu­
sion consistent with the expectation that the reso­
nance stabilization in the activated complex 
should be intermediate between the initial and 
final states. In other words, direct attachment of 
a vinyl, phenyl, carbonyl, carboxyl, nitrile or alkyl 
group to a double bond reduces the activation en­
ergy required for formation of the activated com­
plex when any radical approaches. This conclu­
sion is consistent with the proposal to be developed 
later10 relating alternation effects to resonance 
contributions to the activated complex.

It follows from the above conclusions about
(13) W heland, “ The Theory of Resonance,” John Wiley and Sons, 

Inc., New York, N. Y., 1944, p. 238; Mayo and Walling, Chem. Rev., 
27, 373 (1940).

the reactivities in various columns are related by 
the ratios of the rate constants for chain growth 
of the standard monomers, relations between col­
umns must await determinations of these con­
stants.

The radicals at the top of Table II are arranged, 
in order of decreasing electron-donor tendencies, 
increasing electron-acceptor tendencies, as listed 
in Table I. Except that 1,2-disubstituted ethyl­
enes have been arbitrarily grouped at the bottom 
for later discussion, the order of the monomers in 
the first column is a compromise arranged so that 
the reactivities decrease in each column. The 
decrease in each column is sufficiently uniform, 
within the often considerable experimental error, 
that the order approximates the average activities 
of the monomers. The lack of uniformity can be 
correlated qualitatively with the alternating tend­
ency. For example, the monomers immediately 
below styrene are more reactive toward the sty- 
rene-type radical fqr this reason. Similarly, the 
relative reactivities of vinyl chloride and vinyl 
acetate change as the electron-accepting proper­
ties of the attacking radical increase. Quantita­
tive changes in relative reactivities, without change 
in order, in other addition reactions of double 
bonds suggest that the order of stability of radicals
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resonance stabilization in monomers and radicals 
that, in general, the most reactive monomers are 
converted, in polymerization, to the least reactive 
radicals and the least reactive monomers yield 
the most reactive radicals.

Effects of Substituents.—The conclusions of 
the last two sections on the copolymerization of 
the 1- and 1,1-substituted ethylenes are sum­
marized in Table III. The “average activity 
series,” based on Table III, shows the effects of 
substituents on the ease with which an ethylene 
derivative reacts with an average radical and on 
stabilizing the radical which will be formed. The 
electron “donor-acceptor series,” based on Table 
I, is a measure of the abilities of the substituents 
to serve as donors or acceptors in radical monomer 
interactions. The effects of a second a-substituent 
are roughly additive in both series.14

T a b l e  III
T h e  E f f e c t s  o f  S u b s t it u e n t s  o n  t h e  C o p o l y m e r iz a ­
t io n  o f  M o n o s u b s t it u t e d  E t h y l e n e s , R'—CH—CH2

Average activity series

c 8h 6— '
H2C = CH—“ 
R—-UÜ— 
N = C —■ 
r —o —CO— 
Cl—
R---O--- 1
R—CH2— J 
H—(?)

Donor—acceptor series

R—O—

oao
bOÖ

h 2c= c h — 
c 6k 5—
R—CH2—
H— (?)
Cl
R—CO— \  
R— O— CO—  J 
Ne=C—

° As pointed out to us by Dr. T. Alfrey, although 
butadiene is about four-thirds as reactive as styrene, it 
contains two vinyl groups, each of which must be two- 
thirds as reactive as the vinyl group in styrene.

When two monomers lie close together in the 
donor-acceptor series then the copolymer will be 
the “ideal” or random type. If the monomers are 
also close together in the average activity series 
(example, styrene-butadiene),5d the composition 
of the copolymer will approximate the composition 
of the feed. The greater the separation of the 
monomers in the average activity series, the 
greater will be the tendency of the more reactive 
monomer to predominate in the copolymer; the 
less reactive monomer may be practically ex­
cluded (example, styrene-vinyl acetate5b).

When two monomers are well-separated in the 
donor-acceptor series, then they will have a 
marked tendency to alternate in copolymeriza­
tion. If neither monomer polymerizes easily by 
itself (e. g., stilbene-maleic anhydride),6a or if 
they lie close together in the average activity se­
ries (e.g.t styrene-acrylonitrile)2b then the products 
will approximate a 1:1 copolymer as long as the 
feed permits. These are the conditions under

(14) An interesting observation is th a t even rather remote sub­
stitu tion  may change monomer reactivity  ratios appreciably. 
Thus values for styrene-m ethyl acrylate, 0.75 and 0.18,6a are changed 
to  0.54 and 0.10, respectively, for styrene-/?-chloroethylacrylate.B<l

which a system is most likely to form an azeotropic 
copolymer, the only requirement being that both 
monomer reactivity ratios be less than unity.3 
On the other hand, if the monomers are well sep­
arated in both series, then the more reactive 
monomer will predominate to an extent such that 
the alternating effect will be apparent only from 
the monomer reactivity ratios or their product 
(example, acrylonitrile-vinyl acetate).5b

Copolymerization of 1,2-Disubstituted Eth­
ylenes.—Toward the styrene-type radical, di­
ethyl fumarate is 2.5 times as reactive as methyl 
acrylate5a and fumaronitrile6a is twice as reactive 
as acrylonitrile, but these bifunctional monomers 
have two equally probable sites of reaction. The 
fumaric ester is about ten times as reactive as the 
acrylic ester toward the vinyl acetate-type radical. 
Toward the radicals which are poorer donors, how­
ever, the acrylate seems more reactive than the 
fumarate. These results show that a 2-carbethoxy 
group enhances the reactivity of ethyl acrylate 
toward donor monomers but decreases activity 
toward acceptor monomers. However, results in 
the polychlorinated ethylenes50 reveal only a re­
tarding effect of 2-substituents.

Rates of Polymerization and Copolymeriza­
tion.—Comparison of some over-all rates of 
polymerization of single monomers has yielded 
the following order of decreasing rates with 0.1 
mole % of benzoyl peroxide at 60°: methyl acryl­
ate, acrylonitrile, vinyl acetate, methyl methacryl­
ate, vinyl chloride, vinylidene chloride, styrene, a- 
methacrylonitrile, allyl chloride, allyl acetate, iso­
butylene, vinyl ethyl ether.15 This order has no re­
lation to the order of activity of these monomers 
in copolymerization, or to conjugation, since over­
all rates are determined primarily by the competi­
tion between chain growth and chain termination 
reactions and since they involve the rate of reac­
tion of a different radical with each monomer, not 
the relative reactivities of monomers toward a com­
mon radical. Over-all rates in copolymerization 
are even more complex, and can be discussed 
quantitatively only if absolute rate constants are 
known.16 Although such a discussion will be 
presented shortly from this Laboratory, some 
qualitative generalizations are worth mention 
here. First, copolymerization of two monomers 
far apart on the polarity series will frequently lead 
to much higher rates than are obtained for either 
monomer alone. This effect is observed in most 
copolymerizations of maleic anhydride with 
donor monomers9 and arises because the rate of 
the chief growth step for each radical is greatly in­
creased. Second, addition of a small amount of a 
reactive monomer may markedly inhibit the poly­
merization of an unreactive monomer close to it in 
the polarity series, as in the inhibition by styrene 
of the polymerization of vinyl acetate. A series

(15) Experiments in th is Laboratory by R . Van M eter and D. M . 
Alderman.

(16) Melville, Noble and Watson, J .  Polymer Sci., 2, 229 (1947).
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of experiments17 showed that the inhibition de­
pended on the catalyst concentration. Below 
about 0.4 mole % of styrene, one molecule of 
catalyst per molecule of styrene would permit the 
formation of a hard polymer in twenty-four hours 
at 70° while less catalyst (although ample to poly­
merize vinyl acetate alone) gave little polymer. 
At higher styrene concentrations, a higher ratio 
of catalyst to styrene was required unless much 
longer reaction times and addition of fresh catalyst 
were allowed. The result was then a mixed poly­
mer. Copolymerization data show that styrene 
is at least fifty times as reactive as vinyl acetate 
toward both radicals. Hence with about 0.1% 
styrene in vinyl acetate, although the vinyl ace­
tate radicals can add rapidly to vinyl acetate, 
they have a strong preference for styrene and are 
rapidly converted to styrene-type radicals. While 
these styrene radicals can add readily enough to 
styrene, this monomer is present only in very low 
concentration and the vinyl acetate is unreactive, 
acting like a rather inert diluent. As a result, rela­
tively little chain growths occurs before two radi­
cals meet and destroy each other, but if enough 
catalyst is supplied to sweep out the last traces of

(17) Unpublished results by Drs. R. T. Armstrong and D. W. 
Sherwood, obtained in these laboratories in 1942.

styrene, then the vinyl acetate can polymerize 
normally.

Summary
Survey of the extensive new data from this 

laboratory is shown to support the conclusion 
that the reactivities of monomers in copolymeriza­
tion are determined by an order of average mono­
mer activity on which is superimposed a tendency 
toward alternation. The average activity of mon­
omers depends largely on conjugation, i. e.f on the 
possibilities of resonance stabilization of the ac­
tivated complex and resulting radical. The al­
ternation tendency seems to result from several 
factors which are roughly summarized as the abil­
ity of one monomer (or radical) of a pair to donate 
electrons to the other radical (or monomer) of the 
pair. Tables show the effects of substituents on 
both the average activity and electron-donating 
ability of monomers.

Limited data on symmetrically substituted 
ethylenes show that the behavior of these mono­
mers is more complicated than that of the 1- and
1,1-substituted monomers.

The qualitative relations between reactivity in 
copolymerization and over-all polymerization 
rates are discussed.
P a s s a i c , N. J .  R e c e i v e d  J u l y  17, 1947

[C o n t r i b u t i o n  N o . 7 1  f r o m  t h e  G e n e r a l  L a b o r a t o r i e s  o f  t h e  U n i t e d  S t a t e s  R u b b e r  C o m p a n y ]

Copolymerization. IX. A Comparison of Some cis.and trans  Isomers1*2
By Frederick M. Lewis and Frank R. Mayo

As a study of the principles governing copoly­
merization was getting under way in this Labora­
tory, the paper by Marvel and Schertz3 called our 
attention to the fact that dimethyl fumarate had a 
greater tendency than dimethyl maleate to enter a 
copolymer with ^-chlorostyrene. Since any gen­
eral scheme of copolymerization must account for 
such differences, we have compared the behavior 
of six pairs of geometrical isomers with a total of 
four other monomers. The results support our 
previous conclusion1 that the possibilities of reso­
nance stabilization of the activated complex is a 
critical factor determining the activity of a mono­
mer toward a free radical.

Experimental
Materials.—Stilbene, maleic anhydride and methyl 

fumarate and maleate esters were Eastman Kodak Co. 
materials used without purification. The half esters were 
prepared according to the directions of Shields.4 Eastr

(1) For the preceding paper in this series, see Mayo, Lewis and 
Walling, T his Journal, 70, 1529 (1948).

(2) The conclusions of th is paper were presented a t the Symposium 
on the Physical Chemistry of Copolymers and Copolymerization a t 
the A tlantic C ity Meeting of the  American Chemical Society, April 
9, 1946, and a t the Gibson Island Conference on High Polymers, 
July 1, 1946.

(3) M arvel and Schertz, T his Journal. 66, 2054 (1943).
(4) Shields, J . Chem. Soc., 69, 736 (1891).

man Kodak Co. mixed dichloroethylenes were separated 
by fractional distillation through a packed column: 
trans, b. p. 48.0 at 752 mm., w20d  1.4454; cis, b. p.
60.6 at 772 mm., w20d  1.4486. Wood and Dickinson5 6 
give: trans, b. p. 47.2° at 745 mm.; cis, b. p. 59.6 at 
745 mm. Isostilbene was prepared by Mr. R. W. Strass- 
burg by the partial hydrogenation of tolane. It distilled 
at 82.5° at 0.5 mm. and melted at —28 to —26°, although 
the melt was slightly cloudy up to 0°. This clearing 
point indicates that the product contains less than 3% 
trans- stilbene.®

Fumaronitrile was prepared from fumaramide and phos­
phorus pentoxide.7 The nitrile was then partially iso- 
merized to maleonitrile with hydrogen chloride in ether.8 
From 24 g, of crude product were obtained, by fractional 
distillation and crystallization, 12.6 g. fumaronitrile 
(m .p. 96-97°), 3.1 g. maleonitrile (m .p. 23-27°) and 2.10 
g. chlorosuccinonitriles. These yields are in fair agree­
ment with determinations of equilibrium mixtures. Mom- 
maerts9 isomerized the cis isomer thermally to a 50% 
cis-trans mixture in 1180 hours at 105-110 ° but apparently 
did not reach equilibrium. We have heated the trans 
isomer in a sealed, evacuated tube at 140° for seventy

(5) Wood and Dickinson, T his Journal, 61, 3259 (1939). E x tra ­
polation of their data  indicates th a t the equilibrium m ixture of the 
isomers contains 22% trans a t 60°. Equilibria in th e  vapor phase 
are not greatly different: cf., Olson and M aroney, ibid., 66, 1320
(1934) .

(6) Taylor and M urray, J . Chem. Soc., 2078 (1938).
(7) de Wolfe and van de Straete, Bull. soc. chim. Belg., 44, 288

(1935) .
(8) M ommaerts, Bull. Acad. Roy. Belg., 27, 579 (1941).
(9) M ommaerts, Bull. soc. chim. Belg., 62, 79 (1943).



1534 Frederick M. Lewis and Frank R. M ayo Vol. 70

hours with a trace of iodine and apparently obtained an 
equilibrium mixture containing 76% fumaronitrile as 
determined from the melting point phase diagram.

Other materials have been described in previous papers.
Procedure—Except as indicated, experiments^ were 

put up and polymers isolated as described previously. 
When a  polymer was of low-molecular weight, the solution 
above the precipitate was concentrated and examined 
for polymer, which was combined with the main lot when 
found in appreciable quantities. This procedure per­
mitted distillation of the monomer from a small fraction 
of the polymer instead of from the whole product.

Results are summarized in Tables I and II.

T able I
R a tes  of Copolymerization of E quimolecular M ix -
t u r e s  o f M a l e ic  A n h y d r id e a n d  S t il b e n e a t  60

M oles of 
each

m onom er
Stilbene
isomer

Chloro­
form,

cc.

Reaction
time,

hr.
Yield, 
wt. %

0.0250 trans 7.00 15.3 61.0a
.0250 cis 7.00 15.3 35.6*
.0100 trans 2.80 3 21 .9C
.0100 cis 2.80 3 13.3C

° Stiff polymer cut into thin slices, extracted twice with 
boiling methyl ethyl ketone, washed with petroleum ether, 
dried, ground, and heated to 100° at 1 mm. pressure for 
two to three hours. 6 Soft polymer broken up and 
soaked in methyl ethyl ketone for three days, washed on 
niter with petroleum ether and dried as in a . c Reaction 
products heated slowly at 3 mm. pressure up to 175°. 
Residue taken as polymer.

T a b l e  I I

Copolymerization of R eferen ce  M onomers (Mi) w ith 
cis and trans I somers (M 2) w ith  0.2 M ole % Benzoyl 

P eroxide at 60 °

[Mi ]o® [M2]o® [Mi]®

Reaction
time,

[M2]® hr.
Polymer
analyses

Styrene-D im ethyl Fum arate % c
64.00 16.68 47.38 8.46 32.0 75.28 75.06
40.40 39.53 25.46 26.80 35.1 70.02 79.86
16.10 62.60 3.16 49.25 30 .2 67.33 67.31

Styrene-D im ethyl M aleate % c
63.90 17.42 28.50 15.85 42.7 88.91 89.72
40.00 42.18 22.40 39,76 21.1 85.75 85.45
16.07 67.80 79.15 63.45 11,4 77.54 77.39

Styrene-M onoethyl Fum arate % c
69.80 21.75 60.10 16.08 5 .0 73.24 73.34
39,50 32.60 29.40 32.30 3 .2 67.34 67.58
20.05 44.30 11.45 32.80 2 .2 64.78 64.93

Styrene-M onoethyl M aleate %c
72.70 61.85 23.35 16.04 2.1 71.85 71.87
40.00 34.91 48.68 43.90 3 .0 68.03
16.05 35.78 78.00 62,85 2.1 65,77 65.74

Styrene-Fum aronitrile % N
80,10 21.55 54.45 7.42 8.5® 10.06
79.10 20.00 50.60 6.09 8.5® 9.63
19.95 79.20 5.01 65,70 3® 14.50
19.80 79.82 4.20 66.85 3® 14.31
78.70 19.80 73.229 16.997 2d 10.00 10.23

Styrene-M aleonitrile 077V N
19.89 4.62 16.30 2.818 8 . 5 d 9.81

6.795 28.10 3.507 25.30 32.5® 13.90
78.60 19.43 74.324 17.083 2® 10.48 10.45

Styrene-fraws-Dichloroethylene % ci
78.89 19.18 54.29 19.00 \ 24 0.43 0.55
79.06 19.57 54.96 1 9 .3 8 / 0.54 0.54

Styrene-ciVDicliloroethylene % Cl
77.83 20.47 59.12 20.441 91 0.09 0.12
78.18 20.35 51.48 2 0 .3 1 J 0.07 0.12

Vinyl Chloride-Diethyl Fum arate % Cl
16.48 78.65 11.02 59.07 26 5.13 5.31
17.40 79.32 11.96 62.82 25 j 6.05 6.41

\  5.51 5.90
95.19 21.65 78.94 11.03 5.6 20.26 20.27

100.50 21.75 86.69 12.68 5.6 20.17 20.20
Vinyl Chloride-Diethyl M aleate % Cl

28.85 64.96 12.56 51.78 53 17.56 17.60
32.48 64.40 12.99 49.06 51 17.84 17.99
87.74 10.32 63.63 7.096 15.256 41.52 41.44
84.89 10.13 60.01 6.925 15.256 41.77 42.01

Vinyl A cetate-D iethyl Fum arate % AcOH ̂
15.90 62.90 11.75 51.13 8 10.45
15.82 63.34 11.95 52.38 8 10.48
58.30 11.79 51.56 5.03 1.25 23.20
59.07 12.14 51.68 4.75 1.25 23.24

Vinyl A cetate-D iethyl Maleate % AcOH/
15.63 66.55 9.56 59.50 9 21.00
16.07 64.33 9.82 56.98 9 20.80
57.72 13.47 49.33 8.73 2.5 32.76
58.68 13.69 50.29 9.11 2.5 33.37

Vinyl Acetate-frarcs- Dichloroethylene % Cl
78.15 18.86 33.97 9.81 7.5 13.74 13.70
78.40 20.26 34.88 10.65 7.5 14.51 14.59
19.46 79.25 1.09 49.50 121 47.19 47.33
18.91 76.95 0.41 An A A*tu . -f 0/5 1UU 47 59 47 53

Vinyl Acetate-CLS-Dichloroethylene % Cl
78.30 20.51 17.15 16.37 7.5 5.22 5.11
78.40 20.46 15.71 16.22 7.5 5.18 5.13
19.00 81.25 0.35 65.87 121 35.07 35.22
19.61 79.75 .19 64.57 121 34.12 34.15

“ Millimoles of unreacted monomers; zero subscripts 
indicate initial concentrations. 6 Contained 5.00 cc. 
chlorobenzene. e>d>* Contained 10,® 2 .5 /  or 3.75e cc. of 
chloroform, respectively. f The % acetic acid was de­
termined by the method described by Mayo, Walling, Lewis 
and Hulse, T his J ournal, 70, 1523 (1948), corrected 
empirically from the error in the nearest known sample: 
copolymers of diethyl fumarate and vinyl acetate, known 
to contain 10.97, 21.06 and 28.24% acetic acid, analyzed 
for 11.45, 20.90 and 27.95% acetic acid.

Vinyl acetate runs containing a high proportion of 
dichloroethylene were not precipitated at all but were 
heated slowly at 1 mm. pressure to remove monomer, 
finally for a minute or two at 150-175°. These residues 
were then analyzed directly.

The high vinyl chloride runs with diethyl maleate gave 
a precipitate of polymer and chlorobenzene was therefore 
added to some to keep them homogeneous. In low vinyl 
chloride runs, monomer reactivity ratios for the maleate 
radical varied with the isolation procedure although 
checks were obtained with each procedure: (a) simply
distilling off the monomer from the soft liquid polymer at 
150-200° and 2 mm. pressure gave 0.10; (b) precipitating 
the polymer three times, concentrating the liquors at 
reduced pressure and combining this residue with the 
polymer gave 0.05; (c) distilling off the bulk of the un- 
reacted diethyl maleate first, then treating as in (b) with 
repeated washings of precipitated polymer with petroleum 
ether gave 0.009, the recorded results. The high vinyl 
chloride runs showed little difference between procedures 
(b) and (c), the polymers being harder and less readily 
soluble.

Chloroform was used as a solvent for all the dinitrile 
runs because fumaronitrile was immiscible with styrene. 
The polymers precipitated from solution as highly swollen 
gels; they were precipitated three times from methyl ethyl 
ketone with methanol and were then swollen in benzene
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T able III
Comparison of Cis and  Trans I somers in  Copolymerization

Reference Less Planar
monomer c i s - t r a n s  isomer More reactive stable c i s  form

(Mi) n (M2) n isomer isomer hindered
Styrene 0.30 =b 0.02® Diethyl fumarate 0.070 ±0.007® trans cis +

6.52 =b .50® Diethyl maleate <  . 01® (2i y
Styrene 0.21 =£= .02 Dimethyl fumarate .025 ± .015 trans cis +

8.5 =fc .2 Dimethyl maleate .03 ± .01 (40)
Styrene 0.18 =b .10 Monoethyl fumarate .25 ± .10 '

.13 =fc .01 Monoethyl maleate .035 ± .01 no significant cis —
Styrene .19 =b .03 Fumaronitrile .0 difference cis —

.19 =fc .01 Maleonitrile .0
Styrene 37 =fc 3 fraws-Dichloroethylene .0 trans trans —

210 ±  15 m-Dichloroethylene .0 (6)
Vinyl chloride .12 .01 Diethyl fumarate .47 ± .05 trans cis +

.77 =fc .03 Diethyl maleate .009 ± .003 (6.5)
Vinyl acetate .011 ± .001 Diethyl fumarate .444 ± .003 trans cis +

.17 db .01 Diethyl maleate .043 ± .005 (15)
Vinyl acetate .99 =b .02 ^^^-Dichloroethylene .086 ± .01 trans trans —

6.3 =fc .2 as-Dichloroethylene .018 ± .003 (6.5)
Maleic anhydride 0.03 =fc .03 Stilbene .03 ± .03 trans cis +

.08 =fc .08 Isostilbene o If .07 (1 .5 -2 .0)6 '
Diethyl maleate or Diethyl fumarate trans cis +

fumarate Diethyl maleate (52;• 1 0 d , >7*)
Dichloroethylene drafts-Dichloroethylene trans trans —

cw-Dichloroethylene (4.8)d
° Experimental errors for ethyl esters are based on a possible 0.1 or 0.2% error in carbon analyses.10 Experimental 

errors in other instances represent the areas of the intersections obtained in graphical solutions of the copolymerization 
equation. 6 From rates of polymerization, Table I. c’d>e From copolymerizations with vinyl chloride, vinyl acetate, 
and styrene, respectively. /  Ratio of reactivities of two isomers toward reference radical.
and subjected to the freezing procedure, or dried in pow­
der form when obtainable.

The copolymers formed from all maleic anhydride- 
stilbene feeds were 1:1 copolymers within experimental 
error. The rates of copolymerization of the two isomers 
were therefore compared. Even in chloroform the 
polymers formed a gel, including all the reaction mixture 
and becoming stiffer as the reaction progressed. Data are 
summarized in Table I.

Discussion
Results of comparisons of cis and trans isomers 

are summarized in Table III. The experimental 
errors given were, in general, obtained from the 
standard deviation of individual experiments.10 
In the cases of some of the maleic and fumaric es­
ters, however, the low volatility of these mono­
mers and their high solubility in the polymer 
made their complete removal difficult and actual 
errors may be larger. This is especially likely for 
the vinyl acetate-maleate and fumarate and sty­
rene-methyl maleate and fumarate systems with 
which special precautions10 (see Experimental 
part, also ref. 10) were not taken.

The addition of a free radical to either a cis or 
trans isomer presumably results in the formation 
of the same free radical with the three attached 
substituents in the same plane11 or with a pyra­
midal configuration which is easily reversible.

(10) Lewis, Walling, Cummings, Briggs and Mayo, T h is J o u r n a l , 
70, 1519 (1948).

(11) An unsuccessful search for differences in the free radicals 
from the sym-dichloroethylenes was made by K. E. Wilzbach in this 
Laboratory.

Accordingly, addition to the isomer which is less 
stable thermodynamically might be expected to 
require less activation energy, so that this isomer 
should be the more reactive. However, the data 
show that dialkyl fumarates are 6-20 times as re­
active as the maleates toward the styrene, vinyl 
chloride, and vinyl acetate radicals. Our previous 
conclusion that the possibilities of resonance in 
the activated complex1 is a major factor governing 
the reactivity of double bonds toward free radicals 
suggests a probable explanation for such results. 
When a radical adds to these monomers, the ac­
tivated complex can be stabilized by resonance 
between forms I - I I I  only if the oxygen of the car­
bonyl group involved lies in the same plane as the 
other atoms attached to the doubly-bound carbon 
atoms.

Consideration of models shows that the two es­
ter groups in maleic esters cannot be coplanar 
simultaneously and interference between them is 
such that a coplanar configuration for either is not 
very probable. On the other hand, in the fumaric 
esters either or both ester groups may be coplanar. 
Such an interpretation also suggests a reason for 
the high reactivity of the double bond of maleic 
anhydride1 in which both carbonyl groups are 
constrained to a coplanar configuration by the 
five-membered ring. Price12 has proposed that 
purely steric effects can account for the observed 
differences without considering resonance.

Similarly, in c£s~stilbene, both rings cannot be
(12) Price, J .  P o ly m e r  S c i . ,  1 , 83 (1946).
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H

i= o

Et
h i

simultaneously coplanar and the possibilities of 
activation of the double bond by the phenyl groups 
are less favorable than in /rtms-stilbene. The rate 
data show that the trans form is 1.5-2 times as re­
active as the cis form toward the maleic anhydride 
radical.13 The half esters of maleic and fumaric 
esters did not differ significantly. Here the smaller 
size of the substituent and the possibilities (at 
least) of hydrogen bonding and ring formation in 
the cis form reduce the difference found between 
the normal esters.

In the cases of the dichloroethylenes and the 
dinitriles, no steric inhibition of resonance can be 
involved. Although the ratio of cis to trans forms 
in the equilibrium mixture of the dichloroethylenes 
is about 3.5, the trans form reacts 6-7 times as 
fast with both the styrene and vinyl acetate radi­
cals. Thus the difference in free energy of activa­
tion is greater than the free energy difference in 
the monomers. The equilibrium trans:cis ratio 
in the dinitriles is about 3.0, but there is no differ­
ence in reactivity. Here the difference in rate of 
reaction is less than would be anticipated. These 
results show that the isomer pairs do not yield the 
same activated complex (whether or not they are 
eventually converted to the same radical) and

(13) This comparison of rates assumes th a t  the rate of chain 
initiation is the same in bo th  monomer mixtures, and th a t both 
isomers yield the same free radical, so th a t the rates of reaction of this 
radical with maleic anhydride and the rates of chain termination are 
the  same in both experiments.

Et

o = c  pv
H/

Et

/
C-
\

/
Et

O/

II

that there is no consistent relation between the 
free energies of the isolated monomers and their 
free energies of activation. The results further 
suggest that the dipole and resonance effects and 
energy levels which determine the relative stabili­
ties of the pure monomers lead to larger differ­
ences in the stabilities of the activated complexes.

Our data show that coplanarity of conjugated 
groups is an important factor determining the 
relative reactivities of cis-trans isomers in copoly­
merization. The general principle that the less 
stable isomer should be more reactive is only a 
qualitative guide in other cases, showing that 
other factors must be considered. Factors such as 
general availability of electrons in the double 
bonds14 or dipole moment have not led to useful 
correlations in these compounds. The present 
work suggests also that the steric inhibition of 
resonance should be important in the copolymeri­
zation of 1,1-disubstituted ethylenes: vinylidene 
chloride is considerably more reactive than vinyl 
chloride and 1,1-dicyanoethylene should be much 
more reactive than acrylonitrile, but because of 
interference between the 1-substituents, consid­
erably less difference should be expected between
1,1-diphenylethylene and styrene, or between 
methylenemalonic esters and acrylic esters.

Summary
The relative reactivities of the cis and trans 

forms of six pairs of isomers have been compared 
with radicals from a total of four monomers. The 
order of decreasing activity, maleic anhydride, 
fumaric esters, maleic esters, parallels the decreas­
ing ability of these monomers to assume a planar 
configuration and thus to stabilize the activated 
complex by resonance with the carbonyl groups. 
Similarly, the inability of both phenyl groups in 
isostilbene to resonate with the double bond ac­
counts for the higher reactivity of stilbene.

Of the 1,2-dichloroethylenes, the less stable 
trans form is more reactive, while maleonitrile and 
fumaronitrile are equally reactive. Thus, steric 
inhibition of resonance, when it occurs, seems to 
determine the relative reactivities of geometrical 
isomers, and the relative stabilities of the isomers 
has only a qualitative relation to reactivity in 
other cases.
P a s s a ic , N e w  J e r s e y  R e c e iv e d  J u l y  17, 1947

(14) Price and Alfrey, / .  Polymer Sci., 2, 101 (1947).
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Although previous work has established the 
validity of the copolymerization equation2 as a 
description of the free radical copolymerization of 
a large number of systems,3 interpretation of the 
monomer reactivity ratios observed has been 
neither simple nor unequivocal. Thus, the reac­
tivities of monomers in copolymerization depend 
both upon a general order of reactivity, apparently 
independent of the attacking radical and related 
to the resonance stabilization of the radical re­
sulting from reaction, and a specific tendency of 
certain monomers to alternate in copolymeriza­
tion. This “alternating tendency” has proved to 
be of particular interest, and polar interaction,4*5 
electron donor-acceptor properties6 and actual 
compound formation,4 have been suggested as 
possible causes. Still further factors appear to be 
involved in the interpretation of the relative re­
activities of cis-trans isomers,7 and in some sys­
tems, where monomer reactivity ratios appear to 
depend upon differences in both heats and entro­
pies of activation8 the situation is still further 
complicated.

Since any attempt to identify or evaluate all of 
these factors in the copolymerization of the usual 
monomers appeared to us a formidable undertak­
ing, we have looked for a simpler system. We 
have chosen the meta and para-substituted sty­
renes since the effect of meta and para substitu­
tion on the rates and equilibria of (polar) side- 
chain reactions of benzene appear to be particu­
larly simple and well understood. Thus, Ham­
mett, who has surveyed available data on a wide 
variety of such side-chain reactions of benzene,9 
has found that, in general, the effect of meta- or 
para-substituents can be expressed by the rela­
tion log K 0/ K  =  crp, where Ko and K  are the rate 
or equilibrium constants for the reaction of the 
unsubstituted and substituted compound, cr a 
parameter having a single value for each substitu­
ent and p a constant for any particular reaction. 
The parameters a and p are probably best inter-

(la) Present address, R. F. D. 2, Guilford, Conn.
(lb) Present address, Bell Telephone Laboratories Summit, N. J.
(2) (a) Alfrey and Goldfinger, J . Chem. Phys., 12, 205 (1944); 

(b) Mayo and Lewis, T h is  J o u r n a l , 66, 1594 (1944); Wall, ibid.,
2050.

(3) For a recent sum m ary and references, see Mayo, Lewis and 
Walling, ibid., 70, 1529 (1948).

(4) Mayo, Lewis and Hulse, T his Journal, 67, 1701 (1945).
(5) (a) Price, J . Polymer Sci., 1, 83 (1946); (b) Alfrey and Price, 

ibid., 2, 101 (1947).
(6) B artlett and Nozaki, T h is  J o u r n a l , 68, 1495 (1946).
(7) Lewis and Mayo, ibid., 70, 1533 (1948).
(8) Lewis, Walling, Cummings, Briggs and Mayo, ibid., 70, 1519 

(1948).
(9) H am m ett “ Physical Organic Chem istry,” McGraw-Hill Book 

Co., Tnc., New York, N. Y., 1940, Ch. V II.

preted as measures, respectively, of the ability of 
the substituent to withdraw electrons or make 
them available a t the site of reaction and the effect 
of such electron-availability on the reaction con­
sidered.

If a given monomer (Mi) is copolymerized in 
turn with a series of substituted styrenes (M2,s), 
the reciprocals of the monomer reactivity ratios 
for the radical corresponding to that monomer 
(l / r f s ) are the relative reactivities of the substi­
tuted styrenes with that radical. Such series, ob­
tained with several radicals, might permit the 
assigning of a value to each substituent analogous 
to Hammett's cr value, but applying now to radical 
reactions rather than to ones proceeding through 
“polar” intermediates. In particular, it was 
hoped that such a series might throw light on the 
nature and magnitude of the “alternating effect” 
in copolymerization.

Experimental
Materials.—Styrene and methyl methacrylate were 

commercial materials, distilled before use and stored in 
the ice-box. p-Methoxy, p-chloro, w-chloro-, d-chloro- 
and m-bromostyrene were prepared by the decarboxylation 
of the corresponding cinnamic acids. Their preparation 
and properties are described elsewhere,10 as are the 
preparation and properties of the samples of p-iodo, p- 
nitro and p-dimethylaminostyrene.11 p-Bromostyrene 
was prepared by the aluminum isopropoxide reduction of 
p-bromoacetophenone followed by dehydration over 
potassium bisulfate essentially as described by Brooks.12 13 
An over-all yield of 32.8% of product was obtained, 
b. p. 49.5-50.0° (2.5 mm.), w20d 1.5952 (lit. gives b. p. 
83.5-84.5 (11 mm.), n20D 1.5961).13 By similar pro­
cedures were prepared p-methylstyrene in over-all yield 
of 34.7%, b. p. 59.3-59.5° (15.5 mm.), n20D  1.5425 (lit. 
gives b. p. 65-66 (18 mm.), w25d 1.540214), and p-cyano- 
styrene in over-all yield of 15.2%, b. p. 69-71 (2 mm.), 
w20d 1.5795 (lit. gives b. p. 102-4 (9 mm.), n20d 1.578115). 
^-Methylstyrene was a sample supplied by Dr. Schoene 
of the Naugatuck Chemical Co. Refractionated here, 
it had an index of refraction n20d of 1.5402 (lit. n20d 
1.541016 * * *) .

Copolymerization Technique.—Polymerizations were 
carried out at 60° in sealed evacuated tubes essentially as 
described in the first paper in this series,2b using 0.05 to 
0.10 mole total monomers and 0.1 mole % benzoyl per­
oxide in each experiment. In general two experiments 
each at 1:4 and 4:1 molar ratios were carried out on each

(10) Walling and W olfstirn, T his Journal, 69, 852 (1947).
(11) Strassburg, Gregg and Walling, ibid., 66, 2141 (1947). The 

authors are also indebted to M r. Strassburg for the preparation of 
the styrenes described below.

(12) Brooks, ibid., 66, 1295 (1944).
(13) Ziegler and Tiemann, Ber., 55, 3414 (1922).
(14) Mowry, Renoll and Huber, T his Journal, 68, 1105 (1946).
(15) Marvel and Overberger, ibid., 67, 2250 (1945).
(16) M arvel, Overberger, Allen and Saunders, ibid., 68, 736

(1946). The sample from P r . Schoene was obtained by the steam
distillation of unreacted monomers from a butadiene-w-methyl-
styrene copolymer and is believed to  have come originally from the
University of Illinois.
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monomer pair, as this provides a better check on experi­
mental error than several experiments each with different 
monomer compositions. Polymers, whenever possible, 
were worked up by the frozen benzene technique.170 p- 
Cyanostyrene copolymers made from high p-cyanostyrene 
feeds and all p-nitrostyrene copolymers however, were 
insoluble in benzene. p-Nitrostyrene copolymers from 
high p-nitrostyrene feeds were insoluble in all solvents 
tried and were freed from monomer as well as possible 
by repeated sweiiing in chloroform and shrinking in 
petroleum ether, followed by drying for a week at 70° 
in vacuo. The other benzene-insoluble polymers were 
repeatedly dissolved in chloroform and precipitated with 
petroleum ether, followed by vacuum drying at 70°. 
Polymer compositions were determined by elementary 
analysis and the quantities of unreacted monomers then 
calculated by difference. Experimental data for four 
typical systems are given in Table I .17b

Calculation of Results and Experimental 
Errors.—Monomer reactivity ratios were deter­
mined graphically215 for each monomer pair, the 
results for the four pairs for which data are listed 
in Table I being illustrated in Fig. 1. Results for 
all of the systems are tabulated in Tables II, III

Fig. 1.—Graphical solutions of copolymerization equa­
tion for representative systems listed in Table I : A, sty- 
rene-p-bromostyrene; B, styrene—p-nitrostyrene; C, meth- 
acrylate-p-dimethylaminostyrene; D, methaerylate-m- 
methylstyrene. Numbers of lines correspond to experi­
ments in table.

(17a) Lewis and M ayo, Ind. Eng. Chem., Anal. Ed., 17, 134 
(1945).

(17b) A tabulation  of all of th e  experimental data obtained in 
this investigation m ay be obtained by requesting Document 2497 
from American Docum entation Institu te , 1719 N  Street, Washing­
ton 6- D. C., rem itting 50^ for microfilm or 70^ for photoprints.

T a b l e  I
R e p r e s e n t a t iv e  C o p o l y m e r iz a t io n s  o p  S t y r e n e  a n d  
M e t h y l  M e t h a c r y l a t e  w it h  S u b s t it u t e d  S t y r e n e s  

a t  6 0 °
Time, Polymer

Expt. [Mi]o® [M2]o® [M i]b [M2]6 hr. analyses
Styrene [Mi]-i>-Bromostyrene [Ms] % Br

1 66.0 15.76 50.6 11.18 15.5 14.91 15.06
2 64.6 15.52 49.2 10.80 15.5 15.49 15.02
3 9.90 38.28 7.13 26.70 14 38.37 38.18
4 10.30 38.21 7.34 27.17 14 37.49 37.75

Styrene [M iJ-^-N itrostyrene [M2] % N
5 39.58 10.80 35.37 7.67 96 4.83 4.85
6 39.65 10.35 35.70 7.66 96 4.60 4.67
7 10.18 31.33 8.17 22.80 31 7.98 8.13
8 9.84 30.55 7.71 22.13 31 8.38 7.73

8.10 7.84
7.87

Methyl M ethacrylate [Mi]-i>- Dimethylamino-
styrene [M2] %N

9 41.160 10.410 39.275 9.367 261 4.31 4.25
10 40.050 10.100 38.514 9.228 329 4.35 4.32
11 10.110 29.270 9.896 29.014 329 6.07
12 10.070 29.40# 9.860 29.142 329 6.23

Methyl M ethacrylate [M i]-m-M ethylstyrene
[M«] % C

13 47.69 17.28 38.42 12.84 11 71.31 71.36
14 48.69 11.89 36.58 7 .78 11 68.96 69.10
15 12.88 49.10 6.49 31.74 32 83.97 83.92
16 11.60 48.80 5.78 31.35 32 84.53 84.56
° Millimoles of initial monomers. 6 Millimoles of un-

reacted monomers.

and IV, together with a number of derived quan­
tities. Experimental errors were calculated as 
described previously8 using the assumed analytical 
errors listed in the tables. In all but four cases 
all lines corresponding to individual experiments 
passed through the calculated parallelograms 
{cf. Fig. 1.). In the four showing a larger scatter, 
the standard deviation of duplicate experiments 
was taken as the experimental error.8

The median % of the measured values of n  for 
the errors i n n ’s listed in Tables II and III is 7%. 
For r2s, it is larger, 11.6%, and could probably be 
improved somewhat by using lower than 4:1 feeds 
in the high substituted styrene experiments since 
analyses in these runs usually involved determin­
ing small amounts of Mi in the polymer by dif­
ference. The main subject of this paper, how­
ever, is concerned with the consideration of Y\ 
values, and their accuracy appears to lie close to 
the limits of our experimental techniques.

Experiments on Complexes.—Absorption co­
efficients for violet light for maleic anhydride- 
substituted styrene complexes were measured 
using a Cenco photelometer with a Corning #511 
filter. Chloroform solutions giving 30-70% trans­
mission (approximately 3 molar in styrene and 2 
molar in maleic anhydride for most of the sty­
renes) were employed and logio/o// calculated for 
a solution 1 molar in each component, assuming 
a highly dissociated 1:1 complex following the 
law log I 0/ I  =  K  [styrene][maleic anhydride]. 
The high dissociation and obedience to the above 
law was established for styrene-maleic anhydride
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T a b l e  II
M o n o m e r  R e a c t iv it y  R a t io s  a n d  D e r iv e d  Q u a n t it ie s  f o r  t h e  C o p o l y m e r iz a t io n  o f  S t y r e n e  (M x) w it h  S u b ­

s t it u t e d  S t y r e n e s  (M 2)
Assumed® Log rel. H am m ett

Substituent error, % n  r% n r2 reactiv ity  & a value
p-OCH, 0.1  Cfl 1.16 ± 0 .0 9 0.82 ± 0 .0 7 0.95 ± 0 .1 1 -0 .0 6 5  ± 0 .034 - 0 .2 6 8
p- N(CH,)2 .1 N 1.015 rb .06 0.84 dr .05 0.85 ±  .07 -  .006 ± .027 -  .205
None 1.00 1.00 1.00 .000 .000
p-Cl .1 Cl 0.74 =b .03 1.025 ± .05 0.76 ±  .05 .132 ± .018 .227
p-Br .2 Br .695 ± .02 0.99 dr .07 .69 ±  . 05 .1 5 8 * .013 .232
P-1 .5 1 .62 dr .05 1.25 dr .30 .76 ±  .20 .208 ± .035 .276
m-Cl Std. dev.® .64 dr .05 1.09 dr .23 .70 ±  .16 . 193 ± .034 .373
w-Br Std, dev,c .55 dr .03 1.05 db .21 .58 ±  .13 . 260 ± .024 .391
p- CN 0.1  N .28 dr .025 1.16 dr .13 .325 ±  .047 .553 ± .039 1.000*
£-N 02 .1 N .19 db .02 1.15 dr .20 .218 ±  .045 .722 ± .046 1.27*
0 Analytical error assumed in calculating errors in subsequent columns* & I. e.t — logio n. c See text. d Value for 

reaction with phenols and amines (the only one available for p-CN), 6 Small experimental error achieved through use 
of simultaneous blanks in analysis. Unusual accuracy was required in this case because of small difference in carbon 
analysis between monomers.

T a b l e  III
M o n o m e r  R e a c t iv it y  R a t io s  a n d  D e r iv e d  Q u a n t it ie s  f o r  t h e  C o p o l y m e r iz a t io n  o f  M e t h y l  M e t h a c r y l a t e

(Mi) w it h  S u b s t it u t e d  S t y r e n e s  (M2)
Substituent
£-OCHs

Assumed® 
error, %

0.1 c
n

0.29 ± 0 .0 3
n

0.32 ± 0 .0 5
n n

0.093 ± 0 .017

Log rel. 
reactivity^

0.230 ± 0 .0 4 5

H am m ett 
<r value

- 0 .2 6 8
£-,N(CH8)2 . I N . 205 ±  .02 .1 1  ± .02 .023 ± .005 .351 ±  .042 -  .205
£-CH8 .2 C .405 ±  .025 .44 ± .02 .178 ± .014 .056 ±  .027 -  .170
m -CH3 .2 C .53 ±  .025 .49 ± .02 .26 ± .02 - .0 6 2  ±  .021 -  .069
None/ .2 C .46 ±  .026 .52 ± .026 .24 ± .02 .000 .000
p -  Cl .1 Cl .415 ±  .02 .89 ± .05 .37 ± .03 .046 ±  .021 .227
p -Br .2 Br .395 ±  .02 1.10 ± .25 .44 ± .10 .067 ±  .022 .232
P -1 .5 1 .36 ±  .03 0.95 ± .20 .34 ± .08 .107 ±  .036 .276
m-Cl Std. dev.c .47 ±  .075 0.91 ± .11 .43 ± .09 -  .009 ±  .070 .373
m-Br 0.2  Br .48 ±  .02 1.17 ± .25 .56 ± .1 2 - .0 1 8  ±  .018 .391
p- CN 0.1 N .22 ±  .02 1.41 ± .13 .31 ± .0 4 .321 ±  .040 1.000*
/ From data of ref. (2b) recalculated in ref. (8). 0 Compared with styrene, i. e., log 0.46 — log r\. Other footnotes 

have same significance as in Table II.

T a b l e  IV
M o n o m e r  R e a c t iv it y  R a t io s  f o r  C o p o l y m e r iz a t io n s  

o f  S o m e  A d d it io n a l  V in y l  A r o m a t ic s

Mi M 2
Assumed

error r\ rt
^-Chloro-

styrene
^-M ethyl­

styrene 0.1%  Cl 1.15 =±= 0.05 0.61 *= 0.03
0-Chloro-

styrene
^-M ethoxy-

styrene 0 .1%  Cl 0.86 * .08 .58 *  .03
0-Chloro-

styrene
^-Nltro-

styrene Std. dev. 0.70 ± .08 .91 ±  .37

by Dr. F. M. Lewis in another study in this Lab­
oratory.

Complexes with chloranil were much more 
stable and showed appreciable color in concen­
trations ranging from 0.008 M  chloranil in 0.35 M 
styrene for the styrene-chloranil complex to
0.000003 M  chloranil in 0.05 M  £>-dimethylamino- 
styrene for the ^-dimethylaminostyrene complex.

Trinitrobenzene complexes were prepared by 
dissolving 1,3,5-trinitrobenzene in the styrenes 
and appeared to show intermediate intensity of 
color.

Results and Discussion
Relative Reactivities toward Styrene-type 

Radicals.—-Monomer reactivity ratios and some

derived quantities for the copolymerizations 
described in Table I are listed in Table II. In 
Figure 2 the logarithms of the relative reactivities 
of the substituted styrenes toward the unsubsti­
tuted styrene radical are plotted against Ham-

Fig. 2.—Plot of log relative reactivity toward the 
styrene type radical vs. Hammett <r value of substituent for 
various substituted styrenes.
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m ett’s a values for the same substituents. Strik­
ingly, excellent correspondence is observed be­
tween the relative reactivities and Hammett’s a 
values. The median deviation of points from the 
best straight line (drawn by the method of least 
squares) is only 0.024 log unit, less than the aver­
age experimental error, and better than all but 
six of the 52 polar reactions originally investigated 
by Hammett.9 In short, this radical reaction be­
haves like an ordinary polar reaction with a p 
value (the slope of the line in Fig. 1) of 0.509, ap­
proximately the same as that for the ionization of 
phenylacetic acids.9*18

If the Hammett cr values may be interpreted as 
measures of electron density at the site of reaction 
(here the substituted styrene double bond) this 
result suggests that polar interaction between re­
actants, perhaps of the sort suggested by Price 
and Alfrey,6 may be of primary importance in de­
termining reactivity in this series. Further, 
since p is positive and dipole measurements19 
show the styrene double bond to possess an abso­
lute negative charge, the styrene-type radical 
must possess an effective negative charge as well 
as it approaches the monomer.20

If such a polar interaction were here the primary

Fig. 3.—Plot of log relative reactivities toward indicated 
/>ara-substituted styrene radicals vs. Hammett a values for 
various substituted styrenes. Height of ordinate scale is 
arbitrary.

(18) Kindler, A nn., 452, 90 (1927).
(19) Styrene has a dipole moment of 0.37 debye unit, opposite in 

direction to  toluene, O tto and Wenzke, T h is  Journal, 67, 294 
(1935).

(20) Since both reactants would possess like charges, this could
hardly represent an induced polarization, b u t m ust correspond to  
either a general inductive effect of the ring or contributions from 
structures such as B and C, similar to those which might be called 
upon to account for the dipole moment of styrene.19

CHR -CH R “ CHR

A B C

factor in determining relative reactivity, it would 
be predicted that substituting the styrene radical 
with negative (electron-attracting) groups should 
decrease the magnitude and possibly even change 
the sign of its charge. As a result, the reactions of 
styrenes with negatively substituted styrene radi­
cals should have decreasing and perhaps even 
negative p values. In Fig. 3 are plotted relative 
reactivities taken from the more reliable data of 
Tables II and IV vs. cr values for the reactions of 
some substituted styrene radicals with substituted 
styrenes. Although the prediction is realized, the 
p values seem to fall into two sharp classes, posi­
tive and roughly equal for styrene and positively 
substituted styrenes, and close to zero for those 
with negative substituents.

The interpretation given above fails to take 
into account any contribution from the differing 
resonance stabilizations of the resulting substi­
tuted styrene radicals to the reactivities of the 
substituted styrenes.3*4*5*21 On the other hand, 
if the results illustrated in Fig. 3 are to be ascribed 
entirely to such differential stabilization, the 
close agreement with the Hammett series must be 
partly coincidental, and the decreased reactivities 
of the p-methoxy- and ^-dimethylaminostyrenes 
(for winch plausible additional resonance forms 
can be drawn) are surprising. Furthermore, 
there then seems to be no simple way of accounting 
for the observed reactivities toward substituted 
styrene radicals (cf. Fig. 3).

That resonance stabilization of the resulting 
radicals may, however, play some role in the ob­
served reactivities is suggested by a closer inspec­
tion of Fig. 2, where it will be noted that the 
(black) point corresponding to styrene lies appre­
ciably below the best square line. Since all other 
points were determined by comparison with sty­
rene, purely random scatter would be expected to 
put the styrene point on the line. On the other 
hand, such a result may be due to increased reac­
tivity of all the substituted styrenes due to addi­
tional resonance stabilization of their resulting 
radicals above that arising from polar interaction. 
I t is likely that both factors are involved to some 
degree, but a determination of their relative mag­
nitudes is not as yet possible.

Relative Reactivities toward the Methyl Meth­
acrylate Radical.—Monomer reactivity ratios 
for the reaction of methyl methacrylate with 
eleven substituted styrenes are listed in Table 
III, and, in Fig. 4, logarithms of relative reactivi­
ties are plotted against the Hammett cr values for 
the substituents. I t can be immediately seen that, 
unlike the case for reaction with the styrene radi­
cal, no simple linear relation is evident and no 
generally applicable value of p can be selected. 
In short, in the case of this radical, derived from 
the class of carbonyl-conjugated monomers which 
tend to alternate in copolymerization with sty-

(21) Wheland, “The Theory of Resonance,” John Wiley and Sons,
Inc., New York, N. Y., 1944, Chap. 8.
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rene,2b’3 some additional factor besides those con­
sidered in the preceding section must be at work 
determining the effect of substituents on reactiv­
ity.

Other cases of deviation from the usual Ham­
mett series can sometimes be accounted for by spe­
cial resonance forms available to one of the reac­
tants in the transition state.22 Here, since the re­
spective electron accepting and donating proper­
ties of carbonyl-conjugated and aromatic systems 
are well recognized, it seems reasonable to consider 
the possible contributions of non-bonded and 
bonded structures such as I and II.23 Since trans-

HC—CH2
CHs

- ui
o^ N dch-,

HC—CH,

CH,

- i - R

-Q /^ O C H ,

fer of an electron to give the non-bonded structure 
I transforms the methacrylate radical to the rela­
tively stable enolate ion, while the styrene radical 
carbonium ion may resonate through some twenty- 
six more or less equivalent forms, structure I ap­
pears to have considerable plausibility. Similarly, 
the energy difference gained in forming a C-C 
bond while opening a carbonyl group and by the 
shifting of a negative charge to oxygen suggests 
that contributions from II might also be impor­
tant. Inspection of Fig. 4, however, indicates 
that the chief problem in this discussion lies in

CH—CH2 CH =CH 2 CH=CH2

CHs

CH—CH2 CH=CH2

•o+ H+ C==H2
\ *

CH,
VI VII

(22) Thus, for example, the necessity of assigning two a values 
to the p -nitro group, one for the reactions of amines and phenols, in 
all probability arises from the heightened resonance possibilities 
between nitro and — OH or —N H2 groups. Physical evidence of 
such interaction has long been available from dipole moments, in­
creased color, etc.

(23) The possibility of the importance of special resonance 
structures in the  transition sta te  as a means of interpreting alterna­
tion in coplymerization was first made to  us by Prof. Saul Winstein 
of the University of California a t  Los Angeles, and we are indebted 
to him for several discussions which have been most helpful in formu­
lating the viewpoint expressed here.

accounting for the high reactivities of ^-dimethyl- 
amino-, p-methoxy- and, to a lesser degree, p- 
methylstyrene. By this interpretation, there 
should be available to them additional forms not 
possessed by the styrene radical carbonium ion. 
A number of such structures can be drawn, of 
which III-V II are examples.

Hammett a value.
Fig. 4.—Plot of log relative reactivity toward the 

methyl methacrylate type radical vs. Hammett cr value of 
substituent for various substituted styrenes.

An interesting property of unsaturated car­
bonyl compounds and similar materials (maleic 
anhydride, quinones, polynitrobenzenes, etc.) is 
that they form colored molecular complexes with 
styrenes and other aromatic compounds. A sug­
gested structure of these materials is one con­
sisting of pairs of radical ions in which the aro­
matic compound has donated an electron to the 
conjugated carbonyl system,24 for styrene-maleic 
anhydride, the hybrid resulting from the reso­
nance between various forms of VIII.

" CH—CHs

A r-c/co\i1 0L̂co/JlQ _
VIII

Inspection of VIII shows the styrene portion to be 
identical with I. I t  is thus evident that, if the un­
bonded resonance forms are important, a relation 
should exist between the complex forming tend­
ency of substituted styrenes and their tendency 
to copolymerize with acceptor radicals.25 Some 
observations on such complexes are listed in Table 
V in which the nature of light absorption of com­
plexes of substituted styrenes with maleic anhy­
dride, 1,3,5-trinitrobenzene, and chloranil is com­
pared with their reactivity toward the methacryl­
ate radical. Maleic anhydride yields rather un­
stable complexes, highly dissociated in solution 
and, since all are yellow in dilute solution, their 
relative absorption of violet light has been com-

(24) Weiss, J . Chem. Soc., 245 (1942).
(25) A relation between the complex forming and copolymerizing 

tendencies of maleic anhydride has been suggested by B artle tt and 
Nozaki, ref. 6. Also Woodward, T h is  Journal, 64, 3058 (1942), 
has postulated the existence of structures similar to  V III in the transi­
tion state of the Diels-Alder reaction.
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pared. Chloranil complexes are more stable 
(preliminary measurements indicate dissociation
constants of 1-5 and heats of dissociation of 0 to 
— 1500 cal./mole) and have absorption maxima 
in the visible spectrum, while trinitrobenzene 
complexes have intermediate properties Exam- 
ination of the data of Table V shows a very rea­
sonable correlation between increasing depth of 
color (shade or intensity) and reactivity, and 
lends strong support, in general, to the idea of a 
relation between the complex forming tendency of 
styrenes and their ease of copolymerization with 
radicals conjugated with a carbonyl system, and 
in particular, to the idea of the importance of spe­
cial forms in the transition state of such copoly­
merizations.

T a b l e  V

C o m p l e x e s  o f  S u b s t it u t e d  S t y r e n e s

Sub­
Rel.
reac­ Maleic

anhydride
inten­

Trinitro­
benzene Chloranil

stituent tivity color sity® color color
p-OCH* 1.59 Yellow 3.95 Orange Red-violet
4>-N(CH3)2 2.24 Red6 20.5 Deep violet Sky blue
£-CH* 1.14 Yellow 0.202 Deep yellow Orange
m-CHi 0.87 Yellow .080 Yellow
None 1.00 Yellow .027 Yellow Yellow
£-Cl 1.11 Yellow .046 Yellow Yellow
m-Cl 0.98 Yellow .019 Pale yellow
° Log Io /I  for a 10-mm. cell containing 1 M  styrene 

and 1 M  maleic anhydride in. chloroform viewed with a 
Corning 511 (violet) filter. 6 Yellow in dilute solution.

Even though special resonance forms are of pri­
mary importance in determining the reactivities 
of styrenes toward the methacrylate radical, some 
contribution might still be expected from the res­
onance structures of the resulting radical and 
(unless the methacrylate radical is just electrically 
neutral) polar interactions. Some evidence for 
such contribution is gained from Fig. 4, for, if the 
points for p-methyl-, ^-dimethylamino-, and p- 
methoxystyrenes (the monomers showing the 
highest complex-forming tendencies) are omitted, 
a line can be drawn through the remaining points 
corresponding to a p value of 0.33 with the reason­
able median deviation of 0.04 log unit. Differ­
ences in reactivities of these styrenes may thus 
be due to the same factors as govern reactivity 
toward the styrene radical.26 Consideration of 
these factors also aids in interpreting the r2 values

(26) The same difficulties arise, however, in assessing the import­
ance of differences in the resonance stabilization of the resulting 
radical. If such differences are minor, incidentally, and the effects 
primarily polar, we are led to the conclusion that the methacrylate 
radical possesses a partial negative charge. Since the ester group 
would usually be expected to attract rather than donate electrons, 
this conclusion is surprising and suggests the possibility of resonance 
forms such as

CH,t CH,1
"C—R 

i
-C —I 

1
c c

+o o- +•0 0

CH,

in Table III. Thus, negatively substituted sty­
rene radicals show little preference in reaction 
with their own monomers or methacrylate, paral­
leling their behavior toward styrene. On the 
other hand, the styrene radicals with electron- 
supplying groups show heightened reactivity to­
ward methacrylate, as might be anticipated since 
structures analogous to I -VII can be drawn in 
which an electron has been donated from the sty­
rene radical to the methacrylate double bond.

The necessity of considering special resonance 
forms related to those involved in molecular com­
plex formation in interpreting the copolymeriza­
tion of styrenes with even such a weakly alternat­
ing monomer as methyl methacrylate (r\r2 =
0.24) makes it appear likely that they, rather than 
some sort of simple electrostatic interaction, are 
primarily responsible for the “alternating effect” 
in copolymerization. Accordingly, it seems doubt­
ful to us that the equation of Alfrey and Price5b 
has any real theoretical justification.27 The deter­
mination of the relative reactivities of styrenes 
with a more strongly electron accepting radical 
is described in Paper X II of this series, and will 
be the subject of future communications.

Snm m nrv-------- --- mf

1. Copolymerizations of methyl methacrylate 
and styrene with eleven meta and para substituted 
styrenes have been carried out and the monomer 
reactivity ratios calculated.

2. The relative reactivities of the substituted 
styrene radical closely follow the order found by 
Hammett for “polar” side-chain reactions of ben­
zene, with a p value of 0.509. Negatively substi­
tuted styrene radicals show lower p values. These 
results are interpreted as being due to the effect 
of substituents on the polar interaction between 
the styrene and the radical as they approach the 
transition state and on the resonance stabilization 
of the resulting radicals.

3. Relative reactivities of substituted styrenes 
toward the methyl methacrylate type radical 
fail to follow a Hammett series. These results are 
interpreted as being due to the effect of contribu­
tions of non-bonded resonance forms to the transi­
tion state in which the radical has accepted an 
electron, superimposed upon factors similar to 
those involved in reaction with the styrene radi­
cal.

4. Molecular complexes between substituted 
styrenes and maleic anhydride, trinitrobenzene 
and chloranil have been investigated and a rela­
tion between complex forming tendency and ab­
normal reactivity toward the methacrylate radi­
cal noted and interpreted on the basis of the im­
portance of non-bonded resonance structures.
P a s s a ic , N e w  J e r s e y  R e c e iv e d  J u l y  22, 1947

(27) Attempts to calculate Q’s and e’s by Alfrey and Price’s 
equation for the systems reported here have not given very satisfac­
tory agreement with experiment and have fallen down particularly 
in the cases where strong alternation occurs.
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Copolymerization, XI. Copolymerizations Involving ««Vinylpyridine, 
«-Vinylthiophene, Chlorostyrene and «“Methylstyrene

By Cheves Walling, Emorene R, Briggs13 and Katherine B. Wolfstirn115

In the preceding paper of this series,2 the copoly­
merization of styrene and methyl methacrylate 
with a series of meta and ^ara-substituted styrenes 
was reported. At the same time it appeared of in­
terest to investigate the copolymerization of these 
same two monomers with some other vinyl aro­
matics which were available.

This paper describes the copolymerization of 
styrene with a-vinylpyridine, a-vinylthiophene, 
and 0-chlorostyrene and of methyl methacrylate 
with a-vinylpyridine, ö-chlorostyrene, and a- 
methylstyrene. The series is not complete since 
it did not appear possible to analyze a styrene-a- 
methylstyrene copolymer accurately, and insuf­
ficient a-vinylthiophene was available for further 
experiments.

Due to space limitations, the ultimate experi­
mental data on the systems have been omitted, 
but are available from the American Documenta-

Fig. 1.—Determination of monomer reactivity ratios for 
some copolymerizations of styrene.

(la) Present address, R. F. D. 2, Guilford, Conn.
(lb) Present address, Bell Telephone Laboratories, Summit, N. J. 
(2) Walling, Briggs, Wolfstirn and M ayo, T his Journal, 70,

1537 (1948),

tion Institute.3 An idea of the accuracy of the 
work can, however, be gained from the graphical 
solutions of the copolymerization equation4 il­
lustrated in Figs. 1 and 2. Experimental errors 
(represented by the parallelograms around each 
intersection in the Figs.) have been calculated as­
suming analytical errors of 0.2% G, 0.1% N and
0.1% Cl as described previously.5 Since all the 
lines corresponding to individual experiments pass 
through the parallelograms, the precision of the 
experiments may be seen to be appreciably greater 
than their assumed accuracy.

In Table I the relative reactivities towards the 
styrene and methyl methacrylate type radicals of 
the monomers are listed compared with styrene,6

r% (Methyl methacrylate).
Fig. 2.—Determination of monomer reactivity ratios for 

some copolymerizations of methyl methacrylate.
(3) Rem it 50*5 for microfilm or 70$ for photoprints of Document 

2497 to  American Docum entation Institu te, 1719 N Street, N. W., 
Washington 6, D. C.

(4) Mayo and Lewis, ibid., 66, 1594 (1944).
(5) Lewis, Walling, Cummings, Briggs and Mayo, ibid., 70, 1527 

(1948).
(6) i. e., 1 /n ’s for the styrene radical and 0 .4 6 /n ’s for the m eth­

acrylate radical, since the best value for the monomer reactivity ratio  
for styrene with the m ethacrylate radical has been found to be 
0,46 .4»®
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T a b l e  I

R e l a t iv e  R e a c t iv it ie s  a n d  M o n o m e r  R e a c t iv it y  R a t io  P r o d u c t s  (nr2)

Monomer
Styrene
a-Vinylpyridine 
/v-Vin v1 th i ophene 
ö-Chlorostyrene 
a-Methylstyrene

Relative reactivities toward
Styrene M ethacrylate (nn )
radical radical W ith styrene

1.00 1.00 1.00
1 .8 2 * 0 .0 8  1.17 ±  0.08 0.625 ± 0 .0 5 2
2 .8 6 *  .20 ................. 1.09 *  .18
1.78 =1= .06 .9 7 *  .06 .919 *  .063

.................  .97 *  .06 .....................

W ith methacrylate
0.24 ± 0 .0 1  

.340 ±  .035

.685 ±  .065 

.070 ±  .007

and also the monomer reactivity ratio products 
OvVs) which serve as qualitative measures of the 
tendencies of the two monomers to alternate in 
copolymerization.

It may be seen from Table I that the monomers 
are all more reactive toward the styrene-type 
radical, than styrene and lie in the order styrene 
< 0-chlorostyrene <  a-vinylpyridine < a-vinyl- 
thiophene. Further, only a-vinylpyridine shows 
an appreciable tendency to alternate with a r\r2 
value significantly smaller than unity. It is of 
interest that, of the three chlorostyrenes, the 0- 
chloro is the most reactive, reactivities2 lying in 
the order p-CX (1.35) <  m -Cl (1.56) < 0-Cl (1.78). 
In reactivity toward the methacrylate radical, the 
three styrenes are indistinguishable and a-vinyl­
pyridine is slightly more reactive. Apparently, 
the greater reactivity of a-vinylpyridine and 0- 
chlorostyrene (as shown in copolymerization with 
styrene) is counteracted by a lesser tendency to al­
ternate in copolymerization with methacrylate 
(larger values) than is shown by styrene. The 
very small r \ t2 value for a-methylstyrene is prob­
ably due to its reluctance to polymerize alone (a 
1:4 methacrylate-a-methylstyrene mixture yields 
only 7-10% polymer in six hundred hours) rather

than to an unusually high reactivity toward the 
methyl methacrylate type radical.

Experimental
Styrene, methyl methacrylate, a-methylstyrene 

and a-vinylpyridine were commercial materials, 
distilled in  vacuo and stored in the ice-box before 
use. The preparation and properties of the sam­
ples of 0-chlorostyrene7 and a-vinylthiophene8 are 
described elsewhere.

Polymerizations were carried out at 60° in 
sealed tubes in absence of air, using, usually, 0.08 
mole total monomers and 0.5 mole % benzoyl 
peroxide. All polymers were benzene soluble, and 
were worked up by the frozen benzene technique9 
using petroleum ether as a precipitant.

Summary
1. Monomer reactivity ratios have been deter­

mined for the copolymerization at 60° of styrene 
with a-vinylpyridine, a-vinylthiophene, and 0- 
chlorostyrene and of methyl methacrylate with 
a-vinylpyridine, 0-chlorostyrene and a-methylsty­
rene, and the results are discussed.

(7) Walling and Wolfstirn, ibid., 69, 852 (1947).
(8) Strassburg, Gregg, and Walling, ibid., 69, 2141 (1947),
(9) Lewis and Mayo, Ind. Eng. Chem., Anal. Ed., 17, 134 (1945).

P a ssa ic , N e w  J e r s e y  R e c e iv e d  J u l y  22, 1947

[C o n t r ib u t io n  N o . 74 f r o m  t h e  G e n e r a l  L a b o r a t o r ie s  o f  t h e  U n it e d  S t a t e s  R u b b e r  C o m p a n y ]

Copolymerization. XII. The Effect of m- and p-Substitution on the Reactivity of 
«-Methylstyrene toward the Maleic Anhydride Type Radical

B y C h e v e s  W a l l in g , D exter  Seym our  and  K a t h e r in e  B . W o lfst ir n1

A study13 of the copolymerization of methyl 
methacrylate with a series of m - and ^-substituted 
styrenes has shown that, for most of the styrenes 
studied, relative reactivities toward the methyl 
methacrylate type radical followed quite well the 
order found by Hammett2 for ionic-type side- 
chain reactions with a small positive rho value,
i . e.y increasing reactivity with the introduction 
of increasingly electron withdrawing groups. 
However, anomalously high reactivities were ob­
served (in increasing order) for p-methyl-, p -  
methoxy- and ^-dimethylaminostyrenes.

(1) Present address, Bell Telephone Laboratories, Summit, N. J.
(la) Walling, Briggs, W olfstirn and M ayo, T his Journal, 70,

1537 (1948).
(2) Ham m ett, “ Physical Organic C hem istry,” M cGraw-Hill 

Book Co., Inc., New York, N. Y., 1940, Chap. V II.

These enhanced reactivities were shown to 
parallel the increased tendencies of these styrenes 
to form colored complexes with molecules such as 
maleic anhydride and chloranil, and it was sug­
gested that they were due to the availability of 
additional resonance forms in the transition state 
of the copolymerization reaction in which an elec­
tron had been transferred from the styrene to the 
attacking carbonyl-conjugated radical. Existence 
of similar forms in the complexes in which an elec­
tron has been transferred to the conjugated car­
bonyl system has already been proposed by 
Weiss.3

Since these observations throw valuable light 
on the nature of the “alternating tendency” in

(3) Weiss, J . Chem. Soc., 245 (1942).
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copolymerization4'5*6 it seemed desirable to carry 
out further studies with a monomer showing a 
greater tendency to alternate with styrene, in which 
such resonance forms might be even more import­
ant. This paper reports such a study, using sub­
stituted «-methylstyrenes and maleic anhydride, 
probably the extreme type of such a monomer.6*7*8 

Due to the high tendency of styrenes and maleic 
anhydride to alternate in copolymerization, both 
monomer reactivity ratios are essentially zero. 
Accordingly, it is not possible to investigate rela­
tive reactivities by simple copolymerization exper­
iments, and recourse must be had to competitive 
reactions in three-component systems composed 
of two styrenes and maleic anhydride. In such a 
system, since four of the six monomer reactivity 
ratios are very small, the polymer consists of 
chains in which maleic anhydride residues alter­
nate regularly with one or the other styrene and 
the complex terpolymerization equation9 can be 
greatly simplified.10 Under such conditions vir­
tually the only11 reaction which consumes either 
styrene is attack by the maleic anhydride type 
radical. Designating the two styrenes as Mi and 
M2 and the rate constants for their respective re­
actions with maleic anhydride as k\ and k2l this 
condition leads to the simple differential equation 

d[Mt] _  ki [Mi]
d [M2] k2[M2] K }

which on integration yields
log [Mi ]o/ [Mi ] = ki/kt log [M2]0/[M 2] (2)

with zero subscripts indicating initial concentra­
tions. Carrying out such a polymerization to par­
tial conversion, determining [Mi] and [M2] by 
analysis of either the polymer, or, as proves more 
convenient in these systems, the unreacted sty­
renes, and substituting these values into (2) per­
mits a calculation of ki/k2, the desired ratio of re­
activities of the two styrenes toward the maleic 
anhydride type radical. By comparing a series of 
substituted «-methylstyrenes with one selected as 
a standard, the relative reactivities of the whole 
series toward the maleic anhydride type radical 
may thus be determined.

(4) Mayo and Lewis, T h is  J o u r n a l , 66 , 1594 (1944).
(5) (a) Price, / .  Polymer S ci . , 1, 83 (1946); (b) Alfrey and Price, 

ib id . , 2, 101 (1947).
(6) Mayo, Lewis and Walling, T his J o u r n a l , 70, 1529 (1948).
(7) Wagner-Jauregg, Ber.,  63, 2313 (1930).
(8) Bartlett and Nozaki, T h is  J o u r n a l , 68 , 1495 (1946).
(9) (a) Alfrey and Goldfinger, J .  Chem. Ph ys . ,  12, 322 (1944); 

(b) Walling and Briggs, T h is  J o u r n a l , 67, 1774 (1945).
(10) The simplification arising when one or two monomer reactivity 

ratios are zero has been already discussed by Alfrey and Goldfinger, 
J .  Chem. P h ys . ,  14, 115 (1946).

(11) When this project was undertaken preliminary measure­
ments on the system styrene-maleic anhydride had indicated 
a monomer reactivity ratio for the styrene radical of 0.15, too small 
for the comparison of ordinary copolymerizations, but enough to 
introduce errors into the kinetics described above. Accordingly, a 
series of a-methylstyrenes were employed since the a-methylstyrene 
radical shows very little tendency to add to its own monomer ( cf. 
Walling, Briggs and Wolfstirn, T h is J o u r n a l , 70, 1543 (1948). 
Subsequent work® has shown that the monomer reactivity ratio is 
actually less than 0.01, making the precaution unnecessary.

Experimental
Materials

Maleic anhydride was Eastman Kodak Co. material, 
m. p. 54.0-57.0°, used without further purification.

«-Methylstyrene was purified by fractionating com­
mercial material through a 14-cm. column packed with 
glass helices. The fraction used had the following con­
stants: b. p. 69.0-69.2° at 27 mm., w20d 1.5383. The 
material was always used shortly after distillation since 
it tended to oxidize to acetophenone and formaldehyde 
even when stored in a stoppered bottle in the refrigerator.

«-^-Dimethylstyrene was purified by fractionating 
commercial material through a 45-cm. helices-packed 
column. The fraction used had b. p. 72-3° at 11.5 mm. 
w20d 1.5334.

Substituted «-Methylstyrenes.—The syntheses and 
properties of the other «-methylstyrenes are described 
elsewhere.12

Polymerizations and Analyses
Polymerizations were carried out by heating mixtures 

of two «-methylstyrenes and maleic anhydride in sealed 
tubes at 60° in the presence of benzoyl peroxide and 
absence of air.4 In general 0.1 mole of mixed styrenes 
(in 1:2, 1:1, or 2:1 molar ratios), 0.05 to 0.1 mole maleic 
anhydride, and 0.16-0.18 millimole of benzoyl peroxide 
were used in each experiment, and heating times were 
adjusted to consume 50-90% of the maleic anhydride. 
As might be expected, the products under these conditions 
yielded viscous solutions and had the properties of high 
polymers rather than Diels-Alder adducts.13

Although reactivities were ultimately related to «- 
methylstyrene, most reactions were actually run on mix­
tures of «-methylstyrenes with «,£-dimethylstyrene, since 
this compound proved to be more stable to storage than 
our sample of « -methylstyrene. Due to its high reactivity, 
it was found necessary to compare p -dimethylamino -«- 
methylstyrene with ^-methoxy-«-methylstyrene and also 
to dilute the reaction mixture with 15 cc. of acetic anhy­
dride to moderate the reaction.

Analyses were carried out by determining the amount 
and composition of the unreacted styrenes. After removal 
from the 60° bath, tubes were frozen in liquid nitrogen, 
wrapped in cellophane, crushed, and dropped into a one 1. 
flask containing 200 cc. of 1 A  sodium hydroxide solution 
and 0.5 g. hydroquinone. After shaking for an hour 
at room temperature, during which time the polymer 
usually dissolved, the residual styrenes were steam dis­
tilled into a graduated water separator (Dean and Stark 
trap) modified so that liquids either lighter or heavier than 
water could be separated. When distillation was com­
plete, the volume of styrenes was noted and they were 
separated from the water layer, dried over anhydrous 
potassium carbonate, and analyzed. In the case of the 
systems containing ^-cyano-a-methylstyrene, sodium 
bicarbonate was substituted for sodium hydroxide to 
minimize hydrolysis of the nitrile. For the system p- 
dimethylamino -«  - methylstyrene-^ - methoxy - « - methyl­
styrene, the unreacted monomers were steam-distilled 
into a 500-cc. flask which was next attached to a liquid- 
liquid extractor and the styrenes extracted for twenty- 
four hours with ether containing a little tf-butylcatechol. 
Following removal of the ether (first at atmospheric pres­
sure and then by freezing the mixture at —5° and pumping 
for five hours at 2 mm.) the styrenes were analyzed for 
nitrogen.

Compositions of the unreacted styrene mixtures con­
taining chlorine, bromine or nitrogen were determined by

(12) Seymour and W olfstirn, T his Journal, 70, 1177 (1948).
(13) Tomayo-Viguera, Anales fis . chim., 38, 184 (1942). By 

heating maleic anhydride and a,^-dim ethylstyrene in the presence 
of 1 % trinitrobenzene as a polymerization inhibitor, we were able to  
isolate, besides considerable dioxane-soluble polymer, a  small am ount 
of a high-melting (> 2 3 0 °) m aterial relatively insoluble in dioxane 
and giving solutions of low viscosity ([17] «  0.07). This may repre­
sent the  D iels-Alder type product.
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elementary analysis. Mixtures of «,£-dimethylstyrene 
with £ -fluor o- or ^-methoxy-«-methylstyrene were an­
alyzed by index of refraction, the linear relation between 
index and volume fraction having been established from 
known mixtures.

«-Methylstyrene and «,p-dimethylstyrene differ too 
little in index of refraction for accurate analysis and so 
mixture compositions were determined by melting point 
using a melting-point curve constructed from the data of 
Table I.

T a b l e  I

M e l t in g  P o in t s  o f  K n o w n  « - M e t h y l s t y r e n e - « ,£ -  
D im e t h y l s t y r e n e  M ix t u r e s

Vol. % 
di m ethyl­

styrene
M. p., 

°C.

Vol. % 
dimethyl- 

styrene
M. p.,

°C.
0.0 - 2 4 .5 55.6 - 5 2 .0

16.6 - 3 1 .8 62.5 - 4 7 .7
28.6 - 3 6 .8 71.4 - 4 3 .0
37.5 - 4 2 .4 83.2 - 3 6 .6
44.5 - 4 9 .5 100.0 - 2 8 .0
50.0 - 5 2 .8

All melting points were taken as the 4 ‘ flats’ * observed 
in the warming curve of styrene mixtures measured with 
a Leeds and Northrup potentiometer using a copper- 
constantan thermocouple with a melting ice reference junc­
tion. This combination gives readings to ±0.2°.

Calculation of Experimental Errors.—The accuracies 
of the analytical methods were tested for the systems 
«-methylstyrene-*-chloro-«-methylstyrene and «-methyl- 
styrene-«,£-dimethylstyrene by putting up tubes similar 
to those used in the polymerizations, but working them up 
without heating. Results are listed in Table II.

T a b l e  II
B l a n k  E x p e r im e n t s  o n  « - M e t h y l s t y r e n e  M ix t u r e s

Total monomer volume, cc. Vol. % a-M ethylstyrene
Calcd. Found Calcd. Found

With a,p-Dimethylstyrene
13.6 13.4 46.8 45.0
13.6 13.4 47.2 52.5
13.8 13.8 46.8 44.5

With p~ Chloro- «-methylstyrene
11.9 11.7 47.6 47.2
11.6 11.5 48.0 49.0
12.0 11.9 48.9 49.4

Results of actual terpolymerization experiments are 
listed in Table III. Relative reactivities were calculated 
from each experiment by Equation (2) and averaged for 
each pair. Experimental error was taken as the standard 
deviation of the separate experiments for each pair from 
this mean. Results, all referred to «-methylstyrene as 
standard,14 15 are listed in Table IV. The given experi­
mental errors, in general, correspond to 1-5% errors in 
monomer isolation and analysis, in reasonable agreement 
with the blank runs of Table II. In the case of the p- 
cyano-«-methylstyrene system, however, errors were 
definitely larger. Whether the difficulty was due to the 
analytical method or other causes was not determined 
before the sample of £-cyano~«-methylstyrene was ex­
hausted.16 The high reactivity of £~dimethylamino~« - 
methylstyrene, and the rather complex isolation tech­

(14) In  the case th a t the original comparison was not with a- 
methylstyrene, the experimental errors in both of the ratios involved 
were taken into account, using the  usual formulas for the propagation 
of error.

(15) If the difficulty is analytical, it  most probably results from 
failure to recover all of the unreacted ^-cyano-a-methylstyrene. In
this case the apparent reactivity  of this monomer is too high and the 
true value may be near the lower lim it indicated in Table IV.

nique which was necessary permit only the assignment of 
a minimum value for its relative reactivity.

T a b l e  III
R e a c t io n  o f  M ix e d  « - M e t h y l s t y r e n e s  (M i a n d  M2) 

w it h  M a l e ic  A n h y d r id e  (M3) a t  60°

[Mi]o® [M2]o® [M3]o®
Time,

hr. [Mi]« [Ms]®
«-Methylstyrene (Mi) —«,jp-diirj.ti tliyls t yxcilc / n r  \

49.4 49.5 49.9 20 31.8 24.3
49.1 49.5 49.9 35 30.9 20.3
32.1 64.8 100.4 7 .5 23.0 12.3
64.6 32.4 100.0 7 .5 20.1 4.63
«-Methylstyrene (Mi)-^-chloro-«-methylstyrene (M2)
49.6 49.7 50.0 22 31.0 34.8
65.4 32.4 100.3 20 17.17 11.05
32.5 65.4 99.9 16 13.06 31.6

\yp-Dimethylstyrene (Mi)-£-fiuoro-«-methylstyrene6 (M2)
49.8 49.9 49.9 16.3 31.1 35.1
65.8 32.7 100.0 4.75 10.77 13.68
31.7 65.9 99.9 6.83 4.12 30.8

',p-Dimethylstyrene (Mi)-^-brotno-o-methylstyrene (M2)
50.0 50.0 50.1 2.33 24.9 38.2
66.0 33.0 100.0 5.75 10.37 17.20
32.8 65.2 99.9 3.66 6.19 29.7
32.9 65.8 10Ö.Ö 1 .5 0 11.08 37.2
a,£-Dimethylstyrene (M^-m-bromo-a-methylstyrene 

(M2)
49.7 51.5 50.0 23.25 16.68 26.0
66.9 33.6 100.0 5.25 12.24 12.82
33.1 65.9 100.0 9.20 4.55 24.8

£,£-Dimethylstyrene (Mi)-£-cyano-«-methylstyrene (M2)
50.3 45.1 49.9 11.0 27.2 25.5
67.0 28.0 99.9 6.25 21.9 12.23
57.6 32.0 99.9 8 .5 23.4 16.50
33.4 65.0 100.0 24.25 1.85 .27.4

«,^-Dimethylstyrene (Mi)-£-methoxy-«-methylstyrene 
(M2)

48.4 49.3 50.0 e 45.7 29.0
48.5 49.0 50.0 1.5 42.6 13.43
31.6 64.6 99.4 1.17 23.6 0.98

^-Methoxy-«-methylstyrene (M,)-/>-dimethylammo-«- 
methylstyrene (M2)

66.5 58.9 100.0 0.33 62.7 16.10
32.3 26.6 99.9 0.17 32.3 7.71
° In millimoles. h Monomer contained 2 wt. % p- 

fluorobromobenzene, and results have been corrected 
accordingly. c Experiment was intended as blank, but 
polymerization occurred on standing at room temperature.

Discussion
In Table IV are listed relative reactivities of 

the eight «-methylstyrenes toward the maleic 
anhydride type radical compared with the relative 
reactivities of the corresponding styrenes toward 
the methyl methacrylate and styrene type radicals 
reported previously.

The striking feature of Table IV is the high 
reactivity of the first three styrenes, which paral-
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T a b l e  IV
R e l a t iv e  R e a c t iv it ie s  o f  S t y r e n e s  a n d  « -M e t h y l ­
s t y r e n e s  t o w a r d  V a r io u s  R a d ic a l s  in  C o p o l y m e r iz a ­

t io n
Attacking radical 

Methyl
Substituent® Maleic anhydride methacrylate Styrene

/>-N(CHsb >300 2.44 0.98
£-OCH3 18.5 ± 4 1.72 0.86
P-CHs 1.72 ±  0.12 1.23
None 1.00 1.00 1.00
p- F 0.72 ±  .10
p-C\ .79 ±  .02 1.20 1.35
p-Br .73 ±  .15 1.27 1.44
m-Br .96 ±  .14 1.04 1.82
p- CN .96 ±  .57 2.27 3.57
° On «-methylstyrene in second column, on styrene in 

third and fourth.

Iels, but is much larger than, that noted previously 
in connection with reactivity toward the meth­
acrylate radical.la Thus, this increased reactivity, 
which parallels the tendencies of these styrenes 
to form colored molecular complexes with car­
bonyl conjugated systems, appears to be general 
for carbonyl-conjugated radicals and to increase 
with the “alternating tendency” of the monomer 
from which the attacking radical is derived.

This lends much support to the suggestion made 
earlier13 that the driving force for “alternation” 
arises from the presence of resonance structures in 
the transition state similar to those of molecular 
compounds.

Possible structures of such forms, in which an 
electron has been transferred from styrene mono­
mer to attacking radical, were suggested previ­
ously,13 but it should be pointed out that similar 
structures may be drawn to explain as well the 
great reactivity of carbonyl conjugated double 
bonds with styrene type radicals, and thus to ac­
count for both “halves” of the alternating copoly­
merization reaction.

H n
R—C+ H H H H

•c— c - - c — C-
1CO CO !' o o

-
O

-
o

H H H H “I
C - C -  - c — C

4 4 —  4 l  etc./\/x“ O O O  o o o* J
Further, it should be noted that relative reac­

tivities of all «-methylstyrenes toward the maleic 
anhydride type radical now show little relation 
to the Hammett sigma values of the substituents, 
again indicating the dominant importance of spe­
cial resonance forms in the transition state of this 
reaction, rather than some general property of 
electron density or availability at the double bond, 
as required by any “electrostatic” interpretation.5

The parallel drawn between the transition 
state of polymerization and molecular compound 
formation again brings up the possibility that al­
ternation in copolymerization may actually in­
volve attack of a radical on a molecular complex, 
particularly in a pair such as styrene-maleic an­
hydride where appreciable concentrations of actual 
colored complex exist. I t should be pointed out, 
however, that by the interpretation given above 
the transition from a weakly alternating system 
such as styrene-methyl methacrylate where par­
ticipation of such a complex can be excluded16*17 to 
a strongly alternating system where its role is 
equivocal16 becomes one in degree, not in kind. 
Thus, while participation of an actual complex in 
the reaction would still be of importance in the 
over-all reaction kinetics, it would not be in our 
understanding of the nature of the reaction.

Summary
1. The relative reactivity of eight meta- and 

para- substituted «-methylstyrenes toward the 
maleic anhydride type radical have been deter­
mined.

2. Further evidence has been obtained that 
the major driving force leading to alternation in 
copolymerization is the presence in the transition 
state of polar resonance forms resembling those
in the colored “molecular complexes.”
P a s s a ic , N e w  J e r s e y  R e c e iv e d  J u l y  22, 1947

(16) Nozaki, J . Polymer Sci., 1, 445 (1946).
(17) Lewis, unpublished work in this Laboratory.
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[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  a t  T h e  O h io  S t a t e  U n iv e r s it y ]

Difluoromalonic Derivatives from Difluoropentane
B y Albert L. Henne

To prepare a fluorinated compound containing 
an oxygenated fu notion, we have consistently 
introduced the fluorine atoms in a non-oxygenated 
compound first, then created the oxygenated func­
tion afterwards. In so doing, we have frequently 
been able to take advantage of the directing power 
of the fluorinated cluster. The syntheses of 
CF3CO2H, and of HO2C(CF2)wC 0 2H, are examples 
of this procedure. 1*2

We have now prepared difluoromalonic acid 
and some of its derivatives by the following se­
quence. Diethyl ketone was transformed into
3,3-difluoropentane; due to the directing effect of 
the CF2 group away from the alpha hydrogen 
atoms, 3 moderate chlorination gave preferentially 
the 1,5-dichloro derivative CH2C1CH2CF2CH2- 
CII2CI. Aided by the stronger acidity of the 
hydrogen atoms in 2 and 4 positions, the removal 
of two molecules of hydrogen chloride proved 
quite easy and yielded a diene CH2=CHCF2- 
C K =C H 2. Alkaline permanganate oxidation of 
the diene gave difluoromalonic acid which, al­
though fairly stable, was nevertheless handled as 
its di-ester and characterized as its crystalline di­
amide.

In the process of chlorinating 3,3-difluoropen- 
tane, the various mono- and di-chloro derivatives 
were isolated and characterized; their relative 
abundances were determined, and agreed with the 
expectations based on the directing influence of 
the CF2 group. All chlorides beyond the dichlo- 
rinated stage were further treated for complete 
transformation into the perchlorinated form 
C2Cl5CF2C2Cl5, a well crystallized product. From 
this, the non-conjugated pentadiene CC12=CC1- 
CF2CC1=CC12 was prepared, and its formula dem­
onstrated by oxidation to difluoromalonic acid. 
I t is proposed to use this diene as an intermediate 
toward CF2=C FC F 2C F=C F2, a perfluorinated 
non-conjugated diene, the polymerization of which 
may offer new characteristics.

Experimental
Synthesis of C2H5CF2C2H5.—Diethyl ketone was treated 

with phosphorus pentachloride to obtain a mixture of 
G2H5CC12C2H5 and C2H5GCF=CHCH3. Since the latter is 
more advantageous for the subsequent treatment with 
hydrogen fluoride, operations were adjusted to obtain as 
favorable a ratio as possible. In a five-liter, three­
necked flask maintained at 12 to 14° by a water-bath 
was placed 1342 g. (6.45 moles) of phosphorus penta­
chloride; this was agitated by a Hershberg stirrer driven 
by a motor strong enough to plow through the dry ma­
terial. From a dropping funnel, 500 g. (5.8 moles) of 
diethyl ketone was fed over a period of two to two and one- 
half hours; the mixture was stirred overnight, then 
progressively brought to boiling under constant stirring,

(1) Henne and Trott, T his Journal, 69, 1820 (1947).
(2) Henne and Zimmerschied, ibid., 69, 281 (1947).
(3) Henne and Hink amp, ibid., 67, 1194 (1945).

and Earl G. DeWitt

and maintained at the boiling point for forty-five minutes. 
After cooling, the reaction mixture was delivered drop- 
wise into vigorously boiling water, held in a five-liter, 
three-necked flask. Superheated steam was supplied con­
tinuously to the bottom through one neck, and the vapors 
were led from the other neck to a condensing system 
adequately cooled. The organic material steamed over 
was decanted, neutralized, and dried to yield 582 g. of 
product. Distillation gave 439 g. b. 87-95° (CH3GH2- 
CC1=CHCH3) and 110 g. b. 127-135° (C2H5CC12C2H5) . 
The average yield was 73% of chloropentene, and 14% 
of dichloropentane or 88% of usable material. The 
dichloride was transformed into more chloro-olefin by 
treating its boiling alcoholic solution (2.4 moles in 600 
cc.) with a solution of 2.6 moles of potassium hydroxide 
in 700 cc. of alcohol; this treatment gave a 36% conver­
sion and a 55% recovery of unreacted dichloride, which 
was treated again.

The chloro-olefin was treated with hydrogen fluoride 
in a manner which would minimize the formation of the 
mere addition product (C2H5CGIFC2H5) in favor of the 
desired C2H5GF2C2H5. In a 1500-ml. steel vessel were 
placed 700 g. (6.7 moles) of chloro-olefin cooled to —80°, 
then 660 g. (33 moles) of liquefied hydrogen fluoride also 
cooled to —80°. A 45-cm. length of pipe bearing the 
customary thermometer well, pressure gage, and releasing 
needle valve was screwed on; the pipe was cooled by 
means of a sleeve through which cold water was passed. 
Warming to room temperature caused the pressure to rise 
rapidly to 12 atmospheres, due to formation of hydrogen 
chloride. This was reduced to 8 atmospheres by slow 
release of the gases through a wash train. The tempera­
ture was progressively raised to 60° and held there as long 
as the pressure could be kept around 8 atmospheres while 
slowly bleeding off the hydrogen chloride formed in the 
reaction. After cooling, the remaining pressure was 
released, then the contents of the vessel were poured into 
a slurry of 30% sodium hydroxide-ice, washed three 
times by siphoning, steam-distilled and dried, giving 579 
g. of organic material. Distillation gave 524 g. (4.85 
moles) b. 55-65° (C2H6CF2C2H5); 5 g. b. 65-85°; 12 g. 
b. 85-95° (recovered C2H5GC1:C2H4) ; 15 g. b. 95-105°
(C2H5CFG1C2H5) and 18 g. of residue. Average yields 
were similarly between 67 and 73%, an appreciable im­
provement over those in the literature.4*5

Monochlorination of C2H5CF2C2H5.—Chlorine was led 
into liquid difluoropentane floating over water, in a Pyrex 
flask equipped with a reflux condenser, until the increase 
in weight corresponded to about 70% of monochlorination. 
A 480 g. batch (4.6 moles) took about ten hours to reach 
this stage (585 g.). Distillation gave 160 g., b. 54-67° 
(recovered C2H5CF2C2H5); 7 g., b. 67-97°; 91 g., b. 97- 
101° (C2H5CF2CHC1CH3) ; 13 g., b. 101-114°; 198 g.,
b. 114-119° (C2H5CF2CH2CH2C1) and 115 g. of higher 
chlorides. The average of several such operations gave 
a ratio C2H5CF2CH2CH2C1/C2H5CF2CHC1CH3 of about 2. 
The formula of the two monochlorides was derived from 
chlorine analysis, differences of boiling points similar to 
those observed in the butane series3*6 and reactions with 
alcoholic potassium hydroxide, which was much stronger 
for the higher boiling isomer.3*6

Dehydrochlorination of C2H5CF2CH2CH2C1 was per­
formed by dripping into its hot alcoholic solution a very 
concentrated alcoholic solution of potassium hydroxide, 
and adjusting the reflux in such a way as to allow only the 
olefin C2H5CF2CH=CH2, b. 51° to distil out of the 
reaction mixture. This olefin was used successfully to

(4) Renoll, ibid., 64, 1115 (1942).
(5) Henne and Plueddeman, ibid., 65, 1271 (1943).
(6) Henne and Hinkamp, ibid., 67, 1197 (1945).
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P h y s ic a l  P r o p e r t ie s  o f  N e w  C o m p o u n d s
F. p., °C. B. p., °C ., 760 mm. W20D <*2° 4 M R A R v

C2H6CF2CHC1CH3 99.4 ± 0 .1 1.3788 1.1085 29.7 0 .9
c2h 6c f 2c h 2c h 2ci 117.9 ±  0 .2 1.3859 1.1278 29.7 .9
c h 3c h 2c f 2c h c ic h 2ci 146.7 ±  0.1 1.4140 1.2840 34.5 .8
c h 2c ic h 2c f 2c h c ic h 3 154.8 1.4179 1.2899 34.6 .9
c h 2c ic h 2c f 2c h 2c h 2ci -  24.9 ±  0.2 176.3 ± 0 .1 1.4261 1.3179 34.4 .8
c h 2==c h c f 2c h = c h 2 -1 3 5 .3  ±  0.2 46.8 1.3552 0.9368 24.2 1.0
CC12==CC1CF2CC1=CC12
c2ci6c f 2c2ci6

-  40.8 ±  0.2  
89.6 ±  0.2

101-102 (13 mm.) 1.5171 1.7480 53.8 1.2

CF2(C02CH3)2
CF2(CONH2)2

about — 35° 
206.4 ±  0.2

58-59 (9 mm.) 1.3721 1.3059 29.2 1.4

synthesize C2H5CF2CHCICH2CI, needed for contrast 
with other dichlorides, and also C 2H 5C F 2C 0 2H to test its 
response to oxidation.2

Chlorination of C2H5CF2CH2CH2CI.—Chlorination was 
carried out to 60% of the next stage in the same manner 
as above. Fractionation of 598 g. of reaction product 
gave 91 g., b. up to 140°; 48 g., b. 140-148°, C2H5CF2- 
CHC1CH2C1, calcd. Cl, 40.4, found, Cl, 39.3; 12 g., b. 
148-150°; 91 g., b. 150-155°, CH2C1CH2CF2CHC1CH3, 
calcd. Cl, 40.4, found, Cl, 40.4; 34 g., b. 155-170°; 220 
g., b. 170-173°, CH2C1CH2CF2CH2CH2C1, calcd. Cl,
40.4, found Cl, 41.0; 20 g., b. 173-179°, and 78 g. of 
residue (higher chlorides). By averaging, the following 
proportion of the possible dichlorides was found to be: 
C2H5CF2CH2CHC12 /  C2H5CF2CHC1CH2C1 /  CH3CHC1CF2- 
CH2CH2C1/CH2C1CH2CF2CH2CH2C1 0/1/4 /10. The 
tendency to affect the hydrogen beta to the CF2 group is 
thus evident.

Chlorination of C2H5CF2CHC1CH3.—Carried out in the
same manner as above the results were, for 353 g. of 
chlorinated material: 70 g., b. up to 118°; 19 g., b. 118- 
122° (CH3CHC1CF2CHC1CH3 or C2H5CF2CC12CH3) ; 26 
g., b. 122-149°; 165 g., b. 149-154° (CH2C1CH2CF2-
CHC1CH3); 10g .,b . 154-166°; 3 5 g., b. 166-171° (a tri­
chloride isomer); 6 g., b. 171-174°; and 20 g. of residue. 
Chlorination of C2H6CF2CHC1CH3 proceeds almost 
exclusively to CH2C1CH2CF2CHC1CH3, by preferred 
action on the hydrogen beta to the CF2 group.

The identity of CH2C1CH2CF2CHC1CH3 is derived 
from the facts that (1) it is obtained from both possible 
monochlorides, and (2) it differs from C2H5CF2CHC1- 
CH2C1 obtained by chlorine addition to the olefin.

Perchlorination.-—Perchlorination was performed with 
a source of ultraviolet light immersed in the organic ma­
terial, as shown before.7 The chlorinator was, however, 
redesigned to permit its use at varied temperatures with­
out risk of breakage due to the different coefficients of 
expansion of quartz and Pyrex glass (Fig. 1). The opera­
tion was carried out around 60 0. Chlorination was pushed 
as fast as the consumption of the chlorine would permit. 
It was noted that after a period of continued chlorination 
the rate of absorption dropped very markedly. When 
this happened, the material solidified at room tempera­
ture. The crystals were separated from the oil by suc­
tion, and a sample, after repeated crystallization from 
alcohol, melted sharply at 62.3-62.8°, and analyzed for 
72.6% chlorine. This is midway between C5F2H2Cl8 
and C5F2H3Cl7. The formula was not further investi­
gated. With alcoholic KOH, removal of two moles of 
hydrogen chloride occurred without loss of fluorine. 
The reaction product, b. 95-100° at 2 mm., dS0 1.7751, 
n2Qd 1.5162, was presumed to be mostly CC12=CC1CF2“ 
CC1=CC12, and on this basis the computed value for 
HRf was 0.9, an acceptable value. Chlorine addition 
was performed at 70-80 ° and quantitatively yielded a solid 
material, which after recrystallization from absolute 
alcohol melted at 89.4-89.8° and analyzed for 78.6% 
chlorine; calculated for C5F2Cli0, 78.4%.

Synthesis of CH2—CHCF2CH—CH2.—An alcoholic 
solution of CH2C1CH2CF2CH2CH2C1 (277 g. or 1.56 moles

(7) Henne and Zimmerschied, T his Journal , 67, 1235 (1945).

CHLORINE

QUARTZ

in 450 ml. absolute alcohol) was treated with a solution 
of 3.42 moles of potassium hydroxide in one liter of al­
cohol, the addition and reflux being controlled in such a 
way as to permit only the 
diene to distil off. The dis­
tillate, after washing off al­
cohol and drying, amounted 
to 148 g. of which 110 g. 
was good diene, 30 g. was 
CH,C1CH2CF2C H =C H 2 and 
the remainder unreacted di­
chloride. This is a conver­
sion of 63% and a recovery 
of 83%. Anal. Calcd.: F,
36.4. Found: F, 35.0.

Synthesis of CC12=CC1- 
CF2CC1=CC12 .—The treat­
ment of an alcoholic solution 
of C2Cl5CF2C2Cl5 with zinc is 
too vigorous. However, if 
methylene chloride is added, 
its refluxing keeps the reac­
tion at a temperature no 
higher than 40 °, and the de­
sired removal of four chlorine 
atoms takes place efficiently 
(91%). The reaction prod­
uct boils at 101-102° under 
13 mm., and analyzes for 
68.3% chlorine, while theo­
retical for C5F2C16 is 68.4%.

Difluoromalonic Acid and 
Derivatives.—In a small pre­
liminary run, CH2= C H —
CF2—CH—CH2 was oxidized 
with alkaline permanganate 
in our conventional way.1*2 
Ether extraction gave a few 
grams of mushy material, 
from which filtration gave 
grayish crystals with a neutral 
equivalent of 77, while the 
mother liquid had an equiva­
lent of 90; the calculated 
value for difluoromalonic acid 
is 70 and for difluoroacetic 
acid is 96. On standing the 
crystals became liquid; this 
was interpreted as a slow de­
carboxylation of difluoromalonic acid to difluoroacetic acid, 
and in further tests the free acid was avoided.

The oxidation of the diene (21 g. or 0.2 mole) was 
exceedingly vigorous and exothermic, necessitating cooling 
of the oxidation mixture during addition to maintain the 
temperature at 60°. Within fifteen minutes after com­
pletion of the addition, oxidation was complete. Treat­
ment of the reaction mixture with sulfur dioxide followed 
the conventional practice, and so did the ether extraction. 
However, at this point, the free acid was esterified by 
dripping its ether solution into an ether solution of diazo- 
methane. Fractional distillation under reduced pressure 
gave 7 g. of a lighter boiling material, presumed to be

Fig.
PERFORATED DISK

1.—Ultra-violet light 
chlorinator.
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methyl difluoroacetate, and 24 g. of dimethyl difluoro- 
malonate (Anal. Calcd.: F, 22.6. Found: F, 22.5), 
a 67% yield. A solution of 2 g. of this ester in 8 g. of 
ethyl ether was treated at 0° with anhydrous ammonia. 
White crystals formed at once, and 1.6 g. of amide, m.
206.5-206.7°, was collected, the theoretical yield. Nitro­
gen analysis indicated 20.1% (calculated, 20.3%) •

The same amide (as determined by mixed melting point) 
was also obtained by oxidation of CC12=CC1CF2CC1= 
CC12 but this oxidation was slow; it required long heating, 
and the yield was poor. Better operating conditions were 
not worked out.

Summary
Diethyl ketone was transformed into 3,3-di-

fluoropentane and the latter subjected to chlorina­
tion. The directing effect of the CF2 group upon 
the first two chlorine atoms entering the organic 
molecule was ascertained, before perchlorination 
was allowed to proceed. From saturated deriva­
tives, two non-conjugated dienes were prepared, 
CH2=C H C F2CH =CH 2 and CC12=CC1CF2CC1= 
CC12, both of which were oxidized to difluoroma­
lonic acid. The latter was transformed into its di­
methyl ester by means of diazomethane, and char­
acterized as its crystalline diamide.
C o l u m b u s , O h io  R e c e iv e d  N o v e m b e r  22, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  C o l o r a d o ]

Polyfluoro Alkyl Ethers and their Preparation
B y  J. D . P a r k , D . K . V ail , K . R. L e a  a n d  J. R. L acher

Alkyl ethers containing fluorine were previously 
prepared by Swartz1-3 by the action of alcoholic 
caustic or metallic carbonate on polyfluorohalo- 
ethanes. This procedure was later modified by 
Gowland.1 2 3 4 Aryloxy alkanes containing fluorine 
also were prepared by McBee and Bolt5 by a simi­
lar reaction. In the present work, alkoxy-2-chlo- 
ro-1,1,2-trifluoroethanes were prepared by the 
base-catalyzed addition of alcohol to chlorotrifluo­
roethylene carried out at room temperature and 
atmospheric pressure. This type of addition to 
fluoroölefins was first carried out by Hanford and 
Rigby6 under autogenous pressure and at elevated 
temperatures in the presence of sodium alkoxide 
as a catalyst.

Starting Materials.—The various alcohols and chemicals 
used in this study were of technical grade. When deemed 
necessary they were purified by distilling before using. 
The compound, CF2C1CC12F, used as an intermediate in 
the preparation of chlorotrifluoroethylene was of “ refriger­
ant-grade” furnished us through the courtesy of Mr. R. J. 
Thompson of the Kinetic Chemicals, Inc. Chlorotri­
fluoroethylene was obtained by dehalogenation of CF2- 
C1CC12F with ethanolic zinc according to a known method.7

Fractionation of the product showed the pure olefin 
to boil at —34 to —35° at 630 mm. pressure.

Preparation of Ethers.—The general reaction involved 
is

ROH +  CF2=C F C 1----^  ROCF2CHFCl (1)

According to Pauling’s8 9 10 11 12 bond energies, the vapor phase 
reaction should be exothermic to the extent of 5.7 kcal. 
The entropy change is not known but may be estimated

(1) F. Swartz, Bull. acad. roy. Belg., |3 j 37, 357-383 (1899).
(2) F. Swartz, ibid., 563-589 (1911).
(3) F . Swartz, Mem: Courones Acad. roy. Belg., 61, 94 (1901); 

Chem. Zentr., 74, I, 12-14 (1903).
(4) T. B. Gowland (to Im perial Chem. Ind.), Brit. Patent 523,449 

(Juiy 15, 1940).
(5) E. T. McBee and R. O. Bolt, Ind. Eng. Chem., 39, 412 (1947).
(6) W. E. Hanford and G. W. Rigby (to du Pont), U. S. Patent, 

2,409,274 (Oct. 15, 1946).
(7) E. G. Locke, W. R. Brode and A. L. Henne, Thi*s Journal, 56, 

1726 (1934).
(8) L. Pauling, “ The N ature of the Chemical Bond,” Cornell Uni­

versity Press, Ithaca, N. Y., 1944.

by analogy with similar reactions,9-12 to be around —28
e. u. The free energy change at 298°K. is + 2.6  kcal. 
and becomes zero at 200 °K. It is apparent, therefore, 
that an equilibrium would be favored by low temperatures 
and high pressures. Since the reaction was quite rapid 
at room temperature and slightly above, it was not neces­
sary to employ high pressures. An excess of alcohol was 
used in all cases.

In the experimental arrangement finally chosen, the 
olefin, CF2—CFC1, from a cylinder was bubbled through 
a dispersion disk at the bottom of a long vertical tube 
filled with a potassium hydroxide saturated solution of 
the alcohol. The outlet end of the tube was connected 
to an upright water condenser. The unreacted olefin 
escaping through the condenser was led into a second 
potassium hydroxide-alcohol solution. The flow of 
organic through the disk was so regulated that most of 
the reaction took place in the first reactor. The reaction 
was quite slow at first. However, as soon as some ether 
was formed, the rate increased quite rapidly with a result­
ant rise in temperature. After the necessary amount of 
olefin had reacted with the alcohol, the reaction mixture 
was poured into water. The excess alcohol was completely 
removed by washing with water and the heavier ether layer 
separated. The ether was then dried over “ Drierite” 
and fractionated in a laboratory precision column.

The addition of alcohols to chlorotrifluoroethylene may 
proceed to give the product listed in equation I or the 
structure may be ROCClFCHF2. It is believed that the 
structure containing! the —CHFCl group is the more 
probable. This is indicated by the formation of CHFC1- 
COOH in the catalytic hydrolysis of the ethyl ether in 
the presence of silica gel.6 The second structure is not 
consistent with the relative stabilities of the ethers (with 
the possibile exception of the isopropyl derivative). This 
structure would permit the elimination of hydrochloric 
acid quite easily with the formation of ROCF=CF2. 
Such a compound was not isolated under our reaction con­
ditions. If the addition of alcohols to chlorotrifluoro­
ethylene leads to the thermodynamically most stable 
product, then considerably more heat must be liberated 
when the isomer containing the —CHFCl group is formed, 
in which case tables of bonding energies will not be suf­
ficiently precise to determine the course of the reaction.

(9) J. G. Aston, I n d .  E n g .  C h e m . ,  34, 514 (1942).
(10) G. R, Cuthbertson and G. B. Kistiakowsky, J , C h e m .  Phys., 

3, 631 (1935).
(11) K. K. Kelley, Bureau of Mines, Bulletin 434.
(12) H. A. Smith and W. E. Vaughan, J .  Chem. Phys., 3, 341 

(1935).
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T a b l e  I

P h y s ic a l  P r o p e r t ie s  o f  P o l y fl u o r o  A l k y l  E t h e r s

Formula
B. p., °C. 
630 mm. d*>t nw Da M Rb A R f c

Fluorine analyses, % 
Calcd. F ound

CH3OCF2CHFCld 64.4 1.3632 1.33381 22.460 1.063 38.4 38.2
CsHsOCFaCHFCl 82.0 1.2726 1.34787 27.163 1.094 35.0 34.8
m-C3H7OCF2CHFC1 102.3 1.2173 1.35751 31.814 1.105 32.3 32.1
Iso-CsHjOCFjCHFCI 94.0 1 .2 0 1 0 1.35211 31.800 1 .1 0 0
»-C4H9OCF2CHFCl 124.5 1.1779 1.36796 36.448 1 .1 0 0 29.9 29.8

° Determinations made with a Pulfrich refractometer. 6 MR denotes molecular refraction calculated by the Lorentz- 
Lorenz formula. c AR? denotes the atomic refraction for fluorine obtained from MR by subtracting the customary 
increments for C, H, Cl, O, and the ether linkage. d This compound has also been prepared by Miller, et al., T h is  J o u r ­
n a l , 70, 432 (1948),
The fact that the ethers were obtained in yields between 
70 and 85% indicates that the heat of reaction is greater 
than that calculated.

Physical Properties.—Some physical properties of the 
ethers are listed in Table I. The boiling points, densities, 
and refractive indices are in line with what one might 
expect for an homologous series. The atomic refraction 
for fluorine is reasonable for compounds of this type.

The absorption spectra of the ethers were measured 
using a Beckman quartz spectrophotometer model DU. 
Pure cyclohexane was used as a reference liquid and the 
experiments were carried out in a 10-mm. quartz cell. 
The ethers were transparent from 9000 to about 3600 A. 
Below this wave length they absorb strongly. The curves 
in the ultraviolet region are given in Figs. 1 and 2. In 
order to bring out the details of the curves, the logarithm 
of the extinction coefficient, log E f is given as a function 
of wave length in Angstrom units.

A.
Fig. 1.—Ultraviolet absorption spectra of some alkyl 

fluoroethers. Logarithm of the extinction coefficient 
against wave length in Angstrom units.

In ease of othe ethyl ether, absorption sets in sharply 
below 2500 A. The logarithm of the extinction coef­
ficient as a function of the wave length is a straight line 
and no structure is evident. Both the methyl and iso­
propyl ethers show vibrational fine structure. In case of

the methyl compound the peaks occur at 2420, 2480, 
2540 and 2600 A. giving separations between them of 
1000, 950 and 900 cm.-1, respectively. The isopropyl 
ether shows peaks of 2535, 2605, and 2685 A. with separa­
tions of 1050 and 1150 cm.-1 . These frequencies may 
be reliable to ±10%  and could correspond either to a 
C-F or C-C stretching vibration.13 It is also possible 
for a bending motion in the molecule tp have a frequency 
in this range.

The isopropyl compound shows a slight shoulder be­
tween 2800 and 2900 A., which, in case of the «-propyl 
derivative, is a distinct broad band. The «-butyl ether 
gives only a shoulder. Absorption in this region may be 
due to unresolvable fine structure or to the presence of 
small amounts of the isomer formed by the reverse addi­
tion of the alcohol to chlorotrifluoroethylene. We plan 
to extend absorption studies to longer wave lengths using 
our infrared spectrometer.

Fig. 2.—Ultraviolet absorption spectra of some alkyl 
fluoroethers. Logarithm of the extinction coefficient 
plotted against wave length in Angstrom units.

Summary
This paper reports the base-catalyzed addition

(13) G. Herzberg, “ Infrared and Raman Spectra,” D. Van Nos­
trand Co., New York, N. Y., 1945.
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of alcohols to chlorotrifluoroethylene resulting in 
the formation of ethers of the type R0CF2CFC1H, 
which in general are quite stable. The reaction is 
carried out at room temperature and atmospheric

pressure. Some of the physical properties of the 
ethers, along with their ultraviolet absorption 
spectra are discussed.
B o u l d e r , C o l o r a d o  R e c e iv e d  N o v e m b e r  21, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s , H o u st o n  R e f in e r y , S h e l l  O il  C o m p a n y , I n c o r p o r a t e d ]

Alkylation of Thiophene with Olefins1
By W. G. A p p l e b y , A. F. Sartor, S. H. Le e , Jr . ,2 a n d  S. W. K apr ano s3

In connection with other work in these labora­
tories, it was necessary to prepare several alkyl 
thiophenes. When the experimental work was 
started in 1943, no method of preparation of the 
desired compounds which would meet our needs 
was found in the literature. I t  seemed worthwhile, 
consequently, to investigate the possibility of the 
direct alkylation of thiophene with appropriate 
olefins. This paper presents the results of our 
investigation of the alkylation of thiophene with 
propylene and isobutylene.

In the intervening time, the direct alkylation of 
thiophene by olefins and alcohols was reported by 
Kutz and Corson.4 These authors reported the 
results of two experiments on the direct alkylation 
of thiophene with propylene and isobutylene 
under conditions considerably removed from those 
to be presented here. I t  is remarkable that in 
these experiments no evidence was presented for 
the formation of 3-isopropyl- and 3-^-butylthio- 
phene, whereas in the experiments described below 
a considerable reaction to the 3-isomer was ob­
served with each olefin. An explanation of the 
discrepancy will be presented in following sections 
of this paper.

Experimental
Purity of Chemicals.—The catalyst was phosphoric 

acid on kieselguhr (50-60%) manufactured by Universal 
Oil Products Company. The commercial 1/4-inch pellets 
were cut into 1/ 8-inch pellets. A fresh sample of catalyst 
was used for each experiment.

Synthetic thiophene was obtained from the Eastman 
Kodak Company. Satisfactory purity of the sample 
was indicated by a comparison of its properties with those 
reported in the literature: our sample, « 20d 1.5287, d204 
1.0646; literature,5 « 20d  1.5286, d204 1.0642.

Technical isobutylene from the Phillips Petroleum Cor­
poration and propylene from the Ohio Chemical Company 
were used. The propylene had a purity of 98%, and the 
isobutylene contained a maximum of 4% isobutane as the 
only impurity.

Apparatus.—The alkylation reactions were carried out 
under continuous flow conditions in an 18-8 stainless steel 
reactor with a one-inch diameter. The unit was pressured 
with nitrogen prior to the introduction of thiophene and 
the olefin. For experiments in which 1:1 thiophene to

(1) Presented before the Organic Division a t the September, 
1947, meeting of the American Chemical Society a t New York City.

(2) Present address: D epartm ent of Chemistry, University of
Texas, Austin, Texas.

(3) Present address: Corn Products Company, Chicago, Illinois.
(4) K utz and Corson, T his Journal , 68, 1477 (1946).
(5) Haines, Wanger, Helm and Ball, U. S. Bur. Mines, R. I. 4060

(1946).

olefin mole ratios were used, the liquids were charged 
from separate cylinders of a dual displacement pump. 
Higher thiophene to olefin ratios were obtained by dis­
solving the liquid olefin in the thiophene and maintaining 
the mixture at a low temperature until it was charged 
to the pump.

Alkylation of Thiophene with Propylene.—The alkyla­
tion of thiophene with propylene was carried out at 288°, 
21.5 atmospheres, 1.1 thiophene to propylene mole ratio, 
and a flow rate of 3.6 g. of liquid charge per gram of cata­
lyst per hour (WHSV). Under these conditions 70% of 
the thiophene and 50% of the propylene reacted to give 
an 80% by weight yield of liquid product which contained 
40% mono-isopropylthiophene and significant amounts of 
di-isopropylthiophenes. This was equivalent to 30-35% 
conversion of propylene to the mono-isopropyl thiophene. 
The amount of mono -is oprop y 11 hi op lien e recovered in 
in each experiment was too small for analysis. The com­
bined monoalkylate fractions from several experiments 
were therefore distilled and then hydrogenated over a 
catalyst of mixed tungsten and nickel sulfides6 at 288°, 
33 atmospheres pressure, 0.1 WHSV and a hydrogen/-  
alkylate molal ratio of 15. The resulting paraffin hydro­
carbons, as determined by physical properties and infrared 
spectra, consisted by weight of 38% 2,3-dimethylpentane, 
54% 2-methylhexane and 8% of lower boiling hydro­
carbons (perhaps from the propylene polymerization 
reaction). These values correspond to a relative dis­
tribution by weight of the mono-isopropylthiophenes in 
the liquid product of 41% 3-isopropylthiophene and 59% 
2 -isopropylthiophene.

Although the isopropylthiophenes were not purified 
as efficiently as the /-butylthiophenes (see below), the 
physical properties of selected distillation cuts were as 
follows: 2-isopropylthiophene,7 b. p. 152.0°, « 20d 1.5037, 
d 204 0.9673; 3-isopropylthiophene,7 b .  p. 155.5°, « 20d 
1.5060, d2\  0.9722.

Infrared analysis of the Cio hydrocarbons resulting from 
the hydrogenation of the di-isopropylthiophenes showed 
that the principal product was 2,7-dimethyloctane (from
2,5-di-isopropylthiophene). The presence of the other 
three possible decanes (2,3,4,5-tetramethylhexane, 2,3,6- 
trimethylheptane, and 2,5-dimethyl, 3-ethylhexane) was 
also indicated.

Alkylation of Thiophene with Isobutylene.—No physi­
cal properties were available in the literature for /-butyl- 
thiophene. Consequently, in order to have this informa­
tion for identification of the products in later experiments, 
it was necessary to prepare pure samples of these com­
pounds for such determinations. The liquid product for 
this purpose was prepared by alkylating thiophene with 
isobutylene (1:1 mole ratio) at 21.5 atmospheres, 270°, 
and a WHSV of 4.3.

The liquid product from this experiment was distilled 
in a column having nine theoretical plates at total reflux. 
This distillation separated the product roughly into three 
fractions: (1) unreacted thiophene, (2) mono-alkylthio-

(6) Appleby, Lovell and Love, U. S. Patent 2,429,575 (1947).
(7) Haines, et al., ref. 5, reported for the 2-isomer, b. p. 153°,

1.503, d204 0.967; for the 3-isomer, b. p. 157°, 1.505, d204
0.973.
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T a b l e  I

P r o p e r t ie s  a n d  A n a l y se s  o f  A l k y l a t io n  P r o d u c t s
Density Refractive index B. p., M. p., Sulfur, % Mol. weight

Compound d*>4 M20D w20 c W20P °C. °C. Calcd. Found Calcd. Found
2-/-Butylthiophene 0.9514 1.49788 1.49395 1.50755 163.9 - 5 9 .2 2 2 .8 2 2 .4 140 141
3 -/-Butylthiophene .9574 1.50149 1.49755 1.51113 168.9 - 5 4 .8 2 2 .8 2 2 .5 140 141
Di-/-butylthiophenea .9192 1.49312 1.48951 1.50205 223.5 16.3 16.3 196 196
Di-/-butyl-isomer Ab .9192 1.4923 1.4885 1.5008 221
Di-/~butyl-isomer B5 
Residue

.9230 1.4935 1.4897 1.5022 224
2 1 .7 253

Mixture of di-/-butylthiophenes. h Partially separated di-/-butylthiophenes.
phene, and (3) di-alkylthiophene and heavier. The last 
fraction was vacuum distilled to separate the di-alkyl- 
thiophene from the heavier residue.

The isomeric mono-/-butyl thiophenes were separated 
and purified by a series of precision distillations which 
were carried out at a 49:1 reflux ratio in a Stedman 
column having 60 theoretical plates at total reflux.

As a final check of the purity of the two isomers, time 
versus temperature freezing curves were obtained by a 
method similar to that of the Bureau of Standards.8 
These curves indicated a minimum purity for each isomer 
of 97%.

Hydrogenation of the higher boiling /-butylthiophene 
yielded principally 2,2,3-trimethylpentane, thus estab­
lishing the identity of that isomer as 3 -/-butylthiophene. 
The lower boiling isomer was shown to be 2-/-butylthio- 
phene by the formation of 2,2-dimethylhexane upon 
hydrogenation. These designations are analogous to those 
of other substituted thiophenes and the picolines; i. e., 
the 3-isomers have the higher boiling points and densities. 
The paraffins resulting from the hydrogenation of the pure 
/-butylthiophenes were identified by determination of 
their infrared spectra.

6 8 10 12 14
Wave length in microns. 

2-/-Butylthiophene.

6 8 10 12 14 
Wave length in microns. 

3-Z-Butylthiophene.
Fig. 1.—Infrared absorption spectra.

The di-t-butylthiophene, which was separated from the 
heavy residue, was pure only as regards the removal of 
the residue and mono-/-butylthiophene. Actually, at 
least two isomers were present. These were partially 
separated by precision distillation, but not enough of 
either of the isomers was available for further identifica­
tion.

A summary of the physical properties and analytical 
values which were determined on the pure compounds and 
fractions discussed above is presented in Table I.

The residue left after removal of the di-Z-butylthiophene 
showed, in addition to the analytical data of Table I, 
values of % C and % H of 70.3 and 7.6, respectively. 
These values correspond closely to the calculated values 
for a mixture containing about 70% di-t-butyldithienyl 
and 30% di-/-butylthiophene.

A very small amount of material boiling below thio-

1— Eastman thiophene
2— 2-/-Butylthiophene
3— Mixed di-/-butylthiophenes
4— 3-/-Butylthiophene

(8) Glasgow, Streiff and Rossini, J . Research Nat, Bur, Standards, 
85, 855 (1945).

Fig. 2.—Ultraviolet absorption spectra—̂ dilution 1 1100,000 
in cyclohexane.
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phene and a small amount boiling between thiophene and 
the monoalkylate and possessing lower refractive indexes 
were indicated in the distillation of the liquid product. 
This material could have been formed in the course of a 
small amount of isobutylene polymerization followed by 
polymer disproportionation.

There was also noted a small amount of material with 
a high refractive index boiling between the monoalkylate 
and dialkylate. A substituted thiophene with a double 
bond in the side chain could have these properties, but it is 
not clear how a compound of that type could be formed 
under the conditions investigated here.

From the foregoing distillation and analytical data, the 
following approximate liquid product composition by 
weight can be written—37% 2-/-butylthiophene, 23% 
3-/-butylthiophene, 33% di-Z-butylthiophenes, 5% di-Z- 
butyl-dithienyl and 2% unidentified.

Infrared and ultraviolet absorption spectra of several 
of the compounds of Table I are shown in Figs. 1 and 2. 
The marked differences between the spectra of the 2- 
and 3 -Z-butylthiophenes support the freezing point purity 
data mentioned above.

Thermal Alkylation.—Thiophene and isobutylene (1.2/1 
mole ratio) were passed over glass beads at 267°, 21.5 
atmospheres, and 4.4 WHSV. Distillation of the product 
from this experiment gave an overhead material which was 
thiophene. Since the sulfur content of the distillation 
residue was lower than that of thiophene, the residue may 
have contained two or more of the following products: 
thiophene, alkythiophenes, isobutylene polymer and poly­
thienyls. If it is assumed that only thiophene and mono­
alkyl thiophenes were present, the maximum amount of 
thermal alkylation possible at these conditions is approxi­
mately 5%. A small amount of thiophene thermal de­
composition was indicated by the presence of hydrogen 
sulfide in the product.

Catalytic Decomposition of Thiophene.—The catalytic 
decomposition of thiophene, as determined by passing 
thiophene over the phosphoric acid catalyst at 281°, 21.5 
atmospheres, and 2.8 WHSV, amounted to 6.7%. In 
addition to the decomposition reaction, indicated by the 
amount of hydrogen sulfide formed, there was evidence 
of a considerable amount of some other reaction to form 
heavier compounds, possibly dithienyl. Distillation of 
the liquid product was stopped at 76.3% by volume over­
head because of excessive kettle temperature, The over­
head product was thiophene, but the remainder of the 
product solidified upon cooling to room temperature. 
Since 2 ,2 '-dithienyl and 3 ,3 '-dithienyl melt at 33° and 
132 °, respectively, it is possible that these materials con­
stituted a major part of the residue.

Discussion
The results of the experiments above indicate 

that the reactions of major importance in the al­
kylation of thiophene with isobutylene over phos­
phoric acid are

(I) Thiophene--- >  H2S +  carbonaceous material
(II) Thiophene--- >- dithienyl

(III) Thiophene +  isobutylene---->  2- and 3-Z-butyl-
thiophene

(IV) Z-Butylthiophene +  isobutylene — di-Z-
butylthiophene

(V) Z-Butylthiophene---->■ di-Z-butyldithienyl
(VI) Isobutylene---->- polymer

(VII) Disproportionation of the isobutylene polymer
On the basis of the liquid product compositions 
and the ratios of moles of isobutylene reacted/ 
moles of thiophene reacted, it was possible to de­
duce the effects of the reaction variables on the 
above reactions.

Increase of the pressure in the range 7.8 to 21.5 
atmospheres caused increases in the amounts of 
all reactions, particularly reactions I, II, III and

IV. The relative amounts of 2- and 3-Z-butylthio- 
phenes were not affected appreciably by changes 
in operating pressure.

In the range of 235 to 302°, increases in the re­
action temperature caused increases in the 
amounts of reactions I, II, IV, V, VI and VII. 
Although less monoalkylate was produced at the 
higher temperature, the ratio of the 3-isomer to the
2-isomer was greater than at the lower tempera­
ture.

Increase of the thiophene/isobutylene mole 
ratio in the range 1.2 to 6.1 caused decrease of the 
amounts of all reactions except I and II, and also a 
decrease of the ratio of 3-Z-butylthiophene to the
2-isomer. Reaction I was not markedly affected 
by the change in mole ratio. The composition of 
the residue indicated that the amount of reaction 
II increased, relative to reaction V, at the higher 
mole ratio.

Increase of the weight space velocity from 2.9 to
9.9 caused decreases in the amounts of all reac­
tions except III. The amount of reaction III in­
creased, but the relative amounts of the 2- and 3- 
isomers remained approximately constant. Part 
of the differences in product composition and yields 
between our results and those of Kutz and Cor­
son can undoubtedly be attributed to the differ­
ences in experimental conditions and the physical 
states of the catalysts used. I t does not seem 
reasonable, however, that no 3-Z-butylthiophene 
was formed in their work. An examination of 
their data on the physical properties of mono-Z- 
butylthiophene (assumed by them to be the 2- 
isomer) reveals that the refractive index and den­
sity are intermediate between the values listed in 
Table I for the 2- and 3-isomers, suggesting that 
some 3-Z-butylthiophene was formed in their work. 
A rough value of the amount may be estimated 
from these properties to be 21% of the monoalkyl­
ate fraction on the basis of the density and 22% 
on the basis of the refractive index, assuming a 
linear blending relation in these properties for the 
isomers. These values are to be compared to a 
value of 38% from our data reported above.

In the homogeneous reactions of thiophene it 
has been established9 that substitution occurs 
almost entirely in the 2-position. The production 
of relatively high yields of 3-isopropyl- and 3-Z- 
butylthiophenes in the heterogeneous reactions 
described above must, therefore, be attributed 
either to (1) some effect of the catalyst on the 
“normal” orientation influence of the sulfur atom 
or to (2) isomerization of the 2- to the 3-isomer. If 
the latter explanation is correct, both the tempera­
ture and the space velocity would be expected to 
have considerable influence on the relative yields 
of the two isomers. The influence of space veloc­
ity was shown to be negligible in the range 3-10 
The 3-/2-Z-butylthiophene ratio varied over a re-

(9) Steinkopf, “ Die Chemie des Thiophenes,” Theodor Steinkopf, 
Dresden and Leipzig, 1941; Edwards Brothers, Inc., Ann Arbor, 
Michigan, 1944.
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markably small range in all of the experiments 
and was below about 0.6 only in the experiments 
involving lower temperature and low yields of 
mono-alkylate. This suggests that an isomeriza­
tion equilibrium between the two isomers was es­
tablished under all of the conditions except those 
under which the low concentration of mono-al­
kylate prevented the attainment of equilibrium 
at the space velocities used.

The possibility that the catalyst influences the 
“normal” action of the sulfur atom in controlling 
the point of substitution should not be overlooked, 
however, since our data show that appreciable 
thiophene decomposition (evolution of hydrogen 
sulfide) occurred in all experiments. This suggests 
that the thiophene molecule, during the hetero­
geneous reaction, is not in the state correspond­
ing to that of the aforementioned homogeneous 
reactions and, therefore, is not subject to the ori­
entation rules of the homogeneous reactions. A 
study of the activity of the phosphoric acid cata­
lyst for isomerization of the 2- to the 3-isomer 
should show which of the above two hypotheses is 
correct.

The complicated array of simultaneous and 
consecutive reactions which appear to be involved

in the over-all reaction make it impossible to ob­
tain an adequate theoretical treatment of the 
reaction kinetics which can be tested by the ex­
perimental data herein presented.

Acknowledgments.—We wish to express our 
thanks to the following people for their contribu­
tions to the work: Messrs. M. P. L. Love and
L. L. Lovell a t whose suggestion the larger 
project, of which this work was a part, was 
carried out; Mr. W. K. Meerbott who carried 
out the hydrogenation of the alkylates; and 
Dr. R. A. Friedel for his interpretation of the 
infrared spectra of the decanes.

Summary
Alkylthiophenes were prepared by direct alkyl­

ation of thiophene with isobutylene and propylene 
over a phosphoric acid polymerization catalyst. 
Alkylation was predominantly in the 2-position, 
although remarkably high yields of the 3-isomer 
were obtained. The physical properties and ab­
sorption spectra of several of the alkylthiophenes 
were determined. A study was made of the influ­
ence of several reaction variables on the alkylation 
with isobutylene.
H o u s t o n , T e x a s  R e c e iv e d  J u l y  7, 1947

[C o n t r ib u t io n  fr o m  t h e  C h e m is t r y  L a b o r a t o r y  o f  I n d ia n a  U n iv e r s it y ]

3-Substituted Thiophenes. I
B y  E . Cam paigne  and  W illiam  M . Le S u e r 1

A great deal of work has been reported in the 
recent literature on the preparation and pharma­
cological evaluation of thiophene compounds.2"5 
Due to the fact that 3-substituted thiophene 
derivatives have not been available in the desired 
quantities, this work has been limited, by neces­
sity, to thiophene compounds substituted in the
2-position.

I t has been shown repeatedly that replacement 
of the 2-thienyl radical for the benzene nucleus in 
pharmacologically active compounds leads to 
products of similar activity.3 *4*6 In some cases 
the thiophene analog has been toxic to a lesser 
degree.7 I t  therefore seemed of interest to prepare 
some 3-substituted thiophene compounds in order 
that their pharmacological properties might be 
compared with those of the 2-substituted deriva­
tives and the benzene analogs. The work de­
scribed in this paper deals with the synthesis of 
intermediate compounds required in the prepara-

(1) Taken from p art of a  thesis to  be subm itted by William M. 
LeSuer in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy a t Indiana University.

(2) Blicke and Burckhalter, T his Journal, 64, 477 (1942).
(3) Chen and Abreu, Fed. Proc., 6, 316 (1947).
(4) Dann and Moller, Ber., 80, 23 (1947).
(5) Johnson, Green and Pauli, J . Biol. Chem., 153, 37 (1944).
(6) Blicke and Zienty, T his Journal, 63, 2945 (1941).
(7) Steinkopf and Ohse, Ann., 448, 205 (1926).

tion of some 3-substituted thiophene derivatives 
with possible pharmacological activity.

The synthesis of 3-thenaldehyde (V)8 has been 
previously carried out in poor yield in a reaction 
utilizing the difficultly obtainable 3-iodothio- 
phene.9 3-Thenoic acid (VII) has been prepared 
in small amounts by numerous methods: oxida­
tion of 3-methylthiophene (I)10*11; chlorination 
of I followed by hydrolysis, oxidation and finally 
reduction12; treatment of 3-iodothiophene with 
potassium cyanide and water in a sealed tube13;

(8) The recent literature contains various names for the same 
thiophene compound. For instance, thiophenecarboxylic acid, 2- 
thienoic acid, 2-thiophenoic acid, and thenoic acid are all used to  
designate the same compound. We have used the system which 
seems simplest, based on the analogy between thiophene and ben­
zene compounds. In  this system the prefix “ then” corresponds to  
the prefix “ benz” ; i. e., “ benzyl chloride,” “ 2-thenyl chloride,” 
“benzaldehyde,” “ 3-thenaldehyde,” “ benzoic acid,” “ 3-thenoic 
acid,” “ 2-thenoyl chloride,” etc. The prefix “ thienyl” corresponds 
to “ phenyl” and we have “ 2-thienylacetic acid,” “ 3-acetothienone,” 
etc. This system fits into the framework of the large group of useful 
trivial names which has been established in the benzene series, and 
saves much space. Thus l-hydroxy-2-keto-l ,2-di-(3-thienyl) - 
ethane becomes 3,3'-thenoin, and thiophene-3-aldehyde becomes 3- 
thenaldehyde.

(9) Steinkopf and Schmitt, Ann., 533, 264 (1938).
(10) M uhlert, Ber., 18, 3003 (1885).
(11) Damsky, i b i d . ,  19, 3282 (1886).
(12) Voerman, Rec. trav. chim., 26, 293 (1907).
(13) Rinkes, ib i d . ,  55, 991 (1936).
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and by the Grignard reaction with carbon dioxide 
on 3-iodothiophene.9

We have used N-bromosuccinimide as a bromi- 
nation agent in the preparation of 3-thenyl 
bromide (II) from 3-methylthiophene. Buu-Hoi 
and Lecocq14 described the preparation of «- 
bromomethylnaphthalene by the action of N- 
bromosuccinimide on «-methylnaphthalene, but 
Buu-Hoi15 was unable to prepare benzyl bromide

-CH3

R — 3-Thienyl 
RCH2CH2R 

f  III

2 steps
RCH2Br ---------->  RCH2COOH

II IV
I j  2 steps

RCH—R' ^---- RCHO RCOCHj
VI V X

(a) R' =
(b) R' =

rhodanine ( 
2-phenyl~5-oxazolone

/

RCOOEt < —  RCOOH — >- RCOC1
VIII VII IX

from toluene by the same procedure. Schmid and 
Karrer16 reported that the latter reaction yielded 
benzyl bromide in 64% yield in the presence of 
small amounts of benzoyl peroxide. In the ab­
sence of the peroxide catalyst we have obtained 
only nuclear substitution in the reaction of N-bro­
mosuccinimide with 3-methylthiophene, but when 
benzoyl peroxide was added to the reaction mix­
ture side chain bromination predominates, yield­
ing mainly II along with a small amount of nu­
clear substituted material. The latter material 
is probably 2-bromo-3-methylthiophene. Some 
difficulty has been experienced in the separation 
of the side chain and nuclear substituted prod­
ucts. 3-Thenyl bromide decomposes on distilla­
tion a t atmospheric pressure and a sharp separa­
tion of the two isomers could not be effected by 
distillation under reduced pressure. The presence 
of the nuclear substituted material caused no 
trouble as it was removed in the next step in the 
sequence of reactions leading to the aldehyde. 
The aldehyde was prepared from II by the method 
of Sommelet.17 The mixture of bromides was 
treated with hexamethylenetetramine in chloro­
form and the salt formed with II separated from 
solution while the nuclear substituted material 
remained in solution. Steam-distillation of a wa­
ter solution of the salt yields V in 30-40% yield.

The aldehyde was converted to 3-thenoic acid
(VII) in nearly quantitative yield by silver oxide 
oxidation, but only to the extent of 40-60% by 
alkaline permanganate. The aldehyde undergoes

(14) Buu-Hoi and Lecocq, J . Chem. S oc., 830 (1946).
(15) Buu-Hoi, A n n ., 556, 1 (1944).
(16) Schmid and Karrer, H elv. C him . A c ta , 29, 573 (1946).
(17) Sommelet, C om pt. ren d ., 157, 858 (1913)»

the usual aromatic aldehyde reactions. Treat­
ment with sodium cyanide in alcoholic solution 
yielded the benzoin analog, 3,3'-thenoin. Normal 
condensation products were obtained with hip- 
puric acid and rhodanine, namely, 2-phenyl-4- 
(3-thenal)-5-oxazolone and 3-thenalrhodanine, re­
spectively.

The acid was converted to several esters for 
characterization. From the acid chloride9 we 
have prepared 3-acetothienone (X) employing 
cadmium methyl, by the method of Gilman and 
Nelson.18

An attempt was made to prepare 3-thienyl- 
acetic acid (IV) from II through the Grignard re­
action with carbon dioxide. In this preparation 
the same difficulty reported by Blicke and Burck­
halter2 in a Grignard reaction on 2-thenyl chloride 
was encountered. Coupling occurred giving rise 
to the formation of a dithienylethane, in our case 
sym-di-3-thienylethane (III). 3-Methyl-2-thenoic 
acid19 was also isolated from this reaction. This 
may have been formed from a small amount of 2- 
bromo-3-methylthiophene which contaminated 
the starting material. The yield of 3-methyl-2- 
thenoic acid was somewhat higher than expected, 
considering the purity of the starting material as 
calculated from the yield of hexamethylenetetra­
mine salt. I t  is not impossible that some rear­
rangement has occurred giving rise to the forma­
tion of 3-methyl-2-thenoic acid. Such a rearrange­
ment does not occur in the benzene series when 
benzylmagnesium bromide is treated with carbon 
dioxide,20 but the high activity of the alpha posi­
tion in the thiophene nucleus must be considered 
in dealing with thiophene compounds substituted 
in the beta position such as II. Further work is 
being carried out on the possibility of rearrange­
ment in this reaction.21

3-Thienylacetic acid was prepared by conversion 
of II to the nitrile and hydrolysis of the latter 
product.

Experimental22 23
N-Bromosuccinimide.—This compound was prepared 

by the method of Ziegler, et al 23 A good grade of succini­
mide should be employed in this preparation; that de­
scribed by Clarke and Behr24 being satisfactory. Some 
commercial materials give a poor product which reacts 
unsatisfactorily in brominations. The product should be 
thoroughly washed with water to remove any excess 
bromine. It was found that storing the material open 
to the air, allowing traces of bromine to escape, gives the 
most active brominating agent.

3-Thenyl Bromide (II).—To a solution of 55 g. (0.56 
mole) of 3-methylthiophene in 150 ml. of carbon tetra­

(18) Gilman and Nelson, R ec . trav. chim., 55, 518 (1936).
(19) Steinkopf and Jacob, A n n . ,  515, 273 (1935).
(20) Gilman and Kirby, T his J o u r n a l , 54, 345 (1932).
(21) Since this paper was subm itted, Lecocq and Buu-Hoi [Compt. 

rend., 224, 658 (1947)] have shown th a t allylic rearrangement of this 
type does occur in 5-methyl-2-bromomethylthiophene, yielding 3- 
substituted-2,5-dimethylthiophenes.

(22) All melting points are uncorrected.
(23) Ziegler, Spath, Schaaf, Schumann and Winkelmann, Ann., 

651,80(1942).
(24) Clarke and Behr, “Organic Syntheses,” Coll. Vol. II, John 

Wiley and Sons, Inc., New York, N. Y., 1943, p. 562.
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chloride was added 88.5 g. (0.50 mole) of N-bromosuc­
cinimide and 0.2 g. of benzoyl peroxide. The mixture 
was shaken vigorously and then heated. During the 
first ten minutes an additional 0.2 g. of benzoyl peroxide 
was added. The flask and contents were shaken vigor­
ously at frequent intervals during the first hour, then 
refluxed for five additional hours. After cooling in an 
ice-bath the succinimide was removed by filtration and 
washed with 50 ml. of carbon tetrachloride. The solu­
tions from two identical experiments were combined at 
this point and the carbon tetrachloride removed at reduced 
pressure. The remaining highly lachrymatory oil was 
distilled in vacuum and 114 g. of faintly tan material was 
collected at 70-100° (2 mm.). This material was un­
stable and darkened slowly. The best sample contami­
nated by a small amount of 2-bromo-3-methylthiophene 
was collected at 75-78° (1 mm.); d204 1.635, « 20d  1.604.

Hexamethylenetetramine Salt of 3-Thenyl Bromide.— 
Hexamethylenetetramine (90 g.) was added to a solution 
of 114 g. of 3-thenyl bromide in 200 ml. of chloroform. 
The mixture was refluxed for one hour, cooled, and the 
salt filtered. Distillation of the chloroform filtrate yielded 
a small amount of 2-bromo-3-methylthiophene, b. p. 
173-175° (745 mm.). The salt was washed with 100 ml. 
of ether; yield, 150 g. This material may be purified by 
crystallization from absolute ethanol, yielding white 
needles. It softens at 120°, becomes brown and melts 
completely at 150°. Anal. Calcd. for CnHi7N4SBr: 
S, 10.10. Found: S, 9.80.

3 -Thenaldehyde (V) .-—The hexamethylenetetramine 
salt (150 g.) was dissolved in 500 ml. of hot water and 
rapidly steam-distilled, one liter of distillate being col­
lected. The distillate was acidified with hydrochloric 
acid and extracted with three 100-ml. portions of ether. 
The ether solution was dried over drierite and the ether 
removed on a steam-bath. Distillation of the residue at 
atmospheric pressure yielded 35.8 g. (32%, based on N- 
bromosuccinimide) of 3-thenaldehyde, b. p. 195-199° 
(744 mm.); d2h 1.2800, « 20d  1.5860.

The phenylhydrazone,25 previously reported,7 melted 
at 136-137° after recrystallization from dilute alcohol.

The 2,4-dinitrophenylhydrazone crystallized as deep 
orange needles from nitromethane, m. p. 236-237°.

Analo Calcd. for CnH80 4N4S: S, 10.97. Found: S,
11.09.

The semicarbazone crystallized from a water-ethanol 
solution as white leaflets, m .p . 233-234°.

Anal. Calcd. for C6H7N3OS: S, 18.95. Found: S, 
19.25.

3-Thenoic Acid (VII).—To the brown silver oxide, 
formed from 150 g. of silver nitrate and 70 g. of sodium 
hydroxide in 600 ml. of water, was added 47.5 g. (0.424 
mole) of 3-thenaldehyde in small portions with cooling.

The addition was completed in twenty minutes and 
the oxidation was completed in thirty minutes as evidenced 
by the disappearance of the characteristic aldehyde odor. 
The silver was removed and washed with 200 ml. of water. 
The solution was acidified with concentrated hydrochloric 
acid and cooled for twelve hours; yield 49.3 g.; m. p. 
136-137°. Concentration of the mother liquors to 50 
ml. yielded an additional 3.2 g. of acid; total yield, 52.5 
g. (97%); m. p. 137-138° after recrystallization from 
water.

The ^-bromophenacyl ester was crystallized from eth­
anol; m. p. 129-130°.

Anal. Calcd. for C^HgOsSBr: S, 9.86. Found: S, 
9.99.

The amide9 was recrystallized from water; m .p . 179- 
180°.

3-Thenoyl Chloride (IX) .9—This material was pre­
pared from VII, employing thionyl chloride, in 88% 
yield; b. p. 203-204° (748 mm.), 110-111° (36 mm.); 
m .p . 51-52°.

(25) AU derivatives were prepared by the methods described by 
Shriner and Fuson, “ Identification of Organic Compounds,” John 
Wiley and Sons, Inc., New York, N. Y., 2nd ed., 1940,

Ethyl -3 -th eno at e (VIII) .■—The ester was prepared from 
IX in 76.7 yield; b. p. 207-208° (736 m m .); d2\  1.1799, 
« 20 d  1.5230.

Anal. Calcd. for C7H 80 2S: S, 20.53. Found: S, 
20.77.

3-Acetothienone (X).—The procedure of Gilman and 
Nelson,18 used in the preparation of ^-methoxyaceto- 
phenone, was employed in this preparation; yield 81%; 
b. p. 208-210° (748 mm.). After recrystallization from 
petroleum ether (30-60°) this material melted at 57°.

Anal. Calcd. for C6H6OS: S, 25.41. Found: S,
26.08.

The 2,4-dinitrophenylhydrazone crystallized as red 
needles from chloroform, m .p . 265°.

Anal. Calcd. for Ci2Hio0 4N4S: S, 10.47. Found:
S, 10.80.

The semicarbazone crystallized from water as white 
leaflets, m .p . 174-175°.

Anal. Calcd. for C7H9N3OS: S, 17.50. Found: S, 
17.27.

rym-Di-3-thienylethane (III).—To a mixture of 200 
ml. of anhydrous ether and 12.2 g. (0.5 mole) of mag­
nesium was added dropwise with stirring 30 g. of the 
bromide mixture (3-thenyl bromide and 2-bromo-3- 
methylthiophene) in 75 ml. of ether. After the addition 
was complete and refluxing had subsided the mixture was 
stirred at room temperature for one-half hour and was 
then poured into a beaker containing 200 g. of crushed 
Dry Ice. The mixture was stirred vigorously and a stiff 
mass resulted which finally solidified. Water, followed by 
concentrated hydrochloric acid, was added with stirring. 
When all the solid material had dissolved the ether solu­
tion was removed, washed with water, and extracted 
twice with sodium bicarbonate solution. Acidification 
of the bicarbonate solution yielded 3 g. (12.5%) of 3- 
methyl-2-thenoic acid19; m. p. 144-145° after recrystal­
lization from water.

Anal. Calcd. for C6H60 2S: neut. equiv., 142.17.
Found: neut. equiv., 142.20.

The ether solution was dried and the ether removed on 
a steam-bath. Vacuum distillation of the oil yielded 8 
g. (48%) of sym-3,3'-dithienylethane; b. p. 120-130° 
(2 m m .); m .p . 64-65° after recrystallization from meth­
anol.

Anal. Calcd. for CioHi0S2: S, 33.00. Found: S,
33.31.

3-Thienylacetic Acid (IV).—A mixture of 100 ml. of 
water, 100 ml. of ethanol and 15 g. (0.3 mole) of sodium 
cyanide was stirred and refluxed while a solution of 54 g. 
of the mixture of bromides dissolved in 50 ml. of ethanol 
was added dropwise. After refluxing for three hours, 
the sodium bromide was removed by filtration. To the 
alcoholic filtrate was added 30 g. of potassium hydroxide 
and the solution was refluxed for fifteen hours. The al­
cohol was then removed by distillation. The basic solu­
tion was extracted with ether and the aqueous layer 
acidified with concentrated hydrochloric acid. The acid 
separated as an oil which was extracted with ether, dried 
and the ether removed on a steam-bath. The crystalline 
acid was recrystallized from petroleum ether (90-130 ° ); 
m. p. 79-80°; yield 9.7 g. (25%).

Anal. Calcd. for C6H60 2S: S, 22.54; neut. equiv., 
142.17. Found: S, 23.10; neut. equiv., 142.00.

3,3'-Thenoin.—A solution of 50 ml. of ethanol contain­
ing 2 g. of sodium cyanide and 3 g. of 3-thenaldehyde was 
refluxed for one hour. The reaction mixture was poured 
into 150 ml. of water, the mixture thoroughly shaken, 
and cooled overnight; yield 1 g. (33%) after recrystalliza­
tion from water; m. p. 116-117°.

Anal. Calcd. for C10H8O2S: S, 28.59. Found: S,
28.59.

3-Thenalrhodanine (Via).—This compound was pre­
pared following the procedure of Julian and Sturgis26

(26) Julian and Sturgis, T h is  J our n a l , 57, 1I2Ö (1935).
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for veratralrhodanine, in a yield of 98%. Yellow needles 
were obtained from a water-acetone mixture, m .p . 212- 
213°.

Anal. Calcd. for C8H5ONS3: S, 42.31. Found: S, 
42.27.

2 -Phenyl-4- (3 -thenal) -5-oxazolone (VIb).—This ma­
terial "was prepared, following the procedure described by 
Gillespie and Snyder27 for the preparation of 2-phenyl-4- 
henzal-5-oxazolone, in a yield of 63.5%. Yellow needles 
were obtained on crystallization from benzene, m .p . 188- 
190°.

Anal. Calcd. for Ci4H90 2NS: S, 12.56. Found: S, 
12.62.

Acknowledgment.—-The authors wish to thank 
Dr. George A. Harrington of the Socony Vac-

(27) Gillespie and Snyder, “ Organic Syntheses,” Coll. Vol. II, 
John Wiley and Sons, Inc., New York, N. Y .t 1943, p. 490.

uum Oil Company for the generous gift of 3- 
methylthiophene used in this investigation.

Summary
A synthesis, based on the side-chain bromina­

tion of 3-methylthiophene with N-bromosuccini 
mide, has been described for a number of 3-sub­
stituted thiophenes.

New compounds which have been prepared in 
this investigation are 3-thenyl bromide, 3-thienyl- 
acetic acid, 3-acetothienone, yyra-di-3-thienyleth- 
ane, 3-thenalrhodanine, 2-phenyl-4-(3-thenal)-5~ 
oxazolone, 3,3'-thenoin, and some esters of 3-then- 
oic acid.
B l o o m in g t o n , I n d ia n a  R e c e iv e d  A u g u s t  21, 1947

[Co n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a to r y  o f  N o r t h w e s t e r n  U n iv e r s it y ]

Studies in the Thianaphthene Series. I. Reactivity of the Bromine Atom in 3-
Bromothianaphthene-l-dioxide

B y  F . G. B ord w ell and C. J. Albisetti, Jr .1

Komppa2 found that the bromine atom in 3- 
bromothianaphthene was inert to boiling alcoholic 
alkali and 30% aqueous alkali. In contrast, 3- 
bromothianaphthene-l-dioxide (I) liberates bro­
mide ion rapidly when treated with hot alkaline

o 2
I

solutions, and several reactions in which the bro­
mine atom of I was replaced with other groups 
were found to occur readily. By oxidation of 3- 
bromothianaphthene2 with 30% hydrogen perox­
ide in acetic acid-acetic anhydride solution I was 
obtained in good yields.

The reaction of I with piperidine in refluxing 
alcoholic solution was rapid, a 96% yield of 3- 
(l-piperidino)-thianaphthene-l-dioxide being ob­
tained within thirty minutes. In a similar manner 
excellent yields of 3-butylaminothianaphthene-1 - 
dioxide and 3-diethylaminothianaphthene-l-diox­
ide were obtained. When I was dissolved in liq­
uid ammonia no reaction occurred a t —38°, but 
heating the reaction mixture at 110° for one and 
one-half hours in a pressure vessel gave 3-amino- 
thianaphthene-1-dioxide. Aqueous ammonia at 
110° gave only highly colored non-crystalline ma­
terial. Less basic amines including aniline, 2- 
aminopyridine and 2-aminopyrimidine did not

(1) Du Pont Fellow, 1946-1947. Present address: Du Pont 
Experimental S tation, E. I. du Pont de Nemours and Company, 
Wilmington, Delaware. A bstracted from the Ph.D . dissertation of 
C. J. Albisetti, Jr.

(2) Komppa, J . prakt. Chem., 122, 319 (1929).

react with I in refluxing alcoholic solution.3 Re­
fluxing I with 2-aminopyridine in phenol also 
failed to effect the desired replacement; instead a 
small quantity of 3-phenoxy thianaphthene-1- 
dioxide was obtained.

The hydrolytic behavior of 3-diethylaminothia- 
naphthene-1-dioxide was tested in a few experi­
ments. In refluxing solution hydrolysis to 3- 
hydroxythianaphthene-1-dioxide occurred within 
ten minutes in the presence of 10% sulfuric acid.
3-Aminothianaphthene-l-dioxide was also hydro­
lyzed rapidly in acidic solutions. In neutral or 
basic solutions 3-diethylamino thianaphthene-1- 
dioxide was more stable to hydrolysis.

I t seems probable that the bromine atom in I 
can be replaced by reaction with nucleophilic re­
agents other than aliphatic amines. Thus far, 
the reaction with only one other class of reagents 
has been investigated. By refluxing I in methanol 
solution in the presence of an equimolar quantity 
of potassium hydroxide an excellent yield of 3- 
methoxythianaphthene-1 -dioxide was obtained. 
When phenol was included in the reaction mixture
3-phenoxythianaphthene-l-dioxide was isolated. 
Refluxing a methanol solution of I for thirty min­
utes with an equimolar portion of sodium cyanide 
also gave 3-methoxythianaphthene-l-dioxide.

To test quantitatively the activity of the bro­
mine atom, I was refluxed in benzene solution with 
excess piperidine as described by Spitzer and Whe- 
land4 for the determination of the activity of the 
bromine atoms in p- and 0-nitrobromobenzenes

(3) The bromine atom  in I  is less active than  th a t in 3-bromoin- 
done, since Schlossberg, Ber., 33, 2426 (1900), found th a t th e  la tte r 
reacts readily in alcoholic solution with aniline to  give 3-anilino» 
indone.

(4) Spitzer and Wheland, T his Journal, 62, 2995 (1940).
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and related compounds. The authors4 report the 
reaction of ^-nitrobromobenzene to be about 52% 
complete in eight hours, whereas with o-nitrobro- 
mobenzene the reaction was about 82% complete 
in one hour. With I, the reaction was found to be 
essentially complete under these conditions even 
when the reaction time was shortened to one- 
quarter hour.5 I t is impossible from these data 
to calculate a rate constant to compare with those 
given,4 but the bromine atom in I must be a t least 
four times as reactive as that in o-nitrobromoben- 
zene. Since Todd and Shriner6 found that an o- 
methylsulfonyl group is only about one-fifteenth 
as effective as an o-nitro group in activating an 
aryl halogen atom in a similar type of reaction, the 
bromine atom in I must be much more easily re­
placed than that in ö-methylsulfonylbromoben- 
zene.

For thianaphthene, resonance structures, II, 
III and IV, may be written, comparable to those

J
II III IV

for naphthalene. In view of the lower aromaticity 
of thianaphthene721 it is probable, however, that IV 
contributes less to the structure of the molecule 
than does II or III.7b For thianaphthene-1-dioxide 
no structure comparable to IV may be written, 
since the sulfur atom has no unshared electrons. 
Charge separation structures such as V and VI,

SZ\s)
+

V
may be written for thianaphthene and its 1-diox­
ide, but in structures for the latter the sulfur 
atom must again be given ten electrons. I t  seems 
likely, therefore, that the hetero ring in the dioxide 
has less aromatic character than that in thianaph­
thene. The chemical evidence indicates that the
2-3 bond in thianaphthene-1-dioxide is olefinic in 
type, since it will add bromine,8a»b ethyl alcohol8b 
and hydrogen8b under conditions similar to those 
used for a-/3-unsaturated sulfones.

The relative inertness of aryl halides in re­
placement reactions initiated by nucleophilic 
reagents has been ascribed9 to the inability of 
the reagent to approach the carbon atom hold-

(5) We wish to  thank Mr. W. H. McKellin for carrying out this 
determination.

(6) Todd and Shriner, T his Journal, 56, 1382 (1934).
(7) (a) Fieser and Kennelly, ibid., 57,1611 (1935); (b) Schomaker 

and Pauling, ibid., 61, 1769 (1939), estimate th a t structures for thio­
phene in which the sulfur atom  is given ten electrons are im portant, 
bu t less so than  structures in which sulfur has eight electrons.

(8) (a) Lanfry, Compt. rend., 154, 519 (1912); (b) unpublished 
results of W. H. McKellin of this Laboratory.

(9) Branch and Calvin, “ The Theory of Organic Chemistry,” 
Prentice-Hall, Inc., New York, 1941, p. 447.

ing the halogen atom in such a way as to give 
a reasonable transition state, unless the Ke- 
kulé-type resonance is disrupted in the process. 
The activation of the halogen of aryl halides by 
substitution of meta-directing groups in o- and/or 
^-positions, is accounted for by increased reso­
nance stabilization in the transition state. The 
fact that 2,4-dinitro-l-chloronaphthalene reacts 
about twenty times as rapidly with methoxide ion 
as does 2,4-dinitrochlorobenzene10 is understand­
able since more structures can be written for the 
transition state in the naphthyl halide. The effec­
tive activation of the bromine atom in I and in 3- 
bromoindone has a similar explanation, since reso­
nance structures of the type VII and V III can be

VII VIII

written for the transition state of a displacement 
reaction involving the attack of the anion, A~. 
The higher order of activity of the bromine atom in
3-bromoindone,3 despite the greater electron a t­
tracting power of a sulfonyl group, can be ac­
counted for by a smaller amount of resonance 
stabilization by structures such as VII due to the 
ten electrons around the sulfur atom.

Acknowledgment.—The authors wish to thank 
Professor Ralph Pearson for helpful suggestions.

Experimental11
3-Bromothianaphthene-l-dioxide (I).—A mixture of

8.0 g. (0.037 mole) of 3-bromothianaphtliene,2'12 50 ml. 
of acetic anhydride and 50 ml. each of acetic acid and hy­
drogen peroxide (30%) was brought carefully to reflux 
temperature. The initial ebullition was very vigorous. 
The mixture was refluxed for one hour, 200 ml. of water 
was added, and the solution thoroughly cooled. By fil­
tration there was obtained 6.5 g. (70.6%) of 3 -bromo­
thianaphthene-l -dioxide, m .p . 180-182 °. The compound 
crystallized as short white needles from alcohol; m. p.
183.5-184°.

Anal. Calcd. for C8H50 2SBr: C, 39.20; H, 2.06.
Found: C, 39.07; H, 1.85.

3-(1 -Piperidino) -thianaphthene-1 -dioxide.—A mixture 
of 1.2 g. (0.005 mole) of 1 ,25 ml. of 85% alcohol and 1.3 g. 
(0.015 mole) of piperidine was refluxed for thirty minutes 
and cooled. There separated 1.20 g. (96%) of a yellow 
crystalline solid, m .p . (dec.) 223-227 °. After three crys- 
tallizations from alcohol the material decomposed at 246 ° 
with gas evolution.

Anal. Calcd. for Cl3Hi50 2NS: C, 62.23; H, 6.07.
Found: C, 62.04; H, 5.85.

A similar reaction of I with diethylamine gave a 67% 
yield of 3-diethylaminothianaphthene-1 -dioxide. Crystal­
lization from alcohol and twice from ethyl acetate gave 
long yellow needles, m. p. 186.5-187°.

(10) Talen, Rec. trav. chim., 47, 329 (1928).
(11) The microanalyses reported were by Mrs. M argaret Ledyard, 

Mrs. Nelda Mold and Miss Patricia Craig.
(12) We wish to thank the Texas Company, Beacon, New York, 

for a generous supply of thianaphthene.
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Anal. Calcd. for Ci2Hi50 2NS: C, 60.73; H, 6.37.
Found: C, 60.58; H, 6.46.

The reaction of I with butylamine gave 83% of 3-bu- 
tylaminothianaphthene-1-dioxide, which was obtained as 
fine white needles, m. p. 145°, after crystallization from 
methanol-water and twice from ethyl acetate.

Anal. Calcd. for C12H150 2NS: C, 60.73; II, 6.37.
Found: C, 60.91; H, 6.47.

The kinetic experiments5 were run essentially by the 
method described by Spitzer and Wheland,4 except that 
silver bromide was determined gravimetrically. In one 
hour 99% of the bromine was liberated from I and in one- 
fourth hour 97% of the theoretical amount of silver bro­
mide was obtained.

Attempted Preparation of 3-(2~Pyridylamino)-thianaph- 
thene-1-dioxide.—After refluxing an alcoholic solution 
of I and 2-aminopyridine for eighteen hours I was recovered 
unchanged. No reaction occurred when an alcoholic 
solution of I and aniline was refluxed for thirty minutes 
or when an alcoholic solution of I and 2-aminopyrimidine 
was refluxed for eighteen hours.

Refluxing a solution of I and 2-aminopyridine in phenol 
for three hours gave a very small amount of 3-phenoxy- 
thianaphthene-1-dioxide (properties reported below).

3-Aminothianaphthene-1-dioxide.—A mixture of 3.7 
g. (0.015 mole) of I and 25 ml. of liquid ammonia was 
heated at 110° for one and one-half hours in a glass liner 
in a pressure vessel. After evaporation of the ammonia 
the product was washed from the liner with absolute 
ethanol. There was obtained 1.5 g. (53%) of a yellow 
powder which melted at 200-205° with the evolution of 
gas. The gas evolved by heating a small amount of the 
material in a shallow tube turned litmus paper blue. 
Purified from absolute ethanol, the material melted at 
211-213°.

Anal. Calcd. for C8H70 2NvS: C, 53.03; H, 3.90; N,
7.73. Found: C, 53.22: H, 4.13; N, 7.25.

Hydrolysis of 3-Diethylaminothianaphthene-1-dioxide. 
—A mixture of 0.1 g. of 3-diethylaminothianaphthene-1- 
dioxide and 10 ml. of 10% sulfuric acid was refluxed for 
ten minutes. On cooling there separated 0.05 g. of 3- 
hydroxythianaphthene-1 -dioxide, m. p. 132-133°. The 
most recent reference to this compound13 gives the melting 
point as 133.5-134°. From a similar experiment with 
10% potassium hydroxide the starting material was re­
covered almost quantitatively.

(13) Weston and Suter, T his Journal , 31, 389 (1939).

3-Methoxythianaphthene-1-dioxide.—A solution of 2.45 
g. (0.01 mole) of 1 and 0.56 g. (0.01) mole of potassium 
hydroxide in 30 ml. of dry methanol was refluxed one 
hour and cooled. By filtration there was obtained 1.5 
g. (77%) of small white crystals, m. p. 208-210°. Several 
purifications from boiling ethanol gave large white flat 
blades, m .p . 220°.14

Anal. Calcd. for C9H80 3S: C, 55.10; H, 4.11.
Found: C, 55.11: H, 4.27.

An 84% yield of 3-methoxythianaphthene-1-dioxide 
was obtained in a somewhat less pure state by substituting 
sodium cyanide for potassium hydroxide in the above 
experiment.

3-Phenoxythianaphthene-1-dioxide.—A mixture of 2.45 
g. (0.01 mole) of I, 1.0 g. (0.01 mole) of phenol and 0.56 
g. (0.01 mole) of potassium hydroxide was dissolved in 20 
ml. of absolute ethanol and the solution refluxed for one 
hour and cooled. The crude material melted at 110- 
124°. Several purifications from ethanol gave a small 
quantity of clear plates, m. p. 137°. The yield could 
undoubtedly be improved.

Anal. Calcd. for C14Hi0O3S: C, 65.00; H, 3.87.
Found: C, 64.80; FI, 3.98.

Summary
1. Excellent yields of 3-alkylamino-, 3-amino- 

and 3-methoxy thianaphthene-1-dioxides were 
readily obtained by the reaction of 3-bromothia­
naphthene-1-dioxide (I), respectively, with pri­
mary and secondary amines, anhydrous ammonia, 
and methanol in the presence of potassium hy­
droxide. Aryl amines did not react with I under 
comparable conditions.

2. The bromine atom in I was displaced at 
least four times as rapidly as that in 0-nitrobromo- 
benzene in the reaction with excess piperidine in 
benzene solution.

3. The reactivity of the bromine atom in I 
and related compounds is discussed on the basis of 
current theory.

(14) Arndt and M artins, A nn., 499, 282 (1932), report a m. p. 
of 215°.

E vanston , Illino is R eceived  October 3, 1947

[C o n t r ib u t io n  f r o m  t h e  V e n a b l e  Ch e m ic a l  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  N o r t h  C a r o l in a ]

Preparation and Polymerization of m-Cyanostyrene
B y  R ichard  H . W iley

Many substituted styrenes, including p-cyano- 
styrene1*2 and u-cyanostyrene2 have been de­
scribed in a number of recent papers3 but no men­
tion has been made of m~cvanostyrene. We have 
prepared m-cyanostyrene by the decarboxylation 
of m-cyanocinnamic acid. Poly-m-cyanostyrene

(1) (a) Overberger and Allen, T his Journal, 68, 722 (1947);
(b) M arvel and Overberger, ibid., 67, 2250 (1945); (c) Mowry,
Reno!! and Huber, ibid., 68, 1105 (1946).

(2) Wingfoot Corp., British P aten t 571,829; C. A., 41, 3323 
(1947).

(3) (a) Marvel, et al., T his Journal , 68, 1088 (1947); (b) Emer­
son, et al., ibid., 69, 1905 (1947); (c) Bachman, et al., ibid., 69, 
2022 (1947); (d) Strassburg, Gregg and Walling, ibid., 69, 2141
(1947); (e) Inskeep and Deanin, ibid., 69, 2237 (1947); (f) Frank, 
et a l ,  ibid„ 68, 1365 (1946); (g) RenoU, et al., ibid., 68, 1159 (1946).

and  N ew to n  R . S mith

resembles poly-^-cyanostyrene in that both are in­
soluble in aromatic hydrocarbons and are soluble 
in nitromethane. The principle of vinylogy which 
by reference to polyacrylonitrile predicts the in­
solubility of poly-^-cyanostyrene does not apply 
to the meta isomer. The relative insolubility of 
each is undoubtedly caused by the polarity of the 
cyano group but it is not possible, with the meta 
isomer, to relate this effect vinylogously to the be­
havior of the polyacrylonitrile.

Experimental
w-Cyanobenzaldehyde.—w-Tolunitrile (Eastman Ko­

dak Co.) was converted to the aldehyde by the procedure 
used in “Organic Syntheses” for the preparation of p*
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bromobenzaldehyde.4 Eight to ten hours were required 
to complete the bromination of the nitrile. The di bromide 
was hydrolyzed with calcium carbonate. The aldehyde 
was separated by steam distillation and, after cooling, was 
collected on a filter. The yield of dried m-cyanobenzal- 
dehyde was 45%, m. p. 76-77°.5

m-Cyanocinnamic Acid.—The procedure of Walling and 
Wolfstirn6 was followed. A solution of 48.0 g. (0.37 mole) 
of crude m-cyanobenzaldehyde and 42.5 g. (0.41 mole) 
of malonic acid (E.K. Co.) in 5 ml. of pyridine and 50 ml. 
of 95% alcohol was heated for ten hours on a steam-bath. 
The precipitate was collected and recrystallized from alco­
hol to give 45.3 g., 71.4% of the theoretical amount, of m- 
cyanocinnamic acid, m .p . 247° cor.

Anal. Calcd. for CioH7N 0 2: eq. wt., 173.2; N, 8.08. 
Found: eq. wt., 174.5; N, 8.04, 8.09.

m-Cyanostyrene.—w-Cyanocinnamic acid was decar- 
boxylated by the method of Walling and Wolfstirn.6 
To 125 g. of boiling quinoline and 2 g. of copper powder in 
a 250-ml. Claisen flask was added 40 g. of w-cyanocin- 
namic acid in 10-g. portions. Twenty five ml. of distillate 
was collected after each addition. The distillate was 
taken up in ether, extracted with 3 N  hydrochloric acid, and 
dried over anhydrous sodium sulfate. After removing 
ether from the dried solution, the residue was fractionated 
to give 16.2 g., 51% of the theorectical amount, of m- 
cyanostyrene, b. p. 81-5° (3.5 mm.). Refractionation of

(4) Coleman and Honeywell, "Organic Syntheses,” John Wiley 
and Sons, Inc., New York, N. Y.„ Coll. Vol. II, 1943, p. 89.

(5) P. Reinglass, Ber., 24, 2421 (1891), gives m. p. 79-81°.
(6) C. Walling and K. B. Wolfstirn, T his Journal, 69, 825 

(1947).

22 g. of crude styrene gave 19.6 g. of purified w -cyano- 
styrene, b. p. 83° (3.5 m m .), w20d 1.5630.

Anal. Calcd. for C9H7N: N, 10.85. Found: N ,
11.03, 11.05.

The dibromide was prepared by adding bromine to  a 
solution of m -cyanostyrene in carbon tetrachloride. The 
crystals obtained on evaporation of the carbon tetrachlo­
ride were recrystallized from alcohol, m .p . 71—72°.

Anal. Calcd. for C9H7NBr2: N, 4.96. Found: N ,
5.01.

Polymerization of w-Cyanostyr ene.—A solution of 
0.002 g. (ca. 0.1% by weight) of benzoyl peroxide in 1.71 
g. of purified monomer was prepared in a test-tube, stop­
pered, and heated with protection from the air for tw enty- 
four hours at 80° to form a hard, brittle, transparent, 
slightly yellow solid. A control without benzoyl peroxide 
did not polymerize. The polymer softens at 100°, sticks 
at 135°, and turns into a thick gum at 190°. It is soluble 
in nitromethane and acetone and swells in hot toluene and 
benzene. Relative viscosity 1.270 for concentration of 
0.400 g. in 100 ml. of nitromethane; 2.835 for 2.000 g. in 
100 ml. of nitromethane.

Summary
M-Cyanostyrene has been prepared from rn- 

cyanobenzaldehyde through m -cyanocinnamic
acid and polymerized to a brittle, transparent 
polymer.
Chapel H ill, N orth Carolina

R eceived D ecem ber  18, 1947

[Contribution from the Chemistry D epartment, P omona College]

The Vapor Phase Catalytic Synthesis of Thianaphthenes
By Corwin Hansch and William A. Blondon

The synthesis of thianaphthenes from p-alkyl- 
benzenethiols was undertaken in this Laboratory 
as a part of a general investigation of the vapor 
phase catalytic synthesis of hetrocyclic com­
pounds. Preparation of thianaphthene itself was 
taken as the model reaction on which the catalysts 
and apparatus were developed. The following 
equation gives the over-all reaction.

+  2H2

The arylthiols used in this work were prepared 
from the corresponding hydrocarbons (ethylben­
zene, %-propylbenzene, isopropylbenzene) by 
treating them with chlorosulfonic acid and reduc­
ing the resulting sulfonyl chloride with sulfuric 
acid and zinc dust. The pure sulfonylchlorides 
were not isolated, in fact the propylbenzenesul- 
fonyl chlorides were found to be quite unstable to 
heat. Attempts to distill these compounds, even 
under reduced pressure, resulted in explosive de­
compositions.

The apparatus used in this work was similar to 
that described by Hoog, Verheus and Zuiderweg.1

(1) Hoog, Verheus and Zuiderweg, Trans. Faraday Soc., 35, 995 
(1939).

Experimental
Catalyst Preparations. I. Chromium on Aluminum 

Oxide.—To a boiling solution of 36.4 g. of chromic 
anhydride in 400 ml. of distilled water, was added 200 
g. of ALORGO alumina,2 H-40 Grade R2200, 8-14 mesh. 
The solution was allowed to stand for two minutes and 
filtered, then the product was dried at 100°.

II. Molybdenum Sulfide.—One hundred grams of 
alumina was added to a boiling solution of 60 g. of (NH 4)6- 
Mo70 24-4H20  in 200 ml. of distilled water. The mixture 
was allowed to stand for a few minutes and then a rapid 
stream of hydrogen sulfide was passed into the catalyst 
for twenty minutes. The catalyst was filtered, washed 
repeatedly with water and dried at 100°.

III. Platinum on Charcoal.—To 75 m l. of distilled water 
was added 5 g. of chloroplatinic acid containing 40% 
platinum. The solution was heated to boiling and 12 g. 
of activated charcoal3 was added. This mixture was 
boiled for five minutes and then the catalyst was filtered 
and dried at 100°.

Preparation of Ethylbenzenethiol.—To 2300 g. of 
chlorosulfonic acid, cooled to 0° in an efficient ice-bath, 
652 g. of ethylbenzene was added, with stirring. The 
temperature of the mixture was held at 0° during the 
addition, after which the reaction mixture was stored in 
a refrigerator at 0° for eighteen hours. After this period 
of standing, the product was poured, with vigorous stir­
ring, onto 6 liters of crushed ice. The lower oily layer 
was then separated and divided into three equal portions 
to facilitate reduction.

(2) This type of alumina was used exclusively in th is research.
(3) The activated charcoal used in th is work was T ype B15P, 

6-8 mesh, obtained from the P ittsburgh Coke & Chemical Co.
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Three 5-liter round-bottom flasks were fitted with 
efficient stirrers and surrounded with ice-salt mixtures. 
Into each flask was placed 4 liters of crushed ice and 
1300 g. of coned, sulfuric acid. When the temperature of 
this mixture had reached 0°, the sulfonyl chloride was 
allowed to drop into the mixture, with rapid stirring. 
After the addition of the sulfonyl chloride, 650 g. of zinc 
dust was added to each flask in small portions so that the 
temperature never rose above 5°. When all of the zinc 
had been added, the flasks were fitted with reflux conden­
sers and permitted to come to room temperature slowly. 
After the initial evolution of hydrogen had ceased, the 
reaction mixtures were boiled for six hours. The upper 
oily layer was then separated, washed and dried. Dis­
tillation gave 621 g. (68%) of tf-ethylbenzenethiol, b. p. 
207-209° (730 mm.).

0-Pr op ylbenzene thiols.—o,n-Propylbenzenethiol and o- 
isopropylbenzenethiol were synthesized by the above 
procedure, giving 76% yield of the former, b. p. 219- 
221° (730 mm.) and 70% yield of the latter, b. p. 225- 
227° (730 m m .).

Calcd. Found
C, % H, % c, % H, %

Ethylbenzenethiol 69.50 7.25 69.50 7.59
^-Propylbenzenethiol 71.05 7.89 70.96 7.97
I s opr opylbenzenethiol 71.05 7.89 71.03 7.89

a.-(o-Carboxyphenylmercapto) -propionic Acid.—In 300 
ml. of boiling water were dissolved 10 g. of anhydrous 
sodium carbonate and 20 g. of o,o'-dithiodibenzoic acid.4 
When all of the acid had dissolved, 30 g. of sodium hydro- 
sulfite was added slowly, with stirring. The reactants 
were refluxed for fifteen minutes and then cooled to room 
temperature. To this cooled solution was added 49 g. 
of cK-bromopropionic acid (previously neutralized with 
sodium bicarbonate) in 150 ml. of water. This mixture 
was boiled for fifteen minutes and then acidified to congo 
red paper while hot. On cooling, the a-(o-carboxyphen- 
ylmercapto)-propionic acid crystallized and was filtered 
and dried; yield 20 g. Recrystallization from 700 cc. of 
boiling water gave 15 g. of product, m. p. 192-194° (dec.).

2 -M ethyl thianaphthene.—Ten grams of «-(0-carboxy - 
phenylmer cap to)-propionic acid, 5 g. of anhydrous sodium 
acetate and 25 ml. of acetic anhydride were placed in a 
round-bottom flask and slowly warmed to 75°, at which 
temperature the evolution of carbon dioxide began. After 
the gas evolution had subsided somewhat, the temperature 
was raised to 140° and held there for twenty minutes. 
Excess 50% sodium hydroxide was then added and the 
solution refluxed for one hour. It was then acidified with 
phosphoric acid and steam-distilled, giving a yellow oil: 
2 -meth3d-3 -thianaphthenol. Five grams of this oil was 
dissolved in 50 ml. of acetic acid, the resulting mixture 
being refluxed for two hours with 10 g. of zinc dust, then 
made basic with sodium hydroxide and steam-dist filed. 
About 1 g. of a water-white oil distilled and solidified 
on cooling; m .p . 42-47°. Recrystallization from an al­
cohol-water mixture gave a product which melted at 
51-52°.

A nal. Calcd. for C9H8S: C, 72.96; H, 5.41. Found: 
C, 72.73; H, 5.90.

2-Methylthianaphthene, formed by catalytic dehydro­
genation of o-isopropylbenzenethiol, possessed the same 
melting point. A mixed melting point of the two sub­
stances showed no depression. Both preparations yielded 
picrates; m. p. 108-109°.

Anal. Calcd. for Ci5HiiN30 7S: C, 47.75; H, 2.92. 
Found: C, 47.90; H, 3.28.

Catalytic Preparation of Thianaphthene.—-The following 
is an example of a typical dehydrogenation run made in 
this research, using o-ethylbenzenethiol and chromium 
on alumina (I) catalyst. Ten milliliters of catalyst (I) 
was reduced in situ with a slow stream of hydrogen at a

(4) Allen and M acKay, “ Organic Syntheses,” Coll. Vol. II,
John W iley and Sons, Inc., New York, N. Y., 1943, p. 580.

temperature of 400 ° for one hour, after which the catalytic 
tube was swept free of hydrogen with a stream of nitrogen. 
Then, 82 g. of tf-ethylbenzenethiol was passed over the 
catalyst during a period of two hours. The temperature 
of the catalyst was held at 475 =±=3° during this reaction. 
The condensate (72 g.) was extracted with dilute sodium 
hydroxide, and by this means 4.5 g. of unchanged mercap­
tan was recovered. The alkali insoluble portion was dis­
tilled through a 1.5 ft. column using a variable take-off 
head with a reflux ratio of 5 to 1. Twenty-six grams 
boiled at 132-140° and was identified as mainly ethyl­
benzene. The 5 g. distilling at 140-210° was ethylben­
zene with some thianaphthene. Twenty-two grams, which 
distilled between 210-230°, solidified on cooling; m. p. 
22-24°. Crystallization from alcohol gave a product, 
m. p. 31-32°, the temperature at which thianaphthene 
melts.

Catalytic Preparation of 2-Methylthianaphthene.—2-
Methylthianaphthene was prepared in the same manner, 
using 10 ml. of chromium oxide catalyst. Thirty grams of 
0,w-propylbenzenethiol was processed at 450° during a 
one-hour period, yielding 8 g. of oil insoluble in dilute 
sodium hydroxide. Fourteen grams of unchanged mer­
captan was recovered. Distillation of the alkali insoluble 
fraction gave 3 g., b. p. 220-265°. This fraction was 
heated under reflux with 0.5 g. of sulfur for four hours to 
dehydrogenate any dihydromethylthianaphthene, then 
steam-distilled from an alkaline solution. The white 
solid collected was crystallized from alcohol; yield 1.6 g., 
m. p. 51-52°.

Attempted Catalytic Preparation of 3-Methylthia­
naphthene.—o-Isopropylbenzenethiol (65 g.), processed 
over 10 ml. of catalyst (I) at a temperature of 425° 
during a ninety-minute period, yielded 16 g. of isopropyl­
benzene and 7.5 g. of a substance which distilled at 235- 
250°. Fifteen grams of unchanged thiol was recovered. 
Considerable decomposition occurred on the catalyst. 
Attempts to purify the material boiling at 235-250°, 
by crystallization of its picrate, were unsuccessful. A 
sharp melting point could not be obtained with the pic­
rate in spite of repeated crystallizations from various 
solvents. Attempts to crystallize the thianaphthene 
itself were also unsuccessful.

Discussion
I t  should be pointed out that although over 

fifty runs were made (mostly with o-ethylbenzene­
thiol) using various catalysts and conditions, the 
authors feel that by continued study the yield of 
thianaphthenes could be improved. I t has been 
shown recently,5 however, that thianaphthene 
may be made in good yield by the vapor phase 
catalytic reaction of styrene and hydrogen sulfide. 
Preliminary work in this Laboratory has shown 
that ethylbenzene and hydrogen sulfide may be 
catalytically converted into thianaphthene. At 
present, work is in progress to develop a general 
method of synthesis from alkylbenzenes and hy­
drogen sulfide.

The catalysts employed in this work which were 
at all effective were: chromium oxide on alumina
(I), molybdenum sulfide on alumina (II), plati­
num on charcoal (III), and type J-2 dehydrogena­
tion catalyst obtained from Universal Oil Prod­
ucts. Of the above catalysts, the platinum was 
the least effective because of rather rapid poison­
ing. The molybdenum sulfide, although ef­
fective in cyclization and resistant to poisoning, 
was not practical because of its great tendency to 
desulfurize the thiols to the corresponding hydro-

(5) Moore and Greensfelder, T his Journal, 69, 2008 (1947).
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carbons. Apparently, hydrogen, formed during 
the dehydrogenation, reacted with the thiols to 
convert them to hydrocarbons and hydrogen sul­
fide, This side reaction occurred with all catalysts 
used but was most pronounced with molybdenum 
sulfide. The best catalyst found in this work was 
chromium oxide (I), although the J-2 catalyst 
from Universal Oil Products was almost as active.

Table I summarizes below the results of a series 
of comparable runs, and shows the effect of tem­
perature and space velocity on the dehydrogena­
tion of 0-ethylbenzenethiol, using chromium on 
alumina catalyst (I).

Temp.,
T a b l e  I
Space vel., 

m l./m l. ca t./h r.
% Conversion to

°C. thianaphthene

. 350 600 10
400 600 32
450 800 42
500 600 35
450 1500 28
450 900 40
450 800 42
450 200 42

In an attempt to extend the reaction to other 
alkylbenzene thiols, several runs were made using 
0,w-propylbenzenethiol. Conversions of 10-12% 
of 2-methylthianaphthene were obtained. Since 
its synthesis had not been reported previously, 
this compound was prepared by a known proce­
dure6 to check its identity.

-COOH — >- f  

-S—CH—COOH L

CHs

A, ni/x.

Fig. 1.—Ultraviolet absorption spectra of thianaphthene 
and 2-methylthianaphthene:

The 2-methylthianaphthene prepared catalyti- 
cally was identical with that made by the method 
illustrated.

The ultraviolet absorption spectrum determined 
for 2-methylthianaphthene followed closely that 
of thianaphthene (Fig. 1), with maxima at 288.5 
and 297 m/x, and a minimum at 299 m/x. The ab­
sorption spectrum for thianaphthene was in close 
agreement with that previously reported,7 with 
maxima at 288 and 297.5 m/x, and a minimum at 
295 m/x. All of the absorption measurements were 
made with methanol solutions at dilutions of 1/
100,000, by means of a Beckman quartz spectro­
photometer.

An attempt to prepare 3-methylthianaphthene 
was not completely successful. A liquid was ob­
tained which had the expected boiling point, but 
attempts to purify it by distillation or crystalliza­
tion of the picrate were unsuccessful. I t  is inter-

(6) Hansch and Lindwall, J . Org. Chem., 10, 381 (1945).
(7) Charlampowicz and Marchlewski, C. A ., 25, 5097 (1931).

s

esting to note that this substance possessed an 
absorption spectrum (Fig. 1) closely resembling 
that of thianaphthene and 2-methylthianaphthene.

Acknowledgment.—The authors are very 
much indebted to the Research Corporation for a 
Frederick Gardner Cottrell grant-in-aid which 
supported this research. We also wish to ac­
knowledge a generous gift from the Signal Oil 
Company which made possible the purchase of 
the Beckman spectrophotometer used in this 
work.

Summary
1. The preparation of two new alkylbenzene- 

thiols is described.
2. A study of the cyclodehydrogenation of the 

thiols to the corresponding thianaphthenes is dis­
cussed.

3. The ultraviolet absorption spectra are re­
ported for the thianaphthenes.

4. A special synthesis for 2-methylthianaph­
thene is reported.
C l a r e m o n t , C a l i f . R e c e iv e d  N o v e m b e r  12, 1947
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[Contribution from the D yson P errins Laboratory, Oxford, England, and the N oyes Chemical Laboratory,
University of Illinois]

The Use of Fluoro Compounds in the Determination of Valency Angles by Electric
Dipole Moment Measurements

B y  N e l so n  J. Leonard  and  Le sl ie  E . S utton

Our initial aim in this investigation was to de­
termine bond angles from electric dipole substitu­
tion, using methods previously developed1’2-3'4 
but using fluorine as the substituent atom. Evalu­
ations of the interaction moments between halo­
gens and the NH2- or CH30- grouping indicated 
th a t these are least with fluorine,5 and therefore 
th a t this cause of error in bond angle determina­
tions should be least if fluorine is used. Our re­
sults caused us to investigate more thoroughly the 
magnitudes of such interaction moments in fluo­
rine compounds, and to compare them with those 
for other halogens.

We applied information so obtained about bond 
angles in the discussion of the configuration of 
molecules of the type I, when X and Y are divalent 
atoms or groups, e. g.f O, S, Se, NH, and we aug­
mented the dipole moment data for such com­
pounds by measuring phenoxthine and phenthia- 
zine.

I

Experimental
Preparation and Purification of Materials.—Benzene 

(British Drug Houses “ AnalaR” ) was purified by freezing 
three times, boiling under reflux over phosphorus pent­
oxide, and finally distilling in a dry air stream. It was 
stored under dry air until used.2 Diphenylamine (B. 
D. H .) was recrystallized four times from dry petroleum 
ether (b. p. 40-60°), m. p. 53°. Di-^-tolylamine (B. 
D. H .) was recrystallized twice from dry petroleum ether, 
m .p . 79°.

The following compounds were prepared by methods 
previously described: fluorobenzene,6 ^-fluoroaniline,7 8
p -fluoroanisole,3 ^-fluorobenzaldehyde,9 ^-fluorobromo- 
benzene,10 ̂ -fluoronitrobenzene,11 ^-fluorobenzophenone,13 
^-fluorophenol,12 ^-fluorotoluene,11 />,/>'-difluorobenzo- 
phenone,13 phenyl-^-tolylamine,14 15 phenyl-^-tolylnitros- 
amine, m. p. 82°,15 di-£-tolylnitrosamine, m. p. 100-

(1) H am pson and Sutton, P r o c .  R o y .  S o c .  ( L o n d o n ) ,  140A, 562 
(1933).

(2) H am pson, Farm er and Sutton, i b i d . , 143A, 147 (1933).
(3) S u tto n  and Hampson, T r a n s .  F a r a d a y  S o c . ,  31, 945 (1935).
(4) Coop and Sutton, J .  C h e m .  S o c . ,  1869 (1938).
(5) M arsden and Sutton, i b i d . ,  599 (1936).
(6) “ Organic Syntheses,” 13, 46 (1933).
(7) Schiem ann and Pillarsky, B e r . ,  62, 3035 (1929).
(8) Bergm ann and Tschudnowsky, Z. p h y s i k .  C h em .,  17B, 107 

(1932).
(9) Schiem ann, ib i d . ,  156A, 397 (1931).
(10) Schiem ann and Pillarsky, B e r . ,  64, 1340 (1931).
(11) Balz and Schiemann, i b i d . ,  60, 1186 (1927).
(12) B ennett, Brooks and Glasstone, J . C h e m .  S o c . ,  1821 (1935).
(13) D unlop and Gardner, T his Journal, 55, 1665 (1933).
(14) C hapm an, J . Chem. Soc., 569 (1929).
(15) L achm an, Ber., 33, 1022 (1900).

101°,16 phenoxthine,16 phenthiazine,17 and triphenyl- 
amine.18

The compounds described below are, with one exception, 
new compounds, prepared specifically for the presently 
described dipole moment investigation.

/>~Fluorodimethylaniline.—This compound had previ­
ously been prepared by Schiemann and Pillarsky19 from 
^-aminodimethylaniline, but a better yield was obtained 
by methylation of />-fluoroaniline. A mixture of 20 g. 
of dimethyl sulfate and 17 g. of £-fluoroaniline was sealed 
in a pressure tube and heated at 200° for one hour. The 
oily product was treated with aqueous sodium hydroxide 
and the resultant mixture was extracted with ether. 
After drying the ethereal solution, the ether was removed 
and the residue was distilled in vacuo, b. p. 86-87° (18 
mm.), 79.5° (16 mm.); yield, 15 g. (71.5%).

£-Fluorodiphenyl Ether.—A method similar to that 
used for p-tolyl- and di-r;~tolyl ether by Reilly, Drumm 
and Barrett20 was employed. A mixture of 12 g. of po­
tassium ^-fluorophenoxide, 12 g. of bromobenzene, and 
0.5 g. of copper-bronze was heated at 200° for four hours 
under an air condenser. The product was subjected to 
steam distillation and the distillate was extracted with 
ether. The ethereal solution was dried and the ether was 
removed. The liquid residue was fractionated at atmos­
pheric pressure. The portion boiling above 200° was 
retained and twice fractionated. Seven grams (47%) 
of colorless liquid, b. p. 247-249° (760 mm.), was finally 
collected.

Anal. Calcd. for Ci2H9FO: C, 76.59; H, 4.79.
Found: C, 76.25; H, 4.82.

P>P' -Difluorodiphenyl Ether.—Twelve grams of po­
tassium ^-fluorophenoxide, 15 g. of -fluorobromobenzene, 
and 0.5 g. of copper-bronze were mixed and the mixture 
was heated under reflux for six hours at 200°. The prod­
uct was isolated by the same method as employed for p- 
fluorodiphenyl ether. The colorless liquid boiled at 239- 
240° (743 mm.); yield, 9.0 g. (56%).

Anal. Calcd. for C12H8F20 : C, 69.88; H, 4.01.
Found: C, 70.08; H, 3.94.

-Fluorodiphenyl Sulfide.—A method similar to that 
used by Mauthner21 for analogous sulfides was employed. 
Fourteen grams of potassium thiophenoxide, 29 g. of 
^-fluoroiodobenzene, and 0.5 g. of copper-bronze were 
heated together under reflux at 235-240° for four hours. 
The reaction product was treated with warm ethanol 
and acidified with dilute sulfuric acid. After the addition 
of zinc dust, the mixture was steam-distilled. The dis­
tillate was extracted with ether, the ethereal solution was 
dried and the ether was removed. The colorless product 
was distilled once with fractionation at atmospheric 
pressure, then twice at reduced pressure, b. p. 147-148° 
(15 mm.), 141-142° (11 m m .); yield, 18 g. (66%).

Anal. Calcd. for Ci2H9FS: C, 70.58; H, 4.44. Found: 
C, 70.25; H, 4.35.

ptp '-Difluorodiphenyl Sulfoxide.—This compound was 
prepared successfully by the method which Colby and Me- 
Loughlin22 used for diphenyl sulfoxide. Sixty grams of 
fluorobenzene and 16 g. of thionyl chloride were mixed in

(16) “ Organic Syntheses,” 18, 64 (1938).
(17) K ehrm ann and Dardel, Ber., 55, 2346 (1922).
(18) “ Organic Syntheses,” 8, 116 (1928).
(19) Schiemann and Pillarsky, Ber., 66, 727 (1933).
(20) Reilly, Drum m  and B arrett, J . Chem. Soc., 67 (1927).
(21) M authner, Ber., 39, 3593 (1906).
(22) Colby and McLoughlin, ibid., 20, 195 (1887).
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an ice-cooled flask to which a reflux condenser was at­
tached. Anhydrous aluminum chloride was added in 
small portions; hydrogen chloride ceased to be evolved 
after 40 g. had been added. The mixture was heated on 
a water-bath for thirty minutes, after which it was cooled 
and poured into ice-water. The thick oil which separated 
on the surface was washed with water and was then 
heated to remove excess fluorobenzene. A yellow, wax­
like solid remained which was recrystallized three times 
from petroleum ether (b. p. 40-60°). A yield of 23 g. 
(72%) of colorless crystals, m. p. 50.5°, was obtained.

Anal. Calcd. for C12H8F2OS: C, 60.47; H, 3.39.
Found: C, 60.26; H ,3.55.

p fp '-Difluorodiphenyl Sulfide.—This compound was 
prepared by a method analogous to that of Gazdar and 
Smiles23 for di-£-cresol sulfide. '-Difluorodiphenyl 
sulfoxide (17 g.) was boiled for four hours under reflux 
with 6 g. of powdered zinc in glacial acetic acid. When 
the filtered solution was diluted with water, the sulfide 
separated as a colorless oil, which was twice fractionally 
distilled in vacuo, b. p. 136-137° (9 mm.); yield, 15 g. 
(90%).

Anal. Calcd. for CJ2H8F2S: C, 64.83; H, 3.63.
Found: C, 64.71; H ,3.51.

p ,p '-Difluorodiphenyl Sulfone.—p,p  '-Difluorodiphenyl 
sulfide (5 g.) was dissolved in a ten-fold quantity of 
glacial acetic acid and oxidized with 3 g. of potassium 
permanganate. After dilution of the reaction mixture with 
water, the precipitate was twice recrystallized from ethanol 
as colorless needles, m. p. 98-98.5°; yield, 4 g. (80%).

Anal. Calcd. for Ci2H8F20 2S: C, 56.67; H, 3.17.
Found: C, 56.34; H, 3.18.

-Fluorodiphenyl Sulfone.—This compound was pre­
pared in the same manner, using 8.5 g. of ^-fluorodiphenyl 
sulfide, 80 g. of glacial acetic acid, and 6 g. of potassium 
permanganate. After dilution of the reaction mixture 
with water, the precipitate was twice recrystallized from 
ethanol as colorless needles, m. p. 109.5-110°; yield, 6 g. 
(70%).

Anal. Calcd. for C12H9FO2S: C, 60.98; H, 3.84.
Found: C, 60.97; H ,3 .76.

^-Fluorodiphenylamine.—This compound, b. p. 164- 
166° (17 mm.), m. p. 34°, was made from ^-fluoroacet- 
anilide and bromobenzene essentially by the method of 
Goldberg,24 which is general for the preparation of diaryl- 
amines.

Anal. Calcd. for Ci2H10FN: C, 76.99; H, 5.38.
Found: C, 76.89; H, 5.32.

pfp ' -Difluorodiphenylamine .—This compound, b. p. 
165-166.5° (17 mm.), m. p. 37.5°, was likewise prepared 
from p -fluoroacetanilide and ^-fluorobromobenzene by 
the general method of Goldberg.24

Anal. Calcd. for C12H9F2N: C, 70.24; H, 4.40.
Found: 0 ,70.37; H, 4.46.

^-Fluorotriphenylamine.—A method similar to that for 
triphenylamine18 was employed. A mixture of 8 g. of 
diphenylamine, 13 g. of ^>-fluoroiodobenzene, 8 g. of potas­
sium carbonate, and 2 g. of copper-bronze in 50 ml. of 
nitrobenzene was boiled under reflux for ten hours. The 
nitrobenzene was removed by steam distillation and the 
residue was extracted with benzene. The benzene ex­
tract was dried by partial distillation of benzene, satu­
rated with dry hydrogen chloride gas in the cold, and 
allowed to stand for three hours. The precipitated di­
phenylamine hydrochloride was removed by filtration 
and the benzene by distillation. The residue was distilled 
under reduced pressure, b. p. 187-189° (8 mm.), when the 
distillate solidified. Three recrystallizations from eth­
anol, followed by centrifuging and drying, gave 7 g. 
(60%) of colorless needles, m .p . 98-98.5°.

Anal. Calcd. for C18Hi4FN: C, 82.09; H, 5.32.
Found: 0 ,82 .22; H, 5.31.

(23) Gazdar and Smiles, J. Chem. Soc., 97, 2248 (1910).
(24) Godberg, Ber., 40, 4541 (1907).

Physical Measurements.—Electric dipole moments 
were determined from measurements of the dielectric 
constant, refractive index and density of benzene solutions 
of varying concentration at the same temperature. 
Dielectric constants were determined by a heterodyne 
beat method using an apparatus and a technique essen­
tially the same as described before.2 25 The solution 
condenser was similar to that described by Jenkins and 
Sutton.26

Densities were determined with a 10-ml. Sprengel- 
Ostwald pyknometer.

Refractive indices were measured relative to the solvent 
with a Pulfrich refractometer fitted with a divided cell; 
the mercury green line (5461 A.) was used for illumina­
tion. For three of the compounds (fluorobenzene, p -  
fluorodiphenyl sulfide, and ^-fluorotriphenylamine) it 
was not possible to obtain the molecular refractivities 
experimentally, due to temporary instrumental disorder, 
but they were calculated from the most acceptable values 
for the refractivities of the constituent atoms.

The dielectric constant of pure dry benzene was taken 
to be 2.2727 at 25°, that of dry air 1.0000. The square 
of the refractive index of pure dry benzene at 25° was 
taken to be 2.25714.

Atom polarizations, for the moments recorded in 
Table I, were allowed by adding 5% to the electron polar­
ization.

Results
All measurements are in benzene solution a t 25°. 

Moments are expressed in Debye units (1 D  =  
10~18 e. s. u.).

T a b l e  I
D ip o l e  M o m e n t s  in  B e n z e n e  a t  2 5 °

Compound aP = o aP = 5%eP
Fluorobenzene 1 .4 5 1 .5 3

Fluor oan iline 2 .4 8 2 .4 6
/>-Fluoroanisole 2 .0 6 2 .0 4
^-Fluorobenzaldehyde 1 .9 8 1 .9 6
/>-Fluorobromobenzene 0.22 0 .0
^-Fluorodimethylaniline 2 .6 9 2 .6 7
^-Fluoronitrobenzene 2 .6 4 2 .6 2
^-Fluorophenol 2.10 2 .0 8
^-Fluorotoluene 1 .7 1 1.68
Diphenyl ether 1 .1 6 2 1.11
^-Fluorodiphenyl ether 1 .3 9 1 .3 5
p,^'-Difluorodiphenyl ether 0 .6 2 0 .5 1
Diphenyl sulfide 1 . 5 0 2 1 .4 5
^-Fluorodiphenyl sulfide 1 .4 2 1 .3 7
p,p '-Difluorodiphenyl sulfide 0 .6 1 0 .4 8
Diphenyl sulfoxide 3 .9 9 2 3 .9 7
^^'-Difluorodiphenyl sulfoxide 2 .6 7 2 .6 4
Di-/>-tolyl sulfoxide 4 .4 0 2 4 .3 8
Diphenyl sulfone 5 0 5 32 5 .0 4
^-Fluorodiphenyl sulfone 4 .2 8 4 .2 6
p,^'-Difluorodiphenyl sulfone 3 .3 1 3 .2 8
Benzophenone 2 .9 6 33 2 .9 3
/>-Fluorobenzophenone 2 .6 7 2 .6 3
/>,£'-Difluorobenzophenone 1 .7 8 1 .7 4
Diphenylamine 1 .0 4 0 .9 9
^-Fluorodiphenylamine 1 .8 9 1.86
p, p '-Difluorodiphenylamine 2.12 2 .0 9
(25) Sutton, Proc. Roy. Soc. (London), 133A, 668 (1931).
(26) Jenkins and Sutton, J. Chem. Soc., 609 (1935).
(27) Calculated from the atomic refractivities.
(28) Audsley and Goss (J. Chem. Soc., 497 (1942)) repo rted  1.44; 

Bergmann, Engel and Sandor (Z. physik. Chem., 10B, 106 (1930)), 
1.45.
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T able I  (Continued) ^-Fluoronitrobenzene
Compound 1! © aP -5% *F h d*h € n * P i e P2

Phenyl-/>-tolylamine 1,12 1.01 0,00484 0.8759 2.3206 . . . . 175.0
Ui-£-tolylarnine 1.05 0.93 .00956 ,8787 2,3671 2.2581 172.5 31.6
Diphenylnitrosamlne 3.3934 3.35 .01912 .8837 2  A m 2.2588 168.8 32.3
Phenyl-/)-tolylnitrosamine 3.59 3.54 .02546 .8876 2.5226 2.2595 167.6 3 1 .9
Di-^-toiylmtmsa m ine 3.83 3.79 c«P2 =  176.3;I e P 2 = 31.9; o P i  =  144.4 cc.; y =  2.64
Triphenylamine 0.7135 0.55 0.01D30

Fluor otripheny lam ine 1.47 1.40
Phenoxthine 1,00 0.92 ^-Fluorophenol
Phenthiazine 2.16 2.13 0.00621 0.8757 2.3117 2.2577 119.2 29.1

.01255 .8781 2.3517 2.2580 118.1 28.2
Fluorobenzene .02242 .8811 2.4138 2,2584 117.6 28.6

/2 d u4 e n 2 Ft e P* .03611 .8860 2.5001 115.6
0.00541 0.3742 2.2883 . 70.76 c»P2 =  119.9 ; EP2 ~ ■ 28.6; 0P2 —  91.3 cc.; pt -  2.10

.01161 .8751 2.3064 . . . .  70.47

.02099 .8765 2.3824 . . . .  69.50 26.2^

.03142 .8880 2.3618 . . . /  69.22
0P 2 =  71.0; eP z =  26.2; 0P2 = 44.8 cc.; pt — 1.46 =*=

0.02 2)2s

^-Fluoroaniline
0.00631 0.8756 2.3285 2.2581 155.5 29.4

.01459 .8784 2.4025 2.2591 154.4 29.3

.02232 .8810 2.4728 2.2605 153.4 29.5

.03456 .8853 2.5854 2.2624 151.3 2S.4
oP2 =  156.7; EPi = 29.4; 0P2 =  127.3 cc.; pt =  2.48 ±  

0.01 D29

0.01D

^-Fluorotoluene
0.00684 0.8742 2.3016 2,2580 95.02 34.9

.01346 .8751 2.3295 2.2588 94.68 35.0

.01817 .8757 2.3496 2.2595 94.69 35.0

.03312 .8777 2.4128 2.2616 94.04 35.1
mP2 = 95,3; EP 2 =  35,0; 0P 2 ** 60.3 cc.; m =  1.71

0.0LD

^-Fluoroanisole
0.00439 0.8746 2.2991 2.2575 122.1

.00911 .8759 2.3276 2.2577 122.3

.01411 .8773 2.3577 2.2578 121.7

.02225 .8795 2.4067 2.2583 120.9
oP2 =  123.2; eP2 -  35.2; 0P2 =  88.0 cc.

0.01 D8

35.4 
35.3
35.0
35.1

pt ~  2.06

^-Fluorobenzaldehyde (in atmosphere of nitrogen)

0.00470 
.00725 
.01571 
.03146 

0P2 = 92.8;

0.0043Q 
.00790 
.01334 
.02016 

0P2 =  60.7;

^-Fluorodiphenyl Ether
0.8758 2.2870 2,2587 92.36 52.5

.8771 2.2946 . . . .  92.59 ,.

.8815 2.3197 2.2621 92.13 52.4

.8896 2.3657 2,2676 91,50 52.6
eP 2 583 52.5; 0P 2 = 40.3 cc.; pt =  1.39 =*=

0.01D

^^'-Difluorodiphenyl Ether
0.8762 2.2758 . . . .  60,83

.8786 2.2782 2,2587 60,49

.8822 2.2824 2.2599 60.55

.8864 2.2758 2.2614 60.73
eP 2 =  52.7; 0P% =  8.0 cc.;

52.8
52.5
53.0

0.00680 0.8759 2.3109 2.2576 113.5 32.4 0.02D
.00844 .8765 2.3194 2.2577 112.2 32.5
.01385 .8784 2.3495 2.2579 112,0 32.4 p-Fluorodiphenyl Sulfide
.01782 .8797 2.3717 2.2580 111.8 32.3 0.00401 0.8758 2.2867 . . . .  102.6

coP i  =  113.7; liP i = 32.4; 0P2 =  81.3 cc.; pt = 1.98 ± .01014 .8798 2.3087 . . 102.6
O.OIjD .01848 .8848 2.3364 . . ... 101.6

.02629 .8895 2.3624 . . . .  101.1
^-Fluorobromobenzene oo P 2 =  102.9; e P 2 — 61.1; 0 P 2 ~ 41.8 ee. ; pt

0.00753 0.8799 2.2742 2.2580 35.37 33.9 0.01D
.01528 
.02771 

oP2 =  35.0;

.8868

.8973
2.2757
2.2778 2.2598

35.21
35.70 34.1

eP2 = 34.0; oP2 == 1.0 cc.; pt = 0—0.22 D

^-Fluorodimethylaniline
0.00473 0.8749 2.3217 2.2579 188.0 39.3

.01073 .8769 2.3846 2.2587 187.0 38.9

.02149 .8803 2.4993 2.2598 185.9 39.0

.03067 . 8834 2.5958 2.2607 183.0 38.7
00P 2 =  188.7; EP2 =  39.0; 0P2 = 149.7 cc.; pt.»  2.69 =*=

0.01D
(29) Bergmann and Tschudnowsky (Z. physik. Chem., 17B, 100 

(1932)) reported 2.75.

6 1 .127

1.42

'-Difluorodiphenyl Sulfide
0.00372 0.8762 2.2769 2.2593 68.88 60.5

.00686 .8785 2.2801 . . . .  68.86 . .

.01083 .8815 2.2844 2.2640 68.56 59.6

.02586 .8928 2.3012 2.2704 68.75 61.7
= 68.7; eP , =  60.9; 0P% =  7.8 cc.; y  =  0.61

0.03D

^.^'-Difluorodiphenyl Sulfoxide
0.00480 0.8779 2.3238 ___  207.6

.00961 .8824 2.3742 . . . .  205.2

(30) Bergmann, Engel and Sandor (Z. physik. Chem.,
(1930)) reported 2.63.

10B, 397
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T a b l e  I (Continued)
ft d*h « «2 pt

.01658 .8887 2.4474 2.2662 203.6

.02252 .8943 2.5092 2.2696 201.7
,P 2 =  209.0; EP i  =  60.3; 0P 2 =  148.7cc.; y

0.01 D
^-Fluorodiphenyl Sulfone

0.00316 0.8763 2.2563 2.2589 434.5
.00670 .8795 2.4502 2.2609 428.5
.00994 .8823 2.5355 2.2628 422.6
.01420 ,8862 2.6484 2.2649 414.8

oP2 = 440.6; EPz =  60.6; 0P 2 =  380.0cc.; fx
0.02 D

p,p '-Difluorodiphenyl Sulfoüe

Phenyl-£-tolylamine

0.00264 0.8760 2.3142
.00409 .8776 2.3365
.00506 .8787 2.3516
.01025 .8840 2.4303

»P2 = 287.0;

2.2483 285.0 
2.2589 281.0 
2.2593 279.8 
2.2615 274.6

eP% — 60.5; 0P2 = 226.5 cc.; ix 
0.0 2D

^-Fluorobenzophenone
0.00364 0.8754

.00940

.01724

.02640
»P2 = 205.3;

.8791 

.8838 

.8891 
eP% =

2.3108
2.3721
2.4526
2.5462

2.2589 203.3 
2.2623 202.5 
2.2662 198.7 
2.2708 195.9

57.1; 0P 2 
0.02D

148.2 cc.; (x =

£,£'-Difluorobenzophenone
0.00338 0.8757 2.2890 123.0

.00735 .8787 2.3087 2.2603 123.0 57.8

.01139 .8817 2.3281 2.2619 122.8 57.4

.01695 .8860 2.3556 2.2642 122.6 57.0

EP2 /2 d2h e n 2 Pi Ep2
60.3 0.00468 0.8748 2.2846 2.2610 88.04 62.6
60.3 .00642 .8754 2.2885 . . . . 87.00

= 2.67 =b .01138 .8773 2.3017 2.2664 88.37 62.5
.01649 .8792 2.3158 . . . . 89.42
.02096 .8809 2.3265 2.2748 88.75 63 .0

60.4
60.6
61.1

.02800 .8834 2.3447 . . . . 88.90
WP 2 =  88.7; eP i  — 62.7; 0P2 = 26.0 

0.01P
cc.; ix = 1.12

60.5 Di-£-tolylamine

00cqI! rfc 0.00562 0.8754 . . . .  2.2609 64.8
.00583 .8754 2.2848 ___ 86.11
.01003 .8772 2.2942 2.2636 86.58 64.0

61.4 
60.6 
59.8
60.4

.01748 .8797 2.3090 . . . . 86.47

.02782 .8839 2.3267 2.2740 84.12 63.9
coP2 = 87.0; e P% = 64.2; 0P2 = 22.8 

0.01D
cc.; ix *= 1.05

= 3.31 =b Phenyl-^-tolylnitrosamine
0.00566 0.8767 2.3799 2.2614 328.1 65.6

.01385 .8809 2.5352 2.2663 321.8 65.1

57.1
57.3
56.9

.02023 .8844 2.6571 2.2715 317.1 65 .8
coP2 = 332.4;: e P% = 65.5; 0P2 — 266.9 cc.; ix 

0.01 D
=  3.59

57.0 Di-p-tolylnitrosamine
= 2.67 =b 0.00616 0.8767 2.4054 2.2614 369.5 70.1

.01365 .8806 2.5702 2.2670 364.8 70.7

.02114 .8846 2.7336 2.2728 357.1 71.1
coP2 = 375.2;; e P% — 70.6; 0P2 — 304.6 cc.; ix =  3.83

»P2 = 123.2; EP* =  57.4; 0P2 =  65.8 cc.; ix 
0.02 D

= 1.78

Diphenylamine
0.00543 0.8755 2.2844 2.2618 77.56 57.8

.01100 .8775 2.2983 ___  79.99 ..

.01741 .8801 2.3130 2.2716 79.59 57.6

.03164 .8856 2.3486 2.2810 80.92 56.4
0P2 = 79.8; EP% =  57.3; 0P 2 =  22.5 cc.; ix =  1.04

0.01D
^-Fluorodiphenylamine

0.00465 0.8758 2.2986 . . . .  128.4 ..
.00456 .8756 . . . . 2.2597 . . . 55.2
.00990 .8786 2.3269 . . . .  126.8
.01502 .8815 2.3532 2.2673 124.9 56.5

roP2 =  130,0 ; eP i = 55.8; 0P 2 — 74.2 cc.; tx = 1.89
0.01P

/>,̂ '-Difluorodiphenylamine
0.00429 0.8763 2.3017 ___  146.9

.00663 .8779 2.3177 2.2606 147.5 55.6

.01164 .8814 2.3494 2.2631 144.3 55.6
0P2 = 148.8; eP% ~  55.6; 0P 2 — 93.2 cc.; ix = 2.12

0.01D

0.01D
p-F luorotriphenylamine

0.00311 0.8756 2.2858 2.2609 129.8
.00601 .8779 2.2980 . . . .  128,8
.00836 . 8796 2.3076 . . . .  128.4
.00993 .8807 2.3137 . . . .  127.8

»P2 =  130.6; eP% — 85.5; 0P2 =  45.1 cc.; fx
0.02 D

Phenoxthine
0.00351 0.8759 2.2809 2.2605 

.00739 .8787 2.2900 2.2641

.01026 .8807 2.2967 2.2670

.01717 .8857 2.3129 2.2736
»P2 = 80.8; eP% ~  60.2; 0P2 = 20.6 cc.; jix

0.0131
Phenthiazine

0.8751 2.2901 
.8768 2.3088 2.2634
.8783 2.3246 2.2658
.8799 2.3419 2.2687

0.00222 
.00461 
.00659 
.00890 

»P2 =  162.2;

80.93
80.67
80.68  
80.65

161.1
160.3
160.4 
158.7

eP% =  65.0; 0P 2
0.0 2D

97.2 cc.

85 .4  

85. Ö27 

= 1.47 ±

60.4  
60.1  
60.2  
60.1  

= 1.00

65.4  
64.8  
64.7  

= 2.16

(31) Higasi (Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 38, 331 
(1941)) reported 1.09.

In Table I all the dipole moment data used in 
the discussion are collected together.

(32) deVries and Rodebush, T h is  J o u r n a l , 53, 2888 (1931).
(33) Kadesch and Weller, ibid., 63, 1310 (1941).
(34) Cowley and Partington, J . Chem. Soc., 1252 (1933).
(35) A. H. W arburton, private communication.
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m Ms MT X da
1 Diphenyl ether Fluorobenzene ^-Fluorodiphenyl ether O 125°

Diphenyl ether Fluorobenzene ^.^'-Difluorodiphenyl ether O 112°
11 Diphenyl sulfide Fluorobenzene £-Fluorodiphenyl sulfide S 114°

Diphenyl sulfide Fluorobenzene '-Difluorodiphenyl sulfide s 95°
III Diphenyl sulfoxide Fluorobenzene p ,^'-Difluorodiphenyl sulfoxide s o (90°)6

Toluene Di-£-tolyl sulfoxide
IV Diphenyl sulfone Fluorobenzene ^-Fluorodiphenyl sulfone s o 2 100°

Diphenyl sulfone Fluorobenzene p ,p '-Difluorodiphenyl sulfone s o 2 104°
V Benzophenone Fluorobenzene p-Fluorobenzophenone CO 129°

Benzophenone Fluorobenzene £,£'-Difluorobenzophenone CO 131°
VI Diphenylamine Fluorobenzene ^-Fluorodiphenylamine 

p ,p '-Difluorodiphenylamine
NH 113oc

VII Triphenylamine Fluorobenzene ^-Fluorotriphenylamine n c 6h 6 1140<z
° The values of 0 are derived from dipole moments based on an allowance for aP  =  5%#P. b Very sensitive to changes 

in the value of p0; 3.97 used for this calculation. c The angle w, between the unsubstituted moment p0 and the perpendicu­
lar to the plane of the benzene rings,1 is 16°. d The angle between the N-phenyl bond and the axis of symmetry in tri- 
phenylamine is <f> =  cos-1 (mt — — Ms) /2 moms>* sin 0/2 =  \ / 3 / 2  sin 0, where 0 is the C -N-C angle.

Discussion
From the preceding data, we evaluated the va­

lence angles in diphenyl ether, sulfide, sulfoxide, 
sulfone, ketone, amine aiid in triphenylamine. 
In Table II are given the results when interac­
tions between the central group and the substitu­
ent group or groups are ignored. In Table III are 
the angle values corrected for these, together with 
the interaction moments themselves. These will 
be discussed seriatim.

T a b l e  III
C -X -C  A n g l e s , C o r r e c t e d  f o r  I n t e r a c t io n  M o m e n t s

AP  * 5% e P X
dips
0

= dips 
dtp*

IIa3L 2dzpB
dipa

Diphenyl ether O 117° 0.11 115° 0.07
Diphenyl sulfide S 106° .17 103° .12
Diphenyl sulfone s o 2 93° -  .16 106° .08
Benzophenone CO 128° -  .06 132° .04

The value of 115-117° calculated for ZC-O-C 
in diphenyl ether is lower than the value 124 =*= 
5° obtained by Coop and Sutton4 from measure­
ments on bromo derivatives in the gas-phase, but 
agrees well with the value of 118 =•= 3° ascribed 
by Maxwell, Hendricks and Mosley36 from an 
electron diffraction investigation. The probable 
range may be given as 115-124°. This is distinctly 
greater than the values for Z C-O-C in aliphatic 
compounds, viz.f 111 =*= 4° in dimethyl ether37 and 
108° in 1,4-dioxane.38 The earlier differentiation3 
between the aromatic and the aliphatic ethers is 
therefore confirmed and its explanation in terms of 
resonance may still be regarded as valid.

The value of 103-106° found for Z C-S-C in 
diphenyl sulfide is also lower than the earlier

(36) Maxwell, Hendricks and Mosley, J . Chem. Phys., 3, 699 
(1935).

(37) S u tton  and Brockway, T his Journal, 57, 473 (1935).
(38) Hassel and Viervoll, Acta Chemica Scandinavica, 1, 149 

(1947).

value, 113 =±= 3° from the dipole moments of the 
p-chloro- and -methyl-derivatives.3 Toussaint,39 
from an X-ray investigation of the p,p'-dibromo- 
derivative, has obtained a value 109.5 =*= 0.5°. In 
aliphatic compounds, the values reported for 
Z C-S-C are, in dimethyl sulfide 100°40 and 100- 
110°,41 in 1,4-dithian 100°,38 in sym-trithian 
106.5°,38 and in a- and /3-trithioacetaldehyde also 
106.5°.38 The angles in this case are not, there­
fore, clearly different in the aromatic and ali­
phatic compounds, so there is no conclusive evi­
dence from this source for resonance between the 
normal structure for diphenyl sulfide and others 
with positive, tricovalent sulfur. Toussaint39 re­
ports, however, that the C-S distance is 1.75 A.,
i. e.f that it iso shorter than the sum of the covalent 
radii (1.81 A.) and that it therefore indicates 
some resonance of the type mentioned.

The value for Z C-S-C in diphenyl sulfoxide 
(Table II) cannot be regarded as accurate since 
it is very sensitive to the moment value taken for 
diphenyl sulfoxide itself.

That in diphenyl sulfone, of 93-106°, or more 
probably 100-104°, is in good agreement with the 
100° reported by Toussaint39 from an X-ray dif­
fraction examination of the pyp '-dibromo-deriva- 
tive, though less than the 109° reported by Berg­
mann and Tschudnowsky.42 o Toussaint’s value 
for the C-S distance is 1.84 A., which should be 
compared with that of 1.90 A. found by Lister and 
Sutton43 in dimethyl sulfone. There is, therefore, 
some evidence of conjugation between the phenyl 
groups and the SCVgroup. Toussaint observes 
that the benzene rings are turned into planes at 
right angles to the C-S-C plane, but Koch44 has

(39) Toussaint, B u l l .  soc.  chim . B elg . ,  54, 319 (1945).
(40) Pai, Indian  J . P h y s . ,  9, 121 (1934).
(41) Brockway and Jenkins, T his Journal, 58, 2036 (1936).
(42) Bergmann and Tschudnowsky, B e r . ,  65, 457 (1932).
(43) Lister and Sutton, T r a n s .  F a r a d a y  S o c . ,  35, 495 (1939).
(44) Koch, private communication.
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Table IVa
Calculated Angle and M oment Values for Compounds of T ype I

April, 1948 D etermination of Valency Angles of Fluoro Compounds

OL 0° 5 10 15 20 25 30
180-2 o* 180° 170 160 150 140 130 120
P 120° 119 117 113.5 109 103.5 97
03 0° 8.5 17 24 30.5 36 41
X Y
O O 0 0.32 0.65
O s 0.34 0.53 0.83
s s 0 0.46 0.87
s NH 1.75 1.86 2.00
Se Se 0 0.42 0.80
Te Te 0 0.33 0.66

suggested that this need not necessarily preclude 
resonance between them and the SCVgroup.

The large angle, 128-132°, calculated in benzo­
phenone agrees with that of 131-133° derived by 
Sutton and Hampson3 (cf.t however, Coomber 
and Partington,45 who consider 125 =*= 3° to be 
more accurate, from considerations of interaction), 
and with the 135° reported by Banerjee and 
Jaque.46 I t is a clear indication that there is reso­
nance involving structures with double bonds be­
tween the benzene rings and the carbonyl group.

The value of 113° for ZC -N -C  found in di­
phenylamine and that of 114° in triphenylamine 
are probably real, and they are larger than the 
value observed in trimethylamine, 108 =*= 4°, by 
Brockway and Jenkins.41 The inference is that, 
in accordance with the expectations of current 
theory, there is resonance involving structures 
with the grouping ^ N ^ - , but that neither mole­
cule is coplanar.

Some moment values for N-nitrosodiphenyl- 
amino compounds were determined (Table I) in 
the hope that this group might be sufficiently 
rigid for the treatment applicable to diphenyl­
amine to be suitable. The C-N-C angle calculated 
is, however, unreal, so the configuration of the 
N-nitroso group is evidently not simple. I t  is 
interesting to note that phenyl-/?-tolylnitrosamine 
has a moment 3.59 D nearly equal to that of N- 
nitrosomethylaniline (3.62 D).M

The moments of molecules of type I have been 
measured by various authors and have been dis-

I
cussed in relation to the folding of the molecule 
along the X-Y line.3*31*42*47*48*49*50 I t is possible 
to show that the moments calculated when X = Y

(45) Coomber and Partington, J . Chem. Soc., 1444 (1938).
(46) Banerjee and Jaque, Indian J . Phys., 12, 87 (1938).
(47) Campbell, LeFèvre, LeFèvre and Turner, J . Chem. Soc., 404 

(1938).
(48) Higasi and Uyeo, J . Chem. Soc. Japan, 62, 396 (1941).
(49) Higasi and Uyeo, ibid., 62, 400 (1941).
(50) Higasi, Sci, Papers In st, Phys. Chem. Research (Tokyo), 88 , 

831 (1941).

35
110

9 0 .5
45

0.90 1.13 1.30 1.44 1 .56
1.10 1.35 1.54 1.70 1.83
1.19 1.49 1.71 1.92 2 .1 0
2.08 2.15 2 .20 2.24 2 .2 8
1.12 1.39 1.60 1.82 1 .92
0.94 1.17 1.35 1.50 1.61

Table IVb
Observed M oment Values in  Compounds of T ype  I

X Y Mobs.
O o 0.645o 051
o s 0.9252 1.0950
s s 1 .6842 1.4153 1.5454 1 .5747
s NH 2.1352
Se Se 1.4147
Te Te

are close to those observed if it be assumed th a t 
the angle C-X-C is approximately the same in 
these compounds as in C6H5-X -C 6H 5, th a t the 
moments of the C-X-C segments are likewise 
equal to those of the diphenyl compound, and th a t 
the valences of carbon in the benzene rings are all 
coplanar and a t 120° to each other.47*50 This 
treatment may be extended to the case where X  ^  
Y by taking a common mean value for both an­
gles.

In Table IVa, 0 is the angle C -X -C  or C -Y -C  
in the tricyclic compound, 2 a is the supplement of 
the angle between the benzene ring planes, co 
is the angle between the C-X -C (or C -Y -C ) seg­
ment and the X-Y line; /xcaicd. is the moment 
evaluated on the preceding assumptions for 
various values of 0. For the particular case of 
phenthiazine, we assumed that co is 90° for the 
C-NH-C segment. In Table IVb, the observed 
values (/̂ obs.) are given.

By comparison of these two tables, we see th a t 
agreement between calculated and observed val­
ues of the moments is obtained for the following 
values of 0:

Table V
X Y £ 180—2<os
O o 117-120° 160-180
O s 113-116° 150-160
S s 107-109° 135-140
s NH 109-113° 140-150'
Se Se 107-109° 135—140'

Exact agreement between these 0 values and the 
valency angles in Table III would not be ex-

(51) Bennett, E arp and Glasstone, J . Chem. Soc., 1179 (1934),
(52) This paper.
(53) Sm yth and Walls, J . Chem. Phys., 1, 337 (1933).
(54) Bennett and Qlasstosie, J .  C h em , S o c . ,  128 (1934)»
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^-Substitu ted F Cl Br I NO*
Toluenes — 0.14 -0 .0 1 + 0 .0 4 + 0 .01 + 0 .0 7
Phenols -  .17 -  .03 -  .09 + 0.71
Anisoles -  .06 +  .04 +  .15 +  .16 + 0 .3 7
Anilines6 -  .17 +  .22 +  .20 +  .36 +  1.26
Dimethylanilines -  .17 +  .34 +  .46 +  .69 +  1.86
Nitrobenzenes -  .14 +  .05 -  .02 +  .02
Benzaldehydes45 
Diphenyl ethers*

( -  .27 
0.07 to 0.11

-  .25
0.43 to 0 .5 0 4

+ 0.16)  
0.70 to 0.763

Diphenyl sulfides* .12 to .17 0.10 toO.163 + 0 .3 5 39
+ 0 .2 5 39

a Calculated by the method of Marsden and Sutton.5 A negative value is one with its negative end away from the
halogen atom. Moment values derived from the “Table of Dipole Moments” of Sidgwick and collaborators (Trans. 
Faraday Soc., 30, 1934) are: for toluene, 0.40; phenol, 1.61; aniline (02 =  56°), 1.53; anisole (02 = 76°), 1.23; dimethyl- 
aniline (02 = 38°), 1.58; nitrobenzene, 3.95; chlorobenzene, 1.56; bromobenzene, 1.52; iodobenzene, 1.30. 6 Series of
Marsden and Sutton5 recalculated. c Calculated simultaneously with bond angles.

pected, because the conditions which determine 
them are somewhat different in the two eases. 
The value which we derive for 180-2a in thian- 
threne, ca. 140°, is the same as that reported by 
Wood and Crackston,55 from X-ray investigations. 
We find that 180-2a in selenanthrene also is ca. 
140°, a value which agrees with the earlier one of 
Wood and Crackston, but which is higher than 
the revised one of 127° given by Wood and Wil­
liams.66

The phase-rule investigations made by Culli- 
nane and Plummer57 agree with there being a 
marked difference of configuration between di- 
phenylene dioxide on the one hand and either 
thianthrene or selenanthrene on the other; like­
wise, Cullinane and Rees58 find evidence óf a dif- 
erence between diphenylene dioxide and phenox- 
thine and a similarity between phenoxthine and 
phenthiazine.

The interaction moments between the substitu­
ent atoms and the central atoms in the ether and 
sulfides are perhaps less when fluorine is used 
(Table III) than when chlorine is used (Table 
VI), and, as expected, they are certainly less than 
with bromine. The sign of the interactions is such 
as to indicate that when fluorine is substituted 
para to the phenoxy group, the mesomeric moment 
of the former is diminished (see diagram II). Ac­
cording to the sign convention adopted (see Table 
VI) this is termed a positive change.

Examination of the interaction moments of 
halogens with other groups in para positions shows 
th a t they are less positive (using the preceding

Amm
— b

convention) the less polarizable the halogen, and 
are actually negative for fluorine. Therefore, al­
though there is a difference between the actual

(55) Wood and Crackston, Phil. Mag., 31, 62 (1941).
(56) Wood and Williams, Nature, 150, 321 (1942).
(57) Cullinane and Plummer, J . Chem. Soc., 63 (1938).
(58) Cullinane and Rees, Trans. Faradafy Soc., 36, 507 (1940).

sign for the interaction moments in the fluoro-sub- 
stituted diphenyl ethers or sulfides and those in 
the other fluoro compounds listed, the algebraic 
changes in these moments, as the polarizability 
of the halogen increases, are the same.

Groves and Sugden59 showed that the mesomeric 
effect of the fluorine atom is such that it drives 
electrons into the benzene ring and that it does 
this to a greater extent than does any other halo­
gen. Our results show that fluorine has unique 
power to suppress the mesomeric effect of groups 
para to it if they conflict with its own.

This mesomeric effect of fluorine with benzene 
has been attributed to resonance between the 
structure with neutral monovalent fluorine and 
others with positive divalent fluorine (III) (vide,
e. g., Kenner60). In view of the great electronega­
tivity of fluorine and its unwillingness to form 
single dative bonds, some doubts have been ex-

—F ^ — >  e < - > *
III

pressed about the validity of this explanation.61 
We suggest that an alternative should be con­
sidered, in which it is not necessary to postulate a 
change in multiplicity of the C-F bond, nor a posi­
tive charge on fluorine. The general problem is 
to discover the most stable state possible for the 
whole molecule, and this means discovering the 
most favorable electron distribution. I t seems im­
probable that this, will involve a considerable re­
duction in electron density around the fluorine 
atom; rather the reverse. Now, if we suppose 
that the key to the problem is that the electron 
density around the fluorine atom shall be in­
creased, it is possible to propose a means by which 
this may happen, by which the C-F bond may be 
shortened and strengthened, and by which elec­
trons may be driven into the benzene ring.

The carbon and fluorine atoms have some per­
mitted range of atomic orbitals available for bond

(59) Groves and Sugden, J . Chem. Soc., 1992 (1937).
(60) Kenner, Proc. Roy. Soc. (London), 185A, 119 (1946).
(61) Bennet, J . Chem. Soc., 1112 (1933).
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formation. These would vary in the degree of 
overlap which they would give in the bond, and 
therefore in the concentration of the negative 
cloud charge which they would give between the 
nuclei. At large internuclear distances, the orbi­
tals giving greatest overlap would be least favored 
because they would require the removal of the 
negative centroid somewhat from each nucleus. 
If, however, either or both the atoms have high 
electronegativities, the high axial concentration 
resulting from these orbitals would increase sta­
bility, because the positive nuclei would be better 
shielded from each other, i. e., the nuclei would be 
better “cemented” together, so they could ap­
proach more closely, the electrostatic potential 
energy of the system would be reduced, and ac­
cordingly, the total energy would also be lowered. 
There might, in fact, be opposing tendencies: on 
the one hand, for the electrons to remain held in 
the configurations which are best in the fields of 
the separate nuclei, and on the other hand, for 
them to move from these into others that are 
most favorable in the joint, binuclear field. We 
think it possible that in the C-F link a consider­
able degree of such redistribution might occur, 
with the results indicated, viz., a shortening and 
Strengthening of the C-F bond and a reduction in 
its dipole moment. Furthermore, if the bond 
shortens, the density of electronic charge on the 
carbon atom might actually increase, with the 
result that electronic distributions in the neighbor­
hood might be repelled; i. e., driven into the nu­
cleus. If this field effect occurs by resonance with 
polar structures (IV) (as has previously been pos­

tulated62) the appearance of o,^-direction in fluoro­
benzene might be expected.

Summary
The valence angles (C-X-C) in diphenyl ether, 

sulfide, sulfone, ketone, amine and in triphenyl­
amine have been determined from the dipole mo­
ments in benzene solution of the unsubstituted 
and the />-fluoro-substituted compounds. They 
are, in the same order : 116 =*= 4°, 106 =«= 4°, 102 =•= 
4°, 130 =*= 4°, 113 =*=■ 3° and 114 ±  3°. The rela­
tion of these to other reported values» and their 
significance, have been discussed.

The moments of phenoxthine and phenthiazine 
have also been measured. They are 0.92 and 2.13 
D, respectively. These agree with angles of 155 
=±= 5° and 145 =*=5° between the planes of the ben­
zene rings, the molecules being folded along the 
OS and NS lines.

The moments resulting from the interaction 
between fluorine atoms substituted on benzene, 
with other groups para to them, show that fluo­
rine has unique power to suppress mesomeric ef­
fects which conflict with its own.

The origin of the mesomeric effect in fluoroben­
zene has been discussed.

(62) Pauling, “The N ature of the Chemical Bond,” Cornell Uni­
versity Press, Ithaca, New York, 1939, p. 141.
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Search for Elements 94 and 93 in Nature. Presence of 94239 in Pitchblende1
B y  G l e n n  T. Seaborg  and  M o rris  L. P e r l m a n 1*1

The discovery2 of a rather easily prepared form 
of radioactive element 94 and the subsequent de­
termination of the chemical properties3 of 94 with 
the help of this isotope as tracer make it possible to 
conduct a search for 94 in natural minerals. I t is 
convenient to search for 93, whose chemical prop­
erties3*4 are also known, at the same time. The

(la) Now a t the Research Laboratory of the General Electric 
Company a t Schenectady, New York.

(1) This article was mailed, as a secret report, from Berkeley, 
California, to the “ Uranium Com m ittee” in Washington, D. C .,on  
April 13, 1942. The experimental work was done during 1941 and 
the early p art of 1942. The report is unchanged from its original 
form except for slight editing to make it  conform to Journal stand­
ards.

(2) G. T. Seaborg, E. M. McMillan, J. W. Kennedy and A. C. 
Wahl, Phys. Rev., 69, 366 (1946) (submitted January 28, 1941); 
G. T. Seaborg, A. C. Wahl and J. W. Kennedy, Phys. Rev., 69, 367 
(1946) (submitted M arch 7, 1941).

(3) G. T. Seaborg and A. C. Wahl, T his Journal, 70, 1128 
(1948).

(4) E. M. McMillan and P. H. Abelson, Phys. Rev., 87, 1185 
(1940).

hope would be to discover a very long-lived 94 or 
93 and that this be present in an amount large 
enough so that useful quantities chould be ex­
tracted from the minerals. Alpha and beta radio­
activity is to be tested for in the final very thin 
sample which, in view of the chemical procedure, 
would contain the 94 or 93. In case the 94 or 93 
is not alpha or beta active, a test for fissions with 
neutrons should be made since it appears likely 
that any isotopes of these elements will undergo 
fission either with slow or with fast neutrons. The 
presence of an amount of the order of one micro­
gram can be established by the neutron tests; 
therefore, starting with about 1 lb. of the pitch­
blende, the sensitivity for the detection of these 
elements can be about 1 part in 108 or 109.

This report describes a careful search for ele­
ments 94 and 93 in a sample of pitchblende con­
centrate obtained from the Great Bear Lakes re­
gion of Canada. Since this pitchblende, which is



1572 Vol. 70Glenn T. Seaborg and M orris L. Perlman

said to contain some 40 different elements, seems 
to offer more hope to contain 94 and 93 than does 
any other mineral, it was decided to make an ex­
tremely careful search in this mineral. Great 
care was taken to be sure that all the material was 
dissolved, even down to the last few milligrams, 
and the most sensitive means of detection for 94 
and 93 in the final fraction, including tests for 
alpha and beta radioactivity and neutron induced 
fissions, were employed.

Another reason that seemed to make it defi­
nitely worth while to extend the sensitivity of the 
method to the limit was the possibility of estab­
lishing the presence of the 30,000-year 94239 5 in 
this material. From the spontaneous fission rate 
of uranium, one can calculate the amount of 94239 
which might be formed as a result of the absorp­
tion by U238 of the neutrons emitted in the spon­
taneous fission process. In an amount of pitch­
blende of the order of one pound, there might be 
expected to be present an amount of 94239, formed 
from spontaneous fission neutrons, corresponding 
to an alpha counting rate of several thousand 
counts per hour, provided an appreciable fraction of 
these neutrons were absorbed by U238 ultimately 
forming 94239. Even if only a small percentage of 
the neutrons leads to the formation,of 94239 from 
U238 in this manner, it still should be possible to 
detect the 94239, since alpha counting rates of the 
order of a few counts per hour are readily deter­
minable. Our experiments indicate that we have 
discovered the presence of 94239 in pitchblende.

Experimental
Four hundred grams of the pitchblende con­

centrate was treated successively with a number 
of reagents, and after each treatment the solution 
which was obtained was set aside and the residue 
was subjected to the action of the next reagent. 
The reagents, in the order in which they were 
used, were (1) boiling concentrated hydrochloric 
acid followed by boiling aqua regia, (2) hot 6 N  
sodium hydroxide, (3) hot aqua regia, (4) boiling 
6 N  hydrochloric acid, (5) boiling 27 N  hydroflu­
oric acid followed by nitric acid extraction, (6) fum­
ing hot sulfuric acid followed by water extraction,
(7) sodium hydroxide fusion followed by dilute 
sodium hydroxide extraction, (8) boiling 6 N  hy­
drochloric acid, and (9) hydrofluoric acid solution 
followed by sulfuric acid, sodium carbonate and 
nitric acid solutions. After this series of treat­
ments the final undissolved matter was entirely 
negligible, perhaps of the order of a few milli­
grams in weight.

The acidity of each of these solutions was ad­
justed to the range from 1 to 6 N, sulfur dioxide 
was added, and hydrofluoric acid was added to 
each in order to remove a fluoride precipitate. 
When necessary, lanthanum and cerium carrier 
material was added before the addition of the hy­
drofluoric acid*

(5) J. W. Keüüedy, O. T. Seaborg, ©. Segrè and A. C, Wahl, 
Phys. Rev,, 70, (1945) May 29, 1941),

The various fluoride precipitates were all com­
bined and dissolved in concentrated sulfuric 
acid, and after dilution with water and the addi­
tion of dilute nitric acid (to oxidize any uranous 
uranium to the uranyl form) the rare earth fluorides 
were again precipitated by the addition of hydro­
fluoric acid. This rare earth and thorium fluoride 
precipitate, which amounted to about 20 g. and 
which would contain, in their reduced forms, any 
94 or 93 which might have been present in the orig­
inal pitchblende, was dissolved in sulfuric acid 
and reprecipitated as the fluoride. I t was now 
necessary to go through a chemical procedure de­
signed to isolate any such 94 or 93 into a very thin 
layer (0.3 mg./sq. cm.) of rare earth carrier mate­
rial, special care being taken to eliminate all the 
elements in the uranium, thorium and actinium 
radioactive series which would interfere with the 
detection of the 94 or 93 in the final sample.

This rare earth and thorium fluoride precipi­
tate was dissolved in sulfuric acid and after the 
addition of a few grams of potassium peroxydisul- 
fate, K2S2O8, and a few tenths of a gram of silver 
nitrate, hydrofluoric acid was again added to pre­
cipitate the rare earth and thorium fluoride. In 
this procedure, the 94 and 93 remain in solution, 
present ill their higher oxidation states. This solu­
tion, after the removal of the fluoride preicpitate 
by centrifugation, was boiled in order to remove 
the hydrofluoric acid and decompose the peroxy- 
disulfate and it was then treated with sulfur diox­
ide to reduce the 94 and 93 to their lower (fluoride- 
insoluble) oxidation states. About 120 mg. of 
lanthanum and cerium carrier was then added 
and the fluoride precipitated by the addition of 
hydrofluoric acid.

This 120 mg. fluoride precipitate was then dis­
solved in sulfuric acid and taken through another 
identical cycle in which the amount of rare earth 
was reduced to about 5 mg. The 5 mg. of rare 
earth, which would contain the 94 or 93, was then 
dissolved in sulfuric acid and, after the addition of 
peroxydisulfate and silver ion, the rare earths 
were removed from solution by precipitation as 
the fluoride. The hydrofluoric acid was removed, 
by boiling the solution until the white fumes of 
sulfur trioxide appeared and after dilution another
0.2 mg. of rare earth carrier was added. After 
treatment with peroxydisulfate and silver ion, 
this 0.2 mg. of rare earth was precipitated as 
fluoride. The purpose of this last precipitation, 
which was made just before the final isolation of 
the material which would contain the 94 and 93 
was to establish that there was a negligible amount 
of isotopes of thorium (UXx, lo) present in the 
solution at this stage. This 0.2 mg. of precipitate 
showed no detectable beta activity, above the 
background of the Geiger-Müller counter, and an 
alpha counting rate of about 45 per hour when 
placed on one electrode of an ionization chamber 
in which the calibrated counting efficiency 
amounted to about 45 per cent,
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The hydrofluoric acid was removed from the 
solution by boiling until the dense white fumes of 
sulfur trioxide appeared, and after dilution and 
reduction with sulfur dioxide, another 0.2 mg. of 
rare earth was added. This was precipitated as 
fluoride by the addition of hydrofluoric acid, and 
centrifuged onto a platinum disk for final measure­
ments. This sample would contain any 94 or 93 
which was present in the original pitchblende. 
(Calibration experiments, starting with 20 g. of 
rare earth and ending with 0.2 mg. of rare earth 
fluoride in an identical chemical procedure, in 
which the 50-year alpha-emitting 94 was added 
as tracer to the original 20 g., proved that the 
yield of 94 in this rather lengthy chemical pro­
cedure amounted to about 80 per cent.) Previous 
careful counting experiments had proved that the 
rare earth carrier material and the platinum, upon 
which the final sample was mounted, were free 
from alpha-emitting contamination.

Results
This final sample showed no detectable beta- 

activity, above the background of the Geiger— 
Müller counter. I t showed an alpha counting 
rate of about 90 per hour when placed on one 
electrode of an ionization chamber in which the 
calibrated counting efficiency was about 45 per 
cent. Since it is likely that any isotopes of 94 or 
93 would undergo fission with slow or fast neu­
trons, a test for fissions with neutrons was made 
by placing the final sample on one electrode of an 
ionization chamber connected to a linear amplifier 
and recording system adjusted to record the im­
pulses due to fissions. When slow neutrons were 
used, from a 300-mg. radium-beryllium source with 
paraffin between the chamber and neutron source 
and around the chamber and neutron source, 
there was recorded zero fissions in seven hours of 
counting. When the sample was replaced by a 
“standard” 200-microgram uranium sample, 
containing therefore 1.4 microgram of U235, the 
fission counting rate due to slow neutrons 
amounted to about 15 counts per hour. There­
fore, assuming that the slow neutron fission cross 
section of the 94 or 93 would be of the same order 
of magnitude as that of U235, there was present

in the final sample no more than a small fraction of 
a microgram of any isotope of 94 or 93 capable of 
undergoing fission with slow neutrons. So far as 
fast neutrons are concerned our experiments place 
an upper limit of the order of a microgram on the 
amount of any isotope of 94 or 93 which was 
present and capable of undergoing fission with 
fast neutrons; therefore, we can say th a t there 
was not present in this pitchblende as much as 
one part in 108 or 109 of 94 or 93.

On the other hand, the alpha counting rate 
might very well be due to the presence of 942 39 in 
view of the expectation that some of this isotope 
would be present as the end-product formed as 
the result of absorption of spontaneous fission 
neutrons by U238. The chemical procedure is very 
stringent and specific for the isolation of 94 (and 
93). A counting rate of about 90 per hour, 
amounting to some 10 ~6 microcuries, would cor­
respond to the order of 10“5 microgram of 30,000- 
year 94239. This would correspond to something 
like one part in 1014 of 94239 in the original pitch­
blende concentrate. This amounts to only a few 
per cent, of the amount to be expected if a large 
proportion of the spontaneous fission neutrons 
were absorbed by the U238, but this is not surpris­
ing in view of the number of other neutron absorb­
ing materials which might be present in the pitch­
blende.

Summary6
A chemical method for separating and concen­

trating elements 94 and 93 from uranium and tho­
rium has been applied to a sample of pitchblende 
concentrate from the Great Bear Lakes region of 
Canada. A final fraction of 94 and 93 precipi­
tated with rare earth carrier has been counted for 
fissions with slow and with fast neutrons, and an 
upper limit of 1 part in 108 to 109 has been set for 
the amount of these elements in the sample. 
Based on the number of alpha-particle counts in 
the sample, 1 part in 1014 is estimated as the 
amount of 30,000-year 94239 in the original pitch­
blende concentrate.
B erkeley  4, California  R eceived  F e b r u a r y  18, 1948

(6) Summary was w ritten a t tim e of publication, since th e  original 
report contained no summary.
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A Study of the Distribution of Arsine in Impregnated Charcoal by Means of
Radioactive Tracers

By Joseph W. Hickey1 and Edwin CX Wtig

The object of the present work, which formed

1574 Joseph W. H ickey and Edwin O. Whg Vol. 70

part of an investigation of the mechanism of 
arsine removal by impregnated charcoals, was to 
study the distribution of arsine in beds of charcoal 
using a radioactive tracer. The various experi­
ments were carried out in the light of certain facts 
th a t had already been ascertained concerning 
arsine removal. Of chief interest were the effects 
of the time of exposure to the toxic gas, the water 
content both of the charcoal and of the air stream, 
the concentration of arsine in the air stream, and 
the nature of the absorbent. In conjunction with 
the arsine distribution, the distribution of water 
was also determined in an attempt to find some 
correlation with the effect of water in the removal 
process.

Experimental Details
Absorbent.—Tlie absorbent, supplied by Edgewood 

Arsenal, was a 12-16 mesh (TJ. S- Standard Sieve Series), 
activated coconut shell charcoal which had been impreg­
nated to contain cupric oxide. It was dried by heating 
for three hours at 150°. In some experiments the char­
coal was previously equilibrated to a definite relative 
humidity.

Radioactive Arsine.—The radioactive arsenic employed 
was obtained by bombarding Ge73 with deuterons in a 
cyclotron to give As74 with a half-life of seventeen days.

Since the radioactive material was obtained from a ger­
manium dioxide target, it was necessary to separate ar­
senic from germanium and also from copper from the bom­
bardment chamber. Treatment of the radioactive ma­
terial with aqua regia followed by a sodium carbonate 
fusion of the residue rendered the sample soluble. After 
addition of pure sodium arsenite as a carrier, a large part 
of the germanium was removed as volatile germanium 
chloride by evaporating the solution nearly to dryness 
twice with hydrochloric acid. Removal of copper was 
effected by precipitation with hydrogen sulfide and sub­
sequent treatment with polysulfide reagent. After this 
separation the arsenic was fairly pure except for a small 
amount of germanium which might conceivably form 
germane during the reduction of the arsenic to arsine. The 
separation of the remaining germanium was carried out 
after the method of Abrahams and Müller,1 2 using a double 
precipitation of arsenic sulfide to ensure complete removal 
of germanium. The pure radioactive arsenic sulfide was 
dissolved in aqua regia, evaporated with a small amount 
of sulfuric acid and diluted in a volumetric flask. Both 
procedures for the removal of germanium chloride by boil­
ing and the separation of arsenic from germanium by 
precipitation of the sulfide were checked using samples 
of radio-arsenic and radio-germanium. It was found 
that practically all of the germanium was lost by boiling 
with a hydrochloric-nitric acid mixture while the arsenic 
stayed in the solution. Also, it was shown that no ap­
preciable amount of germanium came down in the second 
precipitation of arsenic sulfide while the arsenic was ob 
tained in good yield.

(1) F rom  a thesis subm itted in 1942 to the Graduate School of the 
U niversity  of Rochester in partial fulfillment of the requirements for 
th e  degree Doctor of Philosophy. Present address: Atlantic Re­
fining Co., Philadelphia, Pennsylvania.

(2) A braham s and Miiller, T his Journal, 64, 86 (1932).

Radio-arsine was prepared by reaction of metallic zinc 
with a solution of dilute sulfuric acid and sodium arsenate 
to which some of the radio-arsenic solution had been added. 
The arsine and hydrogen evolved were passed through 
anhydrous calcium sulfate and a dry ice-ether trap to 
remove water vapor. Thence the gases were led through 
two liquid air traps to freeze out arsine and the non-con­
densable gases removed with a Hyvac pump. The pure 
arsine was later allowed to expand into a storage bottle.

Absorption Apparatus.—The set-up used to expose the 
absorbent bed consisted essentially of an apparatus for 
obtaining an air-arsine stream of known concentration, 
temperature and humidity, at a constant flow rate of 500 
cm. per minute through the empty absorption tube. The 
main air stream was split into two streams, one of which 
flowed through two bottles of distilled water and a glass 
wool trap and thence to a mixing chamber while the second 
passed through concentrated sulfuric acid, a glass wool 
trap and into the wet air stream. Any desired relative 
humidity could be obtained by varying the ratio of the 
two streams. The entire humidifying system was placed 
in a thermostat at 25.0° to insure constant humidity. 
The humidified air passed on through a calibrated wet and 
dry bulb psychrometer enclosed in an insulated box, the 
pressure being kept constant by a small overflow in a 
hydrostatic regulator. The air stream was then mixed 
with arsine in a mixing chamber.

Arsine was forced out of the storage vessel at a con­
stant rate by allowing sodium chloride solution to run 
slowly into the vessel under a constant head. The 
amount introduced into the air stream was determined by 
passing the arsine through a flowmeter before entering 
the mixing vessel. The flowmeter was calibrated by 
actual chemical analysis of the air-arsine stream and the 
proper flowmeter setting checked by analysis at the begin­
ning of each run. From the mixing vessel the air-arsine 
stream passed through a second flowmeter, kept constant 
to insure a constant arsine concentration, and into the 
manifold. A small excess flow was allowed to escape 
through a stopcock into the hood.

Attached to the manifold were six absorption tubes, 
each preceded by its own flowmeter and constant tempera­
ture coil. Water jackets, through which a rapid flow of 
water at 25° was maintained, surrounded both the coil 
and the absorption tube. A three-way stopcock inserted 
after the flowmeter permitted diversion of the flow either 
to a waste line or an analysis train. The analysis for 
arsine was carried out by allowing a known flow, as 
measured by the tube flowmeter, to pass for a measured 
length of time, through two bubbler tubes containing a 
mercuric chloride-gum arabic solution. The latter quan­
titatively absorbs arsine, which was then determined by 
the method of Cassil.3

The absorption tube, shown in detail in Fig. 1, was a 
uniform Pyrex tube of internal diameter 19.0 =±= 0.1 mm. 
with a semi-ball joint at each end. In order that the 
absorption tube might be attached and detached without 
using rubber connections, a U-tube with a ground glass 
joint at each end was placed between the bottom of the 
absorption tube and the rest of the system. About half 
way up the absorption tube on the inside and held by a 
ring seal was a glass ring with a ground surface. This 
ring served as a seat for a perforated porcelain disk which 
in turn was the support for the charcoal bed. The disk 
(of the type used as small filtering plates) had about sixty- 
three regularly spaced holes, and its diameter was such 
that it could be just slipped in and out of the tube. The

(3) Cassil, J . Assoc. Official Agr. Chem., 24, 196 (1941).
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sealed-in ring support decreased channeling of the gas 
stream at the periphery of the disk. This design of the 
absorption tube was necessary so that the entire bed (5.0 
± 0 .1  cm. in depth and introduced by the standard Chemi­
cal Corps procedure) could be pushed up the tube as a 
unit after exposure to arsine. The absorbent could then 
be progressively removed in layers of known size at the 
top of the tube. To carry this out, the tube was removed 
from the system, the joints carefully cleaned with ether 
to remove the grease and the tube mounted vertically. 
The bed was raised up the tube by means of a rod pressing 
against the bottom of the supporting porcelain disk. 
This rod was moved by a screw shown at the bottom in 
the diagram. When the top of the bed was exactly level 
with the top of the tube, a millimeter scale attached to 
the rod was read. The rod was then moved up gradually 
for a measured distance (usually 3 m m.). The absorbent 
thus forced up beyond the top of the tube was removed, 
collected in a rubber mat surrounding the tube and placed 
in a small corked tube. The procedure was repeated 
until the entire bed had been sectioned. No mixing or 
appreciable contraction of the bed was ever noticed in 
using this method of layer separation. This was checked 
by coloring some of the charcoal particles.

The breakpoint indicator apparatus followed the ab­
sorption tube. A three-way stopcock was used in order 
that the flow might be changed instantly to either of two 
bubbler tubes. The absorbent was considered “broken” 
to arsine when a faint brown color appeared in a 2% silver 
nitrate solution in three minutes. This corresponds to 
0.02% transmission of arsine by the absorbent for an 
initial arsine concentration of 4.15 mg. per liter.

Geiger Counter Assembly.—The separated layers of 
charcoal were weighed and, in most cases, dried to deter­
mine their moisture content after the run. It was found 
experimentally that the drying procedure had no effect 
on the counting rate of the sample. Then a 0.350-g. 
portion of each layer was placed evenly in a circular brass 
counting cup and covered with thin aluminum foil. This 
size sample proved satisfactory for the absorbent used 
and for the counter tube.

The Geiger-Müller tube, the quenching circuit and the 
assembly for holding the counting cup in place were en­
closed in a grounded brass housing. The counting cup 
was placed in a fixed position on a support that could be 
moved up and down directly beneath the window of the 
counting tube. With the cup raised to a fixed distance 
from the window the average counting rate of the sample 
was determined. One sample was kept and counted from 
time to time during a set of experiments in order to meas­
ure the rate of decay of the radioactivity. Using the decay 
data, the counting rates of the various samples were cal­
culated back to the time of starting the experiments.

The counting tube, with a thin mica window sealed on 
the bottom, was filled to a pressure of 8 cm. with a mix­
ture of 90% argon and 10% ethanol and had a background 
of about thirty counts per minute. The counter itself 
consisted of a Neher-Harper type quenching circuit, 
a high voltage supply, a counting rate meter circuit 
capable of counting up to 20,000 counts per minute and 
a Cenco mechanical counter for low counting rates. The 
counting rate meter circuit was calibrated frequently by 
means of a standard pulse generator. In actual operation 
the rate meter was used for all the samples except those 
with counting rates less than 100 counts per minute.

Calculations.—The counting rates measured were for 
a 0.350-g. (or 0.300-g. in some cases) portion of the 
layer. The total counting rate per layer was found by 
simple weight proportion. It was observed by actual 
experiment that the counting rate was proportional to 
the weight of a given sample over the range used. Since 
the layers of absorbent obtained by the sectioning method 
were small and sometimes different in size, the data were 
expressed as weight of arsine absorbed per gram of dry 
absorbent at a given depth. It was assumed that the 
dried layers contained only the dried absorbent and 
arsenic trioxide. The latter has been found4 present by

(4) H. F . Johnstone, N D R C  Informal Report, 1941.

Semi-ball joint

Diameter 19.0

Porcelain disc

Supporting
ring

Brass screw

Fig. 1.—Apparatus for sectioning.

X-ray analysis of similar absorbents exposed to a dry air- 
arsine stream. Also, Pierce5 observed in some experi­
ments on the change in weight of the same type of absorb­
ents on exposure to arsine that this oxide was a strong 
possibility.

In order to obtain the amount of arsine absorbed in any 
layer, it was necessary to know the counting rate per unit 
weight of arsenic trioxide. The total number of counts 
in an entire bed was found by adding together the counting 
rates of all the layers. This total count divided by the 
weight of arsenic trioxide in the whole bed, calculated from 
the known amount of arsine absorbed during the run, 
gave the desired ratio. In actual practice the value used 
was an average for all the samples exposed to the same 
batch of radioactive arsine and not run beyond the break­
point. Using this factor, the weight of arsenic oxide in 
each layer was obtained. The amount of dry absorbent 
in each layer was found by subtracting the weight of 
arsenic trioxide from the total weight of the dried layer. 
This method of finding the amount of absorbent in each 
layer was verified by adding together the weights of all 
the layers of a given sample and comparing with the 
weight of absorbent as calculated from the apparent 
density and the volume of the char used. These two 
values agreed to within 1-4%, including several samples

(5) W. C. Pierce, N D R C  Formal Report, 1941.
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that had absorbed almost 2 g. of arsine. Finally, the 
weight of arsine originally absorbed per gram of dry 
absorbent in each layer was calculated and plotted against 
the bed depth (the distance from the influent end to the 
center of the layer).

As a matter of allied interest, the weight of water (equal 
to the loss in weight on drying) per unit weight of dry ab­
sorbent was calculated for the various layers and plotted 
as a function of bed depth.

Results and Discussion
A study of the distribution curves in Figs. 2-6 

shows the marked influence of water on arsine re­
moval. With dry absorbent as much arsine is re­
moved by the very first layers in ninety-three

Fig. 2.—Variation of the distribution of arsine with time 
using dry char and dry air. 1-300 min., 2-100 min., 
3-78 min., 4-60 min. Dotted curves represent water 
distribution.

Distance from top of bed in cm.
Fig. 3.—Variation of arsine distribution with time using 

dry char and air at 50% relative humidity. 1-300 min., 
2-150 min., 3-93 min., 4-40 min. Dotted curves repre­
sent water distribution.

0 1.5 3.0 4.5
Distance from top of bed in cm.

Fig. 4.—Variation of arsine distribution with time using 
char equilibrated to 50% relative humidity and air at 50% 
relative humidity. 1-300 min., 2-130 min., 3-80 min.,
4-48 min. Dotted curves represent water distribution. 
Original water content about 100 mg. per g. of dry char.

0 1.5 3.0 4.5
Distance from top of bed in cm.

Fig. 5.—Variation of arsine distribution with time using 
char equilibrated to 70% relative humidity and air at 70% 
relative humidity. 1-80 min., 2-60 min., 3-40 min., 4-20 
min. Upper primed curves represent water distribution. 
Original water content =  325 mg. per g. of dry char.

minutes from 50% relative humidity air as is taken 
up in three hundred minutes from dry air. Water 
vapor in the air stream is obviously accelerating 
the removal. In the former case, however, the 
amount of arsine drops sharply through the bed 
whereas with dry air it falls more slowly. This 
indicates that water also inhibits the removal of 
arsine. Water vapor, which is incompletely ab­
sorbed by charcoal, moves ahead of the arsine 
wave and poisons the more active centers.
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This inhibiting effect of water is seen in com­
paring Figs. 3, 4 and 5. Using 50% relative hu­
midity air more arsine is removed at the influent 
end in ninety-three minutes by dry char than is 
absorbed in one hundred thirty minutes by char 
equilibrated to 50% relative humidity. The in­
hibiting effect is very marked in experiments with 
air at 70% relative humidity and absorbent equili­
brated to this humidity. In the latter case the 
amount of arsine removed at the influent end still 
remains greater than for dry char and dry air, as 
may be seen in Fig. 6. The rate of removal of ar­
sine at lower concentrations as it passses through 
the bed is evidently less for the equilibrated char 
as indicated by the appreciable amount at the 
effluent end.

From the longest runs it appears that the arsine 
saturation value depends upon the amount of 
water present in the gas stream and on the char­
coal. The highest value obtained for the dry ab­
sorbent using dry air was about 270 mg. of arsine 
per gram of char while values of over 400 mg. were 
found using dry charcoal and air at 50% relative 
humidity. The highest value for the absorbent 
equilibrated to 50% relative humidity and run at 
this humidity was intermediate at about 315 mg. 
of arsine per gram of dry charcoal. Since the ap­
parent density of the absorbent was 0.50, the value 
obtained with dry air corresponds to 135 mg. of ar­
sine per cc. of charcoal. This latter value agrees 
quite well with values of about 130 mg. per cc. re­
ported by Pierce5 from the results of his experi­
ments on the change in weight of the same absorb­
ent on absorption of arsine. Yost,6 using a 
different base charcoal impregnated with copper 
oxide, found 120 mg. of arsine absorbed per cc. of 
absorbent by a radioactive method similar to the 
one used here. The difference in the saturation 
values with dry absorbent using in one case dry 
air and in the other air at 50% relative humidity 
may be correlated with the observation7 that the 
breaktime for arsine using dry absorbent varies 
with the relative humidity of the air stream, grad­
ually rising to a maximum at about 30% humidity 
and then falling off to low values at very high hu­
midities.

The rate of approach toward a saturation value 
in the first layers of a bed varies considerably with 
conditions and presumably with the gas being ab­
sorbed. In the case of the inorganic gas cited by 
Klotz8 (which was done in this Laboratory) the 
approach toward a saturation value proceeds at a 
slowly decreasing rate. The behavior of arsine 
with 70% relative humidity char and air stream 
(Fig. 5) or with dry char and 50% relative hu­
midity air (Fig. 3) is somewhat similar. With 
50% relative humidity char and air stream (Pig. 
4) or dry char and dry air (Fig. 2), however, prac­
tically the same large amount of arsine is removed

(6) D. M. Yost, N D R C  Formal Report, 1941.
(7) Scoville and Wiig, forthcoming publication.
(8) Klotz, Chem. Rev., 39, 241-268 (1946).

0 1.5 3.0 4.5
Distance from top of bed in cm.

Fig. 6.—Arsine distribution under different Humidity con­
ditions with the same total amount of arsine passed 
through the char (80 min.). Dotted curve — is dry char, 
50% relative humidity air. Dashed curve — -  is char 
equilibrated to 70% relative humidity, air 70% relative 
humidity. Full curve — is dry char, dry air.

by the influent end of the bed for exposures of 
fifty to one hundred thirty minutes and then the 
amount removed increases very slowly.

The reaction of arsine with oxygen is known to. 
be highly exothermic (arsine is endothermic to the 
extent of 43.5 kcal.). The effect of the heat liber­
ated can be readily traced by a study of the water 
distribution curves in Figs. 2-5. As arsine is re­
moved at the influent end, the heat generated re­
sults in local desorption of water and an increase 
further down the bed. There is a distinct mini­
mum in the water curves in most cases a t a point 
corresponding roughly to the steep part of the 
arsine distribution curve where most of the adsorp­
tion was taking place. On continued exposure as 
the rate of accumulation of arsine a t the influent 
end and the heat effects decrease, the amount of 
water present increases again. Experiments with 
and without water jackets on the absorption tube 
(Fig. 7) show that this heat also results in a dis­
placement of the arsine distribution. As the air 
stream is warmed by the heat of reaction a t the in­
fluent end evidently the rate of removal (oxidation 
of arsine) is increased a short distance down the 
bed.

Three runs with dry char and dry air a t differ­
ent concentrations of arsine for such lengths of 
time that the total amount of arsine passed 
through was the same in each case gave distribu­
tion curves similar to those in Fig. 2. The dis­
tributions at 4.15 and 7.18 mg. of arsine per liter 
were identical within experimental error, but a t
1.67 mg. per liter the arsine was spread more 
throughout the bed. These observations can be 
correlated with the product of the breaktime and
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0 1.5 3.0 4.5
Distance from top of bed in cm.

Fig. 7.—Effect on the arsine distribution of water cool­
ing the absorption tube. Full curves — shows water 
jacket. Dotted curves — have no water jacket. Top 
two curves with dry char and dry air have been displaced 
upward 100 mg. Other four curves are for dry char and 
50% relative humidity air. Lowest two curves represent 
corresponding water distribution.

initial concentration (CoT) that have been found 
a t these concentrations:

Co (mg./liter) 1.67 4.15 7.18
C0T  2.82 3.28 3.38

I t  would seem that only the more active catalyst 
centers are effective at low concentrations, and of 
course this is also shown by the tailing off of all 
the distribution curves. It suggests that if this 
charcoal were exposed to a very low concentration 
of arsine for some time to use up the more active 
centers throughout the bed, the breaktime toward 
a higher concentration would be much less than 
expected.

No attem pt was made in this investigation to 
make a complete study of the distribution of arsine 
in various absorbents. One experiment was per­
formed with an activated, zinc chloride-treated, 
wood charcoal impregnated with cupric oxide. 
This absorbent had a breaktime of fifty minutes as 
compared to ninety minutes for the other, using 
dry char and air a t 50% relative humidity. A 
comparison of the two absorbents run for the same 
time a t the same concentration (Fig. 8) shows that 
the coconut char apparently had a higher satura­
tion value. The water distributions were similar 
except tha t the amount absorbed by the wood char 
was greater, in agreement with the observation 
th a t the latter also absorbed more water, 13% 
compared to 10%, when equilibrated to 50% rela­
tive humidity.

The actual mechanism of arsine removal cannot 
be assumed on the basis of this investigation, but 
it does involve the oxidation of arsine mainly to

0 1.5 3.0 4.5
Distance from top of bed in cm.

Fig. 8.—Arsine distribution in two different base chars 
impregnated with copper oxide using dry char and 50% 
relative humidity air. Full curve —- shows coconut shell 
char. Dotted curve — is ZnCh activated wood char. Two 
lower curves represent corresponding water distribution.

arsenic trioxide and water with copper oxide as a 
catalyst. I t is necessary to have both charcoal 
and copper oxide present since copper oxide alone 
will not remove arsine, and unimpregnated char­
coal removes it for only a very short time. Fur­
thermore, it is evident from the highest values ob­
tained for the amount of arsine accumulated in the 
top layer that arsine is not removed by reacting 
directly with copper oxide since there is only 58 
mg. of copper present per gram of absorbent. It 
seems quite probable that the first step in the re­
moval is adsorption of arsine followed by the oxi­
dation reaction. Thé role that small amounts of 
water play is not at all certain, but it might be 
mentioned that even in the gas phase arsine and 
oxygen undergo practically no reaction in the ab­
sence of water.9 The presence of large amounts of 
water on the charcoal and covering the copper 
oxide may decrease the initial adsorption of arsine 
to such an extent that little arsine is removed until 
some of this water is driven off by the heat of a 
small amount of reaction.
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Summary
The distribution of arsine on a charcoal bed has 

been followed as a function of the humidity of the 
air stream and the absorbent, concentration of ar-

(9) W. C. Johnson, private communication,
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sine, time of exposure and cooling, by the use of 
radioactive arsenic. The distribution curves 
show a marked accelerating effect of small 
amounts of water and an inhibiting effect of larger

amounts. A constant saturation value for arsine 
at the influent end of the bed is apparently not 
reached even after long exposure.
Rochester  3, N ew  Y ork R eceived  J uly  10, 1947

[C o n t r ib u t io n  fr o m  t h e  N a t io n a l  B u r e a u  o f  S t a n d a r d s ]

Determination of the Product of the Constants for the Overlapping Dissociation of 
Weak Acids by Electromotive Force Methods

B y  R oger

The exact determination of the thermodynamic 
dissociation constants of many weak dibasic and 
tribasie acids is complicated by the “overlapping” 
of the successive ionization steps. When the ratio 
of the thermodynamic constants for the primary 
and secondary steps, K i/K 2f is less than 500 to 
1000, as it is for most of the common aliphatic di­
carboxylic acids1 and many substituted benzoic 
acids,2 the ionic and molecular concentrations can­
not be established with sufficient accuracy by con­
sideration of a single equilibrium. Hence, a deter­
mination of the constants often requires laborious 
arithmetical approximations.3*4-5’6

The constant for the second overlapping step in 
the dissociation of a dibasic acid can often be de­
termined by the thermodynamic method of 
Harned and Ehlers7 from measurements of cells 
without liquid junction. The determination is 
facilitated through choice of buffer solutions on the 
alkaline side of the midpoint of the neutralization 
curve for the second group, with a decrease in the 
correction for the first dissociation equilibrium.
A buffer ratio of 5:1 appears not to be excessive.8 
However, the advantage of a similar procedure is 
sometimes offset in the evaluation of the first con­
stant by the enhanced correction for hydrogen ion, 
the concentration of which must be established by 
successive approximations or, at a sacrifice of accu­
racy, derived from a pH  measurement.9

When conditions cannot readily be chosen to 
isolate each of the individual equilibria in turn, 
solutions of the acid salt, where overlapping of the 
two equilibria is at a maximum, can be used to

(1) R . Gane and C. K. Ingold, J . Chem. Soc., 2153 (1931).
(2) W. R . Maxwell and J. R . Partington, Trans. Faraday Soc., 33, 

670 (1937).
(3) F. Auerbach and E. Stnolczyk, Z. physik. Chem., 110, 65 

(1924); H . T. S. B ritton, J . Chem. Soc., 1896 (1925); N. Bjerrum 
and A. Unmack, Kgl. Danske Videnskab. Selskab., Math.~fys. Medd.,
9, No. 1 (1929).

(4) H. S. Simms, T his Journal, 48, 1239 (1926).
(5) W. J. Hamer and S. F. Acree, J . Research Natl. Bur. Standards, 

35, 381 (1945).
(6) W. J. Hamer, G. D. Pinching and S. F. Acree, ibid., 35, 539 

(1945).
(7) H. S. Harned and R. W. Ehlers, T his Journal, 54, 1350 

(1932).
(8) G. D. Pinching and R. G. Bates, J . Research Natl. Bur. 

Standards, in press (data for oxalic acid).
(9) The simultaneous evaluation of overlapping K x  and K z  from 

^H -titration data  obtained from cells with liquid junction has been 
described by J. C. Speakman, J . Chem. Soc., 855 (1940).

G. B a tes

advantage in establishing the product of the con­
stants for two overlapping equilibria. A thermo­
dynamic method for the determination of this 
product from measurements of the electromotive 
force of cells without liquid junction is described. 
If one dissociation constant of an overlapping pair 
is known, this procedure usually permits the other 
to be determined accurately.

Method
The electromotive force, E, of the cell

Pt; H2, acid salt (m), MCI (m2), AgCl; Ag I

where M represents an alkali metal and the acid 
salt is of one of the three types: MHA, MH2A, or 
M2HA, is given by
F(E — E ° )
2 3026 R T  +  log mci =  ~'log ( / h/ ci^ h) == pwB. (1)

For convenience, this experimental quantity will 
be termed pwH. In equation (1), ƒ is an activity 
coefficient on the scale of molality (m), F is the 
faraday, and the other symbols have their usual 
significance. The hydrogen-ion concentration, 

is readily expressed in terms of dissociation 
constants, molalities, and activity coefficients. 
The product of the thermodynamic constants for 
the two overlapping steps is obtained by extrapo­
lation of an appropriate function of E, with the aid 
of the Debye-Hiickel formula,10 to infinite dilu­
tion, where the estimated activity coefficients are 
exact. To simplify the treatment, the following 
discussion is restricted to solutions of acid salts 
with pH  <  8, in which the concentration of hy­
droxyl ion can be ignored.

Case I. Acid Salt of a Dibasic Acid, K i/ K 2 
< 500.—The molecular and ionic species partici­
pating in the equilibria are H +, H2A, HA and 
A“. The concentration of hydrogen ion, in 
solutions of the acid salt is given by

2 K i K 2mji2A v  / h 2a

K L. ®
Inasmuch as

WA =  «HjA +  «H (3)
we obtain, by combination of equations (1) and
(2 )

(10) P. Debye and E. Hückel, Physik. Z . ,  24, 185 (1923).
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K log (KiKi) =  pwH -  \  log ” HaA i  log
J  Z Wh 2a ^

/ a

/ h2a / ci

(4)

T o aid in the extrapolation, the Debye-Hückel 
equation may be employed for the ionic activity 
coefficients and unity assumed for the activity 
coefficient of the uncharged molecule. In this 
way an expression for the “apparent” value of the 
product of Ki and K 2) namely (K iK 2)', is obtained

l  log (KiKzY  =  pwH -  |  log +  nlB +  
Z Z Wh 2a

A V m (5)

where A and B are constants of the Debye- 
Hückel theory,11 /x is the ionic strength, and a* is 
the so-called ion-size parameter. The limiting 
value of (KiK 2) ' a t zero ionic strength is K iK 2.

Case II. Primary Acid Salt of a Tribasic 
Acid, K ,/K 2 <  500, K 2/K z > 1000.—The ionic 
and molecular species concerned are H+, H 3A , 
H2A”, and HA=. The molality of hydrogen ion is 
given by

2 X1K2WH3A w  / h3A m,rx = -------------  X -7-----  (O)

Inasmuch as the third dissociation step need not 
be considered

WHA = WHsA + (7)
By combination of equations (1), (6) and (7), an 
expression is obtained that differs from equation
(4) only in substitution of H3A for H2A and of HA 
for A in the subscripts of m and/. This expression 
can be written in a form suitable for extrapolation 
as follows

1 , f Tr  TT \ f  . tt 1 1 WHaA +  m B.-  -  log (A 1 X 2 )' =  pwB. -  s  lo g ---- “ ---------A & WH3A +
A V\x

1 I /— (X)

Case III. Secondary Acid Salt of a Tribasic 
Acid, K i/K 2 > 1000, K 2/K z < 500.—The ionic 
species are H+, H2A“, HAr, and A=. The square 
of the concentration of hydrogen ion is

K 2K d /m n s A  y ,  / h 2a

f Kf A (9)

Equations (3) and (4) are valid for Case III as well 
as for Case I, with the substitution of the product 
K 2K Z for K\K2. The charges of H2A and A are, of 
course, now — 1 and — 3 instead of 0 and — 2 as in 
Case I. By combination with the Debye-Hückel 
equation, an expression suitable for extrapolation 
is obtained

1 , f i r  \ /  A TT 1 1 +  m B."" ö 1°S (R-2K 3) — pwH. — x log ■----—----------
Z  Z  Wh2A“ +

3 A V m 
1 +  Ba* V m (10)

(11) G. G. Manov, R. G. Bates, W. J. Hamer and S. F. Acree,
T his Journal, 65, 1765 (1943).

Case IV. Primary Acid Salt of a Tribasic 
Acid, K x/K 2 < 500 and K 2/K z < 500.12—The 
ionic and molecular species of concern in Case IV 
are H +, HSA, H2A“, HA=, and A-. All three steps 
in the dissociation of the acid must be considered, 
and

w h a  — W h 3a  +  n iB . —  « A  ( H )

Formula (6) applies here, and equation (8) of 
Case II accordingly takes the form

-  1 log CKiKzY =  pw n -  ~ log Mu3A +  — ^AB j
mu3a 

A V p
1 +  Ba * V p

( 12)

Case V. Secondary Acid Salt of a Tribasic 
Acid, K x/K 2 <  500 and K 2/K z <  500.—The 
molalities of the molecular acid and of the primary 
and tertiary ions in a solution of the secondary 
salt are related by

mA — wh2a T* w h- +  2wh3a (13)

The hydrogen-ion concentration is given by equa­
tion (9). Hence, an expression analogous to equa­
tion (10) is obtained:
-  g log (.K 2K s)' =  pwB. —  ̂ log

^ h2a- +  mb. +  2mH3A , 3A V/2 . . . .
Mh2a- 1 +  B a * V ë  K *

Compositions of the Solutions
Only two overlapping dissociation steps are in­

volved in Cases I, II and III. The evaluation of 
the second terms on the right of equations (5), (8) 
and (10) requires that the concentration of only 
one ionic or molecular species in addition to that 
of hydrogen ion be established. In equations (12) 
and (14) of Cases IV and V, the concentration of 
a second species, fortunately considerably smaller 
than that of the first, must be estimated. In each 
instance the hydrogen-ion concentration, wh, can 
be computed from the equation

“  log mK =  pwB. +  log / H/ ci =  pwU -  1 ^

(15)
In the following discussion of the exact and ap­

proximate methods of computing these concen­
tration terms, it will be convenient to employ the 
classical dissociation constants, kn, for the three 
steps. For a weak tribasic acid
k im ^ s A  =  % « h 2a ; k 2m-B2A  =  % ^ h a ; f a m ^ A  =

(16)
If, further, it is assumed that each activity coef­
ficient is given by the Debye-Hückel equation, we 
may write
_________  k n  = K n / f 2n (17)

(12) The formulas of Cases IV and V have been applied success­
fully to the resolution of the three overlapping constants of citric 
acid by Miss Gladys D. Pinching and the author (unpublished work). 
For citric acid, each ratio is about 44, and K \/K z  is about 1900. If 
K i/K i  were less than 1000, the separation would doubtless be more 
difficult.
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where
-  log ƒn = n A V pK  1 +  Ba* vTO (18)

and n is 1, 2, or 3. The symbol K n represents the 
thermodynamic dissociation constant.

Complete or Exact Treatment, Cases I, II, 
and III.—When the acid salt of a dibasic acid 
with overlapping constants (Case I) is dissolved 
in water the interaction

2HA“ H2A +  A= (19)
may proceed rather extensively. This reaction is 
usually considerably more important than the nor­
mal acidic dissociation of the intermediate ion. 
When K 1/K 2 is 4 (the theoretical lower limit for a 
symmetrical dibasic acid13), as much as half of the 
acid anion may be converted into H2A and A=.13*14

From the mass law and equations (3), (17) and 
(19) we have

fa __ K.2 _  ^ h2a(^ h2a 4~ mV) 
fa K iP  (m -  wH -  2mH2A)2 K } 

Even though Wh is obtained by equation (15) and 
the ratio of constants is known, equation (20) 
cannot readily be solved for wh2a- The desired 
quantity can, however, be obtained graphically or 
by trial.

Two features of this method are noteworthy. 
First, the second terms on the right of equations
(5), (8), (10), (12) and (14) are of the form 1/ 2 log 
[(a +  b ) / a ] ,  where a  is large relative to b. Hence, 
the values of these terms are rather insensitive to 
small changes in a . The higher the pH. of the solu­
tion of the acid salt the smaller is b , and the larger 
is the permissible error in a .  Secondly, although 
the evaluation of both wh and k2/k\ rests upon an 
assumed value of a*, the ion-size parameter, the 
second terms on the right of these five extrapola­
tion formulas are but little influenced by the 
choice of a*, when the same value is used in both 
equation (15) and equation (18). This point will 
be illustrated later in this paper. The value of a* 
used in the extrapolation equations themselves is 
immaterial, so long as the plots of _1/ 2 log (KiK2)' 
as a function of ionic strength display the conver­
gence at infinite dilution demanded by theory.

The treatment of Cases II and III is entirely 
analogous to Case I. For Case II the principal 
equilibrium is

2H2A“ ± 5 :  H3A +  HA= (21)

In equation (20), mn2A is replaced by mH3a- The 
extrapolation is performed with the aid of formula
(8) instead of with (5). For Case III the principal 
ionic equilibrium is

2HA= H2A - +  A25 (22)
Hence, equation (20) becomes

fa _  K i __ mH2A- (^h2a- +  mu)
_________ &2 K 2f 2 (m — raH — 2mH2A- ) 2 ^

(1 3 )  R. Wegscheider, M o n a ts h ., 16, 153 (1895); E. Q. Adams, 
T his Journal, 38, 1503 (1916); N . Bjerrum, Z. p h y s ik . C h em ., 106, 
219 (1923).

(14) C . W. Davies, C h em . S o c ., 1850 (1939).

The extrapolation is made, of course, with equa­
tion (10)

Complete Treatment, Cases IV and V.—
Formula (21) represents the principal equilibrium 
in solutions of the primary salt of a tribasic acid 
with three overlapping constants (Case IV ). The 
secondary anion, HA=, formed in this reaction is 
capable of further acidic dissociation, as is the pri­
mary anion. Contrary to the situation in Case 
II, where K z was too small to require considera­
tion, three equilibria are involved here. Inasmuch 
as

% 2a = m — wH3a — wha — ma (24)
we have, from equation (11) and the mass-law ex­
pression for equilibrium (21)

fa _  mnsAimmA +  Wh — « a) /0r» \
fa (m -  mH -  2mH3a)2 K }

The analogy with equation (20) is evident. The 
molality of A~ appearing in the numerator of (20a) 
is small (slightly less than 1% of wh3a in solutions 
of potassium dihydrogen citrate12). I t  is readily 
computed with an accuracy exceeding the experi­
mental error in the electromotive force by

mA =  ^ « ha/ « h =  Kzm nA/(m jtfG) (25)
from a first estimate of Wha and a value of pK z ac­
curate to ±0.1. Otherwise, the evaluation of 
K\K2 parallels Case I.

The principal equilibrium in solutions of the 
secondary salt of a tribasic acid with three over­
lapping constants (Case V) is (22). Acidic disso­
ciation of the secondary anion must be considered 
as well as the reaction of the primary anion formed 
in (22) with a part of the hydrogen ion liberated 
by dissociation of HA~

H2A - +  H + H3A (26)
From equations (13), (24), and the mass law

fa __ fflHzA(%2A +  +  2wH3a) (23a)
k2 (m — niB. — 2wH2a — 3mHjA)2  ̂ ^

The molality of H3A, like ma in Case IV, is a cor­
rection of secondary importance. I t  is obtained 
with sufficient accuracy from the approximate K i 
and wH2a by

Wh3A = WhWhja/^1 = WhWhüa/ 2/^ !  (27)
Approximate Treatment.—If the pH  of the

solution of acid salt is higher than 3.5 to 4.0, 
wh is usually small with respect to wh2a and 
raH3A in equations (5), (8), (10), (12) and (14), and 
the treatment can be simplified. Fortunately, the 
acid salts of most dicarboxylic acids with overlap­
ping fall in this category.

If mu in equation (3) approaches zero, it is easy 
to show that the molality of molecular acid pro­
duced by reaction (19) is approximately

mnZA ~  ~(mx — mV) (28)

where
2(fa/fa y h

1 T  2 (fa7fa) * / 2
(29)
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Hence, the concentration term of equation (5) is 
readily obtained and, by a similar procedure, also 
tha t of equation (8)

Cases I and II.—
#?h2a +  W'H _  mx -j- wg 

ffiHsA mx — mn
m&zA +  m-a _  mx +  mn 

« h3a ~  mx —
Similarly, from equation (23), we have

wHjA- «  \(m y  -  wH)
where

___ 2 (fa/kiY/i
y — i + 2{ks/k2y/*

Hence, the concentration term of formula (10) is 
given by 

Case III.—
% 2a- 4- ms. _  my +  wh 

wH2a- my — wh

By the same reasoning, the second term on the 
right of formula (12) can be expressed in terms of x 

Case IV.—
t̂ hsa +  ms. — mÂ  _  m# + mu — 2mA 

wh3a w# — We

In Case V the situation is slightly different, for 
a part of the primary anion, H2A~, produced by 
(22) is converted into H3A. Hence

^HaA «  \{m y  -  mV) -  me3a (35)

The second term on the right of equation (14) is 
thus given by 

Case V.—
raH2A- +  wH +  2wH3a _  my +  mu +  2mESA 

whja- my — wh — 2wh8a
Ionic Strength.—Whether the complete or 

approximate treatment is used, sufficiently ac­
curate values of the ionic strength can ordinarily 
be obtained with the aid of x and y
Case Mixture Ionic Strength
I MHA (m), MCI (m2)

m (1 +  0.5#) +  1.5mn +  m2 (37a)
II M H2A (m), MCI (w2)

m (1 +  0.5#) +  1.5wH '+ m2 (37b)
III M2HA (m), MCI (m2)

m (3 +  0.5y) +  2.5wh +  m2 (37c)
IV M H2A (m), MCI (m2)

m (1 +  0.5#) 4* 1.5wh +  2.5mA ■+* m2 (37d)
V M2HA (m), MCI (w2)

m (3 +  0.5y) +  2.5mn +  2mn3A +  m2 (37e)

Evaluation of K XK 2 and K 2KZ 
The determination of K iK 2 for a dibasic acid is 

made as follows. Values of x are computed by 
equation (29) from a reasonable estimate of k2/k ly 
and a first estimate of the ionic strength is ob­
tained by equation (37a). The hydrogen-ion 
concentration can be ignored or estimated from 
the approximate pH  of the solution. Equation 
(15) yields a value of Mu. when the ionic strength 
has been estimated, and the second term on the

(30)

(31)

(32)

right of equation (5) is computed with the aid of 
equation (20) or the approximation, equation (28). 
I t is suggested that a value of 4.0 be assigned to a* 
in equations (15) and (18). A first approximation 
of K\K2 is obtained by extrapolation of the right- 
hand side of equation (5) to infinite dilution. The 
plots of —Vs log (KxK 2) f as a function of ionic 
strength will dictate the value of a* in equation
(5) necessary to provide an accurate extrapola­
tion, although 4.0 is a reasonable first choice.

A value of K 2/K \ results from combining K\K2 
with Ki or K 2j whichever is available from inde­
pendent determinations, and a new k2/k\ is ob­
tained with the assistance of equations (17) and 
(18). The process is then repeated. Inasmuch as 
Wh2a need not be known accurately, a third ap­
proximation is usually unnecessary.

For the solution of Cases IV and V an approxi­
mate value of ma or Wh8a is calculated as de­
scribed in an earlier section. In other respects, 
K\K2 and K 2K Z are evaluated in Cases II, III, IV, 
and V exactly as is K\K2 in Case I.

The extrapolation of the right side of equations 
(12) and (14) to infinite dilution is illustrated in 
Fig. 1 with data for the acid salts of citric acid. 
The two sets of curves were computed from the 
electromotive force of cells of type I. The upper 
lines represent mixtures of secondary potassium 
citrate and potassium chloride, whereas the lower 
set was derived from studies of mixtures of primary 
potassium citrate and potassium chloride.12*15 
The approximate formulas (34) and (36) were used 
in evaluating the second terms on the right of 
equations (12) and (14). Curves a, b, c, d, e, and 
f were computed with a* values of 5.0, 5.5, 6.0,
2.0, 3.0 and 4.0, respectively. As mentioned 
earlier, altering a* in formulas (15) and (18) has 
little effect on the plotted points.

Limitations of the Approximation.—In Figure 
2, the differences between the true x/ 2 log [(wh2a 
+  % ) / wh2a] of formula (5) and approximate 
values computed by equation (30) are plotted as a 
function of the molality of the acid salt. To en­
hance the accuracy of the determination of the 
constants for the overlapping steps, the concen­
tration of acid salt should preferably not be lower 
than 0.01 molal. The lower limit of —log %  
(pcH), below which the error of the approxima­
tion exceeds 0.0005 in l/ 2 log (K\K2) ' (0.03 mv. in 
the electromotive force), is a function of the mag­
nitude of k\/k2i that is, of the extent of overlap­
ping. The approximate treatment is adequate 
above pcH 3.25 when k\/k2 is 10, above 3.70 when 
kx/k2 is 100, and above 3.95 when fa/k2 is 215.

K i K 2 for 0-Phthalic Acid
The two dissociation constants of 0-phthalic 

acid have been determined accurately by electro­
motive-force methods.5*6 These constants can be 
employed to illustrate the application of the equa-

(15) These curves were plotted from preliminary data. They
serve, nevertheless, to illustrate the nature of the extrapolation.
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0 0.1 0.2 0.3 0.4
(Upper curves).

0 0.05 0.1 0.15 0.2
(Lower curves).
Ionic strength.

Fig. 1.—Determination of K iK 2 and K 2K S for citric acid 
from the electromotive force of cell I at 25°.

tions of the foregoing sections and to test this 
method of determining K iK 2.

0 0.01 0.02 0.03 
Molality of acid salt.

Fig. 2.—Error .of the approximation plotted as a function 
of the molality of the acid salt:

Curve ki/k2 — log mn
a 7 3.43
b 10 3.50
c 10 3.25
d 10 3.00
e 20 3.15
f 100 3.80
g 100 3.50

The electromotive force of 19 cells of type I was 
measured at 25° with mixtures of acid potassium 
phthalate16 and potassium chloride (m2 = 0.01).

(16) National Bureau of Standards Standard Samples 84a and 
84c.

Palladium electrodes were substituted for plati­
num.17 The molality of acid salt varied from 0.01 
to 0.07. The electromotive force in int. v. ap­
peared to be a linear function of log m in this range 

£ 25 =  0.57662 -  0.00476 log m (38)
The reproducibility and stability of the cells 

with 0.01 m to 0.02 m acid potassium phthalate 
were not good, and an uncertainty of nearly 0.2 mv. 
must be assigned to the electromotive force a t 0.01 
m . The uncertainty is indicated in Fig. 3 by the 
varying sizes of the circles which represent the 
values of —1/ 2 log (KxK/)'. The approximate 
treatment was employed throughout. The error 
of the approximation is only 0.0002 in —1/ 2 log 
(KiK 2)' for the 0.01 m solution, the most dilute 
studied.

Fig. 3.—Determination of K iK 2 for phthalic acid from 
the electromotive foroe of cell I at 25°: from top to bottom, 
the lines represent a* values of 2.0, 4.0, and 6.0, equation 
(5). The curves are drawn to intersect at 4.179, the known 
value of -  V* log ( K A ) .5’8

From top to bottom of Fig. 3, the three lines 
represent a* values of 2.0, 4.0, and 6.0 in the last 
term of formula (5). In each instance, 4.0 was 
used for a* in equations (15) and (18). When 
was set equal to zero in these two equations, the 
middle curve in Fig. 3 took the position indicated 
by the dotted line. I t is evident, therefore, that 
the final result is altered by only 0.001 if the De­
bye-Hückel limiting law (a* = 0) is used in these 
two formulas. The three lines are drawn to inter­
sect at 4.179, the value of —1/ 2 log (K iK 2) at 
25°.5>6

It should be noted that the electromotive force 
of cell I containing a solution of primary or sec­
ondary acid salt is rather sensitive to variations 
in the composition of the salt. For example, the 
change in the electromotive force of the cell con­
taining 0.05 m acid potassium phthalate and 0.01 
m potassium chloride that results from a change of
0.1% in the titration value of the acid salt is 
about 0.17 mv. For phthalic acid, K \/K 2 is 
288.5>6 The electromotive force is somewhat less 
sensitive to the purity of the salt when the extent 
of overlapping is greater. A change of 0.03 mv. in

(17) W. J. Ham er and S. F. Acree, J . Research Natl. Bur. Stand­
ards, 33, 87 (1944).
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E  corresponds to 0.001 in pKi +  pK2. Hence, the 
uncertainty in pK  caused by experimental errors 
is twice that of the conventional method where a 
single dissociation step is involved.

Summary
The use of electromotive-force measurements of 

hydrogen-silver chloride cells without liquid 
junction in resolving the constants for the over­
lapping dissociation steps of weak dibasic and tri­
basic acids is discussed. When one constant of an 
overlapping pair is known, the second can be de­

rived from studies of solutions of the appropriate 
primary or secondary acid salt with added alkali 
chloride. The equations for the five possible cases 
of overlapping have been developed. A simple 
means of estimating the molalities needed in the 
computation is described. The method has been 
applied to a determination of the product of the 
constants of phthalic acid at 25°. The result is 
consistent with earlier determinations of the two 
constants.
W a s h in g t o n , D. C. R e c e iv e d  O c t o b e r  31, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y ]

Synthesis of Products Related to Vitamin A. IV. The Application of the Darzens
Reaction to /3-Iononela

B y  N icholas A. M il a s , S. W a r r e n  L e e ,2 E mile S ak al ,3 H e r b e r t  C. W o h lers ,4 N orman S. M ac- 
D o n a l d ,5 F ra n k  X. Grossi6 a n d  H e r b er t  F . W right7

One of the key intermediates in the synthesis of 
several biologically active vitamin A products8 
was produced by the application of the Darzens 
synthesis to d-ionofie.9 The structure of this 
product presented a special problem in view of the 
anomalous results obtained in the early stages of 
our investigation. When /3-ionone was condensed 
with ethyl chloroacetate at low temperatures 
( — 30 to —60°) in anhydrous ether or toluene us­
ing alcohol-free sodium ethoxide or methoxide as 
the condensing agents, the glycidic ester I was pro­
duced which upon hydrolysis presumably gave a 
glycidic acid of similar structure. When the 
crude glycidic ester was hydrolyzed and the crude 
glycidic acid decarboxylated in the presence or 
absence of powdered glass or by passing it under a 
reduced pressure downwards through a hot tube

(1) (a) Since this and other work related to  the synthesis of vita­
min A was under confidential classification during the War, we wish 
to  point out for purposes of priority the existence of two documents 
deposited in the Office of the  Committee on Medical Research of the 
O. S. R. D. and describing the synthesis of biologically active vitamin 
A products using the Darzens aldehyde made from /3-ionone as the 
key intermediate. These documents were dated March 6, 1942; 
(b) Paper No. 3, Science, 103, 581 (1946). For paper No. 2, T h is 
J o u r n a l , 63, 752 (1941). F irst presented in part before the North 
Jersey Section of the A. C. S., April 9, 1945.

(2) Research Associate, 1939-1940. Present address: American 
Cyanamid Co., Bound Brook, N. J.

(3) Research Associate, 1941-1943. Present address: Warner
Institu te  for Therapeutic Research, New York, N. Y.

(4) Research Assistant, 1941-1942. Present address: Michigan 
Chemical Company, St. Louis, Michigan.

(5) Research Associate, 1942-1943. Present address: Occidental 
College, Los Angeles, California.

(6) Research Assistant, 1942-1945. Present address: Royal
Bond, Inc., St. Louis 2, Missouri.

(7) Research Associate, 1945-1946. Present address: Tufts Col­
lege, Medford, Massachusetts.

(8) Milas, U. S. Patents 2,369,156-2,369,168, inclusive, excepting 
2,369,158, Feb. 13 (1945); 2,382,085-086, Aug. 14 (1945).

(9) (a) Ishikawa and M atsuura, Sci. Rep. Tokyo Bunrika Daigaku, 
3A, 173 (1937); (b) Heilbron, Johnson, Jones and Spinks, J. Chem. 
Soc., 727 (1942); Cymerman, Heilbron, Jones and Lacey, ibid., 500 
(1946).

(140-160°) packed with freshly reduced copper 
powder on pumice, the decarboxylation product 
had slightly different properties from that ob­
tained by the decarboxylation of the pyridine salt 
of the same glycidic acid. Furthermore, decar­
boxylation under similar conditions of the two gly­
cidic acids, one crystalline and the other highly 
viscous liquid both derived from pure glycidic 
ester, yielded products still different in physical 
and chemical properties. Table I shows the main 
fractions of decarboxylation products obtained by 
various methods from crude as well as from crys­
talline glycidic acids. Upon careful fractionation 
of a large sample of the decarboxylation product 
obtained from the crude glycidic acid using a four- 
foot packed fractionation column, three fractions 
were obtained: a small low-boiling fraction with a 
high index of refraction; a large fraction with an 
intermediate b. p. and an index of refraction rang­
ing from 1.5133 (20°) to 1.5155 (25°); and a small 
high-boiling fraction with a high index of refrac­
tion. I t may be seen from the table that the low- 
boiling fraction resembles in properties the main 
product obtained from the decarboxylation of the 
crystalline glycidic acid. The high-boiling frac­
tion, on the other hand, has several properties in 
common with the main product resulting from 
the crude glycidic acid, except that it exhibits a 
secondary absorption maximum at 3000 A.

The results shown in Table I raise the question 
whether the purified glycidic ester and the glycidic 
acids derived from it have the same structure as 
the corresponding crude compounds. The puri­
fied glycidic ester was found to have one active 
hydrogen (Zer.), while the crystalline glycidic acid 
showed the presence of two active hydrogens. 
Both the ester and the acid gave a strong ferric 
chloride reaction, and upon catalytic hydrogena­
tion showed the presence of approximately three 
double bonds. Furthermore, the ultraviolet spec-



April, 1948 P r o d u c t  o f  t h e  D a r z e n s  R e a c t i o n  o n  0 - I o n o n e 1585

T a b l e  I

C o m p a r is o n  o f  P r o p e r t ie s  o f  F r a c t io n s  O b t a in e d  in  t h e  D e c a r b o x y l a t io n  o f  “ /3-Gl y c id ic  A c id s ”

Decarboxylation
product °C.

B. p.,
Mm. WD °C. V p l%

^T cm.
Fuchsin-
aldehyde

test

M. p. of 
2,4-dinitro­

phenyl­
hydrazone, 

°C.
Main fraction from crys­ 91-98 2-3 1.5450 25 2380 978 Faint Fails to form

talline glycidic acid® 3150 856 (2-3 hr.)
Main fraction from liquid 98-105 2-3 1.5320 25 2350 741 Fair

glycidic acid® 49-53 10"4 (1-2 hr.)
Main fraction from crys­ 106-120 3-4 1.5486 25 2380 661 Faint Fails to form

talline glycidic acid6 3150d 221 (2-3 hr.)
Main fraction from crude 96-101 2 1.5134 20 2320 996 Strong 169-170

glycidic acid® (0.25-1 hr.)
Low boiling fraction from 79-82 2 1.5450 26 2380 923 Faint Fails to form

crude glycidic acid® 3150 645 (2-3 hr.)
High boiling fraction from 55-60 10-4-10-5 1.5202 25 2310 737 Fair 160.5-162

crude glycidic acid® 3000 402 (1-2 hr.)4
a From purified glycidic ester. Decarboxylation was accomplished via the pyridine salt. b Same as in (a) except that 

decarboxylation was accomplished in the presence of copper chips. c From crude glycidic acid derived from the conden­
sation without first isolating the pure glycidic ester. d Inflection.

trum oof both the ester and the acid (Xmax., 
2860 A.) indicates the presence of three double 
bonds in conjugation with the ester or carboxyl 
groups.10 That spectroscopically the epoxide 
group is not equivalent to a double bond as Heil­
bron, et a l./h assumed is shown by the spectra of 
several epoxides (cf. structure V)11 which exhibit 
maxima in the neighborhood of 2300 A. In view 
of these facts we feel that the crude reaction prod­
uct should be represented by structures I, II and
III. The crude glycidic ester and the acids de­
rived from it may be represented mainly by struc­
tures I and II while that of the pure glycidic ester 
and its acids may be represented by structure III. 
Structure III accounts for all the observed facts 
for the “crystalline glycidic acid” as well as the 
large amount of resin produced during its decar­
boxylation.

These views are in accord with the original as-

CHH3C c h 3 
\ /

-CH—CH—C---- CH—COOC2H5

CHa X 0 /

H3C CHs ott

X X(  \ —C H =CH —CH—C—COOC2H5
I II II

h 3c c h 3 c h 3
I

- c h = c h —c= c—co o c2h 5
,, I
JJ—c h 3 o h

III
(10) For an analogous structure of ethyl /3-ionylidene acetate, see 

Young and Linden, T h is  J o u r n a l , 69, 2042 (1947).
(11) Milas, M acDonald and Black, T h is  J o u r n a l , 70, in press

(1948).

sumption of Darzens12 who found that under cer­
tain conditions even the simple glycidic esters re­
arrange into the a-ketoesters.

The only product used in the synthesis of bio­
logically active vitamin A substances13 was that 
represented by the main fraction from a fractiona­
tion of the decarboxylation product of the crude 
glycidic acid, as it was felt that this, being the 
largest portion, represented the main product of 
the reaction. I t was therefore essential that the 
structure of this key intermediate be established 
with some degree of certainty in order to assign 
structures to products synthesized in the subse­
quent steps. The structure of this substance is 
not very easy to establish since it can be repre­
sented by four possible isomeric structures (IVa, 
IVb, IVc and IVd). Of these, structures IVd can 
be eliminated since a substance represented by this 
structure should absorb in the region of 2600- 
2900 A.,14 and no maximum was observed in this 
region. The fact that our substance responds 
slowly to the fuchsin aldehyde test and forms 
phenylhydrazones should place it in the aldehyde 
class, although isomeric compounds having struc­
tures similar to IVa or even isobutylene oxide 
were found to respond similarly to these reactions. 
Even the spectrum of IVa, IVb and IVc might 
conceivably be similar, although that of IVc 
should have, in addition to a band in the region of 
2300 A., a second or even a third band of higher 
wave lengths and of lower intensity as observed in 
the spectra of the known a,/3-unsaturated alde­
hydes.15 No such a band was found in the puri­
fied decarboxylation product which was used in 
our synthetic experiments, although a small high 
boiling fraction with an abnormally high index of 
refraction was found to have an additional band

(12) Darzens, Compt. rend., 152, 443 (1911).
(13) See T h is  J o u r n a l , 70, 1591, 1597 (1948).
(14) Braude, Ann. Reports, 42, 115 (1945), gives 2630 A. for 

sorbaldehyde, which is closely related to  structure IVd.
(15) Heuri, “ International Critical Tables,” Vol. V, 1929, p. 372.
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at 3000 A. I t is this fraction which may have 
structure IVc.
h 3C c h 3 CH,

H H |
H*'" y - C = C — C CHs

H;\ jiCHa

h 3c  c h 3

nO'

CHs
H H | H
c = c —c —c = o

H
CH3

H 2 IVb

CHs H3Cx / CH3 CHs
H2 H | H X  H H | H

Hof >—C—C==C—0 = 0  Ho/ y=C—C=C—C==0
H

H2k i 1— CHs .H al^yC -C H ,
H2 IVc H2 IVd

H2
H3C CH:

If our decarboxylation product had structure 
IVc, as proposed by Heilbron, et a l.9b it should 
yield on ozonization 3,3-dimethyloctanedione-2,7, 
ór if the reaction of Röeseken and Jacobs16 oper­
ates in this case, 2,2-dimethyl 6-heptanol-l, both 
of which are neutral products. No such products 
were found, but instead, geronic acid was obtained 
in a yield of about 40%. Since the intermediate 
product formed upon hydrolysis of the ozonization 
product should theoretically be a derivative of 
acetoacetic acid which may oxidize17 under the 
conditions of our hydrolytic reaction using small 
amounts of 30% hydrogen peroxide, we deter­
mined the stability of both acetoacetic ester and 
ethanol under these conditions by measuring the 
hydrogen peroxide consumed. We have found 
that the amount of hydrogen peroxide consumed is 
very small to account for the production of geronic 
acid from the theoretically possible acetoacetic 
acid derivative. Furthermore, alcohols are not 
oxidized rapidly with hydrogen peroxide in the 
absence of catalysts, and even in the presence of 
catalysts, glycols have been isolated in good 
yields.18 Therefore, if we assume that ozonolysis 
is a reliable method for determining the structure 
of organic compounds, we are forced to the conclu­
sion that our main decarboxylation product must 
have either structure IVa or IVb.

In order to obtain more reliable information 
concerning the structure of our product, it was 
necessary to stabilize its functional group by some 
simple reactions, thereby preventing a possible re­
arrangement during ozonization. For example, if 
our product had structure IVc, the addition of 
lithium acetylide or that of ethylmagnesium bro­
mide should destroy the conjugation, and the 
ultraviolet absorption spectrum of the resulting 
carbinols should be that of two isolated double 
bonds acting individually. Furthermore, both 
carbinols should yield on ozonolysis 3,3-dimethyl- 
octanedione-2,7 or 2,2-dimethyl-6-heptanol-l 
rather than geronic acid. Actually, both carbi­
nols exhibited absorption maxima in the neighbor-

(16) Böeseken and Jacobs, Rec.trav. chim., 55, 804 (1936).
(17) Schaffer and Friedmann [/. Biol. Chem., 61, 585 (1925)] re­

port that “free acetoacetic acid” resists oxidation with hydrogen 
peroxide.

(18) Milas and Sussman, T his Journal, 58, 1302 (1936); 59, 
2545 (1937); Milas, Sussman and Mason, ibid., 61, 1844 (1939).

hood of 2260 A., which indicates the preservation 
of conjugation. On ozonolysis, both carbinols 
yielded geronic acid rather than the neutral prod­
ucts mentioned. Again we are forced to the con­
clusion that the substance from which the carbi­
nols were made must have either structure IVa or 
IVb.

To decide between structures IVa and IVb, two 
methods were employed. The synthesis of the 
epoxide V structurally analogous to IVa was first 
undertaken.11 This was found to have similar but 
not identical properties with those of our key inter­
mediate. I t exhibited an absorption maximum at 
2320 A., indicating the presence of a triple and a 
double bond in conjugation. I t responded to the 
fuchsin-aldehyde test in the same manner but was 
more reluctant to form a 2,4-dinitrophenylhydra­
zone than the decarboxylation product. Several 
attempts to prepare a semicarbazone of the epox­
ide were entirely unsuccessful. In spite of the fact 
that some properties of the epoxide resemble those 
of the decarboxylation product, the evidence is not 
convincing that the latter has the epoxy structure.

The oxidation of the carbinols derived from the 
decarboxylation product by the Oppenauer re­
agent19 would establish the nature of the hydroxyl 
group in these carbinols as well as in the vitamin A 
intermediates.13 If the carbinols were secondary, 
ketones would be formed while if they were terti­
ary no oxidation would be expected to occur. 
When the unsaturated carbinol VI and its per- 
hydro derivative were actually oxidized with a 
large excess of aluminum /-butoxide, the corre­
sponding ketones were obtained in yields of 79 and 
70%, respectively. These results, together with 
the ozonolysis, seem to establish the structure of 
the carbinol VI and that of its perhydro deriva­
tive.

j— CH=CH— CH— CH— CH2— CH3

I— CHs OH

VI

If the decarboxylation product had structure 
IVb, the acetylene carbinol VII should also be a 
secondary carbinol and form easily an acid phthal­
ate.20 Actually, only a small amount could be 
converted into the acid phthalate, the bulk of the 
product either remained unchanged or dehydrated 
into the poïyvinylacetyïene VIII. Similarly, 
when 3-nitrophthalic anhydride was used, only a 
small amount of the acid 3-nitrophthalate was ob­
tained; the remaining product had two bands in

(19) Oppenauer, Rec. trav. chim., 56, 137 (1937).
(20) McGrew and Adams, T his Journal, 59, 1497 (1937).



April, 1948 Product of the D arzens Reaction on /3-Ionone 1587

the ultraviolet, one at 2860 A. and the other at 
2260 A. Even the crude preparation of the acet­
ylene carbinol showed two bands, the 2260 A. 
band attributed to the acetylene itself and a band 
of low intensity at 2860 A. with an E\%m value of 
18-78 attributed to the polyvinylacetylene. The 
ease with which the acetylene carbinol dehydrates 
suggests the possibility of the hydroxyl group be­
ing tertiary. However, in accordance with the

HgC CH3 CHs
CH—CH—CH—CH—C==CH

I
OH

VII

CHs

C H = C H —C = C H —CeeeCH

CHs

VIII

Saytzev rule21 the same polyvinylacetylene will re­
sult by the dehydration of either the acetylene VII 
or its isomer which is derived from the epoxy IVa. 
Direct dehydration of the acetylene carbinol using 
various dehydrating agents produced the poly­
vinylacetylene mixed with isomeric products 
which were difficult to remove. Dehydrohalo- 
genation of the acetylene halide using quinoline to 
remove the hydrogen halide failed to remove all of 
the halogen, indicating that a small portion of the 
latter was probably attached to the double bond 
through an allylic shift to the acetylene bond. 
The pure polyvinylacetylene was obtained only 
when the chloroacetylene was treated with alco­
holic potash and the acetylene hydrocarbon subse­
quently purified through its silver derivative. 
The polyvinylacetylene had an E\°^mt value at 
2860 A. of 760 and showed normal hydrogenation 
and other properties.

Some of the properties of the acetylene carbinol, 
however, are not consistent with those expected of 
a secondary carbinol. For example, when its per- 
hydro derivative was treated with acetyl bromide, 
it was partly converted into a bromide, indicating 
the presence of a loosely bound hydroxyl group. 
Although this derivative resembled in physical 
properties the perhydro carbinol prepared from the 
carbinol VI, its chemical properties were some­
what different. When it was treated with excess 
aluminum Lbutoxide or with chromic acid in ace­
tic acid solution, a product was obtained which 
failed to form a solid semicarbazone, phenylthio- 
semicarbazone, or 2,4-dinitrophenylhydrazone. 
In spite of the fact that the product underwent a 
change in some of its properties, such as reduction 
of active hydrogen, increase of unsaturation (with 
aluminum /-butoxide), it was difficult to isolate 
any pure component from it other than recovering

(21) Saytzev, Ann., 179, 300 (1875); Thoms and Mannich, Ber., 
36, 2544 (1903).

the original product. Therefore, the perhydro- 
acetylene carbinol seems to show properties which 
cannot be entirely reconciled with the view tha t 
the hydroxyl group in this derivative is a second­
ary hydroxyl, in spite of the fact th a t the original 
acetylene carbinol formed a 3-nitrophthalate, 
which is not usually formed by tertiary carbinols 
under the conditions employed. At present we 
cannot explain this anomaly.

Heretofore, the decarboxylation of glycidic acids 
in general has always led to the production of alde­
hydes or ketones; the epoxy intermediates which 
are theoretically possible have never been iso­
lated.22 * Furthermore, authentic epoxides11 re­
lated to structure IVa have been found to have 
somewhat different properties than those shown 
by the main decarboxylation product. Therefore, 
we feel strongly at present that of all the structures 
considered, structure IVb seems to account best 
for the properties of our main decarboxylation 
product, although on standing for long periods of 
time, it may slowly rearrange to the structure IVc.

Table II summarizes the spectroscopic data of 
the important substances mentioned in this in­
vestigation.

T a b l e  II
S u m m a r y  o f  U l t r a v io l e t  A b s o r p t i o n  S p e c t r a  D a t a  

(i n  A l c o h o l )

Compound
Xmax.,

A. Fi%E1 cm. log «mol.
Hydroxy ester III 
Hydroxy acid (crystals) from

2860 793 4.34

III
Main decarboxylation product

2860 1363 4.53

IV from crude glycidic ester 2320 996 4.31
Semicarbazone of IV 2660 1375 4.56
2,4-Dinitrophenylhydrazone of J' 3800 859 4.52

IV 1[ 2560 550 4.33
Product IV (high boiling frac­ j 2310 737 4.18

tion) \ 3000 402 3.92
2,4-Dinitrophenylhydrazone of j 3800 853 4.52

high boiling fraction (2560 506 4.28
Epoxy V 2320 1281 4.32
Carbinol VI 2260 264 3.79
Acetylene carbinol VII 2260 407 3.98
3-Nitroacidphthalate of VII 2260 746 4.50
Ketone from VI 
Semicarbazone of ketone from

2340 469 4.05

VI 2660 1019 4.40
Polyvinylacetylene VIII f’ 2860 760 4.21

\ 3050® 404 3.94
a Inflection.

Experimental
/3-Ionone.—Three different methods have been used in 

this Laboratory for the purification of /3-ionone. A l­
though the bisulfite and semicarbazone methods were 
used for small quantities, fractionation under reduced 
pressure was resorted to for the purification of larger 
quantities. The commercial grade (Maywood) of /3- 
ionone (nud 1.5155-1.5162) was fractionated in quantities

(22) Bodforss, “Sammlung Chemische-technischer Vortrage,**
Vol. XXVI, 1922, p. 145.
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of 1-2 kg. under a constant reduced pressure maintained 
between 10 and 18 mm. through a four-foot packed frac­
tionating column of about 25 theoretical plates using a 
reflux ratio of about 5:1. The purity was followed by 
measuring the index of refraction of every fraction. 
Those between 1.5168-1.5180 (25°) were collected and 
refractionated and the fractions boiling 124-126° (10 
m m .), or 133-134° (13 mm.), or 135-137° (15 mm.), or 
142-143° (18 mm.), collected. These had n2Sd between 
1.15172 and 1.5182 and d2\  of 0.944 and 0.9442 and 
€moi. (2950 A.) between 10,500-11,000. In the majority 
of our syntheses, the /3-ionone used had an n25d >1.5175. 
Recently through the courtesy of the du Pont Company 
we received a generous sample with an # D  1.5185.23

1 - [2 ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3-methyl-4- 
hydroxypentadien-l,3-oic Ethyl Ester-5 (I, II, III).— 
This compound was prepared over fifty times under a 
variety of conditions by several members of our group. 
A representative procedure embodying our latest modifica­
tions follows: A mixture of 184 g. (1.5 moles) of ethyl 
chloroacetate (b. p. 142-143° at 750 mm.), 96 g. (0.5 
mole) of /3-ionone and 135 g. of dry thiophene-free toluene 
was cooled between —50 and — 60° in a three-necked flask 
supplied with a stirrer, a dropping funnel, a thermometer, 
a nitrogen inlet and a long Gooch tube attached to a flask 
containing 56.7 g. (1.05 moles) of alcohol-free sodium 
methoxide.24 A little over one-half of the sodium meth­
oxide was slowly added with vigorous stirring in the 
course of one-half hour, then an additional 96 g. (0.5 
mole) of /3-ionone was added dropwise in the course of 
one-half hour alternately with the remainder of the sodium 
methoxide. The mixture was then packed at —50° 
and allowed to stir gently overnight at the same time
__   4. ̂  'T'Ll ̂
W c H U i m g  u p  M U V V iy  LU l  U U U l  L C U i p C i a t U l L .  h u a i u i c

was then heated in nitrogen on the water-bath for four 
hours, then cooled quickly to —5° and maintained at this 
temperature while the aqueous solution of 500 cc. of tar­
taric acid containing 90 g. of the latter was added to it. 
The toluene layer was separated, washed with water, 
dried, and the toluene and excess ethyl chloroacetate 
removed on the water-bath under reduced pressure. The 
brown residue was fractionated in nitrogen and the 
fraction (190 g.) boiling at 152-157° (2 mm.) refraction­
ated and the final fraction (178 g.) boiling at 154-156° 
(2 mm.) collected; n™d 1.5293; E \7°m. (2860l.), 793; 
log €moi. 4.34.

Anal. Calcd. for C17H25O3: C, 73.18; H, 9.39;
unsaturation, 3 f^; active hydrogen (Zer.), 1. Found: 
C, 73.5, 73.3; H, 8.80, 9.61; unsaturation, 3.19 (Pt);
active hydrogen (Zer.), 1.08.

In alcoholic solution, the ester gives an immediate 
green color with ferric chloride, indicating the presence of 
an enol form.

Crystalline Hydroxy Acid from Ester (III).—The pure 
hydroxy ester (158 g.) was hydrolyzed in the usual manner 
with alcoholic potash, then the mixture diluted with two 
volumes of water and extracted several times with petro­
leum ether to remove non-saponifiable materials. The 
water layrer was then neutralized with dilute phosphoric 
acid and extracted with ether. Since the ester is strongly 
enolic, it can be retained by the alkali in the aqueous layer. 
The ethereal solution was therefore extracted with excess 
sodium bicarbonate solution, and the hydroxy acid re­
covered by acidification with dilute phosphoric acid. 
The crude acid thus obtained was dissolved in the least 
volume of ether and to the solution was added enough 
petroleum ether until a cloudiness resulted. The mixture 
was allowed to stand at 0° for several days, whereby a 
solid acid separated out. By repeating the process several 
times and recrystallizing the solid each time from similar 
solvent mixtures, a total of 44 g. of crystalline acid m .p .

(23) Determ ined in our Laboratory.
(24) Best results were obtained when the residual methanol in 

sodium methoxide was removed under reduced pressure a t about 
70-80°. Sodium ethoxide treated the same way gives identical 
results. Sodamide gives much lower yields of the final product.

150-150.2° (dec.),25 and 78 g. (combined total of 86% 
yield) of liquid acid from which no more crystals could be 
obtained by any means tried. The crystalline acid is also 
strongly enolic; it gives a greenish coloration with ferric 
chloride and has two (1.99, 2.09, 2.15) active hydrogen 
atoms (Zer.), and an unsaturation of 2.74 double bonds. 
It also has an Ej^?m (2850 A.) value of 1363; log emoi.
4.53. Calcd. N. Eq. for C115H22O3, 250. Found: 255,
256.

The liquid acid showed similar properties.
Decarboxylation of the Crystalline Acid (Pyridine 

Method).—In a Claisen flask attached to a 6 inch Vig- 
reux was placed 50 g. of crystalline glycidic acid and to it 
was added 60 cc. of pure anhydrous pyridine. Some of 
the excess pyridine was removed by distillation under 
reduced pressure, then decarboxylation was allowed to 
proceed in nitrogen and under ordinary pressures at 130- 
135° for about one to two hours. The mixture was then 
subjected to a vacuum distillation and the product dis­
tilling at 80-125° (2 mm.) collected. A large amount of 
resin was also formed. The crude distillate was washed 
in petroleum ether several times with sodium bicarbonate 
solution, then fractionated under reduced pressure and 
the fraction boiling at 91-98° (2-3 mm.) collected; 
n25d 1.5450. This product failed to give the fuchsin- 
aldehyde test except on long (two to three hours) standing 
when a faint purplish color developed. It slowly reduced 
ammoniacal silver nitrate solution, and gave no solid 
semicarbazones or phenylhydrazones. It gave a negligible 
(0.12) active hydrogen (Zer.) and showed an unsaturation 
of 4.1 double bonds. The ultraviolet absorption spectrum 
showed two bands; one at 2380 A., EÏ^L .978, and one 
at oiou a ., L lc"m_ 00Q.

A less pure product was obtained when 10 g. of the 
crystalline acid was decarboxylated in the presence of 
clean copper chips. This product had exactly the same 
properties as the one above except its E } ^  value at 
2380 A. was 661 and at 3150 A., 221,

Decarboxylation of the Liquid Acid.—The liquid acid 
(124 g.) separated from the crystalline acid was mixed 
with 150 cc. of pyridine and after removal of the excess 
pyridine, decarboxylation was effected at 130 to 135°. 
When decarboxylation was over, the mixture was dis­
tilled in nitrogen at 76-135 0 (2-3 m m.). The crude prod­
uct was shaken several times with sodium bicarbonate solu­
tion, and, after drying, fractionated twice using a 6-inch 
Vigreux column and a fraction boiling at 98-105° (2-3 
mm.) or 49-53° (10~4 mm.) collected. This product had 
the following properties: n25d 1.5320, negligible active
hydrogen (0.07) and an unsaturation of 2.32 double bonds. 
It gave a fair fuchsin-aldehyde test and reduced ammonia­
cal silver nitrate solution. It showed a band in the ultra­
violet at 2350 A. with an E * v a l u e  of 741.

Decarboxylation without Isolation of the Glycidic Ester 
(Commonly used in the Various Syntheses).—In the 
preparation of the glycidic acid, the crude ester prior to 
its fractionation was dissolved in 10% alcoholic potash 
and the mixture allowed to stand in nitrogen overnight, 
then heated on the water-bath for two hours under 
slightly reduced pressure to remove about one-third of 
the alcohol. The mixture was then cooled and diluted 
with three volumes of water and extracted several times 
either with ether or petroleum ether26 to remove unsaponi- 
fiable matter. The aqueous layer was then acidified with 
10% phosphoric acid and extracted several times with 
ether. The ether extracts were dried and the ether 
removed under reduced pressure. The crude glycidic 
acid was then mixed with excess pyridine (2 moles per 
mole of glycidic acid) and decarboxylated at 130-135°

(25) The decomposition point was determined by the method of 
Cocker and Lap worth, J . Chem. Soc., 1398 (1931).

(26) /?-Ionone dissolves in alkali to give red solutions, but it can 
be extracted to the extent of 98% with petroleum ether or ethyl 
ether.
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in the usual manner. When decarboxylation was over, the 
resulting mixture was fractionated under reduced pressure 
and the fraction boiling up to 135° (2-3 mm.) collected 
and treated several times with sodium bicarbonate; 
yield of crude product, 40-60%, a variation of several 
experiments. The crude product was refractionated 
twice using a 6-inch Vigreux and the largest fraction with 
an acceptable index of refraction was used for synthetic 
purposes. The results of a representative final fractiona­
tion are given in Table III.

T a b l e  III
F in a l  F r a c t io n a t io n  o f  t h e  D e c a r b o x y l a t io n  P r o d ­

u c t  f r o m  t h e  C r u d e  G l y c id ic  A c id

W t., g.
B. p. (<  1 mm.) 

°C. w24d

32 <86 1.5330
74 86-89 1.5144
7 90-137 1.5234

The middle fraction was used for synthetic and analytical 
purposes. Yields of the pure product varied from 19- 
30% not including products obtained from refractiona­
tions of the low and high boiling fractions. The specific 
fraction given above had a d2Ss 0.956, and an E^£m 
(2320 A.) value of 967.

Anal. Calcd. for Ci4H220 :  C, 81.50; H, 10.75;
unsaturation, 2.0 | ; active hydrogen (Zer.), 0.0. Found:
C, 81.90, 81.49; H, 11.2, 10.75; unsaturation, 3.38, 
3.01, 3.43 (Pt), 1.91 (Pd) | ; active hydrogen (Zer.),
0.12, 0.07.

This product gave a strong fuchsin-aldehyde test only 
after fifteen minutes to one hour of standing, and reduced 
alcoholic ammoniacal silver nitrate solution. The semi­
carbazone, m. p., 149.5-150.5° (from 50% alcohol), 
E \^ m, (2660 A .), 1375; the thiosemicarbazone, m. p., 
156-159° (from alcohol); and the 2,4-dinitrophenyl­
hydrazone, m. p., 169-170° (from alcohol), E\°^m (2560 
A ), 550, E \^m (3800 A .), 859 were prepared from this 
product. In all cases the production of these derivatives 
was slow and the yields were low.

When appreciable quantities of the low and high boiling 
fractions were collected, they were fractionated several 
times and the main fractions separated. They had the 
following properties.

Low Boiling Fraction.—B. p., 79-82° (2 mm.); n26d 
1.5450; E\%m (2380 A .), 923, E \7°m. (3150 A.), 645. It 
gave a negative fuchsin-aldehyde test (faint purple color 
developed after two to three hours). After long standing 
it reduced alcoholic ammoniacal silver nitrate solution. 
It failed to form solid semicarbazone and nitrophenyl- 
hydrazones. This product was not investigated further.

High Boiling Fraction.—B. p. 113-115° (1.5 mm.), 
55-60° (10~4-1 0 -6 mm.), #26d 1.5202; (2310 A.),
737, E\%m (3000 A .), 402. It gave a positive fuchsin- 
aldehyde test (one to two hours) and reduced alcoholic 
ammoniacal silver nitrate solution. 2,4-Dinitrophenyl- 
hydrazone, m. p. 161-162° (from alcohol); mixed m. p. 
with 2,4-dinitrophenylhydrazone of the main fraction,
160.5-166°. Like the 2,4-dinitrophenylhydrazone of the 
normal decarboxylation product, this derivative showed 
two maxima in the ultraviolet with values of E ^ m (2560 
A.), 506 and (3800 A.) 853, respectively. The
parent product gave the following analyses:

Anal. Calcd. for C14H220 :  C, 81.50; H, 10.75;
unsaturation, 2.0 active hydrogen (Zer.), 0.0. Found:
C, 81.2, 81.3; H, 10.4, 10.4; unsaturation, 2.27 
active hydrogen (Zer.), 0.12.

Ozonization of Aldehyde (main product IV).—About 
4 g. of aldehyde IV was ozonized following the method of 
Strain27 and the 2,4-dinitrophenylhydrazone precipitated.

(27) Strain, J . Biol. Chem., 102, 137 (1933).

The precipitate was almost completely soluble in sodium 
bicarbonate solution from which the crude 2,4-dinitro­
phenylhydrazone of geronic acid was precipitated by the 
addition of 20% potassium bisulfate. A yield of about 
40% calculated as geronic acid was obtained at this stage, 
having a m. p. of 115-120°. This was recrystallized sev­
eral times from aqueous acetic acid, from aqueous meth­
anol and finally from cyclohexane; m. p. 131-132.5° 
(cor.). A mixed m. p. with an authentic sample of the 
geronic acid derivative gave a m. p. of 132-133.5° (cor.).

l-[2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3-methylhexen- 
l-ol-4 (VI).—A Grignard was prepared from 5.8 g. of 
ethyl bromide and 1.3 g. of magnesium in about 150 cc. 
of anhydrous ether. To this was added 10 g. of the normal 
decarboxylation product (w24d 1.5144). When the Grig­
nard reaction mixture was hydrolyzed and the product 
fractionated under a reduced pressure using a 6-inch 
Vigreux, a carbinol (8 g.) was obtained which boiled at 
66-68° (10-4-1 0 -5mm.); w25d 1.5020; E\%m (2260 A.) 
264.

Anal. Calcd. for Ci6H260 :  C, 81.29; H, 11.94; un­
saturation, 2.0 active hydrogen (Zer.), 1.0. Found: 
C, 81.00, 81.30; H, 11.80, 12.00; unsaturation, 2.3, 
2.4 active hydrogen (Zer.), 0.90, 0.95, 0.97.

Ozonization of Carbinol VI.—About 2.8 g. of carbinol 
VI was ozonized as before and the 2,4-dinitrophenyl­
hydrazone precipitated, extracted with sodium bicarbon­
ate and reprecipitated; yield of the crude bicarbonate 
soluble product, about 35%. This was purified as in the 
previous case, m .p . 133.5-134.5° (cor.). A mixed m .p . 
with an authentic sample of the geronic acid derivative 
showed no significant depression.

Oxidation of Carbinol VI with Aluminum /-Butoxide.— 
The carbinol (2.8 g.) was oxidized in a mixture of 70 cc. 
of anhydrous, thiophene-free benzene and 40 cc. of pure, 
freshly distilled acetone with 4 g. (large excess) aluminum 
^-butoxide16 by refluxing the mixture on the water-bath 
in an atmosphere of nitrogen for fourteen hours. The 
crude product was isolated in the usual manner and dis­
tilled at a pressure of 10“4 mm. in a molecular still of the 
falling film type using a heating liquid (mixture of ethanol 
and carbon tetrachloride) which boiled at 65.2°. The 
largest fraction (79%) obtained had the properties: 
w25d 1.5033; (2340 A.), 469; active hydrogen
(Zer.), 0.19, 0.22. A semicarbazone was prepared from 
it, m. p. 167.5-169° (from 50% alcohol); E \ f m (2660 
A.), 1019.

Anal. Calcd. for Ci7H29ON,: C, 70.06; H, 10.03.
Found: C, 70.11; H, 10.05.

Reduction of Carbinol VI to the Perhydrocarbinol.— 
To avoid hydrogenolysis with platinum oxide as catalyst, 
the carbinol (8 g.) was first reduced in alcohol using Raney 
nickel (0.16 g.) for sixteen hours under a hydrogen pres­
sure of 7-12 pounds. Complete hydrogenation was ef­
fected in the same solvent (minimum hydrogenolysis is 
known to occur in alcohol) for several days using platinum 
oxide as catalyst. The product was finally recovered and 
fractionated using a 6-inch Vigreux and the fraction boiling 
at 58-59° (lO -^ lO '6 mm.) collected; w25d 1.4838;
active hydrogen (Zer.), 0.96.

Oxidation of the Perhydrocarbinol with Aluminum t- 
Butoxide.—When this carbinol was oxidized with excess 
aluminum ^-butoxide using the same procedure as above, 
a product was obtained boiling at 44-50° (10_4-1 0 “5 
mm.); w25d 1.4855; active hydrogen (Zer.), 0.25; semi­
carbazone, m. p. 165-166° (from 75% ethanol, 25% 
water); 2,4-dinitrophenylhydrazone, m. p. 111-114° 
(from alcohol).

1 - [2 ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3-methyl-4- 
hydroxyhexen-1 -yne-5 (VII).—After a number of trials 
using calcium and sodium acetylide in liquid ammonia, 
and sodamide in ether, it was found that lithium acetylide 
gave the best yields of the acetylene carbinol VII. Into 
a 3-necked, round-bottomed flask provided with a stirrer, 
a dropping funnel and an inlet tube and externally cooled
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to —60°, was condensed 1.5 liters of ammonia. The 
liquid ammonia was then saturated with dry acetylene 
and, while stirring and the latter passing through the 
solution, 3.1 g. of small pieces of metallic lithium was added 
in the course of two hours. When the color of the mixture 
turned gray, the latter was cooled to —70° and to it was 
added dropwise in the course of one hour 80 g. of the alde­
hyde IV in 80 cc. of dry ether while acetylene was still 
passing through the solution. Stirring and cooling to 
— 70° was continued overnight then the cold-bath was 
removed, the ammonia slowly expelled and the mixture 
allowed to warm up to 0°. At this temperature 500 cc. 
of dry ether was added and the mixture acidified with 80 
g. of tartaric acid in 120 cc. of water. The ether layer 
was then separated, washed with a 10% salt solution, 
dried and the ether removed. The residue was frac­
tionated twice under reduced pressure using a 3-inch 
Vigreux and the fraction (67 g., 83.8% yield) boiling at 
69-72° (10“4 mm.) collected; w25d 1.5122; d2525 0.9538; 
Mb (calcd.), 72.48; found, 73.02; E\%m (2260 A.), 
407. Crude samples of the acetylene carbinol had an 
additional band of low intensity with a maximum at 
2860 A.; 18-78.

Anal. Calcd. for C16H..40 : C, 82.70; H, 10.41; un- 
saturation, 4.0 active hydrogen (Zer.), 2.0. Found: 
C, 82.28; H, 10.30; unsaturation, 4.01, 4.07, 4.39 I 
(Pt), 3.83, 3.95 (Pd); active hydrogen (Zer.), 2.01,
2.06, 1.91, 1.99.

The acetylene carbinol formed a silver derivative which 
exploded on rubbing and on the hot plate. This deriva­
tive was purified from benzene by precipitation with meth­
anol-

Anal. Calcd. for Ci6H23OAg: Ag, 31.8. Found: Ag,
31.5.

The acetylene carbinol also formed a solid acid 3- 
nitrophthalate17 in low yields (7-10%); m. p. 149.5- 
150° (methanol); E\%m, (2260 A .) , 746.

Anal. Calcd. for QmHstOsN: C, 67.76; H, 6.40;
unsaturation (including benzene ring and nitro group),
9.0 r .  Found: C, 68.14; H, 6.61; unsaturation, 9.24
r  (pt)..

The recovered product from this reaction had a spec­
trum with maxima at 2260 A., E V % 254, and at 2860
A . , £ ^ m.l41 . i -

With phosphorus tribromide in pyridine at 0 ° the 
acetylene carbinol formed a bromide which retained its 
acetylene properties; b. p, 53-56° (10“4-10“5 mm.); 
n25d 1.5413; d252s 1.076.

Anal. Calcd. for CieH^Br: Br, 27.12. Found: Br, 
27.0.

The acetylene carbinol also formed a chloride with 
thionyl chloride in pyridine at 0°. This reaction, how­
ever, caused a slight dehydrochlorination since the per­
centage of chlorine was found to be slightly lower than the 
theoretical and the product gave, in addition to the 2260 
A band, the 2860 A. band which is characteristic of the 
polyvinyl acetylene.

Anal. Calcd. for C16H23Cl: Cl, 14.13; active hydrogen 
(Zer.), 1.0. Found: Cl, 12.64, 12.57; active hydrogen 
(Zer.), 0.74.

Ozonization of Acetylene Carbinol VII.—About 4.97 g. 
of acetylene carbinol was ozonized as in the previous cases 
and the 2,4-dinitrophenylhydrazone precipitated. The 
precipitate was extracted with sodium bicarbonate and 
reprecipitated with 20% potassium acid sulfate solution. 
A yield of about 41% of the crude product calculated as 
geronic acid was obtained, m. p. 118-123°. This was 
recrystallized as before, using aqueous acetic acid, aqueous 
methanol and cyclohexane; m. p. 133-134° (cor.). A 
mixed m. p. with an authentic derivative of geronic acid 
showed no depression.

Perhydroacetylenecarbinol.—Acetylene carbinol (10 g.) 
was hydrogenated in 200 cc. of absolute ethanol in the

presence of Raney nickel (0.2 g.) with shaking and under 
a 15-lb. hydrogen pressure for two days. The product 
was recovered and found to be still unsaturated, so it was 
further hydrogenated for several days in alcohol with 
shaking using platinum oxide (0.12 g.) as catalyst. 
Finally, the completely saturated carbinol was recovered 
and fractionated and the fraction (8.5 g.) boiling at 62- 
66° (10-4 mm.) collected, and analyzed; n25d 1.4830.

Anal. Calcd. for Ci6H320 : C, 79.93; H, 13.40; active 
hydrogen (Zer.), 1.0. Found: C, 79.50; H, 13.03;
active hydrogen (Zer.), 0.91, 0.81, 0.94.

Oxidation of Perhydroacetylenecarbinol with Aluminum 
J-Butoxide.—A solution of perhydroacetylenecarbinol 
(0.8 g.) in 25 cc. of anhydrous acetone and 30 cc. pure 
benzene was heated to 85° then a solution of 2.5 g. of 
aluminum /-butoxide in 25 cc. of benzene was quickly 
added and the mixture refluxed for eighteen hours. The 
product was then recovered in the usual manner and dis­
tilled under a reduced pressure, b. p. 38-42° (10-5 m m .); 
n25D T4848; active hydrogen (Zer.), 0.48; unsaturation, 
1.53 1 . This product failed to give a solid semicarbazone, 
phenylsemicarbazone or 2,4-dinitrophenylhydrazone.

Oxidation of Perhydroacetylenecarbinol with Chromic 
Acid.—About 3 g. of the perhydroacetylenecarbinol was 
oxidized with chromic acid (1.1 g.) in glacial acetic acid 
(60 cc.) and 7 cc. of water at 35-40°. The product was 
recovered and fractionated and the fraction (2.5 g.) 
boiling at 37-43° (10-5 mm.) collected. This had an 
active hydrogen of 0.21 and an unsaturation of 1.64 | .
This product failed to yield a solid semicarbazone, phenyl­
semicarbazone, or 2,4-dinitrophenylhydrazone. These 
results seem to indicate that this perhydroacetylenecarbinol 
is not identical with the perhydrocarbinol obtained from 
the carbinol VI.

1 - [ 2' ,6' ,6' -Trimethylcyclohexen-1' -yl ] -3 -methyl - 
hexadien-l,3-yne-5.—Attempts to make this polyvinyl­
acetylene by the direct dehydration of the acetylene car­
binol VII using aluminum phosphate at 250-300 ° or distil­
ling it from small amounts of ^-toluenesulfonic acid or 
mixtures of this acid with various anhydrides (acetic, 
succinic, etc.), or with £-toluenesulfonic acid in toluene 
at 110°, gave very poor yields and much polymerization. 
Even when the salt-Grignard of the acetylene carbinol 
was treated with one mole of anhydrous /-butyl alcohol 
and the resulting product distilled under a highly reduced 
pressure, the yields of the polyvinylacetylene were poor.

Dehydrobromination of the acetylene bromide with 
quinoline under various conditions failed to remove all of 
the bromine from the molecule. Even when the acetylene 
bromide was refluxed with quinoline for long periods of 
time, the product formed, when fractionated, contained 
from 6 to 7% bromine. The bromine could easily be 
removed by refluxing with alcoholic potash, but the 
product formed had rather low active hydrogen (Zer.).

Dehydrochlorination of the acetylene chloride with 
alcoholic potash was much more successful. Into 200 
cc. of 95% alcohol containing 23 g. of potassium hydroxide 
under a gentle reflux in an atmosphere of nitrogen was 
added in the course of fifteen minutes 51.5 g. of acety­
lene chloride in an equal volume of alcohol. Gentle re­
fluxing was continued for one and one-half hours longer, 
then about one-third of the alcohol was removed under 
reduced pressure and the mixture cooled and diluted with 
two volumes of water. It was then extracted with 3 X 
100 cc. of olefin-free petroleum ether and the extract dried 
and the solvent removed. The residue was distilled under 
a highly reduced pressure and a product (33 g.) was ob­
tained boiling at 53-56° (10~4-10 -5 mm.). This was 
free from chlorine and had an active hydrogen (Zer.) 
of 0.7 and a hydrogenation number of 4.34 | . Further
purification was effected by preparing its silver derivative 
in alcoholic ammoniacal silver nitrate solution. The 
silver derivative of the polyvinylacetylene precipitates 
rapidly while that of the acetylene carbinol comes down 
very slowly, and this difference in the precipitation rate 
made the separation of the two possible. The polyvinyl­
acetylene was recovered from its silver derivative by sus-
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pending the latter in petroleum ether and either passing 
through it hydrogen sulfide or adding ammonium thio­
cyanate. The polyvinylacetylene was recovered and dis­
tilled under reduced pressure and the fraction boiling 
at 55-60° (10_4-1 0 -5 mm.) collected and analyzed. It 
had an ultraviolet absorption spectrum with a maximum at 
2860 A., 760 and an inflection at 3050 A., E]%m ,
404.

Anal. Calcd. for C]6H22: C, 89.65; H, 10.35; active 
hydrogen (Zer.), 1.0; unsaturation, 5.0 Found: C, 
88.5; H, 10.1; active hydrogen (Zer.), 0.96; unsatura­
tion, 4.78, 4.95

The polyvinylacetylene is very unstable and darkens on 
standing, even under nitrogen.
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Summary
1. The application of the Darzens synthesis to 

/3-ionone gives 1- [2',6',6'-trimethylcyclohexen-l'- 
yl]-3-methylbuten-l-al-4 as the main decarboxyla­
tion product.

2. Ozonolysis of the main decarboxylation 
product and other products derived from, it 
yielded geronic acid, showing the presence of the 
/3-ionone ring and a double bond in conjugation 
with this ring.

3. 1 - [2', 6', 6 '-Trimethylcyclohexen-1 '-yl] -3- 
methylhexen-l-ol-4, its perhydro derivative and 
their corresponding ketones have been synthesized 
from the main decarboxylation product.

4. 1- [2', 6', 6 '-T r im e thy Icy clohexen -1' -y 1 ] -3- 
methyl-4-hydroxyhexen-l-yne-5, its perhydro de­
rivative and 1 - [2', 6', 6 '-trimethylcyclohexen-1 '-yl] -
3-methylhexadien-l,3-yne-5 were also synthesized.

5. The absorption spectra of all the products 
synthesized were determined and correlated with 
their structure.
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  J u l y  12, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y ]

Synthesis of Products Related to Vitamin A. V. The Synthesis of [l-(2',6',6 - 
Trimethylcyclohexen-1 '-y^-SjT-dimethyldeca-l,3,5,7-tetraenyl]-10-ethyl Ether1

By N icholas A. Milas, S. Warren Lee,1* Conrad Schuerch, Jr., Richard O. Edgerton,2 John T. 
Plati,3 Frank X. Grossi,4 Zelma Weiss5 and Margaret A. Campbell6

The synthesis of [ 1 - (2',6',6'-trimethylcyclo­
hexen -1 ' - yl) - 3,7 - dimethyldeca -1,3,5,7 - tetra- 
enyl]-10 ethyl ether7 or simply homo vitamin A 
ethyl ether (I) and [ 1 - (2',6', 6 '-trimethylcyclo­
hexen - 1' - yl) - 3,7 - dimethyldeca - 1,3,5 - trien -
5-ynyl] - 10-ethyl ether or simply 5-dehydrohomo­
vitamin A ethyl ether (II) was undertaken in the 
early days of our investigation in this field to pro­
vide model studies for the corresponding deriva­
tives of the vitamin A itself.

(1) Since this and other work related to the synthesis of vitam in A 
was under confidential classification during the War, we wish to  
point out for purposes of priority the existence of two documents 
deposited in the Office of the Com m ittee on Medical Research of the 
O. S. R. D. and describing the synthesis of biologically active vitam in  
A products using the Darzens aldehyde made from /3-ionone as the 
key intermediate. These docum ents were dated March 6, 1942.

(la ) Research Associate, 1939-1940. Present address, American 
Cyanamid Co., Bound Brook, N . I-

(2) Research Associate, 1940-1941. Present address, Eastman 
Kodak Co., Rochester, N . Y.

(3) Research Associate, 1940-1942. Present address, Hoffman- 
LaRoche, N utley, N . J.

(4) Research Assistant, 1942-1945. Present address, Royal 
Bond, Inc., St. Louis, Mo.

(5) Research Assistant, 1943-1945.
(6) Research Assistant, 1945-1946. Present address, Arthur D. 

Little, Inc.
(7) M ilas, U. S. Patent 2,369,159, Feb. 13, 1945.

In the first step of this synthesis, 5-ethoxypenta- 
none-2 was prepared from acetoacetic ester by a 
modification of the procedure of Clarke and 
Gurin,8 and was then converted, in liquid am­
monia with sodium acetylide or in /-butyl alcohol 
with potassium acetylide, to 3-methyl-6-ethoxy- 
hexa-l-yn-3-ol (III) which was dehydrated over 
hot aluminum phosphate to 3-methyl-6-ethoxy- 
hexa-3-en-yne-l (IV).

For the synthesis of 5-dehydrohomovitamin A 
ethyl ether, the acetylene carbinol (III) and the 
vinylacetylene (IV) were allowed to react via their 
Grignard reagents9 with l-[2',6',6'-trimethyl- 
cyclohexen-l'-yl]-3 methylbuten-l-al-4 (V)10 to 
produce, in the first case, the glycol (VI) and, in 
the second case, the carbinol (VIII). Both of 
these compounds were successfully dehydrated, 
with small amounts of ^-toluenesulfonic acid in 
toluene, to 5-dehydrohomovitamin A ethyl ether.

The acetylene glycol (VI) had an absorption 
maximum at 2200-2230 A. characteristic for a

(8) Clarke and Gurin, T his J ournal, 57, 1876 (1935).
(9) Nesty and Marvel, ibid., 59, 2662 (1937); M arvel, Mozingo 

and Kirkpatrick, ibid., 61, 2003 (1939); Alderson, Ph.D . Thesis, 
M. I. T ., 1939.

(10) Milas, et al., T his Journal, 70, 1584 (1948).
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« The nomenclature and numbering adopted in this and all subse­
quent papers of this series is so chosen as to indicate the increase in 
the carbon side chain and to keep the same numbers present in this 
chain, irrespective of the increase in the number of carbon atoms, 
thus facilitating the naming of the intermediate compounds in this 
field.
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conjugated system of two double bonds. The ex­
istence in the carbinol (VII) of two conjugated 
systems separated by saturated groups does not 
seem to have any appreciable effect on the position 
of the absorption band11 which appears at 2330 A.

acid. The crude product obtained 
from both the glycol VI and carbinol 
VII, upon a single distillation at pres­
sures 10~4 —10“5 mm., exhibits two 
bands; one at 3160-3200 A. and an­
other at 2850-2900 A. if distillation 
as a method of purification was re­
peated several times, the final distillate 
showed only the 2850-2900 A. band, 
and each distillation produced consid­
erable resinification. Other methods 
were therefore resorted to for the puri­
fication of the final products. After a 
single distillation, the dehydrated prod­
uct from the carbinol VII was first par­
titioned between petroleum ether and 
90% methanol followed by chromato­
graphic adsorption of the petroleum 

ether soluble portion on activated alumina. The 
unadsorbed portion showed a single band at 3210 
A. (Fig. 1, curve A) and gave a blue color with anti­
mony trichloride with absorption maxima at 6220 
and 5800 A. A sample of 5-dehydrohomovitamin

CHs CHsHsC CHs

Xh /  |—CH—CH—CH—CH—Ce==C—C =C H —CH2—CH2OC2H5

H \ J —CHs
h 2

I
OH

VII

The absorption spectrum of 5-dehydrohomovita­
min A ethyl ether (Fig. 1, curves A and C) bears a 
strong resemblance to that of vitamin A except 
that it is displaced toward the ultraviolet by about 
40 A., if we take 3250 A. as the value for the maxi­
mum band of natural vitamin A, Both of these 
substances have been made by dehydration in tol­
uene using catalytic amounts of ^-toluenesulfonie

(11) Lewis and Calvin, Chem. Rev., 25, 273 (1939).

A ethyl ether obtained by the dehydration of the 
carbinol VII and distilled once under high vacuum 
was tested biologically by Professor Robert S. 
Harris of the Nutritional Laboratories of this In­
stitute. He reported that when fed to vitamin A 
deficient rats in doses of 98y per day, it cured 
xerophthalmia and caused an average weight in­
crease per rat of 32 g. for the 28-day test period.

Similarly, the dehydrated product from the gly-
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col VI, after a single distillation, was partitioned 
and the petroleum ether soluble portion frac­
tionated at low temperatures using absolute meth­
anol as the solvent. The fraction insoluble in 
methanol below —30° solidified at about —40° 
but failed to remain solid at higher temperatures. 
This product exhibited a single band at 3210 A. 
(Fig. 1, curve C), while the methanol soluble por­
tion had both the 2850-2900 and the 3160-3200 A. 
bands.

When one mole of hydrogen was added to glycol 
VI in alcohol using 1% palladium hydroxide on 
calcium carbonate, the ethylenic glycol VIII was 
produced. This glycol was treated with pyridine 
hydrobromide m a large excess of pyridine and the 
product formed dehydrobrominated with alcoholic 
potash. The final product was partitioned and 
the petroleum ether portion chromatographed 
using activated alumina. The unadsorbed por­
tion was distilled once through a molecular still of 
the falling film type, and the largest fraction 
showed an absorption maximum at 3280 A. (Fig. 
1, curve B), and a faint inflection at 3670 A. 
From the experimental evidence on hand, it is 
difficult to decide, at present, whether this prod­
uct is identical in every respect with the homo­
vitamin A ethyl ether produced by other methods 
used in this investigation.

Early in our work the glycol VIII was treated in 
pyridine with either thionyl chloride or phos­
phorus tribromide and the products formed dehy- 
drohalogenated with alcoholic potash, or, as in 
one case, with sodamide in liquid ammonia. The 
crude product from one dehydrobromination ex­
periment was found biologically active in doses of 
about 0.06 mg. per day, but its stability under 
feeding experiments was low. The products 
formed by the dehydrohalogenations when further 
purified by first partitioning, then by low tempera­
ture fractionation in methanol, showedo a single 
absorption band between 3210 and 3220 A. They 
also gave a deep blue color with antimony o tri­
chloride with bands at about 6220 and 5800 A.

When one mole of hydrogen was added to carbi­
nol VII in the presence of 1% palladium hydroxide 
on calcium carbonate, the carbinol IX was pro­
duced, and was dehydrated in toluene using cata­
lytic amounts of ^-toluenesulfonic acid. After 
molecular distillation, followed by low tempera­
ture fractionation in methanol, a product was ob- 
tainedo which showed an absorption maximum at 
3210 A. (Fig. 1, curve D).

The addition of one mole of hydrogen in the 
presence of palladium to 5-dehydrohomovitamin 
A ethyl ether did not materially change its ultra­
violet absorption spectrum except that the extinc­
tion coefficient was slightly lowered, but not ap­
preciably enough to indicate a large percentage of
1,4-addition or some other addition which would 
radically alter the position of the maximum. It 
may be of interest to note that in all of the above 
cases, the 5-double bond formed in the final prod-

Fig. 1.—Absorption spectra in ethanol of: (A) 5-de­
hydrohomovitamin A ethyl ether from (VII) ; (B) homo­
vitamin A ethyl ether via dehydrobromination (pyridine 
hydrobromide) of partially hydrogenated (VI); .(C) 5- 
dehydrohomovitamin A ethyl ether from (VI); (D)
homovitamin A ethyl ether via dehydration of partially 
hydrogenated (VII).

uct may be a ay-double bond, although in natural 
carotenoids and vitamin A, according to Zech- 
meister,12 13 this double bond exists only in the trans- 
form.

The ultraviolet absorption spectra of the various 
compounds reported in this investigation are sum­
marized in Table I.

T a b l e  I
S u m m a r y  o f  S p e c t r o s c o p ic  D a t a

Compound
Xmax.,

A. <mol.
log

€mol.
Homovitamin A ethyl ether 3280 56750 4.75

(I) from VIII via de­ 3670® 30000 4.48
hydrobromination (pyri­
dine hydrobromide). 
Curve B

Homovitamin A ethyl ether 3210 41250 4.62
(I) from IX  via dehydra­
tion. Curve D

5-Dehydrohomovitamin A 3210 52000 4.72
ethyl ether (II) from VII 
via dehydration. Curve 
A

5-Dehydrohomovitamin A 3210 42500 4.63
ethyl ether (II) from VI 
via dehydration. Curve 
C

Compound VI 2200-2230 4470 3.65
Compound VII 2330 21500 4.33

“Faint inflection.
Experimental

/3-Ethoxyethyl Bromide.—This product was prepared in 
59-65% yields, b. p. 125-127°, by a method13 essentially

(12) Zechmeister, Chem. Rev., 34, 267 (1944).
(13) Schuerch, B.S. Thesis, M. I, T ., 1940.
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the same as that published later by Harrison and Diehl14 
except that olefin-free petroleum ether was used as a sol­
vent.

5-Ethoxypentanone-2.—This ketone was obtained in a 
yield of 26.4% using the procedure described by one of 
us elsewhere.7 It had a b. p. of 170.5-171° (763 mm.); 
n20D 1.4176,

Anal. Calcd. for C7Hi40 2: C, 64.62; H, 10.77.
Found: C. 64.60, 64.50; H, 10.80. 10.80.

Semicarbazone of 5-Ethoxypentanone-2.—This prod­
uct was recrystallized from ethanol, m .p . 86-87.5°.

Anal. Calcd. for C8H170 2N3: N, 22.4. Found: N,
21.7, 22.2.

3-Methyl-6-ethoxyhexa-l-yn-3-ol (Carbinol of III).—
This product was also prepared by a procedure described 
elsewhere7 and fractionated using a packed column of 
about 20 theoretical plates; yield, 83%; b. p. 94-95° (15 
mm.); w24d 1.4466; n20d 1.4482; M Rd, 44.61; calcd., 
44.86; d2®i 0.938.

Anal. Calcd. for C9H160 2: C, 69.24; H, 10.26; un­
saturation, 1 |=; active hydrogen, 2.0; —OC2H5, 28.84 
Found: 0 ,6 9 .2 3 , 69.37; H, 9.77, 9.60; unsaturation, 
0.94, 1.06 p; active hydrogen (Zer.), 1.9; —OC2H6,
28.2.

With alcoholic silver nitrate solution the acetylene 
carbinol forms a white precipitate which explodes on the 
hot plate.

This acetylene carbinol was also prepared in a somewhat 
lower yield (30%) by an adaptation of the method of Gould 
and Thompson.15 It was identical with that obtained in 
liquid ammonia with sodium acetylide.

3-Methyl-6-eihoxyhexa-3-en-yne-1 (Vinylacetylene of 
IV).—Twenty grams of 3 -methyl-6 -ethoxyliexa-1 -yn-3-ol 
was passed upward under a reduced nitrogen pressure (11 
mm.) through a tube containing a mixture of aluminum 
phosphate and pumice and maintained at temperatures 
between 270 and 290°. The crude dehydrated mixture 
was then dried and fractionated under a reduced nitrogen 
pressure and the fraction boiling at 55-55.5° (12 mm.) 
collected; yield, 36% per pass; n20D 1.4522; d204 0.8538; 
M Rd, 43.74; calcd., 42.95.

Anal. Calcd. for C9Hi40 :  C, 78.26; H, 10.14;
unsaturation, 3 active hydrogen, 1; —OC2Hs, 32.6. 
Found: C, 77.99, 77.71; H, 10.60, 9.86; unsaturation,
3.07 j ; active hydrogen (Zer.), 0.93, 0.94; —OC2H6, 
30.4, 33.4.

[ l-(2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl) -3,7-dimethyl -
4-hydroxydeca-l,7-dien-5-ynyl]-10-ethyl Ether (VII).—
A Grignard reagent was prepared in about 300 cc. of 
anhydrous ether from 3.9 g. of magnesium and 17.5 g. 
of ethyl bromide freshly distilled from phosphorus pent­
oxide. The mixture was then cooled to 0° and added to 
it dropwise with rapid stirring and in a stream of nitrogen,
22.1 g. of 3-methyl-6-ethoxyhexa-3-en-yne-l in 25 cc. 
of anhydrous ether in the course of one-half hour. Stir­
ring was continued at room temperature overnight, then 
the mixture was cooled to 0 0 and to it was added dropwise 
with rapid stiiring 30 g. of the aldehyde (V) in an equal 
volume of anhydrous ether. The mixture was finally 
stirred overnight in nitrogen at room temperature, then 
hydrolyzed with an ammonium chloride-ice mixture and 
the ether layer recovered, dried and the ether removed 
under reduced pressure. The residue was subjected to a 
high vacuum, 10“4-10~5 mm., at 100° to remove low 
boiling constituents, leaving a light-yellow, highly viscous 
liquid. Attempts to crystallize it were unsuccessful. 
An absorption spectrum of the final product showed a 
band at 2330 A .; log €moi. 4.33.

Anal. Calcd. for C23H36Ö2: C, 80.18; H, 10.54;
unsaturation, 5 f35; active hydrogen, 1. Found: C, 80.0, 
79.9; H, 10.3, 10.5; unsaturation, 5.68, 5.15 1= (Pt), 
5.28 (Pd); active hydrogen (Zer.) 1.00, 1.23.

(14) Harrison and Diehl, “ Organic Syntheses,” John Wiley and 
Sons, Inc., New York, N. Y., 1943, Vol. X X III , p. 32.

(15) Gould and Thompson, T h is  J ournal, 57, 340 (1935).

Since all of the semimicrohydrogenations were done in 
aldehyde-free glacial acetic acid, the high values are 
probably due to a slow hydrogenolysis of the hydroxyl 
groups.

[ 1 -(2 ',6 ',6 '-Trimethylcyclohexen-1 '-yl) -3,7-dimethyl -
4,7-dihydroxydeca-l-en-5-ynyl] -10-ethyl Ether (VI).—A 
Grignard reagent was prepared from 2.1 g. of magnesium 
and 9.5 g. of ethyl bromide in about 200 cc. of anhydrous 
ether. The mixture was then cooled to 0° and added to 
it dropwise with rapid stirring and in a stream of nitrogen, 
8 g. of 3 -methyl-6-ethoxyhexa-l-yn-3-ol in 40 cc. of dry 
ether in the course of one-half hour. A thick finely 
divided semi-solid separated out. The mixture was re­
fluxed gently for about six hours then cooled to 0° and 
added to it dropwise 8 g. of the aldehyde (V) in 20 cc. of 
dry ether. To complete the reaction, the mixture was 
refluxed overnight in an atmosphere of nitrogen, then 
cooled and hydrolyzed with an ammonium chloride-ice 
mixture. The ether extract was dried and the ether 
removed under reduced pressure. To remove the low 
boiling constituents, the residue was subjected to a high 
vacuum 10 _4-10 “6 mm. at 100 0. A highly viscous amber- 
colored liquid remained; yield 13 g. (93%). A semimicro- 
hydrogenation (Pt) of this product showed the presence 
of 5 .6 1 . Spectroscopically it had a prominent band at
2230 A. and indications at 2400-2500, 2700-2800 and 
3200-3300 A., respectively. Further purification of this 
glycol was effected by partitioning it between equal vol­
umes of petroleum ether and 90% methanol. The glycol 
went predominantly into the methanol layer from which 
it was recovered by diluting with water and extracting 
with petroleum ether. The final product had a single 
band at 2200-2230 A.; log emoi. 3.65. Semimicrohydro­
genation, 4.24

When this glycol was dissolved in dry petroleum ether 
and the solution allowed to stand at —20° for several 
weeks, a small amount of white solid separated out. 
Successive fractionations of the non-crystallizable product 
from —20 to —78° yielded only a small additional amount 
of the white solid. After several crystallizations from hot 
petroleum ether, the white solid had a m. p. of 74.5-75°, 
a semimicrohydrogenation of 5.53 and a band at about 
2200 A., log Cmoi. 3.575. The non-crystallizable highly 
viscous liquid analyzed as follows:

Anal. Calcd. for C23H280 3: C, 76.19; H, 10.56;
unsaturation, 4 f^; active hydrogen, 2. Found: C,
76.5, 76.3; H, 10.8, 10.7; unsaturation, 4.22, 4.46 
(P t); active hydrogen (Zer.), 1.96. Found (crystal­
line): C, 75.95; H, 10.42.

[ l-(2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl) -3,7-dimethyl- 
deca-1,3,5-trien-5-ynyl]-10-ethyl Ether (II) via Dehy­
dration of Carbinol (VII).—About 0.3 g. of ^-toluene- 
sulfonic acid monohydrate was dehydrated in 300 cc. of 
toluene (thiophene-free) by distilling 75 cc. of the latter. 
The mixture was then cooled in nitrogen and 10 g. of 
[ l - ( 2 ',6 ',6 '-trimethylcyclohexen-1 '-yl) -3,7-dimethyl-4- 
hydroxydeca-l,7-dien-5-ynyl]-10-ethyl ether in 200 cc. 
of toluene was added to it and distillation resumed in a 
stream of nitrogen until about 200 cc. of toluene was 
distilled over in the course of twenty minutes. The 
residual liquid which had turned deeply reddish-brown 
was cooled to room temperature and shaken in nitrogen 
with 2 X 50 cc. of 10% sodium hydroxide solution, washed 
with water, dried and the toluene removed under reduced 
pressure. The greenish viscous residue (8 g.) was dis­
solved in absolute methanol and the solution treated with 
about 1 g. of solid potassium hydroxide which caused the 
green color to disappear and the solution assumed a 
yellowish-orange tinge. Enough water was then added 
to make the methanol 95% and the mixture extracted with 
two volumes of olefin-free petroleum ether. The solution 
was washed with water, dried and the solvent removed. 
The crude light-brown viscous residue was subjected to a 
vacuum of about 0.01 mm. at 40-50° for about one hour 
to remove low boiling constituents. This product gave a 
deep blue color in chloroform with antimony trichloride;
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it showed a negligible active hydrogen (Zerewitinoff) and 
had an unsaturation equivalent to 5.88 double bonds. 
When 0.0000956 g. was fed to a group of vitamin A 
deficient rats per day, a weight increase of 32 g. in twenty- 
eight days resulted, as compared with an increase of 44 g. 
in a positive control group fed 3 U. S. P. units of Refer­
ence Cod Liver Oil per day. All negative controls died.

The crude product was then fractionated once from a 
specially designed shallow flask sealed on to it a ther­
mometer well and proper receivers to take cuts, and the 
largest fraction (light orange oil) boiling at 94-106° (lO-7-4— 
10~5 mm.) collected and examined spectroscopically. 
It showed two bands; one at 2850-2900 A. and the other 
at 3160-3200 A. Repeated fractionations caused con­
siderable decomposition of the chromogen having the 3160- 
3200 A. band.

In subsequent preparations, the crude product was 
fractionated once at 10~4-1 0 ”6 mm. and the main fraction 
partitioned between equal volumes of petroleum ether and 
90% methanol. Most of the product went into the pe­
troleum ether layer. This fraction was chromatographed 
in nitrogen through a column 110 cm. long and 10 mm. 
bore, packed with 40-60-mesh activated alumina, and 
washed with about 2 liters of petroleum ether. A small 
yellowish-brown band 2 cm, long developed on the top 
of the column while the rest of the column was light orange- 
yellow. The unadsorbed product in petroleum ether 
was light orange, and when the petroleum ether was 
removed and the residue fractionated once, the main 
fraction (light orange oil) boiled at 100-104° (10“5 mm.). 
This had a single band at 3210 A, and an emoi. value of 
52,000. It also gave a blue color with antimony tri­
chloride.

Anal. Calcd. for C23H340 :  C, 84.60; H, 10.49;
unsaturation, 6 f= . Found: C, 83.99,84.06; H, 10.46, 
10.25; unsaturation, 5.98 f^ .

The adsorbed material was eluted with absolute alcohol 
and a small amount of a product recovered in petroleum 
ether .o This was found to have a strong band at 2850- 
2900 A . and a weaker one at 3160-3200 A. All operations 
in this and subsequent experiments were carried out in 
a stream of purified nitrogen.

Partial Hydrogenation of Compound VII to Compound 
IX.—To 16.6 g. of the carbinol VII in 300 cc. of absolute 
alcohol and an equal weight of 1% palladium hydroxide 
deposited on calcium carbonate was added the calculated 
amount of hydrogen to convert the acetylene bond into an 
olefin bond taking also into consideration the amount of 
hydrogen necessary to reduce the palladium hydroxide 
into palladium black. The product was recovered from 
this solution and used in the dehydration experiment.

Dehydration of Compound IX.—The product from the 
previous experiment was dehydrated in 300 cc. of toluene 
containing about 0.4 g. of £-toluenesulfonic acid. The 
dehydrated product was recovered as in the previous case 
and treated in absolute methanol with solid potassium 
hydroxide (2 g .) ; the methanol diluted with water to 95% 
and extracted with two volumes of petroleum ether, the 
latter washed with water, dried, and the petroleum ether 
removed; yield of the crude product, 11 g. The highly 
viscous reddish-brown residue was dissolved in about 100 
cc. absolute methanol and fractionated in nitrogen at suc­
cessively lower temperatures, using 10° intervals from 
0 to —78°. After a number of such fractionations, the 
entire product was obtained in three fractions: (1) a very 
small amorphous resinous fraction insoluble in methanol 
at 0°; (2) a methanol soluble fraction at —40°; (3) a 
methanol insoluble fraction at —40° or below which exists 
as a light orange solid below —50°. Fraction (2) was 
found to have an absorption band with two maxima; 
one at 2850-2900 A., 994, and the other at 3220 A.,
£ 11%m. 710. Fraction (3) had only one maximum at 3210 
A., €moi.. 41,250. The last fraction was also analyzed.

Anal. Calcd. for C23H360 :  C, 84.08; H, 11.05; un­
saturation, 5 f^. Found: 0 , 83.22; H, 10.78; unsatura­
tion, 4.88 r.

Dehydrochlorination of Compound IX.—A small sample 
of the carbinol IX (1.1 g.) was treated at 0°, in a mixture 
of 10 cc. petroleum ether, 10 cc. ethyl ether and 0.25 g. 
anhydrous pyridine, with 0.4 g. of thionyl chloride for 
fifteen minutes. It was then allowed to warm to room 
temperature for one-half hour, then heated in nitrogen 
under reflux for an additional one-half hour. The mix­
ture was then cooled and filtered off the solid pyridine 
hydrochloride. Finally the solvent was removed under 
reduced pressure and the residue taken up in 20 cc. hot 
95% ethanol containing 1 g. of potassium hydroxide. To 
complete dehydrochlorination, the mixture was heated 
in nitrogen for one-half hour at 60-80°, then cooled, di­
luted with three volumes of water and extracted with petro­
leum ether. The petroleum ether extract was once par­
titioned with an equal amount of 95% methanol, washed 
with water, dried and examined spectroscopically. It 
showed two bands; one at 2820-2900 A . ,  E*%m 406, 
and the other at 3220-3230 A., E\%m 313.

[ I-(2 ',6 ',6 '-Trimethylcyclohexen-1 '-yl) -3,7-dimethyl- 
deca-1,3,5-trien-5-ynyl]-10-ethyl Ether via Dehydration 
of Glycol VI.—About 150 cc. of anhydrous toluene was 
mixed with 0.03 g. of ^-toluenesulfonic acid monohydrate, 
and a little over 50 cc. of toluene was distilled to cause 
the dehydration of ^-toluenesulfonic acid. The mixture 
was then cooled and to it was added about 1 g. of the 
glycol VI in 25 cc. of toluene. About 50 cc. of toluene 
was then distilled in nitrogen and the mixture (deep 
orange) was cooled, the product recovered as in the 
previous dehydrations and treated with methyl alcoholic 
potash. It was recovered from this mixture with petro­
leum ether and distilled (temperature of boiling cyclohex­
anone) once, using a molecular still of the falling film 
type. In addition to a small amount of residue, a dark 
orange-brown viscous liquid (about 0.6 g.) was obtained 
which had an absorption band at 3200-32LO A -,E]%m 723. 
This was further purified by fractionation from absolute 
methanol at temperatures between 0 and —78°. The 
fraction insoluble in methanol below —40° was recovered 
and examined spectroscopically. It was found to have 
a band with a maximum at 3210 A . ,  emoi. 42,500. A 
semimicrohydrogenation showed the presence of 5.93 
double bonds.

Partial Hydrogenation of Glycol VI to Glycol VIII.—
To 10.8 go of glycol VI in 200 cc. of absolute alcohol and 
11 g. of 1% palladium hydroxide deposited on calcium 
carbonate was added the calculated amount of hydrogen 
necessary to convert the acetylene bond into an olefin 
bond, and the product recovered and used in the dehydro- 
halogenation experiments.

Dehydrohalogenation of Glycol VIII. (a) Via Phos­
phorus Tribtfbmide.—A mixture of 6.9 g. of freshly dis­
tilled tribromide, 25 cc. of dry benzene and a few drops of 
pyridine was cooled to —5°. A solution of 4.62 g. of the 
glycol VIII, 25 cc. of dry benzene and 6.5 g. of pyridine 
was then added dropwise with shaking in the course of 
one-half hour. The mixture was then allowed to stand at 
rpom temperature in nitrogen for two hours, heated to 
70 ° for twenty minutes, then cooled and poured on cracked 
ice and immediately extracted with ether. The ether 
extract was shaken with two 50-cc. portions of cold 
phosphoric acid, then once with cold water and dried over 
anhydrous magnesium sulfate. After filtration, the sol­
vent was removed and to the residue was added 80 cc. 
of hot methyl alcoholic potash containing 10 g. of potas­
sium hydroxide. The mixture was further heated in nitro­
gen for one-half hour at 70° then cooled, diluted with two 
volumes of water and extracted with petroleum ether. 
This crude product was found biologically active in doses 
of 0.06 mg. per day, but the activity was not maintained 
until the end of the test, showing considerable instability. 
This product was further purified by partitioning between 
equal volumes of petroleum ether and 90% methanol and 
the product in the petroleum ether layer analyzed spectro­
scopically. A yield of about 2 g. was obtained at this 
stage. It showed two maxima in the ultraviolet; one at
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2800-2900 A .  and the other at 3210-3230 A. With anti­
mony trichloride in chloroform, it gave two bands; one 
at 6220 A .  and the other at 5800 A . ,  the latter being more 
prominent.

(b) Via Pyridine Hydrobromide.—To 30 g. of dry
pyridine was added 1.5 g. of dry hydrogen bromide (Dow 
Chemical Co.) and the mixture cooled to room tempera­
ture while nitrogen was allowed to bubble through it. 
A solution of 2.5 g. of the glycol VIII in 50 cc. of dry 
benzene was then added to the above mixture and heated 
on the water-bath in nitrogen for two hours. All of the 
benzene and most of the pyridine were then removed 
under reduced pressure, and to the residue, with nitrogen 
still flowing through the system, was added 100 cc. of hot 
95% alcohol containing 10 g. of potassium hydroxide. 
The mixture was then heated on the water-bath for one- 
half hour, then cooled, diluted with two volumes of 
water and extracted with petroleum ether. About 1.8 
g. of a yellowish-brown viscous liquid was recovered which, 
unlike any other crude dehydrohalogenation product, 
had a single broad absorption band in the ultraviolet 
between 3200 and 3400 A .  It also gave a deep blue color 
with antimony trichloride in chloroform. To purify 
this product further, it was partitioned between equal 
volumes of petroleum ether and 90% methanol and the 
petroleum ether portion chromatographed in nitrogen 
through a column 110 cm. X 1 cm. packed with activated 
alumina. The column was then washed with 1.5 liters 
of petroleum ether and the unadsorbed portion (light 
yellow) was removed from petroleum ether and fraction­
ally purified at 0 to —78° from absolute methanol. A 
yellow, highly viscous product (ca. 1 g.) was finally ob­
tained and to free it completely from methanol, it was 
dissolved in petroleum ether and the solution extracted 
with water, dried and examined spectroscopically. It 
showed an absorption band at 3280 A . ,  emoi. 56,750 and 
a possible inflection at 3670 A . ,  emoi. 30,000. Semi­
microhydrogenation showed the presence of 4.85 double 
bonds.

Anal. Calcd. for C23H36O: C, 84.08; H, 11.05.
Found: C, 82.32; H, 10.90.

This product was highly unstable and easily auto- 
oxidizable and in spite of the precautions taken to obtain 
pure samples for combustions, the carbon analyses were 
always from 1.5 to 2% low .. This difficulty was also 
encountered in the early stages of the natural vitamin A 
purifications.

The adsorbed portion was eluted from alumina with 
absolute alcohol and, after diluting with water, extracted 
with petroleum ether. It was found to have two bands 
in the ultraviolet; one at 3440 A . ,  250, the other
at 3670 A . ,  188. The amount of this product was
too small for further investigation.

Partial Hydrogenation of 5-Dehydrohomovitamin A 
Ethyl Ether.—A sample of 0.1271 g. of 5-dehydrohomo­
vitamin A  ethyl ether having an E\%m (3210 A . )  value of 
1250 was placed in a wafer glass capsule sealed flat on one 
end and, after weighing, drawn into an open capillary 
on the other end. The sample was placed into a glass key 
attached to a rod revolving around a ground glass stopper 
and sealed on to a specially designed vessel of a semimicro­

hydrogenation apparatus.16 The vessel contained an 
alcoholic suspension of 0.254 g. of 1% palladium hydrox­
ide on calcium carbonate. After the palladium hydroxide 
was reduced with hydrogen and equilibrium was estab­
lished in the system, the capsule was crushed and exactly 
one mole equivalent of hydrogen was allowed to be ab­
sorbed. Hydrogenation was discontinued and the hydro­
gen in the apparatus was quickly replaced with pure 
nitrogen. The product was then recovered in the usual 
manner and analyzed spectroscopically. It was found 
to have an absorption band at 3200-3210 A., 1000
with a faint inflection at 2900 A. ( ?).

These results seem to indicate that the addition of 
hydrogen on the en-yne system had taken place mainly on 
the acetylene bond, since 1,4-addition would have pro­
duced an allene which should be optically equivalent to 
5.5 double bonds17 and its absorption maximum should 
have been in the region of about 3400 A. However, the 
possibility of a rearrangement of the allene into an en-yne 
with one less double bond should not be excluded. Such 
an en-yne should have a prominent absorption band in 
the region of 2900 A. The fact that a faint inflection 
was found in this region indicates that some of the hydro­
gen had actually added 1,4 with a subsequent rearrange­
ment of the allene formed.
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Summary
1. The synthesis of [l-(2',6',6'-trimethylcyclo- 

hexen - 1' - yl) - 3,7 - dimethyldeca - 1,3,5,7 - 
tetraenyl]-10 ethyl ether, or homovitamin A 
ethyl ether, and [l-(2',6',6'-trimethylcyclohexen- 
1' - yl) - 3,7 - dimethyldeca - 1,3,5 - trien - 5 - 
ynyl]- 10-ethyl ether, or 5-dehydrohomovitamin A 
ethyl ether, and that of several new intermediates 
has been described. Crude preparations of both 
homovitamin A and 5-dehydrohomovitamin A 
ethyl ethers have been found to possess antixero- 
phthalmic (vitamin A) activity.
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  J u l y  12, 1947

(16) Rivers, Ph.D . Thesis, M. I. T ., Dec., 1941.
(17) Kuhn and Wallfels, Ber., 71B, 783 (1938); see also Shantz, 

Cawley and Embree, T his J o u r n a l , 65, 904 (1943).
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[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y ]

Synthesis of Products Related to Vitamin A. VI. The Synthesis of Biologically
Active Vitamin A Ethers1

B y  N icholas A. M il a s , E m ile  S ak al ,2 J ohn T . Pl a t i,3 J o se ph  T . R iv e r s ,4 J e a n  K . G l a d d in g ,5 
F ran k  X. G r o ssi,6 Zelm a  W e is s ,7 M argaret A. C am pbe l l8 a n d  H e r b e r t  F. W r ig h t9

Following a scheme originally suggested by 
Milas and McAlevy,10 Kipping and Wild11 were 
the first to claim the synthesis of vitamin A methyl 
ether. Since no experimental details, analyses or 
biological results were given, it is difficult to 
evaluate this synthesis. Soon after the original 
announcement of the synthesis of various bio­
logically active vitamin A products12 developed 
in this Laboratory during the war, Oroshnik,13 
claimed in a note the synthesis of vitamin A 
methyl ether, but experimental details as well as 
biological activity of the final product are lacking.

The present paper describes the synthesis of four 
biologically active vitamin A ethers. Only two, 
the methyl and the ethyl and their corresponding 
5-dehydrovitamin A derivatives were obtained in 
relatively pure form, while the isopropyl and the 
/-butyl ethers were obtained in much less pure 
state.

One of the important intermediates in the syn­
thesis of vitamin A ethers is 4-alkoxybutanone-2
(I). Attempts to prepare this alkoxybutanone, in 
which R represents methyl or ethyl groups, by the 
direct alkylation of 4-hydroxybutanone-2 with di­
methyl or diethyl sulfates were entirely unsuccess­
ful. Rivers14 prepared 4-ethoxybutanone-2 from 
j8-ethoxypropionyl chloride and cadmium di­
methyl15 but the yields were low and the method 
could not be adapted easily for the preparation of

(1) (a) F irst presented in p a rt before the N orth Jersey Section of
the American Chemical Society, April 9, 1945. (b) Since this and
other work related to  the synthesis of vitam in A was under confi­
dential classification during the War, we wish to  point out for pur­
poses of priority the existence of two documents deposited in the 
Office of the Committee on Medical Research of the O. S. R. D. and 
describing the synthesis of biologically active vitamin A products 
using the Darzens aldehyde made from /3-ionone as the key inter­
mediate. These documents were dated M arch 6, 1942.

(2) Research Associate 1941-1943. Present address, Warner 
Institu te for Therapeutic Research, New York, N. Y.

(3) Research Associate 1940-1942. Present address, Hoffman- 
LaRoche, Nutley, N. J.

(4) Research Assistant, 1941. Present address, du Pont and 
Company, Buffalo, N. Y.

(5) Research Associate 1941-1943. Present addess, du Pont and 
Company, Wilmington, Delaware.

(6) Research Assistant 1942-1945. Present address, Royal Bond, 
Inc,, St. Louis, Mo.

(7) Research Assistant 1943-1945.
(8) Research Assistant 1945-1946. Present address, Arthur D. 

Little, Inc., Cambridge 42, Mass.
(9) Research Associate 1945—1946. Present address, Tufts Col­

lege, Medford, Massachusetts.
(10) Milas and McAlvy, T h is Journal, 57, 580 (1935).
(11) Kipping and Wild, Chemistry and Industry , 802 (1939).
(12) Milas, U. S. Patents 2,369,157, Feb. 13, 1945; 2,382,086, 

Aug. 14, 1945; Science, 103, 581 (1945).
(13) Oroshnik, T his Journal, 67, 1627 (1945).
(14) Rivers, Ph.D. Thesis, M. I. T., Dec., 1941.
(15) Gilman and Nelson, Rec. trav. chim., 55, 158 (1936).

the various alkyl ethers of 4-hydroxybutanone-2. 
Killian, Hennion and Nieuwland16 prepared 4- 
methoxybutanone-2 from anhydrous methanol 
and methyl vinyl ketone in the presence of boron 
trifluoride-etherate. This method was found 
satisfactory in the preparation of 4-methoxy, 4- 
ethoxy, 4-isopropoxy and 4-/-butoxybutanone-2's.
4-Alkoxybutanone-2 (R = methyl or ethyl) was 
then condensed in liquid ammonia with lithium 
acetylide to give 3-methyl-5-alkoxy-pentyn-l-ol-3
(II) which was dehydrated at 250-280° over alu­
minum phosphate to 3-methyl-5-alkoxy-3-penten- 
yne-1 d u ) .

These three intermediates were used in the 
study of three different routes for the synthesis of 
vitamin A ethers (see flow sheet). In the first 
route the aldehyde (IV)17 was condensed in liquid 
ammonia with lithium acetylide to give the acet­
ylene carbinol (V) which was then condensed via 
the Grignard reaction with 4-alko xybutanone-2 to 
give the acetylene glycol (VI) in yields of 70-80%. 
This glycol was also obtained in somewhat higher 
yields by the condensation of the Grignard of the 
acetylene (II) with the aldehyde (IV). This gly­
col has been obtained in two forms; a crystalline 
and a highly viscous liquid form. Since the 
double bond between carbon atoms one and two 
can exist only in the trans form,18 the difference be­
tween the crystalline and the liquid glycols may 
be one of racemic and meso forms.19 The partial 
hydrogenation of the acetylene glycol (VI) to give 
the glycol (VII) was found to be selective when 
1% palladium deposited on calcium carbonate was 
used as the catalyst.

Several methods were employed in the conver­
sion of the glycol ether (VII) (R = methyl) into 
the vitamin A methyl ether (XI). Using phos­
phorus tribromide in the presence or absence of 
pyridine, the glyeol was converted into the di­
bromide which was dehydrobrominated with alco­
holic potash. The reaction was also studied with 
phosphorus trichloride, phosphorus triiodide and 
thionyl chloride. With thionyl chloride partial 
dehydrochlorination occurred as was indicated by 
the appearance in the spectrum of the dichloride 
of a broad band between 3000 and 3300 A. Of all 
the halogenating agents, phosphorus tribromide 
and thionyl chloride gave the best results. In all

(16) Killian, Hennion and Nieuwland, This Journal, 58, 893 
(1936).

(17) Milas, et al., ibid., 70, 1584 (1948).
(18) Zechmeister, Chem. Rev., 34, 267 (1944),
(19) D upont, Compt. rend., 149, 1381 (1909); 160, 1121 (1910); 

158, 714 (1914); A n n . chim., 80, 500 (1913); Johnson, “ Acetylenic 
Compounds,” Edw ard Arnold, London, 1946, p. 150.
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of the cases, however, 
the product obtained (a 
pale yellow oil) after a 
single high vacuum dis­
tillation, was found to 
have two bands in the 
ultraviolet; one withoa 
maximum at 3250 A. 
and the other a t 2850- 
2900 A, With anti­
mony trichloride in 
chloroform, it gave a 
blue color which also 
showed two bands (Fig. 
1, curves with broken 
lines); one with a maxi­
mum at 5800 A. and an­
other at 6180-6200 A. 
Repeated distillation 
from a shallow vessel at 
10-5 mm. was detri­
mental to the chromo­
gen responsible for the 
absorption band at 3250
A., which disappeared 
after five successive dis­
tillations.

During the early part 
of our work we made 
several preparations 
through the halogena­
tion of the glycol (VII) 
(R = methyl, isopro­
pyl, or /-butyl) and the 
dehydrohalogenation of 
the resulting dihalide. 
Many of these were as­
sayed biologically on 
vitamin A deficient rats 
and a summary of the 
results is presented in 
Table I. The glycol 
(VII) was also tested 
biologically in order to 
find out whether the 
animal organism would 
cause dehydration, but 
the results were nega­
tive even when very 
large doses were fed. 
Preparation (6) was 
also tested by several 
other laboratories and 
all reported appreciable 
vitamin A activity but 
not as high as that 
shown in Table I. 
Spectroscopically, this 
sample showed two 
bands; one at 3250 A., 
E\^m. 535, the other at 
2850 ’ A., 655
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with feeble indications a t 3450 and 3710 A., re­
spectively. With antimony trichloride in chloro­
form, it gave a blue color which exhibited two 
bands at 5800 and 6170 A., respectively, with the 
former being the more intense. The product is a 
light yellow oil boiling at 90-95° (10~5 mm.) hav­
ing negligible active hydrogen (Zer.) and an un­
saturation equivalent to 5.08 double bonds. The 
ultimate analysis, however, gave percentages of 
carbon varying from 1.5 to 2.0% low. Attempts 
to purify this product by fractionation at low tem­
peratures were unsuccessful, although the 
(3250 A.) of other samples was raised to 1090 by 
this method.

The high intensity of the 5800 A. band (Fig. 1, 
broken line) suggests the possibility that the vita­
min A methyl ether as prepared through the above 
dehydrohalogenation method is a mixture of the 
methyl ether and its epoxide. This reasoning 
finds some support in the recent work of Karrer 
and Jucker,20 who found that the chromogen re­
sponsible for the 5800 A. band of the Carr-Price 
reaction is the epoxide of vitamin A (XII) and not 
vitamin A, which is responsible only for the 6200
A. band. From their findings, Karrer and Jucker 
advanced the hypothesis that in fishliver oils as 
well as in animal-liver oils, the vitamin A epoxide 
coexists with vitamin A, and is formed by the 
auto-oxidation of the latter.21 The epoxide of 
vitamin A has also been obtained by treating vita­
min A with phthalic acid peracid22 in a manner 
similar to that used for the preparation of a- and
0-carotène epoxides.23

H:;C / CHs CH. CHs

H /  ,r-CH=CH—C =C H —CH=CH—C=CII—CH2OH

V  X CH3 XII ±12

That auto-oxidation of vitamin A is responsible 
for the 2850-2900 A. chromogen was shown re­
cently in this Laboratory when an auto-oxidized 
sample of pure vitamin A was examined spectro­
scopically. I t was found to have a single band at 
2850 A. This is in close agreement with the spec­
trum of the epoxide of the synthetic methyl ether, 
the structure of which has not yet been definitely 
established. Furthermore, both resemble the 
5800 A, chromogen of van Eekelen24 and the sub­
vitamin A of Embree and Shantz25 and of Haw­
kins and Hunter.26

Identical results were obtained when the carbi­
nol (X) was treated with phosphorus tribromide 
and the bromide formed dehydrobrominated with

(20) K arrer and Jucker, Helv. Chim. Acta, 28, 717 (1945).
(21) Karrer and Jucker, ib id . ,  28, 427 (1945).
(22) von Euler, K arrer and Zubris, ib id . , 17, 24 (1934).
(23) (a) K arrer and Rutschm ann, ib id ., 27, 1684 (1944); (b)

Karrer and Jucker, ib id . , 28, 300, 427, 471 (1945).
(24) van Eekelen, Emmerie, Julius and Wolff, Nature, 132, 171 

(1933).
(25) Embree and Shantz, T his Journal, 65, 906 (1943).
(26) Hawkins and H unter, Biochem . J . , 38, 34 (1944).

Wave length, millimicrons.
Fig. 1.—-Transmission spectra of the antimony tri­

chloride color reaction in chloroform of: (broken line) dis­
tilled dehydrobrominated glycol methyl ether (VII), 
concn., 0.000394%; (solid line) selectively hydrogenated 
5-dehydrovitamin A methyl ether (VIII), concn., 
0.000192%, taken by the Hardy color analyzer.

alcoholic potash. Since our original publica­
tion,12 Isler, et al.,27 used a similar procedure for 

the synthesis of vitamin A methyl ether from 
the carbinol (X) except that the dehydrobro­
mination was carried out with potassium car­
bonate in acetone. In a more complete pub­
lication28 the same authors used iodine as a 
catalyst in toluene or ligroin a t 95-100° to 
effect the dehydration of the carbinol (X). 

The spectroscopic properties of the crude prod­
uct were similar to those reported by us in 
the present and earlier publications. The Swiss 
workers obtained a yellow oil b. p. 90-95° (10“ 5 
mm.) having a single band at 3250-3280 A.; 
E\^m. 1415. When fed to vitamin A deficient 
rats in doses of 0.8y and I.67, it was found to be 
equivalent to 1.17 and I .87 of /3-carotene, respec­
tively. Judging from these results, this prepara­
tion was not 100% pure vitamin A methyl ether, 
since the latter has been prepared recently from 
natural vitamin A by Hanze, et al.,29 who reported 
a m. p. for this ether of 33-34°, an (3260 A.) 
value of 1660 and a biological potency of about
3,000,000 U.S.P. XXII units per gram.

Sample (10) shown in Table I was prepared by 
the dehydration in toluene of the methyl ether 
glycol (VII) using catalytic amounts of ^-toluene-

(27) Isler, Koffer, Huber and Ronco, Experientia, 2, 31 (1946).
(28) Isler, Huber, Ronco and Koffer, Jubilee Volume of Emil C. 

Barrell, Hoffman-LaRoche and Co., Basle, 1946, p. 31.
(29) Hanze, Conger, Wise and Weisblat, T his Journal, 68, 1389 

(1946).
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T a b l e  I
S u m m a r y  o f  B io l o g ic a l  A ssa y s®

MEVA =  Methyl ether of vitamin A. iso-PEVA =  Isopropyl ether of vitamin A. /-BEVA = /-butyl ether of vitamin
A. DHMEA = 5-Dehydromethy 1 ether of vitamin A.

Dose fed 
per day,

Average 
gain in wt. 
per ra t per 

28 days,
Remarks**Vitamin preparation r g.

1 MEVA (crude) via dehydrochlorination (PC13) of (VII) 331. O'* 92.0
2 MEVA (crude) via dehydrobromination (PBr3) of (VII) 232.O6 95.0
3 Repeat of (2) after standing at 0° in olive oil for one month 531. O'* 40.0
4 Repeat of (2), new preparation 176. O'* 25.0
5 Repeat of (4), simultaneously 190.0* 35.0
6 Same as (2) distilled three times S.O1' 14.0
7 Repeat of (6) after standing at 0 ° in olive oil for one month 6 .06 - 1 .5 All rats survived the test
8 Same as (2) distilled four times 3.0° 1.6 One out of eight rats died
9 Repeat of (8) 1.5° 7.0 Three out of seven rats 

died on 6th day of test
10 MEVA (distilled) via dehydration of (VII) with ^-toluenesulfonic 

acid as catalyst
189.06 45.0

11 iso-PEVA (distilled) via dehydrobromination (PBr3) 183.06 57.0
12 Same as (11) distilled twice 3.0° 11.0 One out of six rats died 

on 10th day of test
13 /-BEVA (distilled) via dehydrobromination (PBr3) 7 A b 4.0 Six out of ten rats died 

during test
14 DHMEA (distilled) 111.0° 17.0
15 rA ___/-I A\ M____O&nie <4S (li:J U.1ÖLJJ.ACU. twice 6 .06 19.0 Only two rats were used 

for this test
° These results were reported to one of us (N. A. M.) during 1941-1942 by Professor Robert S. Harris (M. I. T.). 

b These samples were prepared in olive oil in which the air was replaced by pure nitrogen. To each sample was also added 
0.1% of hydroquinone based on the vitamin concentration. c These samples were prepared in corn oil in which the air 
was replaced by pure nitrogen. To each sample was added 0.05% of hydroquinone and 0.05% of lecithin based on the 
vitamin concentration. d All positive control rats were fed 3 U. S. P. units of Reference Cod Liver Oil per day, and 
showed an average weight increase of 33-44 g. per rat per 28 days. All negative control rats were fed doses of olive or 
corn oil containing only the antioxidants, and died in the first period of the test.

sulfonic acid. When distilled from a shallow ves­
sel at 10~5 mm., the distillate exhibited both the 
3250 and the 2850 A. bands, and gave a blue 
color with antimony trichloride in chloroform. 
Hydrogenation showed the presence of 4.98 double 
bonds and a Zerewitinoff determination showed 
negligible active hydrogen.

Vitamin A methyl ether was also synthesized by 
the selective hydrogenation of 5-dehydrovitamin A 
methyl ether (VIII) which was prepared by the 
dehydration of the glycol (VI) (R = methyl) using 
catalytic amounts of ^-toluenesulfonic acid. The 
crude 5-dehydrovitamin A methyl ether was puri­
fied by partitioning between petroleum ether and 
95% methanol followed by low temperature frac­
tionation from methanol and molecular distilla­
tion. The ultraviolet absorption of the purest 
specimen obtained is shown in Fig. 2, curve A. 
Although the crude product showed two broad 
bands, one at 3100-3300 A. and the other at 2800- 
2900 A., the purified product showed a single maxi­
mum at 3220 A.: E \J^  1600, and gave the ex­
pected unsaturation. Upon ozonization, it 
yielded geronic acid, indicating the presence of the 
/3-ionone ring in the molecule. When one mole of 
hydrogen was added to it in the presence of 1% 
palladium deposited on calcium carbonate, and 
the product purified by low temperature fractiona­

tion from methanol followed by molecular distilla­
tion, a specimen [yellow oil, b. p. 90-95° (10~~4 
mm.)] was obtained which had an ultraviolet 
spectrum [ F ^ m. (3230 A.), 1560; Fig. 2, curve B] 
which was very similar to that of the 5-dehydro­
vitamin A methyl ether. The spectrum of the 
antimony trichloride color reaction in chloroform 
is shown in Fig. 1 (solid line curves) taken one 
minute and six minutes after mixing, respectively. 
The one-minute curve shows a principal maximum 
at 6180 A.; E^°m 3284. Ozonization of this 
vitamin A methyl ether gave geronic acid, again 
indicating the presence of the /3-ionone ring.

5-Dehydrovitamin A ethyl ether (VIII) (R = 
ethyl) was also synthesized by the dehydration of 
either the glycol (VI) or the carbinol (IX) in the 
presence of ^-toluenesulfonic acid. The crude 
product had similar properties to the correspond­
ing 5-dehydrovitamin A methyl ether and was 
purified by the same procedure. The purest 
specimen obtained had an ultraviolet absorption 
spectrum shown in Fig. 2, curve C. Selective hy­
drogenation did not change appreciably the shape 
of the band or the position of the maximum.

Since it is well known18*30 that selective cata­
lytic hydrogenation of an acetylene leads pre­
dominantly to a cis olefin, and chemical reduction

(30) Campbell and Campbell, Chem. Rev., 31, 77 (1942).
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usually leads to a trans olefin, it was thought ad­
visable to study the chemical reduction of 5-de­
hydrovitamin A ethyl ether and compare the prod­
uct formed with that obtained from the catalytic 
hydrogenation. The following chemical methods 
of selective reduction have been tested with 5-de­
hydrovitamin A ethyl ether: (1) zinc-copper
couple in alcohol31; (2) zinc dust in alcoholic po­
tassium hydroxide32; (3) zinc and acetic acid in 
alcohol; (4) “Devarda’s” alloy (aluminum- 
copper-zinc alloy) in aqueous alcoholic potassium 
hydroxide; (5) Raney alloy in aqueous alcoholic 
potassium hydroxide; (6) metallic calcium in 90% 
ethanol; (7) sodium in liquid ammonia.33 The 
ultraviolet absorption spectrum and unsaturation 
were taken before and after each reduction. No 
reduction was observed, even after prolonged 
treatment with methods (3) and (6), while method
(7) caused complete polymerization of the 5- 
dehydrovitamin A ethyl ether. Of all the other 
methods, zinc dust in aqueous alcoholic potassium 
hydroxide gave the most satisfactory results. A 
product was obtained by this method which after 
purification by low temperature fractionation 
from methanol had an ultraviolet absorption band 
shown in Fig. 2, curve D. The product also 
showed an unsaturation of 4.85-5.2 double bonds 
as compared with the original of 6.0-6.19 double 
bonds. Although the intensity of the ultraviolet 
maximum was increased, an increase which might 
be due to further purification, the position of the 
maximum was essentially the same (323Ö A.). 
Moreover, the shape of the absorption curve is 
somewhat the same as that obtained from the 
catalytically hydrogenated 5-dehydrovitamin A 
methyl ether (curve B).

Partially purified specimens of both the methyl 
and ethyl ethers of vitamin A made by the selec­
tive catalytic hydrogenation of the corresponding 
5-dehydroethers of vitamin A (VIII) were found 
biologically active when tested on vitamin A de­
ficient rats. For example, samples with an E {%mm 
(3200-3230 A.) of about 400 to 500 gave potencies 
in the neighborhood of 100,000 U.S.P. units per 
gram. The final purified products have not yet 
been assayed biologically.

In an attempt to convert the glycol (VII) (R = 
ethyl) and the carbinol (X) (R = ethyl) into their 
corresponding bromides with pyridine hydrobro­
mide in excess pyridine followed by treatment with 
alcoholic potash, we obtained a product (80-90% 
yield) which showed a broad band in the ultra­
violet o of very high intensity between 3000 and 
3700 A. and one of low intensity at 2850-2900 A. 
and gave a deep blue color with antimony trichlo­
ride in chloroform. When partitioned between 
equal volumes of 83% ethanol and petroleum 
ether, most of it went into the petroleum ether

(31) (a) Straus, A nn., 342, 190 (1905); (b) Grignard and Teheou-
faki, Compt. rend., 188, 153 (1929); (c) Lebedev, Gulyaeva and
VasiFev, / .  Gen. Chem. (U. S. S. R.), 5, 1421 (1935).

(32) Hurukawa, J . Electrochem. Assoc. Japan, 7, 346 (1939).
(33) Campbell and Edy, T his Journal, 63, 216 (1941).

Fig. 2.—Absorption spectra in ethanol of: (A) 5-de- 
hydromethyl ether of vitamin A from (VI); (B) methyl 
ether of vitamin A via partial hydrogenation of (VIII); 
(C) 5-dehydrovitamin A ethyl ether via dehydration of 
either (VI) or (IX ); (D) ethyl ether of vitamin A by re­
duction of (VIII) using zinc dust and alkali.

layer which was chromatographed on activated 
alumina. The greater part of the product passed 
through the alumina unadsorbed. This portion 
was fractionated through a molecular still of the 
falling film type at 10~5 mm. and the largest frac­
tion (80%), a light yellow oil, was analyzed spec­
troscopically. I t  was found to have a fine struc­
ture of three bands in the ultraviolet (Fig. 3) : 
one at 3300 A.; 1690, a second at 3480 A.;
E\^cm. 1830, and a third at 3670 A.; E\%m 1520. 
The shape and position of these bands are identi­
cal with similar bands observed recently by 
Shantz34 for a hydrocarbon related to vitamin A 
and containing five double bonds in conjugation. 
That our substance was not a hydrocarbon was 
shown by the fact that it still possessed the ethoxyl 
group. Furthermore, molecular weight deter­
minations and hydrogenation gave values in re­
markable agreement with those expected for the 
vitamin A ethyl ether, although carbon and hydro­
gen analyses were slightly lower than the theo­
retical. On standing under nitrogen at 0° for over 
six months, it partially crystallized into light yel­
low crystals which melted at about 28-30°. 
Upon ozonization it yielded geronic acid (as 2,4- 
dinitrophenylhydrazone) indicating the presence 
in the molecule of the 0-ionone ring. No biologi­
cal results are as yet available for this substance.

(34) Shantz, ibid., 68, 2553 (1946).
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x, A.
Fig. 3.—Absorption spectrum in ethanol of dehydro­

brominated (pyridine hydrobromide) glycol ethyl ether 
(VII)—“alio-vitamin A ethyl ether.”

In view of the peculiar nature of its spectrum, one 
cannot state unequivocally at present that this 
substance is the normal ethyl ether of vitamin A, 
in spite of the fact that other evidence seems to 
point strongly to this conclusion. For this reason, 
the term “allo-vitamin A ethyl ether” is suggested.

A summary of the spectroscopic data of the im-
T able II

Summary of U ltraviolet Absorption Spectra of 
Ethers and 5-D ehydroethers of Vitamin A (in Alco­

hol)

Vitamin A ether
Xmax.

A .
Fl% 
E 1  c m . «mol.

lo g
«mol.

DHME (Fig. 2, curve 3220 1600 47680 4.68
A)®

MEVA (Fig. 2, curve 3230 1560 46800 4.67
B)6

MEVAC 3250 1090
MEVA28 3250-3280 1415 42450 4.63
MEVA (natural)29 3260 1660 49800 4.70
DHEE (Fig. 2, curve 3220 1410 43992 4.64

C)d
EEVA (Fig. 2, curve 3230 1590 49926 4.70

D)6
EEVA* 3250-3270 1500 47100 4.67

( 3300 1690 53066 4.70
EEVA (Fig. 3)» f3480 1830 57462 4.76

1 3670 1520 47728 4.68
® 5-Dehydromethyl ether of vitamin A from VI. 

b Methyl ether of vitamin A from VIII. e Methyl ether 
of vitamin A via dehydrobromination of either the di­
bromide of VII or the bromide of X  purified by fractiona­
tion at temps, between 0 and —78°. This sample ex­
hibits also the 2850-2900 A. band. d 5-Dehydroethyl 
ether of vitamin A prepared by dehydration of either 
VI or IX  purified via low temperature fractionation and 
chromatography +  molecular distillation. « Ethyl ether 
of vitamin A from VIII via reduction with Zn dust +  
aqueous alcoholic alkali. f Ethyl ether of vitamin A via 
dehydration of the carbinol X  with ^-toluenesulfonic acid, 
purified by low temperature fractionation. ® allo-Vitamin 
A ethyl ether via the dehydrobromination (pyridine hy­
drobromide) of either VII or X  purified by chromatog­
raphy +  molecular distillation.

portant compounds discussed in this paper is given 
in Table II.

Experimental
Methyl Vinyl Ketone.—Methyl vinyl ketone was made 

by the dehydration of {3 -hydroxyethyl methyl ketone which 
was prepared by the condensation of acetone with form­
aldehyde in the presence of small amounts of sodium 
hydroxide. /3-Hydroxyethyl methyl ketone (1150 g.) 
was best dehydrated by dropping it slowly into hot (160°) 
w-dibutyl phthalate (160 g.) containing 3 g. of iodine and 
3 g. of hydroquinone. A yield of 590 g. of crude methyl 
vinyl ketone was obtained. This was further purified by 
distilling it from 190 g. of acetic anhydride,35 followed by 
fractionation from a six-plate Podbielniak column; b. p. 
81°; d2h 0.842; n22d 1.4095; n15d 1.4120. A yield of 
10-15% was obtained based on the formaldehyde used. 
Pure methyl vinyl ketone is stable for long periods of time 
over hydroquinone at 0°, but should be freshly distilled 
as needed.

4-Methoxybutanone-2.—All attempts to make this 
ketone by the methylation of 4-hydroxybutanone-2 
were unsuccessful. It was finally prepared by the method 
of Killian, Hennion and Nieuwland16 from methyl vinyl 
ketone, anhydrous methanol and boron trifluoride- 
etherate.36 A yield of 45-51% was obtained based on the 
amount of methyl vinyl ketone used ; b. p. 142-143°; 
n23D 1.4045. This product had a negligible active hydro­
gen (Zer.), 0.08.

Anal. Calcd. for C6Hi0O2: C, 58.82; H, 9.8. Found: 
C, 58.73; H, 9.8.

4-Ethoxybutanone-2.—This ketone was made by two 
independent methods: ( l ) i4 From p-ethoxypropionyl
chloride [b. p. 43-45° (10 mm.)] and cadmium di­
methyl.15 Best results were obtained when the cadmium 
dimethyl was prepared from methylmagnesium chloride 
rather than from the corresponding iodide. A yield of 
20% of the ketone was obtained; b. p. 43-45° (16 m m .); 
2,4-dinitrophenylhydrazone, m .p . 89-90° (from alcohol).

Anal. Calcd. for Ci8H i6N405: N, 18.95; OC2H6,
15.23. Found: N, 19.0, 19.0; OC2H5,T5.6.

(2) The second procedure was based on the addition 
of absolute ethanol to methyl vinyl ketone in the presence 
of boron trifluoride-etherate. This method was employed 
several times for the preparation of this ketone, and yields 
were obtained from 52 to 77%; b. p. 149-150° (764 m m .); 
74° (50 m m .); 61-62° (23 m m .).

Anal. Calcd. for C6Hi20 2: C, 62.04; H, 10.32.
Found: C, 62.44, 61.98; H, 10.46, 10.28.

4-Iosopropoxybutanone-2.— Using the boron trifluoride- 
etherate method, this ketone was prepared in 33.5% 
yield; b. p. 72-75° (37 mm.).

Anal. Calcd. for C7H14O2: C, 64.63; H, 10.74.
Found: C, 64.63, 64.88; H, 9 90, 10.00; active hydrogen 
(Zer.), 0.1.

4-/-Butoxybutanone~2.—This ketone was prepared by 
the same method as the previous ketone: b. p. 54-57° 
(15 mm.); n™D 1.4137.

Anal. Calcd. for C8Hi602: C, 66.7; H, 11.1. Found: 
C, 66.83, 66.89; H, 12.19, 11.17; active hydrogen (Zer.), 
0.14. A semicarbazone was prepared, m. p. 127-129°.

3-Methyl-5-ethoxypentyn-1 -ol-3 (II, R =  ethyl).— 
The preparation of this acetylene carbinol from 4-ethoxy - 
butanone-2 and sodium acetylide in liquid ammonia or 
potassium acetylide in /-butyl alcohol resulted in low 
yields of the desired product and large amounts of resinous 
products. However, with lithium acetylide in liquid am­
monia, yields of 30-40% of the desired product were 
obtained in accordance with the following procedure. 
A liter of liquid ammonia was saturated with dry acetylene 
and while the latter was passing through the solution, 7.6 35 36

(35) W hite and Howard, J . Chem. Soc., 25 (1943).
(36) Hennion, H inton and Nieuwland, This Journal, 55, 2858 

(1933).



April, 1948 Synthesis of Biologically Active Vitamin A Ethers 1603

g. of lithium was added with stirring in the course of one 
hour. Stirring was continued until the solution was de­
colorized. The mixture was then cooled to —70° and 
116 g. of 4-ethoxybutanone-2 was added dropwise in 
the course of one and one-half hours with acetylene passing 
through the solution. Stirring was continued for two 
hours longer, then the ammonia was allowed to evaporate 
and the residual product acidified with concentrated solu­
tion of tartaric acid. Finally, the mixture was extracted 
several times with ether, the ethereal extracts dried and 
the ether removed. The crude product was fractionated 
under reduced pressure and the fraction (46-50 g.) boiling 
at 67° (7 mm.) collected and analyzed; » 25d  1.4370; 
MR, 40.41; calcd. MR, 40.32; d2h 0.922.

Anal. Calcd. for CgHuC^: C, 67.58; H, 9.93; un­
saturation, 2.0 f^; active hydrogen (Zer.),2.0. Founcri 
C, 67.59, 67.83; H, 9.44, 9.55; unsaturation, 2.11 | 
(Pd); active hydrogen (Zer.), 2.06, 1.95.

Following the same procedure, the corresponding 5- 
methoxyacetylene carbinol was prepared in 25% yield, 
b. p. 80-81° (25 mm.).

3-Methyl-5-ethoxy-3-pentenyne-1 (III).—This enyne 
was prepared by passing upwards through a hot tube 
(270-280°) charged with a mixture of aluminum phos­
phate (17 g.) and pumice (37 g.) the acetylene carbinol 
(II) at the rate of about 0.6 g. per minute and under a 
nitrogen pressure of 35 mm. A yield of 50% was obtained 
per pass; b. p. 68-70° (37 mm.); w25d  1.4448; MR, 
39.4; calcd. 38.33; d254 0.839. An absorption spectrum 
showed a maximum at 2250 A., log emoi., 4.095.

Anal. Calcd. for CgH120 : unsaturation, 3.0 1 ; active
hydrogen, 1.0. Found: unsaturation, 3.1 | ; active
hydrogen (Zer.), 1.01.

l-[2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3,7-dimethyl-9- 
methoxy-l-nonen-yne-5-diol-3,7 (VI, R =  methyl).— 
A Grignard was prepared in 800 cc. of anhydrous ether 
from 9.8 g. of magnesium and 43.9 g. of freshly distilled 
ethyl bromide. The mixture was then cooled to 0° in 
an atmosphere of nitrogen and to it was added, in the 
course of thirty minutes with rapid stirring, 48.1 g. (active 
hydrogen, 1.94) of the acetylene carbinol (V) in 50 cc. of 
anhydrous ether. The mixture was then refluxed gently 
in nitrogen for five hours, cooled to 0° and to it added, 
in the course of twenty minutes, 23.3 g. of 4-methoxy- 
butanone-2 in 20 cc. of anhydrous ether. A whitish 
precipitate separated out immediately. To complete the 
reaction the mixture was stirred in nitrogen for twenty- 
four hours, then cooled and hydrolyzed with a mixture of 
ice (480 g.) and ammonium chloride (48 g.) and the 
resulting product extracted several times with ether. 
The combined ether extracts were washed once with 50 
cc. of 10% salt solution, dried with anhydrous magnesium 
sulfate, and the ether removed. The residue was then sub­
jected to a high vacuum (10“5 mm.) at 100° for two hours 
to remove low boiling constituents. A yield of 63.7 g. 
(88%) of a yellowish highly viscous product was obtained.

Heating the glycol under high vacuum failed to remove 
entirely the unreacted acetylene carbinol, so further 
purification was effected by removing the latter as its 
silver salt. To a solution of 63.7 g. of the crude glycol 
in 140 cc. of absolute ethanol was added 35.2 g. of silver 
nitrate in 240 cc. of absolute ethanol and 120 cc. of con­
centrated ammonia (d — 0.901). The mixture was pro­
tected from light and shaken in nitrogen for twenty 
minutes, then centrifuged to remove the silver salt of the 
acetylene carbinol. The clear alcoholic layer was then 
diluted with an equal volume of water and extracted sev­
eral times with petroleum ether. The combined petro­
leum ether extracts were washed with water and dried over 
anhydrous magnesium sulfate. The mixture was then 
filtered, the petroleum ether removed and the pale yellow 
residue subjected to a vacuum of 10“5 mm. at 50° for one 
hour. A yield of 49.5 g. of a gummy product was ob­
tained. Attempts to crystallize this glycol were not 
successful. Analyses are recorded in Table III.

l-[2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3,7-dimethyl-9- 
ethoxy-l-nonen-yne-5-diol-3,7 (VI, R »  ethyl; left -~>

right).—This glycol ether was prepared in the same man­
ner as the corresponding glycol methyl ether except that 
the Grignard of the acetylene glycol (V) was added to an 
ethereal solution of 4 -ethoxybutanone -2 instead of the 
reverse. A yield of 92% of the crude product was ob­
tained. This was purified by removing the unreacted 
acetylene carbinol as its silver salt and the glycol ether 
obtained partitioned between equal volumes of 90% 
methanol and petroleum ether. The glycol ether was re­
covered from the methanol layer by adding two volumes 
of 10% salt solution and extracting with petroleum ether. 
A yield of 85% of the purified product was obtained as a 
pale yellow gum. An ultraviolet absorption spectrum of 
this substance showed a principal band with a maximum 
at 2260 A.; long €moi.> 4.044. Analytical data are given 
in Table III.

When this glycol (31 g.) was dissolved in petroleum ether 
and the solution allowed to stand under nitrogen at —20° 
for several weeks, a white crystalline product (9.2 g.) 
separated out, m. p. 41-42°. Further successive cool­
ings of the mother liquor from —20 to —78° failed to 
produce any more crystalline product. The solid was 
recrystallized several times from petroleum ether at —10 
to —20° until a constant in. p. of 68-69° was obtained. 
An ultraviolet absorption spectrum of 0this product 
showed a band with a maximum at 2260 A .; log <=moi., 
4.12. Analytical data are given in Table III.

l-[2  ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3,7-dimethyl-9- 
ethoxy-1 -nonen-yne-5-diol-3,7 (VI, R =  ethyl; right 
left).—A Grignard was prepared from ‘19.5 g. of mag­
nesium and 87.5 g. of ethyl bromide. The mixture was 
cooled to 0° in an atmosphere of nitrogen and to it was 
added dropwise 57 g. (7.5% excess) of the acetylene car­
binol (II, R =  ethyl) in the course of one hour. The 
mixture was then allowed to stir in nitrogen for ten hours, 
then cooled to 0° and to it was added dropwise 77 g. of the 
aldehyde (IV) in 100 cc. of ether in the course of one and 
a half hours. Stirring was continued at room tempera­
ture for twenty-four hours, then the mixture was hy­
drolyzed with a saturated solution of ammonium chloride 
containing 80 g. of the latter. A yield of 120 g. of the 
crude glycol was obtained which was purified in the same 
manner as the glycol prepared from left to right. A yield 
of 112 g. of the purified product was obtained as a pale 
yellow gum which o had an ultraviolet spectrum with a 
maximum at 2260 A.; log emoi., 3.992. Other analytical 
data are given in Table III.

When 112 g. of this glycol was dissolved in a liter of 
petroleum ether and the solution allowed to stand under 
nitrogen at —20° for several weeks, a white solid (60 g.) 
separated out which had a m. p. of 41-47°. This was 
recrystallized several times from petroleum ether at 
— 10 to —20° until a constant m. p. of 67—68° was ob­
tained. An ultraviolet absorption spectrum showed a 
maximum at 2260 A., log €moi., 4.018. Other analytical 
data are given in Table III.

5-Dehydroglycol isopropyl and 5-dehydroglycol t- 
butyl ethers were synthesized in the same manner as the
5-dehydroglycol methyl ether from the Grignard of the 
acetylene carbinol (V) and 4-isopropoxybutanone-2 and 
4-t-butoxybutanone-2, respectively. The products were 
purified only to the stage of removing the volatile con­
stituents by heating at 100° (10~4 mm.) for one hour.

The high hydrogenation values shown in Table III are 
due to partial hydrogenolysis of the hydroxyl groups in 
the presence of a large excess of catalyst usually required 
for obtaining quick and accurate estimation of unsatura­
tion with an especially designed semicrohydrogenation 
apparatus37 which was thoroughly tested with several 
known unsaturated compounds.

1 - [2 ',6 ',6 '-Trimethylcyclohexen-1 '-yl] -3,7-dimethyl-9- 
ethoxy 1,7-nonadien-yne-5-ol-3 (IX).—A Grignard was 
prepared in 300 cc. of anhydrous ether from 1.4 g. of mag­
nesium and 6.0 g. of ethyl bromide. The Grignard was 
cooled to 0° in nitrogen and to it was added dropwise
6.8 g. of 3-methyl-5-ethoxy-3-pentyne-l (III ) . The

(37) Rivers, Ph.D . Thesis, M. I. T ., 1941, p. 48,
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T a b l e  III
A n a l y t i c a l  D a t a  o f  5 - D e h y d r o g l y c o l  E t h e r s

5-D ehy  d r ogly col- 
e thers

Yield,
%

M. p., 
°C. Calcd.

C
Found

H
Calcd. Found

A. H. (Zer.) 
Calcd. Found

H2 (Pd, P t) 
Calcd. Found

M ethyl (1 r)a 
CC21H34O3) 74 Gum 75.44

75.42
75.09 10.24

9.97
10.01 2 .0

1 . 9 8
1.93 4.0

4.1  (Pd) 
5.9 (Pt) 
5.4  (Pt)

Ethyl (1 -*• r)
(C22H36O3) 80-85 Gum 75.81

75.97
75.55 10.41

11.01
11.17 2 .0

2.15
2.12 4.0

4.67(Pd) 
4.89 (Pd) 
5 .15(Pt)

Ethyl (1 r) 
solid 30-40 68-69 75.81

75.79

75.95 10.41

10.79

10.42 2.0 2.2 4.0

4.99(Pt) 
5.27 (Pt) 
5.31 (Pd)

Ethyl (r l ) b
(C22H36O3) 85-88 Gum 75.81

75.5
75.2 10.41

10.3
10.5 2.0

2.06
2.09 4.0

5.47 (Pt) 
5 .16(Pt)

Ethyl (r —► 1) 
solid 40-50 67-68 75.81

75.6
75.2 10.41

10.5
10.6 2 .0

1.93
2.10 4.0 4.95(Pt)

Isopropyl (1 —► r) 
(C23H38O3) 54 Gum 2.0 1.80 4.0 5 .6  (Pt)

/-Butyl (1 —► r) 
(C24H40O3) 79 Gum 76.55

75.1
74.9 10.58

10.13
10.02 2 .0

1.97
1.91 4.0 4 .8  (Pt)

® (1 —► r) indicates the preparation of the glycol by adding the Grignard of the acetylene carbinol (V) to the correspond­
ing 4-alkoxybutanone-2. & (r —► 1) indicates the preparation of the glycol by adding the Grignard of the acetylene carbi­
nol (II) to aldehyde (IV).

mixture was allowed to stir overnight at room temperature, 
then cooled to 0 ° and to it added dropwise in the course of 
one hour 10.8 g. of the aldehyde (IV) in equal volume of 
ether and again allowed to stir in nitrogen at room tem­
perature overnight. Finally, the mixture was hydrolyzed 
with excess cold concentrated ammonium chloride solu­
tion and the product recovered and heated for one hour at 
100° (10-4 mm.) to remove low boiling products; yield, 
13.5 g., (75%). This was further purified by distillation 
in a molecular still of the falling film type and the fraction 
(almost all of the product) distilling at 156° (0.005 mm.) 
collected and analyzed; n25d 1.5169. An ultraviolet
absorption spectrum showed a maximum at 2320 A.; 
log €moi.j 4.315.

Anal. Calcd^Jor C22H34O2: C, 79.94; H, 10.36; un­
saturation, 5 I ; active hydrogen (Zer.), 1.0. Foundj 
C, 79.67, 79.80; H, 10.2, 10.16; unsaturation, 5.31 |“  
(P t), 5.20 (Pd) active hydrogen, (Zer.), 1.15, 1.1.

Selective Hydrogenation of 5-Glycol Ethers .—Attempts 
to add two hydrogen atoms to the acetylene bond of the
5-dehydroglycol ethers chemically were not successful. 
For example, the solid 5-dehydroglycol ethyl ether, m. p. 
68-69°, was treated in methanol or in liquid ammonia 
with sodium or lithium, or with a large excess of calcium 
in 90% ethanol and in every case the product was re­
covered unchanged; e. g., melting point, hydrogenation 
and active hydrogen determinations were identical with 
the original; even mixed melting point with the original 
showed no depression. Catalytic hydrogenation in al­
cohol, however, using 1% palladium deposited on calcium 
carbonate showed a high degree of selectivity, so that all 
of our preparations, including that of l- [2 ',6',6'-tri­
methylcyclohexen- 1 '-yl] -3,7- dimethyl-9-ethoxy-1,7-non- 
adien-yne-5-ol-3 (IX) were partially hydrogenated by 
adding one mole equivalent of hydrogen to each. In 
most of the cases the products recovered were checked 
by hydrogenation and active hydrogen estimations.

Conversion of the Glycol Ethers (VII) into the Dihalides. 
—Phosphorus trichloride, tribromide and triiodide were 
first tried as halogenating agents both in the presence and 
absence of pyridine. Phosphorus tribromide was found 
to give the best results. To 100 cc. of dry benzene was 
added 25 g. of freshly distilled phosphorus tribromide 
and dry purified nitrogen was allowed to bubble through 
the solution for five to ten minutes to displace any free 
hydrogen bromide present. The mixture was then cooled

to 0° and, while nitrogen was bubbling through it, 15.3 g. 
of the glycol (VII, left —>■ right) in 100 cc. of benzene and 
22 cc. of dry pyridine was added dropwise in the course 
of fifteen minutes. The mixture was allowed to stand 
at 0° for one-half hour, then heated to 60-80° for one 
hour. The mixture was then cooled, diluted with water 
and the layers separated. The organic layer was extracted 
several times with a 5% solution of phosphoric acid, dried 
and the solvent removed under reduced pressure. The 
residue was subjected to a high vacuum (10“4 mm.) 
at 50° for one hour; yield of a highly viscous brownish 
residue, 13 g.

Anal. Calcd. for C2iH34OBr2: Br, 34.57. Found:
Br, 31.61, 31.60.

The low bromine was due to a partial hydrolysis of the 
tertiary bromine and to a slight dehydrobromination, 
since the dibromide showed a small amount of active 
hydrogen and bands of low intensity at 2850 and 3250 A .

Dehydrobromination of the Dibromides.—Ordinarily 
the dehydrobromination was accomplished without isolat­
ing the dibromide. Following the above experiment as a 
typical example, the benzene and other volatile products 
were removed at the end of the reaction under reduced 
pressure and to the residue was added 400 cc. of hot 95% 
alcohol containing 40 g. of potassium hydroxide. Heating 
was continued in nitrogen at 60-80° under a slightly re­
duced pressure for one hour, then most of the alcohol was 
removed and the residue cooled, diluted with six volumes 
of water and extracted with 4 X 100 cc. of olefin-free 
petroleum ether. The extract was shaken several times 
with 5% phosphoric acid solution, then with 10% salt 
solution, and dried with magnesium sulfate. When the 
petroleum ether was removed, a yield of 10.9 g. (82%) 
of the crude product was obtained. This was distilled 
under a highly reduced pressure and the pale yellow frac­
tion (8 g.) boiling at 90-95° (10~4-10~5 mm.) was col­
lected and analyzed. Spectroscopically, this sample had 
two prominent bands in the ultraviolet, one at 3250 A . ;  

EFom. 535, the other at 2850 A.; 655, and two
feeble indications at 3450 and 3710 A., respectively. 
With antimony trichloride in chloroform, it gave a deep 
blue color with maxima at 5800 and at 6180-6200 A., 
respectively (Fig. 1, curves with broken lines). Biologi­
cal results of products prepared by this method are given 
in Table I, assays 1-9.
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Anal. Calcd. for CaHsaO: C, 83.93; H, 10.73; OCH3, 
10.33; unsaturation, 5 p 3; active hydrogen, 0.0. Found: 
C, 81.88, 82.09; H, 10.95, 11.12; OCHs, 11.2; unsatura­
tion, 4.96 (Pd), 5.11, 5.17 (Pt) f==; active hydrogen 
(Zer.), negligible.

Repeated distillation of a sample having an 
(3250 A.) value of 1000 at 10”f mm. from a shallow vessei 
caused considerable decomposition of the vitamin ether. 
In fact, after five consecutive distillations the band at 
3250 A. had vanished completely. Another sample from 
a single distillation was fractionated in absolute methanol 
at temperatures between 0 and —-78° and the product 
(pale yellow solid) insoluble below —40° separated and 
analyzed spectroscopically. It was found to have a 
prominent band at 3250 A.; 1090.

Dehydrochlorination of the Glycol Methyl Ether (VII, 
left —► right) via Thionyl Chloride and Alcoholic Potash.— 
A solution of 5.96 g. of freshly distilled thionyl chloride 
in 10 cc. of ether was added dropwise in the course of 
fifteen minutes to a well-stirred mixture of 8.5 g. of the 
glycol methyl ether (VII), 3.96 g. of anhydrous pyridine 
and 20 cc. of ether, maintained at 0° with nitrogen passing 
through the solution. The mixture was allowed to come to 
room temperature, then heated on the water-bath to 60- 
80° for three hours. During this time all the ether had 
evaporated, and the residue was cooled and extracted 
with petroleum ether, the latter removed and the residue 
(7 g.) analyzed. It gave a deep blue color with antimony 
trichloride in chloroform and a broad band in the ultra­
violet between 3000 and 3300 A. with an E^°m (3250 A.) 
value of 350, showing definite spontaneous dehydrochlo­
rination.

To completely dehydrochlorinate the above product, 
it was mixed with 60 cc. of methanol containing 3 g. of 
potassium hydroxide and the mixture heated on the water- 
bath in an atmosphere of nitrogen for two hours, then 
cooled, diluted with three volumes of water and extracted 
with petroleum ether, the extract washed with 10% tar­
taric acid solution and dried over magnesium sulfate. 
The final product was free from chlorine, and was purified 
further by fractionation at low temperatures from a 50-50 
mixture of absolute methanol and petroleum ether. A 
small amotint of brown solid separated at —70° which had 
an ultraviolet spectrum in the region of 3100-3300 A. 
and gave a deep blue color with antimony trichloride in 
chloroform, but was discarded because it was found to 
contain sulfur. The filtrate yielded a product free from 
sulfur and chlorine and was found to exhibit two maxima 
in the ultraviolet; one at 2830 A.; E\%m 650; the other 
at 3250-3280 A . ;  E\%m 502. When fed to vitamin A 
deficient rats, it was found biologically active in doses of 
10 to 28 y . Other analytical data of this product were 
no different from those obtained by the dehydrobromina­
tion method using phosphorus tribromide. Similar 
results were obtained by the dehydrochlorination of the 
glycol ethyl ether (right —> left) using thionyl chloride 
and alcoholic potash.

The dehydrobromination of the glycol isopropyl (VII, 
R = isopropyl) and the glycol /-butyl (VII, R = /-butyl) 
ethers (left —> right) was effected in the same manner as 
that of the corresponding glycol methyl ether using the 
phosphorus tribromide method. Yields of about 50-60% 
were obtained. After preliminary purification from 
methanol at low temperatures, the isopropyl ether was 
distilled from a shallow vessel and the product, a yellow 
viscous liquid, boiling at 87-90° (10“5 mm.) was collected 
and tested spectroscopically and biologically. Table I 
(assays 11 and 12) gives the biological results of this ether. 
Spectroscopically it exhibited the usual two broad bands; 
one at 2800-2900 A. and the other at 3100-3300 A. The 
spectrum of the antimony trichloride color also showed 
two maxima; one at 5800 A . ;  E\%m 506, and the other 
at 6180 A.; 367.

The /-butyl ether could not be distilled without appreci­

able decomposition, so it was fractionated at low tem­
peratures from methanol and the fraction which separated 
out below —30° was tested biologically and spectroscopi­
cally. Assay 13 of Table I gives the biological test on rats 
of this crude sample of vitamin A /-butyl ether. Spectro­
scopically it also gave the two usual broad bands in the 
ultraviolet. The spectrum of the antimony trichloride 
color gave the usual two maxima: one at 5800 A . ;

388 and the other at 6180-6200 A . ;  E\%m 200. This 
work was done during the early part of the war and no 
further attempt was made to purify these ethers. How­
ever, an attempt was made to convert both of these 
ethers by the method of Rigby38 into the corresponding 
palmitic and acetic esters of vitamin A by treating them 
with palmityl or acetyl chloride in the presence of traces 
of anhydrous zinc chloride. Partial conversion was 
actually accomplished, as it was indicated by the saponi­
fication number of the esters produced. With acetyl 
chloride, the acetate produced had a saponification number 
between 270 and 300, as against the theoretical of 328. 
In view of the difficulty encountered in the purification 
of these esters no further work was done along these lines.

Direct Dehydration of Glycol Methyl Ether (VII, left —> 
right).—Preliminary investigation on the direct dehydra­
tion of 1,4-glycol model compounds of the type of the 
glycol (VII) led to the production of dihydrofurans. 
However, when 5.7 g. of the glycol methyl ether (VII) 
was dehydrated in toluene (190 cc.) in the presence of 0.3 
g. of p -toluenesulfonic acid, by distilling in nitrogen 60 
cc. of toluene, a product was obtained which behaved like 
that obtained by the dehydrobromination process. When 
distilled from a shallow vessel, a yellow oil (2 g.) was 
obtained boiling at 90-95° (10~4-10~5 mm.). It gave a 
deep blue color with antimony trichloride in chloroform 
and exhibited the usual dual maxima in the ultraviolet. 
Upon hydrogenation it absorbed 4.98 moles of hydrogen as 
against the theoretical of 5 for the methyl ether of vitamin 
A .  A Zerewitinoff determination showed less than 0 . 1  
active hydrogen, indicating the absence of hydroxyl groups. 
The preliminary assay 10, Table I, shows the biological 
activity of this product.

Dehydrobromination of Glycol Ethyl Ether (VII, right -*  
left) via Pyridine Hydrobromide and Alcoholic Potash.—
To 40 g. of dry pyridine was added 4.5 g. of dry gaseous 
hydrogen bromide. The partly solid-partly liquid mix­
ture was cooled in nitrogen and to it was added 8.5 g. 
of solid glycol ethyl ether (VII) in 50 cc. of anhydrous 
benzene and heated on the water-bath for three hours 
while nitrogen was slowly bubbling through it. Most 
of the solvent was then removed under reduced pressure 
and to the residue was added 100 cc. of 10% hot alcoholic 
potash, and the mixture again heated on the water-bath 
for one-half hour. It was then cooled in nitrogen, diluted 
with three volumes of water and extracted with petroleum 
ether. The petroleum ether extract was shaken with 5% 
phosphoric acid solution, then with water and dried over 
magnesium sulfate. From the final solution was obtained 
a yellowish-brown viscous liquid (6.5 g.) which gave a 
deep blue color with antimony trichloride in chloroform, 
and exhibited two bands in the ultraviolet: one of very high 
intensity at 3000-3700 A .  and the other of very low in­
tensity at 2850-2900 A. For further purification, it was 
partitioned between equal volumes (100 cc.) of 83% 
ethanol and petroleum ether, the latter was washed with 
water, dried and passed through a column 4' X 1" filled 
with 40-60 mesh activated alumina (ALORCO). The 
column was further washed with a total of 1500 cc. of 
petroleum ether and the latter removed from the washings; 
a yellow residue (4.5 g.) remained. This was distilled in 
a molecular still of the falling film type and the largest 
fraction (3.5 g.), a clear yellow highly viscous liquid, 
boiling at 95-98° (10~4-10~5 mm.) (bath temperature 
145-150°), collected and analyzed. This gave a deep 
blue color with antimony trichloride and a fine structure

(38) Rigby, Ph.D . Thesis, M. I. T., 1930.



in the ultraviolet of three bands (Fig. 3) : one at 3300 A.; 
EFom. 1690; aosecond at 3480 A.; 1830; and a
third at 3670 A.; E^J°m 1520. No distinct bands de- 
veloped on the alumina, and the product eluted from it 
with hot ethyl alcohol exhibited the usual two bands in 
the ultraviolet, but with lower intensity.

Anal. Calcd. for C22H34O; Ci__S4.00; II, 10.89;
O C 2H 5, 14.03; unsaturation, 5.0 |“ ; mol. wt., 314.5. 
Found: C, 82.78, 83.32; H, 10.50, 10.90; OC2H5, 13.26; 
unsaturation, 4.94, 5.06 (P t); mol. wt. (in benzene), 
313.7, 310.3, 310.2.

After standing at 0° in nitrogen for over six months, 
it partially crystallized into pale yellow needles which had 
a in. p. of 28-30°.

The dehydrobromination of the glycol ethyl ether (left
right) by the above method gave similar results, except 

much lower yields of the desired^ product. Similarly, 
the dehydrobromination of the carbinol (X) by the same 
procedure yielded a product which in its crude form showed 
two bands in the ultraviolet; one with a low intensity at 
2800-2900 A . ,  and another with a high intensity at 3000- 
3700 A .

Dehydration of the Carbinol (X).—To 150 cc. of thio­
phene-free toluene was added 0.09 g. of £-toluenesulfonic 
acid and 25-30 cc. of toluene distilled to remove traces of 
water present in the mixture. The toluene solution was 
then cooled in nitrogen and to it was added 4.5 g. of the 
carbinol (X) in 60 cc. of toluene. Enough toluene (50- 
60 cc.) was then distilled in nitrogen until the distillate 
was completely free from cloudiness. The contents (red­
dish-brown) of the flask was cooled and treated with 50 
cc. of methanol containing 2.5 g of potassium hydroxide. 
Enough water was then added to separate the layers, 
the organic layer removed, washed with water, and dried 
over magnesium sulfate. When the toluene was com­
pletely removed, a reddish-brown viscous liquid (3.8 g.) 
remained. This gave a blue color with antimony tri­
chloride in chloroform and exhibited otwo broad bands in 
the ultraviolet; one at 2800-2900 A. and the other at 
3000-3400 A . ,  the latter being more intense. To further 
purify this product, it was partitioned between 100 cc. 
of petroleum ether and 100 cc. of 90% methanol. Most 
of the product went into the petroleum ether which was 
washed with water, dried, and the solvent removed under 
reduced pressure. The residue was taken up in absolute 
methanol and fractionated at temperatures between —10 
and —78°, the product (a yellow semi-solid) which sepa­
rated out in various fractions below —40° recovered in 
methanol and extracted from it with petroleum ether by 
adding 5% salt solution. From the petroleum ether a 
product was obtained which gave a deep blue color with 
antimony trichloride in chloroform and exhibited a single 
band in the ultraviolet with a well-defined maximum at 
3250-3270 A . ;  1500 and log emoi. 4.67 (see Table
II).

Dehydration of 5-Dehydroglycol Methyl Ether (VI 
left —* right) to 5-Dehydrovitamin A Methyl Ether
(VIII).—The 5-dehydroglycol methyl ether (31.5 g.) 
was dehydrated in toluene (400 cc.) using ^-toluenesul- 
fonic acid (0.7 g.) in the usual manner. The dehydrated 
product was first treated with 5% methyl alcoholic 
potash followed by partitioning between equal volumes of 
petroleum ether and 90% methanol. The petroleum ether 
layer was washed with water, dried and the solvent re­
moved; yield, 24 g. This product gave a purplish-blue 
color with antimony trichloride in chloroform and two 
broad bands in the ultraviolet: one with a high intensity 
at 3000-3300 A . ,  the other with a low intensity at 2800- 
2900 A ,  When distilled under a high vacuum from a 
shallow vessel, a clear light orange liquid came over at 
85-95° (10~4-10~5 mm.). This was tested biologically 
and the results are given in Table I, assay 14. Hydro­
genation of this sample showed the presence of 6.35 
double bonds and showed negligible active hydrogen 
(Zer.). Although the hydrogen analysis was close to the
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theoretical value the carbon was about 2% low. Further 
purification was effected by alternate distillation and low 
temperature fractionation from absolute methanol. 
The results are given in Table IV. The product from the 
second distillation was again tested biologically (Table I, 
assay 15).

The final product (see Table IV) was a light orange 
viscous oil, having the following analytical data:

Anal. Calcd. for C2iH3iO: C, 84.50; H, 10.13;
OCH3, 10.39; unsaturation, 6.0 \===. Found: C, 83.87, 
83.60; H, 10.34, 9.92; OCH3, 11.25; unsaturation, 6.3, 
6.08, 6.1 f=  (Pt).

A freshly distilled sample of 5-dehydrovitamin A methyl 
ether (7.8 g.) with an E\%mm (3200 A . )  value of 1000 was 
selectively hydrogeqated in absolute ethanol by adding to 
it one mole-equivalent of hydrogen in the presence of 
1% palladium deposited on calcium carbonate (using one- 
half the weight of the sample). The crude product was 
recovered and analyzed spectroscopically. It was found 
to have a peak at 3220-3230 A.; 886. This was
further purified by low temperature fractionation from 
absolute methanol and the fraction insoluble below —30° 
recovered and distilled under high vacuum. A product 
(yellow oil) boiling at 90-95° (10-4 mm.) was collected 
and analyzed. It gave a blue color with antimony tri­
chloride in chloroform, thé transmission spectrum of which 
is shown in Fig. 1 (solid line curves). In this case the 
6180 A. maximum is much more intense than that of the 
5800 A. with an value of 3284. The ultraviolet
absorption spectrum showed a single well-defined band 
with a maximum at 3230 A . ; 1560 (Fig. 2, curve B ).
Hydrogenation showed the presence of 5.15 (Pt) double 
bonds.

T a b l e  IV
T h e  E f f e c t  o f  A l t e r n a t e  H ig h  V a c u u m  D is t il l a t io n  
a n d  Low T e m p e r a t u r e  F r a c t io n a t io n  on  5 -D e h y d r o - 

v it a m in  A  M e t h y l  E t h e r
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No. of distillations 
(10“4-1 0 “5 mm.) and Vax., F l%

E 1 cm.
low temp, fractionations A max.

Second distillation 3180 1300
Third distillation 3180 1200
Fourth distillation 3200 844
First fractionation (methanol) 3190 1090

of distilled product (4th time) 
Second fractionation 3200 1120
Third fractionation 3200 1140
Distillation of final fractionated 3220 1600

sample (Curve A, Fig. 2)
Ozonization of Vitamin A Methyl Ether (XI).—A 

sample (1.81 g.) of the vitamin A methyl ether prepared 
by the foregoing method and kept under nitrogen at —20° 
for over two years was ozonized by the method of Strain.39 
It yielded about 0.5 g. (26%) of crude sodium bicarbonate 
soluble geronic acid 2,4-dinitrophenylhydrazone. This 
was recrystallized several times from aqueous acetic acid 
and from aqueous methanol; m. p. 133.5-134.5° (cor.). 
Mixed m .p . with an authentic sample of geronic acid 2,4- 
dinitrophenylhydrazone showed no depression; 134- 
134.5° (cor.).

Dehydration of 5-Dehydroglycol Ethyl Ether (VI, 
left —► right).—The 5-dehydroglycol ethyl ether (22 g.) 
was dehydrated in toluene (550 cc.) in the presence of 
0.45 g. of £-toluenesulfonic acid using the general pro­
cedure adopted in this paper. The crude product was 
treated with 5% methyl alcoholic potash, then partitioned 
between equal volumes (200 cc.) of petroleum ether and 
90% methanol. The fraction taken by the petroleum ether 
was recovered (15.5 g.) and fractionated several times in

(39) Strain, J . B io l. C hem ., 102, 137 (1933).
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absolute methanol between 0 and —78° and the fractions 
insoluble below —30° (orange-yellow solid) were combined 
and distilled from a shallow vessel under a high vacuum. 
A light orange oil boiling at 95-98° (10~4-10~5 mm.) 
was collected and analyzed. The ultraviolet spectrum 
showed a single, well-defined band with a maximum at 
3210-3220 1 .;  1400.

Anal. Calcd. for CffiHsaO: C, 84.55; H, 10.33; un- 
saturation, 6.0 ; active hydrogen, 0.0. Found: C,
84.58, 85.22; H, 10.90, 11.00; unsaturation, 6.1, 6.2 |~  
(Pt), 6.05 r  (Pd); active hydrogen (Zer.), 0.05 (within 
experimental error).

Dehydration of 5-Dehydroglycol Ethyl Ether (VI, right 
-+■ left).—This glycol ethyl ether (20 g.) was dehydrated 
in the same manner as the previous sample in 500 cc. of 
toluene and in presence of 0.4 g. of £-toluenesulfonic acid. 
After washing with 5% methyl alcoholic potash and par­
titioning between petroleum ether and 90% methanol, 
a product (14 g.) was obtained which had an 
(3210 A.) value of 1320. Further purification was ef­
fected by dissolving the product in petroleum ether and 
passing it with nitrogen through a 4' X 1" column packed 
with 40-60 mesh of activated alumina (ALORCO). The 
column was then washed with 1.5 liters of petroleum ether 
and the unadsorbed portion (11-12 g.) was recovered from 
the petroleum ether and fractionated once at low tempera­
tures from absolute methanol. The fractions insoluble 
below —30° were collected and distilled under a high 
vacuum. An orange-yellow oil boiling at 95-100 ° (10~4-  
10“5 mm.) was collected and analyzed. It had a single, 
well-defined band with a maximum at 3220 A .; 1410
(Fig. 2, curve C). Upon catalytic hydrogenation (Pt) 
it absorbed 6.1 moles of hydrogen. Molecular weight 
determinations in benzene by the freezing point method 
gave the following values: Calcd. for C 2 2 H 3 2 O :  312.5.
Found: 310.7,308.3,313.

Dehydration of 5-Dehydrocarbinol Ethyl Ether (IX).—
About 10 g. of 5-dehydrocarbinol ethyl ether (IX) was 
dehydrated in 400 cc. of toluene in the presence of 0.2 
g. of ^-tohienesulfonic acid. The resulting mixture was 
treated with 5% methyl alcoholic potash and the product 
recovered from it partitioned between petroleum ether 
and 90% methanol. The fraction (7.5 g.) taken up by 
the petroleum ether was recovered and fractionated at 
low temperatures from absolute methanol. The fractions 
insoluble below —30° were combined and distilled under 
high vacuum. An orange-yellow oil was obtained boiling 
at 95-98° (10~4-10~5 m m .). This had a single band with 
a maximum at 3210-3220 A .; 1350.

Anal. Calcd. for C22H32O: C, 84.55; H, 10.33; un­
saturation, 6.0 f^; active hydrogen, 0.0. Found: C,
83.67,_83.38; H, 10.54, 10.31; unsaturation, 6.10,
6.28 1 (Pt); active hydrogen (Zer.), 0.03 (negligible).

Ozonization of 5-Dehydrovitamin A Ethyl Ether (VIII). 
—About 1.5 g. of 5-dehydrovitamin A ethyl ether pre­
pared by the dehydration of 5-dehydroglycol ethyl ether 
(right —► left) was ozonized in the usual manner and the
2,4-dinitrophenylhydrazone precipitated. The bicarbon­
ate soluble portion was recrystallized once from aqueous 
methanol; m. p. 126.5-127.5° (cor.); yield, 0.3 g. 
(20%). This was again recrystallized from aqueous 
methanol three times, and a final m. p. of 134-134.5° 
(cor.) was obtained. Mixed m. p. with an authentic 
sample of geronic acid 2,4-dinitrophenylhydrazone gave 
no depression.

Selective Chemical Reduction of 5 -Dehydrovitamin A 
Ethyl Ether.—The selective chemical reduction of the 
acetylene bond in 5-dehydrovitamin A ethyl ether was 
studied using the estimation of unsaturation and the ex­
tinction coefficient in the ultraviolet as guides in estimat­

ing the degree of reduction. No appreciable reduction 
was observed when zinc dust and acetic acid in ethanol or 
calcium in 90% ethanol were used as reducing agents. 
Sodium in liquid ammonia brought about complete de­
struction of the molecule. Partial reduction was observed 
with zinc-copper couple in absolute ethanol and with 
“DevardaV’ (Baker) and Raney alloys in 2% of aqueous 
(1:9) alcoholic potassium hydroxide. The most success­
ful results were obtained with zinc dust in aqueous al­
coholic potassium hydroxide. The following is a represen­
tative experiment: 5-Dehydrovitamin A ethyl ether (2.03 
g.; unsaturation 6.19 (P t); 1350) was dissolved
in 90 g. of absolute ethanol and to the solution added, 
with cooling and purified nitrogen slowly bubbling through 
it, 10 cc. of water, 6 g. of solid potassium hydroxide and 
0.6 g. of zinc dust. Nitrogen was allowed to bubble 
slowly through the mixture for twenty hours, then 20 
cc. of water was added and the reaction allowed to pro­
ceed five hours longer. Finally, the mixture was diluted 
with 20 cc. of water and extracted with petroleum ether, 
the extract washed with water, dried, and the solvent 
removed under vacuum. The residue (2 g.) was fraction - 
ated at low temperatures from 20 cc. of absolute methanol 
and the fractions (1.5 g., pale yellow solid) separating 
below —30° combined and analyzed. An ultraviolet 
absorption spectrum showed a well-defined band with a 
maximum at 3230 A.; 1590 (Fig. 2, curve D ).
Hydrogenation (Pt) showed the presence of 4.85-5.2 
double bonds. The combined filtrates from the above 
purification exhibited a band at 3220-3230 A.;
1215. This experiment was repeated several times, in 
some cases with a large excess of zinc dust, and the results 
were identical.
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Summary
1. The synthesis of biologically active vitamin 

A ethers has been achieved via several routes, us­
ing 1 - [2',6',6' - trimethylcyclohexen -1 ' - yl] - 3- 
methylbuten-l-al-4- as the key intermediate.

2. Synthetic methyl and ethyl ethers of vita­
min A have been obtained in relatively pure form. 
The isopropyl and /-butyl ethers have been ob­
tained in less pure form.

3. Several new intermediates used in the vari­
ous syntheses are described with complete ana­
lytical data for the first time.
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  J u l y  12, 1947
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[Contribution  from the D epartment of I ndustrial Chemistry, F aculty of E ngineering , K yoto U niversity]

The Organic Reactions with Aluminum Chloride. XX. The Action of Aluminum
Chloride upon Ethylene Chloride
b y  K eiiti S isido  and  Y osio Y osikaw a

In our previous communications1 in which the 
Friedel-Crafts reaction of dihalogenoalkanes with 
benzene were investigated, many anomalies, par­
ticularly shifts and splitting off of halogen atoms, 
were observed. During these researches we were 
impressed with the need for the fundamental stud­
ies of the behavior of these alkylene dichlorides 
alone in the presence of aluminum chloride, in 
order to clarify our understanding of the compli­
cated reaction of condensation. The present pa­
per deals with the change of ethylene chloride, one 
of the simplest homologs of the series, in the ab­
sence of an aromatic hydrocarbon, under the ordi­
nary conditions of the Friedel-Crafts reaction.

I t was astonishing that, when we treated ethyl­
ene chloride with 15% of its weight of aluminum 
chloride at 80°, a violent reaction ensued and the 
whole reactant, after only four hours of heating, 
solidified. In order to study the mechanism 
of the formation of solid material, it was decided 
to carry out the experiments under milder con­
ditions. The reaction was now carried out with 
ethylene chloride and 10% of aluminum chloride 
at 26 =*= 1°, and it was interrupted when the 
greater part of the dichloride still remained un- 
reacted, so that the distillable intermediate prod­
ucts could be obtained. The reaction was con­
tinued for seventy-five minutes and the mass was 
poured into iced water to decompose aluminum 
chloride; after recovering the unchanged ma­
terial, the products were fractionated in the usual 
way. By this procedure we have isolated the 
same compounds as the intermediates of a poly­
condensation product of benzene and ethylene 
chloride,2 which we have described in a previous 
paper,3 namely, bibenzyl and w-bis-(/5-phenyl- 
ethyl)-benzene were identified by analyses and by 
mixed melting points with authentic specimens. 
I t  should be noted that the latter substance was a 
new compound which we had found just before the 
War among the intermediates of the above men­
tioned high molecular material; the constitution 
was ascertained by the decomposition3 as well as 
by the synthesis.4 The mechanism of the for­
mation of these substances from benzene and 
ethylene chloride as well as the meta-orientation of 
the reaction were discussed in the previous papers.

(1) Sisido and Nozaki, T his Journal, 69, 961 (1947), etc.
(2) Shinkle, U. S. P aten t 2,016,026; C. A . ,  29, 8175 (1935); etc.; 

Shinkle, Brooks and Cady, Ind .  Eng. Chem.,  28, 275 (1936); Sisido 
and Kató, J .  Soc. Chem. I n d . ,  J a p a n ,  43, 232B (1940); C. A ., 35, 
1026 (1941); Klebanskii and Mironenko, J .  A p p l i e d  Chem., U.  S. S.  
R., 14, 618 (1941).

(3) Sisido and Kató, J .  Soc. Chem. Ind . ,  J a p a n , 44, 25B (1941); 
C. A . ,  35, 4369 (1941).

(4) Sisido, J. Soc. Chem. Ind . ,  J a p a n ,  44, 55B (1941); C. A., 35, 
4370 (1941).

The present facts are explained only by the as­
sumption that benzene "was formed from ethylene 
chloride by the action of aluminum chloride; this 
benzene condenses with the excess of ethylene 
chloride in the presence of aluminum chloride in 
the same way as the synthesis of the elastomer by 
the Friedel-Crafts reaction. During the reaction 
a considerable amount of hydrogen chloride was 
liberated, but it was not accompanied by acetyl­
ene, ethylene, vinyl chloride or any other un­
saturated compound according to qualitative 
analyses. As these compounds are therefore not 
regarded as stable intermediates, the route from 
ethylene chloride to benzene is not certain. It 
is easy to surmise that an elimination of two moles 
of hydrogen chloride from ethylene chloride pro­
duces a free radical —CH=CH—, three moles of 
which form a benzene molecule by cyclization. 
But rigorous proof is lacking.

J. l ie  ivJliiictLivjii VJ1 UCIIACIIC: u u in  c; ULJLJ  ACXJ.C; ^jjlIG-
ride during the Friedel-Crafts reaction was not 
observed previously by us, although many in­
vestigations were carried out on the condensations 
of ethylene chloride and aromatic hydrocarbons 
other than benzene by the action of aluminum 
chloride. Particularly, we could not find benzene 
derivatives among the reaction products of ethyl­
ene chloride and toluene,5 ethylbenzene,6 chloro­
benzene,7 bromobenzene,8 cymene,8 biphenyl,8 
naphthalene,8 phenol,9 anisole,9 diphenyl ether,9 
etc., respectively.

Experimental10
Ethylene chloride used in this investigation was care­

fully redistilled and the fraction boiling at 82-83° was 
submitted to the reaction.

In an ordinary three-necked flask 1190 g. of ethylene 
chloride was maintained at 25° and 119 g. of newly pul­
verized anhydrous aluminum chloride was thrown in at 
once. During the addition, which required one minute, 
scarcely any elevation of the temperature was remarked. 
The mixture was stirred for seventy-five minutes at 26 =*=

Fraction Boiling range, °C. Yield, g.
I 80-140 4.0

II 140-180 3.2
III 180-230 6.7
IV 230-270 3.4
V 270-295 3.0

VI 295-320 4.0
Residue 13.0

(5) Sisido and Kanari, J .  Soc. Chem. Ind . ,  J a p a n ,  44, 170B (1941); 
Sisido and Siihara, ibid.,  45, 62B (1942b

(6) Sisido and Kató, ibid.,  44, 148B (1941).
(7) Sisido, ib id .,  44, 463B (1941).
(8) N ot yet published.
(9) Sisido and Huruya, J .  Soc. Chem. I n d . ,  J a p a n ,  46, 674 (1943), 

(in Japanese).
(10) Microanalyses by Miss Vasuko Meizyó of our Laboratory.
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1°, and then was poured into iced water acidified with 
hydrochloric acid. The organic layer was separated and 
after drying over calcium chloride the unchanged ethylene 
chloride, which weighed 755 g., was removed by distilla­
tion. The residue was now fractionally distilled under 
vacuum of 10 mm. and several fractions were obtained.

The fractions I and III crystallized after a day.
The crystals obtained from fraction I were recrystal­

lized three times from alcohol until the melting point 
was fixed at 51.7-52.0°. This compound was proved to 
be identical with bibenzyl by a mixed melting point with 
a known sample.

Anal. Calcd. for Ci4Hi4: C, 92.26; H, 7.74. Found: 
C, 92.00; H, 7.87.

The repeated recrystallizations of the crystals from the 
fraction III afforded a sample of a melting point of 56.7- 
57.4°. This agrees in properties with w-bis-(j(3-phenyl- 
ethyl)-benzene and, when admixed with an authentic

specimen, did not depress the melting point, thus proving 
the identity.

Anal. Calcd. for C22H22: C, 92.26; H, 7.74. Found: 
C, 92.27; H, 7.49.

Summary
By the action of anhydrous aluminum chloride 

ethylene chloride yields bibenzyl, m-bis- (/5-phenyl- 
ethyl)-benzene and finally a poly condensation 
product.

This phenomenon is explained that at first ben­
zene is formed from ethylene chloride. The re­
sultant benzene then condenses with the excess of 
ethylene chloride in the sense of the Friedel- 
Crafts reaction.
K y o to , J a p a n  R e c e iv e d  N o v e m b e r  23, 1946

[C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  I n d u s t r ia l  C h e m is t r y , F a c u l t y  o f  E n g in e e r in g , K y o to  U n iv e r s it y ]

The Organic Reactions with Aluminum Chloride. XXI. The Cycli-alkylation of 
Benzene with l,4-Dibromo-2-butene and the Disproportionation of Hydrogen Atoms

B y  K e iit i S isido  and  H itosi N ozaki

The Friedel-Crafts reactions of poly-functional 
alkylating agents with benzene are often asso­
ciated with various anomalies, for example, the 
“cycli-alkylation”1 and the shift or reduction of 
halogen atoms.2 The former reaction may be of 
unusual interest as a simple method of synthesiz­
ing the compounds of polynuclear structures. In 
continuation of the studies in this field, we have 
investigated the condensation of l,4-dibromo-2- 
butene with benzene.

The dibromobutene dissolved in a large excess of 
benzene was treated with aluminum chloride at 
ordinary temperature. Upon fractional distilla­
tion of the reaction products, tetralin and 2- 
phenyl-l,2,3,4-tetrahydronaphthalene were found 
to have been formed along with a considerable 
amount of tarry matter. Neither naphthalene 
nor dihydronaphthalene was produced. Phenyl- 
substituted butanes which might be expected as a 
result of the ordinary Friedel-Crafts reaction also 
failed to be detected.

These observations may indicate that the first 
stage of the reaction consists in the condensation 
of one mole of benzene with one mole of the 
dibromobutene forming 1,4-dihydronaphthalene 
under the cyclization by the 2-butene residue. 
As 1,4-dihydronaphthalene rearranges, however, 
easily into 1,2-dihydro-compound, for example, 
by the action of sodium ethylate,3 the hydrogen 
atoms at the 1,4-position are supposed to be labile. 
It seemed to us, therefore, necessary to examine 
the action of aluminum chloride upon 1,4-dihydro­
naphthalene in order to clarify the mechanism of 
this condensation.

(1) Bruson and Kroeger, T his Journal, 62, 36 (1940); see also 
Price, Chapin, Goldman, Krebs and Shafer, ibid., 63, 1857 (1941).

(2) Sisido and Nozaki, ibid., 69, 961 (1947).
(3) Straus and Lernmel, Ber., 54, 25 (1921).

To a solution of the dihydronaphthalene in ben­
zene was added aluminum chloride and the mix­
ture was allowed to react a t ordinary tempera­
ture. I t was noted that only small quantities of
2-phenyl-1,2,3,4-tetrahydronaphthalene were pro­
duced. The main product was found to be a mix­
ture of about equal amounts of naphthalene and 
tetralin. We have repeated the same experiment 
introducing hydrogen chloride gas into the re­
action mixture and achieved the same result. 
Treating 1,4-dihydronaphthalene alone with alu­
minum chloride we obtained also naphthalene and 
its tetrahydride.

We have also investigated the reaction of alumi­
num chloride with 1,2-dihydronaphthalene. In 
addition to considerable amounts of higher-boiling 
substances there resulted also in this case naph­
thalene and tetralin in almost equal quantities. 
Scott and Walker,4 who studied the nature of the 
polymerized dihydronaphthalene as a synthetic 
resin, stated that 1,2-dihydronaphthalene gave, 
upon treatment with aluminum chloride, a red 
brittle resin having a molecular weight of 388 as 
well as a viscous oil, apparently a dihydronaph­
thalene dimer. We have found that the 1,2-iso­
mer gives more resinous matter than the 1,4-com­
pound.

Among the reaction products of the 1,4-di­
hydronaphthalene was a higher-boiling fraction, 
whose elementary analysis indicated the formula 
C20H20, from which, after a week, crystals of com­
position C20H18 separated. As the original frac­
tion upon sulfur-dehydrogenation, gave 2,2'-bi- 
naphthyl in a good yield, it is supposed that the 
fraction consists of a mixture of 1,2,3,4-tetra- 
hydro-2,2'-binaphthyl, C2oH i8, and 1,2,3,4,1',2',- 
3',4' - (or 1,2,3,4,5',6',7',8') - octahydro - 2,2' - bi-

(4) Scott and Walker, Ind. Eng. Chem., 32, 312 (1940).
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naphthyl,5 C20H22. This mixture may arise, in 
our opinion, from the dimer of 1,4-dihydronaph­
thalene by the disproportionation of hydrogen 
atoms as shown in the figure. As we could, how­
ever, neither isolate the octahydrobinaphthyl nor 
establish the constitution of the tetrahydro com­
pound, this mechanism has not been proved.

Although we have not characterized the poly­
mers of 1,2-dihydronaphthalene, bisdialin, i.e., 
tetralino-l,2;2',l'-(or 1,2,T ',2 ')-tetralin of v.
Braun and Kirschbaum5 obtained by the sulfuric 
acid treatment of this dihydronaphthalene, is to be 
noticed.

+  2H >

In the Friedel-Crafts reaction of allyl chloride 
with benzene Nenitzescu and Isacescu6 obtained
1-phenylpropane as well as 1,2-diphenylpropane 
and they supposed the formation of 2-chloro-l- 
phenylpropane as an intermediate. The present 
condensation of l,4-dibromo-2-butene with ben­
zene bears a close resemblance to this reaction: 
in both cases the reduction takes place only at the 
olefinic double bond and such a reaction product, 
as, for example, chloroisopropylbenzene or di- 
bromobutylbenzene, respectively, in which only an 
addition of benzene at the double bond occurred, 
is not obtained.

As to these facts Nenitzescu and others explained 
that in the case of the transference of hydrogen by 
the effect of aluminum chloride the double bond 
does not act immediately as the acceptor. At 
first hydrogen chloride adds to the double bond 
and the chlorine atom is replaced by phenyl radi­
cal or by hydrogen atom. This statement holds 
also for the elucidation of the mechanism of the 
condensation of l,4-dibromo-2-butene with ben­
zene. But, since the reaction of dihydronaphtha­
lenes and aluminum chloride consists, at least 
partly, in the disproportionation of labile hydro­
gens and since hydrogen chloride plays apparently 
no role in this case, the possibility that the double 
bond does act as a hydrogen acceptor, contrary to 
the opinion of Nenitzescu and others,6 should be 
considered.

Experimental7
The Friedel-Crafts Reaction of 1,4-Dibromo -2 -butene 

with Benzene.—To a suspension of 12 g. of freshly pow-
(5) v. Braun and Kirschbaum, Ber., 64, 597 (1921).
(6) Nenitzescu and Isacescu, ibid., 66, 1100 (1933). Cf. also 

Nenitzescu, Z, angew. Chem., 52, 231 (1939).
(7) Microanalyses by Misses Meizyó and Ogawa of our Labora­

tory.

dered aluminum chloride in 90 g. of benzene at 24-27°  
was added with stirring during about four hours a solution 
of 38 g. of l,4-dibromo-2-butene prepared from butadiene 
and bromine, in 50 g. of benzene. The resulting mixture 
was stirred for an additional three hours at the same tem­
perature. On working up the product in the usual way, 
there were obtained several fractions:

Frac­
tion

B. p., 
°C.

Pres­
sure,
nun.

Yield,
§• Appearance

II 95-115 34 4 .3 Colorless oil
Hi 145-175 6 4 .9 Yellowish oil

IIIl 190-230 6 5 .3 Yellow, viscous sirup
IVt Residue 8.7 Reddish brown resin
Tetralin.—Upon redistillation under ordinary pressure 

Fraction Ii came over at 200- 
210 ° .

Anal. Calcd. for C10H12: C, 
90.85; H, 9.15. Found: C,
90.57; H, 9.50.

This fraction gave no picrate 
and did not add bromine at 
—20°; hence, it was concluded 
that it contained neither naph­
thalene nor dihydronaphthalene.

When a mixture of 1.3 g. of 
fraction U and 0.7 g. of sulfur 
was heated to 200-230° for three 
and a half hours, there was ob­
tained 0.9 g. of naphthalene, 

m. p. and mixed m. p. 80° ; picrate, m. p. and mixed 
m. p. 151°.

A solution of 0.4 g. of fraction Ii in 10 cc. of carbon 
disulfide was added to 0.8 g. of aluminum chloride and 
0.4 g. of phthalic anhydride. Thé mixture was refluxed 
for three hours on a water-bath. There resulted 0.5 g. 
of tf-(l,2,3,4-tetrahydro-6-naphthoyl)-benzoic acid, m. 
p. and mixed m. p. 153-155°.8

Anal. Calcd. for Ci8H160 3: C, 77.12; H, 5.75.
Found: C, 77.03; H, 6.06.

2 -Phenyl -1,2,3,4 -tetrahy dronaphthalene.9—Fraction 111 
gave analytical figures which agreed with Ci6H16; d 204
1.0436.

Anal. Calcd. for Ci6H16: C, 92.26; H, 7.74. Found: 
C, 92.58; H, 7.70. •

When 1.2 g. of Fraction IIi was heated to 220° with 
0.4 g. of sulfur for four hours and the resulting melt was 
distilled under reduced pressure, there was obtained 0.7 
g. of substance, m. p. 101°. A mixture of this product 
and 2-phenylnaphthalene of m. p. 101°, prepared from 
/3 -naphthylamine according to Hey and Lawton10 melted 
without depression.

Anal. Calcd. for CieHi2: C, 94.08; H, 5.92. Found: 
C, 93.75; H, 6.05.

In further identification of the dehydrogenation product 
it was oxidized with chromic anhydride and acetic acid to
2-phenyl-1,4-naphthoquinone,11 which was obtained as 
yellow needles, m .p .  109-110°.

Anal. Calcd. for C16Hio02: C, 82.04; H, 4.30. Found: 
C, 81.84; H, 4.61.

To a boiling mixture of 4.0 g. of fraction Hi, 125 cc. of 
water and 25 cc. of concentrated sulfuric acid was added 
under stirring a solution of 12.2 g. of potassium perman­
ganate in 400 cc. of water. After twenty-two hours of 
stirring the product was extracted with ether. The ether 
real solution was washed with dilute sodium hydroxide 
solution, the aqueous layer separated and acidified with 
hydrochloric acid. The precipitates were dissolved in 
ether and this ethereal solution was dried and distilled to

(8) Underwood and Walsh, T his Journal, 57, 940 (1935).
(9) v. Braun and Manz, A nn., 468, 258 (1926).
(10) Hey and Lawton, J . Chem. Soc., 374 (1940).
(11) Chattaw ay and Lewis, ibid., 65, 873 (1894); Zincke and 

Breuer, Ann., 226, 23 (1884); Zincke, ibid., 240, 137 (1887).
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remove the solvent. The residue was treated with chloro­
form. The insoluble portion was separated, sublimed and 
recrystallized from carbon tetrachloride. There were ob­
tained colorless needles, m. p. 127-129°. A mixture of 
this product and phthalic anhydride melted at 129-131°. 
Recrystallizations of the chloroform-soluble portion after 
removing the solvent gave benzoic acid, m .p .  and mixed 
m.p.  122°.

These results indicated that fraction III was 2-phenyl-
1,2,3,4-tetrahydronaphthalene.

Fractions IIIi and IVi were not investigated.
The Reaction of 1,4-Dihydronaphthalene with Alumi­

num Chloride.—1,4-Dihydronaphthalene was prepared by 
the method of Cook and Hill12 and purified through its 
addition product with mercuric acetate.13

To 14.2 g. of 1,4-dihydronaphthalene was added at 25° 
under stirring 1.1 g. of aluminum chloride in small por­
tions. The reaction temperature rose spontaneously to 
about 90°. After two and a half hours of stirring at 30- 
40° the mixture was poured onto crushed ice acidified 
with sulfuric acid. The product was subjected to frac­
tional distillation.

Frac­
tion

B. p., 
°C.

Pressure,
mm.

Yield,
g. Appearance

I2 202-208 760 4.6 Deposited
Il2 70-110 8 1.0 crystals

III2 205-220 7 1.1 Yellow
IV2 300-320 6 0.6 sirup
V2 Residue . . . Black mass

Separation of Naphthalene and Tetralin.—Fractions I2 
and II2 were combined and the mixture was cooled in ice- 
salt mixture. The crystals separated were collected. 
These were found to be naphthalene, m. p. and mixed 
m.p.  80°; yield 2.0 g.

Anal. Calcd. for CioH8: C, 93.71; H, 6.29. Found: 
C, 93.97; H, 6.54.

To the mother liquor was added a hot alcoholic solution 
of picric acid. After removing naphthalene picrate 
thus separated as yellow needles, m. p. and mixed m. p. 
151°, the filtrate was concentrated and dissolved in ether. 
The ethereal solution was washed with aqueous ammonia 
and water. When a mixture of this solution, 5 g. of 
mercuric acetate and 50 cc. of water was stirred for four 
hours, there could not be obtained the addition product 
of 1,4-dihydronaphthalene with mercuric acetate. The 
ethereal layer was separated and washed with water. 
After removing ether the residue was distilled. At 200- 
210° tetralin came over, yield 2.1 g.

Anal. Calcd. for C10H12: C, 90.85; H, 9.15. Found: 
C, 91.01; H, 9.48.

A Friedel-Crafts condensation product of this oily 
substance with phthalic anhydride melted at 156-157°. 
A mixture of this product with an authentic specimen of 
o-( 1,2,3,4-tetrahydro-6-naphthoyl) -benzoic acid melted 
without depression.

These observations show that Fractions I2 and II2 are 
a mixture of naphthalene and tetralin which does not 
contain 1,4-dihydronaphthalene.

The Reaction of 1,4-Dihydronaphthalene and Benzene 
in the Presence of Aluminum Chloride.—To a suspension 
of 15 g. of aluminum chloride in 100 g. of benzene at 10° 
was added with stirring during about two and a half 
hours a solution of 28 g. of 1,4-dihydronaphthalene in 73

Frac­
tion V ; -

Pressure,mm.
Yield,

g. Appearance

h 195-217 760 8.0 Deposited
Ila -145 7 1.1 crystals

Ills 145-170 6 1.6 Colorless oil
IV» 200-230 6 2.0 Yellow
Va Residue 0.5 sirup

(12) Cook and Hill, T his Journal, 62, 1995 (1940).
(13) Sand and Genssler, Ber., 36, 3705 (1903).

g. of benzene. No remarkable rise of temperature was 
noticed. After an additional thirty minutes the stirring was 
stopped. The reaction product separated into two layers. 
The upper layer was decanted, washed and dried. After 
distilling off of benzene the residue was subjected to frac­
tional distillation.

Hydrolysis of the lower layer of the reaction product 
gave chiefly tarry matter from which nothing could be 
identified.

Similar results were obtained when the reaction was 
carried out in a stream of hydrogen chloride gas.

Naphthalene and Tetralin.—From Fractions l 8 and 
II3 were isolated and identified 3.3 g. of naphthalene as 
well as 3.0 g. of tetralin in the same way as described 
above.

2-Phenyl-1,2,3,4-tetrahydronaphthalene .—Fraction III3 
gave analytical figures which agreed with CiöHie.

Anal. Calcd. for Ci6Hi6: C, 92.26; H, 7.74. Found: 
C, 92.71; H, 8.07.

Dehydrogenation of this fraction with sulfur yielded 
2-phenylnaphthalene and these observations may indicate 
that Fraction III3 is 2-phenyl-1,2,3,4-t etrahydronaph- 
thalene.

The Reaction of 1,2-Dihydronaphthalene with Aluminum 
Chloride.—1,2-Dihydronaphthalene was prepared by 
the method of v. Braun and Kirschbaum.5 The product 
melted at —8° and proved to be quite free from naph­
thalene.

To 13.1 g. of 1,2-dihydronaphthalene cooled at —5° 
was added 1.0 g. of aluminum chloride and the reaction 
temperature was allowed to rise; after an hour it reached 
15° and after additional thirty minutes 30°. When the 
reaction product was treated as usual, the following frac­
tions were obtained.

Frac­
tion

B. p., 
°C.

Pres­
sure,
mm.

Yield,
g. Appearance

14 65-80 7 2 .0 Deposited crystals
II4 200-240 7 1.5 Yellow viscous oil

III4 Residue . . ca. 6 Yellow resin

Fraction I4 was separated into 0.5 g. of naphthalene and 
0.6 g. of tetralin. Naphthalene was identified by a mixed 
melting point with a known sample. Tetralin was 
analyzed.

Anal. Calcd. for CioH i2: C, 90.85; H, 9.15. Found: 
C, 90.47; H, 9.32.

When this product was condensed with phthalic an­
hydride, there was obtained <?-(l,2,3,4-tetrahydro-6- 
naphthoyl)-benzoic acid, m. p. and mixed m. p. 153-155°.

The fractions II4 and III4 were not investigated.
Hydrogenated Derivatives of Binaphthyl.—Fractions 

III2 and IV3, that is, the fractions boiling about 200° 
under 6 mm. pressure of the above-mentioned aluminum 
chloride treatment of 1,4-dihydronaphthalene, were 
found to consist of the same components. Their analysis 
gave a figure near C2oH2o.

Anal. Calcd. for C2oH20: C, 92.26; H, 7.74. Found: 
C, 92.79; H, 7.43.

When 1.2 g. of the fraction was heated at 190-240° 
with 0.6 g. of sulfur for five and one-half hours and the 
resulting mass was distilled under reduced pressure, there 
was obtained 1.0 g. of substance, which soon solidified. 
After triturating with ether to remove a small quantity of 
oily matter, it was recrystallized from benzene; m. p. 
182°. The mixed m. p. with 2 ,2 '-binaphthyl, prepared 
previously in our Laboratory, showed no depression.

Anal. Calcd. for C20H14: C, 94.45; H, 5.55. Found: 
C, 94.57; H, 5.98.

The picrate, orange needles, m. p. and mixed m. p. 
183-184°.

The fraction became a crystalline mass after about a 
week of standing, which was freed from oily substance 
and after five recrystallizations from a mixture of alcohol 
and benzene gave colorless plates of in. p. 85-88°.
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Anal. Calcd. for C20H18: C,'92.98; H, 7.02. Found: 
C, 93.30; H, 6.91.

From these results we concluded that the fraction con­
sisted perhaps of a mixture of 1,2,3,4,1',2',3',4'- (or 
1,2,3,4,5 ',6 ',7 ',8') - octahydro - 2,2' - binaphthyl and
1,2,3,4-tetrahydro-2,2 '-binaphthyl in nearly equal quan­
tities .

Summary
1. The Friedel-Crafts reaction of 1,4-dibromo-

2-butene with benzene yielded tetralin as well as
2-phenyl-l,2,3,4-tetrahydronaphthalene.

2. 1,4-Dihydronaphthalene was found to 
change into naphthalene and tetralin in the pres­
ence of aluminum chloride.

3. An analogous reaction was observed also in 
the case of 1,2-dihydronaphthalene.
K y o t o , J a p a n  R e c e iv e d  A p r il  29, 1947

C o n t r ib u t io n  f r o m  t h e  D a n ie l  S i e f f  R e s e a r c h  I n s t it u t e  a n d  t h e  D e p a r t m e n t  o f  O r g a n ic  C h e m is t r y  o f  t h e
H e b r e w  U n iv e r s it y , J e r u s a l e m ]

/3,/3-Diarylacrylic Acids.1 I. Synthesis and Properties of Symmetrical and 
Unsymmetrical /3,/3-Diarylacrylic Acids.

By Felix Bergmann, Moshe Weizmann, Elchanan D imant,1 Josef Patai1 and Jacob
Szmuskowicz

The reaction of 1,1-diphenylethylene with 
oxalyl chloride to form 0, /3-diphenylacrylyl chlo­
ride was discovered by Kharasch and co-workers.2 
As part of a program on the investigation of di- 
arylethylenes, we have applied this reaction to a 
series of symmetrically and unsymmetrically sub­
stituted diphenylethylenes (I).

The reaction was found to be a general one; by 
the use of excess oxalyl chloride (3 to 5 moles) and 
subsequent hydrolysis of the acid chloride pro­
duced, nearly quantitative yields of /3,/3-diarylacry- 
lic acids (II) were obtained. The application of 
the reaction to a group of symmetrical and un­
symmetrical 1,1 -diarylethylenes is summarized in 
Tables I and II. The corresponding 0,/3-diaryl- 
propionic acids (III) were easily accessible by 
catalytic hydrogenation of the acrylic acids 
(Table III).

(COCl)2 R \
>C =C H 2 -----------^  yC—CHCOC1

/  Rx
( I )

Rv H2 R'
>CH—CH2COOH ---------------

r /  (Pd-BaSO-t) R'
(HI)

|N a 2C03

C=CHCOOH

(II)
The speed of reaction was markedly influenced 

by the substituents present in the phenyl groups.
1.1- Di- (^-anisyl) -ethylene (1,3) reacted com­
pletely at room temperature within a half hour,
1.1- diphenylethylene (1,1) had to be refluxed with 
oxalyl chloride for about two hours, and 1,1-di- 
(^-bromophenyl) -ethylene (1,6) required about 
eighteen hours for completion of the reaction. 
The susceptibility of dianisylethylene to sub­
stitution by the —COC1 group was so great that 
phosgene in boiling benzene converted it to the 
dianisylacrylic acid.

The electronic influence of the substituents also

influenced the uncatalyzed decarboxylation of the 
diarylacrylie acids: while the 0,/3-diphenylacrylic 
acid (11,1) was stable at 200° and suffered only 
very slow decarboxylation at 250°, the /3,/3-di- 
(^-anisyl) -acrylic acid (11,3) was slowly decar­
boxylated by boiling a solution of it in acetic acid 
or even by boiling its aqueous suspension. The 
/3-phenyl-/3-£-anisylacrylic acid was intermediate 
in stability; carbon dioxide was eliminated from 
it at about 200°. These results give an explana­
tion of the observation of Bergmann and Bondi3 
that dianisylethylene does not yield a phosphinic 
acid with phosphorus pentachloride.

When unsymmetrical 1,1-diarylethylenes were 
refluxed with oxalyl chloride and the mixture hy­
drolyzed, the two possible isomers (Ila  and 11/3) 
were obtained in most cases.

Ri\ /H  Riv /COOH
> c = c <  > c==c <

R /  x c o o h  r /  x h
(Ha) (H/3)

The use of a large excess of the chloride produced 
this mixture in good yields, but unavoidable losses 
during the laborious separation procedures per­
mitted only an approximate estimate of the rela­
tive proportion of the two isomers (Table II).

1 -Phenyl-1 - (^-fluorophenyl) -ethylene (1,8)
gave rise to a single form of /3-phenyl-/3- (^-fluoro- 
phenyl)-acrylic acid (11,8) in nearly quantitative 
yield; l-(^-tolyl) -1 -(^-fluorophenyl)-ethylene (I, 
11) likewise yielded only one form of the corre­
sponding acid (11,11). On the other hand, the 
^-chloro and p-htomo derivatives (11,9 and 11,10) 
were obtained as nearly equimolar, sharply melt­
ing mixtures of the two isomers. Resolution of 
each mixture into the individual isomers showed 
that the individual melting points lay close to each 
other and were both higher than that of the mix­
ture.

(1) P art of theses subm itted to the Hebrew University, Jerusalem 
1947, by Elchanan Dim ant and Josef Patai.

(2) Kharasch, Kane and Brown, T his Journal, 64, 333 (1942).

(3) E. Bergmann and Bondi, Ber., 63, 1158 (1930); ibid., 64, 
1455 (1931); cf. also Kosolapoff and Huber, This Journal, 68 , 
2540 (1946).
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T a b l e  I

Symmetrical /3,/3-Diarylacrylic A cids CH=CH—COOH

Ratio  
ethy l­
ene to  Reac-

No. R

oxalyl
chlo­
ride

tion
period, Yield, 

hrs. %

Melting
point,

°C.
Recrystallized

from
Crystal

form Form ula
Composition, % 

Calcd. Found 
C H  C H

1 Phenyl0 1:5 2 95* 167 Acetic acid ...
2 p -Tolylc 1:3 5 80 174* Benzene—petr. Flat C17H16O2 81.0 6.35 81.2 6 .5

3 p -Anisyl® 1:3 0 .5  75 142
ether

Benzene
needles 

Flat prisms C17H16O4 71.8 5.6 71.9 5.6
4 ^-Fluoroph enyl 1:3 3 70 147 Benzene—petr. Rhombic C15H10F2O2 69.2 3 .8 69.0 4.1

5 />-Chlorophenyl 1:5 12 55 175
ether

Benzene—petr.
plates

Prismatic C15H10CI2O2 61.4 3 .4 61.7 3 .6

6 ^-Bromophenyl 1:5 18 35 190-191
ether

Dil. ethanol
rods

Needles Ci5 HioBr2 0 2 47.1 2 .6 47.0 2 .9
7 a-Naphthyl 1:10 4 75 218 Dil. acetic acid Plates C2 3Hi6 0 2 85.2 4 .9 85.1 4 .7
* The anisidide of this acid, prepared from the acid chloride and two equivalents of ^-anisidine in ether solution, crys­

tallized in white needles, m. p. 163°. Anal. Calcd. for C22H19NO2: C, 80.2; H, 5.8; N, 4.3. Found: C, 80.1; H, 
6.0; N, 4.5. 6 Kharasch (ref. 2) obtained a 50% yield from equimolar proportions of the two reactants. c The anisidide,
prepared as above, crystallized from methanol in colorless needles, m. p. 153°. Anal. Calcd. for C24H23NO2: N, 3.9. 
Found: N, 4.0. d Bergmann, Hoffmann and Meyer, J. prakt. Chem., 135, 245 (1932), reported a melting point of 168- 
170° « The melting point of the acid (142°) was almost identical with that of l,l-di-(£-anisyl)-ethylene (141-142°),
Linnel and Shaikmahamud, Quart. J. Pharm. Pharmacol, 14, 64 (1941); C. A., 35, 6252 (1941). A mixture of the 
ethylene and the corresponding acid was depressed to 115-120°. Keeping the acid at its melting point converted it to 
the ethylene.

Except for 1 -phenyl-1 - (^-tert-butylphenyl)-eth­
ylene (1,15), the ^-alkyldiphenylethylenes pro­
duced both forms of the acids (11,12; 11,13 and 
II, 14). One of the /-butyl isomers, m. p. 178°, was 
isolated in pure form as needles. What may have 
been the second isomer, recognized by its rod-like 
crystals, could not be purified satisfactorily be­
cause it changed to the first isomer during re­
crystallization. No decision was made whether 
the two forms represented dimorphic modifica­
tions or whether one of the isomers was unstable.

The /3-phenyl-/3- (^-tolyl) -acrylic acid (11,12) has 
been described by v. Braun,4 who prepared it by a 
Reformatsky reaction and reported the melting 
point as 140°. This is the melting point which we 
observed for an equimolar mixture of the two iso­
mers (m. p. 172° and 159°) and constitutes clear 
evidence that the Reformatsky reaction may yield 
an isomeric mixture.

The question of formation of isomeric acids in 
Reformatsky’s reaction cannot yet be answered 
satisfactorily. In the way the reaction is carried 
out by Natelson and Gottfried,5 an ester of sub­
stituted /3-chloropropionic acid is always the inter­
mediate. An analogous intermediate, i. e., the 
chloride of a substituted /3-chloropropionic acid, 
could be formed in the oxalyl chloride reaction if 
addition to the double bond were the primary step. 
There is, however, another possibility, viz., that the 
COC1— group directly substitutes hydrogen at the 
terminal carbon atom of a diarylethylene. The 
basic assumption for further work on the mecha­
nism of these two reactions must, therefore, be 
that identical results point to identical reactions 
mechanisms, whereas a difference in the reaction

(4) v. Braun, Manz and Reinsch, Ann., 468, 277 (1929).
(5) Natelson and Gottfried, This Journal, 61, 970 (1939).

products would indicate a different course for 
Kharasch’s reaction.

1 -Phenyl-1 - (^-anisyl) -ethylene (1,17) yielded a 
mixture of isomeric acids which were both ob­
tained in pure form. However, the lower-melting 
form appeared to be unstable and to pass into the 
higher-melting acid upon prolonged heating in or­
ganic solvents. In general, para substituents with 
a very strong mesomeric effect, such as methoxyl 
or fluorine, brought about a fast reaction and 
favored the formation of one isomer over the other.

/3-Phenyl-/3- (o-anisyl) -acrylic acid (11,18) was 
isolated in small yield; however, if the reaction 
time was doubled, 4-phenylcoumarin (IV) was 
produced in about 60% yield. The reaction, in 
this case, paralleled exactly the observations of 
Stoermer6 concerning the dealkylating action of 
acetyl chloride or phosphorus pentachloride on the 
acid.

C6H5
(IV)

From the ethylenes containing higher aromatic 
systems (1,19, 1,21 and 1,22) approximately equal

(6) Stoermer and Friderici, Ber., 41, 324 (1908); Heilbron, Hill 
and Walls, J . Chem. Soc., 1701 (1931).
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T a b l e  I I

U n s y m m e t r ic a l  /3,/3-Dia r y l a c r y l ic  A c id s  ( I I ) CH=*CH—-COOH

Ratio
ethylene to Reaction Method of

oxalyl period, separa­ Melting point, Mixed m. p.
No. Ri Rs chloride hrs. tion» Yield, % °C. of isomers

8 Phenyi p-Fiuorupheiiy 1 1:2 4 c 85 151-152
9 Phenyl £-ChIorophenylfr 1:3 30 c Total 90-95 140

a 40-45 172
0 50-55 165-166

10 Phenyl £-Bromophenyl 1:3 30 C, D Total 90 147
OL 45 175
0 45 169-170

11 p- Tolyl />-Fluorophenyl 1:3 6 C 74 145 . . .
12 Phenyl p- Tolylc 1:3 20 C Total 80 140

OL 172
13 159

13 Phenyl ^-Ethylphenyl 1:3 25 D 118
a 173-174
0 135

14 Phenyl ^-Isopropylphenyl 1:3 20 D Total 90 123
OL 156-157
(3 152

15 Phenyl ^-Butylphenyl 1:3 20 C
OL 178
a r>\ \' /

16 Phenyl ^-Cyclohexylphenyl 1:2 10 190
17 Phenyl £-Anisyl 1:3 1 A Total 95 115-120

a 43 181
13 (?) 132-133

18 Phenyl o-Anisyl 1:3 5* C 151*
19 Phenyl £>-Xenyl 1:3 45 C Total 95 . . .

OL 56 245
(3 31 194

20 Phenyl «-Naphthyl 1:3 8 c Total 70-75 . • •
OL 3 222-223'
0 63 165

21 Phenyl /3-Naphthyl 1:3 4 B, C Total 90 . . .
OL 39 225-226°
0 33 175

22 Phenyl 9-Phenanthryl 1:3 20 B Total 80 200
OL ~ 2 0 221-222
0 ~ 2 0 206

proportions of the isomeric acids were obtained. 
1 -Phenyl-1- (a-naphthyl) -ethylene (1,20) gave
only a very small amount of the high-melting iso­
mer, m. p. 222°. This was in sharp contrast to the 
result obtained when the acid was made by the 
Reformatsky reaction, which has been found by 
various investigators to yield only the high-melt­
ing isomer.7

The oxalyl chloride reaction was applied to a 
series of 1 -methyl-1 -arylethylenes (V) but in no 
case were two isomeric /3-arylcrotonic acids (VI)

(7) Pirrone, Chem. Cent?., 105, I I , 2078 (1934), claims to have evi­
dence for the form ation of both isomers of II , 20—although not 
isolated—in the dehydration of ethyl /3-phenyl-j3(l-naphthyl)-/3- 
hydroxypropionate. This claim is based on the conversion of the 
hydroxy ester into a mixture of two indones. However, both 
of the indones are derived from the same (a-) form of acid 11,20. 
De Fazi, Gazz. chim. ital., 49, I ,  242 (1919); Lipkin and Stewart, 
T his Journal, 61, 3295 (1929).

isolated. Yields were low and the method was 
inferior to the Reformatsky preparation of these 
acids (Table IV).

CHsX CH3x
>C H =C H 2 >CH~CHCOOH

W  IU
(V) (VI)

When it was hydrogenated, /3-phenyl-/3-(p- 
chlorophenyl)-acrylic acid (11,9) absorbed about 
150% of the calculated amount of hydrogen and 
produced a mixture of neutral and acidic products. 
The neutral substance was identified as 1,1-di- 
phenylethane; the acidic portion yielded about 
23% of 0, /3-diphenylpropionic acid and about 16% 
of the expected 0-phenyl-jö-(^-chlorophenyl)-pro­
pionic acid (III, 9).

Similar results were obtained with 0,0-di-(p- 
chlorophenyl)-acrylic acid (11,5). In this case
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Composition, %
Calcd. Found

Recrystallized from Crystal form Formula c H c H
Benzene Polyhedric prisms C15H11FO2 74.4 4.5 74.6 4 .8

Acetic acid Prismatic plates C15H11CIO2 69.8 4.3 70.0 4 .4
Benzene-petr. ether Needles 69.6 4.3

Acetic acid Prisms Ci5HiiBr0 2 59.4 3.6 59.4 3 .9
Acetic acid Rods 59.8 3 .6
Benzene-petr. ether Needles Ci6H13F 0 2 75.0 5.1 74.7 4 .9

Benzene-petr. ether Flat prisms C16Hi40 2 80.7 5.9 80.4 6.0
Benzene-petr. ether Prismatic columns 80.5 6 .0

Benzene-petr. ether Twinned prismatic rods C17H16O2 80.95 6.35 80.85 6.3
Benzene-petr. ether Needles 80.8 6 .4

Acetic acid Prismatic plates CisHigOa 1.2 6.8 81.5 7.1
Dilute acetic acid Needles 81.6 7 .0

Benzene-petr. ether Prismatic needles Ci9H2o0 2 81.4 7.1 81.3 7.4
Acetic acid Rods
Butyl acetate-petr. ether Clusters of rods C2iH220 2 82.4 7.2 82.2 7 .4

Benzene-petr. ether Pointed prisms C1 6H 1 4 0 3 75.6 5.5 75.7 5.6
Benzene-petr. ether Needles
Benzene-petr. ether Twinned prisms

Butyl acetate Scales CaiHieOj 84.0 5.3 84.3 5.6
Butyl acetate Prisms C2 iH 1 6 0 2 84.0 5.3 84.1 5.5

Isopropanol Prismatic rods Ci9Hi40 2 83.2 5.1 83.0 4 .8
Dilute ethanol Needles Ci9Hi40 2 83.2 5.1 83.4 5.3

Butyl acetate Elongated plates Ci9Hi40 2 83.2 5.1 83.2 5.1
Benzene-petr. ether Pointed rods Ci9Hi40 2 83.2 5.1 ...

Xylene Yellow-brown prisms c 23h 16o2 85.2 4.9 85.6 5.1
Xylene Pale-yellow rods C23Hi60 2 85.2 4.9 85.2 5.2

a Various methods of separation are described in the Experimental Part. & Alexander, Jacoby and Fuson, T h is  
J o u r n a l , 57, 2208 (1935), describe one form of this acid, prepared by Reformatsky’s method, with a melting point of 
168 °. Prof. Fuson kindly compared both isomers with his preparation and found our «-form to be identical with his. 
c Compare ref. 4. d After ten hours of reflux a neutral substance was isolated which crystallized from benzene-petroleum 
ether in prismatic plates, m. p. 104-105°. It was identical with 4-phenylcoumarin. Anal. Calcd. for C15H10O2: C, 
81.1; H, 4.5. Found: C, 80.9; H, 4.4. * Stoermer (ref. 5) reported a melting point of 153°. f Compare ref. 6. Proof 
of structure of this isomer was given by Koelsch, J. Org. Chem., 6, 558 (1941), who cyclized it to perinaphthindone. 
° v. Braun (ref. 4) gave the melting point as 217°

the neutral portion was 1,1-di- (^-chlorophenyl) - 
ethane with probably a small amount of diphenyl- 
ethane. The only acid obtained was /3,0~di-{p- 
chlorophenyl)-propionic acid.

These observations indicated that partial de­
carboxylation occurred, probably under the in­
fluence of hydrochloric acid which was formed by 
catalytic dehalogenation of the aromatic ring.
This was surprising since the ^-chlorophenyl-sub- 
stituted acids have been found to be stable even 
under the influence of boiling hydrochloric acid.

It is also remarkable that the chlorine atoms in the 
dichloro acid and in the dichloroethane appeared 
to be much more stable than the corresponding 
monochloro derivatives.

Experimental8
Synthesis of 1,1-Diarylethylenes (I) and 1-Methyl-1- 

aryl-methylenes (V).—Most of the ethylenes were pre- 
pared as described in earlier papers of this series9 or else-

(8) All melting points are uncorrected.
(9) Bergmann, Szmuszkowicz and Fawaz, T h is  Journal, 69, 

1773 (1947); Szmuszkowicz and Bergmann, ibid., 69, 1779 (1947); 
Bergmann and Szmuszkowicz, ibid., in press.
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T a b l e  III

ft,/3-D ia r y l p r o p io n ic  Acids (III]
r i\

1 > c h c h 2c o o hTO./

JNo. Ri K.2
M elting
point,

°C. Recrystallized from Crystal form Formula
Composition, %

Calcd. Found 
C H C H

1 Phenyl0 Phenyl 157 Benzene-petr. ether Prismatic rods Ci5Hi40 2
2 p-Tolyl0 p- Tólyl 188 Alcohol Prismatic rods Ci7Hi80 2
3 £-Anisylc ^-Anisyl 138-139 Benzene-petr. ether Needles Ci7Hi804 71.3 6.3 71.0 6.5
4 £-Fluoro- p-Fluorophenyl 108-109 Petroleum ether Long lancets CiöHi2F20 2 68.7 4.6 68.4 4.6

5
phenyl* ' 

Phenyl ^-Fluorophenyl 118 Benzene-petr. ether Twinned, CiöHi3F02 73.8 5.3 74.0 5.4

6 Phenyl ^-Chlorophenyl 108 Petroleum ether
pointed plates 

Pointed prisms Ci0Hi3C102 69.2 5.0 69.4 5.2
7 £-Tolyl ^-Fluorophenyl 138-139 Petroleum ether Long rods c 16h 15f o 2 74.4 5.8 74.7 6.0
8 Phenyl £-Tolyl 144 Acetic acid Prismatic rods Ci6Hi602 80.0 6.7 79.8 6.7
9 Phenyl0 £-Anisyl 122 Dilute acetic acid Prismatic rods C16H1603 75.0 6.25 74.8 6.3
a Ejkman, Chem. Zentr., 79, II, 1100 (1908); see also Simons and Archer, T h is  J o u r n a l , 61, 1521 (1939). 6 This acid

was originally reported by Bergmann (Table I, footnote d) to melt at 163-164°. Qur findings, however, are in agree­
ment with the melting point reported by Cope, T h is  J o u r n a l , 56, 721 (1934). c Two “isomeric” /3,/3-di-(£-anisyl)- 
acrylic acids were described by Vyas and Bokil, Rasayanam, 1, 195 (1939); C. A., 34, 5067 (1940). One of m. p. 141- 
142°, made by saponification and decarboxylation of the methyl chloride-ethyl sodiomalonate condensation product, 
was identical with our acid. The other, m. p. 160-161°, was obtained from anisole and acetonedicarboxylic acid. The 
constitution of the latter acid is now under investigation. d Hydrogenated in methanol. «Fosse, Ann. chim. 13 
105 (1920); Baillon, ibid., 15, 61 (1921).

T a b l e  IV
CHsv

/3-Ar y l c r o t o n ic  A c id s  (VI) >C=CH —COOH
R /

Ratio

No. R

ethylene 
to oxalyl 
chloride

Reaction
period,
hrs.

Yield,
%

Melting
point,

°C.
Recrystallized

from
Crystal
form Formula

Composition, % 
Calcd. Found 

C H C H
1 Phenyl0 1:6 40 97
2 ^-Xenyl 1:2 4 .5 5.5 199 Dilute ethanol Plates Ci6Hi40 2 80.7 5.9 80.6 5.9
3 «-Naphthyl6 1:4 14
4 /3-Naphthylc 1:4 13 3.2 172 Butyl acetate Needles Ci4Hi20 2 79.2 5.7 79.4 5.8
5 9-Phenanthryl 1:4 15 15 214 Butanol Lancets Cj8Hi40 2 82.4 5.3 82.7 5.5
® Kharasch, T h is  J o u r n a l , 64, 333 (1942), prepared the acid but did not give experimental details. 6 Because of 

difficulties encountered in attempts to purify the product, the crude acid was converted to the anilide which crystallized 
readily from benzene in long needles, m. p. 187°. Anal. Calcd. for C20Hi7NO: C, 83.6; H, 5.9; N, 4.9. Found: 
C, 83.9; H, 6.1; N, 5.2. c Banchetti, Gazz. chim. ital., 69, 398 (1939); C. A., 33, 8602 (1939), reported a melting point 
of 170°.

where in the literature. l,l-Di-(£-tolyl)-ethylene (I, 2), 
which we prepared previously from ^-metliylacetophe- 
none and ^-tolylmagnesium bromide, was more conveni­
ently synthesized by the method of Bistrzycki10 in about 
60% yield. 1-Phenyl-1-(/>-cyclohexylphenyl) -ethylene
(1,16) and 1-methyl-l-(£-xenyl) -ethylene (V,2) are new 
compounds and were made as follows:

1-Phenyl-1-(^-cyclohexylphenyl)-ethylene (1,16): p-
Cyclohexylbenzophenone11 (45 g.) in 100 cc. of benzene 
was added to methylmagnesium iodide (from 38 g. of 
methyl iodide) in 200 cc. of a 1:1 ether-benzene mixture, 
and the solution was refluxed for four hours. The crude 
carbinol was dehydrated by heating to 150-160° for one 
hour, and the ethylene was purified by distillation, b. p. 
181 ° (0.05 m m .); yield, 100%.

Anal. Calcd. for C20H22: C, 91.6; H, 8.4. Found: 
C, 91.7; H, 8.6.

1-Methyl-1-(^-xenyl)-ethylene (V, 2): This ethylene 
was prepared in an analogous way from 4-acetylbiphenyl 
and methylmagnesium iodide. The intermediate carbinol 
was dehydrated at 210-220°. The ethylene crystallized 
spontaneously and was recrystallized from ethanol. It 
melted at 108-109°; yield, 60%.

(10) Bistrzycki and Reintke, Ber., 38, 839 (1905).
(11) Kleene, T his Journal, 62, 3523 (1940).

Anal. Calcd. for CiSHi4: C, 92.8; H, 7.2. Found: 
C, 92.5; H, 7.4.

Synthesis of 13, /3-Diarylacrylic Acids (II).—As a stand­
ard procedure, one mole of ethylene and 3 to 5 moles of 
oxalyl chloride were refluxed until the evolution of hydro­
gen chloride ceased. In the case of l,l-di-(/>-anisyl)- 
ethylene (1,3) the reaction was virtually over after one- 
half hour at room temperature and was completed by re­
fluxing for fifteen minutes.

Excess oxalyl chloride was removed in vacuo and the 
sirupy residue was stirred into an ice-cold sodium carbon­
ate solution. The acid chlorides required from one to two 
hours for hydrolysis.

The mixture then was boiled with a large amount of 
water (about one liter per 50 g. of substituted ethylene) 
to dissolve the sodium salt and to separate it from tars 
formed as by-products. Charcoal was added and the 
solution filtered. Part of the sodium salt crystallized from 
the cooled filtrate; this portion, upon acidification, im­
mediately yielded a pure sample of the desired acid. The 
remainder of the acid was recovered from the filtrate by 
acidification and was purified by recrystallization. It was 
essential in some cases, e. g., with ft, (3-di-(^-anisyl) -acrylic 
acid (11,3), to avoid high-boiling solvents, because of the 
possibility of decarboxylation.

The ethylenes containing halogenated phenyl groups
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were partially converted into tarry material by the long 
reflux time necessary to cause them to react. Because 
of this a lower yield was obtained in these cases.

Details of the conversion of 1,1-diarylethylenes into 
ft, ft-diarylacrylic acids are given in Tables I and II.

Reaction of 1,1 -Di- (£-ani$yl) -ethylene and Phosgene.— 
A slow stream of phosgene was bubbled during ten hours 
through a boiling solution of 10 g. of l,l-di-(£-anisyl)- 
ethylene in 50 cc. of benzene. The solvent was distilled 
in vacuo and the residue decomposed with cold sodium 
carbonate solution. The sodium salt of the acid (11,3) 
was dissolved by heating and filtered from the insoluble, 
neutral material. Acidification of the filtrate precipi­
tated 3.5 g. (30%) of ft,/3-diariisylacrylic acid, m. p. 139- 
140°.

The dianisylethylene was recovered unchanged when 
refluxed in a solution of ethyl or amyl chlorocarbonate.

Separation of Isomeric, Unsymmetrical /3,/3-Diaryl - 
acrylic Acids.—Method A—Separation of the acid 
chlorides: It was found that in the case of /3-phenyl-/3- 
(^-anisyl) -acrylic acid (11,17), the isomeric acid chlorides 
differed considerably in their hydrolysis rates. A ben­
zene solution of the mixed chlorides was shaken with 
water; the solid which separated was the «-isomer, m .p . 
181 °. After separation of the layers, the benzene solution 
was shaken with aqueous sodium carbonate. This con­
verted the /3-acid chloride into the sodium salt of the ft- 
acid, contaminated with some of the «-acid.

Method B—Separation of the free acids: The mixture of 
isomers was separated in a few cases by fractional crystal­
lization. This method was especially applicable when the 
two aryl groups differed appreciably in their molecular 
weight or in the polar character of the substituent.

Method C—Separation of the sodium salts: In most
cases it was observed that on cooling slowly the hot solu­
tion of the mixed sodium salts, the salt of the higher- 
melting acid separated in a fairly pure state. The 
filtrate upon acidification then gave a mixture enriched in 
the low-melting isomer, which usually could be separated 
by fractional crystallization in a Dewar. The separation 
temperature proved to be critical in some cases. Thus, 
the «-form of /3-phenyl-/3-(£-chlorophenyl)-acrylic acid 
(11,9) crystallized in a fairly pure condition at 30-35°. 
However, at about 15° the /3-form also precipitated as its 
sodium salt. It was important for securing satisfactory 
separations that very dilute solutions of the sodium salts 
were used.

Method D—Mechanical separation of the free acids: 
In some cases Methods A, B and C failed. The mixture 
of acids was then dissolved in an organic solvent, and the 
solution was cooled very slowly in a Dewar. The crystals 
which formed were separated by passing them through 
a sieve or picking them out with the help of forceps.

Other methods tried, such as chromatographic adsorp­
tion on calcium sulfate, fractional acidification or separa­
tion of the methyl esters, either were unsuccessful or did 
not possess any advantage over the four methods outlined.

/3-Arylcrotonic Acids (VI).—The reaction of oxalyl 
chloride with 1-methyl-1-arylethylenes (V) was much more 
sluggish than with 1,1-diarylethylenes (I), and the prod­
ucts were much more difficult to purify, ft-(«-Naphthyl) - 
crotonic acid (VI,3) was obtained only as an amorphous 
mass, and was therefore characterized as its anilide. The 
preparation of five /3-arylcrotonic acids is summarized in 
Table IV.

ft, /3-Diarylpropionic Acids (III).—The diarylacrylic 
acids were hydrogenated in ethanol over palladium- 
barium sulfate at room temperature and normal pressure. 
Yields were almost quantitative. In a few cases two 
isomeric acids (II« and lift)  were hydrogenated separately 
in order to prove the existence of geometrical isomerism. 
When the crude, yellow acrylic acids were used for cata­
lytic reduction, the color faded in the initial phase of the 
hydrogenation, and the diarylpropionic acids were ob­

tained in an excellent state of purity. Results are given 
in Table III.

Hydrogenation of /3-Phenyl- /3-(^-chlorophenyl) -acrylic 
Acid (11,9).—When 4.3 g. of 1 -phenyl-1 - (^-chlorophenyl) - 
acrylic acid (11,9) was reduced, 50% more hydrogen was 
absorbed than was calculated for the reduction of the 
double bond. The reaction mixture smelled strongly 
of hydrogen chloride and formed a heavy precipitate with 
silver nitrate. The ethanol was evaporated, the oily 
residue dissolved in benzene and extracted with warm 
sodium carbonate solution. The neutral portion was dis­
tilled, b. p. 135-140° (0.8 mm.).

Anal. Calcd. for C14H14: C, 92.3; H, 7.7. Found: 
C, 92.1; H, 7.7.

The alkaline extract was boiled with charcoal and 
filtered. Upon slow cooling a precipitate formed and was 
filtered; on acidification it yielded 0.7 g. of /3-phenyl-/3- 
(^-chlorophenyl)-propionic acid (III,6), m. p. 108° (see 
Table III ) .

When the sodium carbonate filtrate was acidified, 1 g. 
of ft, /3-diphenylpropionic acid precipitated. It crystal­
lized from benzene-petroleum ether in long rods, m. p. 
153°; mixed m. p. with authentic sample (m. p. 155°), 
154-155°.

Hydrogenation of /3,/3-Di-(£-chlorophenyl) -acrylic Acid 
(11,5).—The reduction of 6 g. of ft,/3-di-(^-chlorophenyl) - 
acrylic acid (11,5) was stopped after one molar equivalent 
of hydrogen had been absorbed. The reaction mixture 
fumed strongly and was shown to contain hydrogen chlo­
ride. It was separated into a neutral and an acidic por­
tion.

The neutral product, after a small forerun at 145° 
(3 mm.), boiled at 195° (3 mm.). It gave a positive 
Beilstein test.

Anal. Calcd. for C14H12CI2: C, 67.0; H, 4.8. Found: 
C, 66.6; H, 5.0.

The hot sodium carbonate extract was boiled with 
charcoal, filtered and left overnight. The precipitate 
was separated and acidified; it proved to be unchanged 
starting material.

The alkaline filtrate, when acidified, yielded about 1 g. 
of oily /3,/3-di-(£-chlorophenyl) -propionic acid which 
solidified when triturated with petroleum ether. It re­
crystallized from benzene-petroleum ether in flat, rhombic 
prisms, m. p. 187°. Fuson reported 188-189°.12

Anal. Calcd. for C15H12CI2O2: C, 61.0; H, 4.1.
Found: C, 61.3; H, 4.2.

Summary
The reaction between 1,1-diarylethylenes and 

oxalyl chloride represents a general method for the 
preparation of 0, /3-diarylacrylic acids. The in­
fluence of substituents on the speed of the reaction 
indicates that oxalyl chloride attacks the terminal 
carbon atom like an electrophilic reagent.

With unsymmetrical 1,1-diarylethylenes a mix­
ture of isomeric 0,/3-diarylacrylic acids is produced 
in most cases. Substituents which increase 
strongly the electron density at the /3-carbon atom 
of the diarylethylenes either yield one isomer only 
or tend to make the second isomer unstable.

Catalytic hydrogenation of halogenated /3,/3-di- 
phenylacrylic acids causes partial dehalogenation 
and decarboxylation.
R echovot, P alestine  R eceived  N ovember 3, 1947

(12) Fuson, Kozacik and Eaton, T h is Journal, 55, 3799 (1933).
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/3,/3-Diarylacrylic Acids. II. A New Synthesis of Triarylethylenes
B y  F e l ix  B erg m an n , E lch anan  D im ant  a n d  H e l e n e  J a ph e

Triplienylethylene (I) and its derivatives have 
acquired new interest since the discovery of Rob­
son and Schönberg1 that the hydrocarbon (I) it­
self, its dimethoxy derivative (II)2 and their a- 
halogen derivatives are endowed with estrogenic 
activity of prolonged duration. The classical 
method of synthesis for derivatives of I is the 
Grignard reaction,3 in which the carbinols of type 
III  or IV are intermediates. When Ar2 and Ar3 
represent different aryl groups, two geometrical 
isomers are possible. However, only very few 
cases are known where both forms have actually 
been isolated.4 There exist also some other, less 
well known methods of formation of triphenyl- 
ethylene, e. g., rearrangement of /3,/3,/3-triphenyl- 
ethylammonium nitrite5 or condensation of di- 
phenylketene with substituted benzaldehydes6 in 
quinoline (with elimination of carbon*dioxide).

Triphenylethylene itself is unsuitable for direct 
substitution in a ring, because the common catio- 
noid reagents first attack the central double bond.7 
We observed that 1,1,2-triphenylethanol (V), too, 
is converted by fuming nitric acid in acetic acid so­
lution into l , l ,2-triphenyl-2-nitroethylene (VI). 
Apparently dehydration to I precedes nitration at 
the a-position. When the nitration is carried out 
without use of a solvent, I and V give a good yield 
of a tetranitro derivative of the probable structure
VII. One nitro group must replace the a-hydro­
gen, because the a-nitro derivative VI, too, can be 
converted into the tetranitro compound (VII).

(  R— » C=CHCeH5

I, R =  OH 
II, R =  OCH,

/A r2
AnCHOHCH<

x Ar3

III
h n o 3

(C6H5)2C—CHjjCsH b------------- >
I acetic acid

/A r2
AriCH2C<

I X Ars 
OH

IV

OH
V

(1) Robson, Proc. Soc. Exptl. Biol. Med., 38, 153 (1938); Robson, 
Schönberg and Fahim , Nature, 142, 292 (1938).

(2) Schönberg, Robson, Tadros and Fahim, J . Chem. Soc., 1327 
(1940).

(3) Hell and W iegandt, Ber., 37, 1429 (1904); Ley and Kirchner, 
Z. anorg. Chem., 173, 408 (1927); Buisignies, Compt. rend., 151, 516 
(1910); Koelsch, This Journal, 54, 2487 (1932).

(4) F . Bergmann, ibid., 64,69 (1942); Koelsch and Prill, ibid., 67, 
1296 (1945).

(5) Hellermann, Cohn and Hoen, ibid., 50, 1716 (1928); Heller- 
mann and Garner, ibid., 57, 139 (1935).

(6) Staudinger and Kon, A nn., 384, 89 (1911).
(7) Shilov, J . Russ. Phys.-Chem. Soc., 62, 95 (1930); C. A ., 24,

4289 (1930).

HNO,
(C6H6)2C =C —c 6h 5------- >

i
n o 2

VI

n o 2
VII

We have been unable to isolate intermediates be­
tween the mono- and tetra-nitro derivatives.

A new method of wide applicability was found 
in the coupling of /3,/3-diarylacrylic acids VIII with 
diazotized anilines, in analogy to the Meerwein 
synthesis of stilbenes from cinnamic acids8 
(scheme A). The data represented in Table I 
show that meta- and para-substituted anilines give 
comparable results. The method failed, however, 
when ortho-substituents were present.

Ariv -f- diazotized A
A: >C =C H O O H --------- -------- ^  >C=CHAr3

A r/ aniline Ar2'
I t  is noteworthy that under the experimental 

conditions used, the diarylacrylic acids concerned 
undergo partial decarboxylation prior to the coup­
ling reaction. Thus, the dianisylacrylic acid
(Expt. 2 in Table-1) gave besides the expected
1,1-di- (^-anisyl) -2 (^-nitrophenyl) -ethylene about 
50% of dianisylethylene, although we reported 
previously that the acid loses carbon dioxide in 
aqueous suspension only upon prolonged boiling.9

The Meerwein synthesis of stilbenes yields ex­
clusively the trans forms. However, no conclu­
sion about the sterical specificity of the reaction 
can be drawn from this fact, because only trans- 
cinnamic acids have been used.10 I t was there­
fore of interest to investigate the coupling of iso­
meric /3,/3-diarylacrylic acids (VIII, Ari ^  Ar2). 
The two forms of /3-phenyl-0 (j^-bromophenyl) - 
acrylic acid (X),9 upon reaction with diazotized p -  
nitroaniline, yielded the same product (XI). I t is 
evident that in one case isomerization has taken 
place. In this connection it may be mentioned 
that Q'-phenylcinnamic acid, which upon decar­
boxylation yields cis-stilbene,11 does not undergo 
a Meerwein coupling, but under the conditions of 
the experiment yields exclusively /raws-stilbene.

The most interesting of the new compounds are 
the nitro derivatives in view of the versatility of 
the aromatic nitro group, and of the inaccessibility 
of these derivatives by any other method. I t  was 
shown previously,12 that it is impossible to reduce

(8) Meerwein, Buchner and van Emster, J . prakt. Chem., 152, 237 
(1939).

(9) F. Bergmann and co-workers, This Journal, 70, 1612 (1948).
(10) F. Bergmann and Weinberg, J . Org. Chem., 6, 134 (1941).
(11) Stoermer and Voht, A nn., 409, 39 (1915).
(12) F. Bergmann and Schapiro, J . Org. Chem., 12, 57 (1947).



April, 1948 1619A N ew Synthesis op Triarylethylenes

-£=Anisyla-----
- p  -Fluor op henyla-
------ 4>-Tolyl6

-Phenyl®-
-£-Anisyl*-

T a b l e  I 
Rr

T r ia r y l e t h y l e n e s ,
r 2*

B. p. M. p., 
°C. Mm. °C.

Yield,
%

193-194 1 .5  148 48
225-230 1 .25  131 28
200-230 0 .2 5  145 50
200-220 0 .0 5  102 3 0 '
140-145 0 .0 5  74 11
210-215 1 .5  97 Small
210-230 0 .1 5  149.5 35 
240-260 0 .8  170 30

Crystal
form

Brown cols. 
Prism rods

CHR*

Solvent 
Butyl acetate 
Benz .-petr. eth.

<----------- Analyses, %----------- s
Calcd. Found

Formula C H  N  C H N
C20H 16O2N  7 9 .7  5 .0  4 .7  7 9 .7  5 .3  4 .7
C22H 19O4N  7 3 .1  5 .3  3 .9  7 3 .3  5 .6  3 .9

R hom bohedr.platesB enz.-petr. eth. C20H13O2F2N  71 .2  3 .9  4 .2  71 .3  3 .9  4 .2
Twinned prisms «-Propanol C22H19O2N
Elong. prisms Ethanol C21H18
Prism rods Petr, ether C23H22O2
Coarse prisms Tol.-petr. ether C20H14O2N F

8 0 .2  5 .8  4 .3  8 0 .0  6 .0  4 .2
9 3 .3  6 .7  9 3 .0  7 .0
8 3 .6  6 .7  8 3 .8  7 .0
7 5 .2  4 .4  4 .4  7 5 .2  4 .6  4 .7

Yellow prisms Toluene C2oHi402N B r 6 3 .2  3 .6 6 3 .1  3 .8
£-Fluoroph.a Phenyl p - ( Nitro- 
^-Bromoph.® Phenyl £-\phenyl

a Coupling temp., 25-35°. 6 Coupling temp., 32-45°. «Coupling temp., 27-28°. * Coupling temp., 27-35°.
® Coupling temp., 25-50°. f Yield calculated on acid consumed. About 50% of the acid was recovered from the al­
kaline washings by acidification.

catalytically the nitro group of various nitrostil- 
benes without attack on the double bond. In the 
nitro-triphenylethylenes, however, the reactivity 
of the ethylenic bond is lowered so much that the 
hydrogenation can be interrupted exactly after 
absorption of three moles of hydrogen to yield 
about 70% of the unsaturated amine (see scheme 
B).
Br— X >—C=CHCOOH 

CeHs
X a , m. p. 175° 

b, m. p. 169-170°

XI, m. p. 170°

XIV
Experimental18

Meerwein Coupling—General Procedure.—The method 
used for the coupling reactions may be exemplified for the 
first case, reaction of diphenylacrylic acid with £ -nitro- 
aniline. The general results are summarized in Table I.

To a solution of diphenylacrylic acid (9.5 g.) in acetone 
(200 cc.), cooled to + 5 ° , was added a clear solution of 
diazotized ^-nitroaniline (5.8 g.). Solid sodium acetate 
(11 g.) and a solution of cupric chloride (2 g.) in a little 
water were added immediately. The temperature was 
allowed to rise slowly, until at 25° reaction set in. After 
the strong evolution of gas was over (about fifteen min­
utes), the mixture was heated to 35° for one hour. Ace­
tone and a small amount of ^-chloronitrobenzene were 
removed by steam distillation. The remaining sirup was 
dissolved in benzene, washed with alkali, dried and dis­
tilled in vacuo, b. p. 193-194° (1.5 mm.). The yellow- 
red distillate crystallized upon trituration with ethanol. 
Recrystallization from butanol or butyl acetate gave 
brown, polyhedric columns of 1,1-diphenyl-2-(£-nitro- 
phenyl)-ethylene (X II), m. p. 148°. The substance is 
dimorphic and appears sometimes in small yellow prisms 
of m. p. 158-160°, especially from dilute solutions. 13

When di-(£-anisyl)-acrylic acid was used in the re­
action, distillation of the neutral portion gave first a 
large amount (about 50% of theoretical) of dianisylethyl­
ene, b. p. 185-195° (1.2 mm.), followed by the expected 
coupling product.

In experiment 8, the higher-melting form of /8-phenyl- ft- 
(^-bromophenyl)-acrylic acid (Xa), m. p. 175°, gave a 
30% yield of 1-phenyl-1-(^-bromophenyl)-2-(£-nitro- 
phenyl)-ethylene (X I), m. p. 170°. The isomeric acid 
(Xb), m. p. 169-170°, reacted under exactly the same 
conditions, but only 11% of the expected ethylene was 
obtained. This compound showed no depression of m. p. 
with the foregoing reaction product.

Reactions of 1,1 -Diphenyl-2- (£-nitrophenyl) -ethylene 
(XII). (a) Bromination.—The ethylene (XII) in chloro­
form solution showed no visible reaction with bromine 
at room temperature. Upon heating on a water-bath, 
strong evolution of hydrogen bromide set in. After five 
minutes the mixture was cooled and petroleum ether added 
to precipitate the reaction product. 1,1-Diphenyl-2-(£- 
nitrophenyl) -2-bromoethylene crystallized from butyl 
acetate in prisms, m. p. 178°.

Anal. Calcd. for C2oHi402NBr: N , 3.7. Found:
N, 3.9.

(b) Catalytic Reduction.—The ethylene X II (1 g.) 
was suspended in ethyl acetate (35 cc.) and reduced in 
the presence of Raney nickel. After absorption of 240 
cc. of hydrogen (calcd. for 3 moles, 242 cc.; T  =  239°; 
p a* 754 m m.), the reaction was interrupted. A yellowish 
oil was isolated, which showed no tendency to crystallize 
and was therefore acetylated directly. The acetyl 
derivative of X III crystallized from butanol in lancets or 
from toluene-petroleum ether (1:1) in long flat tetragonal 
prisms, m. p. 169-170°; yield 0.7 g. (70%).

Anal. Calcd. for C22Hi9O N : N, 4.5. Found: N,
4.6.

When the hydrogenation was continued to completion, 
the speed of the reaction slowed appreciably after the 
absorption of the first three moles of hydrogen. The oily 
reduction product (XIV) was transformed again into its 
acetyl derivative. It crystallized from benzene-petroleum 
ether in big flat prisms, m .p . 128-129°.

Anal. Calcd. for C22H21ON: C, 83.8; H, 6.7; N, 4.4. 
Found: C, 83.6; H, 6.8; N, 4.7.

Nitration of Triphenylethylene (I) and 1,1,2-Triphenyl- 
ethanol (V).—-(a) In acetic acid: The carbinol V (2 g.) 
was dissolved in acetic acid (20 cc.) and fuming nitric acid 
(d. 1.51) (0.55 g., 1.2 equiv.) added dropwise at room tem­
perature . An exothermic reaction took place and the tem­
perature rose to 50°. The mixture was then heated to 
65 0 for twenty minutes and poured onto ice. The granular 
precipitate was dried and recrystallized from butyl 
acetate as yellow prisms, m .p . 172° (V I); yield 0.7 g.

Anal. Calcd. for C20Hi5O2N: C,79.7; H, 5.0. Found: 
C, 79.9; H, 5.3.

The same product, but in higher yields, was obtained 
by the use of 2.2 or 3.2 equivalents of nitric acid. The(13) All melting points are uncorrected.
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product is identical with the substance resulting from 
nitration of triphenylethylene itself.

(b) Without solvent: The carbinol V (15 g.) was
added in small portions to fuming nitric acid (75 cc.) 
with stirring. A violent reaction took place, which raised 
the temperature to 70°. The reaction was completed by 
heating the mixture to 80° for one and one-half hours. 
Upon standing for several days, the reaction product 
crystallized out. It was filtered off, washed with nitric 
acid, then with water and dried; crude yield, 20 g., 83%. 
The tetranitro derivative (VII?) crystallized from benzene 
or butyl acetate in yellow prisms, m .p . 205°.

Anal. Calcd. for C2oH120 8N 4: C, 55.0; H, 2.8; N ,
12.8. Found: C, 55.4; H , 2.6; N , 12.5.

The same product was obtained, but in a less satis­
factory form, by nitration of triphenylethylene or a- 
nitrotriphenylethylene (VI) with fuming nitric acid.

Summary
The coupling of /3,/3-diarylacrylic acids

with diazotized anilines opens a new route 
to substituted triarylethylenes. Geometrical 
isomers of the acids yielded identical coupling 
products.

Under the experimental conditions of this re­
action, a -phenyicinnamic acid is decarboxylated 
to /raws-stilbene. Decarboxylation is also a side- 
reaction for /3,/3-diarylacrylic acids.

1, 1-Diphenyl-2-(^-nitrophenyl) -ethylene can be 
reduced catalytically stepwise first to the un­
saturated, then to the saturated, amine. Nitra­
tion of triphenylethylene, the corresponding carbi­
nol or its a-nitro derivative with fuming nitric 
acid in the absence of a solvent produces a tetra­
nitro derivative.
R e c h o v o t , P a l e s t i n e  R e c e iv e d  A u g u s t  25, 1947

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  B io c h e m is t r y , C o r n e l l  U n i v e r s it y  M e d ic a l  C o l l e g e ]

Reactions of Mustard-type Vesicants with «-Amino Acids1
B y  V in c e n t  d u  V ig n e a u d , C arl M . St e v e n s ,2 H arold F . M cD u f f ie , J r . ,3 J ohn  L. W ood4 a n d

H erbert  M cK e n n is , Jr .5

Eariy in World War II it was considered that 
reactions between mustard gas (H) and certain 
enzymes possibly played a role in the mechanism 
of vesication by H-type compounds. As part of a 
collaborative effort to uncover the mechanism of 
vesication by chemical warfare agents, reactions 
between H-type compounds and proteins were 
studied in a number of laboratories. Prior to our 
investigations, published work6 and available un­
published British reports7 indicated that the 
properties of several proteins were altered by 
treatment with mustard gas. To gain insight into 
the protein-H reactions, this Laboratory and 
others investigated the preparation and nature of 
compounds formed by the reaction of H-type vesi­
cants with amino acids. This report covers part 
of this one aspect of the larger problem.

From the chemical standpoint, studies on mus­
tard gas are complicated by the fact that H con­
tains two reactive halogens. Since it was already 
known8 that several compounds of the type 
RSCH2CH2C1 possess vesicant action, we sought 
to simplify the problem by employing these “one-

(1) The work described in this paper was carried out under Con­
tract OEMsr-144 between the Office of Scientific Research and De­
velopment and Cornell University Medical College and is described 
in Progress Reports to the National Defense Research Committee, 
January, 1942, to October, 1943.

(2) Present address: Department of Chemistry, State College of 
Washington, Pullman, Wash.

(3) Present address: Bristol Laboratories, Inc., Syracuse, N. Y.
(4) Present address: .School of Biological Sciences. The University 

of Tennessee, Memphis, Tenn.
(5) Present address: Department of Physiological Chemistry,

The Johns Hopkins University School of Medicine, Baltimore, Md.
(6) Berenblum and Wormall, B iochcm . J . ,  33, 75 (1939).
(7) Berenblum (1940); Pirie (1941) ; Peters (1941).
(8) See, for instance, Kirner, This Journal, 55, 3501 (1933); 

Patterson and du Vigneaud, J . B io l. Chem ., I l l ,  393 (1935).

handed” vesicants in our chemical studies. Al­
though these compounds containing only one /3- 
chloroethyl group are potent vesicants, they are 
quantitatively much less vesicant than H itself. 
Qualitatively their physiological action parallels 
that of H. The “one-handed” agents, therefore, 
must be capable of entering into the chemical re­
actions essential to vesication. The fact that the 
structures and properties of the molecules closely 
resemble those of H itself makes it highly probable 
that the mechanism of vesication is essentially the 
same in each case. These considerations caused us 
to focus our attention largely on the one-handed 
vesicants, which for convenience are designated 
as follows:

C6H5CH2SCH2CH2C1 Benzyl-H
CH3SCH2CH2C1 Methyl-H
CH3CH2SGH2CH2C1 Ethyl-H
CH3CH2CH2CH2SCH2CH2C1 Butyl-H

A survey of the general literature9 indicated 
that H-type vesicants reacted readily with sulf- 
hydryl, amino and phenolic hydroxyl groups in al­
kaline solution. Furthermore, a derivative of an 
a-amino acid had been reported. It was the prod­
uct formed by the reaction10 of H and glycine 
ethyl ester, having the structure I.11

S(CH2CH 2N H CH 2COOC2H 5)2 I
In our experiments we studied the reactions of 

most of the naturally occurring amino acids with 
vesciants of the type RSCH2CH2C1, where R has 
the structures indicated above.

(9) See Jackson, Chem. R ev., 15, 425 (1934).
(10) For recently published observations on this reaction as well as 

other studies on the reaction of amino acids with H and related com­
pounds, see Boursnell, Francis and Wormall, Biochcm . J . ,  40, 737 
(1946).

(11) Cashmore and McCombie, Chem . Soc., 2884 (1923).
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T a b l e  I

N a-SUBSTITUTED DERIVATIVES OF AMINO ACIDS WITH M USTARD-TYPE VESICANTS
Ap-

Proc.
for Solvent for

prox.
yield,

Mo*CP"
Molecular

---------- Analy
Calcd.

ses, %----------s'
Found

Compound prepn. recryst. % formula C H C H
N-/3-B enzylmercaptoethylglycine® C Abs. ethanol 40® 187-188 CuHxiOjNS 58.6 6.71 58 .6  6.91
N-/3-Benzylmercaptoethyl-DL-alaninec C Water 50® 210-215 c 12h 17o2n s 60.2 7 .16 60 .4  7 .36
N-jS-Benzylmercaptoethyl-DL-valine B 95% ethanol 40* 236-239 c uh 21o2n s 62.9 7.91 63 .0  7 .85
N-/3-B enzylmer c ap toethyl-L-leucine A 50% acetic 20* 229-231 C 15IÏ23O2 NS 64.0 8 .24 6 4 .0  8 .13

N-/3-B enzylmercaptoethyl-DL-leucine B
acid

50% ethanol 25* 225-228 C 15H2 3O2 NS 64.0 8 .24 64.1  7 .62
N-/3-B enzylmercaptoethyl-DL-isoleucine B 95% ethanol 50* 232-233 c 15h 23o2n s 64.0 8 .24 64 .0  8 .63
N-jS-Benzylmercaptoethyl-DL-serine B 50% ethanol 15* 178-184 Ci2H „03NS 56.5 6.67 57 .0  7.11
N-0-Benzylmercaptoethyl-DL-threonine B Water 30* 226 c 13h 19o3n s N 5.49 N  5 .12
N-/5-Benzylmercaptoethyl-DL-plienyl-

alanine B Water 40* 224-225 C18H2i0 2NS 68.5 6.71 68 .5  6 .88
N-/3-Benzylmercaptoethyl-DL-methionine B Acetic acid 20* 209-210 Ci4H210 2NS2 56.2 7 .07 56 .6  7 .17
N,N-bis-(0-Benzylmercaptoethyl)-glycine C Benzene 4® 113-114 C2oH250 2N Sü 64.0 6.71 63 .9  6.51
N, N-bis- (/3-B enzylmercaptoethyl) -L- B Ethanol- 30* 185-188 c 29h 32o2n 2s 2 69.0 6.39 69.1  6 .46

tryptoplian
N-/3-Butylmercaptoethylglycine C

benzene 
Abs. ethanol 10® 175-180 c 8h „o 2n s N 7.32 N 7 .36

N-/8-Butylmercaptoethyl-DL-leucine B 50% ethanol 25* 260 c ,2h 26o2n s N 5.66 N  5 .59
N-/3-Butylmercaptoethyl-DL-phenyl-

alanine B 95% ethanol 35* 225-226 c 15h 23o 2n s N 4 .98 N  4 .79
N-/3-Butylmercaptoethyl-L-tryptophan B Ethanol- 5* 178-181 c 17h 23o2n 2s N 8 .7 7 N 8 .6 0

N, N-bis- (/3-butylmercaptoethyl) -glycine C
benzene

Benzene 5® 87-98 Cl4H290 2NS2 N 4 .5 5 N  4 40
a The N-acetyl derivative was prepared in 75% yield and recrystallized from dilute alcohol; m .p . 148-149°. Anal. 

Calcd. for C13H17O3NS: 0 ,58 .4 ; H, 6.41. Found: C, 58.3; 11,6.4». 6 Hased on amount of vesicant used. c The N-
acetyl derivative was prepared in 80% yield and recrystallized from water; m. p. 120-121°. Anal. Calcd. for C14H i9- 
O3NS: C, 59.8; H, 6.81. Found: C, 60.0; H, 6.43. d Based on amount of amino acid used.

A series of crystalline derivatives of the amino 
acids was obtained, demonstrating reaction of the 
one-handed vesicants with sulfhydryl, amino, 
phenolic hydroxyl and imidazolyl groups under 
the conditions employed. No evidence was found 
to indicate reaction with alcoholic hydroxyl, 
guanido or indolyl groupings. The methods of 
preparation and study of the compounds are pre­
sented not only for the intrinsic interest of the 
compounds themselves, but also for their possible 
importance in establishing the nature of protein 
vesicant reactions. In this latter capacity some 
of the derivatives can be considered as model sub­
stances and as reference compounds in cases where 
it is desirable to isolate the components of hy­
drolysates from vesicant-treated proteins.

Simple a-Amino Acids.—Other investigators12 
have demonstrated the facile esterification of the 
free carboxyl group of amino acid derivatives 
by H-type compounds. In our work we in­
vestigated the alkylation of amino groups with 
particular reference to the actual isolation of 
derivatives. It appeared likely that the amino 
groups would be susceptible to mono-, di- or tri­
alkylation by the RSCH2CH2- radicals. In prac­
tice, treatment of the amino acids in alkaline solu­
tion did lead to the formation of a mixture of prod-

(12) (a) Bergmann, et a l., NRDC Section B4C Reports, April 25, 
1942, and August 19, 1942; (b) Bergmann, et a l., OSRD Report, 
May 21, 1943; (c) Moore, Stein and Fruton, J .  Org. C hem ., 11, 675
(1946).

ucts from which it was possible to isolate crystal­
line Na-alkyl derivatives, N “-dialkyl derivatives 
in some instances, but no N “-trialkyl derivatives 
(quaternary ammonium compounds). After N ,N - 
bis-(/3-benzylmercaptoethyl)-glycine was treated 
with benzyl-H, it was recovered unchanged in 
80% of the theoretical yield. This indicates that 
the formation of a quaternary ammonium com­
pound is probably not a major reaction under the 
experimental conditions. The alkylation of a -  
amino groups by H has been discussed in two re­
cent papers10*120 covering work done in the war 
period by other laboratories.

The monosubstituted derivatives of glycine and 
alanine were readily acetylated in 75-80% yield by 
treatment in alkaline solution with acetic anhy­
dride. In contrast, the monosubstituted deriva­
tives of valine, leucine and phenylalanine were 
recovered unchanged in good yield. This differ­
ence in behavior held true both for the butyl-H  
and the benzyl-H series.

The several procedures for preparation of the 
derivatives are described in the Experimental part 
and pertinent data are compiled in Table I.

Lysine.—This amino acid was of particular 
interest since it is known13 that the e-amino 
group is reactive in many proteins. Kurtz14 
showed that treatment of the copper salt of

(13) Goldschmidt and Kinsky, Z . p h ys io l. C h em ., 183, 244 (1929); 
Gurin and Clark, J .  B io l. C hem ., 107, 395 (1934).

(14) Kurtz, ib id ., 140, 705 (1941).
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lysine in alkaline solution with benzoyl chloride 
yielded the N€-benzoyl derivative. The copper 
salt of lysine was, therefore, treated with butyl-H. 
A crystalline monosubstituted derivative of lysine 
was isolated. This is presumably the hydrochlo­
ride of structure II.

an excess of butyl-H yielded a crystalline sub­
stance, the composition of which corresponded to 
a trialkyl derivative. Treatment of imidazole 
under similar conditions yielded a disubstituted 
derivative. By analogy with other alkylation 
products of imidazole23 structure III was consid-

C4H9SCH2CH2NCH2CH2CH2CH2CHCOOH II
i i

H NH2
Mercaptoamino Acids.—We were interested 

particularly in preparing S-substituted vesicant 
derivatives of mercaptoamino acids because of 
the possible reactivity of protein sulfhydryl 
groups with vesicants.15 The benzyl-H deriva­
tives of the sulfhydryl group of cysteine and homo­
cysteine were obtained in good yield by alkylation 
with the aid of sodium and liquid ammonia.16

Tyrosine.—The phenolic hydroxyl group of 
tyrosine is stated to be chemically reactive in 
proteins.17 The reaction of this group with the 
vesicants was, therefore, of interest. Treatment 
of L-tyrosine in strongly alkaline solution with 
either benzyl-H or butyl-H yielded a mixture of 
products from which was isolated in each case a di­
substituted derivative in 20% yield. The com­
pounds show negative tests for phenolic hydroxyl 
groups18 and are, therefore, believed to be 0,N-di- 
substituted derivatives.

r s c h 2c h 2o— ^ >—c h 2c h n h c h 2c h 2s r

COOH
Histidine.—Preliminary studies of the reac­

tion of vesicants with L-histidine and with Na- 
benzoyl-L-histidine were made using a colorimetric 
method19 based on the Pauly diazo reaction.20 
The results indicated a reaction of the vesicant 
with the imidazole ring. Evidence had been ob­
tained by Moritz and co-workers21 that the imida­
zole group of histidine reacted with H, and Ball 
and co-workers22 suggested that the effect of H on 
the oxygen dissociation curve of hemoglobin 
might be interpreted as indicating a reaction with 
the imidazole groups of histidine in the intact 
protein.

We, therefore, studied the reaction of histidine 
and its derivatives further. Treatment of L-histi­
dine in 0.5 M  sodium bicarbonate solution with

(15) Investigations of vesicant—protein sulfhydryl reactions have
been discussed elsewhere: (a) Hellerman, final summarization of
N D R C  work, C ontract OEMsr-94; (b) Banks, Boursnell, Francis, 
Hopwood and  Wormall, Biochem. J . ,  40, 745 (1946).

(16) du  Vigneaud, A udrieth and Loring, This Journal, 52, 4500 
(1930).

(17) See, for instance, H errio tt, J . Gen. Physiol., 19, 283 (1938); 
R utherford , Patterson and H arris, J . Research Natl. Bur. Standards, 
25, 451 (1940).

(18) Folin and Cioealteu. J . Biol. Chem.. 73, 627 (1927).
(19) M acpherson, Biochem. J ., 36, 59 (1942).
(20) Pauly, Z. physiol. Chem., 44, 159 (1905).
(21) M oritz, Henriques, et al.t Progress R eport to Division 9, 

N D R C , August 28, 1942.
(22) Ball, Davis and Ross, Progress R eport to  Division 9, NDRC, 

December 19, 1942; Davis and Ross, T his Journal, 69, 1177 
(1947).

c h = = = c h

C4H„SCH2CH2—N N  +̂ -CH2CH2SC4H,

'S' 'C H ^  ci-  
i i i

ered likely for the imidazole derivative, although 
dialkylation of one N (IV) was not excluded. The

CH=
C4H9SCH2CH2v I

>N +
aHaSCHaCHa/ \

Cl” X CH 
IV

=CH
I

N

structure analogous to structure III, in the case of 
the histidine derivative, would be structure V.

CH=

HNCH2CH2SC4H9 

=C—CH2CHCOOH

C4H0SCH2CH2—N N +—CH2CH2SC4H3

V
The compound yields no nitrogen in the Van Slyke 
procedure for the estimation of free amino nitro­
gen,24 and is stable to heating under reflux in 
strong acid.

Using a smaller quantity of butyl-H under 
slightly different conditions, it was also possible 
to isolate a monosubstituted derivative of imida­
zole, and monoalkylation of the imidazole nitrogen 
alone was also apparently achieved by using N“- 
benzoylhistidine.

Experimental25’26
Derivatives of Simple «-Amino Acids. These deriva­

tives were prepared by one of the following procedures; 
A,—The amino acid (1 mole) was dissolved in 50% 
ethanol containing 3 moles of sodium carbonate or sodium 
hydroxide and treated with 2 moles of vesicant. The 
mixture was stirred for several hours at 30-50°, and then 
extracted with ether. Neutralization of the aqueous 
solution with hydrochloric acid precipitated the crude 
derivative which was recrystallized from the appropriate 
solvent.

B.—The amino acid was dissolved in slightly more than 
3 equivalents of 1 N  sodium hydroxide in 95% methanol. 
Two equivalents of vesicant were added and the mixture 
was allowed to stand for at least twenty-four hours. The 
solution was then decanted from the precipitated sodium 
chloride and concentrated in vacuo. The residue was dis­
solved in water. The solution was extracted with ether 
and then neutralized with hydrochloric acid. The pre­
cipitated derivative was collected and recrystallized from 
the appropriate solvent.

(23) Pinner and Schwarz, B er., 35, 2441 (1902).
(24) Van Slyke, J . B io l. Chem ., 12, 275 (1912).
(25) All melting points were determined on a calibrated hot stage.
(26) The authors are indebted to Dr. Julian R. Rachele and Mr, 

Roscoe C. Funk, Jr., for the microanalyses.
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C.—The amino acid was dissolved in 1 equivalent of 1 N  
sodium hydroxide in 95% methanol and an equal volume 
of water was added. The vesicant (0.25 equivalent) was 
added, the mixture was stirred until homogeneous and 
then was allowed to stand overnight. When glycine was 
treated under these conditions and the reaction products 
were isolated by the method described under procedure B, 
crystalline disubstituted derivatives were obtained. Con­
centration of the mother liquors to a small volume yielded 
crystalline monosubstituted derivatives.

The methods of preparation and the properties of the 
various derivatives are recorded in Table I.

It seems certain that the derivatives prepared from L- 
tryptophan involve the «-amino group.27 To check the 
possibility of a reaction of the indole group with the 
vesicants, the «-amino group was covered by acetylation. 
No evidence was found of the reaction of the vesicants 
with the indole group of N“-acetyl-L-tryptophan.

Derivative of Lysine.—l-Lysine dihydrochloride (2.17 
g.) was dissolved in 50 cc. of 2.5% sodium tetraborate. 
Copper carbonate was added in excess and the solution 
was heated to boiling and filtered. The solution was 
brought to pH 9.2 with 5 N  sodium hydroxide and 4 g. 
of sodium tetraborate was added. Butyl-H (1.7 cc.) 
was added, and the solution was stirred for twenty-four 
hours. Then the precipitated copper salt was filtered 
and washed with water. A suspension of the copper salt 
(pH 9) was treated with hydrogen sulfide and, after 
removal of copper sulfide, the solution was acidified to 
litmus with acetic acid*. The solvent was removed in 
vacuo leaving a sirup which crystallized on addition of 
concentrated hydrochloric acid. The material was re- 
crystallized three times from a minimum amount of hot 
water by addition of ethanol. The yield of this purified 
product decomposing at 240° was 0.46 g. (15% of the 
theoretical amount).

Anal. Calcd. for C12H260 2SN2*HC1: S, 10.73; Cl,
11.86. Found: S, 10.33; Cl, 11.25.

Derivatives of Cysteine and Homocysteine.—L-Cystine 
(24 g.) and sodium were added in portions to 400 cc. of 
liquid ammonia, just enough sodium being added at the 
end to give a blue color persisting for ten minutes. Then 
32.4 cc. of benzyl-H was added dropwise. The liquid 
ammonia was allowed to evaporate. The solid residue 
was stirred well with crushed ice until the ice melted. 
The resulting precipitate was collected. The filtrate 
was extracted with ether and then neutralized with con­
centrated hydrochloric acid. A second precipitate re­
sulted. The combined precipitates were recrystallized 
from hot water. The yield was 25 g. of material melting 
at 187-189° and having the composition of the expected 
S-( |3-benzylmercapto) -ethylcysteine.

Anal. Calcd. for Ci2H170 2NS2: C, 53.1; H, 6.31.
Found: C, 53.3; H, 6.21.

The compound was characterized further by conversion 
to the acetyl derivative which melted at 125° and had the 
expected neutral equivalent (313).

U n d e r  s im ila r  c o n d it io n s ,  D L -h o m o c y s tin é  y ie ld e d  S-(ft- 
b e n z y lm e r c a p to ) - e t h y lh o m o c y s te in e ,  m . p .  225°.

Anal. Calcd. for C13H130 2NvS2: . N, 4.91; S, 22.46. 
Found: N, 4.60; S, 22.79.

This compound was characterized further by conversion 
to the acetyl derivative which melted at 70-72°. The 
neutral equivalent of the acetyl derivative was 324 (cal­
culated, 327).

Derivatives of Tyrosine.—Experiments indicated that 
the vesicants did not react appreciably with phenolic 
groups in neutral solution. However, in a strongly 
alkaline solution it was possible to prepare 0,N-disub- 
stituted derivatives of tyrosine. L-Tyrosine (1.81 g.)

(27) In  the course of the study of these derivatives, it was observed 
th a t the disubstituted derivative of L-tryptophan gives approxi­
mately twice the color given by an equimolar amount of L-tryptophan 
when treated with the Folin phenol reagent.18 Further study showed 
th a t all of the N  “ -disubstituted vesicant derivatives of the amino 
acids gave a blue color with the reagent.

was shaken for twenty-four hours with 40 cc. of 1 A  
sodium hydroxide, 40 cc. of methanol, and 4.5 cc. of 
butyl-H. The reaction product was then isolated ac­
cording to procedure B . An amorphous product weighing 
2.4 g. was obtained. On recrystallization from 70% 
acetic acid, 1.0 g. of a crystalline derivative melting at 
208-210° was obtained. The compound gave a negative 
Millon test, and yielded no color with Folin phenol re­
agent.18

Anal. Calcd. for QUH35O3NS2: N , 3.39. Found: N , 
3.34.

Treatment of L-tyrosine (1.81 g.) with benzyl-H (pro­
cedure B) yielded an amorphous product weighing 3.1 g. 
This product was dissolved in 150 cc. of 50% ethanol con­
taining 3 g. of sodium bicarbonate. The cooled solution 
deposited 1.0 g. (20%) of the pure 0,N -disubstituted  
derivative. It gave a negative Millon*s test and melted 
at 203-205°. It formed plates on recrystallization from 
80% acetic acid.

Anal. Calcd. for C27H3i0 3NS2: C, 67.3; H , 6.48.
Found: C, 67.6; H, 6.54.

Derivatives of Histidine and Related Compounds, l - 
Histidine.—L-Histidine monohydrochloride monohydrate 
(10.2 g.) was dissolved in 500 cc. of 0.5 M  sodium bicar­
bonate and the solution was stirred vigorously with 36 
cc. of butyl-H for twenty-four hours. About 30 cc. of 
a brown oil separated. This material was extracted three 
times with 150-cc. portions of ether. The ether-insoluble 
residue was diluted with 3 volumes of chloroform, and the 
solution was washed with 10% hydrochloric acid and with 
water. Evaporation of the chloroform left a sirupy 
residue which did not crystallize. The sirup was dis­
solved in chloroform (80 cc.) and stirred for half an 
hour with Brockmann alumina. The mixture was 
filtered and the chloroform was removed in vacuo. Addi­
tion of 10 cc. of acetone to the residue caused slow crystal­
lization.28 The yield of crystalline material was 0 .9 -  
1.4 g. Several recrystallizations from methylene chloride 
gave a sample melting at 187-188° and having the com ­
position of a trisubstituted. histidine derivative.

Anal. Calcd. for C24H4602N3S3C1: C, 53.4; H , 8.58; 
N, 7.78; S, 17,80; Cl, 6.56. Found: C, 53.4; H , 7.87; 
N, 7.65; S, 18.05; Cl, 6.41.

The derivative was recovered quantitatively after being 
heated in water at 100° for twenty-four hours, and in 
75% yield after treatment for twelve hours in refluxing 
20% hydrochloric acid.

Imidazole.—Imidazole (0.136 g.) and butyl-H (0.153 
g.) were dissolved in 218 cc. of 0.7 N  potassium hydroxide 
in 95% methanol. After the solution had been allowed to  
stand overnight, another 0.153 g. of butyl-H was added, 
and the resulting mixture was allowed to stand fof four 
hours. The solvents were removed in vacuo, 2 cc. of 
water was added to the residue, and the solution was ex­
tracted with 5 cc. of benzene. The benzene layer was 
evaporated in vacuo and 6 cc. of water was added to the 
residue. A saturated aqueous solution of picrolonic acid 
was added to the aqueous solution. Seventy-two milli­
grams of yellow crystalline material melting at 140- 
155° (dec.) was obtained. The compound, after recrys­
tallization from water, melted at 154-156° (dec.) and 
had the composition of the picrolonate of a monosub­
stituted imidazole derivative.

Anal. Calcd. for C9H16N2S-CioH805N4: C, 50.9; H , 
5.39. Found: C, 50.0; H, 5.66.

A disubstituted derivative of imidazole was prepared 
as follows: A solution of imidazole (1.36 g.) in 300 cc. of 
0.5 M sodium bicarbonate was stirred with 15 cc. of butyl - 
H for twenty-four hours. The mixture was acidified to  
Congo red with concentrated hydrochloric acid and ex­
tracted 3 times with 50-cc. portions of ether. The

(28) If the material did not crystallize a t th is poin t, i t  was w ashed 
with ether, dissolved in 30 cc. of methylene chloride and washed w ith  
water. Evaporation of the solvent left a sirup which crystallized on 
addition of acetone.
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aqueous solution was then extracted 3 times with chloro­
form . The combined chloroform extracts were dried over 
anhydrous magnesium sulfate. The chloroform solution 
upon evaporation gave a light yellow oil which crystallized 
upon addition of ether. The yield was 0.23 g., and ad­
ditional material was obtained by further chloroform 
extractions. For analysis the crude product was crystal­
lized from, a mixture of benzene and acetone. After the 
product had been dried at 3 mm. over potassium hydroxide 
for twenty minutes, it had the approximate composition 
of a monohydrate, m .p . 50-52°.

Anal. Calcd. for Ci5H29N2S2Cl'H20 : C, 50.8; H,
8.80. Found: C, 51.4; H, 8.62.

On long drying in vacuo at 40°, the above material lost 
93% of the calculated weight for 1 molecule of water of 
hydration. It then melted at 56-57°.

A n al. Calcd. for Ci5H29N2S2Cl: C, 53.5; H, 8.67;
N , 8.31; S, 19.03; Cl, 10.52. Found: C, 53.1; H, 8.79; 
N , 8.00; S, 19.50; Cl, 10.14.

-Benzoyl-L-histidine.—Three grams of N“-benzoyl- 
l -histidine2 9 was dissolved in 25 cc. of water by addition 
of 1 A  sodium hydroxide with stirring. Then 1.5 cc. 
of butyl-H was added, and the mixture was stirred for 
five hours. The pH was maintained at 8-9 by gradual 
addition of 1 A  sodium hydroxide. Methanol (10 cc.) 
was also added portionwise to increase the solubility of the 
vesicant. The reaction mixture was evaporated to about 
one-half volume in vacuo and then extracted with ether. 
The aqueous layer was acidified to pFL 4 with 11 cc. of 1 A  
hydrochloric acid. The oil which separated was removed. 
The aqueous solution was acidified with 1 cc. of 1 A hydro­
chloric acid and extracted with chloroform. Evapora­
tion of the chloroform left an oil which was crystallized 
from ethanol by addition of ether. Recrystallization of 
the compound from water yielded 200 mg. of rosettes, 
m. p. 188-190°.

A nal. Calcd. for Ci9H2503N3S: S, 8.54. Found: S, 
8.37.

Summary
1. A series of N-substituted derivatives of the 

simple «-amino acids with benzyl-H (benzyl (3- 
chloroethyl sulfide) and butyl-H (butyl £?-chloro-

(29) Gerngross, Z. physiol. Chem., 108, 50 (1919).

ethyl sulfide) has been prepared by treatment of 
the various amino acids in alkaline solution with 
the corresponding vesicant. The following deriva­
tives have been prepared: N-monosubstituted ben­
zyl-H derivatives of glycine, DL-alanine, dl-valine, 
L leucine, DL-leucine, DL-isoleucine, DL-threonine, 
DL-phenylalanine and DL-rnethionine; N“-mono- 
substituted butyl-H derivatives of glycine, DL-leu- 
cine, DL-phenylalanine and L-tryptophan; N “-di- 
substituted benzyl-H derivatives of glycine and 
L-tryptophan; N “-disubstituted butyl-H deriva­
tive of glycine.

2. Treatment of the copper salt of L-lysine in 
alkaline solution with butyl-H yielded a crystalline 
monosubstituted derivative. By analogy with 
benzoylation data this compound is believed to be 
the Ne-substituted derivative.

3. S-Substituted derivatives of L-cysteine and 
DL-homocysteine with benzyl-H have been pre­
pared by reaction of the vesicant with the corre­
sponding sodium mercaptides in liquid ammonia 
solution.

4. 0,N-Disubstituted derivatives of L-tyrosine 
with benzyl-H and butyl-H have been prepared.

5. A trisubstituted butyl-H derivative of l- 
histidine was obtained by treatment of the amino 
acid in alkaline solution with the vesicant. Under 
similar conditions imidazole yielded mono- and 
disubstituted derivatives, and Na-benzoyl-L-his- 
tidine yielded a monosubstituted derivative.

6. The data provide a further and direct dem­
onstration that the following groups in amino 
acids are capable of reacting with H-type vesi­
cants : «-amino group, e-amino group, imidazolyl 
group, sulfhydryl group and phenolic hydroxyl 
group.
N e w  Y o r k , N . Y. R e c e iv e d  N o v e m b e r  13, 1947

[Co n t r ib u t io n  f r o m  t h e  R e s e a r c h  D iv is io n  o f  t h e  B. F. G o o d r ic h  C o m p a n y ]

N-Phenyl-3,5-diethyl-2-propyl-l,4“dihydropyridine
By David Craig, Laura Schaefgen and Willard P. Tyler

During a study of the reaction of butyraldehyde 
with aniline in the presence of acetic acid, it has 
been found possible to isolate a weak base having 
the formula CigHosN. The present paper deals 
with the structure of this base.

The empirical formula and the method of syn­
thesis suggest dihydropyridine structures I, la, or 
lb  or the open chain anil structure II. The py­
rolysis of the compound in the presence of cobalt­
ous chloride forms aniline and 1,3,5-triethylben­
zene. The formation of triethylbenzene, Ci2Hi8, 
supports these formulations since the linking to­
gether of three butyraldehyde residues is thereby 
indicated. Hydrogenation, depending on con­
ditions, yields di, tetra and decahydro derivatives, 
in accord with the N-phenyldihydropyridine for­
mulas, but thus far has given no evidence of the
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formation of hexahydro or dodecahydro deriva­
tives required of formula II. Dehydrogenation of 
the new compound occurs upon contact with re­
duced platinum oxide in acetic acid solution. The 
product is the corresponding acetate of III. Oxi­

dation with iodine or sul­
fur in acidic media, con­
taining appropriate anions, 
produces quaternary salts, 
e.g., the iodide III. This 
type of oxidation would be 
expected of structures I, 
la, or lb, but would not be 
expected of the anil II.
The anil in such media 

would be expected to yield hydrolysis products,
i.e.y aniline and an unsaturated aldehyde. Neither 
these nor their oxidation products have been ob­
served in the reaction mixtures. Thus oxidation 
as well as hydrogenation of the new compound 
supports a dihydropyridine structure and elimi­
nates from consideration an open chain anil struc­
ture such as II.

Karrer1 has studied the formation and behavior 
of N-phenyl-1,2-dihydropyridine, a compound 
closely related to the Ci8H2öN base. His assign­
ment of structure was based in part on the prompt 
reaction of his compound with maleic anhydride2 
although a well characterized reaction product was 
not reported. In contrast, the reaction of one 
molecule of the Ci8H25N base with one of maleic 
anhydride is comparatively sluggish and a well 
characterized adduct3 may be isolated. The N- 
phenyl-1,2-dihydropyridine also reacted rapidly 
and irreversibly with hydrochloric acid to form un­
identified products. Again in contrast, the 
Ci8H2öN base reacts immediately only as a weak 
organic base. However, on long contact with 
hydrochloric acid it dissolves and then irreversibly 
undergoes disproportionation. The products are 
the quaternary chloride corresponding to III and 
the dihydro derivative obtained by hydrogenation. 
The N-phenyl-1,2-dihydropyridine is unstable in 
the atmosphere whereas the Ci8H25N base has been 
kept for ten years or more substantially un­
changed. The Ci8II25N base is yellow. Karrer 
reported and we have confirmed that the 1,2-di- 
hydropyridine is colorless. Neither of these di- 
hydropyridines is fluorescent. The differences 
and similarities in their behavior constitute the 
chemical basis for the assignment of the 1,4-di­
hydro structure I to the Ci8H2öN base.

Knowledge of the structure of the Ci8H25N base 
facilitates the identification of some of its deriva­
tives. Thus the decahydro derivative is N-cyclo- 
hexyl-3,5-diethyl-2-propylpiperidine and the 
tetrahydro derivative is the corresponding N-

(1) Karrer, Helv. Chim. Acta, 20, 72 (1937).
(2) Mumm and Diederichsen, Ann., 538, 198 (1939), reported tha t 

l,2-dihydro-l,2,6-trimethyl-4-phenyl-3,5-dicarbethoxypyridine re­
acted with maleic anhydride to form a 1:1 adduct and tha t the corre­
sponding 1,4-dihydro isomer did not react.

(3) The structure of this adduct is the subject of a second paper.

phenylpiperidine IV. The dihydro derivative has 
been assigned structure V on the basis, (a) th a t it 
reacts as a vinylamine toward hydrochloric acid, 
and (b) that there would be less hindrance to  the 
addition of hydrogen to the A5 double bond than 
to the A2 bond of compound I.

C6H 5
I

/N v
Et-CH2— Q4 'ftCH;

Et /  X CX
I

h 2
V

The study of the ultraviolet absorption spectra 
of compound I and its derivatives supports the 
assigned structures. Figure 1 shows th a t the 
spectrum for compound I is very different from 
that of N-phenyl-1,2-dihydropyridine bu t very 
similar to that of the methyl derivative prepared 
by the reaction of methylmagnesium iodide with 
the pyridinium salt III. Compound I and the 
methyl derivative are therefore considered to be
1,4-dihydropyridines, the methyl group in the la t­
ter compound being in the 6 or 4-position.

350 250300
X, mju.

Fig. 1.—Spectra of I (1), N-phenyl-1,2-dihydropyridine 
(2), and the methyl derivative of I (3).

Figure 2 compares the spectrum of the pyridin­
ium ion of III with the spectra of 3,5-diethyl-2- 
propylpyridinium ion and N-phenylpyridinium 
ion. They resemble each other closely. Evi­
dently the tetracovalent nitrogen atom effectively 
insulates the conjugation of the benzene ring from
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X, m ix.

Fig. 2.— Spectrum of the cation of I I I ,  obtained by sub­
traction of the absorption of KI from that of I I I ,  (1); 
spectrum of N-phenylpyridinium chloride (2); spectrum 
of 3 ,5-diethyl-2-propylpyridinium ion (3) in 1.2 A  HCl in 
90% methanol.

th a t of the pyridine ring. The maxima for the 
trialkyl pyridinium salts appear at longer wave 
lengths because of the usual bathochromic effects 
of the alkyl groups on the pyridine nucleus.

Figure 3 presents the spectrum of N-phenyl-3,5- 
diethyl-2-propylpiperidine IV along with that of 
N-phenylpiperidine and di-^-butylaniline. I t is 
of interest to note the similarities and differences 
among these spectra. The piperidines are, in one 
sense, dialkylanilines and would be expected to 
possess a well-defined fundamental band such as 
the long wave length band of di-^-butylaniline. 
Extension of the discussion of Remington4 on 
steric effects caused by hindrance to ease of for-

300 250
X, m^t.

Fig. 3.—-Spectra of IV (1), N-phenylpiperidine (2), and di- 
w-butylaniline (3).

mation of a planar configuration can explain the 
somewhat distorted shape of the fundamental 
band in the piperidines. This follows as a result 
of the tendency of the piperidine ring to be puck­
ered. Further comparison shows the similarity 
between the spectra of N-phenylpiperidine and of 
IV which supports the structure assigned to the 
latter compound as a result of the method used for 
its preparation.

The absorption spectrum of the tetrahydro- 
pyridine V is entirely different from that of the 
corresponding piperidine IV. The greater inten­
sity and longer wave lengths at which the absorp­
tion of V occurs indicates that the double bond 
must be conjugated with the nitrogen atom.5 
The spectrum observed for V in conjunction with 
the hydrogenation of the Ci8H25N base to form V 
is evidence against structures la and lb for the di­
hydropyridine since by 3,6- or 2,5-addition such 
structures would be expected to lead to A4- and 
A3-tetrahy dropyridines.

300 250
X, m/*.

Fig. 4.—Spectrum of V.

Attachment of two vinyl groups to the nitrogen 
atom as in structure I makes it possible to write, 
among others, the nearly equivalent resonance 
forms, A and B, for the first excited state. This

E t-C H ./ / ' E t  
B

leads to considerable stabilization of the first ex­
cited electronic level by resonance, and hence, ab­
sorption at a longer wave length than would be

(5) Bowden, Brauda, Jones and Weedon, J . Chem. Soc., 45 (1946).(4) Remington, This Journal, 67, 1838 (1945).
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true for structures la  and lb  for which the forms 
contributing to the first excited state would have 
quite different energies. Thus, the 1,4-dihydro- 
pyridine reported here has its first maximum at 
340 m\x whereas N-phenyl-1,2-dihydropyridine has 
a maximum at 286 m/x.

Experimental Part
Absorption Spectra.—The spectra were measured in 

methanol solution except where specified otherwise using 
a Beckman quartz spectrophotometer, Model i DU.

N -Phenyl-3,5 -diethyl-2 -propyl-1,4-dihydropyridine, 
Compound I.—One mole (93 g.) of aniline was added 
dropwise to a mixture of four moles (288 g.) of butyralde­
hyde containing 8.7 g. of acetic acid and 6 moles (108 g.) 
of water during thirty minutes. During this period the 
mixture was stirred and cooled to about 10° with ice 
water. The mixture was then heated to reflux and main­
tained at reflux for five hours. The final liquid tempera­
ture was 98°. After removal of the water layer, con­
taining most of the acetic acid, butyraldehyde and 2- 
ethylhexenal were removed by steam distillation during 
four hours. The remaining oil was dried at reduced pres­
sure. It was a fluid, light brown oil with a characteristic 
odor and a refractive index of 1.57520d . The product 
was distilled to supply a 55% yield of light yellow oil which 
came over at about 125° at 0.5 mm. pressure. The re­
fractive index of this oil was 1.572520d . By redistillation 
the refractive index was raised to 1.5740. This product 
was nearly odorless.

Anal. Calcd. for Ci8H25N: C, 84.64; H, 9.87; N, 
5.49; mol. wt., 255. Found: C, 84.56; H, 10.26; N,
5.29; mol. wt. in freezing benzene, 241, 242.

Pyrolysis of Compound I.—A mixture of 150 g. of I and 
2 g. of anhydrous cobaltous chloride was placed in a 500- 
ml. distilling flask equipped with a stirrer. The mixture 
was heated rapidly with stirring to about 275° when de­
composition set in. The temperature was raised to 310° 
during twenty minutes. The distillate amounted to 115 
g. and the residue to 35 g. The distillate was extracted 
with a mixture of 80 ml. of coned, hydrochloric acid 
and 160 ml. of water. The oil layer was separated, washed 
with water, dried over potassium carbonate, and dis­
tilled. A yield of 15 g. (16%) of colorless oil was ob­
tained which distilled at 210-212°.

Anal. Calcd. for Ci2Hi8: C, 88.83; H, 11.17. Found: 
C, 88.99; H, 11.05.

The hydrocarbon was identified by the preparation of 
the trinitro derivative by the method of Gattermann, et alA 
This derivative melted at 111° alone or when mixed with 
an authentic specimen of l,3,5-triethyl-2,4,6-trinitro- 
benzene.

The acid layer was made basic with strong caustic. The 
oil which precipitated was dried and distilled. In this way, 
14 g. (25%) of aniline and an unidentified oil which disr 
tilled at 184-186° at 17 mm. was secured. The aniline 
was identified by the preparation of the acetyl derivative. 
The oil analyzed approximately for CisIUsN. After heat­
ing with CoCl2 at 300° it was recovered unchanged.

N -Phenyl-3,5-diethyl-2-propyl-l ,4,5,6-tetrahydropyri- 
dine.—This compound was formed by shaking 25.5 g. 
of compound I with 10 g. of Raney nickel and 25 ml. 
of alcohol under 3 atmospheres of hydrogen for three 
hours. The pressure drop then corresponded to 1.05 moles 
of hydrogen per mole of I. The product, isolated in 92% 
yield, distilled at 115 to 120° at 0.2 mm. and had a re­
fractive index of 1.551820d . It required five minutes of 
shaking for complete solution in six volumes of 6 N  hydro­
chloric acid.

Anal. Calcd. for Ci8H27N: C, 83.98; H, 10.58; N, 
5.44. Found: C, 83.87, 83.73; H, 10.87, 10.93; N, 
5.41, 5.47. 6

N -Phenyl -3,5-diethyl -2 -propylpiperidine.—Hydrogena­
tion of compound I over Raney nickel between 30 and 100° 
and from 3 to 100 atmospheres produced this derivative 
quite smoothly although the product contained small 
quantities of the dihydro base and probably the decahydro 
derivative as well. In a typical run 13.3 g. of I dissolved 
in 50 ml. of alcohol was shaken with 12 g. of Raney nickel 
in a copper lined autoclave for ten hours at 70 atmospheres 
pressure of hydrogen and 50°. The product was dis­
tilled at 0.2 mm. Fraction A distilled at 112-115° and 
Fraction B at 115-120°. These fractions were almost 
colorless. The combined yield was 93%. The refractive 
indices n20d of the fractions were 1.5290 and 1.5350, 
respectively.

Anal. Calcd. for Ci8H29N: C, 83.33; H, 11.27; N, 
5.40. Found for A: C, 83.30, 83.40; H , 11.40, 11.32;
N, 5.34, 5.40. Found for B : C, 83.46, 83.40; H , 11.24,
11.31; N, 5.42, 5.36.

Although these fractions thus appeared to be analytically 
pure, their ultraviolet absorption spectra disclosed the 
presence of the above tetrahydropyridine. It may there­
fore be inferred that small amounts of some hydrogen rich 
compound such as the decahydro derivative were present. 
Extraction with dilute hydrochloric acid removed m ost of 
these impurities. The compound thus purified had one 
absorption maximum (Fig. 3). It had a refractive index 
of 1.532020d .

N-Cyclohexyl-3,5 -diethyl-2 -propylpiperidine.—This 
compound was secured by heating 64.5 g. of compound I 
and 10 g. of Raney nickel at 150° for twenty hours under 
about 100 atmospheres of hydrogen. The main product, 
which was isolated in 45% yield, distilled at 103—110° 
at 0.1 mm. and had a refractive index of 1.486820d . Its 
ultraviolet absorption spectrum had one low peak at 263 
mju probably due to the presence of a trace of the incom­
pletely reduced phenyl derivative. The compound was 
colorless.

Anal. Calcd. for Ci8H35N: C, 81.42; H, 13.31; N ,
5.28. Found: C, 81.37, 81.48; H , 13.15, 13.24; N,
5.29, 5.35.

N-Phenyl-3,5-diethyl-2-propyl-pyridinium Iodide, III.
—A turbid mixture containing 2.55 g. (0.01 mole) of com­
pound I, 50 ml. of alcohol, 10 ml. of acetic acid, and 10 
ml. of 25% potassium iodide was titrated rapidly with 
1 N  potassium iodate. Only a small amount of the 
iodate was required to produce a clear solution. An iodine 
color was apparent when 17.2 ml. had been added. This 
color deepened during a period of ten minutes and required
O. 1 ml. of 0.1 N  thiosulfate solution to reduce it to  the 
color of the iodine end-point. The sample thus is equiva­
lent to 17,1 ml. of the N  iodate solution which is 85.5%  
of the amount (20.0 ml.) required for the reaction

C18H25N +  I2 — >  C18H24NI +  HI
The conditions of titration were investigated in a pre­
liminary way. The reaction is favored by an excess of 
iodide ion and can be conducted with alcoholic iodine 
solution instead of iodate solution. Acetic acid is a satis­
factory acid and may be used in considerable excess while 
hydrochloric acid has a strongly inhibitory action. The 
solutions from four such titrations were evaporated at 
reduced pressure until all of the alcohol and most of the 
acetic acid were removed. Excess 48% sodium hydroxide 
then was added. This precipitated an oil which crystal­
lized on standing overnight. The crystals were dissolved 
in a little butanol and the solution filtered. The filtrate 
after being diluted with one liter of cold ether yielded 12.5 
g. of brown solid, m. p. 90-95°. This solid was dissolved 
again in butanol and precipitated with ether to provide a 
crop of light brown crystals, m .p . 105-106°. The yield 
of these amounted to 11.5 g. or 75% of the theoretical a- 
mount. Solution in dry alcohol and fractional precipita­
tion with ether gave bright yellow plates, m. p. 107-108°.

Anal. Calcd. for Ci8H24NI: C, 56.66; H, 6.35; N, 
3.67; I, 33.33. Found: C, 56.76, 56.71; H, 6.37, 6.38; 
N, 3.79, 3.73; I, 33.34, 33.26.(6) Gattermann, et al., Ber., 32, 1124 (1899).
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The iodide can be produced in good yield by the action 
of sulfur on compound I in acetic acid solution followed by 
the addition of sodium or potassium iodide and working 
up the mixture as described above.

The iodide is very soluble in water, alcohols, ketones, 
esters and acetic acid. It is insoluble in hydrocarbons 
such as benzene and hexane. Three liquid phase systems 
are formed with benzene and water and a solid addition 
compound is produced with carbon tetrachloride which is 
sometimes useful in recovering the salt from aqueous 
solutions.

The iodine content is quantitatively precipitated with 
aqueous 0.1 N  silver nitrate. The iodide does not react 
at moderate temperature with maleic anhydride or with 
hydrogen over Raney nickel. With sulfur no reaction 
occurs unless a sulfur “acceptor” is present. Suitable 
“ acceptors” are unsaturated compounds such as styrene 
or rubber. Reaction also occurs readily with sulfur in 
the presence of alkali.

N-Phenyl-3,5-diethyl-6 or 4-methyl-2-propyl-1,4-dihy-
dropyridine.—One reaction indicating the quaternary 
nature of the iodide III is the Freund reaction with excess 
methylmagnesium iodide in ether solution. The product 
of this reaction, which was obtained in 82% yield, had a 
refractive index of 1.551020d and distilled at 105-106° at
0. 2 mm. The ultraviolet absorption spectrum of this 
compound, given in Fig. 1, is similar to that of compound
1. The methyl group must be attached to either the 6 or 
the 4-position of the dihydropyridine ring.

Anal. Calcd. for C19H27N: C, 84.69; H, 10.10; N, 
5.20. Found: C, 84.44, 84.39; H, 9.83, 9.89; N, 5.54, 
5,48,

The reaction of compound I (0.1 mole) with sulfur (0.1 
atom) during twenty-four hours on the steam-bath 
formed hydrogen sulfide and a semicrystalline black mass. 
Extraction with benzene yielded about 1 g. of nearly color­
less crystals which melted at 156-157° after solution in 
a mixture of acetone and alcohol followed by precipitation 
with ether 'I

Anal. Calcd. for Ci8H25N S04: C, 61.50; H, 7.18; N, 
3.99. Found: C, 61.43, 61.51; H, 7.17, 7.26; N, 4.14, 
4.07.

This compound was identified as the acid sulfate cor­
responding to the quaternary iodide III described above 
from which it also was prepared by addition of sulfuric 
acid and distilling off hydroiodic acid at reduced pressure. 
The product so produced melted at 156-157° alone or 
when mixed with the analyzed sample. This compound 
was also secured by shaking I in acetic acid solution with 
reduced platinum oxide and adding sulfuric acid to the 
mixture when the evolution of hydrogen had ceased. Most 
of the acetic acid was evaporated at reduced pressure and 
the last traces removed by addition of sodium carbonate. 
The acid sulfate was extracted with warm acetone and 
precipitated by the addition of ether.

The benzene filtrate from the acid sulfate was evapo­
rated and the resulting solid crystallized twice from al­
cohol. The yield amounted to 8 g. of bright yellow 
crystals melting at 127°. The melted product resolidified 
and then melted again at 132°.

Anal. Calcd. for Ci8H23NS: C, 75.74; H, 8.13; N, 
4.91; S, 11.22. Found: C, 75.29, 75.24; H, 8.14, 8.05; 
N, 5.12, 5.07; S, 11.53, 11.60.

The structure of this compound is believed to be N- 
phenyl-3,5-diethyl-2-propyl-6-thiopyridone formed by the 
oxidation of a pseudo form of the pyridinium hydrosulfide.

The Reaction of I with Hydrochloric Acid.—The rate of 
reaction depends primarily on the concentration of the 
acid and on the temperature. In the cold and with dilute 
acid the rate is very slow. A mixture of 12.5 g. of I and 
10 g. of 36.5% hydrochloric acid was shaken for twenty 
minutes at 20°. Gradually solution occurred as might be 
expected of a vinylamine. The oil precipitated by the 
addition of caustic to this solution was I. A similar mix­
ture of acid and I was refluxed at 116° for two hours. The 
product was water soluble. It was neutralized with 6 g.

of sodium carbonate. Then 100 ml. of hexane was added 
and the mixture shaken with small portions of water until 
free of water soluble substances. The hexane layer was 
dried over potassium carbonate and distilled. After the 
hexane 2.5 g. of light yellow oil distilled at 120-125° at 
0.7 mm. It had a refractive index, n20d of 1.5523.

Anal. Calcd. for Ci8H27N: C, 83.98; H, 10.58; N, 
'5.44. Found: C, 83.82, 83.60; H, 10.55, 10.53; N,
5.43,5.47.

The analysis and refractive index are in agreement with 
the supposition that this product is identical with the N- 
phenyl - 3,5 - diethyl - 2 - propyl - 1,4,5,6 - tetrahydropy- 
ridine secured by the hydrogenation of compound I. The 
substantial identity of the two Ci8H27N samples finally was 
established by their ultraviolet absorption spectra. The 
water layer on evaporation at reduced pressure in the 
presence of 2.5 g. of potassium iodide yielded a mixture of 
salts which was extracted with butapol. On addition of 
ether to the butanol extract there was obtained a crop of 
yellow crystals which after solution and precipitation 
melted at 105-107° alone or when mixed with N-phenyl-
3,5-diethyl-2-propylpyridinium iodide. The yield was 
4.5 g.

Reaction with Maleic Anhydride.—A mixture of 5.1 g. 
of compound I and 1.8 g. of maleic anhydride was stirred 
with a thermometer. The immediate formation of a red 
colored product occurred, usually followed by a tempera­
ture rise from 30 to 50° during about twenty minutes. 
In case the temperature did not rise spontaneously the 
mixture was heated to about 50°. Reaction then became 
rapid and it was necessary to cool the mixture in order to 
keen the temperature from risin0- above about 60°. Dur­
ing about ten minutes longer a solid began to separate and 
it soon became impossible to stir the mixture. The 
temperature was allowed to fall and the mixture was al­
lowed to stand overnight. It melted at 112 to 115 °. The 
product was powdered and extracted with 50 ml. of hexane. 
The residue melted at 115-117° and weighed 4.7 g. This 
weight represents a yield of 78%. The melting point was 
raised to 119-120° by recrystallizing from acetone or al­
cohol and the product was then colorless.

Anal. Calcd. for C22H27N 0 3: C, 74.75; H, 7.70;
N, 3.96. Found: C, 74.64, 74.70; H, 7.71, 7.74; N, 
4.02, 4.00.

Occasionally while working up the reaction products of 
maleic anhydride with impure samples, a second compound 
was isolated. This was a white solid melting with decom­
position at 153° when recrystallized from alcohol.

Anal. Calcd. for C22H29N 04: C, 71.12; H, 7.87; N, 
3.77. Found: C, 71.05, 71.01; H, 8.06, 8.00; N, 3.79, 
3.38.

This compound, which is the hydrate of the adduct, 
melts with almost quantitative loss of water to form the 
original adduct.
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Summary
1. A main product of the condensation of ex­

cess butyraldehyde with aniline in the presence of 
weak acids has been found to be N-phenyl-3,5-di- 
ethyl-2-propyl-1,4-dihydropyridine.

2. The reactions of the dihydropyridine which 
were investigated include pyrolysis, hydrogena­
tion, dehydrogenation, oxidation, reaction with 
sulfur, vinylamine type behavior toward acids,
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and reaction with maleic anhydride. These re­
actions led to the isolation of some nine new com­
pounds.

3. Vinylamine behavior may be recognized as

an important property of some of the new com­
pounds, especially in connection with their ultra­
violet absorption spectra.
A k r o n , O h io  R e c e iv e d  O c t o b e r  10, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , T h e  U n iv e r s it y  o f  N e w  M e x ic o 1]

The Synthesis of Imidazolines from 1,2-Diamines and Carboxylic Acids
B y J. L. R iebso m er

Chitwood and Reid2 prepared a series of 2- 
alkyl-2-imidazolines by distilling or heating the 
appropriate diacylethylenediamine with sodium, 
magnesium, zinc, magnesium oxide or sodium hy­
droxide. Thus 2-methyl-2-imidazoline was pro­
duced in 68% yield when diacetylethylenediamine 
was heated at 270° with magnesium. The yields 
were less satisfactory with the other inorganic re­
agents. When ethylenediamine and acetic acid 
were heated 2-methyl-2-imidazoline was produced 
in 19% yield and when monoacetylethylenedi- 
amine hydrochloride was heated with sodium hy­
droxide a 26% yield of the imidazoline formed. 
Hofmann3 prepared the same imidazoline upon 
distillation of a sodium acetate and ethylenedi­
amine hydrochloride mixture.

Hill and Aspinall4 prepared a series of 2-alkyl 
and 2-aryl substituted imidazolines by heating 
monoacylethylenediamines.

The technique employed for the preparation of 
the imidazolines reported here was to add benzene 
to a mixture of the 1,2-diamine and carboxylic 
acid and to distil the benzene through a four-foot 
packed column. As the benzene distilled, water 
formed from the reaction was carried out as an 
azeotropic mixture. The column was equipped 
with a suitable head so that the benzene returned 
and thé water was separated. I t might have been 
anticipated that the imidazoline would be the only 
product formed by this process. In nearly all 
instances studied, however, a higher boiling sub­
stance was produced along with the imidazoline. 
Indeed in some instances the higher boiling prod­
uct was formed almost exclusively. The course of

most of these reactions may be formulated as
R'
I

R—NH—CH2—C—NH2 +  R "'—C f  ---->
| x OH

R"
CD (II)

R

H2C(5)—(i)N—R
R '  | j

\ c ( 4 )  (2)0 —R '" +  H20
x  \ ( 3 ) /

\N T ^  ( H I )MNP
+

R

R

H2C- -N —R 

C— R"

'N'
(IV )

1 or 2 • R"'COOH

R' and R "  ' were H, alkyl, or aryl. R ' and R" 
were H or alkyl. The most complete study was 
made in the case in which R was isopropyl and R ' 
and R" were methyl. In this instance R" was H, 
alkyl groups from CH3 to C17H35 or aryl.

A few exceptions to the general reaction were 
noted. When 2,3-dimethyl-2,3-butanediamine re­
acted with acetic acid none of the expected com­
pounds (III) or (IV) were isolated but a low yield 
of the diacetate was found. Likewise 1,2-butane- 
diamine and acetic acid reacted to form the diace­
tyl derivative of the amine along with the imida­
zoline.

A possible mechanism to account for the forma­
tion of the imidazolines by this method may be 
represented as follows:

R' r H +  R' H + n
1 * 0  

:H2—C—NHs +  2R"'—c f  — ►
1 1 1 

R—NH—CH2—C---- N—H
I X 0H 1 1

R " L I  R " H J
A2H20

H2C----- N—R COR'" R'

2R '" — C f
x r

R \  I I  a I I
>C C -  R '" +  R"'COOH ^—  R—NH—CH2—C—NH—COR'"

R , , /  \ n /  IR "
(1) Most of this work was completed while the author was at 

DePauw University, Greencastle, Indiana.
(2) Chitwood and Reid, This Journal, 57 , 2424 (1935).
(3) Hofmann, Ber., 21, 2332 (1888).
(4) Hill and Aspinall, This Journal, 61, 822 (1939).

The evidence for the existence of the compounds 
of type (III) seems to be entirely satisfactory. 
The analyses, neutral equivalents and mode of 
synthesis all point to the same conclusion.
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The non-Cömmittai formulation of compounds 
of type (IV) suggests doubt as to their structures;. 
While most of these compounds gave analyses 
corresponding to one mole of the imidazoline at­
tached to two moles of the acid, there were a few 
examples studied in which the molar ratio was one 
of the imidazoline to one of the acid. These ex­
ceptions were found mainly in those instances in 
which R was aryl. I t  is also of interest to note 
that the ratio of (IV) to (III) tended to increase 
as the chain length of R '"  increased.

The examination of the nature of compounds of 
type (IV) was carried out mainly with the prod­
ucts formed from N- (2-aminoisobutyl) -isopropyl­
amine and acetic and stearic acids. When acetic 
acid was used in this reaction a 26% yield of 2,4,4- 
trimethyl-l-isopropyl-2-imidazoline and a 32.7% 
yield of the complex corresponding to (IV) were 
obtained. The complex in this instance contained 
two moles of the acid.

This complex was a colorless, viscous oil when 
freshly distilled. Upon prolonged standing it 
turned yellow. It was readily soluble in water and 
insoluble in ether or petroleum ether suggesting: 
salt-like properties. The fact that it distilled at 
124—125° at 16 mm. is not characteristic of salts 
but does not preclude this possibility. I t reacted 
either with strong acids or strong bases with the: 
evolution of considerable heat, which suggested 
that it was made up of both acidic and basic con­
stituents not firmly combined chemically. Its 
neutral equivalent was 258 (using 0.1 normal alkali 
and phenolphthalein). The end-point was not 
sharp but this figure indicated the acidic constitu­
ent to be of greater influence than the basic con­
stituent.

When this complex was treated with cold aque­
ous sodium hydroxide solution 2,4,4-trimethyl-1 - 
isopropyl-2-imidazoline was formed in good yield., 
When this imidazoline was mixed with two molar 
equivalents of acetic acid the complex was formed 
in high yield. And finally when one mole of N-(2~ 
aminoisobutyl)-isopropylamine reacted with three 
moles of acetic acid, the complex was produced in 
89% yield while no imidazoline was isolated.

The Raman spectrum for 2,4>4-trimethyl-l- 
isopropyl-2-imidazoline showed lines which would 
be expected from —C = N — linkage. When a, 
similar experiment was attempted with the corre­
sponding complex a continuous spectrum was ob ­
tained from which no definite conclusions could be 
drawn.5

What has been said for the complex produced 
from acetic acid and N- (2-aminoisobutyl) -iso- 
propylamine can for the most part be repeated 
for the analogous product formed from the same 
diamine and stearic acid. In this instance the 
complex was formed nearly quantitatively and 
none of the corresponding imidazoline was isolated.

No evidence has been found to establish unw
(5) The author is indebted to Dr. M. J. M urray for the Rama» 

spectra studies.

equivocally the structure of compounds of type 
(IV). One might assume simple salt formation 
with the acid involving the acceptance of a proton 
by one or both nitrogen atoms. But this assump­
tion of salt formation is open to the objection that 
imidazolines always form mono-hydrogen halide 
salts and they titrate potentiometrically as mono­
acid bases. This latter observation makes it 
clear that one of the nitrogen atoms must be very 
weakly basic. I t  would be rather unexpected to 
find this weakly basic nitrogen capable of accept­
ing a proton from acetic or stearic acid and not 
capable of doing so from hydrochloric acid. I t 
would, therefore, be reasonable to suggest that 
most of the compounds of type (IV) may be mo­
lecular complexes made up of one mole of the acid 
and one mole of the salt—the latter being formed 
by the reaction of one mole of acid with one mole 
of the imidazoline.

Experimental
The experimental procedure for the preparation 

of all these compounds was substantially the same. 
One molar equivalent of the diamine and one 
molar equivalent of the carboxylic acid were 
mixed with a little benzene and heated from 140 to 
220°. The benzene-water mixture was distilled 
through a 4' X Vs* helix-packed column which 
was equipped with a decanter still-head filled with 
benzene, and arranged to drain off the water layer 
and to return the benzene to the column. Heating 
was continued until one molar equivalent of water 
was removed. In some instances one molar 
equivalent of the diamine and three of the acid 
were heated until two molar equivalents of water 
had been removed. The latter procedure gener­
ally gave high yields of compounds of type (IV) 
and none of (III).

After the reaction was complete the product 
was usually distilled, In some instances the prod­
uct was a solid and was crystallized from a suit­
able solvent.

Two specific examples will suffice to illustrate 
the preparation of most of the compounds.

Preparation of 2,4,4-Trimethyl-l-isopropyl-2-imidazo­
line and its Molecular Complex.—A mixture of 130.1 g. 
(1 mole) of N-(2-aminoisobutyl)-isopropylamine and 60 g. 
(1 mole) of acetic acid was heated at 190-200° for three 
hours. During this period 21.5 g. of water was removed. 
The product was distilled and three main fractions were 
taken. The first came over at 60-63° (38 mm.), and 
was shown by its refractive index, density and neutral 
equivalent to be unreacted N -(2-aminoisobutyl)-iso - 
propylamine, 57.4 g., 44% recovery. The second, which 
boiled at 94-96° (38 mm.), was the imidazoline, 41 g., 
26.6% yield. The third fraction, with b. p. 124-125° 
(16 mm.), was the complex, 29.9 g., 32.7% yield.

In another experiment, 65 g. (0.5 mole) of N-(2- 
aminoisobutyl)-isopropylamine and 90 g. (1.5 moles) 
of acetic acid were mixed and heated to 180-220° for three 
hours until 18 g. (1 mole) of water was removed. The 
product, which distilled at 128-130° (19 mm.), was the 
complex; yield, 89%.

Anal. Calcd. for the complex C13H26N2O4: N, 10.20.
Found: N, 9.89.

No imidazoline (VII) was isolated from the product.
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T a b l e  A
2 - S u b s t i t u t e d - 4 ,4 - d i m e t h y l - 1 - i s o p r o p y l - 2 - i m i d a z o l i n e s

2-Sub- /--------------------- *-------------— Analyses, %
stituent Yield, B. p. Found Calcd. N eu t. equiv .

R  = % °C. Mm. <*2020 »2®D Formula C H N C H N F ound C alcd .
H 13.3 81-82 19 0.8738 1.4525 C8H i6N2 68.13 11.33 19.61 68.52 11.52 19.99 139.6 140.1
CHa 23.0 72-75 15 .875 1.454 C9H18N2 18.2 18 .1 152 154
C2H5 12.9 92 22 .8713 1.4550 C10H20N2 71.62 11.68 16.68 71.37 11.92 16 .64 166.3 168.1
C3H7 19.0 97-100 20 .8626 1.4549 C11H22N2 71.34 12.04 15.22 72.45 12.11 15 .36 179.5 182.1
C3H7

(iso) 10.0 88 20 .8522 1.4498 CUH22N2 72.54 11.94 15.11 72.45 12.11 51 .3 6 182.1 182.1
C4H9 18.2 112-115 18 .8753 1.4592 C12H24N2 71.43 12.01 14.14 73.41 12.43 14.22 197.5 196.2
C5H11 J5 .4 125-128 18 C13H26N2 13.14 13 .32 2 12 .9 210 .2
C11H23® 160-162 8 C19H38N2 76.98 12.97 9.34 77.47 13.22 9 .5 1 295 .1 294.1
Ci3H27a 219-222 18 C21H42N2 77.64 12.98 8.51 78.15 13.13 8 .6 9 3 27 .0 3 22 .2
C15H310 183-185 3 1.4691 C23H46N2 78.07 13.26 7.73 78.78 13.25 7 .9 9 361 .6 350 .3
C l7Hs5® C26H50N2 78.97 13.21 7.07 79.33 13.35 7 .3 9 4 03 .7 3 7 8 .2
Phenyl® 163-166 28 1.5210 C14H20N2 77.59 9.50 13.10 77.74 9.33 12.96 2 1 5 .4 2 16 .1

® Obtained by treating the corresponding molecular complexes (IV) with alkali.

T a b l e  B

M o l e c u l a r  C o m p l e x e s  o f  T y p e  (IV) f r o m  2 - S u b s t i t u t e d - 4 ,4 - d i m e t h y l - 1 - i s o p r o p y l - 2 - i m i d  a z o l i n e s ®
2-Sub- '---------------------------Analyses, %----------------------=------s

stituent Yield, Found Calcd. Neut.&
R  = % B. p., °C. d wn «2°D Formula c H N c H N equiv .

H® 150-151 (28) C10H18N2O4 12.20 12.06
CHs 32.7 124-125 (16) 1.026 1.4609 C13H26N2O4 57.27 9.24 10.04 56.91 9 .5 5 10.20 258*
C2H BC 56.6 129-130 (20) 1.0012 1.4610 C16H32N2O4 60.17 9.88 8.56 60.73 10.14 8 .8 6 290&
CsH7c 51.8 106-109 (2) 0.9759 1.4600 Ci9H38N204 63.04 10.67 7.74 63.65 10.68 7 .81 356b
*-C3H7c 56.5 128-132 (20) 0.9744 1.4588 CiaH38N204 61.94 10.77 7.47 63.65 10.68 7 .8 1
C4H9c 64.9 150 (22) 0.9525 1.4607 C22H44N2O4 65.51 11.18 6.79 65.94 11.10 6 .9 7
CBH hc 65.2 157-160 (20) 1.4619 C26H60N2O4 67.91 11.48 6.42 67.81 11.39 6 .3 3
CuH*3« 87.8 160-162 (1) C48H86N2O4 74.33 12.58 4.69 74.27 12.62 4 .0 3
Cl3H27C 92.5 206-209 (6) C49H98N204 76.16 12.81 3.64 75.51 12 .68 3 .5 9
CieHsi* Almost M .p . 43-43.5 C65H110N2O4 76.30 12.65 3.33 76.48 12.85 3 .2 4
CnH36C quant. M .p . 54-55 C61H122N2O4 77.25 13.02 2.82 77.27 13.00 2 .9 6
Phenyl** 73 C28H32N2O4 6.27 6 .1 5
° Obtained by treating the imidazoline with formic acid. 6 Using phenolphthalein and 0.1 N  alkali. c Reagents 

mole to mole ratio. d One mole of amine allowed to react with 3 moles of the acid. e When these complexes were treated 
with alkali they were converted to the corresponding imidazolines, which had the same properties as when produced 
directly from the reactions.

T a b l e  C
R5

S u b s t it u t e d  I m id a z o l in e s R5__c-----N—R l
R \  I I

>C C—R2
R4'  \ N S
,---------------Percentage composition-------- -------»

B. p. C H N  N eu t. equiv.
Amine used R i R2 R 4 R5 Formula °C. Mm. Calcd. Found Calcd. Found Calcd. F ound Calcd.* F ou n d

ALaniline^’/ CeHe CHa CHs H Ci2Hi6N2ff’° 144-152 28 76.55 76.22 8.61 8.76 14.88 14.86 .. . ...
Ai-aniline® CeHs C17H36 CHs H C28H48N2fc 39-406 81.47 81.47 11.73 11.78 6.79 6 .7 7 412 .4 412 .2
ALw-tolui-

dine®’* C7H7 CHs CHs H CisHisNa 155-158 20 77.15 76.16 8.97 9.15 13.85 14.29 202.1 195.5
ALw-butyl-

amine0,m C4H9 c h 3 CHs H C ioH 2oN 2 A 105-108 26 71.34 70.89 11.98 12.35 16.65 16.77 168.2 160.7
AL«-butyl-

amine® c 4h 9 C17H35 CHs H C26H52N2fc 223-226 3 7.13 7 .0 5 392.4 392.2
Ai-s-butyl-

amine® c 4h 9 CHs CHs H C ioH 2oN 2°> /c 100-102 30 71.34 71.03 11.98 12.50 16.65 17.04 168.2 168.1
ALs-butyl-

amine® c 4h 9 C17H35 CHs H C26H52N2fc 200-221 3 7.13 7 .03
A2-A3° C6H13 CHs c m d H CisHa6N2*‘*°*fc 131-132 35 74.21 73.74 12.47 12.48 13.32 13.42 210.2 208.4
A2-A30 C6H13 C17H36 c m d H C29H58N2i>fc 233-235 3 6.44 6 .46 434 .5 432 .5
A4-2,3-di amino- 

butane0 H CeHn CHs CHs . C42H24N2* 143 23 73.39 53.28 12.33 12.21 14.27 14.09
1,2-Butane-

diamine” H CHs C2H b̂ H CeHi2N 2 116-118 24 64.23 64.11 10.79 10.88 24.97 23 .86 112.3 112.3
° A1 =  N- (2-aminoisobutyl)—. 6 Melting point. c A2 = N-(2-amino-2-methylbutyl); A3 =  -1,3-dimethylbutyl- 

amine. d One R4 =  ethyl. e A4 =  2,3-dimethyl. /Yield, 87. *  d 2%  1.0143; ^ 20 d  1.5527. h d 2020 0.8678; n 20D
1.4550. * d 2020 0.8694; n20D 1.4568. d 202o 0.8573; n20d 1.4635. * Prepared by treatment of molecular complex of
type (IV) with alkali. 1 Yield, 76. m Yield, 15. n Yield, 20. 0 Molar ratio of acid to amine allowed to react was 3
to 1. In other instances equimolecular quantities were used. p This compound may be 4- or 5-ethyl.
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T a b l e  D
R*

M o l e c u l a r  C o m p l e x e s  o f  I m id a z o l in e s  a n d  O r g a n ic

Am ine used
Yield,

% R i R 2 R4 R5 Formula

ALaniline® 94 C 6H 6 C 17H 38 C H s H C 46H 84N 20 2b

A^ra-toluidine® 76 C 7H 7 C 17H 36 C H s H C 47H 86 N 20 2b

A 1-butylamine® 28 C 4H 9 c h 3 C H s H C14H28N204**

A 1-butylamine® 87 C 4H 9 C 17H 35 C H s H C 44H 88 N 20 2&

A 1-5-butylam inea 73 C 4H 9 CHa C H s H C i4 H 28N 20 4 d

AW -butylamine® 84 C 4H 9 C 17H 35 C H s H C62H l2 4 0 4 d

A 1 -A 2 ® ’5c 80 C 6H 13 C H 3 C H s H C l7H 34 N 20 4 d

A 3/ C 6H l3 C i 7 H 35 C H s ff H C 47 H 94N 20 2^

A 4* 67 H C 5H 11 C H s C H s C 24H 48N 20 4 <*

A c id s
C-----N—Ri
I IC C—R3
N sr ^

X R2COOH

✓— — ----Percentage composition------------<•
B. p . C H N

°C. Mm. Calcd. Found Calcd. Found Calcd. Found
40-43c 79 .23 79 .56 12,.15 11 .99 4.02 4.63
53--55c 79 .36 78,.07 12,.20 12 .26 3.94 3.50

112 2 58,.29 59. 51 9.,80 10,.25 9.72 10.32
220-222 2 4.13 4.20
134--136 26 58.,29 58. 05 9. 83 9,.86 9.72 10.02
213--216 2 77,.42 77.,14 12.,79 13,.14 2.91 2.87
139--140 26 8.48 8.48
219--221 2 78. 45 78. 47 13. 18 13. 21 3.89 3.94
168--169 2 67,.23 67.,95 11.,24 11 .29 8.97 8.51

° A 1 =  N-(2-aminoisobutyl)—. b X = 1. c Melting point. d X = 2. e A2 = -1,3-dimethylbutylamine. f N-(2- 
amino-2-methylbutyl)-1,3-dimethylbutylamine. a One R4 is ethyl. h 2,3-Dimethyl-2,3-diaminobutane.

Conversion of the Complex to 2,4,4-Trimethyl-l-iso­
propyl-2-imidazoline.—To 40 g. of the complex was added 
70 mi. of 10% aqueous sodium hydroxide. The alkaline 
solution was extracted with ether, and the ether solution 
dried over solid potassium hydroxide. The ether was 
removed and distillation gave a 15 g. fraction, b. p., 78- 
80° (15 m m.). There was almost no forerun or residue; 
yield, 72%.

j±nal. Calcd. for the imidazoline, CglïisNa: N, 18.17; 
neut. equiv., 154.1. Found: N, 18.10; neut. equiv.,
159.2.

Conversion of 2,4,4-Trimethyl-l-isopropyl-2-imidazol­
ine to the Complex.—To 3.08 g. (0.02 mole) of the imidazo­
line was added 2.4 g. (0.04 mole) of acetic acid. The 
mixture evolved heat. Upon distillation, the entire 
product boiled at 122-124° (15 mm.), 4.5 g., 90% yield.

Anal. Calcd. for the complex, C13H26N2O4: N, 10.20. 
Found: N , 10.11.

Preparation of 4,4-Dimethyl-1-isopropyl-2-heptadecyl- 
2-imidazoline Molecular Complex with Stearic Acid.—■
A mixture of 32.5 g. (0.25 mole) of N -(2-aminoisobutyl)- 
isopropylamine and 71.1 g. (0.25 mole) of stearic acid 
was heated to 190-200° for three hours. During the 
heating process 4.5 g. (0.25 mole) of water was removed. 
The product was transferred to a distillation flask and
13.3 g. of the original diamine (41%) was recovered. 
A white, solid, un distilled residue remained. After 
three crystallizations from acetone, it melted at 54-55°; 
yield of the complex, 95%.

Conversion of the Stearic Acid Complex to 4,4-Di- 
methyl -1 -isopropyl-2 -heptadecyl -2 -imidazoline.—T o 30
g. of the complex was added 150 ml. of 10% potassium 
hydroxide and the mixture was extracted with ether. 
The ether solution was dried over solid potassium hy­
droxide and the ether removed in vacuo. The residue 
was distilled and a fraction boiled at 204-206° (3 mm.); 
yield of the imidazoline, 8.3 g. The,residue remaining 
from the ether extraction was acidified with hydrochloric 
acid. A white solid formed which on the basis of its neut. 
equiv., its melting point (and mixed melting point) 
was identified as stearic acid.

Conversion of 4,4-Dimethyl-1-isopropyl-2-heptadecyl - 
2-imidazoline to the Stearic Acid Complex.—A mixture of
l .  135 g. (0.003 mole) of the imidazoline and 1.706 g. 
(0.006 mole) of stearic acid was warmed over steam just 
long enough to melt the stearic acid. The product melted 
at 54—55° after recrystallization from acetone. A mixed
m. p. with the complex prepared above (m. p. 54-55°) 
showed no depression.

Similar experiments to those described above were 
attempted with N -(2-aminoisobutyl)-aniline and benzoic

acid, with N -(2-aminoisobutyl)-isopropylamine and tri­
chloroacetic acid and with N -(2-aminoisobutyl)-iso- 
propylamine and 0-chlorobenzoic acid, but the expected 
products did not result from any of these examples.

When 2,3-dimethyl-2,3-butanediamine was allowed to 
react under the usual conditions with acetic acid, none of 
the expected imidazoline was isolated but only a 10% 
yield of the diacetate, m. p. 156-157°.

Anal. Calcd. for 2,3 - dimethyl-2,3= butanediamine di= 
acetate, C10H24N2O4: C, 50.84; H, 10.24; N, 11.96.
Found: C, 50.84; H, 10.14; N, 11.98.

A 15% yield of diacetyl-1,2-butanediamine, m. p. 150- 
151°, was obtained from the reaction of 1,2-butanedi­
amine and acetic acid, in addition to a low yield of the 
expected imidazoline.

Anal. Calcd. for diacetyl-1,2-butanediamine, CsHiö- 
N20 2: C, 55.79; H, 9.95; N, 16.26. Found: C, 55.88; 
H, 9.50; N, 16.26.

Acknowledgment.—The author wishes to ex­
press his gratitude to Commercial Solvents 
Corporation for generous support of this project. 
Thanks are especially due to Dr. P. F. Tryon of 
that organization who did considerable prelimi­
nary work on this problem.

Summary
1. A series of imidazolines has been prepared 

by heating 1,2-diamines and organic acids under 
conditions to remove water during the process.

2. Most of these imidazolines react with the 
acids from which they are formed to produce 
molecular complexes involving one or two moles of 
the acid and one mole of the imidazoline.

3. These complexes can be converted to the 
imidazolines readily by treatment with dilute al­
kali.

4. When one amino group of the diamine is 
secondary, the yields are better than when both 
amino groups are primary.

5. As the molecular weight of the acids be­
comes larger the yields of the complexes increase 
and the yields of the imidazolines decrease.
A l b u q u e r q u e , N e w  M e x ic o

R e c e iv e d  D e c e m b e r  24, 1947
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The Decomposition of 2,5-Dinitrobenzoic Acid by Alkali
B y  W ilson

In attempts to explain the color given by 2,5- 
dinitrobenzoic acid in alkaline solution the effect 
of alkali alone upon the dinitro acid was studied.

Pure 2,5-dinitrobenzoic acid (m. p. 177-178°) 
in sodium bicarbonate solution is yellow and may 
be boiled with but slight intensification of color. 
In strong alkali (0.4 N  sodium hydroxide), how­
ever, even at room temperature, intensification of 
color to deep red occurs over several weeks. The 
deep color develops quickly when the solution is 
heated. After one hour of heating, followed by 
acidification with hydrochloric acid, 2-hydroxy-5- 
nitrobenzoic acid, 5-hydroxy-2-nitrobenzoic acid 
and a non-crystalline brown acid were isolated. 
Nitrous acid and ammonia also were present in 
small amounts. Neither unchanged 2,5-dinitro­
benzoic acid nor 2,5-dihydroxybenzoic (gentisic) 
acid could be detected. That the colored acid 
was probably a mixture of azo and hydrazo com­
pounds was indicated by the composition of the 
material, and by its close similarity to colored sub­
stances which were subsequently prepared by re­
duction of 2,5-dinitrobenzoic acid with glucose in 
sodium carbonate solution (not reported herein). 
At this alkalinity 2,5-dinitrobenzoic acid is not 
decomposed, and under the conditions used, aro­
matic nitro compounds in general give rise to azo 
dyes.

After heating 2-hydroxy-5-nitrobenzoic acid in
0.4 N  sodium hydroxide for one hour, the un­
changed acid was recovered in 60% yield, and no 
other product could be isolated. No deep color 
was formed. With similar heating in alkali, 5- 
hydroxy-2-nitrobenzoic acid was recovered un­
changed in 50% yield, a very small amount of uni­
dentifiable red material being formed. Tests with 
ferric chloride gave no blue color with these alka­
line solutions, from which it is concluded that 
gentisic acid was not present. I t is evident from 
these findings that the hydrolysis of 2,5-dinitro­
benzoic acid by strong alkali leads to the ready re­
placement of either, but not of both, atoms of ni­
trogen from the dinitrobenzoate.

Experimental
Isolation of the Acids.-—For a typical hydrolytic de­

composition, 2.0 g. of 2,5-dinitrobenzoic acid was sus­
pended in 50 ml. of water, and 0.8 g. of sodium bicarbonate 
was added. When the evolution of carbon dioxide had 
ceased, an equal volume of 0.8 A  sodium hydroxide was 
added. This solution was refluxed for one hour, during 
which time it became deep red. It was cooled, was acidi­
fied to congo red with 10% hydrochloric acid and was 
chilled, whereupon 0.63 g. of brown material separated. 
The filtrate upon being evaporated to 50 ml. and filtered 
yielded 0.025 g. more of the brown product.

The 50 ml. was evaporated nearly to dryness, and 
sodium chloride and a small amount of 2-hydroxy-5- 
nitrobenzoic acid were filtered off. Addition of ethanol 
to the filtrate aided in removing more sodium chloride.

D. L ang ley

The sirupy concentrate was extracted repeatedly with 
about 50 ml. of boiling toluene, the water remaining 
being distilled off with toluene vapor. Upon cooling the 
toluene, crystals separated and were filtered off; by several 
repetitions of the process with the toluene filtrate a total 
of 0.35 g. of crystalline material was obtained. A negli­
gible amount of dark colored oil insoluble in the toluene but 
readily soluble in butanol remained, together with a small 
amount of ammonium chloride. After recrystallization 
of the product from toluene (0.3 g. dissolved  ̂ in 90 ml. of 
boiling toluene, from which 0.235 g. was recovered), 
it melted at 165-166°, which is the melting point of 5- 
hydroxy-2-nitrobenzoic acid. Equiv. wt. found, 92.7, 
91.5; calculated for hydroxynitrobenzoic acid, 91.5. 
The ^-nitrobenzyl ester was prepared and after recrystal­
lization from ethanol melted at 200-202°. The corre­
sponding ester prepared from 2-hydroxy-5-nitrobenzoic 
acid which was purchased, melted at 115°.

The 0.65 g. of brown precipitate obtained above was 
extracted three times with about 50-ml. portions of boiling 
toluene, from which, after cooling, separated 0.22 g. of 
crystalline material, m. p. 224-225°. Mixed with 2- 
hydroxy-5-nitrobenzoic acid, the melting point was 
unchanged. The residue insoluble in toluene was then 
extracted with boiling water, and was filtered. The 
slightly soluble brown material separated as an oil, and 
the filtrate, after chilling, yielded 0.15 g. more of 2- 
hydroxy-5-nitrobenzoic acid. This process of fractiona­
tion was repeated several times when separation of the 
products seemed to be complete. The air dried brown 
solid decomposed gradually from about 250 to 300°. 
It repeatedly came out of 20% ethanol or from dilute
1.4- dioxane as an oil. It was readily soluble in hot butyl 
or in benzyl alcohol, from which it was precipitated as 
brown powder by careful addition of toluene. This 
powder was soluble in sodium bicarbonate with evolution 
of carbon dioxide. Since it did not give intensification 
of color upon being heated in 0.4 N  sodium hydroxide, 
unchanged 2,5-dinitrobenzoic acid was not present. At­
tempts were made to obtain crystalline esters, the amide, 
and copper, barium, and calcium salts, but oils were al­
ways obtained. Combustion of the brown acid showed 
that it contained 47.4% carbon and 2.8% hydrogen. 
Nitrogen values by the Elek and Sobotka modifications 
of the Kjeldahl process1 indicated the substance to be a 
mixture, as did titration values attempted with the deeply 
colored solutions, but the analyses established that two 
atoms of nitrogen per carboxyl group were present. The 
data, together with the physical properties, suggested 
strongly that the colored material was a mixture of azo 
and hydrazo compounds. Extraction with ether removed 
enough of an oil component so that the residue could be 
crystallized from hot 50% ethanol. In polarized light 
three different crystal forms were detected. After filter­
ing off the first crop of obviously impure crystals, a second 
homogeneous crop melted sharply at 262°, but the crystals 
were too small for indices of refraction to be determined.

Subsequent experimental work involved the synthesis 
of 2-nitroso-5-nitrobenzoic acid, and of 2-nitro-5-nitroso - 
benzoic acid. Both nitroso acids failed to react with the
2.5- aminonitrobenzoic acids even in the presence of rather 
vigorous dehydrating agents. Therefore synthesis of the 
desired azo compounds having known structures for com­
parison with the above colored acid is still to be accom­
plished.

For the synthesis of 2-nitroso-5-nitrobenzoic acid, 2-ami­
no -5 -nitrobenzoic acid was prepared through the following 
series of reactions described by Hewitt and Mitchell,2

(1) Elek and Sobotka, T u is Journal, 48, 501 (1926).
(2) Hewitt and Mitchell, J . Chem. Soc,, 91, pt, 2, 1258 (1907)*
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and by Green and Day3: 2-acetamido-5-nitrotoluene —►
2- acetamido-5 -nitrobenzoic acid 2-amino-5-nitrobenzoic 
aeid.

The 2-amino-5-nitrobenzoic acid was then oxidized 
with Caro’s acid as follows:

2-Nitroso-5-nitrobenzoic Acid.—A solution containing 
2.5 ml. of water and 10 ml. of sulfuric acid (sp. gr. 1.85) 
was cooled to 5°. To it was added 4.1 g. of 2-amino-5- 
nitrobenzoio acid, the mass being broken up with a glass 
rod. Then 10 ml. more of cold sulfuric acid was poured 
in, followed by 25 g. of powdered ammonium persulfate. 
When a uniform paste was obtained, 20 ml. of ice water 
was added, whereupon the aminonitrobenzoic acid dis­
solved. The solution was warmed to 40°, and was held at 
that temperature. A brown precipitate separated after 
thirty minutes. After one and one-half hours another 10 g. 
of ammonium persulfate was added, the solution now 
being allowed to come to room temperature and to stand 
overnight. Then 50 g. of cracked ice was added and after 
fifteen minutes the cold solution was filtered with gentle 
suction through hardened filter paper. The brown prod­
uct was washed with ice water and, after being dried in 
warm air, weighed 3.61 g. No more product could be 
obtained by further diluting and chilling the filtrate. 
The unpurified acid was cream colored and melted with 
decomposition at 202°. For recrystalllization 1 g. was 
dissolved in 20 ml. of 50% ethanol and was chilled, 0.40 
g. being recovered.

Anal. Equiv. wt., 0.2770 g. subs, neutd. 14.73 ml. 
of 0,0957 N  sodium hydroxide to phenolphthalein end­
point. Calcd, for C7H4O5N2: equiv. wt,, 196. Found: 
equiv. wt, 196.6.

2-Nitro~5-nitrosobenzoic Acid.—For the synthesis of 
this acid a series of reactions corresponding to that given 
above was carried out: 3-aminotoluene —► 3-acetamido- 
toluene -*■ 3 -acetamido -6 -nitrotoluene —► 3-acetamido-6- 
nitrobenzoic acid —► 3-amino-6-nitrobenzoic acid. The
3- amino-6-niitrQbenzoic acid was oxidized as has been

(3) Green and Day, T his Journal, 64, 1167 (1942).

described under 2-nitroso-5-nitrobenzoic acid. The sul­
fate was less soluble than that of 2-amino-5-nitrobenzoic 
acid, and was oxidized in more dilute solution. The 
crude, . light brown product was recrystallized from 
dilute ethanol as follows: 1 g. was dissolved in 5 ml. of 
hot 95% ethanol and 12 ml. of hot water was added. 
After rapid filtration and cooling of the filtrate, 0=88 g. 
of 2-nitro-5-nitrosobenzoic acid, m. p. 270-270.5°, was 
filtered off.

Anal. Equiv. wt., 0.1270 g. subs, neutd. 6.11 ml. of 
0.1058 N  NaOH; 0.1737 g. subs, neutd. 8.42 ml. of 
0.1058 N  NaOH. Calcd. for C7H4O5N2: equiv. wt., 196. 
Found: equiv. wt., 196.6, 194.9.

Evaporation of the filtrates from the recrystallization 
yielded about 50 mg. of the nitrosonitro acid, and further 
evaporation to about 25 ml. yielded a light colored oil, 
which soon crystallized and proved to be 2,5-dinitrobenzoic 
acid.

Summary
By alkaline hydrolysis of 2,5-dinitrobenzoic 

acid either nitro group may be replaced by hy­
droxyl, giving rise to 2-hydroxy-5-nitrobenzoic 
acid, and to 5-hydroxy-2-nitrobenzoic acid. Gen­
tisic acid seemed not to be formed. A brown oil 
also was isolated. This was a mixture probably of 
azo and hydrazo compounds, which were not iden­
tified.

Synthesis of 2-nitroso-5-nitrobenzoic acid and of
2-nitro-5-nitrosobenzoic acid showed these sub­
stances to be practically colorless and unlike the 
colored product formed by the action of alkali 
upon 2,5-dinitrobenzoic acid. Both nitroso acids 
were non-reactive toward the 2,5-aminonitroben- 
zoic acids.
B u f f a l o  3, N e w  Y o r k  R e c e iv e d  S e p t e m b e r  23, 1947

[C o n t r ib u t io n  fr o m  t h e  N a v a l  R e s e a r c h  L a b o r a t o r y ]

Ultrasonic Investigation of Molecular Properties of Liquids. II.1 The Alcohols13
B y  A lfred  W eissl er

Although several investigators2*3'4*5 have meas­
ured the velocity of sound in a variety of liquids, 
the applica tion of their data to chemical problems 
has been relatively neglected.6 Inasmuch as a 
sound wave is a mechanical impulse transmitted 
from molecule to molecule, one expects the prop­
erties of the molecule to affect the rate of trans­
mission of this impulse.

The use of ultrasonic frequencies permits the 
apparatus to be of conveniently small size, yet

(1) P art I, Weissler, Fitzgerald, and Resnick, J . Appl. Phys., 18, 
434 (1947).

(la) The opinions contained herein are the private ones of the 
writer and are mot to  be construed as official or reflecting the views 
of the Navy D epartm ent or the navy service a t  large.

(2) Willard, / .  Acoust. Soc. A m ., 19 , 235 (1947).
(3) Pellam and Galt, J . Chem. Phys., 14, 608 (1946).
(4) Parthasarathy, Proc. Ind. Acad. Sci. (A), 3, 285, 482, 519 

(1936); 4, 59, 213 (1936).
(5) Bergmann, ‘"Der U ltraschall," 3rd ed., Edwards Brothers, Ann 

Arbor, Mich., 1944, p. 174.
(6) See, however, (a) Freyer, H ubbard and Andrews, T his 

Journal, 51, 759 (1929); (b) Kincaid and Eyring, J . Chem. Phys., 8, 
620 (1938); Kittel, J . Chem. Phys,, 14, 614 (1946).

still avoid earlier errors due to wall effect. At 
one kilocycle the wave length in many liquids is 
about one meter, while at one megacycle (the 
frequency employed in this investigation) the 
wave length is about one millimeter.

For the present work, thirty liquid alcohols were 
selected as a suitable group of compounds in which 
correlations could be made between sound velocity 
and chemical structure. Specifically, sound veloc­
ity is of interest in connection with molecular 
weight, molecular volume, adiabatic compressi­
bility, and the ratio of specific heats.

Experimental
Each alcohol (of the highest purity commercially avail­

able from such sources as Eastman Kodak Co., Connecti­
cut Hard Rubber Company, and Carbide and Carbon 
Chemicals Corporation) was fractionally distilled through 
a 40-cm. Widmer column shortly before using; the higher 
boiling compounds were fractionated at a reduced pressure 
of about 1 mm. A middle fraction of narrow boiling 
range was selected in each case.

Sound velocity measurements were made by means of
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an ultrasonic interferometer of conventional type.6a»7’8 
As may be seen in Fig. 1, the circuit includes a power 
supply, crystal-controlled vacuum-tube oscillator of one 
megacycle frequency, r. f. amplifier, and microammeter 
for measuring the current through the interferometer 
crystal. This latter crystal is the quartz piezoelectric 
transducer which changes the oscillations from electrical 
to mechanical.

Figure 2 is a sectional view of the brass interferometer 
cell, diameter 7 cm. and height 11 cm,, immersed in a 
temperature controlled (=*=0,05°) oil-bath, The cell 
contains the liquid to be measured, a sensitive ther­
mometer, a manual stirrer for eliminating temperature 
gradients, the quartz crystal source of ultrasound, and 
a movable reflecting plate of nickel-plated brass, As the 
reflector is moved vertically through the liquid by the 
micrometer head, cyclical variations in the ultrasonic 
standing wave pattern recur at distances of integral half­
wave lengths: depending on its distance from the source, 
the reflector will sometimes be at a node of the transmitted 
wave, sometimes at an anti-node, This causes cor­
responding cycles in the current through the interfer­
ometer crystal, which are observed on a suitable micro­
ammeter. The micrometer-head travel required for an 
interval of two current maxima, then, is equal to the 
wave length; and the velocity of sound is of course the 
product of this wave length and the frequency. In prac­
tice, one uses an interval of twenty maxima, which makes 
possible a precision of a few hundredths of one per cent.

Although the instrument described requires about 350 
ml. of liquid for a measurement, a new three-megacycle

(7) Pierce, Proc. Am. Acad., 60, 269 (1925).
(8) Klein and Hershberger, Phys. Rev., 87, 760 (1931).

interferometer now in use at this Laboratory requires 
only 15 ml. of sample.

Results and Discussion
The velocity of sound at 30° in each of these 

thirty alcohols is listed in Table I, together with 
the density and refractive index. I t  is apparent 
that sound velocity increases (but not linearly) 
with molecular weight in this series,9 and tha t it 
decreases as the molecule becomes more highly 
branched. A saturated or unsaturated ring, 
however, causes a considerable increase in 
velocity.

Also shown in this table are the molar refrac­
tion and molar sound velocity of each alcohol. 
As expected, the observed refractions agree well 
with those calculated by summing Denbigh's 
bond refractions,10 particularly in the absence of 
extensive branching. The deviation exceeds 1% 
only in the case of furfuryl alcohol; such anoma­
lous behavior has previously been reported for the 
furans.11

(9) Rao, J . Chem. Phys., 9, 682 (1941), reveals greater irregularities 
in other series.

(10) Denbigh, Trans. Faraday Soc., 36, 936 (1940).
(11) Fajans in "Physical M ethods of Organic C h e m is try /’ A, 

Weissberger, ed., Interscience Publishers, New Y ork, N . Y ,, 1945, p . 
677.
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Fig. 2.—Ultrasonic interferometer immersed in thermoregulated oil-bath.

Molar Sound Velocity.—M. R. Rao has pro­
posed9 the following empirical constant involving 
sound velocity

R  =  vl/*M/d (1)
where M  is the molecular weight, v the sound veloc­
ity, d the density, and R  may be called the molar 
sound velocity. For each pure liquid (except a 
few such as water) R  is invariant with respect to 
temperature. Further, like the other forms of 
molar volume it is an additive and constitutive 
property, and is therefore quite analogous to mo­
lar refraction except that a theoretical explana­
tion for its constancy has not yet been adduced. 
An empirical function (the cubic root of sound 
velocity) which decreases slightly with increasing 
temperature is used here as a means of correcting 
the molar volume for thermal expansion. It 
should be pointed out that R  is relatively insensi­
tive to the intermolecular forces which determine^ 
the compressibility, since it is inversely propor­
tional to the sixth root of the compressibility,

The observed molar sound velocities computed 
from equation (1) are compared in Table I with 
the values calculated by summing Lagemann’s 
bond increments12 for R . The average deviation 
is seen to be about 2%, but it is notable that 
nearly all the errors are in the same direction. 
This, together with the greater precision of the 
present measurements, suggests the desirability of 
a revision of the increment values. For example, 
changing the R  increment for -CH2-  from 195 to 
190 would reduce the average deviation to a few 
tenths of a per cent.

A comparison between the velocity of light (i. 
e.y refractive index) and the velocity of sound is 
illuminating. Both yield information on the size, 
shape, and functionality of molecules: the veloc­
ity of sound is determined by the distance and 
elastic forces between them, while the velocity of 
light depends on their electrical and magnetic 
characteristics. Both properties can be readily

(12) Lagemann and Dunbar, J . Phys. Chem., 49, 428 (1945).
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T a b l e  I
S o m e  P r o p e r t ie s  o f  A l c o h o l s  a t  30 °

Alcohol

Sound 
velocity, 

meters per 
second Density 304 «D

Methyl 1088.9 0.7816 1.3258
Ethyl 1127.4 .7809 1.3578
w-Propyl 1193.2 .7966 1.3821
w-Butyl 1225.3 .8018 1.3956
w-Amyl 1254.8 .8089 1.4075
w-Hexyl 1288.6 .8124 1.4150
n-Octyl 1331.9 .8182 1.4260
n-Decyl 1363.8 .8233 1.4340
w-Dodecyl 1388.0 .8269 1.4400
Isopropyl 1125.2 .7779 1,3732
Isobutyl 1176.5 .7950 1.3921
^-Butyl 1196.8 .7983 1.3932
/-Butyl 1101.6 .7756 1.3825
Isoamyl 1220.4 .8028 1.4038
/-Amyl 1180.4 .8029 1.4001
2-Methylbutyl 1225.3 .8061 1.4055
Pentanol-3 1223.7 .8099 1.4058
2-Ethylbutyl 1277.0 .8227 1.4174
4-Methylpentanol-2 1201.3 .8003 1.4087
Heptanol-2 1266.8 .8098 1.4172
2,4-Dimethylpentanol-3 1241.1 .8192 1.4189
5-Ethylnonanol-2 1326.5 .8267 1.4362
Benzyl 1508.2 1.0375 1.5363
/3-Phenylethyl 1512.6 1 .0 1 2 2 1.5283
7-Phenylpropyl 1523.3 0.9938 1.5231
Cyclohexanol 1448.3 0.9411 1.4629
Furfuryl 1433.6 1.1238 1.4801
Tetrahydrofurfuryl 1467.8 1.0455 1.4490
Allyl 1215.5 0.8432 1.4090
Ethylene glycol 1643.5 1.1068 1.4290

measured in liquids with an accuracy of five sig­
nificant figures. In sharp contrast to optical dis­
persion, sound velocity in liquids does not vary 
appreciably with frequency, but its relative change 
with temperature is five to ten times greater than 
that of refractive index. After thermal equilib­
rium is established, interferometric determination 
of the sound velocity requires less than five min­
utes, but the relatively large sample needed is a 
disadvantage. For ordinary liquids, the range of 
sound velocity encountered is 0.8 to 2.0 X 105 
cm./sec., compared to the refractive index range 
of 1.3 to 1.8.

Determination of Molecular Weight.—Within 
a homologous series of liquids, linear relation­
ships exist12 between any two of several molar 
constants such as molar sound velocity, molar re­
fraction, parachor and molar viscosity.13 An ex­
ample of such a relation is the one involving re­
fraction and sound velocity

R — A N  +  B (2)

where A  and B are, respectively, the slope and in­
tercept. Upon substitution of the definitions of

(13) Souders. T his Journal, 60, 154 (1938).

/-------- Molar sound velocity-------- .
Deviation,

Obs. Calcd. %

,--------- ]

Obs.
Molar refra 

Calcd.

ction—-------
D eviation,

%
421.7 419.1 + 0 .6 3 8.27 8.31 - 0 .4 8
614.0 613.8 + 0 .0 4 12.95 12.94 +  .08
800.2 808.4 - 1 .0 2 17.56 17.57 -  .06
989.2 1003.0 - 1 .3 8 22.19 22.20 -  .05

1175.4 1197.7 - 1 .8 6 26.85 26.83 +  .07
1368.6 1392.3 - 1 .7 0 31.49 31.46 +  .10
1751.0 1781.6 - 1 .7 2 40.78 40.72 +  .15
2131.8 2170.9 - 1 .8 0 50.06 49.98 +  .16
2513.6 2560.2 - 1 .8 2 59.39 59.24 +  .25

803.5 808.4 - 0 .6 0 17.61 17.57 +  .23
984.3 1003.0 - 1 .8 7 22.21 22.20 +  .05
985.8 1003.0 - 1 .7 2 22.17 22.20 -  .14
987.0 1003.0 - 1 .6 0 22.27 22.20 +  .32

1173.3 1197.7 -2 .0 3 26.84 26.83 +  .04
1160.2 1197.7 - 3 .1 3 26.62 26.83 -  .78
1170,1 1197.7 -2 .3 1 26.83 26.83 .00
1164.1 1197.7 -2 .8 1 26.72 26.83 -  .41
1347.3 1392.3 - 3 .2 3 31.26 31.46 -  .64
1357.0 1392.3 - 2 .5 4 31.54 31.46 +  .25
1552.5 1587.0 - 2 .1 7 36.10 36.09 +  .03
1524.5 1587.0 - 3 .9 4 35.81 36.09 -  .78
2290.3 2365.6 - 3 .1 9 54.52 54.61 -  .16
1195.2 1199.6 - 0 .3 7 32.51 32.55 -  .12
1385.3 1394.3 - 0 .6 4 37.18 37.18 .00
1576.7 1588.9 - 0 .7 7 41.87 41.81 +  -.14
1204.1 1206.2 - 0 .1 8 29.31 29.33 -  .07
984.3 945.0 + 4 .1 6 24.80 25.53 - 2 .8 6

1110.2 1076.3 + 3 .1 5 26.20 26.47 - 1 .0 2
735.1 742.7 - 1 .0 3 17.03 17.10 - 0 .4 1
661.8 652.0 +  1.50 14.49 14.49 0.00

R and N, this yields an expression for the molec­
ular weight

in terms of the two “series” constants A and B and 
the observed sound velocity, density and refrac­
tive index. One expects the slope A  to be nearly 
the same for all homologous series, because the 
difference between successive members is always 
-CH2-.

In Figure 3 the above-mentioned linearity is 
verified for the normal primary alcohols up to do- 
decyl, the highest member which is liquid at room 
temperature. The slope A of this line is 40.92, and 
the vertical intercept B is 82.50. Even the 
branched compounds lie very nearly on the same 
line,14 while for the w-phenylalkanols the slope

(14) Dr. Richard K. Cook of the National Bureau of Standards has 
pointed out th a t such a result is not surprising, inasmuch as both 
variables plotted include the factor M , which changes much more 
rapidly than  v, n or d. For a more sensitive test of the linearity, he 
suggests rearranging equation (3) to

A / n* — 1\  Bd _  , 
r ' / i  +  2 /  +  Mv1/,

the graph of which shows appreciable deviations from a straight line.
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20 40 60
Molar refraction 17.

Fig. 3.-—Linear relation between molar refraction and 
molar sound velocity, for primary alcohols.

is exactly the same but the intercept is —136.0.
Using the above values for A  and B, the molec­

ular weights of the aliphatic alcohols were com­
puted from equation (3). I t is evident from Table 
II that the average error is only 2% for the pri­
mary normal members, but is considerably greater 
where extensive branching occurs. For the three 
phenylalkanols, taking B as —136, the average 
error is only 0.3%.

From one point of view, this method may be 
considered as a determination of molecular weight 
through linear interpolation or extrapolation, by 
means of a suitable combination of physical prop­
erties.15 (The molecular weight is not in general 
a linear or necessarily even a single-valued func­
tion of a single physical property.) Volatility or 
solubility of the liquid is not required, in contrast 
with other methods.

Because of the association of alcohols, one 
might suppose that the molecular weights found 
should be appreciably higher than the theoretical. 
However, the constants A and B automatically in­
clude any correction of this nature which might be 
involved.

Estimation of van der Waals h.—Sound veloci­
ties in liquids have been used by Schaafs16 to esti­
mate the size of molecules, through the value of 
b  in the van der Waals equation of state. Accord­
ing to kinetic theory, this quantity represents

(15) I t  has recently been shown by E. L. Warrick, This Journal, 
68, 2455 (1946), th a t molecular weight within a  polymer-homologous 
series can be determined from the refractive index alone, without 
using an additional property such as sound velocity.

(16) Schaafs, Z. Physik, 114, 110, 261 (1939); 115, 69 (1940).

T a b l e  I I

D e t e r m in a t io n  o f  M o l e c u l a r  W e ig h t  b y  t h e  S o u n d  
V e l o c it y  M e t h o d

M — 82.50(2
IV A

v1/* 40.92 \n 2

Alcohol
Molecular weight 

Theoretical Found Error, %
Methyl 32.04 31.67 -  1.15
Ethyl 46.07 45.15 -  2.00
77-Propyl 60.09 60.74 +  1.08
w-Butyl 74.12 75.34 +  1.64
w-Amyl 88.15 94.92 +  7.68
77-Hexyl 102.17 105.54 +  3.30
77-Octyl 130.22 130.31 +  0.07
77-Decyl 158.28 156.86 -  0.90
77-Dodecyl 186.33 184.38 -  1.05
Isopropyl 60.09 59.75 -  0.6
Isobutyl 74.12 80.87 +  9.1
5-Butyl 74.12 77.75 +  4.7
/-Butyl 74.12 80.58 +  8.7
Isoamyl 88.15 96.83 +  9.8
/-Amyl 88.15 102.54 +  16.3
2-Methylbutyl 88.15 100.61 +  14.1
Pentanol-3 88.15 102.96 +  16.8
2-Ethylbutyl 102.17 123.41 + 2 0 .8
4-Methylpentanol-2 102.17 126.98 + 24 .3
Heptanol-2 116.20 127.25 +  9 .5
2,4-Dimethylpentanol-3 116.20 156.45 + 3 4 .6
5-Ethylnonanol-2 172.30 235.98 + 3 7 .0
Benzyl® 108.13 108.80 +  0.62
/3-Phenylethyl® 122.16 122.16 0.00
Y-Phenylpropyl® 136.19 135.70 -  0.36

° For these compounds, the value of B in equation (3) 
is —136.0.

four times the actual volume of the molecules in 
one mole of a fluid in thermal motion.

Solving the van der Waals equation for the
pressure, and substituting M /d  for V, gives

P  = RT
M /d  -  b

d2 a 
M2 (4)

If one differentiates this with respect to density, 
remembers that the square of sound velocity is 
equal to the derivative of pressure with respect to 
density, and accepts certain approximations made 
by Schaafs, the result is :

b = T  "  S 1 (1 +  -  !] (5)
This method for obtaining b is much easier 

than the customary evaluation from the critical 
data; nevertheless, it is sometimes considered un­
reliable and caution is required in its use. First, 
the concept of b is not defined with high preci­
sion17; it is not constant over a range of tempera­
tures and pressures, and different methods for 
measuring it give divergent results. Thus, the 
values obtained from equation (5) and listed in 
Table III show only fair agreement with such

(17) Slater, "Introduction to Chemical Physics,” McGraw-Hill,
New York, N. Y., 1939, pp. 186, 408.
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other values as one-third of the critical volume, 
or four times the molar refraction (Table I). 
Second, certain assumptions were employed in 
the derivation of equation (5), for example that 
the van der Waals equation of state is applicable 
to liquids, and that the partial derivative of b with 
respect to density is equal to 2M/Sd2.

T a b l e  I I I

A d d it io n a l  P r o p e r t ie s  o f  A l c o h o l s  a t  30°
van der Adiabatic compressibility,
Waals b, 10 ~12 sq. cm. d yne-1 Ratio of
ml. per Present specific

Alcohol mole work Other investigators heats
M ethyl 37.0® 107.90 108.6,& 1 0 7 .7 5 / 108.2d 1.198
Ethyl 54.0® 100.75 100.5,6 1 0 0 .8 6 / 9 9 .7d 1.188
«-Propyl 69.9® 88.17 8 9 .4& 1.180
n-Butyl 86.2 83.07 8 4 .4b 1.178
«-Amyl 102.2 78.52
«-Hexyl 118.6 74.13
«-Octyl 151.1 68.89
«-Decyl 183.5 65.30
«-Dodecyl 215.9 62.77
Isopropyl 71.3 101.54 100.6b 1.178
Isobutyl 86.8 90.88 9 1 .2b 1.166
5-Butyl 86.5 87.46
/-Butyl 88.6 106.25
Isoamyl 102.9 83.63 8 4 .9b 1.157
/-Amyl 102.7 89.38
2-M ethylbutyl 102.5 82.62
Pentanol-3 102.0 82.45
2-Ethylbutyl 117.0 74.54
4-Methyl-

pentanol-2 120.0 86.58
Heptanol-2 135.6 76.95
2,4-Dimethyl-

pentanol-3 133.9 79.25
5-Ethyl-

nonanol-2 199.1 68.75
Benzyl 99.1 42.37
/3-Phenylethyl 115.1 43.18
->-Phenyl-

propyl 131.0 43.36
Cyclohexanol 100.9 50.66 50.3*
Furfuryl 82.6 43.30
T etrahydro­

furfuryl 92.7 44.39
Allyl 61.8 80.27 8 0 .8b 1.192
Ethylene

glycol 52.9 33.45 3 4 .05 1.130
° Values of b =  Fc/3 for these alcohols are 39.3, 55.7, 

and 73.4, respectively (I. C. T .). b Shiba, Sci. Pap. 
Inst. Phys. Chem. Research (Tokyo), 16, 205 (1931). 
c Tyrer, J. Chem. Soc., 105, 2534 (1914). d Fryer, 
Hubbard and Andrews, T h is  J o u r n a l , 51, 759 (1929). 
• Bhagavantam and Rao, Proc. Ind. Acad. Sci., 9A, 312 
(1939).

The additivity of b is demonstrated for the 
primary normal alcohols in Fig. 4. The values for 
branched isomers show small changes, but ring 
compounds of comparable molecular weight ex­
hibit a considerable decrease. Inasmuch as the 
sound velocity term in equation (5) represents a 
relatively small correction to the molar volume 
term, the linearity in Fig. 4 correlates with the 
familiar additive character of the molar volume.

Determination of Adiabatic Compressibility.— 
From acoustic theory, the velocity of sound in a 
medium is

v -  (1 / K ^ d y h  (6)

where K aa is the adiabatic compressibility. The 
pressure changes which occur during the propaga­
tion of a sound wave are so rapid as to prevent 
heat flow to and from the surroundings.

0 2 4 6 8 10 12
Number of carbon atoms.

Fig. 4.—Additivity of van der Waals b, for primary normal 
alcohols.

Table III  lists the adiabatic compressibilities of 
the alcohols, calculated from sound velocity and 
density as indicated in equation (6) . The results 
agree well with those obtained (mainly from me­
chanical piezometers) by other investigators. I t  is 
apparent that K aa decreases with molecular 
weight, increases with branching, and is small for 
ring compounds. The plot of Aad against number 
of carbon atoms on log-log paper (Fig. 5) reveals 
more quantitative relations. From the slopes of 
these lines, adiabatic compressibility is found to 
be approximately a function of the inverse 
fourth root of the number of carbons in the mole­
cule, for primary normal alcohols. For iso alco­
hols, it depends on the inverse 2.6th root; and 
for tertiary, on the inverse 1.3rd root. The recip­
rocals of these exponents are in the ratio 3 :2:1

1 2 4 6 8 10 12
Number of carbon atoms.

Fig. 5.—Adiabatic compressibility of aliphatic alcohols.
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for the cases of no branching, single branching and 
double branching, respectively, but the precise 
significance of this result is not apparent.

The compressibility of the methanol molecule 
estimated from bond force-constants is about 
1 / 1000 as large as the observed compressibility. 
This indicates that it is the space between the 
molecules which is compressed, rather than the 
molecules themselves.

The adiabatic compressibility is of interest in 
thermodynamics. For example, the ratio of iso­
thermal to adiabatic compressibilities is equal to 
the ratio of specific heats

Kiaf K&d — Cpf Cv — Y (7)
The isothermal compressibility can be obtained 
either from static measurements or from

Kis =  Kad +  Ta2/cpd (8)
where T  is the absolute temperature, a the coef­
ficient of thermal expansion, and Cp the heat capac­
ity  a t constant pressure.

Sufficient data are available18 in several cases 
for calculating19 the ratio of specific heats from

(18) Shiba, Sci. P ap. Inst. Phys. Chem. Research (Tokyo), 16, 205 
(1931).

(19) I t  is necessary to avoid using the large body of isothermal 
com pressib ility  da ta  which has been determined for high pressures, 
because th e  excess pressure attained in the ultrasonic interferometer 
is only a very  small fraction of an atmosphere.

equations (7) and (8). The results in Table 
III show that 7  decreases slightly as the com­
plexity of the molecule increases, as expected 
because of the larger number of degrees of 
freedom.
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furfuryl alcohols.

Summary
The velocity of sound at 30° has been measured 

in thirty liquid alcohols, using a one-megacycle 
ultrasonic interferometer. Densities and refrac­
tive indices at 30° are also reported.

To illustrate the applicability of sound veloci­
ties in chemical studies, these data have been 
used to calculate molecular weight, van der 
Waals b, adiabatic compressibility, and the ratio 
of specific heats. The compressibility has been 
correlated semi-quantitatively with molecular 
structure.

The analogy between molar sound velocity and 
molar refraction has been discussed.

R e c e iv e d  A u g u s t  25, 1947

[ C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ]

The Accuracy of Estimation of Hydrogen Peroxide by Potassium Permanganate
Titration

B y  C h a r les  E. H uck aba1* and  F rederick  G. K e y e s 115

Introduction
The usual method for analyzing aqueous solu­

tions of hydrogen peroxide is by titration in acid 
solution with a standard solution of potassium 
permanganate. However the complete reliability 
of this method for very accurate determinations 
has been questioned, because of some doubt as to 
the optimum conditions for carrying out the ti­
tration.

A search of the literature revealed varying 
recommendations as to the proper sulfuric acid 
concentration, and some uncertainty as to the rate 
of addition of the permanganate to the peroxide 
solution. For example, if the rate of addition is 
too great, some manganese dioxide may be 
formed due to a local depletion of acid in the solu­
tion and bring about catalytic decomposition of a 
portion of the peroxide.

There are three possible methods for carrying 
out the determinations of hydrogen peroxide:

(1) (a) Results recorded in this article are from a thesis submitted 
as p a rtia l fulfillment of the requirements for the degree of Master of 
Science in Chemical Engineering a t the Massachusetts Institute of 
Technology; (b) D epartm ent of Chemistry, Massachusetts In­
s titu te  of Technology.

titration, colorimetry and decomposition. Titra­
tion methods using the following reagents have 
been described in the literature2: potassium per­
manganate, ceric sulfate, potassium iodide-so­
dium thiosulfate, sodium arsenite and titanium 
trichloride. However in each case there has been 
observed either disagreement regarding the best 
procedure for performing the titration, or uncer­
tainty as to the reliability of the method. The 
colorimetric method is applicable only for detect­
ing a few parts per million of peroxide.

The method based on the decomposition of the 
peroxide with a suitable catalyst followed by 
measuring the amount of oxygen evolved would 
appear in principle to combine simplicity and re­
liability. The reaction occurs as follows

catalyst
2H20 2 -----------^  2H20  +  0 2

There are no known side reactions to introduce 
error as is present in some of the titration pro­
cedures.

(2) J. S. Reichert, S. A. McNeight and H. W. Rudel, Ind. Eng. 
Chem., Anal. Ed., 11, 194 (1939). This paper surveys the titration
procedures for peroxide to date.
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The inconvenience of the decomposition method 
in practice would bar it from general use. How­
ever there seems to be no doubt that it is an “ab­
solute” method of analysis. Therefore it was con­
cluded that considering the existing confusion 
concerning other methods, the decomposition pro­
cedure was the only completely reliable method 
with which the titration methods could be com­
pared.

The objective of this investigation involves 
then the constructing of a suitable apparatus for 
carrying out the absolute or gasometric analysis 
by decomposition as a basis for the comparison 
with the convenient permanganate titration pro­
cedure. No record of such a comparison has been 
found in the literature. The necessity for such a 
comparison is apparent.

The Gasometric Method
An apparatus was assembled as shown in the 

drawing for carrying out the analysis by decom­
position. It consisted chiefly of a reaction vessel 
of two sections connected by a ground glass joint, 
a moisture trap, a Töpler pump, a volumometer, a 
manometer, a thermometer and a McLeod pres­
sure gage.

The mercury levels in the Töpler pump and the 
volumometer were controlled by applying either 
pressure or vacuum to the steel mercury contain­
ers. Very accurate control of mercury introduc­
tion was attained through the use of steel needle 
valves. For the volumometer extremely fine ad­
justment of the mercury levels was afforded by a 
small piston-type injector.

Small monel metal bellows were placed between 
the steel tubing from the mercury containers and 
the glass of both the Töpler pump and the volu­
mometer to absorb any shocks that might occur.

A mixture of Dry Ice and methyl alcohol (t = 
78.5°) was used as the refrigerant around the mois­
ture trap, and proved to be adequate. The ther­
mometer was strapped to the outside of the volu­
mometer with asbestos tape. Vacuum for the sys­
tem was furnished by a mercury diffusion pump 
capable of producing a high vacuum.

The volumometer was calibrated by weighing 
the amount of mercury needed to fill the space be­
tween the three pointers and the top. The follow­
ing results were obtained:

Top of volumometer Volume,
to cc.

Top pointer 34.038
Middle pointer 100.341
Bottom pointer 202.041

Precision
1:3000
1:2500
1:3500

The following procedure was used in making a 
run with the decomposition apparatus:

The manometer, volumometer and Töpler pump 
were evacuated and closed off from the remainder 
of the system. The mercury level in the volumom­
eter was adjusted to a point just below the delivery 
tube from the Töpler pump to seal the manome­
ter off from the volumometer. An 8-10 cc. sample

of 2 to 3% hydrogen peroxide was weighed out in 
the top part of the reaction vessel, which had pre­
viously been cleaned with hot fuming sulfuric 
acid to prevent premature decomposition of the 
peroxide. After this part of the reaction vessel 
had been attached, the remainder of the appara­
tus was evacuated. With the reaction vessel 
closed off from the rest of the system, the peroxide 
was transferred to the cooled ( — 78°) lower part 
of the vessel. This was followed by two portions 
of distilled water of approximately 10 cc. each to 
rinse all of the peroxide into the lower vessel. 
Next a great excess of liquid catalyst was intro­
duced in the same manner exercising great pre­
caution not to let air leak into the bottom vessel. 
The dissolved air in the rinse water and liquid 
catalyst was removed by applying a vacuum in 
the top part of the reaction vessel prior to admis­
sion of the liquid.

As the peroxide thawed, the decomposition 
started and it was allowed to go to completion. 
Tests made by adding huge excesses of several 
catalysts to the residues proved that the reaction 
was in truth complete.

The evolved oxygen was transferred to the volu­
mometer by means of the Töpler pump. About 
eight passes with the Töpler pump which has a 
volume of about 600 cc. was sufficient to complete 
the transfer. Completeness of transfer was evi­
denced by a pressure reading of about 10 ~4 mm. of
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mercury in the pump, and by the fact that no ap­
preciable amount of gas was transferred by the 
last pass with the pump.

The mercury level in the volumometer was ad­
justed until it was only a few millimeters below 
the bottom pointer. The temperature of the gas 
was then allowed to reach equilibrium with that 
of the surroundings, as evidenced by constancy 
of the mercury level in the manometer. The mer­
cury level in the volumometer was finally adjusted 
by means of the injector until it just made contact 
with the bottom pointer. The mirror nature of 
the mercury surface made adjustment to a fine 
point very accurate (=*= 0.001 mm.).

The difference in mercury levels in the volu­
mometer and manometer were read with a Geneva 
cathetometer. The cathetometer, of special con­
struction, consists of two telescopes which are 
mounted on a vertical invar metal bar and each 
telescope eyepiece is equipped with a micrometer 
cross-hair arrangement which allows the mercury 
levels to be read to 0.002 mm. The brass scale 
used with this cathetometer was calibrated by the 
Bureau of Standards and found to be accurate to 
about three parts in 100,000.

The space above the mercury in the manometer 
was evacuated, and therefore the difference in 
mercury levels corrected for capillarity was the 
absolute pressure of the gas in the volumometer. 
The temperature was read from the thermometer 
attached to the volumometer.

The gas in the volumometer was the oxygen 
produced from the decomposed peroxide plus the 
dissolved air in the sample of peroxide.

I t was first attempted to remove this dissolved 
air by alternate freezing, and pumping away the 
air. However, it was discovered that the peroxide 
decomposed during the thawing operation.

Since the removal of air from the peroxide was 
impractical, it was decided to apply a correction 
for the dissolved air. To determine the value of 
the correction, several blank runs were made us­
ing a sample of water which had been stored under 
similar conditions to the peroxide. It was as­
sumed that the amount of air dissolved in 3% hy­
drogen peroxide is the same as that in water.

The procedure used in the blank runs was ex­
actly the same as that employed in the runs with 
peroxide. The average value obtained was 0.022 
cc.3 of air at standard temperature and pressure 
per gram of water a t 25°. The value given is 
somewhat higher than will be found in the litera­
ture and this is due to the fact that the number 
corresponds to a measurement made using the ex­
act procedure where two quantities of pumped 
rinse water were used. This value was used to 
correct the observed volumes of gas evolved from 
the decomposition.

Calculation of the weight of oxygen was carried 
out by using a simplified approximation of the

(3) The reproducibility of the blank measurements was such tha t 
the maximum error in the corrected volume of oxygen was not greater 
than  a part in 4000.

Beattie-Bridgeman equation of state for oxygen as 
follows4

Bo

where

v =  (2.564477P) +  Bo

(1.445 - 1447 
2.5644T

1.5 X 10°

v is the specific volume of oxygen in cc. per gram, 
P  =  pressure in normal atmospheres 
T  =  273.16 +  t (°C.)
The total volume of oxygen was divided by the 

specific volume to obtain the weight of oxygen, 
from which the percentage by weight of hydrogen 
peroxide in the original solution was calculated.

The Titration with Potassium Permanganate
A survey of the literature was conducted to ob­

tain the available information pertaining to all 
phases of the titration of hydrogen peroxide with 
permanganate. General agreement was found 
concerning procedures for the preparation and 
storage of the permanganate solution. The fol­
lowing procedure was actually used.

Permanganate of potassium of high purity was 
dissolved in hot distilled water which had been 
boiled for about fifteen minutes and the solution 
allowed to stand in a stoppered bottle for a week. 
The precipitated manganese dioxide was removed 
by filtering the solution through the sintered glass 
plate of a funnel. The solution was then stored in 
a pyrex bottle which had been covered with a coat 
of black paint. The bottle was fitted with a siphon 
having a stopcock in the line for convenient with­
drawal of the solution. During withdrawal of the 
solution air entered the bottle through a fiber glass 
filter to remove air-borne dust.

If proper care is taken in its preparation and 
storage, a solution of potassium permanganate is 
quite stable. The results of several studies re­
ported by Bruhns,5 Halverson and Bergeitn,6 
Kato7 and others substantiated this fact, and show 
that no great deterioration occurs in as much as 
one to three years. However for very accurate 
work the solution should be standardized about 
once a month. The solution prepared for this in­
vestigation dropped in concentration about one 
part in a thousand in approximately six weeks.

The standardization of the permanganate solu­
tion can be carried out by using sodium oxalate, 
arsenious acid, iron, potassium dichromate and 
other primary standards. Of these, sodium oxa­
late is probably the most convenient and thus the 
most widely used. The confusion concerning the 
best procedure for carrying out the standardiza­
tion with sodium oxalate was cleared up by the 
work of Fowler and Bright8 at the National Bureau

(4) J. A. Beattie and O. C. Bridgeman, Proc. Am . Acad. Arts Sci., 
63, 229 (1928).

(5) G. Bruhns, Chem. Ztg., 47, 613 (1923).
(6) J. O. Halverson and O. Bergeim, Ind. Eng. Chem., 10, 119 

(1918).
(7) T. Kato, J . Chem. Soc. Japan, 48, 17 (1927).
(8) R. M. Fowler and H. A. Bright, J . Research Natl. Bur. Stand­

ards, 15, 493 (1935).



April, 1948 Accuracy of H ydrogen Peroxide Titrations with Permanganate 1643

of Standards. Their investigation showed that 
McBride’s procedure9 gave results that are about
0.4% too high compared with the results obtained 
by using arsenious acid, pure iron, and potassium 
dichromate. Fowler and Bright worked out a pro­
cedure that gave results within 0.03%, or within 
the experimental error of the results obtained by 
the other methods. The recommended method 
using sodium oxalate was used in this investiga­
tion.

The oxalate used had a purity of about 99.98%. 
A precision of approximately one part in 3500 was 
realized in the standardization. The titer of the 
permanganate was 0.4899% by weight correspond­
ing to a normality of about 0.16.

As stated above, considerable disagreement is 
expressed in the literature regarding the optimum 
conditions for carrying out the titration of an 
aqueous solution of hydrogen peroxide with potas­
sium permanganate. The situation was also 
confused by the fact that in most cases no reasons 
for the given procedure were stated.

The various recommendations for the weight 
ratio of sulfuric acid to hydrogen peroxide ranged 
from 50/1 to 300/1. No specific recommenda­
tions were given as to the correct rate of addition 
of the permanganate to the peroxide solution. 
Kolthoff and Stenger10 state that the results are 
influenced by this rate of addition, and while the 
error is almost negligible at slow rates, it is more 
serious at fast rates. L. J. Heidt11 also reports the 
influence of rate of addition on the results.

The following procedure for the titration was 
used in this investigation: A 10-g. sample of 2-3% 
peroxide was weighed out in a glass-stoppered 
flask,12 and rinsed with approximately 50 cc. of 
distilled water into a beaker containing 150 cc. of 
distilled water and 7 cc. of 95% sulfuric acid. The 
distilled water (conductivity water) had been 
boiled for fifteen minutes to destroy any organic 
matter, and then cooled to room temperature be­
fore use. The rate of addition of the permanga­
nate solution was approximately 35-40 cc. per min­
ute. The titration was carried out at room tem­
perature and with moderate stirring.

The weight ratio of acid to peroxide in this pro­
cedure was about 65/1, which corresponds closely 
to that recommended in Scott’s “Standard Meth­
ods of Analysis.”13 However the procedure de­
scribed, while corresponding in some respects to 
that given by Scott and others, was used as a point 
of departure with the thought of introducing al-

(9) R. S. McBride, T his J ournal, 34, 393 (1912).
(10) I. M. Kolthoff and V. A. Stenger, "Volumetric Analysis,” 

2nd ed., Interscience Publishers, Inc., New York, N. Y., 1942, p. 175.
(11) Personal communication.
(12) The inside of glass ware can be made anti-catalytic by treat­

ing with hot fuming sulfuric acid. If this procedure fails, the surface 
of the glass probably has catalytic dust particles fused into its sur­
face. We have preferred to construct glass ware from tubing scrupu­
lously cleaned with fuming sulfuric acid, rinsed with the purest dis­
tilled water and using air in the glass blowing filtered through fresh 
medical cotton.

(13) W. W. Scott, “Standard Methods of Chemical Analysis,” 
5th ed., D. Van Nostrand Co., New York, N. Y., 1939, p. 2181.

terations as shown by experience to be necessary 
under comparison with the absolute method by 
oxygen measurement.

As an aid in achieving accuracy, a weight buret 
(capacity 500 cc.) instead of the usual volumetric 
type was used in both the standardization of the 
permanganate and in the titrations. The per­
manganate was standardized in terms of per cent, 
by weight of permanganate in the solution instead 
of normality. By touching the tip of the buret to 
the stirring rod, the end-point can be determined 
within about a third of a drop or about 0.017 g. If 
it is desired to obtain the end point closer than one- 
third of a drop, a correction for the amount of 
permanganate needed to color the solution can be 
estimated by determining what fraction of a drop 
of permanganate added to a volume of water 
equal to that of the solution produces a coloration 
of equal intensity to that at the end point of the 
titration. Approximately 100 cc. of 0.4899 weight 
per cent, permanganate were required in the pro­
cedure outlined.

The permanganate titration cannot be used if 
any organic matter is present in the peroxide 
solution. Some commercial peroxide contains 
small amounts of organic compounds added as 
stabilizers against decomposition. In this case 
the ceric sulfate titration has been recommended 
by various authors2*14*15 since ceric sulfate will not 
react with organic matter.

Experimental Results
Using the procedures outlined above, runs were 

made to compare the permanganate titration with 
the gasometric method for analyzing hydrogen 
peroxide solutions. Seven runs were made using 
osmic acid as the decomposition catalyst, and 
three were made using lead oxide as the catalyst. 
Since varying amounts of two different catalysts 
left the same results unaltered, it was concluded 
that the catalyst is effective in causing complete 
decomposition into oxygen and water. The osmic 
oxide was used in basic solution and the lead oxide 
in a water suspension.

Table I shows the results of the runs made. 
The values reported for the gasometric method 
represent only one trial because the time required 
for carrying out the procedure was about five 
hours, and approximately four hours were required 
to prepare the apparatus for another run as the 
trap system had to be pumped free of moisture 
after each run. After this time had elapsed, the 
peroxide would have changed in concentration 
sufficiently (about one part in 500) to have made 
the data therefrom unreliable for comparison with 
the previous run. The values reported for the ti­
tration represent the average of three titrations, 
with the greatest deviation from the average about 
one part in 3000 to 4000.

(14) N . H. Furm an and J. H. Wallace, T h is  J o u r n a l , 51, 1449 
(1929).

(15) H . H. Willard and P. Young, ibid., 55, 3260 (1933).
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T a b l e  I
W t. % H2O2 W t. % H2O2 D ev ia tion

R u n
no.®

b y  ab so lu te  
m ethod

b y
titra tio n A verage

from
average

1 2.3105 2.3032 2.3069 1:625
2 1.9628 1.9638 1.9633 1:4000
3 1.9196 1.9262 1.9228 1:625
4 1.9066 1.9091 1.9079 1:1450
5 1.8378 1.8380 1.8379 1:18,000
6 1.7652 1.8035 1.7844 1:95
7 2.8004 2.7992 2.7998 1:4700
8 2.8002 2.8029 2.8015 1:2200
9 2.8068 2.8076 2.8072 1:7000

10 2.8095 2.8102 2.8099 1:8000
a Osmic acid was used as the catalyst in runs 1-

lead oxide was used as the catalyst in runs 8-10.

The results show a favorable comparison of the 
permanganate titration with the gasometric 
method. The average deviation from the aver­
age of the two methods is about one part in 5000. 
It is to be noted that the runs using the osmic acid 
catalyst and those using the lead oxide catalyst 
in varying amounts led to the same result. There­
fore it is assumed the catalyst ran the reaction to 
completion.

Run 6 in which there was a part in 95 deviation 
from the average cannot be explained except by 
some undetected error in carrying out the pro­
cedure.

While it was not the purpose of this investiga­
tion to determine the effect of varying all condi­
tions under which the titration may be per­
formed, a few variations were made. The results 
of these tests indicate that variation in the titra­
tion procedure, as outlined above, had little effect 
on the results. Thus, doubling the acid concentra­
tion produced a difference of about one part in
10,000 which is within the experimental error. 
Tests made at rates of addition of 10 cc. per min­
ute and at 50 cc, per minute differed by about the 
same amount, which may be taken to indicate 
that some flexibility can be tolerated in the titra­
tion procedure.

Conclusions
The experimental results show that, even where 

accurate results are required, the permanganate 
titration, using the procedure given above, can be 
used for determining the concentration of aqueous 
solutions of hydrogen peroxide. The procedure 
can be modified somewhat as indicated and still 
give sufficiently accurate results, but just how far 
modifications can be carried without causing de­
creased accuracy remains to be determined.

In applying the proposed procedure to more 
concentrated solutions, it is suggested that a sam­
ple containing an equivalent amount of hydrogen 
peroxide to that contained in 10 g. of 3% solu­
tion be used. For instance in analyzing a solution 
near 90%, 0.33 g. of the solution would contain 
approximately 0.3 g. of hydrogen peroxide, 
which in turn is approximately the amount con­
tained in 10 g. of 3% solution. If the size of the 
sample is varied from that stated, precaution 
should be exercised that the weight ratio of sul­
furic acid to hydrogen peroxide is at least 60-70 to
1. There is no reason to believe that higher ratios 
are harmful, but they are unnecessary. With 
lower ratios the chance of manganese dioxide 
formation increases, and for that reason should be 
avoided.

The rate of addition of the permanganate 
should be about 35-40 cc. per minute or slower. 
Excessively fast rates of addition increase the 
probability of the formation of manganese diox­
ide, which as previously stated is highly catalytic 
toward the decomposition of hydrogen peroxide. 
The titration should of course be carried out at 
room temperature, since higher temperatures 
cause loss by vaporization of the peroxide.

The results also indirectly substantiate the 
procedure recommended by Fowler and Bright8 
for standardization of potassium permanganate 
solutions. If the standardization procedure had 
given erroneous results, the good agreement of 
the titration values with those of the gasometric 
method would not have been possible.

The authors express their acknowledgment to 
the Naval Bureau of Ordnance for the support and 
release of this work.

Summary
An apparatus and procedure has been described 

for carrying out the “gasometric” method by 
decomposition for determining the concentration 
of aqueous solutions of hydrogen peroxide. The 
results obtained by this method were compared 
with those obtained by titration with potassium 
permanganate. On the basis of the good agree­
ment between the two methods, a procedure for 
performing the titration was recommended. Also, 
the method recommended by Fowler and Bright6 
for the standardization of the potassium perman­
ganate solution against sodium oxalate has been 
substantiated.
C a m b r i d g e  3 9 ,  M a s s a c h u s e t t s

R e c e i v e d  A u g u s t  7 ,  1 9 4 7
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Metalation Studies in the Thiophene Series. II. Transmetalation of the
Alkylthiophenes

By J o h n  W. S chick and  H oward  D. H artough

April, 1948 Transmrtalation of the Alkylthiophenes

The authors previously reported the metalation 
of the thiophene and 2-halothiophenes to yield 2- 
thienylsodium and 5-halo-2-thienylsodium. Sub­
sequent carbonation and acidulation yielded the
2-thiophenecarboxylic acid and 5-halo-2-thio- 
phenecarboxylic acids,1 respectively.

An extension of these studies to the alkylthio­
phenes, namely, 2-methyl-, 3-methyl-, 2-/-butyl-,
2-/-amyl-, 2-( l,l,3,3-tetramethylbutyl)- and 2- 
(l-phenylethyl)thiophene, has produced a con­
venient method for preparing alkyl-substituted 2- 
thiophenecarboxylic acids.

5-Methyl-2-thiophenecarboxylic acid was pre­
pared in low yield by Gilman and Breuer2 from 2- 
methylthiophene, dibenzylmercury and sodium. 
Hartough and Conley3 have prepared the sub­
stituted acids by the sodium hypochlorite oxida­
tion of the acetylalkylthiophenes.

It was found that the alkylthiophenes do not 
metalate directly with sodium. Metalation, how­
ever, was accomplished via the transmetalation 
reaction by interaction of an alkylthiophene, me­
tallic sodium, and an alkyl or aryl halide in a neu­
tral solvent.

Substitution of a 70-90% sodium amalgam for 
metallic sodium gave increased yields in some 
cases.

Table I records the substituted alkyl-2-thio- 
phenecarboxylic acids that were prepared by the 
described general procedure.

Experimental
General Procedure.—A cold mixture of 16 g. (0.25 

mole) of ethyl chloride, in 200 ml. of anhydrous ether,
(1) Schick and Hartough, T his Journal, 70, 286 (1948).
(2) Gilman and Breuer, ibid., 56, 1123 (1934).
(3) Hartough and Conley, ibid., 69, 3096 (1947).

T a b l e  I

A l k y l -2 -t h io p h e n e c a r b o x y l ic  A c id s  f r o m  t h e  C o r r e ­
s p o n d in g  A l k y l t h io p h e n e s

Atkyl-2-
thiophene-
carboxylic

acid
Yield,

%

Recrystal­
lized
from

M elting
po in t,
°C.

N e u tra l 
eq u iv a len t 

C alcd . Obs.
5-Methyl- 70 W ater 138—138.5* 142 143
4-Methyl-c 42 W ater 119—121b 142 141.6
5-/-Butyl- 85 W ater 124-125 184 186
5-/-Atnyl-
5- (1,1,3,3-Tetra-

46 Pet. ether 8 6 .5 -8 7 .5 198 198

m ethylbutyl)- 
5-(1-Phenyl­

66 Pet. ether 122-123 240 241

ethyl). 60 W ater 9 9 .5 -1 0 1 .5 232 235
•R ef. 3, m. p. 137-138°. 6 Ref. 3, m. p. 120-121°.

c 3-Methylthiophene metalated exclusively in the 5-posi­
tion. No trace of the normal substitution product, 3- 
methyl-2-thiophenecarboxylic acid, could be detected.
was cooled dropwise over a one hour period to a stirred, 
externally cooled mixture of 12 g. (0.5 gram atom) of 
freshly prepared sodium sand, 49 g. (0.5 mole) of 2 - 
methylthiophene and 100 ml. of anhydrous ether. The 
reaction was carried out under nitrogen. After the 
addition of the ethyl chloride was completed, the reaction 
mixture was stirred for an additional two hours at room 
temperature. Carbonation of the organo-metallic com ­
pound was accomplished with pieces of Dry Ice. The 
temperature was kept below 30° with ice. Two hundred 
milliliters of distilled water was added cautiously to  
destroy the small amount of unreacted sodium. The 
aqueous layer was separated and acidified with 70 ml. 
of hydrochloric acid. The crystalline product was 
filtered and recrystallized.

Bromobenzene and «-butyl bromide were also sub­
stituted for ethyl chloride with good results.

Acknowledgment.—The authors wish to  ex­
press their appreciation to Dr. D. E. Badertscher 
for his advice and interest and to Mrs. Josephine 
Sindoni Piel who carried out some of the experi­
ments.

Summary
The alkylthiophenes, namely, 2-methyl-, 3- 

methyl-, 2-/-butyl-, 2-/-amyl-, 2-(l,l,3 ,3-tetra- 
methylbutyl) -, and 2- (1 -phenylethyl) -thiophene 
were metalated with metallic sodium or sodium 
amalgam to yield the corresponding 2-thiophene­
carboxylic acid upon carbonation and acidulation. 
P a u l s b o r o , N e w  J e r s e y  R e c e iv e d  J u l y  14, 1947
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The preparation of the carboxylic acids of thio­
phene,1 halothiophenes1 and the alkylthiophenes2 
has been previously described. Although organo 
metallic compounds are reported to react simi­
larly to Grignard reagents, the only literature ref­
erences that can be found deal with their reactions 
with carbon dioxide and formaldehyde or its poly­
mers. Amylsodium, phenylsodium and benzyl- 
sodium have been condensed only with trioxy- 
methylene3 to yield hexyl alcohol (28%), benzyl 
alcohol (17%) and phenylethyl alcohol (17%), 
respectively.

The study of the reaction of ethylene oxide with 
thienyl-, halothienyl- and alkylthienylsodium 
compounds was undertaken in order to obtain the 
corresponding ethanols and vinyl compounds. 
Previously, the simple alcohols such as 2-thienyl- 
carbinol4 and 2-(2-thienyl)-ethanol5 were pre­
pared from 2-thienylmagnesium bromide or io­
dide and monomeric formaldehyde and ethylene 
oxide, respectively.

2-Thienylsodium and substituted 2-thienylso- 
diums, namely, 4-methyl-, 5-methyl-, 54-butyl- 
and 5-chlorothienylsodium, were condensed with 
ethylene oxide to yield the corresponding thienyl- 
ethanols. Dehydration of the thienylethanols by 
conventional means yielded vinyl and substituted 
vinyl-thiophenes which may be useful in the 
plastics and rubber industries. Table I records 
several vinylthiophenes thus obtained with their 
observed properties. The vinylthiophenes poly­
merized at room temperature, and more rapidly 
a t elevated temperatures in the presence of a 
catalyst, benzoyl peroxide, to yield very pale 
yellow to orange colored, clear polymers.

Experimental
2-(2 -Thienyl)-ethanol.—A mixture of 118 g. (1.0 

mole) of 2-chlorothiophene in 500 ml. of benzene was 
added to a freshly prepared sodium amalgam sand1 con­
taining 50 g. (2.17 gram atoms) of sodium and 20 g. 
(0.10 gram atom) of mercury and the reaction mixture 
was stirred and refluxed for three hours in a nitrogen 
atmosphere. The mixture was cooled to 0-10° in an 
ice-bath and 44 g. (1.0 mole) of ethylene oxide in 100 ml. 
of benzene was added over a twenty-minute period. The 
temperature rose rapidly to about 50° and then slowly fell. 
The ice-bath was removed and the stirring was Continued 
until the temperature dropped to 25°. A solution con­
taining 125 ml. of concentrated hydrochloric acid in 325 
ml. of distilled water was cautiously added with stirring 
and the whole solution was filtered to remove salt and 
sludge. The benzene layer was separated, dried over

(1) Schick  and Hartough, T his Journal, 70, 286 (1948).
(2) Schick  and Hartough, ibid., 70, 1645 (1948).
(3) M orton and Fall well, ibid., 60, 1429 (1938).
(4) Steinkopf, Ann., 540, 23 (1939).
(5) B licke and Burckhalter, T his Journal, 64, 477 (1942).

T able  I

Vinylthiophenes

Mm.
Hg

pres­ Yield, For-

Sulfur, % 

' 1 1
2-Vinyl-

B. p., °C. sure « “ d % mula Ü ft
thiophene 

4-Methyl- 
2-vinyl*

6 5 .5 -66 .5 48 1.5720 80 CoH bS 29.1 28.9

thiophene
5-/-Butyl-

2-vinyl-

86 .5 -87 .5 45 1.5590® 95 CtH sS 25.8 25.7

thiophene 104-105 
a Refractive index

24 1.5357 
at 25°.

94 CioH uS 19.3 19.9

anhydrous sodium sulfate and the benzene removed by 
distillation. The residue was distilled under reduced 
pressure. Sixty grams (47%) of 2-(2-thienyl)-ethanol, 
a white oily fluid having the odor of roses, was obtained; 
b. p. 99-100° (7 m m .); n2°D 1.5478.

The phenylurethan was recrystallized from petroleum 
ether, m. p. 52-53°.

Anal. Calcd. for CwH130 2NS: S, 12.96; N, 5.67.
Found: S, 12.95; N, 5.79.

2-(5-Chloro-2-thienyl)-ethanol.—One mole (118 g.) 
of 2-chlorothiophene was converted to the corresponding
5-chloro-2-thienylsodium by a method described earlier.1 
To the ice-cooled reaction mixture was added 66 g. (1.5 
moles) of ethylene oxide in 200 ml. of ether over a period 
of one hour. The mixture was then stirred at room tem­
perature for thirty minutes and then warmed to reflux 
for two hours. Unreacted sodium was decomposed with 
150 ml. of alcohol and a solution of 170 ml. of coned, 
hydrochloric acid in 500 ml. of water added cautiously 
over a period of thirty minutes. The resultant emulsion 
was broken with sodium chloride. The ether layer was 
separated, dried and the ether distilled. Thirty-five 
grams (22%) of 2-(5-chloro-2-thienyl)-ethanol, a white, 
oily fluid having the odor of roses was obtained; b. p.
98.5-100° (1-2 m m .); w20d 1.5576. The phenylurethan 
derivative was recrystallized from petroleum ether, m .p . 
57-58°.

Anal. Calcd. for Ci3Hi2C1N02S : N, 4.97. Found:
N, 4.81.

2-(4-M ethyl-2-thienyl)-ethanol.—A cold mixture of 
64 g. (1.0 mole) of ethyl chloride in 300 ml. of diethyl 
ether was added dropwise over one hour (in a nitrogen 
atmosphere) to a stirred mixture of sodium amalgam 
sand containing 46 g. (2.0 gram atoms) of sodium and 12 
g. (0.06 gram atom) of mercury and 147 g. (1.5 mole) 
of 3-methylthiophene in 200 ml. of diethyl ether which 
was cooled to 0-5°. After the addition was completed, 
the ice-bath was removed and the temperature kept below 
the reflux temperature of ether for one hour, after which 
it was warmed to the reflux temperature for fifteen min­
utes. The reaction was cooled below 10° and a cold solu­
tion of 44 g. (1.0 mole) of ethylene oxide in 100 ml. of 
ether was added with stirring over a period of one hour. 
The temperature was permitted to rise to room tem­
perature. The reaction mixture was worked up as de­
scribed in the preparation of 2-(5-chloro-2-thienyl)- 
ethanol. Seventy-one grams (51%) of 2-(4-methyl-2- 
thienyl)-ethanol was obtained; b. p. 87-89° (2 mm.); 
«20d 1.5397. The phenylurethan derivative was re- 
crystallized from petroleum ether, m .p . 68-69°.
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Anal. Calcd. for CuH^OaNS: S, 12.26; N, 5.35.
Found: S, 12.15; N, 5.43.

2-(5-/-Butyl-2-thienyl) -ethanol—To two moles of so­
dium amalgam sand was added 32 g. (0.5 mole) of ethyl 
chloride and 70 g. (0.5 mole) of 2-t-butylthiophene in 200 
ml. of ether in a similar manner to that described directly 
above. After cooling below 10°, 22 g. (0.5 mole) of ethyl­
ene oxide in 100 ml. of ether was added during a one- 
hour period. The temperature rose rapidly but was con­
trolled at about 30° by means of an ice-bath. After this 
addition the mixture was stirred for ninety minutes at 
ambient temperatures and then treated as described in 
the preparation of 2-(5-chloro-2-thienyl)-ethanol. Sixty- 
three grams (68%) of 2-(54-butyl-2-thienyl) -ethanol, a 
white, viscous fluid, was obtained; b. p. 115-116° at 
3  mm.; « 20d  1.5198. The phenylurethan derivative was 
recrystallized from petroleum ether, m. p. 73-74°.

Anal. Calcd. for C17H21O2NS: S, 10.56; N, 4.62.
Found: S, 10.71; N, 4.71.

General Procedure for Preparing the Vinylthiophenes.—
The thienylethanol was dehydrated to the corresponding 
vinylthiophene by heating the ethanol with a large excess 
(1:4) of molten potassium hydroxide at a reduced pressure 
(45-50 mm.). The vinylthiophene distilled along with 
water and the distillate was extracted with ether. After 
drying the ether solution with anhydrous sodium sulfate,

the ether was removed on a steam-bath and the residue 
was distilled under reduced pressure.

The 2-(5-chloro-2-thienyl)-ethanol did not dehydrate 
well by this method and the low yield of a vinyl compound 
did not contain the theoretical amount of chlorine.

Acknowledgment.—The authors wish to 
thank Dr. D. E. Badertscher for his advice and 
interest, and Mrs. Josephine Sindoni Piel, who 
carried out some of the experiments.

Summary
2- (2-Thienyl) 2- (5-^-butyl-2-thienyl) 2- (4-

methyl-2-thienyl) - and 2-(5-chloro-2-thienyl)-eth­
anol have been prepared from the corresponding 
thienylsodium compound and ethylene oxide in 
yields of 47, 68, 51 and 22%, respectively.

Dehydration of several of the thienylethanols, 
namely, 2- (2-thienyl) -, 2- (4-methyl-2-thienyl) -
and 2- (5-£-butyl-2-thienyl) -ethanol with molten 
potassium hydroxide at reduced pressure yielded 
the corresponding vinylthiophenes in yields of 
80, 95 and 94%.
Paulsboro, N ew  Jer sey  R eceived  July  14, 1947

[Contribution  from the Fine Chemicals D ivisio n , N opco C hemical C o. ]

Acylation of Benzene Compounds with Iodine as a Catalyst
By Saul Chodroff and Howard C. Klein

Iodine has been used successfully as a catalyst 
in acylations of furan and thiophene.1 I t was of 
interest to extend this reaction to benzenoid com­
pounds. Acylations were successful with the 
more active members of the benzene series, 
such as anisole2 and acetanilide, whereas the alkyl­
ated benzenes, toluene and cumene, failed to re­
act. As previously noted,1 the aroyl halides gave 
higher yields than aliphatic anhydrides. Dibasic 
aliphatic anhydrides, such as succinic anhydride, 
failed to react with anisole. As might be expected 
from the reduced aromaticity of the benzenoid 
compounds compared to furan and thiophene, the 
reactions were not exothermic, required longer 
periods of time and higher temperatures, and 
generally required higher catalyst concentrations 
for optimum yields, the range of 2-7 X 10 “ 2 mole 
of iodine per mole of reactant being quite 
effective.

The influence of catalyst concentration on yield 
in the reaction between naphthalene and benzoyl 
chloride was marked; the yield of ketone rose 
from 15 to 52% as the molar ratio of iodine to re­
actants was increased from 2.1 X 10“ 2 to 7.6 X 
10 ~2. The reaction favors the formation of the 
a-isomer predominantly, for, the ratio of the a

(1) Hartough and Kosak, T his Journal, 68, 2639 (1946).
(2) N ote ad d ed  in  P ro o f .— After this manuscript had been sub­

m itted, Kosak and Hartough, ibid., 69, 3144 (1947), reported 
the acetylation of ansole in 45% yield, using phosphoric acid 
as a catalyst. They also indicated th a t iodine and other add cata­
lysts may be employed in this reaction without reporting the yield.

to 0 isomers in the mixture of the crude benzoyl- 
naphthalenes was 95 to 5, as determined by the 
precipitation of the picrate of the 0 isomer from 
a benzene solution,3 after standing for two weeks 
at 5°.

Acknowledgment.—The authors are grateful 
to Dr. Roland Kapp of this Laboratory for en­
couragement and interest in the promotion of 
this work.

Experimental
£>-Acetylanisole.—Two hundred and fourteen grams 

(2.0 moles) of anisole and 102 g. (1.0 mole) of acetic 
anhydride were refluxed for two hours in the presence of 
2 g. of iodine. After cooling, the dark brown solution was 
taken up in 300 ml. of ethylene dichloride and washed 
successively with dilute potassium carbonate, sodium 
bisulfite, and water. Drying over sodium sulfate, 
removal of the solvent, and distillation of the residue 
gave 98.6 g. (66%) of ^-acetylanisole, b. p. 120-125° 
(5 m m .), as a colorless oil. Crystallization from aqueous 
methanol yielded crystals, m. p. 38°. The product 
formed a semicarbazone, m. p. 198-198.5°.4

£-Benzoylanisole.—-To a mixture of 37.8 g. (0.35 mole) 
of anisole and 22.4 g. (0.18 mole) of benzoyl chloride, 
was added 1 g. of iodine. The solution was refluxed 
gently for eight hours, until the evolution of hydrogen 
chloride had subsided. After cooling, the solution was 
diluted with 100 ml. of benzene, washed with potassium 
carbonate, sodium bisulfite, and water. The dried sol­
vent was removed on the steam-bath and the residue dis­
tilled, yielding 33.8 g. (88.6%) of ^-benzoylanisole, b. p. 
175-179° (1 m m .), as a yellow liquid which solidified,

(3) Rousset, Bull. soc. ch im . F ra n c e , [3] 15, 71 (1896).
(4) Wahl and Silberzweig, Bull. soc. c h im ., [4] 11, 69 (1912), list 

m. p. of 197°.
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m. p. 53-55°. Crystallization from 90% methanol 
raised the m. p. to 61-62.5°. A 2,4-dinitrophenylhy­
drazone was obtained, m .p . 180°.5 6

p-Acetylaniline.—Fifty-four grams (0.4 mole) of acet­
anilide and 50 ml. of acetic anhydride were refluxed with 
4 g. of iodine, distilling the acetic acid formed through 
a 38cm . Vigreux column. In fifteen minutes, 30 ml. of 
distillate was collected, b. p. 110-120°. An additional 
25 ml. of acetic anhydride was added to the reaction 
mixture and 25 ml. of distillate collected, the final vapor 
temperature rising to 132°. The reaction mass was 
poured into 250 ml. of water, the oil extracted twice 
with 75-ml. portions of ethylene dichloride and the 
excess iodine washed out with bisulfite. Removal of the 
solvent left a tarry residue which was hydrolyzed by 
refluxing for one hour with 50 ml. of concentrated hydro­
chloric acid. After being made strongly alkaline, the 
unreacted aniline was steam distilled and the residual 
black tar extracted twice with 75-ml. portions of ethylene 
dichloride, washed until neutral and dried over sodium 
sulfate. The solvent was removed and the residue dis­
tilled, yielding 10.5 g. (19.4%) of a golden yellow oil, 
b. p. 165-168° (6 mm.), which solidified, m. p. 67-68°. 
Crystallization from hot water gave white crystalline p- 
acetylaniline, m. p. 105-106°; acetyl derivative, m. p. 
165-166°/

Refluxing the reactants for two hours without removal
(5) Ferrante and Bloom, Am. J. Pharm., 105, 383 (1933), report 

m. p. of 180°.
(6) Kunckell, Ber., 33, 2641 (1900), report m. p. of 166-167°.

of the acetic acid formed reduced the yield of ^-acetyl- 
aniline to 7%.

a-Phenyl Naphthyl Ketone.—Twenty -five and six- 
tenths g. (0.2 mole) of naphthalene was refluxed gently 
with 28 g. (0.2 mole) of benzoyl chloride in the presence 
of 4 g. of iodine. A vigorous evolution of hydrogen 
chloride began immediately and ceased within two hours. 
The reaction mass was taken up in 150 ml. of ethylene 
dichloride, washed with dilute sodium hydroxide and 
bisulfite and the solvent and unreacted naphthalene 
removed by steam distillation. The black, tarry mass 
was extracted with benzene, washed with water and dried 
over sodium sulfate. The solvent was removed and the 
residue distilled, yielding 23.9 g. (51.7%) of a golden 
yellow, viscous liquid, b. p. 165-169° (1 mm.) which 
slowly solidified, m .p . 73-74°. The product was crystal­
lized from ethanol, m. p. 74-75°, and gave an oxime, 
m .p . 161°.7 One gram of the crude ketone dissolved in 
20 ml. of benzene containing 1 g. of picric acid deposited, 
after fourteen days at 5°, 100 mg. of the picrate of the /3- 
isomer, m. p. 112-113°, equivalent to 5% of /3-benzoyl- 
naphthalene.3

Summary
Acylations have been carried out successfully 

on the more active members of the benzene series, 
using iodine as a catalyst.

(7) Betti and Poccianti, Gazz. chim. ital., 45, I, 374 (1915), list 
m. p. of 161°.

Harrison, N ew  Jersey  R eceived  D ecember  20, 1947

[Contribution  from the U niversity of Chicago T oxicity  L aboratory]

The Volatility and Vapor Pressure of Ten Substituted 2-Chloroethylamines1
B y  C . E r n st  R e d e m a n n ,2 S a ul  W . C h a ik in  a n d  R a l ph  B . F e a r in g 3

In a study of the toxicity and vesicancy of the 
so-called nitrogen mustards it soon became appar­
ent that neither the necessary volatility nor vapor 
pressure data for assessing these agents were avail­
able. The first member of this group of 2-chloro- 
ethylamines to be prepared, and its potent vesi­
cant action described, was tris-(2-chloroethyl)- 
amine.4 However, no vapor pressure data were 
given nor were any subsequently reported. It 
was, therefore, necessary to measure the volatility 
before any quantitative evaluation of these com­
pounds could be made. In the course of this 
study the volatility and vapor pressure were 
determined for ten substituted 2-chloroethyl- 
amines at temperatures between 0 and 60°. 
Their numerical values are reported here.

The method employed for measuring the vola­
tility and the equations by which the vapor pres­
sure was calculated from the volatility have been 
described in two earlier reports.5 The equations 
derived for these compounds should not be used 
at temperatures much outside the specified range

(1) This work was carried out under contract with the National 
Defense Research Committee of the Office of Scientific Research and 
Development.

(2) Present address: 770 S. Arroyo Parkway, Pasadena 2, Calif.
(3) Present address: 622 N. East Ave., Oak Park, 111.
(4) Ward, T his Journal, 57, 914 (1935).
(5) (a) Bent and Francel, ibid., 70, 634 (1948); (b) Redemann, 

Chaikin and Fearing, ibid., 70, 631 (1948).

without recognizing that the values so computed 
may have errors considerably larger than the 
probable error over the 0 to 60° interval.

Experimental
The details of the measurements and the apparatus 

have been given in earlier reports.6
All the compounds employed in this study were pre­

pared in laboratories other than that of the authors. 
The source of each compound is given in Table I. All 
but one of the 2-chloroethylamines were received as the 
hydrochlorides, well crystallized compounds of definite, 
reproducible melting point, which could be readily purified 
by crystallization from suitable solvents. These hydro­
chlorides were usually received in an analytically pure 
form and were stored in a cool, dry place until they were 
used. Each hydrochloride was converted into the free 
base by treatment with a cold 50% aqueous solution of 
potassium hydroxide. Where practical the base was 
separated from the aqueous solution without use of any 
solvent; when the amine phase would not separate 
cleanly from the aqueous phase the former was diluted 
with ethyl ether before separation. The amines were 
dried over anhydrous potassium carbonate before dis­
tillation. The dry amine was distilled under reduced 
pressure, the pressure being so chosen that the amine 
boiled below 100° in all but two cases (see Table I ) . For 
eight of the ten amines the boiling point was constant; 
for /-butyl-bis-(2-chloroethyl)-amine a one degree boiling 
range was tolerated, and for 4-(2-chloroethyl)-morpholine 
the sample submitted was too small to purify before use 
and was therefore run as received.

Since these amines slowly give self-condensation prod­
ucts, especially when not completely dry, they were 
placed in the vaporizer immediately after distillation and
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T a b l e  I
C o n s t a n t s  o f  t h e  S a m p l e s  o f  t h e  T e n  2 - C h l o r o e t h y l a m i n e s  U s e d  a n d  P r e c i s i o n  o f  D a t a

A m ine
B o ilin g  p o in t  
°C . M m .

R e­
fractive
in d ex ,

»D
D en sity  

G ./c c . °C . A C o n stan tsA' B

P e rcen tage  
d ev ia tio n  from  
sm ooth ed  cu rve  

of p o in ts  
ca lcd . from  

le a st  sq. 
eq u ation  

M a x i- M ean  
m um

Lev>
C a l./
m ole

R—N(C2H4C1)2
Ethyl® 85.5 12 1.4653'' 1.0861 23 9.01892 12.45482 2868.9 1.71 0.97 13,100
«-Propyl® 96 10 1.05929 23.3 9.01884 12.47955 2966.7 1.76 .56 13,600
«-Butyl® 106.3 9 1.0365 25 9.28361 12.78578 3169.8 2.7 .57 14,500
Isobutyl® 79 2 1.0328 20 9.42242 12.92461 3152.5 0.22 .17 14,400
s-Butyl® 100 7.5 1.0455 25 9.16684 12.66901 3109.5 .42 .16 14,200
/-Butyl® 71-72 2 1.0484 22 9.13430 12.63649 3050.9 .26 .11 14,000
Cyclohexyl® 103c 1 1 . 4944* 1.0964 21 8.60897 12.16478 3258.8 .49 .28 15,000
2-Chloroethyl“ 94 1 1.4925° 1.2093 25 9.41621 12.92221 3393.4 .54 .31 15,500

4- (2-Chloroethyl) 
morpholine5 

bis- (2-Chloropropyl)
1.458/

1.1062 22 8.91971 12.29993 2808.7 1.59 1.48 12,900

methylamine® 56 2 1.0381 21.5 8.99698 12.46728 2850.4 2.70 1.74 13,000
* Prepared in the laboratory of Dr. G. H. Coleman. b Supplied by Dr. M. S. Kharasch. Quantity too small for fur­

ther purification. Fifteen per cent, had to be evaporated before a constant volatility was reached. c Melting point, 
- 3 ° .  d 25°. e 25.2°. /  21°.

were run as promptly as feasible. When there was 
evidence of self-condensation having occurred during a 
determination, as shown by the separation of a solid 
quaternary ammonium salt (see Discussion), the vaporizer 
unit was cleaned and filled with freshly distilled amine 
before continuing the measurements.

Dry nitrogen was used as the entrainment gas to avoid 
possible oxidation of the compounds. The values for the 
boiling point, refractive index and density of the samples 
of the compounds studied are given in Table I.

Discussion
This series of compounds presented certain diffi­

culties which were not encountered in our previ­
ous studies.5b*6 The chlorine atom in the /3-posi­
tion to the amino group, while not highly reactive, 
still shows sufficient activity to react slowly at 
room temperature with the amino group in an ad­
jacent molecule. Since the amines studied in this 
series are all tertiary amines, reaction with the 0- 
halogen of an adjacent molecule leads to the pro­
duction of a quaternary ammonium compound. 
In these cases the quaternary ammonium chlo­
rides are very sparingly soluble and were observed 
to crystallize from the reaction mixture. The in­
solubility of the salts was helpful for two reasons, 
first, it served as an index of the amount of poly­
merization which had taken place and, second, the 
solubility proved to be so low that it did not alter 
the vapor pressure measurably, as shown by the 
fact that volatilities measured for samples free 
from polymer agreed within experimental error 
with volatilities measured upon samples with some 
crystalline polymer. Nevertheless, a vigorous 
effort was made to make measurements only upon 
samples free from any solid polymer.

It was also observed that much longer time of 
contact was necessary in order to produce equi-

(6) R ed em an n , C haik in , F earin g  and B en ed ic t, T his Journal, 
70,637 (1948).

librium between the liquid and its vapor with this 
group of compounds than was found for any other 
group of compounds studied. Consequently, for 
most of these runs the rate of flow of the nitrogen 
through the saturator was reduced 50 to 75% over 
the values used for other compounds of similar 
boiling point.

In Table I are recorded, in addition to the previ­
ously mentioned properties, the three constants 
A, A ', and B for the equations

log p  =  A — B /T  (1)
log WT  =  A ' -  B /T  (2)

computed by the method of least squares from the 
experimental points and also the percentage devia­
tion from the smoothed curve of the points calcu­
lated from the least squares equation. The con­
stants apply when the pressure, p , is expressed in 
millimeters of mercury, the temperature, T , is the 
centigrade temperature plus 273.2 and the vola­
tility, W, is expressed in milligrams of agent per 
liter of air (or nitrogen). An average value for 
the molar heat of evaporation, Lev, in calories per 
mole over the temperature range 0 to 60° is also 
given for each compound. These values were cal­
culated from equation (1).

The mean percentage deviation of the experi­
mental points from the smoothed curve is under 
2% for all compounds except cyclohexyl-foV~(2- 
chloroethyl)-amine which has a mean deviation of 
5.4%. This arises from the very small volatility 
of this compound, since the amine collected for 
weighing was only about 5 mg. at the lowest tem­
perature.

Acknowledgment.—Thanks are due to Miss 
Dora Benedict for her helpful work in making 
some of these measurements.
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Summary
1. The volatility of ten substituted 2-chloro­

ethylamines has been measured between 0 and 
60° by an air saturation method.

2. From the measured volatilities vapor pres­
sures have been calculated. Logarithmic equa­
tions have been developed for both the vapor pres­

sure and the volatility as a function of the tem­
perature.

3. The mean molar latent heat of evaporation 
over the temperature range 0 to 60° has been com­
puted from the vapor pressure equation for each 
compound.
C h ic a g o  37, I l l in o is  R e c e iv e d  D e c e m b e r  5, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  N o r t h w e s t e r n  U n iv e r s it y ]

Cyclic Acetals Related to Ethylacetonylbarbituric Acid
B y  C h a r l e s  D . H u r d  a n d  M arg aret  L . M cA u l e y

This investigation deals with the synthesis and 
reactions of certain new derivatives of ethylace­
tonylbarbituric acid (I). This acid was synthe-

0  o
1 I

CH2—CHR
XI, R =  H 

III, R =  CH3

sized from sodium ethylbarbiturate and chloro- 
acetone, instead of the previously used1 bromo- 
acetone. To use chloroacetone, it was found that 
sodium iodide was an effective catalyst,2 Yields 
of 75% of I were obtained with this catalyst as 
contrasted with 10-32% yields without it. 
Butylacetonylbarbituric acid was similarly pre­
pared and with the same high yield. In view of 
this, it is of interest to note that no significant re­
action product could be obtained when solutions of 
sodium ethylbarbiturate, 2-chloromethyl-2- 
methyldioxolane (made from chloroacetone and 
ethylene glycol), and sodium iodide were mixed 
and treated similarly. Ethyl sodio-hutylmalo- 
nate also failed to give a reaction product with 2- 
chloromethyl-2-methyldioxolane a t refluxing tem­
perature in alcohol solution.

Dioxolanes of the structure II or III were syn­
thesized by reaction of ethylacetonylbarbituric 
acid with ethylene glycol or propylene glycol in 
the presence of ̂ -toluenesulfonic acid. The water 
formed in the reaction was removed as formed by 
slowly distilling benzene or toluene from the re­
action mixture. The compounds formed were 
high melting, crystalline solids.

1,3-Dioxanes represented by formula IV, V were 
synthesized similarly from I by reaction with tri-

(1) (a) Kirsanov and Ivashchenko, J. Gen. Chem. (U. S. S. R.), 8, 
1576 (1938); (b) Dox and Houston, T his Journal, 46, 252 (1924).

(2) Hurd and Perletz, ibid., 68, 38 (1946).

methylene glycol or tris-(hydroxymethyl)-nitro- 
methane. These compounds all melt above 200°. 
Conditions were not found for satisfactory inter­
action of (I) and 2-nitro-2-methyl-l,3-propanediol.

CH*CH

CH*—C—C H /

O Oj |
H2Cv /C H 2

x /
IV (X =  Y =  H)
V (X =  n o 2, Y =  CH2OH)
VI (X =  n h 2. Y =  CH2OH)
VII (X =  NHAc, Y =  CH2OH)

The nitro group in 5-ethyl-5-(l-methyl-4-nitro- 
4 - hydroxymethyl - 2,6 - dioxacyclohexy 1) - 
methylbarbituric acid (V) was readily reduced at 
100° to an amino group under a hydrogen pressure 
of 1600 lb./sq, in., using Raney nickel catalyst 
The amine (VI) is moderately soluble in water* 
In accordance with its dipolar ion character, it is 
insoluble in non-polar solvents. Conditions were 
not found for the acetylation of this amine by ace­
tic anhydride, but acetylation to VII was achieved 
readily by the use of ketene.

We are indebted to Edgar B. Carter, Lucy 
Johnson and G. M. Everett of Abbott Labo­
ratories for pharmacological tests made on the 
above compounds. These compounds were 
tested: II, III, IV, butylacetonylbarbituric acid
(VIII), and acetonylbarbituric acid (IX). The 
compounds were non-toxic toward mice by intra­
venous injection in doses of 50 to 200 mg./kg., but 
such doses produced no hypnotic effect. To test 
anticonvulsant activity, mice were given 400 mg./ 
kg. orally and after various periods of time were 
tested with 100 mg./kg. of metrazol with results 
shown in Table I.

I t is seen that all except IX show some anti­
convulsant action. Compound III was tested 
further with oral doses of 500 mg./kg. After 
periods of 10, 30, 60, 120 minutes, 100 mg./kg. of 
metrazol was given. All mice showed jerks and 
approximately half showed convulsions after all
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T a b l e  I
A n t ic o n v u l s a n t  A c t iv it y

Conv. == convulsions. Conv. F =  convulsions with some 
fatalities

Com­
pound 15 min. 30 min. 60 min.

II Conv. F Jerks, conv. Jerks
III Conv. Jerks Jerks, conv.
IV Conv. F Jerks Jerks

VIII Conv. Jerks Jerks, conv.
IX Conv. F Jerks, conv. F Jerks, conv. F

time intervals. The protection against the mini­
mum convulsant dose (75 mg./kg. of metrazol) 
was also unsatisfactory. All test animals had 
jerks and three out of six had convulsions.

Experimental
Ethylacetonylbarbituric Acid.—For this synthesis, ethyl- 

barbituric acid of m. p. 193-194° was prepared in accord­
ance with the method of Fischer and Dilthey3 except for 
the modification of not separating the sodium ethylbar­
biturate. Instead, water was added to dissolve it, then 
the free acid was precipitated by adding concentrated 
hydrochloric acid and chilling. The yield was 83%, in 
contrast to the reported yield of 45%.

A solution of 72.2 g. of ethylbarbituric acid, 40 ml. of 
alcohol and 900 ml. of 0.5 N  sodium hydroxide was ad­
justed to neutrality to litmus. It was stirred vigorously 
while a mixture of 91 ml. of chloroacetone, 10 g. of sodium 
iodide and 300 ml. of alcohol was added rapidly. After 
a half hour of refluxing, the solvents were removed at 
40 mm. pressure, thereby causing separation of a solid 
which was collected, washed with a little water, and 
dried; yield, 81.6 g., or 74.6%. The m. p. was 237- 
238°, agreeing with 238-239 ° listed in the literature.1

When 2.5 g. of sodium iodide was used instead of 10 g. 
the yield was about the same, but when longer or shorter 
reaction times were taken, the yield dropped. The yield 
was about 50% with either ten minutes or one hour of 
refluxing, and the yield dropped to 39% with two hours of 
refluxing.

If no sodium iodide was present, the yield changed 
progressively from 10 to 32% with a refluxing change from 
thirty minutes to two hours. The yield was no better 
using the method of Dox and Houston.15

Butylacetonylbarbituric Acid.—Substitution of butyl- 
barbituric acid for ethylbarbituric acid in the above pre­
ferred procedure (use of sodium iodide and thirty minutes 
of refluxing) gave rise to a 75% yield of butylacetonyl­
barbituric acid. Kirsanov and Ivashchenko1 used bromo- 
acetone (no sodium iodide) and reported yields of 50- 
70%.

Ethyl Acetonylmalonate.—This compound has been 
made previously from bromoacetone.4 The present 
synthesis uses chloroacetone.

To a suspension of 15 g. of finely divided sodium in 
500 ml. of dry ether was added 33 ml. of absolute alcohol. 
After twelve hours, when hydrogen was no longer evolved, 
99 ml. of ethyl malonate was added, followed by slow addi­
tion of a solution of 52 ml. of chloroacetone in 90 ml. of 
dry ether. Three hours later the mixture was filtered 
and the filtrate distilled, thereby recovering 59 g. of 
ethyl malonate and obtaining 32.5 g. of ethyl acetonyl­
malonate, b. p. 110-111° (2 to 4 mm.). This is a 61% 
yield, based on unrecovered malonic ester.

Black tarry materials resulted from the interaction of 
ethyl acetonylmalonate with ethyl iodide in the presence 
either of anhydrous potassium carbonate, or dimethyl- 
aniline, or sodium ethoxide solutions at refluxing tempera­
tures. About half of the ethyl acetonylmalonate was

(3) Fischer and Dilthey, Ann., 355, 334 (1908).
(4) Gault and Salomon, Compt. rend., 1 7 4 ,754 (1922); Ann. chim., 

2, 133 (1924).

recovered. Likewise, no ethyl butylacetonylmalonate 
was obtained starting with ethyl butylmalonate, chloro­
acetone, and refluxing sodium ethoxide solution.

Reaction of Ethylacetonylbarbituric Acid (I) with 
Glycols.—This general procedure was followed. Five to 
fifteen grams of (I) was taken for each run. For each 
mole of (I) there was added 1.3 moles of the glycol and 
0.1 g. of ^-toluenesulfonic acid. Then 120-250 ml. of 
benzene or toluene was added. The apparatus was set 
for distillation with an automatic separator for the hydro­
carbon and water in the distillate, the hydrocarbon layer 
being continuously returned to the flask. Reaction 
proceeded for about fifty hours. The products were then 
separated and purified by crystallization. Usually a little 
of the (I) was recovered. Yields were in the range of 
61-69%, based on unrecovered (I). 2-Nitro-2-methyl- 
1,3-propanediol was the only glycol tested which failed 
to react, and 83% of I was recovered.

5-Ethyl-5- (1 -methyl-2,5-dioxacyclopentyl) -methylbar­
bituric acid (II), 5-ethyl-5-( 1,3-dimethyl-2,5-dioxacyclo­
pentyl)-methylbarbituric acid (III), and 5-ethyl-5-(l- 
methyl-2,6-dioxacyclohexyl)-methylbarbituric acid (IV) 
were made, respectively, using ethylene glycol, propylene 
glycol, and trimethylene glycol. These compounds were 
purified by crystallization from benzene, then from water. 
Analytical data and properties are listed in Table II. 
Analyses were by the micro Dumas method, by T. S. 
Ma.

T a b l e  II
Com­
pound

M. p., 
°C. Formula

Nitrogen, % 
Calcd. Found

II 216-217 CiiHxeNaO* 10.94 10.37
III 202-204 c 12h 18n 2o5 10.37 10.27
IV 264-265 C12H18N205 10.37 10.24
V 239-240, dec. c 18h 19n 3o8 12.17 12.23

VI 236-237, dec. C13H21N306 13.33 12.78
VII 231-232, dec. C15H23N30? 11.80 ' 11.25

That compounds II and I form a eutectic, m. p. 191- 
192°, may be demonstrated simply by crystallization of 
a mixture of equal amounts of the pure ingredients from 
water.

Tris-(hydroxymethyl) -nitromethane was the glycol 
used in the synthesis of 5-ethyl-5-(1-methyl-4-nitro-4- 
hydroxymethyl - 2,6 - dioxacyclohexyl) - methylbarbituric 
acid (V). The crude reaction product was washed 
thoroughly with water and then crystallized from water. 
A mixture of I (m. p. 237-238°) and V melts at 213- 
216°. Since I melts without decomposition whereas V 
blackens and evolves gas on fusion, it is easy to distinguish 
one from the other in spite of the close melting points. 
The solubility in water is another difference, since 0.2 
g. of I or V require 5.5 and 14.6 cc., respectively, of boiling 
water for solution.

5 -Ethyl-5 - (1 -methyl -4 -amino -4 -hydroxymethyl -2,6- 
dioxacyclohexyl)-methylbarbituric Acid (VI), by Reduc­
tion of V.—Two catalytic reductions of V (3.5, 6.4 g.) 
in purified dioxane (20 ml.) at 1600 lb./sq. in. of hydrogen 
pressure with Raney nickel catalyst (0.2, 1.0 g.) at 100- 
125 ° gave rise to 55-58% of amine (VI). Thirty minutes 
was required for the calculated drop in pressure. The 
product was crystallized from dioxane or from equal 
parts of dioxane and ethyl acetate. To dissolve 0.2 g. 
of VI in boiling water, 14.6 ml. is required, thus showing 
the same solubility as V.

Reaction with Ketene.—A stream of ketene was bubbled 
at the rate of 0.47 mole per hour for five minutes into a 
warm solution of 1.4 g. of VI in 100 ml. of water. On 
cooling, 0.64 g. of 5-ethyl-5-(l-methyl-4-acetamido-4- 
hydroxymethyl - 2,6 - dioxacyclohexyl) - methylbarbituric 
acid (VII) separated. From the filtrate, 0.56 g. of VI 
was recovered. The amide was crystallized from water. 
This material depressed the m. p. of I and VI. It dis­
solved readily in dilute sodium hydroxide. Hydrolysis 
by boiling dilute hydrochloric acid (ten minutes) gives 
rise to I, m. p. and mixed m. p. 239-240°.
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No evidence for the acetylation of VI was obtainable, 
using acetic anhydride in pyridine or in glacial acetic 
acid. Also V was unacetylated by treatment with acetic 
anhydride and sodium acetate at 100°.

Summary
Ethylacetonylbarbituric acid may be made in 

good yields from sodium ethylbarbiturate and 
chloroacetone in the presence of a little sodium

iodide. Several cyclic acetals were prepared by 
reaction of ethylacetonylbarbituric acid with gly­
cols, including a nitro glycol. The nitro acetal 
was hydrogenated to an amino acetal, and the 
latter was acetylated with ketene to an acetamido 
acetal. Pharmacological toxicity data and anti­
convulsant tests are included.
E v a n s t o n , I l l in o is  R e c e iv e d  D e c e m b e r  8 , 1947

NOTES

Amide Vinylogs
B y  R o b e r t  H. B a k e r  and  A r t h u r  H. S c h l e s in g e r 1

In a survey of the behavior of ethoxymethylene- 
diketones and esters as alkylating agents toward 
amines, amides, the Grignard reagent and in 
Friedel-Crafts and other type reactions some new 
compounds have been encountered and are de­
scribed below.2

Ethoxymethyleneacetoacetic ester reacts 
readily with aminoacetic ester and with progres­
sive difficulty with p-aminobenzoic ester and ure- 
than to produce open chain amide vinylogs which 
are cleaved by hydrogen (PtC>2> 2 atm., 25°) as are 
derivatives of typical amines.3 Thiourea reacts 
to form the mercaptopyrimidine similar to the 
cyclization product of the urea derivatives.3

Experimental4
Ethyl a - (N -Carb ethoxy aminomethyl ene) -acetoacetate. 

—Equimolar quantities of ethyl ethoxymethyleneaceto- 
acetate and ethyl carbamate were heated at 143-165° for
1.7 hours and then cooled at 0° for three hours to induce 
crystallization. Three crystallizations from cyclohexane, 
employing activated alumina as decolorizing agent, pro­
duced yellow needles, m. p. 40.5-41.0°; 13% yield.

Anal. Calcd. for C10H15NO5: C, 52.3; H, 6.55; N, 
6.11. Found: C, 52.4; H, 6.90; N, 6.10.

Ethyl a  -  ( p  -Carb ethoxyanilinomethylene) -acetoacetate. 
—This was produced similar to the above from ethyl p- 
aminobenzoate at 110-135° for one hour. It was de­
colorized in hot ethanol solution by alumina. Five 
crystallizations from ethanol, then from cyclohexane and 
finally ethanol gave colorless crystals, m. p. 105°, 70% 
yield.

Anal. Calcd. for C16H19N 0 5: C, 63.0; H, 6.26; N, 
4.60. Found: C, 63.2; H, 6.50; N, 4.50.

Ethyl a-(N-Carbethoxymethylaminomethylene) -aceto­
acetate.—Slow addition of freshly distilled glycine ethyl 
ester to an equivalent of the ethoxymethylene compound 
at 0° produced a vigorous reaction, and the contents of 
the reaction flask were solid within thirty minutes. Two 
crystallizations from 70% ethanol gave matted colorless 
needles, m .p . 71.0-71.5°; 66% yield.

(1) Allied Chemical and Dye Corporation Fellow, 1946-1947.
(2) Except toward amines the results were largely of a negative 

nature and cannot be published here, cf. A. H. S., Ph.D. Thesis, 
1947.

(3) B aker and Schlesinger, T h is  J ournal , 68, 2009 (1946).
(4) Microanalyses by Patricia Craig and Nelda Mold.

Anal. Calcd. for CnH17N 0 5: C, 54.4; H, 7.00; N, 
5.76. Found: C, 55.2; H, 7.15; N, 5.58.

Ethyl 2 -M ercapto -4 -methylpyrimidine -5 -carboxylate.— 
Thiourea and an equivalent of the ester vinylog were 
heated at 150° for thirty minutes. The mixture frothed 
vigorously and a hard, red solid was obtained which was 
purified by digestion on the steam-bath with ethanol. 
The liquors upon chilling gave a red powder which was 
treated three more times in a similar manner. The red 
product, 52% yield, failed to melt but sintered at 160° 
and decomposed. Sublimation in vacuo failed to improve 
its appearance. It is soluble in 10% sodium hydroxide 
solution and decolorizes iodine.

Anal. Calcd. for C8H10N2O2S: N, 14.10. Found: N, 
13.94.
C h e m ic a l  L a b o r a t o r y  
N o r t h w e s t e r n  U n iv e r s it y
E v a n st o n , I l l in o is  R e c e iv e d  S e p t e m b e r  12, 1947

Some Quaternary Ammonium Salts of 
Substituted Thiazoles

B y  C a r l  T . B a h n e r , D o n a l d  P ic k e n s 1 a n d  D o r o t h y  
B e t t is  B a l e s 2

The biological results obtained by Shear and 
associates3 at the National Cancer Institute using 
quaternary salts derived from pyridine and its 
homologs and benzologs have led us to prepare 
similar quaternary salts containing the thiazole 
ring. Particular interest attaches to this series 
in view of the fact that thiamin chloride is a qua­
ternary salt containing this ring. The substituted 
thiazoles which we have used are 4-methyl-2-/3- 
hydroxyethylthiazole, 2,4-dimethylthiazole, 2- 
ethyl-4-methylthiazole, 4-methylthiazole, benzo- 
thiazole, and 2-methylbenzothiazole. These have 
been caused to react with phenacyl and substi­
tuted phenacyl bromides and with phenylethyl 
and cyclohexylethyl halides. Most of these bases 
reacted with the phenacyl bromides readily upon

(1) Present address: Department of Chemistry, University of
Tennessee, Knoxville, Tennessee.

(2) Present address: Jefferson City High School, Jefferson City, 
Tennessee.

(3) Shear, et al., in "Approaches to Cancer Chemotherapy," 
American Association for the Advancement of Science, F. R. Moul­
ton, Editor, Washington, D. C., 1947, p. 236 ff.; Hartwell and 
Kornberg, T his Journal, 68, 1131 (1946).
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T a b l e  I
Salt from 

benzothiazole and
Empirical
formula

M. p.,a
°C.

Yield,
%

Ionic halogen, % 
Calcd. Found

ft - Cy clohexyle thy 1 bromide Ci5H20NSBr 181 40 26.80 26.75
£-1 odophenacy 1 bromide CisHnNSOBrI 249-254 dec. 60 17.34 17.26
Phenacyl bromide CisHuNSOBr 244 dec. 65 23.93 24 .075
Phenacyl bromide oxime® Ci5HlsN2SOBr 197 30
/3-Phenylethyl iodide CuHuNSI 176 45 34.56 34.39
/j-Phenylphenacyl bromide CaHuNSOBr 248 50 19.49 19.57

2,4-Dimethylthiazole and
ft - Cy clohexy 1 ethyl bromide Ci3H22NSBr 193 35 26.25 26.09
p-Jodophenacyl bromide C„H13NSOBrI 227 dec. 55 18.25 18.25
Phenacyl bromide CjsHuNSOBr 235d 60 25.60 25.57
/3-Phenylethyl iodide C,3H18NSI 233 45 36.70 36.66

2-Ethyl-4-methylthiazole and
/>-Bromophenacyl bromide oxime Ci4Hi6N2SOBr2 215-222 dec. 50 19.02 18.80
£-Iodophenacyl bromide oxime C14H16N2SOBrI 206-212 dec. 50 17.11 16.98
^-Methylphenacyl bromide C15Hi8NSOBr 142 45 23.49 23.20
w-Nitrophenacyl bromide Ci4HiöN2S03Br 200-215 dec. 70 21.53 21.31

2-Methylbenzothiazole and
/3-Phenylethyl iodide CieHieNSI 195 60 33.29 33.24
4-Methyl-5-/3-hydroxyethylthiazole and
p -\odophenacyl bromide Ci4HJ5NS02BrI 242 dec. 45 17.07 17.18
Phenacyl bromide Ci4H16NS02Br 172-173 55 23.35 23.34
/3-Phenylethyl iodide CuHisNSOI 160 30 33.83 33.73

4-Methylthiazole and
ft-Cyclohexylethyl bromide Ci2H2oNSBr 155 70 27.54 27.48
£-1 odophenacyl bromide Ci2HuNSOBrI 228-235 dec. 70 18.85 18.85
/j-Iodophenacyl bromide oxime Ci2Hi2N2SOBrI 202 dec. 40 18.20 18.20
w-Nitrophenacyl bromide Ci2Hii N2S03Br 231-232 dec. 60 23.29 23.25
Phenacyl bromide C12H12NSOBr 211 90 26.80 26.75

a Melting points below 200° are corrected. Others are uncorrected. 6 Also analyzed for C and H by Dr. Carl Tiedcke. 
Calcd.: C, 53.89; H, 3.59. Found: C, 53.78; H, 3.72. c Made by treating phenacylbenzothiazolium bromide with 
hydroxylamine hydrochloride, a method which gave a very small yield, and also in better yield by mixing benzothiazole 
with phenacyl bromide oxime prepared by the method given by Korten and Seboll for obtaining the syn-form; Ber., 34, 
1907 (1901). On account of difficulty in carrying out a Volhard analysis on this particular compound a Kjeldahl nitrogen 
analysis was made by Marvel Fielden. Calcd.: N, 8.02. Found: N, 7.91. d A melting point of 216° was reported for 
this compound, crystallized from a different solvent by Kondo and Nagasawa, J. Pharm. Soc. Japan, 57, Abstracts, 
308-310 (1937).

heating to 100° for about five minutes, using a 
small amount of chloroform or ethanol as solvent 
in those cases where the starting materials alone 
did not form a homogeneous liquid at 100°, but 
the benzothiazole and 4-methyl-2-/Lhydroxy- 
ethylthiazole reacted somewhat more slowly.
The phenylethyl and cyclohexylethyl halides were 
much less reactive and were usually heated with 
the base three or four days at 100° in a sealed tube.
Some substituted benzothiazoles, such as 2-chloro- 
benzothiazole, 2-methylmercaptobenzothiazole, 
and 2-phenylbenzothiazole gave little or no crys­
talline quaternary salt on heating with phenacyl 
bromide.

The quaternary salts obtained were purified by 
recrystallization from ethanol and the ionic halo­
gen content determined by Volhard analysis.
(Hartwell and Kornberg4 had found that some 
compounds which gave satisfactory combustion 
analyses held the halogen in non-ionic form and 
appeared not to be the expected quaternary salts.)

(4) Hartwell and Kornberg, T his Journal, 68, 868 (1946).

Samples of the salts listed in Table I have been 
submitted to the National Cancer Institute for 
testing. Results of the screening tests will be 
taken into account in planning further syntheses 
in this series.

Intermediates.—Phenacyl bromide, p-bromo- 
phenacyl bromide, />-phenylphenacyl bromide, 
jö-cyclohexylethyl bromide, benzothiazole, 2- 
methylmercaptobenzothiazole, 2-phenylbenzo­
thiazole, 2-chlorobenzothiazole, and 2-methyl- 
benzothiazole were purchased from Eastman Ko­
dak Company and phenylethyl iodide from Edcan 
Laboratories. The 4-methyl-2-/5-hydroxyethyl- 
thiazole was furnished by Merck and Company. 
The other halides used were prepared in the usual 
way by halogenation of the corresponding methyl- 
aryl ketones or by the Friedel-Crafts reaction of 
bromoacetyl bromide with the proper substituted 
aromatic hydrocarbon. The other substituted 
thiazoles were made by the method of Schwarz.5

(5) W. E. Bachmann, "Organic Syntheses," Vol. XXV, John 
Wiley and Sons, New York, N. Y., 1945, p. 35.
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CONTRIBUTIOM FROM THE
D e p a r t m e n t  o f  C h e m is t r y  o f  

C a r s o n -N e w m a n  C o l l e g e
J e f f e r s o n  C it y , T e n n . R e c e iv e d  D e c e m b e r  3, 1947

Density Data for Two Methylchlorosilanes
B y  E .  W. B a l i s , W. F. G il l i a m , E. M. Hadsell, H. A.

L i e b h a f s k y  a n d  E .  H .  W in s l o w

Density data for dimethyldichlorosilane (DDS) 
and for methyltrichlorosilane (MTS), which were 
used several years ago to lay the foundation for a 
successful routine method to aid in controlling 
chlorosilane distillation, are given below. There 
appear to be no comparable earlier published data.

Pure Compounds.—As a by-product of pains­
taking distillation work done in 1943, the de­
tails of which are to be published later, the fol­
lowing densities (g./ml. at 25°) were obtained on 
chlorosilanes among the purest ever prepared 
here: for DDS, I.O663; for MTS, 1.269l. The 
corresponding weight percentages of chlorine by 
hydrolysis were: DDS, 54.93 vs. 54.95 (theor.); 
MTS, 71.19 vs. 71.17 (theor.), the deviations from 
the theoretical being comparable with the possi­
ble uncertainty in the atomic weight of silicon.1

Temperature Coefficients.—-For the interval 
25-30°, dilatometric measurements on the best 
materials available from the pilot plant in 19442 
yielded the following values for the change in 
density with temperature (g./m l./°C.): DDS,
0.00145; MTS, 0.00173. These precise results are 
in good agreement with older data (0.0015 and
0.0018, respectively) obtained on a Westphal bal­
ance.

The 50-ml. dilatometer was designed and manip­
ulated to give a precision better than 0.005% in 
a density determination. Special techniques were 
required to mitigate the difficulty of handling the 
methylchlorosilanes, and the dilatometer itself 
did not change weight by more than a few tenths 
milligram—if at all—during the measurements.

Volume Additivity.—In order to establish 
whether any volume change on mixing DDS

(1) Baxter, Guichard and W hytlaw-Gray, T his Journal, 69, 731 
(1947). The chlorine titrations were not of atomic weight preci­
sion. Correction of the final average chlorine contents for all con­
ceivable sources of error would lower the percentages by 0.02; tak ­
ing 28.10 as the atomic weight of silicon would produce the same 
change in the theoretical values. The density d a ta  have been cor­
rected for all conceivable sources of error.

(2) The methylchlorosilanes used in the work on temperature co­
efficients and volume additivity  were sufficiently pure for these pur­
poses as the following data  show. DDS, density a t 25°, 1.065 g ./ 
ml.; wt. % Cl by hydrolysis, 54.72, 04.64. M TS, density a t 25°, 
1.263 g./m l.; wt. % Cl by hydrolysis, 70.64, 70.60.

and MTS is negligible for purposes of routine 
control, the routine density-balance (to be de­
scribed elsewhere) was used on DDS2 and MTS2, 
and on six solutions carefully prepared by weight 
therefrom. The measured densities are given in 
Table I alongside densities calculated for the solu­
tions on the assumption of volume additivity.

T a b l e  I
V o l u m e  A d d it iv it y  o f  DDS a n d  MTS a t  27° 

M easured
densities, Calculated densities,

Weight fraction DDS g ./m l. g./m l.
MTS
DDS
0.81450

.66014

.42930

.42930

.29397

.14036

g./m l.
1.2593
1.0618
1.0939
1.12 17
I.I665
1.1659
1.194o
1.2275

1.0936
1.1216
1.1662
1.1662
1.1940
1.2273

The measured densities tend to exceed those 
calculated by an amount comparable with the ex­
perimental error; consequently, volume additivity 
could permissibly be assumed in the control work. 
The data in Table I  indicate that this pair of 
methylchlorosilanes belongs among those for 
which volume additivity comes closest to being 
realized, which suggests that a thorough investi­
gation of these and other chlorosilanes along lines 
laid down by Young3 would be welcome.

(3) Young. "D istillation Principles and Processes/’ Macmillan 
and Co., Limited, London, England, 1922, pp. 31 et seq.

R e s e a r c h  L a b o r a t o r y  » ■ .
G e n e r a l  E l e c t r ic  C o m p a n y
S c h e n e c t a d y , N e w  Y o r k  R e c e iv e d  D e c e m b e r  17, 1947

^-Bromobenzyl Bromide in the Identification of 
Some Aromatic Carboxylic Acids

By B. A. F ie k e r s  a n d  E. M. D i  G e r o n im o

As part of a study of suitable derivatives for the 
identification of organic acids, £-bromobenzyl es­
ters of benzoic acid, some of its derivatives and 
similar acids have been prepared and character­
ized in this Laboratory. The general preparation 
of these esters is given by the equation.
£-BrC6H4CH2Br +  NaOCOR — >

NaBr +  £-BrC6H4CH2OCOR
Experimental

^-Bromobenzyl Bromide.—This was prepared 
from ^-bromotoluene by bromination of the 
side-chain, using ultraviolet light, quartzware 
and heat.1 The solid product was purified by re­
crystallization from alcohol until a constant melt­
ing point (61.5°) was obtained.

Preparation of the Esters.—The sodium salt of the acid 
was formed by dissolving a slight excess of the acid in 5 ml. 
of 0.5 M  sodium carbonate solution. The mixture was 
refluxed on a steam-bath and water was added sparingly, 
when necessary, until solution was complete. 1.25 g.

(1) Weizmann and Patai, T h is  J ournal, 68, 150 (1946).
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(0.005 mole) of ^-bromobenzyl bromede and 10 ml. of 
95% ethyl alcohol were then added and the mixture was 
refluxed. The refluxing was continued for an hour after 
the solution had again cleared. When necessary, more 
alcohol was added in order to bring the reagent into solu­
tion. The solution was then cooled rapidly in a stream 
of cold water and finally in an ice mixture. The esters 
were filtered and recrystallized from alcohol until constant 
melting points were obtained. Departures from this gen­
eral procedure are noted in Table I. All given tempera­
tures are uncorrected.

Analysis.—The Parr bomb was used in conjunction with 
the Volhard titration method.

T a b l e  I

^ -B r o m o b e n z y l  E s t e r s  o f  S o m e  A r o m a t ic  C a r b o x y l ic  
A c id s
Obs., m. p., Halogen, %

Acid °C. Calcd. Found
Acid Ester Ester Ester

Benzoic 122 45 27 .4 7 2 7 .5 4
o-Hydroxybenzoic 159 71 2 6 .0 4 2 6 .2 0
m-Hydroxybenzoic 201 97® 2 6 .0 4 2 6 .1 0
^-Hydroxybenzoic 213 146 26 .0 4 2 6 .0 4
ö-Nitrobenzoic 147 69 2 3 .79 2 3 .8 7
w-Nitrobenzoic 141 114 2 3 .79 2 3 .9 0
^-Nitrobenzoic 242 121 2 3 .79 23 .9 3
Cinnamic 133 79 M 25.21 2 5 .2 9
0-Nitrocinnamic 240 98c.d 2 2 .0 8 2 2 .1 9
£-Nitrocinnamic 286 136d 2 2 .0 8 2 2 .2 4
o-Toluic 104 46 2 6 .2 5 2 6 .33
m-Toluic 109 Oil
£-Toluic 179 72® 2 6 .25 26 .2 9
tf-Chlorobenzoic 142 57 3 5 .47 3 5 .59
Anisic 184 95 2 4 .89 25 .01

® Crystallized with partial evaporation. 6 5 ml. excess
of water required to dissolve the salt. c Potassium salt 
of the acid was prepared from potassium carbonate. 
d Acetone replaced alcohol as solvent for this reaction. 
• Slightly more than 5 ml. excess of water required to dis­
solve the salt.

Acknowledgment.—The authors are pleased to acknowl­
edge an experimental survey of this problem done by J. 
Benotti under the direction of T. L. Kelly.
D e p a r t m e n t  o f  C h e m is t r y  
C o l l e g e  o f  t h e  H o l y  C r o s s
W orcester 3, M a ss . R eceived  D ecember 19, 1947

cis and trans Forms of /3-(£-Chlorophenyl)- 
cinnamic Acid

By R e y n o l d  C. F u s o n  a n d  H a r o l d  L. J a c k s o n

In view of results communicated to us privately 
by Dr. F. Bergmann,1 we have modified the pro­
cedure of Alexander, Jacoby and Fuson2 for the 
preparation of 0- (^-chloropheny 1) -cinnamic acid 
by the Reformatsky method and have been able 
to isolate the acid in cis and trans modifications.

In the revised procedure 5 g. of crude ethyl 
/3-phenyl-0-(p -chloropheny 1) -0-hydroxypropion- 
ate, made by the method of Alexander, Jacoby 
and Fuson,2 was heated under reflux for two hours 
with 50 ml. of glacial acetic acid and 25 ml. of 
acetic anhydride. The acetic acid and acetic

(1) See Bergmann, T his Journal, TO, 1612 (1948).
(2) Alexander, Jacoby and Fuson, ibid., 07, 2208 (1935).

anhydride were removed by distillation a t the 
aspirator. The residue was distilled under
1-2 mm. pressure, and the product that distilled 
between 65 and 69° was collected.

This distillate was treated with 10 g. of sodium 
hydroxide dissolved in 20 ml. of water and 10 ml. 
of ethanol. The alkaline hydrolysis mixture was 
heated under reflux for twenty hours. When the 
cooled solution was poured into 100 ml. of cold 
water, a white crystalline solid precipitated. The 
mixture was made acid with dilute hydrochloric 
acid. The product melted over a range of 140 
to 157°; yield, 3.4 g. Fractional crystallization 
of this product from dilute ethanol yielded two 
isomers; one melted at 164.8-165.7° and the 
other at 173.0-173.8°. Mixed melting point de­
terminations with samples, kindly supplied by 
Dr. Bergmann, showed these acids to be identical 
with his low-melting and high melting compounds.

Infrared absorption spectra3 indicated that the 
two forms were cis and trans isomers. The pre­
sumption that the low-melting isomer was the cis 
modification was supported by the observation 
that it was more soluble in diethyl ether than the 
high-melting isomer.

From these results it appears that the com­
pound described by Alexander, Jacoby and 
Fuson2 and melting at 168° must have been an 
impure sample of the trans acid, the contaminant 
being presumably the cis isomer.

(3) Infrared absorption spectra were determined by Mrs. J. L. 
Johnson.

N o y e s  C h e m ic a l  L a b o r a t o r y  
U n i v e r s it y  o f  I l l in o i s
U r b a n a , I l l in o i s  R e c e i v e d  F e b r u a r y  16, 1948

2- Benzofuryllithium and 3-Benzofuryllithium
B y  H e n r y  G il m a n  a n d  D o n a l d  S . M e l s t r o m

2-Bromobenzofuran does not react with mag­
nesium, under conventional conditions, to give a 
Grignard reagent.1 However, Reichstein and 
Baud2 showed that the activated magnesium- 
copper alloy3 react with 3-bromobenzofuran to 
give, subsequent to carbonation, about 1% of 3- 
benzofurancarboxylic acid in addition to 28% of 
tf-hydroxyphenylacetylene.

By means of the recently developed halogen- 
metal interconversion reaction, we have shown 
that 2-bromobenzofuran reacts with ^-butyl- 
lithium to give, on carbonation, a 62% yield of 
pure 2-benzofurancarboxylic acid.

The yield of 3-benzofurancarboxylic acid, from
3- bromobenzofuran and ^-butyllithium, was 12%. 
However, this reaction was particularly interest­
ing because of the formation of appreciable quan­
tities of the isomeric 2-benzofurancarboxylic acid. 
I t is probable that the 2-acid was formed from the
3-bromo compound in essential accordance with

(1) E. W. Smith, unpublished studies.
(2) Reichstein and Baud, Helv. Chim. Acta, 20, 892 (1937).
(3) Gilman, Peterson and Schulze, Rec. trav. chim., 47, 19 (1928).
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the following transformations. That is, the 
initially formed 3-benzofuryllithium [I] metalated
[II] in the highly reactive ortho- or 2-position to 
give 3-bromo-2-benzofuryllithium [III] which then 
metalated the unsubstituted benzofuran [IV] in 
the expected 2-position to give 2-benzofuryl- 
lithium [V]. Another possible explanation in-

i [CQJ
I—Li [H20] co 2h

[V]
volves intramolecular metalation, or essentially 
rearrangement of the 3-lithium compound to the
2-lithium compound. A related transformation 
occurs when 3-bromodibenzofuran is treated with 
?z-butyllitliium and the acids obtained were 3- 
dibenzofurancarboxylic acid and 4-dibenzofuran- 
carboxylic acid.4 I t is highly probable that a re­
lated so-called rearrangement will be observed 
with other systems in which there is available a 
hydrogen which is quite sensitive to metalation.5

From a room temperature reaction between 3- 
bromobenzofuran and three equivalents of n- 
butyllithium we obtained a 67% yield of 0- 
hydroxyphenylacetylene. I t has been suggested2 
that this compound, isolated from the reaction 
between magnesium and, 3-bromobenzofuran, owes 
its formation to an intramolecular cleavage. In

■Br [Mg] -------> [H20] 
------->

-C eeiC H

-OH

support of this postulate is the difficulty of form­
ing Grignard reagents from /3-halogen ethers like 
/3-bromoethyl phenyl ether (which gives phenol 
and ethylene),6a and 2-bromomethyltetrahydro- 
furan (which gives 7-vinylpropyl alcohol).60

(4) Gilman, Willis and Swislowsky, T his Journal, 61, 1371 
(1939).

(5) A case in point is the simple monocyclic furan type. The 
phenyl alkyl ethers m ay not show the reaction under usual conditions 
because the m etalation proceeds generally with more difficulty than 
the halogen-metal interconversion reaction. See, Gilman, Moore 
and Baine, ibid., 63, 2479 (1941), for some factors influencing the 
rates of these reactions.

(6) (a) Grignard, Compt. rend., 138, 1048 (1904); (b) Robinson 
and Smith, J. Chem. Soc., 195 (1936).

However, substituents may have a marked effect 
because 2,4,5-triphenyl-3-furyllithium is formed 
in yields of at least 66% from 2,4,5-triphenyl-3- 
bromofuran and ^-butyllithium7; and 3-furyl- 
sodium and -potassium are formed by the direct 
action of 3-iodofuran with sodium-potassium 
alloy.8 Also, there is a possibility that the cleav­
age reaction is not confined to ^-halogen ethers 
because the reaction mixture of 2-bromobenzo­
furan and 77-butyllithium appeared to contain 
some of the 0 -hydroxyphenylacetylene as evi­
denced by the unusually characteristic odor of this 
compound.

Experimental
2- Bromobenzofuran and w-Butyllithium.—First, the 2- 

bromobenzofuran was prepared from benzofuran dibromide9 
in accordance with the following directions of E. W. Smith.1 
One-tenth mole of crude, dry benzofuran dibromide was 
distilled at atmospheric pressure. A vigorous evolution of 
hydrogen bromide occurred, and the oily fraction dis­
tilling at 200-235° was collected. This distillate was dis­
solved in ether, and then washed successively with water, 
10% sodium carbonate solution, and again with water. 
After drying over sodium sulfate, the ether was removed 
and the 2-bromobenzofuran was obtained (55% yield) by 
fractional distillation.

Then, a solution of 2 g. (0.01 mole) of 2-bromobenzo­
furan in a few cc= of ether was added all at once to a solu­
tion of 0.014 mole of w-butyllithium in 50 cc. of ether, 
cooled to —70° in a Dry Ice-acetone bath. The reaction 
mixture was stirred for two minutes and then carbonated. 
The yield of crude 2-benzofurancarboxylic acid, melting 
at 187-189°, was 1.4 g. (86%). Crystallization from 
dilute ethanol yielded 1.04 g. (62%) of pure acid melting 
at 192.5-193°. The compound was identified by a mixed 
m. p. determination with an authentic specimen.9 In 
experiments carried out at room temperature, the yield of 
crude 2-benzofurancarboxylic acid after a reaction period 
of twenty minutes was 62%, and after forty minutes the 
yield was 28%. The aqueous filtrates from the acid had the 
characteristic odor of 0-hydroxyphenylacetylene, indicating 
that some cleavage of the benzofuran ring had taken place.

3- Bromobenzofuran and «-Butyllithium.—The 3-bromo­
benzofuran was prepared by the following sequence of 
reactions: coumarin dibromide —► 2-benzofurancarboxylic 
acid —► benzofuran2 —► benzofuran dibromide —► 3-bromo­
benzofuran.1’2’10 The compound, which melted at 35.5- 
36° after crystallization from petroleum ether (b. p. 
28-38°) at —20°, appeared to be unstable and discolored 
on standing.

A solution of 2 g. (0.01 mole) of 3-bromobenzofuran in 
a few cc. of ether was added quickly to a solution of 0.014 
mole of w-butyllithium in 50 cc. of ether at —70°. The 
reaction was then stirred for two minutes, and after car­
bonation there was obtained 0.23 g. (14%) of acid melting 
at 154-159°. Crystallization from a mixture of benzene 
and petroleum ether (b. p. 60-68°) gave 0.19 g. (12%) 
of acid melting at 160-161°, with no change in melting 
point subsequent to another crystallization from dilute 
ethanol. The reported melting point is 162° (cor.).11 
A mixed melting point with the 2-isomer showed a de­
pression.

Anal. Calcd. for C9H60 3: neut. equiv., 162. Found: 
neut. equiv., 164 and 161.

Then a series of experiments was carried out varying the 
time of the reaction and the temperature, and in each case

(7) Gilman and Melstrom, T his Journal, 68, 103 (1946).
(8) Gilman and Wright, ibid., 55, 2893 (1933).
(9) F ittig  and Ebert, Ann., 216, 162 (1883).
(10) Stoermer and Kahlert, B er., 85, 1636 (1902).
(11) Titoff, Müller and Reichstein, Helv. Chim. Acta, 20, 883 

(1937).
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the only acid isolated was 2-benzofurancarboxylic acid in 
the following crude yields: 13, 10, 23.5, 13 and 16%. 
From an experiment carried out in petroleum ether (b. p. 
28-38°) with 3 g. (0.025 mole) of 3-bromobenzofuran and 
a slight excess of «-butyllithium, there was obtained, 
after carbonation and hydrolysis, 0.15 g. of crude o- 
liydroxyphenylacetylene and a trace of unidentified acid 
melting at 127-129° (possibly o-hydroxyphenyIpropiolic 
acid).

o-Hydroxyphenyiacetyiene from 3-Bromobenzofuran.—
A solution of 10 g. (0.051 mole) of 3-bromobenzofuran in 
30 cc. of ether was added during five minutes to a solution 
of 0.154 mole of «-butyllithium in 220 cc. of ether at room 
temperature. The solution was stirred for one hour and 
then hydrolyzed by pouring on iced dilute hydrochloric 
acid. The yield of o-hydroxyphenylacetylene, distilling at 
95-98° under 10 mm., was 4 g. (67%). A part of the 
phenol was converted to the />-nitrobenzoate by treatment 
with p -nitrobenzoyl chloride in pyridine. The melting 
point was 108-109 °, and the reported melting point is 107- 
108° (cor.).2
Department of Chemistry 
I owa State College
Ames, I owa R eceived  J uly 18, 1947

Syntheses in the Pyrazene Series: The Prepara­
tion and Properties of Pyrazine Sulfonic Acid

By E ugene H ort and P aul E . Spoerri

Although recent electron diffraction studies 
have shown that benzene and pyrazine have very 
similar structures,1 direct substitution with the 
usual electrophilic reagents, which proceeds so well 
with benzene operates only with great difficulty or 
not at all with pyrazine. This deactivation seems 
to be due to the electron-withdrawing inductive 
and resonance effects of the nitrogen atoms.2 Even 
under such severe conditions as those used in the 
cleavage of lumazine,3 i. e.y treatment with 100% 
sulfuric acid at 240°, sulfonation has not been ob­
served. In fact, no direct sulfonation of the pyra­
zine nucleus has ever been reported. I t seemed, 
therefore, of interest to attempt the synthesis of 
pyrazine sulfonic acid by means of indirect meth­
ods.

Methods based on the oxidation of pyrazine 
thiol were considered impractical because of the 
susceptibility of pyrazine to strong oxidizing 
agents. The reaction of chloropyrazine with so­
dium sulfite solutions was therefore investigated. 
Since chloropyrazine had previously been found 
to possess a chlorine atom intermediate in activ­
ity between an alkyl and aryl halide,4 this method 
was adopted for the preparation.

Chloropyrazine was obtained by the following 
sequence of operations. Lumazine prepared ac­
cording to Cain, Mallette and Taylor,5 was cleaved 
to 2-hydroxy-3-pyrazinoic acid and then to hy- 
droxypyrazine according to Weijlard, Tishler and 
Erickson.3 Chloropyrazine was then prepared by

(1) Pauling, "T he Natuae of the Chemical Bond," Cornell Uni­
versity Press, Ithaca, N. V ., Schomaker and Pauling, T his Journal, 
61, 1776 (1939).

(2) Krems and Spoerri, Chem. Rev., 40, 328 (1947).
(3) Weijlard, Tishler and Erickson, T his Journal, 67, 802 (1945).
(4) Erickson and Spoerri, ibid., 68, 401 (1946).
(5) Cain, M allette and Taylor, ibid., 68, 1996 (1946).

the method of Erickson and Spoerri4 with the 
notable exception that phosphorus oxychloride (in 
a ratio of five moles to one of hydroxypyrazine) 
was used as sole chlorinating agent.6

Experimental7
Chloropyrazine was heated in a sealed tube for twelve 

hours at 150° with a solution of sodium sulfite. The 
resulting solution was evaporated and the product crystal­
lized from alcohol as bundles of white needles. Analysis 
after drying at room temperature in vacuo showed that the 
product was sodium pyrazine sulfonate monohydrate. It 
was extremely soluble in water, slightly soluble in alcohol, 
insoluble in ether and petroleum ether, and melted at 
295°. Neither silver nitrtae nor barium chloride pre­
cipitated an insoluble salt.

The free pyrazine sulfonic acid was prepared by treatment 
of the sodium salt suspended in dry ether with dry hydro­
gen chloride gas followed by filtration and evaporation of 
the ether. It was found to be extremely hygroscopic 
and unsuitable for an analysis even after extensive drying 
at 50° in vacuo. Its aqueous solution gave a strong acid 
reaction with hydrion paper.

Three grams (0.026 mole) of 2-chloropyrazine, 4.0 g. 
(0.032 mole) of anhydrous sodium sulfite, and 25 ml. of 
water were sealed in a Carius tube and thoroughly mixed. 
The 2-chloropyrazine remained as a separate layer and 
some of the sodium sulfite remained undissolved. After 
keeping the tube at 150° for twelve hours and then 
allowing to cool, it was opened and the homogeneous yellow 
solution was evaporated to dryness in vacuo. The yellow 
solid residue was extracted with three 50-ml. portions of 
boiling 95% ethanol. On cooling the solution, masses of 
white needle clusters separated and were filtered. The 
filtrate was evaporated to dryness and extracted with two
8-ml. portions of boiling 95% ethanol. The combined 
extracts were allowed to stand (crystallization is slow), 
filtered, and the crystals added to the previously obtained 
portion; yield, 0.75 g. (15%) of colorless needles, m. p. 
295°.

The analytical sample was recrystallized twice from 95% 
ethanol and dried at room temperature for sixty hours in 
vacuo over phosphorus pentoxide. Anal. Calcd. for 
(C4H3N2)S03Na-H20 : C, 24.00; H, 2.52; S, 16.02; Na,
11.49. Found: C, 24.08; H ,2.79; S, 16.02; Na, 11.50.

(6) Suggested in a personal communication from B. Klein of G. D. 
Research Inst., Inc.

(7) Microanalyses performed by Dr. Otto Schwarzkopf, 62-12 
79th Street, E lm hurst, Long Island, New York.

Chemistry D epartment 
Brooklyn P olytechnic I nstitute
Brooklyn 2, N ew Y ork R eceived D ecember 11, 1947

3,4,5-Triiodobenzoyl Chloride as a Reagent for 
Alcohols

By David C. O’D onnell, J ohn K . K elley , J r .,1 R obert 
F. O’M alley1 and R oy H. Upham1

The use of 3,4,5-triiodobenzoyl chloride for the 
identification of cellosolves and carbitols has been 
reported previously.2 Since the compound is rela­
tively stable to water, it was applied to the mono- 
hydric alcohols. The alcohols were used as ob­
tained from the manufacturer without further 
purification. The acid chloride of the 3,4,5-triio- 
dobenzoic acid was prepared by the method of 
Klemme and Hunter.3

(1) Taken from theses subm itted in partial fulfilment for the M.S. 
degree.

(2) O’Donnell and Carey, T his Journal, 68, 1865 (1946).
(3) Klemme and H unter, J . Org. Chem., 5, 508-511 (1940).
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T a b l e  I
E s t e r s  o f  3 ,4 ,5 -T r iio d o b e n z o ic  A c id

Alcohol used M. p., °C.

Methyl 168.2-168.8®
Ethyl 160.8—161.6
«-Propyl 124.8—125.2®
Isopropyl 133.7-134.2®
«-Butyl 103.0-103.7
Isobutyl 107.6-108.1
5-Butyl 95.4-95.8
n-Amyl 88.0-88.6
Isoamyl 72.3-72.9
2-M ethyl-1 -but anol 63.0-63.4
2-Pentanol 72.6-73.4®
3-Pent anol 74.4-75.6
«-Hexyl 98.6-99.0
2-Hexanol 99.1-99.96
«-Heptyl 58.5-58.9
2-Heptanol 55.0-55.66
«-Octyl 71.2-71.8
«-Nonyl 71.5-72.3
«-Decyl 72.5-73.2*
«-Dodecyl 76.9-77.3*
Myristyl 80.2-81.2®’*
Cetyl 79.9-80.8®’*
Octadecyl 84.5-85.5®’*
Cyclohexanol 151.1-151.9“
Allyl 126.0-126.5*
Benzyl 128.0-128.66
/3-Phenylethyl 117.2-117.8
7-Phenyl-«-propyl 78.0-78.8C

* Ethyl alcohol as solvent. b Granules. c Plates.

Experimental
To 1 g. of the acid chloride in a 10-cm. test-tube was 

added 0.5 cc. of the liquid alcohol or 0.5 g. of the solid 
alcohol and the mixture gently heated over a micro burner 
until the evolution of hydrogen chloride ceased. This 
usually required about ten minutes. The molten mass 
was then poured into 20 cc. of an ice and water mixture. 
Most of the esters solidified instantly. Those that came 
down as oils usually changed to solids in a few minutes, 
but in a few instances it was necessary to wash the oil 
with a 20% solution of alcohol to obtain a solid. One 
recrystallization will usually give a pure compound, but 
the results in Table I are from compounds which were 
recrystallized twice, with the exception of the ethyl and 
the 3-pentanol esters which were recrystallized three 
times. Either methyl or 95% ethyl alcohol can be used 
as a recrystallizing solvent. Methyl alcohol was used 
for the compounds in the table unless otherwise indicated. 
They crystallized in needles, unless otherwise noted. 
The isoamyl ester when crystallized from 95% ethyl 
alcohol sometimes came down as needles with the melting 
point shown and sometimes as plates with a melting point 
of 40.4-40.8°. The plates after melting, solidification 
and remelting had a melting point of 72.3-72.9°. When 
recrystallized from methyl alcohol, it always had the melt­
ing point of 72.3-72.9°. The melting points were all 
taken by Anschütz thermometers, which were checked 
against a thermometer with a Bureau of Standards cer­
tificate.
C h e m is t r y  L a b o r a t o r y  
B o st o n  C o l l e g e  
C h e s t n u t  H il l  67, M a s s .

R e c e iv e d  D e c e m b e r  19, 1947

Yield,
% Formula Calcd.

Iodine, %
Found

36 c 8h 6o3i 3 74.11 73.50
59 C9H702Ï3 72.12 72.40
63 C10H9O2I3 70.26 70.17
59 C10H9O2I3 70.26 70.71
42 C11H11.02I3 68.48 68.84
56 C11H1102I3 68.48 69.05
37 C11H1102I3 68.48 68.18
50 C12H1302I3 66.80 66.73
14 C12H13Ö2I3 66.80 65.93
36 Ci2Hi30 2l3 66.80 67.11
23 C12Hi30 2I3 66.80 67.11
27 Cx2Hi30 2I3 66.80 67.22
61 Ci3H160 2I3 65.21 65.42
50 Ci3Hi502I3 65.21 65.21
30 C14Hi70 2I3 63.67 64.28
23 C14H17O2I3 63.67 63.19
51 Ci5Hi90 2I3 62.20 61.60
37 Ci6H2i0 2I3 60.81 61.11
50 Ci7H230 2I3 60.83 60.69
49 Ci9H2702I3 56.99 57.07
71 C2iH3i0 2I3 54.69 54.58
67 c23h 350 2i3 52.57 52.58
74 c26h 39o2i 3 51.29 51.30
36 Ci3Hi30 2I3 65.42 65.29
58 C10H7O2I3 70.53 70.75
44 Ci4H90 2I3 64.54 64.46
68 c 15h uo2i 3 63.05 63.36
52 Gi6Hi30 2I3 61.59 62.26

The Potassium Permanganate Test for Detection 
of Unsaturation1

B y V. N. I p a t ie f f , W. W. T h o m p s o n 2 a n d  H e r m a n  P in e s

Many books suggest for the detection of un­
saturation (particularly in compounds insoluble in 
water) a procedure comprising treatment of an 
acetone solution of the compound dropwise with a 
2% potassium permanganate solution, until the 
purple color of the permanganate persists.

It was found that such procedure gave a nega­
tive test for unsaturation with several olefinic com­
pounds. The results with the various hydro­
carbons tested were not consistent. For example, 
jö-pinene showed a negative test for unsaturation, 
while a-pinene showed a positive test. I t was 
found, however, that when the olefins showing a 
positive test were redistilled, the unsaturation test 
for olefins was negative. These results indicate 
that the olefins on standing might have undergone 
some changes, which caused the discoloration of 
the permanganate solution.

Absolute or 96% ethanol is a more suitable sol­
vent for the unsaturation test; in the presence of 
olefins the color of the permanganate solution is

(1) This work was made possible in part through the financial 
support of Universal Oil Products Company.

(2) American Chemical Society Predoctoral Fellow (1947-1948).
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discolored instantaneously. When a mixture of 
ethanol and acetone is used as a solvent, the rate of 
discoloration of the permanganate solution in­
creases with the increase of alcohol concentration. 
Ethanol per se in the absence of olefins does not 
discolor the permanganate solution even after 
five minutes of standing. Methanol and 2-pro­
panol act in a similar fashion as ethanol.

I t was found that the addition of only a small 
amount of water to acetone increases the rate of 
discoloration when tested for unsaturation. A 
5% solution of water in acetone seems to be a suit­
able solvent for the unsaturation test.

The procedure used for testing the various com­
pounds was essentially as follows: One drop of a 
2% aqueous solution of potassium permanganate 
was added to 0.1 cc. (0.1 g. if solid) of the com­
pound dissolved in 2 cc. of the investigated sol­
vent. Test was indicated as positive (+ ) when 
the color of the potassium permanganate changed 
within five seconds after the addition of the per­
manganate. If the potassium permanganate 
color persisted for longer than five minutes, the 
test was reported to be negative (—). The length

T a b l e  I

C o m p a r is o n  o f  E t h a n o l  w it h  A c e t o n e  i n  P e r m a n g a ­
n a t e  T e s t  f o r  U n s a t u r a t io n

-Solvents-
Compounds tested Ethanol Acetone

Amylenes + 15 sec. (—)'
Octene + —
Butadiene + 45 sec.
Cyclohexene + -
a-Pinene + —
3-Methylcyclohexene + —
1,1,3-Trimethyl-x-cyclohexene + 30 sec. (—)‘
/3-Pinene + —
Dihydrolimonene + —
Limonene + —

Terpineol + 180 sec.
Allyl alcohol + 20 sec.
Cholesterol — —
Ergosterol 20 -
Mesityl oxide + +
Isophorone + 20 sec.
Acetylacetone 20 240 sec.
Crotonic acid + 10 sec. ,
Crotonaldehyde ' + +
Cholesteryl acetate — —
Dihydropyran + 30 sec.

° Test after redistillation of the hydrocarbons.

T a b l e  I I

E f f e c t  o f  M ix t u r e s  o f  E t h a n o l / A c e t o n e  o n  R a t e  o f

P e r m a n g a n a t e  T e s t  o f  O l e f in s
Alcohol 

concentration, 
vol. % 100 80 60 40 20 0

Compounds
tested

Limonene 0
Time in seconds for color change
5 15 30 60 >300

Cyclohexene 0 5 15 40 120 >300
Methylcyclo-

hexene 0 10 30 90 240 >300

of time required to discolorize the permanganate 
is expressed in seconds.

The tables summarize the results obtained.
T h e  I p a t ie f f  H ig h  P r e s s u r e  

a n d  C a t a l y t ic  L a b o r a t o r y  
D e p a r t m e n t  o f  C h e m is t r y  
N o r t h w e s t e r n  U n iv e r s it y
E v a n s t o n , I l l in o is  R e c e iv e d  J u l y  24, 1947

Hydrolytic Titrations of Lead with Potassium 
Cyanide

B y  L o u is  M e i t e s

In the course of a study of hydrolytic titrations 
of various divalent cations with potassium cya­
nide, it was found that the atypical behavior of 
plumbous ion was of particular interest. I t  is 
well known that most such titrations are charac­
terized by a continuous rise in pH  on addition of 
cyanide, with sharp increases at points correspond­
ing to quantitative formation of insoluble com­
pounds, such as M(CN)2, or complex ions, such as 
M (CN)r.

Titration of an aqueous solution of lead nitrate, 
however, gives, after an ill-defined end-point at 
about 1.5 mole of cyanide per mole of lead, a sharp 
downward break in pH  a t a mole ratio of about 
1.8. This break is of the order of 0.25 pH  unit, 
and it is followed by a steady rise in pH  as the titra­
tion is continued, with no clear indication of any 
further end-point to a mole ratio of a t least eight.

In 50% ethanol a pronounced end-point (taken 
as the point of maximum slope) is observed at a 
mole ratio of 1.002 =*= 0.004, and it is followed by, 
first, a downward break similar to that found in 
aqueous medium, and then, at a mole ratio of 1.50 
=±= 0.01, a second sharp end-point.

The insoluble products of the reactions in 50% 
ethanol were isolated by titrating 500-mh portions 
of an 0.05 M  solution of lead nitrate with standard 
potassium cyanide until the previously deter­
mined pH values at the respective end-points, as 
measured with a Beckman glass electrode pH  me­
ter, had been exactly reached. The products were 
filtered off, washed with 50% ethanol and ether, 
and air-dried. They were analyzed by decompo­
sition in platinum over a very low flame, followed 
by ignition at a dull red heat, and both gave light 
yellow plumbous oxide apparently uncontami­
nated by any trace of a red higher oxide. The 
compound formed at the first end-point evolved 
much nitrogen dioxide during its decomposition. 
Found: PbO, 78.1, 78.2; calculated for Pb- 
(0H)(N03), 77.99%. The other compound gave 
off only a faint odor of cyanogen. Found: PbO, 
87.4, 87.3; calculated for Pb(OH)(CN).Pb(CN)2, 
87.62%. This substance has not previously been 
described in the literature.

The reactions taking place during this titration 
may, therefore, be represented by the equations 
Pb++ +  CN" +  H20  -f- NOs-  —

Pb(OH) (NO*) +  HCN (1)
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and
2P b(0H )(N 03) +  2C N - +  H C N ----

Pb (OH) (CN) • Pb (CN)2 +  H20  +  2NO,“ (2)

The sudden decrease in pH between the two end­
points is accounted for by the assumption that the 
concentration of cyanide ion must reach a certain 
value before reaction (2) is initiated, but that, 
once started, it progresses to a point a t which most 
of the free cyanide ion has been removed.

The products formed during the titration in 
aqueous medium were prepared by adding known 
volumes of standard potassium cyanide to known 
volumes of standard lead nitrate solution, filter­
ing, and air-drying. They were analyzed as 
described above. Addition of 1.50 mole of cya­
nide per mole of lead gave another new compound. 
Found: PbO, 81.8, 81.8; calculated for Pb2-
(0H )(N 03)(CN)2, 81.85%. This compound 
evolved nitrogen dioxide during its decomposition. 
The substance formed at a mole ratio of 2.00 (i.e.9 
after the downward break) was again the hydroxy- 
tricyanide described above.

Consequently, the stoichiometry of the reactions 
in aqueous medium is described by the equations
2Pb++ +  N 0 3“ +  K20  -j- 3CN — >-

Pb2(OH)(NO«) (CN)2 +  HCN (3)
and
Pb2(OH)(N03)(CN)2 +  CN" — ^

Pb (OH) (CN) • Pb (CN) 2 +  N O r (4)
F r ic k  C h e m ic a l  L a b o r a t o r y  
P r in c e t o n  U n iv e r s it y
P r in c e t o n , N e w  J e r s e y  R e c e iv e d  N o v e m b e r  29, 1947

The Structure of Uranium Hydride
B y L in u s  P a u l in g  a n d  F r e d  J .  E w in g

R. E. Rundle1 has recently reported the results 
of an X-ray investigation of uranium hydride, 
UH3. He found that there are eight molecules of 
this substance in the unit cube, with a0 = 6.631 A., 
and that the uranium atoms have the /3-tungsten 
arrangement, with two UI at 000 and 1 /21/21/2  
and six UII at 1/2 1/4 0, etc. He suggested that 
each uranium I atom is surrounded by twelve 
hydrogen atoms, on the lines connecting the UI 
atom with the twelve surrounding UII atoms, and 
that there are half-bonds between hydrogen and 
each of the two uranium atoms ligated to it.

In this note we point out that consideration of 
the interatomic distances supports this proposal, 
and, moreover, leads to the conclusion that ura­
nium hydride contains a new form of uranium, with 
small valence, similar to the low-valent forms of 
chromium and manganese previously reported.2

A hydrogen atom in a metallic hydride may be 
at the center of a tetrahedron of metal atoms, or

(1) R. E. Rundle, T his Journal, 69, 1719 (1947).
(2) L. Pauling, ibid., 69, 542 (1947).

of an octahedron of metal atoms.3 In zirconium 
hydride, ZrH, for example, the zirconium atoms 
are in a cubic closest packed arrangement, and it 
seems likely from consideration of the interatomic 
distances that the hydrogen atoms occupy tetra­
hedral positions, corresponding to the sphalerite 
structure. The single-bond radius of hydrogen is 
then calculated from the zirconium-hydrogen dis­
tance 2.06 A., with use of the zirconium single­
bond radius 1.454 A. and the correction 0.36 A. for 
bond-number 1/4, to be 0.25 A. In palladium 
hydride, PdH*, the tetrahedral positions are too 
small for hydrogen atoms, which instead occupy 
octahedral positions; the palladium-hydrogen dis­
tance 2.03 A., with palladium single-bond radius
1.28 A. and correction 0.47 A. for bond-number 
1/6, then leads to 0.28 A. for the hydrogen radius. 
This radius lies between 0.25 and 0.32 A in most 
metallic hydrides, in good agreement with the 
range of values for non-metallic hydrides, 0.28 to 
0.32 A.4

In uranium hydride the U-H distance of 1.85 A. 
(assuming the hydrogen to be midway between 
UI and UII) is approximately equal to that pre­
dicted, namely, the single-bond radius of uranium, 
1.42, plus the radius of hydrogen, 0.27. plus the 
correction for bond number l/2 , 0.18, a total of 
1.87 A. There is no satisfactory position in the 
uranium hydride structure for hydrogen with co­
ordination number larger than two. In UH3 each 
UI atom forms twelve bonds with bond number 
1/2 with the surrounding hydrogen atoms, corre­
sponding to a valence of six for uranium I. Each 
UII forms four such bonds with four surrounding 
hydrogen atoms, and also forms two bonds with 
adjacent UII atoms, at 3.316 A., the calculated 
bond-number for these bonds being 0.16. This 
leads for uranium II to the value 2.3 for the val­
ence. No form of uranium metal or intermetallic 
compound of uranium has been reported so far in 
which uranium has this low valence, but a low- 
valent form of chromium and one of manganese 
have already been reported, so that a similar form 
for uranium is not entirely unexpected.

It is interesting to point out that the Brillouin- 
zone treatment of the /3-tungsten structure pro­
vides some basis of understanding of the stability 
of this structure for both /3-tungsten and uranium 
hydride. The first expected Brillouin zones corre­
spond to the strong reflections {210} and {211}, 
which lead to about 16 electrons per unit cube. 
There then occurs another Brillouin polyhedron, 
bounded by the strong reflections {222} , {320}, 
and {400}. (A fourth strongly reflecting form,
{321}, does not further truncate this polyhedron.) 
The content of this polyhedron is 53.5 electrons

(3) G. Hagg, Z. physik. Chem., B ll ,  433 (1930); B12, 33 (1931). 
Hagg’s assignment of the hydrogen atoms to these positions was 
based on the assumption tha t the effective radius of hydrogen in 
metallic hydrides is about the same as in non-metallic hydride 
molecules.

(4) L. Pauling, "T he N ature of the Chemical Bond,” Cornell 
University Press, Ithaca, New York, 1940, p. 168.
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per unit cube. The brittleness of uranium hy­
dride suggests that it has a filled-Brillouin-poly- 
hedron structure. The number of electrons per 
unit calculated from the formula and the assumed 
valences 6 for UI, 2.3 for UII, and 1 for H is 49.8, 
which is slightly less than the theoretical value. 
I t is possible that UII actually has valence 3 (like 
the low-valent form of its congener chromium), 
each atom forming four half-bonds with hydrogen 
and two (somewhat strained) half-bonds with its 
two UII neighbors; this valence would then lead 
to 54 valence electrons in the unit cube, in excel­
lent agreement with the theoretical value.

The possibility that somewhat different effec­
tive radii, corresponding to difference in hybridiza­
tion of the orbitals, should be used for metals in 
forming bonds with hydrogen than with other 
metal atoms may be mentioned. I t  has been 
pointed out before5 that the very strong metal- 
metal bonds in gallium, /3-tungsten, and a-ura- 
nium, for which bond numbers of about 1.3 are cal­
culated from the metallic radii, may really be 
single bonds, the effective radii being a few hun­
dredths of an angstrom less than usual for these 
bonds and greater for the other bonds. Thus in 
ZrH each of the twelve bonds formed by a zir­
conium atom with its zirconium ligands is calcu­
lated with the usual radius 1.454 A. to have bond 
number 0.17, which leads to the low valence 3.04 
for zirconium. In order for the valence 4 of zir­
conium to be effective, the single-bond radius of 
the metal in its Zr-Zr bonds would have to be 
taken as 1.50 A. Similarly the single-bond radius 
of palladium effective in the Pd-Pd bonds in PdH 
is required to be 1.33 A. instead of 1.278 A. to con­
form with the valence 5.78. An increase in effec­
tive single-bond radius of UII for the U-U bonds 
in UH3 and a decrease for the H-UII bonds would 
permit UII to be exercising the valence 3, found 
for its congener chromium in the A3 modification 
of this element.

The electron number per unit cube in /3-tung­
sten itself is 48 (for valence 6) or 46.24 (for valence 
5.78, as assumed in Ref. 2), corresponding to a 
metallic structure with partial filling of a Brillouin 
zone.

(5) L. Pauling, "T he N ature of the Bonds in Metals and Inter- 
metallic Compounds,” paper presented before Section 1, 11th In ter­
national Congrèss of Pure and Applied Chemistry, London, July 
1947.
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Nitrogen-substituted Chloroalkylamines1
B y  R ic h a r d  F .  P h i l l i p s , C l if f o r d  H . Sh u n k  a n d  K a r l  

F o l k e r s

Two nitrogen-substituted /3,0 '-dichlorodiethyl-
(1) This paper is based in part on work done for the Office of 

Scientific Research and Development under Contract OEMsr-1124 
with Merck & Co., Inc.

amines were prepared by a procedure in which the 
Mannich reaction? is an essential step.

4- (0 ,  ft '-Dichlorodiethylamino) -2-butanone Perchlorate. 
—To 10 g. of ft, ft '-dichlorodiethylamine hydrochloride2 3 
dissolved in 40 ml. of absolute ethanol, 15 ml. of acetone 
and 3 g. of paraformaldehyde were added. After heating 
at reflux for ten minutes, an additional gram of paraform­
aldehyde was added; heating was continued for fifteen 
minutes. Evaporation at 40° under reduced pressure 
left an oil, which did not crystallize. The oil was dissolved 
in 75 ml. of water. After filtering, 10 g. of 70% perchloric 
acid was added to the filtrate. On cooling, 12.0 g. of 
crystalline material was deposited, m. p. 112-115°. 
On reorystallization from water, the melting point reached 
a constant value of 115-116°. A sample was dried at 
room temperature in a vacuum desiccator.

Anal, Calcd. for CsHxeOsNClg: C, 30.74; H , 5.16; 
N, 4.48; Gl, 34.03. Found: C, 31.19; H , 5.65; N , 5.00; 
Cl, 32.89 (Parr bomb).

Apparently some perchloric acid was lost by dissociation 
on crystallization from water.

4 - ( f t ,  /3-Dichlorodiethylamino) -2-butanone Hydrobro­
mide.—To a suspension of 10 g. of the perchlorate in 50 
ml. of water, a solution of 5 g. of sodium hydroxide in 10 
ml. of water was added while cooling in ice. The color­
less oil which separated was extracted with ether. The 
ether extract was dried over potassium carbonate, filtered, 
cooled in ice-salt mixture and saturated with dry hydrogen 
bromide. An oil was precipitated which crystallized on 
treatment with a small amount of acetone; wt. 9.2 g ., 
m .p . 90-100°. Recrystallization of the salt from acetone 
raised the melting point to 108-111°; further recrystal­
lization from absolute ethanol gave a constant melting 
point of 112-113°. The analytical sample was dried at 
room temperature in a vacuum desiccator.

Anal. Calcd. for C8H15ONCl2 HBr 0.5H2O: C, 31.80; 
H, 5.67; N, 4.64; Br~, 26.45. Found: C, 31.65; H , 
5.38; N, 4.75; Br” , 26.52 (Volhard titration).

4 -( ft,  ft '-Dihydroxydiethylamino) -2-butanone Hydro­
chloride.—Ten grams of diethanolamine was converted 
to the hydrochloride by treatment with 9 ml. of concen­
trated hydrochloric acid. Water was removed by evapora­
tion under reduced pressure. The residue was treated 
with absolute ethanol and evaporated again. After this 
treatment had been repeated once more, the residual v is­
cous oil was dissolved in a mixture of 40 ml. of absolute 
ethanol and 16 ml. of acetone. Five grams of paraform­
aldehyde was added. After heating at reflux for twelve 
hours, evaporation of the clear solution at 60° under re­
duced pressure gave a viscous oil which crystallized from 
ethanol-acetone. The crystalline product was deliques­
cent. After storage in a vacuum desiccator it weighed 
15 g. and melted at 75-80° in a sealed capillary tube. 
Two further recrystallizations of this product raised the 
melting point to a cpnstant value of 83-85°. The sub­
stance appears to be unstable on heating. At 57° in  
vacuo, a sample lost 15% of its original weight in three 
hours.

A m i. Calcd. for C8Hi70 3N-HC1: Cl” , 16.75. Found: 
Cl” , 16.42 (Volhard titration, sample dried at room tem ­
perature in a vacuum desiccator).

4 -(ft,ft'-Dihydroxydiethylamino)-2-butanol.—A solu- 
tion of 10 g. of 4-(ft,ft '-dihydroxydiethylamino) -2-buta­
none hydrochloride in 125 ml. of methanol was shaken 
with 0.4 g. of platinum oxide catalyst and hydrogen at a 
pressure of 30-45 lb. per sq. in. The theoretical amount 
of hydrogen was absorbed within six hours. The catalyst 
was removed by filtration, and the filtrate was evaporated 
under reduced pressure. The residue was dissolved in 
30 ml. of water. An excess of concentrated potassium 
hydroxide solution was added while cooling the flask in

(2) "Organic Reactions,” Vol. I, John W iley and Sons, New Y ork, 
N. Y., 1942, Chapter 10, p. 303.

(3) M ann, J . Chem. Soc., 464 (1934); W ard, T h is  Jo ur n a l , 57, 
915 (1935).
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ice. Saturation of the alkaline solution with potassium 
carbonate precipitated an oil. The mixture was extracted 
with chloroform. The chloroform extracts were dried 
over potassium carbonate and evaporated under reduced 
pressure. The residue on distillation gave 7.1 g. of ma­
terial, b. p. 132-154°(0.23 mm.).

2,2 '-Dichloro-N - (3-chlorobutyl) -diethylamine Hydro­
chloride and Picrate.—A solution of 3.5 g. of 4-(0,/S'- 
dihvdroxydiethylamino)-2-butanol in 5 ml. of chloroform 
was saturated with hydrogen chloride. After removal of 
the chloroform and the excess hydrogen chloride under 
reduced pressure, 5 ml. of benzene and 5.6 ml. of thionyl 
chloride were added. The mixture was heated at 55° 
until hydrogen chloride ceased to be evolved (about 
thirty minutes). The chloroform and excess thionyl 
chloride were removed under reduced pressure. Ten 
milliliters of absolute ethanol was added and removed 
under reduced pressure. The residual dark oil was cooled, 
seeded with crystalline material (obtained first through 
the picrate), and placed in a vacuum desiccator over so­
dium hydroxide at 0.5 mm. After a short time, the 
oil changed to a crystalline mass which was dissolved in 
acetone-ether and allowed to crystallize, wt. 3.7 g., m. p. 
106-107°. On recrystallization from acetone-ether, the 
melting point reached a constant value of 106-108°.

A nal. Calcd. for C8H16NC13-HC1: C, 35.71; H, 6.37. 
Found: C, 36.05; H, 6.06.

The picrate was obtained from the oily hydrochloride 
as follows: One gram of the oil was dissolved in 10 ml. 
of 95% ethanol and added to 25 ml. of ethanol containing 
0.85 g. of picric acid. The addition of water precipitated 
an oil. The solvent was decanted, and the oil crystallized 
after standing for a few days in an open flask. The 
crystals were washed with cold ethanol, m. p. 93-95°. 
On recrystallization from ethanol, the compound had a 
constant melting point at 95.5-96.5°.

A nal. Calcd. for C^H^Ot̂ C Is: C, 36.42; H, 4.15; 
N, 12.13. Found: C, 36.71; H, 4.24; N, 11.90.

The hydrochloride was obtained in crystalline form 
from the picrate as follows: One-half gram of the picrate 
was suspended in 25 ml. of cold water. A layer of ether 
and 5 ml. of 2.5 N  sodium hydroxide were added. The 
mixture was shaken and filtered to remove sparingly 
soluble sodium picrate. The ether layer was separated 
and dried over Drierite. Dry hydrogen chloride was 
passed into the solution. A colorless oil was precipitated. 
The ether was decanted, and the oil became crystalline 
after standing in a vacuum desiccator over sodium hy­
droxide. The material was recrystallized from acetone- 
ether, m. p. 105-107°.
R e s e a r c h  L a b o r a t o r ie s  
M e r c k  & Co., I n c .
R a h w a y , N. J. R e c e iv e d  D e c e m b e r  2, 1947

The Reaction of Ketene with 2-Nitro-4-chloro- 
phenylsulfenyl Chloride and Other Organic 

Halogen Compounds
B y  A r t h u r  R o e  a n d  J .  W . M cG e e h e e

I t  is known that aryl sulfenyl chlorides will add 
to olefins forming aryl /3-chloroethyl sulfides.1"3 
Aliphatic sulfenyl chlorides likewise add to ole­
fins.4 Ketene contains an olefinic linkage, and 
we have found that 2-nitro-4-chlorophenylsul“ 
fenyl chloride will react with ketene to form 2- 
nitro-4-chlorophenylmercaptoacetyl chloride in

(1) Lecher and Stöcklin, Ber., 68, 414 (1925).
(2) K harasch, W ehrmeister and Tigerman, T h is  J ournal, 69, 

1612 (1947).
(3) T urner and Connor, ibid., 69, 1009 (1947).
(4) Fuson, Price and co-workers, J . Org. Chem., 11, 469, 475 

(1946).

good yield. This acid chloride was not isolated as 
such but converted to 2-nitro-4-chlorophenylmer- 
captoacetic acid, which had previously been pre­
pared by Pollack, Riesz and Kahane5 by the reac­
tion of sodium chloroacetate with the sodium 
salt of 2-nitro-4-chlorophenylmercaptan. The 
new synthesis here reported seems to offer an easy 
approach to the mercaptoacetic acids.

The ready reaction of ketene with 2-nitro-4- 
chlorophenylsulfenyl chloride made it advisable to 
see if ketene would also react with arylsulfinyl 
and arylsulfonyl chlorides. The results were 
negative; ketene did not react with benzenesul- 
finyl chloride or with benzenesulfonyl chloride 
(no solvent used).

In view of Staudinger’s report6 of a reaction be­
tween diphenylketene and acid chlorides, we at­
tempted to bring about a reaction between ketene 
and certain acid chlorides (propionyl, ^-butyryl,
1- valeryl and benzoyl) a t temperatures ranging 
from —70 to 100°, both without catalyst and in 
the presence of a variety of catalysts (aluminum 
chloride, stannic chloride and sulfuric acid); the 
only reaction observed was polymerization of the 
ketene. This work was done before the publica­
tion of the article by Blomquist, Holley and 
Sweeting7 describing the reaction of ketene with 
various compounds containing active halogens.

Experimental
2-Nitro-4-chlorophenylmercaptoacetic Acid.—2-Nitro- 

4-chlorophenylsulfenyl chloride was prepared by the 
chlorination of bis-(2-nitro-4-chlorophenyl) disulfide.3 
Ketene from a lamp delivering about 0.5 mole of ketene 
per hour was bubbled through a solution of 30 g. (0.13 
mole) of 2-nitro-4-chlorophenylsulfenyl chloride in 100 
ml. of dry chloroform; the solution was cooled in an ice- 
bath. The reaction was stopped after an hour and the 
chloroform solution carefully poured on 250 ml. of ice in 
a beaker. When the ice had melted the beaker was 
warmed to evaporate the chloroform; a bright yellow 
precipitate formed as the evaporation proceeded. The 
crude acid was dissolved in dilute sodium carbonate solu­
tion, filtered, and precipitated by the addition of dilute 
sulfuric acid; recrystallization from ethanol produced 
21 g. (61%) of long yellow needles of 2-nitro-4-chloro- 
phenylmercaptoacetic acid, m. p. 209-210° (in agreement 
with the literature value6). Conversion of the acid to
2- nitro-4-chlorophenylsulfonylacetic acid (m. p. 157- 
158°), 3-hydroxy-6-chloro*l,4-benzothiazine (m. p. 204- 
205°), and 5,5 '-dichloro-7,7 '-dinitrothioindigo was car­
ried out as described by Pollack6; the melting points ob­
tained are in agreement with those he reported.

(5) Pollack, Riesz and Kahane, Monatsh., 49, 213 (1928).
(6) Staudinger, Göhring and Scholier, Ber., 47, 40 (1914).
(7) Blomquist, Holley and Sweeting, T h is  Journal, 69, 2336 

(1947).

U n iv e r s it y  o f  N o r t h  C a r o l in a
Chapel H il l , N. C. Received November 22, 1947

Hydroxymethyl Derivatives of Phenols
B y  I. W. R u d e r m a n

A number of phenol alcohols, some of which are 
not described in the literature, were recently pre­
pared for the purpose of extending a study1 of the

(1) I. W. Ruderman, Ind. Eng. Chem., Anal. Ed., 18, 753 (1946).



April, 1948 N otes 1663

T a b l e  I

D e r iv a t iv e s  o f  a 1, q:3-X y l e n e d io l
---------------Analyses, % a---------- ---------,

% Yield, M. p.,6 Carbon Hydrogen
Substituents Form ula crude °C. Calcd. Found Calcd. Found

5-Ethyl-4-hydroxy-c CioH^Oj 82.4 92.0-92.5 65.92 65.68 7.74 7.69
4-Hydroxy-5-isopropyl-c C11H16O3 89.6 89.6-90.0 67.32 67.36 8.22 8.33
5-s-Butyl-4-hydroxy-d C12H18O3 82.3 79.0-79.3 68.54 68.60 8.63 8.90
5-5-Butyl-2-hydroxy-6 C12H18O3 95.4 75.4-76.3 68.54 68.39 8.63 8.93
« Microanalyses were carried out by Miss L. E. May. 6 Melting points are corrected. c Recrystallized once from ben­

zene and once from 1,2-dichloroethane. d Recrystallized once from carbon tetrachloride and once from benzene. 0 Re­
acted for forty-eight hours; recrystallized once from benzene.

quantitative bromination of phenols and phenol 
alcohols. I t is the aim of this note to describe 
the preparation of these new compounds, and to 
comment briefly oh the reaction employed.

Hydroxymethyl derivatives of phenols are most 
conveniently prepared by the reaction due to 
Lederer2 and Manasse,3 according to which the 
phenol is treated with formaldehyde in the pres­
ence of an alkaline catalyst, a t room or elevated 
temperature depending upon the strength of the 
catalyst. Since the reaction may proceed beyond 
the desired hydroxymethyl stage to produce con­
densed products such as dihydroxydiphenylmeth- 
anes4’5 6’6 and higher polymers, it is not uncommon 
in preparing a derivative to obtain a crystalline 
dimer or an oil which cannot be crystallized. The 
present work indicates that the experimental con­
ditions are more critical than one might infer 
from the literature, so that the reaction should be 
carried out under carefully controlled, and hence 
reproducible, conditions if undesirable condensa­
tion is to be avoided. In this way, a procedure 
which is satisfactory for one phenol may often be 
successfully applied to a large number of other 
phenols. Moreover, should analysis indicate that 
a large yield of dimer has been obtained, the con­
ditions can be accurately modified (the tempera­
ture, reaction time or catalyst concentration de­
creased; the mole ratio of formaldehyde to phe­
nol increased) so that the desired hydroxymethyl 
derivative is obtained. I t has also been found 
that when an oil is obtained upon acidification of 
the alkaline solution, it is far better to proceed to 
crystallize the oil in situ by intense refrigeration 
than to extract the oil with ether and to attempt 
to crystallize the ether extract. The procedure 
described below has given good results not only 
for the new compounds reported, but for other 
phenol alcohols.

Experimental
General Procedure.—One-quarter of a mole of the 

phenol was dissolved in 100 g. (0.25 mole) of a 10% 
aqueous sodium hydroxide solution, and the solution was

(2) L. Lederer, J . prakt. Chem., 50, 223 (1894); U. S. Patent 
563,975 (1896).

(3) O. Manasse, Ber., 27, 2409 (1894); U. S. Patent 526,786 
(1894); ibid., 35, 3844 (1902).

(4) K. Auwers, ibid., 40, 2524 (1907).
(5) F. S. Granger, Ind. Eng. Chem,, 24, 442 (1932).
(6) A. Zinke, F. Hanus and E. Ziegler, J. prakt. Chem., 162, 126 

(1939).

cooled to 25-30°. Forty-four and six-tenths grams (0.55 
mole) of 37% formaldehyde was added, and the reaction 
mixture in a stoppered flask was placed in a constant tem­
perature bath at 27° for twenty-four hours. When the 
solution was acidified with 5 M  acetic acid, an oil sepa­
rated out. Upon refrigeration of the mixture (oil plus 
watery layer) in a Dewar flask containing a freezing mix­
ture of solid carbon dioxide and trichloroethylene, the 
oil crystallized. The solid mass was filtered off and 
dried in vacuo.
D e p a r t m e n t  o f  C h e m is t r y
C o l u m b ia  U n iv e r s it y  R e c e iv e d  D e c e m b e r  10, 1947 
N e w  Y o r k  27, N e w  Y o r k

On the Distribution of Water in Cellulose and 
Other Materials*

By R o b e r t  S im h a  a n d  J o h n  W. R o w e n

The distribution of water molecules in cellulose 
and similar textile materials is of theoretical and 
industrial importance. However, the mecha­
nism of their interaction is not completely under­
stood. I t  is a well known fact that the water 
content of these systems increases in a charac­
teristic way dependent upon the vapor pressure, 
as shown for the case of cellulose in Fig. 1. This 
familiar sigmoid curve is characteristic of a 
large variety of systems: e. g protein-water,1 ti­
tanium dioxide-water2 and sulfuric acid-water.3 
These systems differ in structure and chemical 
properties and it would therefore be surprising if 
the same mechanism of sorption were operating 
in each. The question then arises, does the distri­
bution of water in cellulose lead to a system more 
akin to a solution or is it indeed a system more 
nearly like the one involved in the adsorption of 
water by titanium dioxide?

One might speculate that in the limit of low va­
por pressure the combination of the polymer with 
water is more nearly an adsorption phenomenon. 
Actually the shape of the pertinent curves and the 
amounts involved correspond to what has been ob­
served in adsorption. In the opposite limit of high 
vapor pressure the process might be more appro­
priately considered as a “solution” phenomenon.

* This material formed p art of a paper presented a t the 113th 
meeting of the American Chemical Society, held a t Chicago, Illinois 
April, 1948.

(1) H . B. Bull, T his J ournal, 66, 1499 (1944).
(2) G. E. Boyd and H. K. Livingston, ibid., 64, 2383 (1942).
(3) E. I. Valko, "Cellulose and Cellulose Derivatives,” edited by  

E. O tt, Interscience Publishers Inc., New York, N. Y., 1943.
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Relative water vapor pressure P /P 0.
Fig. 1.—Sorption of water vapor by cellulose at 25°.

Such a concept has been advanced4 in order to ac­
count for the upward curvature a t higher pressures 
(beyond A in Fig. 1).

There is no complete theory at present of the 
mixing of a partially crystalline polymer such as 
cellulose with a liquid. Nevertheless it appears of 
interest to apply current statistical treatments5*6»7 
of polymer-liquid mixtures to the cellulose-water 
and similar systems. The results of such an analy­
sis may then be compared with the results ob­
tained from the application of modern adsorption 
theory8 to the same system. In this note such a 
comparison is made based on experimental data 
obtained in this laboratory.9

Using the notation of references (5) and (6), we 
may write

In a\ == In (P/Po) =  In v\ +  v2 +  Mfe)2 (1)
where a\ is the activity, P /P 0 the relative pressure, 
Vi the volume fraction of water and v2 the volume 
fraction of polymer. A term of the order of the 
reciprocal of the chain length has been omitted in
(1). fi is the well-known semi-empirical interac­
tion parameter appearing in these theories.

The relationship resulting from the Brunauer- 
Emmett-Teller treatment is

___ +  (2)
F(P0 -  P) VmC ^  VmC Po

where V  is the volume of water adsorbed, Vm is 
the fixed volume of water adsorbed when a uni-

(4) P. H. Hermans, "M onographs on the Progress of Research in 
Holland, Contribution to the Physics of Cellulose Fibers,” Appendix 
I  by J. J. Hermans, Elsevier Publishing Co., Inc., Amsterdam, Brus­
sels, 1946.

(5) P. J. Flory, J. Chem. Phys., 10, 51 (1942).
(6) M. L. Huggins, A nn. N . Y. Acad. Sci., 43, 1 (1942).
(7) E. A. Guggenheim, Proc. Roy. Soc. (London) 183A, 213 (1944).
(8) Brunauer, Em m ett and Teller, T his Journal, 60, 309 (1938).
(9) J. W. Rowen and R. L. Blaine, Ind. Eng. Chem., 39 (1947).

molecular layer completely covers the surface, and 
C is a constant which is related to the energy of 
binding between the gas molecules in the first 
layer and the absorbent. According to this the­
ory, a plot of P /V (P 0 — P) against P /P Q should 
be a straight line with l /V mC as the intercept and 
C — 1/ VmC as its slope.

Volume fraction of water.

Relative water vapor pressure P /P 0.
Fig. 2.—Application of equations (1) and (2) to the 

cellulose-water system. Dotted line indicates plot of 
equation (2).

Volume fraction of water.
0 0.05 0.10 0.15 0.20

Relative water vapor pressure P/Po- 
Fig. 3.—Application of equations (1) and (2) to the 

silk-water system. Dotted line indicates plot of equa­
tion (2).

Volume fraction of water.
0 0.5 0.10 0.15 0.20 0.25

100

75 s  x
O

50 £
H 1

25 B ^
0

Fig. 4.—Application of equations (1) and (2) to the wool- 
water system. Dotted line indicates plot of equation 
(2).
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The data9 obtained on cellulose, silk and wool- 
water systems are plotted for comparison in Figs. 
2, 3 and 4, according to equation (1) and equation
(2), respectively. I t  is noted that for P/Po <  0.5, 
the data follow the straight line relationship called 
for by equation (2). Thereafter a more rapid in­
crease is observed. The agreement over such a 
wide range is remarkable although unexpected on 
the basis of the assumptions underlying the deriva­
tion of equation (2). On the other hand it will be 
seen that the parameter \x starts out with a nega­
tive value, increases slowly and then assumes a 
fairly constant positive value of about 1.0-1.25 for 
P/Po > 0 .6. In terms of the volume fraction Vi of 
water the total range of measurements corresponds 
to 0.01 <  vi <  0.26. In the region of 0.10 <  Vi < 
0,26, equation (1) is obeyed by cellulose and silk. 
In wool ix varies approximately from 0.93 to 1.05 
over the range 0.18 < V\ < 0.26. The various 
energy and entropy contributions to the quantity 
fx are different at high and low polymer concen­
trations.10 These changes can lead to a varia­
tion of the “constant” fx. For rubber-benzene 
mixtures, the only system so far studied over the 
whole concentration range,11»12 no significant 
change of \x was observed. In any case the devia­
tions from equation (1) obtained by us over a 
relatively narrow range of volume fractions are 
too large to be caused by the above-mentioned ef­
fect. The limiting values obtainable from these 
data are fx = 1.25, 1.15, and 1.05 for cellulose, silk 
and wool, respectively. If the polymer is re­
garded effectively as a network, allowance must 
be made for the free energy change accompany­
ing elastic distortion during sorption. The model 
of a Hookean isotropic medium, subject to a de­
formation dependent on the concentration, leads 
merely to a slight reduction in the ix-values re­
ported. These are larger than those usually 
found by means of solution or swelling measure­
ments for other polymers.13»14 Also, an examina­
tion of the temperature coefficients of fx leads to 
negative values of the heat term and reduced en­
tropies which indicate that mixing is not a random 
process. In view of the nature of the systems con­
sidered here this is not surprising.

These results provide some support for the 
concept mentioned earlier. They suggest that the 
combination of water with these textile materials 
in the limit of low vapor pressures can be de­
scribed in terms of adsorption theory. However, 
as one approaches the limit of high vapor pressures 
the system can be analyzed in terms of a theory 
of polymer-liquid mixtures. In the intermediate 
region between the two extremes a gradual transi­
tion occurs. I t will be of interest to study the

(10) P. J. Flory, J . Chem. Phys., 13, 453 (1945).
(11) G. Gee and L. R. G. Treloar, Trans. Faraday Soc., 38, 147 

(1942).
(12) G. Gee and W. J. C. Orr, ibid., 42, 507 (1946).
(13) M. L. Huggins, Ann. N . Y. Acad. Sci., 44, 431 (1943).
(14) R. F. Boyer and R. S. Spencer, J. Polymer Sci., 2, 157 

(1947).

effect of variation in the nature of the liquid upon 
the properties of these systems.
N a t io n a l  B u r e a u  o f  S t a n d a r d s
W ash ington , D. C. R eceived  N ovem ber  28, 1947

^-Aminosalicylic Acid (4-Amino-2-hydroxy- 
benzoic Acid)

B y  J o h n  T. S h e e h a n

When w-aminophenol and ammonium carbo­
nate react under pressure an acid is obtained which 
melts a t 148°.1 In the original publication no 
identification is made beyond that of w-amino- 
phenolcarboxylic acid. To determine whether 
the acid formed is ^-aminosalicylic acid (4-amino-
2-hydroxybenzoic acid) which is of current interest 
in the chemotherapy of tuberculosis,2»3 the prepa­
ration was repeated in this Laboratory.

I t was found that the acid could be isolated di­
rectly from the reaction mixture rather than as the 
hydrochloride as originally described. I t  could 
also be precipitated as the barium salt, from which 
the acid can be readily obtained in purer form. 
The identity of the acid was established as p -  
aminosalicylic acid by converting it through the 
diazonium salt into 4-ehlorosalicylic acid and com­
paring this with a sample of the same compound 
prepared by reacting 2,4-dichlorobenzoic acid with 
barium hydroxide. Finally a comparison of anti­
bacterial activity4 disclosed no difference between 
the acid prepared by the present method and an­
other sample of ^-aminosalicylic acid.5

Experimental
Aminosalicylic Acid.—A mixture of 150 g. (1.37 

moles) of m-aminophenol, 600 g. of ammonium carbonate 
(6.25 moles) and 750 ml. of water was heated in a rocker- 
type autoclave at 110° for twelve hours. The mixture 
was filtered and the filtrate concentrated in vacuo to a 
volume of 450 ml. The solution was then acidified to pH  
5 and extracted with three 250-ml. portions of ether, 
from which 75 g. of m -aminophenol was recovered. The 
aqueous solution from the extraction was adjusted to pH  
2-3 and the ^-aminosalicylic acid filtered off and washed 
with water. The product weighed 47 g. and was crystal­
lized from warm alcohol. Alternatively, it can be puri­
fied through the barium salt. A 22% yield of product 
melting at 146-147°6 was obtained. Anal. Calcd. for 
C7H7NO3: C, 54.90; H, 4.57; N, 9.15. Found: C, 
55.03; H, 4.91; N, 9.13.

4-Chlorosalicylic Acid.—Fifteen and three-tenths grams 
(0.1 mole) of the above acid were diazotized and con­

(1) German P aten t 50,835; Friedlander, 2, 139 (1887-90).
(2) Lehman, Lancet, 250, 15 (1946).
(3) Youmans, Quart. Bull. Northwestern Univ. Med. School, 20, 420 

(1946); C. A ., 41, 1011 (1947).
(4) The chemotherapeutic investigation was made under the direc­

tion of Dr. G. W. Rake in the Division of Microbiology of this In ­
stitu te. ■

(5) Supplied by Galco Chemical Division, American Cyanamid 
Co., Bound Brook, New Jersey.

(6) The reported melting point of ^-aminosalicylic acid is 220° 
(dec.); Seidel, Ber,, 34, 4351 (1901); Seidel and B ittner, Monatsh., 
23, 415 (1902). Since the acid was prepared by reducing £-nitro- 
salicylic acid with tin and hydrochloric acid it  seems likely th a t the 
melting point of the hydrochloride, which we found decomposes 
about this tem perature, is recorded despite the fact th a t the era* 
pirical formula and analyse? given are for the free acid.
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verted to the chloride.7 Nine grams of 4-chlorosalicylic 
acid was obtained, m. p. 211° after crystallization from 
water. No depression in m. p. was observed when this 
product was mixed with the substance prepared below. 
Anal. Calcd. for C7H50 3C1: C, 48.71; H, 2.92; Cl, 
20.54.  ̂ Found: C, 48.52; H, 3.04; Cl, 20.69.

A mixture of 6 g. of 2,4-dichlorobenzoic acid, 20 g. 
of barium hydroxide hydrate, 60 ml. of water and 0.5 g. 
of copper—bronze was heated in a sealed tube for six 
hours at 160-170°. The product was filtered and then 
suspended in water and decomposed with hydrochloric 
acid. Crystallized from hot water, the chlorosalicylic 
acid, 2.9 g, melted at 211-212°. 4-Chlorosalicyclic acid 
is reported to melt at 211°; 2-chloro-4-hydroxybenzoic 
acid at 159 °.8

(7) The procedure described in "Org. Syn.,” Coll. Vol. I, p. 163, 
1st ed., was followed except that, threefold volumes of acid were em­
ployed to  facilitate the reaction of the insoluble acid hydrochloride 
and its insoluble diazonium salt. In addition, chlorobenzene was 
added during the decomposition of the diazonium salt, to  extract the 
product as formed.

(8) Hodgson and Jenkinson, J . Chem. Soc., 1740 (1927).

D iv is io n  o f  M e d ic in a l  C h e m is t r y
T h e  S q u ib b  I n s t it u t e  f o r  M e d ic a l  R e s e a r c h
N e w  B r u n s w ic k , N. J. R e c e iv e d  F e b r u a r y  16, 1948

The Preparation of Phthalaldehyde
By S. W a w z o n e k  a n d  R. E. K a r l l 1

Varying yields have been reported for the prepa­
ration of phthalaldehyde from 0-xylene.2 I t has 
been found that, by using all-glass apparatus and 
the procedure described below, 0-xylene and 0- 
methylbenzyl bromide can be brominated in 64% 
yield to a, a, a  , a '-tetrabromo-0-xylene. Under 
similar conditions 0-methylbenzyl chloride gives 
the same yield of a mixture of a , a , a ',a '- tetra- 
bromo-0-xylene and a, a , a ', a  '-chlorotribromo-0- 
xylene. 0-Methylbenzyl chloride is the most suit­
able starting material since the best commercially 
available 0-xylene is only 90% pure while 0- 
methylbenzyl bromide is a powerful lachrymator.

The tetrahalo-0-xylenes can be hydrolyzed 
to phthalaldehyde of melting point 55.5° in a 90% 
yield by the method of Thiele.2a The only modi­
fication made in^this procedure was to saturate 
the aqueous solution of the aldehyde with sodium 
chloride instead of sodium sulfate.

Experimental3
a., a,a. ',a '-T etr ah al 0-0-xylene.—0-Methylbenzyl chlo­

ride4 was brominated according to the directions 
given in "Organic Syntheses"5 with the following modi­
fications. All-glass equipment was used together with 
a Trubore glass stirrer. From 132.6 g. of 0-methylbenzyl 
chloride, 245 g. of product was obtained by taking up

(1) Abstracted from a thesis by R. E. Karll presented to the 
G raduate College of the S tate University of Iowa in partial fulfill­
ment of the requirements for the M.S. degree, June, 1947.

(2) (a) Thiele and Gunther, Ann., 347, 106 (1906); Thiele and 
Weitz, ibid. , 377, 8 (1910); (b) Sandstrom and Lillevik, Ind. Eng. 
Chem., Anal. Ed., 13, 781 (1941); (c) Fieser and Pechet, T h is  
Journal, 68, 2577 (1946).

(3) Melting points are corrected.
(4) Smith and Spillane, T h is  J ournal , 62, 2640 (194Q).
(5) "Organic Syntheses,” Vol. 20, John Wiley and Sons, Inc., 

New York, N. Y„ p. 92.

the reaction mixture in hot chloroform (300 ml.) and cool­
ing; m .p ., 106°. Repeated recrystallizations from eth­
anol gave a white crystalline compound melting at 110- 
111°. A mixture with tetrabromo-0-xylene (m. p., 
115.5°) melted at 112°.

Anal. Calcd. for CgHeClBra: Br, 63.6. Calcd. for
C8H6Br4: Br, 78.20. Found: Br, 72.89, 72.97.
D e p a r t m e n t  o f  C h e m is t r y  
S t a t e  U n iv e r s it y  o f  I o w a
I o w a  C it y , I o w a  R e c e iv e d  N o v e m b e r  13, 1947

Ethyl Acetamidoacetoacetate
B y  R ic h a r d  H. W il e y  a n d  O l in  H. B o r u m

The reduction of oximinoacetoacetic ester over 
palladium catalyst in acetic anhydride gives a 
product, m. p. 46-47.5°, which has been char­
acterized as acetamidoacetoacetic ester, CH3- 
C0NHCH(C0CH3)C02C2H5. The only known 
previous reference1 to this compound describes a 
less convenient method of preparation and reports 
a melting point of 1410.

Experimental
Ethyl Oximinoacetoacetate.—This compound was pre­

pared by the method of Adkins and Rccvc.^
Ethyl Acetamidoacetoacetate.—Thirty-two grams of 

ethyl oximinoacetoacetate and 6.9 g. of palladium catalyst3 
were shaken in 50 ml. of acetic anhydride at room tem­
perature under 30 lb. hydrogen pressure for ten hours. 
After separating from the catalyst and removing the 
excess acetic .anhydride, 35 g. of acetamidoacetoacetic 
ester b. p. 128-140° (3-4 mm.) was obtained. Refrac­
tionation gave 25.7 g. b. p. 125-132° (3-4 mm.) which 
solidified on standing, m. p. 46-47.5°.

Anal. Calcd. for C8Hi30 4N: C, 51.33; H, 7.0; N, 
7.48. Found: C, 51.13; H, 7.0;. N , 7.50.

This solid gave qualitative tests for carbonyl with 2,4- 
dinitrophenylhydrazine reagent and for enol with al­
coholic ferric chloride. Reaction with phenylhydrazine 
in ether, according to the procedure of Michael4 for the 
preparation of the phenylhydrazone of acetoacetic ester, 
gave a yellow precipitate of the phenylhydrazone, m. p.
131.5-132.5°.

Anal. Calcd. for Ci4H,90 3N3: C, 60.63; H, 6.9; N. 
15.15. Found: C, 60.43; H ,6.96; N, 15.10.

(1) Cerchez and Colesiu, Compt. rend., 194, 1954 (1932).
(2) Adkins and Reeve, T his Journal, 60, 1328 (1938).
(3) R. Mozingo, et al., ibid., 67, 2093 (1945). Washed free of 

chloride.
(4) A. Michael, Am . Chem. J ., 14, 519 (1892).

V e n a b l e  C h e m ic a l  L a b o r a t o r y  
U n iv e r s it y  o f  N o r t h  C a r o l in a  
C h a p e l  H il l , N o r t h  C a r o l in a

R e c e iv e d  J a n u a r y  8 , 1948

The Decomposition of 0-Methoxybenzene Di­
azonium Chloride

B y  H . E . W o o d w a r d  a n d  A. A. E b e r t , J r .

M. L. Crossley and others1 have reported that 
the decomposition of 0-methoxybenzene diazo­
nium chloride can be assumed to consist of two de-

(1) T his Journal, 69, 1160 (1947).
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Fig. 1.—Comparison of spectra of methyl chloride and gas sample obtained from decomposition of 0-methoxybenzene
diazonium chloride.

composition reactions occurring simultaneously, 
one a slow single-step reaction to give guaiacol, 
and the other a pair of consecutive reactions to 
give catechol. They regretted that they did not 
find methyl chloride or methyl alcohol to substan­
tiate their hypothesis.

We have obtained some evidence that their hy­
pothesis is correct by infrared spectral analysis of 
the evolved nitrogen in the following manner: 
A solution of the diazonium salt was prepared 
from 0-anisidine with 2.5 equivalents of hydro­
chloric acid and 1 equivalent of sodium nitrite. 
This solution was heated for about six hours at 
90-95° and the evolved gas was passed through 
Drierite and soda-lime (to remove carbon dioxide 
used in sweeping air out of the apparatus) and col­
lected over mercury. The gas was transferred to 
an infrared absorption cell which had an optical 
path length of one meter. With the gas at a pres­
sure of 500 mm. the spectrum was recorded between
2.5 and 15 microns. The characteristic absorption 
spectrum of methyl chloride clearly was evident 
as shown in Fig. 1; A quantitative determination 
showed that the mole fraction of methyl chloride 
was 0.026. No other products were detected.
E. I. d u  P o n t  d e  N e m o u r s  &  Co.
O r g a n ic  C h e m ic a l s  D e p a r t m e n t  
J a c k so n  L a b o r a t o r y
D e e p w a t e r , N e w  J e r s e y  R e c e iv e d  O c t o b e r  14, 1947

2-Substituted-thiazolidine-4-carboxylic Acids
B y  H a r o l d  S o l o w a y , 1 F r a n k  K i p n i s , J o h n  O r n f e l t  

a n d  P a u l  E . S p o e r r i

Schubert2 has reported on the interaction of a 
number of aldehydes with cysteine to produce sub­
stituted thiazolidine carboxylic acids. Other 
workers3 have extended the reaction and Ratner 
and Clarke4 found that the mechanism consisted 
in hemimercaptal formation, followed by dehydra­
tion and cyclization.

Recently, with the discovery that penicillin 
contained a thiazolidine moiety within the mole­
cule, interest was revived in this class of hetero- 
cyclics, and further syntheses have been an­
nounced.5

The present work reports on the interaction of a 
representative group of aldehydes with cysteine to 
produce thirteen new 2-substituted-thiazolidine-
4-carboxylic acids. The new compounds form

(1) Abstracted from a thesis by Harold Soloway subm itted to the 
Polytechnic Institu te  of Brooklyn in partial fulfillment of the re­
quirements for the degree of M aster of Science in Chemistry.

(2) Schubert, J . Biol. Chem., I l l ,  671 (1935); 114, 341 (1936); 
121, 539 (1937); 130, 601 (1939).

(3) Génevois and Cayrol, Bull. soc. chim., [5] 6, 1223 (1939); 
Woodward and Schroeder, T h is  J o u r n a l , 59, 1690 (1937); Micheel 
and Emde, Ber., 72, 1728 (1939).

(4) R atner and Clarke, T his Journal, 59, 200 (1937).
(5) British P aten t 584,918 (1947); Neher, W ettstein and Mies- 

cher, H eh . Chim. Acta, 29, 1815 (1940); B rack , ibid., 30, 1 (1947).
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T a b l e  I

2 - S u b s t i t u t e d -t h i a z o l i d i n e - 4 - c a r b o x y l i c  A c id s
'------ --------------------------—Analyses,*» %

M. p. Yield, Calculated Found
R °C.° % Formula c H N C H N

1 '-Ethylpentyl 163-164 97 CiiH21N 02S 57.10 9.15 56.71 8.72
2'-Thienyl 145-146 94 CgHsNO^ 44.63 4.21 44.25 4.17
Methylene-3 ',4 '-dioxy phenyl 167-168 dec. 99 c uh „ n o 4s 52.16 4.38 52.60 4.40
Benzyl 165^166 dec. 90 CiiHuN 02S 59.17 5.87 58.97 5.98
4 '-Methoxy phenyl 156-158 dec. 95 CaHjaNOaS 55.21 5.48 54.74 5.67
2'-Phenylethyl 159-160 dec. 94 Ci2H15N 02S 60.73 6.37 61.06 6.27
4'-Hydroxy-3 '-methoxyphenyl 164rT66 dec. 95 CuHuN 04S 5.49 5.53
4 '-Hydroxyphenyl 167-169 dec. 93 c ,0h un o 3s 6 .2 2 6.54
2 '-Hydroxy phenyl 164—166 99 CioHuNOaS 6 .2 2 6.04
1 '-Ethylpropyl 173—175 43 c „h 17n o 2s 6.89 6.70
3 ',4'-Diethoxyphenyl 149-151 dec. 96 c 14h 19n o 4s 4.71 4.65
w-Hexyl 150-152 99 CioHi9N 02S 6.45 6.28
^-Propyl 180-182 41 c7h „n o 2s 7.99 7.70

a Melting points were taken on a Fisher-Jobns apparatus. 6 Carbon and hydrogen analyses by Oakwold Labora 
tories, Alexandria, Va.; nitrogen analyses by H. Soloway.

colorless crystals which melt, in most cases, with 
decomposition, have solubility properties reminis­
cent of «-amino acids, and show a tendency to re­
vert to the original components on solution in 
polar solvents.

Experimental
The method of Schubert1 2 was used in all cases, and the 

results obtained are listed in Table I .
2 -(2 '-Thienyl)-thiazolidine-4-carboxylic acid.—l ( + ) -  

Cysteine hydrochloride6 (5 g., 0.028 mole) and 3 g. (0.035 
mole) of potassium acetate were dissolved in 43 ml. of dis­
tilled water. To this solution was added 3.56 g. (0.0318 
mole) of freshly distilled thiophene-2-aldehyde in 45 ml. of 
95% ethanol. On shaking vigorously, precipitation oc­
curred. After refrigeration overnight, the crystalline 
product was separated by filtration, washed with 20 ml. of 
cold ethanol, and recrystallized from the same solvent, 
giving a 94% yield of product melting at 145-146°.

(6) Purchased from General Biochemicals, Inc., Chagrin Falls, 
Ohio.

R e s e a r c h  L a b o r a t o r ie s  
A m e r ic a n  H o m e  F o o d s , I n c .
M o r r is  P l a i n s , N .  J .
P o l y t e c h n ic  I n s t it u t e  o f  B r o o k l y n
B r o o k l y n , N e w  Y o r k  R e c e iv e d  N o v e m b e r  21,1947

NEW COMPOUNDS

6-/3-Hydroxyethoxy-4-( 3 '-diethylaminomethyl-4 '-hydroxy- 
anilino)-quinoline

2 -Diethylaminomethyl -4 -aminophenol dihydrochloride1 
(13.3 g.) and 6-/3-hydroxyethoxy-4^chloroquinoline2 (11.2 
g.) were refluxed in isopropyl alcohol (550 cc.) for twenty- 
four hours. The dihydrochloride of 6- ft-hydroxyethoxy-4- 
(3 '-diethylaminomethyl-4'-hydroxyanilino)-quinoline pre­
cipitated and was filtered from the hot reaction mixture. 
Suspending the precipitate in fresh, hot isopropyl alcohol, 
then filtering, gave 20 g. of dihydrochlóride. This material 
(20 g.) was dissolved in water (150 cc.), ether (200 cc.) 
was added, and the mixture was made alkaline with

(1) K indly presented by Parke, Davis and Company.
(2) R am sey and Gretcher, THIS Journal*j 69, 1659 (1947).

potassium carbonate with shaking. The free base was 
filtered off, triturated in a mortar with water, and crystal­
lized from acetone (16 volumes). When dried to a melting 
point of 144-145° the compound contained one-half mole 
of water; yield, 40%. The substance was a tan powder, 
soluble in acetone, slightly soluble in benzene or chloro­
form, and very slightly soluble in ether.

Anal. Calcd. for C22H27O3N3-0.5H2O: C, 67.67; H, 
7.23; N, 10.74; H20 , 2.31. Found: C, 67.41; H, 7.25; 
N, 10.87; H20 , 2.33.
D e p a r t m e n t  o f  R e s e a r c h  i n  P u r e  C h e m is t r y  
M e l l o n  I n s t it u t e  V ir g in ia  G . R a m sey
P it t s b u r g h  13, P e n n s y l v a n ia

R e c e iv e d  S e p t e m b e r  26, 1947

Substituted Amides of ^-Cyclohexylbenzoic Acid
A number of substituted amides of ^-cyclohexylbenzoic 

acid were prepared by a reaction of the acid chloride with 
the corresponding amine in benzene solution. The stand­
ard method described by Shriner and Fuson1 was employed. 
However, as the amounts of amine employed in each 
instance was double to triple the molar quantity specified

T a b l e  I

S u b s t it u t e d  A m id e s  o f  ^ -C y c l o h e x y l b e n z o ic  A c id
N

N -p-
cyclohexylbenzoyl

M. p.,
°c.

Sol- Yield, Empirical 
vent % formula

Analyses, 
*  % • 
1 1 
& Ö

Aniline 198-198.5 b, c, d 39 C19H21NO 5.08 5.01
^-Toluidine 205.0 b 52 C20H23NO 4.59 4.78
m-Toluidine 149.5-150.0 d 23 C20H23NO 4.55 4 .78
o-Toluidine 153.0 a 67 C20H23NO 4.86 4.78
^-Bromoaniline 250.5 a, b 46 Ci9H2oNOBr 3.76 3.91
m-Bromoaniline 164.0 b 39 Ci9H2oNOBr 3.83 3.91
o-Bromoaniline
3-Bromo-4-amino-

106.0-106.2 b 50 CuH2oNOBr 3.78 3.91

toluene 123.5-124.0 a 80 C2oH22NOBr 3.67 3.76
5-Bromo-2-amino- 

toluene
3-Nitro-4-amino-

223.5 b, c 60 C2oHs*NOBr 3.63 3.76

toluene 134.0 c 86 CioHuNiOi 7.75 8.28
° Ethyl acetate. 6 Benzene. c 1,4-Dioxane. d Ethyl

alcohol. • «-Propyl alcohol.
(1) Ralph L. Shriner and Reynold C. Fuson, "T he Systematic 

Identification of Organic Compounds,” 2nd Ed., John Wiley & 
Sons, Inc., New York, N. Y., 1940, pp. 132-133.
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by these authors, it was found desirable to wash the ben- 
zene solution of the crude amide with several times the 
amount of 5% hydrochloric acid called for by them.

The crude amides were dissolved in hot ethyl or n- 
propyl alcohol, diluted in several instances with water. 
The solutions were filtered hot after the addition of ac­
tivated carbon together with kieselguhr, and the filtrates 
chilled to obtain the recrystallized products. A substan­
tial quantity of a second crop of satisfactory purity was 
obtained by concentration of the mother liquors from the 
recrystallization of the derivatives of £-bromoaniline 
and 3-bromo-4-aminotoluene. The melting points reported

are the best values obtained after recrystallization from a 
variety of solvents.

The derivatives and their properties are listed in Table 
I. All melting points are corrected.
De  Pau l  U n iversity  M alcolm  F. D u ll2
Chicago, Illinois W illiam  J. B y e r 3

R eceived  D ecem ber  8, 1947

(2) Present address: D epartm ent of Chemistry, U niversity of
Pittsburgh, P ittsburgh, Pa.

(3) Present address: 1537 Junew ay Terrace, Chicago 26, 111.

COMMUNICATIONS TO THE EDITOR

THE STRUCTURE OF RING C OF COLCHICINE1
Sir:

It has been suggested,2 without experimental 
support, that ring C of colchicine is seven- 
membered (I, R =  CH3). We have obtained 
evidence which favors the Dewar and definitely 
excludes the Windaus3 formulation.

V __  \ ____
- /  C V °  - /  C V OH

% ------ ^ x OR \ ----- / N J H
I II

Colchiceine (I, R =  H) (m. p. 175.5-176°; 
calcd. for C2iH2306N: C, 65.45; H, 5.97; N, 
3.66. Found: C, 65.65; H, 6.06; N, 3.45; 
benzoate, m. p. 207-209°, calcd. for C28H27O7N: 
C, 68.70; H, 5.90; N, 2.86. Found: C, 68.87;
H, 5.90; N, 2.78), prepared from purified col­
chicine,4 was reduced with Raney nickel in 
methanol at room temperature and atmospheric 
pressure for one day, taking up three moles of hy­
drogen. The product was first crystallized from 
methanol, yielding about 26% of crude hexahydro- 
colchiceine5 (II), m. p. 195.5-197°. Repeated 
crystallization from methanol-ether afforded the 
pure compound, m. p. 205.5-206° (calcd. for 
C2iH290 6N: C, 64.39; H, 7.47; N, 3.58. Found: 
C, 63.68; H, 7.39; N, 3.65; diacetate, m. p. 
167°; calcd. for C ^ O s N :  C, 63.14; H, 6.99;
N, 2.95. Found: C, 63.01; H, 6.83; N, 3.37). 

Hexahydrocolchiceine was oxidized with peri­
odic acid in 50% aqueous methanol at pH 4. 
At a lower pH  side reactions appeared to take 
place. In a typical experiment hexahydrocol­
chiceine, m. p. 201-202°, [«]21-6d—205 =*= 1° 
(c =  1.544, methanol), [«]19d -162  ±  1 ° (c =
I. 436, 50% aqueous methanol) gave an uptake of
O. 86 mole periodate after ten minutes, 0.92 mole

(1) Aided by a grant from the National Institute of H ealth.
(2) Dewar, Nature, 165, 141 (1945).
(3) Windaus. A nn., 439, 59 (1924).
(4) Ashley and Harris, J .  Chem. Soc., 677 (1944).
(6) Bursian, Ber., 71, 245 (1938).

after ninety minutes, unchanged after eighteen 
hours. At the end of the reaction, the rotation 
of the reaction mixture (50% aqueous methanol) 
had fallen to [ « ] 19d  -1 0 9  =*= 1° (c =  1.401). 
These results indicate the presence of one 1,2- 
glycol group in hexahydrocolchiceine.

A chloroform extract of the reaction mixture 
yielded a yellow mobile sirup (III), strong Schiff 
and Tollens reactions, and reduced Fehling solu­
tion. On standing, it slowly lost its aldehydic 
properties. Efforts to obtain a semicarbazone or 
dimedone derivative have been unsuccessful, but 
an alcoholic solution of III with 2,4-dinitrophenyl- 
hydrazine in 2 N  hydrochloric acid gave amor­
phous mono-2,4-dinitrophenylhydrazone, m. p. 
103-107° (dec.) (after chromatography on alum­
ina) (calcd. for C^H^OgNs: C, 58.77; H, 5.30; 
N, 12.7. Found: C, 59.65; H, 5.39; N, 12.84). 
The oxidation of II presumably gives the dialde­
hyde (IV) which cyclises spontaneously to the 
monoaldehyde (V), or the dehydrogenation prod­
uct from V.

\

IV

N cho
_ / CH0

y
. /

CHO

\
/■ "

V

c h 2o h

^O H
VI

On the Windaus structure, hexahydrocolchi­
ceine would be a 1,3-glycol (VI) and no oxidation 
should occur with periodate; the above results are 
in agreement with (I).

Work is continuing on this and other reduction 
products of colchicine and its derivatives.

H. R. V. A rnstein  
Department of C hemistry D. S. T arbell
University of R ochester H. T. H uang
R ochester, N ew  Y ork G. P. Scott

R eceived  M arch 25, 1948
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RECOIL-ACTIVATED AND THERMAL EXCHANGE
REACTIONS BETWEEN SULFUR-35 AND CARBON 

DISULFIDE
Sir:

Two interesting exchange reactions have been 
observed in research on the preparation of S35~ 
tagged CS2 (CSS*). Each reaction presents an 
interesting chemical phenomenon, namely, the ex­
change of a free sulfur atom or ion with one bound 
in the CS2 molecule, and each is applicable to the 
preparation of CSS*. Such atomic exchange reac­
tions, involving energetic covalent bonds, have 
been found in the past to be much slower.

The activation energy in the first of these reac­
tions is supplied by the specific nuclear process 
which results in formation of S35. Two experi­
ments have been performed to date, each utilizing 
the ntp reaction on Cl35 to make the 87-day S35. 
In the first experiment, a solution of CS2 in CCI4 
(10 volume per cent. CS2) was placed in the stray 
neutron field near the Massachusetts Institute of 
Technology cyclotron for one month. The total 
S35 activity and that present as CS2 were assayed 
by Carius analysis. For the CS2 analysis, ex­
haustive extraction with Na2C03 solution was fol­
lowed by distillation of the mixture to remove the 
other S35-containing compounds (CSC12 etc. No 
effort was made to separate CCI4 and CS2). 
About 50% of the S35 formed in compounds not 
volatile below room temperature was present as 
CSS*. In the second experiment, a solution of 
one gram of C2C16 in 1 ml. of CS2 was sealed in a 
quartz vial for a thirty-day bombardment in the 
Oak Ridge pile, and assayed as described above, 
except that upon receipt, the sample was kept fro­
zen until aliquoted for total S36 analysis to avoid 
loss of the more volatile compounds (of BaCS3). 
In this case, 12% was recovered as CSS*. The 
lower value in the second experiment may be 
attributed (a) to the precaution taken to recover 
volatile compounds, and (b) to the greater variety 
and number of radiation-induced side reactions 
possible in the higher neutron flux of the pile. 
The specific activity of S36 as CSS* in the Oak 
Ridge sample attained a value of greater than one 
millicurie per gram.

The second reaction, now being studied, is the 
exchange of sulfide ion in aqueous solution with 
CS2 as a separate phase. The reaction proceeds 
through sulfide exchange with thiocarbonate ion 
(CS3~), and like the electron transfer reactions of 
thallium1 and iron2 recently reported appears to 
be catalyzed by precipitation (of BaCS3). On the 
other hand, when the CS3“ is decomposed with 
acid and the resulting CS2 extracted with CC14 
and analyzed, this exchange shows a half-time of 
about forty minutes (sulfide concentration about
0.5 M, thiocarbonate about 0.15 M , pH 9.5, 30°). 
Investigation of the kinetics of this reaction 
continues.

(1) R. J. Prest wood and A. C. Wahl, T h is  J o u r n a l , 70, 880 
(1948).

(2) L. Van Alten and C. N. Rice, ibid., 70, 883 (1948).

This work has been supported in part by the 
Office of Naval Research. We wish to express 
our thanks to the crew of the M.I.T. cyclotron and 
to the American Viscose Corporation for supply­
ing the radioactive sulfur.
D epartment of Chem istry  a nd  Laboratory f o r  

N uclear S cience and  E ngineering  
M assachusetts In stitu te  of T echnology 
Cambridge 39, M a ss . R aymond R. E dwards

B iophysical Laboratory
H arvard M edical S chool F rances B . N esbett
B oston 15, M a ss . A. K . Solomon

R eceived  A pr il  1, 1948

PYRIDOXYLAMINES
Sir:

Pyridoxal has been reductively coupled with 
certain amines, including several pressor amines, 
to give compounds of structure I. For example,

RNH

CH*V

/3-phenylethylamine, tyramine, tryptamine, iso­
butylamine, histamine (amines derived from na­
turally occurring amino acids) , as well as benzyl­
amine reacted with pyridoxal to give yellow Schiff 
bases, which were hydrogenated over a platinum 
catalyst to give pyridoxyl-/3-phenylethylamine di- 
hydrochloride, II (m. p. 227-228°, dec.), pyri- 
doxyltyramine dihydrochloride, III (m. p. 238- 
239°, dec.), pyridoxyltryptamine hydrochloride, 
IV (m. p. 222-223°, dec.), pyridoxylisobutyla- 
mine hydrochloride, V (m. p. 204-205°, dec.), py- 
ridoxylhistamine dihydrochloride, VI (m. p. 236- 
237°, dec.), and pyridoxylbenzylamine dihydro­
chloride, VII (m. p. 220-221°, dec.). These new 
compounds as well as the intermediary Schiff 
bases were also analytically characterized.

These pyridoxylamines, which are derivatives of 
both pyridoxine and the pressor amines, are being 
studied for vitamin B6 activity and for pressor 
activity.

The tests of these compounds for vitamin B6 
activity in deficient rats were made by Dr. Gladys 
Emerson and Miss Elizabeth Wurtz of the Merck 
Institute for Therapeutic Research, who have 
found that compounds II, III, IV and VII show 
activities which range between 50 and 100% of the 
activity of a molar equivalent of pyridoxine. 
Such high biological activity for these new com­
pounds is in contrast to the low activity which 
has been found for previous structural modifica­
tions of the vitamin Bq group.1

(1) Unna, P roc. Soc. E x p tl . B io l. M ed ., 43, 122 (1940); Harris 
and Wilson, T h is  J o u r n a l , 63, 2526 (1941); Harris, ib id ., 63, 3363 
(1941).
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Extensions of these chemical and biological 
studies will be detailed later.

D o r o t h e a  H e y l
R e s e a r c h  L a b o r a t o r y  E il e e n  L u z
M e r c k  a n d  C o ., I n c . S t a n t o n  A. H a r r is
R a h w a y , N . J .  K a r l  F o l k e r s

R e c e iv e d  M a r c h  20, 1948

EVIDENCE FOR THE INVOLVEMENT OF GLUTA­
THIONE IN THE MECHANISM OF PENICILLIN 

ACTION
Sir:

Several authors have suggested the involvement 
of— SH groups in the antibacterial action of peni­
cillin (see review1). The similarity in the molecu­
lar structure of glutathione and of penicillin2»3 
suggests the possible involvement of glutathione 
in the antibiotic action of penicillin. The follow­
ing experiments (supported partly by the Cutter 
Laboratories, Berkeley, California) bear on this 
question.

When standard penicillin assay plates are 
flooded with a 1% solution of 2,6-dichlorophenol- 
indophenol in a saturated aqueous solution of so­
dium bicarbonate the inhibition zones promptly 
stain intensely blue, and are sharply delineated 
from the faintly bluish uninhibited background 
by a narrow colorless rim that locates the ring of 
enhanced growth that circumscribes each zone. 
Similar patterns obtain on plates pretreated for 
five minutes with acetone, which blocks —SH 
groups from cysteine but not those from gluta­
thione.4 However, if —SH groups of glutathione 
are blocked by flooding the plates for ten minutes 
with a 10% solution of formaldehyde in saturated 
sodium bicarbonate the 2,6-dichlorophenolindo- 
phenol is no longer reduced to the colorless form 
in the ring of enhanced growth, which now stains 
deep blue.

The reducing activity in the regions of enhanced 
growth may be strikingly revealed also by flood­
ing plates with a 0.5% aqueous solution of 2,3,5- 
triphenyltetrazolium chloride, whereupon these 
regions become intensely red, while the zones of 
inhibition remain uncolored. Pretreatment of the 
plates with 10% formaldehyde blocks this reac­
tion. When such plates are subsequently flooded 
with the tetrazolium reagent, the red color fails to 
develop, except a t the extreme outer margin of 
the ring of enhanced growth where it is very faint.

Such simple experiments do not themselves af­
ford unequivocal proof of the participation of 
glutathione in the mechanism of penicillin action. 
However, it is generally assumed th a t1—SH groups 
are involved. Our results indicate that some of 
these —SH groups are less reactive than those of 
cysteine, and in view of the work on the role of

(1) R. P ra tt and J. Dufrenoy, B a d . Rev., 12, 79 (1948).
(2) E. Fischer, Science, 106, 146 (1947).
(3) R. P ra tt and J. Dufrenoy, J . B ad., in press (1948).
(4) L. Genevois and P. Cayrol, Enzymol., 6, 352 (1939).

glutamine revealed by Gale and Taylor6»6»7 it 
seems reasonable to deduce the involvement of 
glutathione.

(5) E. F . Gale and E. S. Taylor, Nature, 158, 676 (1946).
(6) E. F. Gale and E. S. Taylor, J . Gen. M ic ro b io l1, 314 (1947).
(7) E. F. Gale, Nature, 160, 407 (1947).

U n iversity  of California  
College of P harmacy
T he M edical  Ce n ter  R obertson  P ratt
Sa n  F rancisco  22, Ca l if . Je a n  D u fr eno y

R eceived  F ebruary  12, 1948

IMPROVED ION EXCHANGE METHOD FOR SEPA­
RATING RARE EARTHS IN MACRO QUANTITIES1
Sir:

Previous communications from this laboratory2 
described ion exchange methods by which rare 
earths were separated from one another in kilo­
gram quantities. The process consisted essen­
tially of absorbing the mixed rare earths on the 
top of long columns of commercial IR-100 Amber­
lite resin, in the acid cycle, and then eluting by 
means of citric acid solutions whose pH  had been 
adjusted to the required value by the addition of 
ammonium hydroxide. While these processes 
represented an enormous saving, in man-hours 
required per gram of pure rare earth produced, 
over the old processes of fractional crystallization, 
etc., they were not ideal in the sense that when a 
mixture of rare earths was present, shapes of the 
elutions bands were such that there was a slight 
trailing of the preceding rare earth across the main 
band of thé following one. This cut down the 
amount of pure rare earth obtained from any one 
pass of the column and frequently resulted in the 
necessity of recycling considerable quantities of 
the material.

Considerable work has been done in this Labor­
atory concerning the nature of the separation 
process. Good spectroscopic evidence has been 
obtained that a t least four complexes of the rare 
earths with citrate solution exist and that each of 
these in turn becomes important as the pH  range 
and citric acid concentrations are changed. Re­
cently, it has been found that separation of the 
rare earths in large amounts can be markedly in­
creased by eluting with a 0.1% citric acid solution 
in the pH  range between 5.0 and 5.5. Under these 
conditions both the front and rear edges of the elu­
tion band (amount of rare earth eluted per liter 
plotted against liters of the eluant passed through 
the column) are steep and the tops of the eluting 
bands are flat. Furthermore, the bands separate 
from each other until the front edge of the one 
rare earth band is riding on the rear edge of the 
preceding band. Increasing the length of the col­
umn beyond the limit necessary to do this does 
not separate the bands any further, so there is good 
evidence that the one rare earth is replacing the

(1) This docum ent is based in p art on work performed under Con­
tract No. W-7405 eng-82 for the Atomic Energy Project.

(2) Spedding, et al., T h is  J o u r n a l , 69, 2777, 2786, 2812 (1947).
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other rare earth on the column as the material is 
eluted. I t was also noted that in the cases tested 
the pH  of the solution which comes from the col­
umn varies with the rare earth being eluted and 
differs by about 0.05 of a pH  unit for adjacent 
rare earths. With binary mixtures of 50-50% 
neodymium-praseodymium and neodymium-sa­
marium, it has been found possible to recover from 
60 to 90% of each of the rare earths in such purity 
that the other rare earths could not be detected 
spectrophotometrically in these fractions.

Work is being continued and the details of this 
process will be presented in a paper soon to be 
submitted for publication.
C o n t r ib u t io n  N o . 29 

f r o m  t h e  I n s t it u t e  f o r  
A t o m ic  R e s e a r c h  a n d  
t h e  D e p a r t m e n t  o f  
C h e m is t r y , I o w a  

St a t e  C o l l e g e  
A m e s , I o w a

F. H. S p e d d in g  
E. I .  F u l m e r  
B u e l l  A y e r s  
T . A . B u t l e r  
J a ck  P o w e l l  

A . D . T e v e b a u g h  
R o b e r t  T h o m p so n

R e c e iv e d  F e b r u a r y  9, 1948

LEAF XANTHOPHYLLS
Sir:

Recently, a violaxanthin-like xanthophyll called 
xanthophyll-epoxide has been reported as a new 
leaf pigment.1 However, earlier observations 
indicate that this leaf xanthophyll is spectro­
scopically identical with violaxanthin, obtained 
originally from pansies (Viola).2 Moreover, leaf 
violaxanthin and pansy violaxanthin are chroma- 
tographically identical in Tswett columns of mag­
nesia or of sugar.3

Karrer and co-workers also claim that, in spite 
of other similarities, violaxanthin and leaf 
violaxanthin (their xanthophyll-epoxide) yield 
different pigments when treated with acids1

violaxanthin---->  auroxanthin
xanthophyll-epoxide---->■ fiavoxanthin.

By contrast, I have found violaxanthin from the 
two sources to react with acids in the following 
way
pansy violaxanthin---->■ flavoxanthins---->■ auroxanthin

leaf violaxantin---->■ flavoxanthins -—>■ auroxanthin
Obviously, pansy violaxanthin and leaf viola­

xanthin are identical with respect to their reaction 
with acids. This xanthophyll, whether obtained 
from pansies or from leaves, should, therefore, be 
called violaxanthin, not xanthophyll-epoxide.

In spite of Karrer’s assertions to the con­
trary,1 numerous experiments confirm the com­
plexity of the leaf pigment mixture. The leaves 
of some fifty plants, ranging from ferns to angio- 
sperms, have yielded the following pigments: 
chlorophylls a and b (with traces of chlorophylls 
a ' and b'), neoxanthin, zeaxanthin, violaxanthin,

(1) Karrer, Krause-Voith and Steinlin, H elv. Chim . A cta , 31, 113 
(1948).

(2) Kuhn, Winterstein and Lederer, Z . p h ys io l. Chem., 197, 141
(1931).

(3) Strain, Manning and Hardin, B io l. B u ll., 86, 169 (1944).

lutein, cryptoxanthin-like pigments and ^-caro­
tene =*= «-carotene. In leaves of eleven species 
of cycads representing six genera, taraxanthin, 
identical with taraxanthin from dandelions, ac­
companies the pigments just enumerated. In 
most of these plants, lutein is the principal xan­
thophyll, violaxanthin is slightly less abundant, 
neoxanthin occurs in small amounts, and zeaxan­
thin and the cryptoxanthin-like pigments are pres­
ent in very small proportions. Traces of flavo­
xanthins are sometimes found in the leaf extracts.

When the pigments of fresh leaves are extracted 
with methanol or acetone, transferred to petro­
leum ether, adsorbed in columns of powdered 
sugar, and washed with petroleum ether contain­
ing 0.5% propanol, the following sequence of ad­
sorbed pigments is obtained: neoxanthin, viola­
xanthin, (flavoxanthins), chlorophyll b, (taraxan­
thin), lutein plus zeaxanthin4 plus chlorophyll b', 
chlorophyll a, chlorophyll a', crytpoxanthin-like 
pigments and the non-adsorbed carotenes.

1,2-Dichloroethane, formerly employed for the 
resolution of leaf xanthophylls by adsorption,5 
decomposes easily, especially in the presence of 
moisture, yielding hydrochloric acid. Unless 
special precautions are observed, the action of this 
acid on the leaf xanthophylls dissolved in di- 
chloroethane may decrease the amount of viola­
xanthin and increase the amounts of flavoxanthins 
and isolutein.5

All these facts confirm the identity of violaxan­
thin from leaves and from pansies. They indi­
cate that flavoxanthins can be converted into 
auroxanthin. They illustrate the complexity 
and the lability of the leaf xanthophylls. They 
point to precautions to be observed in the han­
dling of leaf xanthophylls, and they illustrate 
problems in nomenclature arising from the use of 
different names for a single substance.

(4) Strain, T h is  J o u r n a l , 70, 588 (1948).
(5) Strain, "Leaf X anthophylls,” Carnegie Inst. Wash., Publ. 

490, W ashington 1938.
C a r n e g ie  I n s t it u t io n  o f  W a s h in g t o n  
D iv is io n  o f  P l a n t  B io l o g y
S t a n f o r d , C a l if o r n ia  H a r o l d  H .  S t r a in

R e c e iv e d  M a r c h  29, 1948

A SYNTHESIS OF STREPTIDINE
Sir:

There has been reported1 the synthesis of hexa- 
acetylstreptamine from D-glucosamine by a 
method which establishes its configuration, and 
that of streptidine, as all-trans. We wish to re­
cord herein the conversion of hexaacetylstrepta- 
mine to streptidine sulfate monohydrate, thus 
completing the synthesis of the latter from D-glu­
cosamine. Hexaacetylstreptamine was saponified 
with aqueous sodium hydroxide under reflux and 
the product was crystallized as the sulfate. The

(1) M. L. Wolfrom and S. M. Olin, Abstracts of Papers, 113th 
Meeting, Am. Chem. Soc., Chicago, Illinois, April 19-23, p. 5Q 
(1948).
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resultant streptamine sulfate2-4 was characterized 
by its X-ray powder diffraction diagram, which 
was identical with that of an authentic specimen 
obtained from streptomycin. Streptamine sulfate 
was treated with the stoichiometric amount of 
barium hydroxide and the resultant aqueous solu­
tion of the free base was heated at 70-80° for 
forty-eight hours with an equivalent amount 
(added in portions) of S-methylthiopseudourea 
sulfate.5 A crystalline reaction product was ob-

(2) H. E. Carter, R. K. Clark, Jr., S. R. Dickman, Y. H. Loo, J. S. 
Meek, P. S. Skell, W. A. Strong, J. T. Alberi, Q. R. Bartz, S. B. 
Binkley, H. M. Crooks, Jr., I. R. Hooper and M. C. Rebstock, 
Science, 103, 53 (1946).

(3) J. Fried, G. A. Boyack and O. W intersteiner, J . Biol. Chem., 
162, 391 (1946).

(4) R. L. Peck, C. E. Hoffhine, Jr., E lizabeth W. Peel, R. P. Gra- 
ber, F . W. Holly, R . Mozingo and K . Folkers, T h is  J o u r n a l , 68, 
776 (1946).

(5) B. Rathke, Ber., 14, 1774 (1881); R. Phillips and H. T. Clarke, 
T h is  J o u r n a l , 45, 1755 (1923).

tained which, when triturated with dilute ammo­
nium hydroxide, yielded streptidine sulfate mono- 
hydrate,2*3»6*7 identified by its X-ray powder dif­
fraction diagram,8 nitrogen analysis (calcd., 
22.2%; found, 22.1) and octaacetyl derivative7 
(m. p. 259-261°, unchanged on admixture with 
an authentic specimen prepared from strepto­
mycin).
D e p a r t m e n t  o f  C h e m is t r y
T h e  O h io  S t a t e  U n iv e r s it y  M. L. W o l f r o m
C o l u m b u s , O h io  W . J .  P o l g l a s e 9

R e c e iv e d  M a r c h  19, 1948

(6) N. G. Brink, F. A. Kuehl, Jr., and K. Folkers, Science, 102, 
506 (1945).

(7) R. L. Peck, R. P. Graber, A. W alti, E lizabeth W. Peel, C. E. 
Hoffhine, Jr., and K. Folkers, T h is  J o u r n a l , 68, 29 (1946).

(8) I. R. Hooper, L. H. Klemm, W. J. Polglase and M. L. Wolfrom, 
ibid., 69, 1052 (1947).

(9) Bristol Laboratories Research Fellow of The Ohio S tate Univ­
ersity Research Foundation (Project 224).

NEW BOOKS

Quantitative Organische Mikroanalyse. Fifth Austrian 
Edition. By F . P r e g l  and H . R o t h  . Springer-Verlag, 
Vienna, 1947. 317 pp. 80 Figs. 16X 23 .5  cm. Price 
$7.40 (Swiss Francs 32.—).
F. Pregl’s “ Die quantitative organische Mikroanalyse” 

has had three original editions (1st, 1916, 2nd, 1922, and 
3rd, 1929). Since Pregl’s death on Dec. 13, 1930, two 
revisions by H. Roth have appeared: the first in 1935
and the second, or present fifth edition, in 1947.

Since neither the fourth nor the present fifth edition 
have been previously discussed in T h is  J o u r n a l , it was 
thought expedient to not only examine these two revisions 
but also compare them with the third and last original 
Pregl edition. This is being done in the table given 
herewith.

T a b l e  I

Chapters

Number of pages 
3rd 4th 5th 

edition edition edition
Balances 14 16 14
Methods of elementary analysis 175 164 175
Carbon and hydrogen 69 66 59
Oxygen 11
Nitrogen (Dumas) 30 20 20
Nitrogen (Kjeldahl) 11 8 7
Halogen 21 28 25
Sulfur 15 12 19
Miscellaneous 28 26 28
Methods of structure analysis 29 86 78
Molecular weight determinations 15 24 16
Determ, of physical constants 2 25 20

Total 256 328 317
As can be seen from the table, the two revisions differ 

from the last and original Pregl edition chiefly by an 
enlargement in the structure analytical section. Thus, 
in this field, there have been added the well-known iodo- 
metric determination of O-, S- and N-alkyls by F. Vie-

boeck and C. Brecher and three methods by R. Kuhn 
and co-workers, such as a gasometric determination of 
active hydrogen, an oxidation procedure (acetic acid) and 
a method of ozonolysis (acetone). In the field of elemen­
tary analysis the additions involve iodometric methods 
for the determination of oxygen (J. Unterzaucher) and 
of sulfur (W. Zimmermann), a hydrogenation method for 
nitrogen (A. Lacourt) and an alkalimetric determination 
for chlorine and bromine (M. K. Zacherl).

The fifth edition differs from the fourth by the iodo­
metric methods for the determination of oxygen (1940) 
and sulfur (1943) and the determination of nitrogen by 
hydrogenation (1940) cited above. On the other hand, 
the chapter on molecular weight determinations has been 
weakened by the omission of any and all ebullioscopic 
methods. The literature references are incomplete and 
none goes beyond 1943. There is no author index, nor 
does the book contain any log or nitrogen reduction tables. 
Use of ordinary balances in quantitative organic micro­
analysis is not mentioned.

In view of the foregoing, which at the same time might 
also be regarded as an indication of the progress of organic 
microchemistry in Central Europe for the last twelve years, 
the present edition appears to be rather a “Second Print­
ing” of the fourth edition, or first revision. The by­
passing of Pregl’s original and still active laboratory at 
the University of Graz, Austria, his successor and original 
co-workers as co-authors appears inexcusable and is most 
unfortunate.

J o s e p h  B . N ie d e r l

Violin Varnish. A Plausible Re-creation of the Varnish 
Used by the. Italian Violin Makers between the Years 
1550 and 1750, A. D. By J o s e p h  M ic h e l m a n . Pub­
lished by Joseph Michelman, 5050 Oberlin Boulevard, 
Cincinnati, Ohio, 1946. 185 pp. 14 X 21 cm. Price,
$3.75.
The question of the varnishes used by the great Italian 

violin makers of the mid-sixteenth to the mid-eighteenth 
centuries has always provoked great curiosity and specula­
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tion. Violin makers and scientists still disagree about 
the actual contribution of varnish to the tonal qualities 
of the violin, but most consider that it is an important 
one. Unfortunately, the varnish formulas used by the 
master violin makers were shop secrets and little oppor­
tunity has been found to analyze, even on a micro scale, 
the varnish on the very few instruments that have come 
down to us. In this brief volume the author, who ap­
parently is well versed in modern varnish technology, has 
attempted to reconstruct the work-shop receipts of the 
famous violin artisans from a study of the materials then 
available, and to analyze the properties of the finishes 
produced thereby.

After carefully surveying the existing literature on violin 
varnish, the author discusses the materials used in its 
manufacture by the master Italian violin makers, which 
included Venetian turpentine (oleoresin from the Euro­
pean larch), potash, alum, copperas, linseed oil, alcohol, 
and red dye obtained from the madder root and the dif­
ferent mordant salts used to fix it. Next follow several 
chapters describing in detail numerous experiments with 
these materials to establish the old formulas, without 
the aid of modern laboratory devices, and possible re­
ceipts that the violin makers might have used. In these 
experiments small batches, comprising often only a few 
grams or cubic centimeters of the principal ingredients, 
were employed. One wonders whether proper conditions 
for varnish making can be established on such a small 
scale. Many of the experiments involve the preparation 
of metal rosinates which, combined with linseed oil, the 
author believes were used for under-coats or sub-varnishes. 
Combinations of aluminum and iron rosinates made from 
potassium rosinate could have been used to produce the 
brown undertone so frequently seen. The color of top 
varnishes could have been obtained by combining various 
natural dyes with metal rosinates and linseed oil; among 
them the extract from madder root or modern alizarin 
gives best results. The author then lists a series of simple 
formulas for violin varnishes for the use of the amateur, 
followed by a discussion of materials and methods which 
the modern varnish technologist might employ.

The collector of old violins and the modern amateur 
violin maker will find this volume of much interests 
The subject matter is well organized and the book i. 
attractively printed.

R u t h e r f o r d  J . G e t t e n s

BOOKS RECEIVED
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T u r n e r  A l f r e y , J r . “Mechanical Behavior of High 
Polymers.” Vol. VI. Interscience Publishers, Inc., 215 
Fourth Ave., New York 3, New York, 1948. 581 pp.
$9.50.

D. J. B e l l . “Introduction to Carbohydrate Biochemis­
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A Quantitative Study of Reversible Boundary Spreading in the Electrophoresis of
Proteins1

B y  R obert  A . Al be r t y

Introduction
The usual criterion for the electrophoretic homo­

geneity of a protein is that it migrates as a single 
boundary in an electric field in buffers of various 
hydrogen ion concentrations and ionic strengths. 
However, this alone is not sufficient evidence that 
all the protein molecules have the same electro­
phoretic mobility, and further evidence regarding 
the electrophoretic homogeneity may be obtained 
by studying the rate with which the protein gra­
dient spreads in the electrical field. If the mole­
cules in a protein “family55 vary with respect to 
electrophoretic mobility because of differences in 
net charge or size or shape, the protein gradient 
will spread faster in the electrical field than ex­
pected for diffusion alone but will become 
sharper upon reversal of the field.2 While in the 
case of a heterogeneous protein spreading is ob­
served at both boundaries in the U-tube, in the 
case of spreading caused by conductivity3 or pHA 
gradients in the moving protein gradient, spread­
ing at one boundary is accompanied by sharpen­
ing at the other. Spreading and sharpening 
caused by these superimposed gradients may be 
minimized by performing the electrophoresis ex­
periment at the average isoelectric point of the 
protein.5 Convection caused by the temperature 
gradient set up in the electrophoresis cell by elec­
trical heating or caused by electroosmosis along 
tiie cell wall may also spread the protein bound­
ary. Such convection effects would not be re­
versed by reversing the electric field because they

(1) Presented before the Division of Physical and Inorganic 
Chemistry, Atlantic City, April 18, 1947.

(2) Tiselius, Nova Acta Reg. Soc. Scient. Upsala, (IV) 7, No. 4 
(1930).

(3) Longsworth and M aclnnes, T h is  J o u r n a l , 62, 705 (1940).
(4) Longsworth, J . Phys. Coll. Chem., 51, 171 (1947).
(5) Longsworth, Cannan and M aclnnes, T h is  Journal, 62, 2580 

(1940).

are a result of turbulence, and so it is possible to 
test electrophoresis experiments for their pres­
ence.

Reversible electrophoresis spreading has been 
cited as evidence for the electrophoretic hetero­
geneity of Helix pomatia and Helix nemoralis 
hemocyanins,6’7 ovomucoid,5 alfalfa mosaic virus,8 
horse pseudoglobulin GI,9»10 pectin11 and bovine 
Yi- and Y2-globulins.12

Two quantitative methods for representing 
boundary spreading have been proposed,613 but 
neither of these has been used to calculate the ac­
tual distribution in mobility among the protein 
molecules. The purpose of this paper is to present 
a quantitative method for the determination of 
the mobility distribution in certain cases.

Theory
If the electrophoresis of a heterogeneous pro­

tein with a mobility distribution g(u) is carried 
out under conditions such that no convection is 
caused by temperature gradients or electroosmosis 
in the electrophoresis cell and there are no con­
ductivity or pH gradients through the boundary 
between protein solution and buffer, the refractive 
index gradient, 'ön/'öxy as a function of height in 
the electrophoresis cell, x, at time tD after the 
formation of the boundary and time tE after ap­
plication of the electric field, is given by equation

(6) Tiselius and Horsfall, Ark. Kern. M in . GeoL, 13A, No. 18 
(1939).

(7) Horsfall, A nn. N . Y. Acad. Sci., 39, 203 (1939).
(8) Lauffer and Ross, T h is  J o u r n a l , 62, 3296 (1940).
(9) Sharp, Cooper and N eurath, J . Biol. Ghent,., 142, 203 

(1942).
(10) Sharp, Hebb, Taylor and Beard, ibid., 142, 217 (1942).
(11) Speiser, Copley and N utting, J . Phys. Coll. Chem., 51, 117 

(1947).
(12) Hess and Deutsch, T h is  J o u r n a l , 70, 84 (1948).
(13) Sharp, Taylor, Beard and Beard, J . Biol. Chem., 142, 193 

(1942).
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(l) .14 D is the diffusion constant which is as-
bn
bx

(wi -  n%) 
2 \ /  irDtj)

(x  — u E I e ) 2 < 
Tbts> — Au (1)

sumed to be the same for all the protein molecules,
u is electrophoretic mobility. R is the electric field 
strength, and (n\ — n2) is the difference in refrac­
tive index of the protein solution and buffer. 
The boundary will spread faster than expected for 
diffusion alone because of the difference in rates of 
migration of the protein ions.

If diffusion is negligible during the electrophore­
sis experiment, Sharp, et al.,10 point out that equa­
tion (1) assumes a simple form, and a heterogene­
ity constant, H, may be defined by

H  =  A * /M E  (2)
where A cr/ At is the time rate of change of the 
standard deviation, cr, of the refractive index gra­
dient. For this case, H  characterizes the mobility 
heterogeneity of the protein and the mobility dis­
tribution may be determined directly from the 
gradient curves.

If diffusion is not negligible during the electro­
phoresis experiment, it is theoretically possible to 
obtain the mobility distribution g(u) from the ex­
perimental refractive index gradient curves by 
using equation (1), but this is not a practical 
method for studying the distribution in mobilities 
because of the difficulties in computation. How­
ever, a suitable function for g(u) with parameters 
to be evaluated from the experimental curves may 
be introduced in equation (1). In the case of a 
protein at its “average5 5 isoelectric point so that 
the most frequent molecule has a mobility of zero, 
it is convenient to try a Gaussian distribution 
function with h, the heterogeneity constant, the 
parameter to be evaluated.

q(u) «
1

h \/  2 TT
u*/2h* (3)

h has the dimensions of mobility and is the stand­
ard deviation for the mobility distribution which 
has been normalized to unity. Substituting this 
form of g(u) in (1) and integrating, we obtain the 
equation giving the refractive index gradient as a 
function of height in the cell for such a protein 
during electrophoresis.
bn  ________(tii ~ n-i)______  - x2/2(E%h2e+2Di-d)
bx “  a/ 2 w\/E2hn^2 -b 2Dt/> 6 (4)

This equation shows that if there is a Gaussian 
distribution of mobilities, the electrophoresis

(14) This equation has been bu t slightly modified from th a t given 
by Sharp, Hebb, Taylor and Beard.10 The times in the equation 
have been given subscripts to indicate whether they  are the time of 
diffusion or electrophoresis so th a t the more general case in which 
these are not equal may be treated. Sharp, et al., prefer to use a 
modified diffusion constant Di which may not be the same as D 
since they  state variations in mobility of individual particles with 
tim e may affect the rate of diffusion under the influence of an electric 
field. If, however, as assumed by Tiselius (ref. 2, p. 26) diffusion is 
simply superimposed on the electrophoretic migration, it should not 
be necessary to  distinguish between two diffusion constants pro­
vided convection can be eliminated, and no distinction is made in 
this paper.

gradient curves should be Gaussian, as is closely 
realized for the systems studied.

The heterogeneity constant, h, may be evalu­
ated by noting that the standard deviation, cr, of 
the experimental curve should be

<r =  V E 2h2t2E +  2DtE +  2D At (5)

if the electrophoresis is started after the boundary 
has been diffusing At seconds. 2D At is the square 
of the standard deviation of the gradient curve at 
the moment the electric field was applied, ao2. 
Rearranging

D* = (6)

I>* is the “apparent diffusion constant55 calculated 
from the experimental gradient curves during the 
electrophoresis.15 According to this equation, the 
apparent diffusion constant should plot as a 
straight line against time of electrophoresis and 
extrapolate back to the normal diffusion constant 
at zero time. If the protein is heterogeneous and 
has a Gaussian distribution of mobilities, the 
straight line will have a slope E 2h2/2  from which 
the heterogeneity constant h may be calculated. 
Since the heterogeneity constant is the standard 
deviation for the mobility distribution, the actual 
mobility distribution curves may be constructed 
using a table of values for the Gaussian probabil­
ity function.

Equation (5) for the standard deviation of the 
electrophoresis curves in terms of the heterogene­
ity constant h may be used to show the relation­
ship between the heterogeneity constant, H , intro­
duced by Sharp, Taylor, Beard and Beard13 and
h. For the case in which electrophoresis and dif­
fusion start simultaneously

H = m = ^l(w)i + h2 (7)
This shows that if diffusion is negligible, H  = h. 
If diffusion is not negligible, H  will decrease with 
time approaching h asymptotically.

As a check on irreversible spreading during 
electrophoresis, the direction of the electric field 
may be reversed for an equal period of time. The 
manner in which the apparent diffusion constant 
varies with time during the reversal period may be 
shown by using equation (5). If tE is the total 
time the current has been flowing in both direc-

(15) The apparent diffusion constant may be calculated from the 
gradient curves by any of the standard methods which will all give 
the same result provided the refractive index gradient is Gaussian 
in form. In  this paper the apparent diffusion constants have been 
calculated from enlarged tracings of the photographs by using the

half width x, of the gradient curves a t  the inflection point y/e*
from the area, A , and maximum height, F,

J9I - x* — %% 
2tE G2 D t  = 4ir tE G2

If x, A  and Y  are measured in centimeters on a tracing of the photo­
graph, G is thè number of cm. on the tracing paper corresponding to 
one cm. in the electrophoresis cell.
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tion, and h is the time after which the current was 
reversed, for fe >  h

D* „  , (2tj -  tEy
d  + -2 ------5— (8)

Thus the apparent diffusion constant decreases 
with time and becomes equal to the diffusion con­
stant at t E = 2fe The slope of the v s . t E plot 
immediately after reversing the current (tE =  h) 

3is — -  E 2h2, and when t E = 2 h  the slope is zero 
A

showing that an error of a few minutes in the time 
of reversing the current will generally not cause 
D* to differ significantly from D.

More general distribution functions with as 
many constants as justified by the precision of the 
experimental data may be used in place of the 
error function.16 In cases in which the gradient 
curves are symmmetrical but not Gaussian, the 
sum of two or more Gaussian distribution func­
tions may be used to represent the mobility distri­
bution g(u). Such a distribution function may be 
integrated conveniently when substituted in equa­
tion (1), and the parameters may be evaluated 
from the successive moments of a single gradient 
curve by the same method used in determining 
the diffusion constants and relative amounts of 
two or more independently diffusing molecules in 
a polydisperse system.17

Experimental
The optical system used in this work was the cylindrical 

lens schlieren optical system with a schlieren lens on each 
side of the thermostat arranged so that light from the 
horizontal slit passed through the cell in a parallel beam . 1 8  

A diagonal slit (0.50 mm. wide) was used in the optical 
system, and the photographs were taken on Eastman 
Kodak Co. CTC plates and enlarged and traced. The 
gradient curves were obtained by averaging the ordinates 
of the two edges of the band of light and constructing 
the corresponding mean curve. It was found that the 
diffusion constants determined by this method did not 
vary with the exposure time as did those determined by 
the diagonal knife edge method.

It was found that when diffusion boundaries were 
formed in the standard Tiselius electrophoresis cell by the 
usual method and compensated into the optical system  
at the rate of 2-3  cm. per hour using a mechanically driven 
syringe, thirty to ninety minutes had to be added to the 
diffusion times in order to obtain a constant diffusion 
constant for short time diffusions (less than ten hours) . 1 9  

The quality of the initial boundary is very important in 
an electrophoresis spreading experiment since it must be 
carried out in a short period compared to the usual 3-4  
day diffusion experiment. As shown by equation (6 ), 
the apparent diffusion constant may be calculated even 
when the initial gradient is diffuse, provided it is Gaus­
sian, by using the method of differences, and this is satis­
factory if the electrophoresis spreading is large. How­
ever, in the case of a homogeneous protein the spreading

(16) For examples of such functions see Rinde, "The Distribution 
of the Sizes of Particles in Gold Sols,” Inaugural Dissertation, Up- 
sala, 1928; Lansing and Kraemer, T h is  J o u r n a l , 57, 1369 (1935); 
Jullander, Ark. Kern. M in. GeoL, 21A, No. 8, 14 (1945).

(17) N eurath, Chem. Rev., 30, 357 (1942).
(18) Svensson, Kolloid Z ., 87, 181 (1939); 90, 141 (1940).
(19) This is similar to  the  observation by Longsworth th a t dif­

fusion boundaries compensated into the electrophoresis cell are im­
perfect, T h is  J o u r n a l , 69, 2510 (1947).

of the gradient during the experiment is not large and D* 
calculated by the method of differences is subject to rather 
large experimental errors. In order to  avoid the cor­
rection for the width of the initial boundary, the sharpen­
ing technique of Kahn and Poison 2 0  m ay be applied. In 
forming these so-called “ sharpened” boundaries for some 
of the electrophoresis spreading experiments, a capillary 
was lowered into the protein boundary after it had been 
compensated into the cell, which was set up with both  
sides open to the atmosphere, and the diffuse portion of 
the boundary was drawn off by suction at a rate of about 
0.4 cc. per minute. The sharpening of the boundary 
was followed with the schlieren optical system, and when 
the boundary became no sharper, the suction was prac­
tically stopped while the capillary was carefully withdrawn, 
and this time was taken as the starting time for the dif­
fusion. Figure 1 shows the results of a short diffusion 
of crystallized bovine albumin2 3  using a sharpened boun­
dary. The zero time correction was negligible after one 
hour, and the agreement between the diffusion constants 
calculated by two methods indicates the precision obtained 
with the schlieren optical system. The average diffusion 
constant^3.1 X 10 - 7  cm . 2 sec . - 1  at 1 .5°, is in agreement 
with earlier values . 2 1

. 4.0

O W -8---% •8-

i_—1------1-----------1------ — i.
0  5 10 15 20 25 30 35

£ / 1 0 0 0  sec. —
Fig. 1.— Diffusion constant for crystallized bovine 

albumin, T/2  =  0.1, pH. 4.6, 0.6% protein, at 1.5°. • ,  
calculated from the half width at the inflection point; O, 
calculated from the height and area.

The disadvantage of applying the sharpening technique 
in electrophoresis spreading experiments is the difficulty 
of sharpening both boundaries simultaneously. When 
only one of the boundaries is sharpened and conclusions 
are drawn from its behavior alone, sharpening or broaden­
ing of the peak caused by the field and pH  gradients may 
go undetected, and an erroneous conslusion as to the 
homogeneity of the protein may be drawn.

More than the usual care to  avoid thermal convection 
must be taken in electrophoresis spreading experiments. 
In electrophoresis load tests with alternating current 
Tiselius2 2  found that power dissipations of 0.5 to 1 w att/cc. 
could be used in flattened electrophoresis cells near the 
temperature of maximum density of water. Loads of 
about 0.15 w att/cc. are used routinely in this Laboratory 
with the standard 1 1 -cc. cells, but for spreading experi­
ments the loads were kept below 0.015 w att/cc. It has 
been found that loads which do not cause convection in 
short experiments (two hours) may cause convection in 
prolonged spreading experiments as the density gradient 
becomes progressively less.

In order to reduce the difference in buffer salt concentra­
tion in the protein solution and equilibrium buffer caused 
by the Donnan effect and to reduce optical errors inherent 
in measuring high refractive index gradients, protein 
concentrations of 0.5 to 0.8% were used in all experi­
ments . The electrophoresis samples were dialyzed two days 
in the cold before electrophoresis. The conductivity of 
the equilibrium buffer measured at the temperature of the 
thermostat ( 1 °) was used in calculating the potential 
gradient, and the pH  of the buffers was measured at 25° 
using a glass electrode.

(20) K ahn and Poison, J . Phys. Coll. Chem., 51, 816 (1947).
(21) Cohn, Hughes and Weare, T h is  J o u r n a l , 69, 1753 (1947); 

Stern, Singer and Davis, J , Biol. Chem., 167, 321 (1947).
(22) Tiselius, Trans. Faraday Soc., 33, 524 (1937).
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Results
Bovine Albumin.—The isoelectric point of 

crystallized bovine albumin was found to be pH.
4.6 at 0.10 ionic strength in acetate buffers. A 
number of spreading experiments carried out at 
this pH  showed that although there was partial 
resolution of about 5% of another protein constit­
uent, the same rate of boundary spreading was 
observed in both limbs of the U-tube. The addi­
tional protein component would not appear to be 
a- or /5-globulin.23 In these experiments the 
boundaries were compensated into the electro­
phoresis cell at a rate of about 1 cm. per hour, and 
after they had diffused until the maximum gradi­
ent was recorded by the optical system, a photo­
graph was taken to determine tr0 and the electric 
field applied. In the experiment shown in Fig. 2 
one boundary was sharpened and the electric field 
applied immediately. The vertical arrows indi-

b  4.0H
X

2.0

e
1

t. H—...__—I--- —---L
0 5 10 15 20 25 30 35

t j 1 0 0 0  sec.
Fig. 2.— Electrophoretic spreading experiment with crys­

tallized bovine albumin at r/2 =  0.10, pH  4.61 at 1.59 
volts/cm . and 0.0135 w att/cc. using a sharpened boundary. 
The apparent diffusion constants were calculated by the 
inflection point method.

cate the reversal time and the end of the experi­
ment. The fact that the apparent diffusion con­
stant at the end of the experiment is in agreement 
with the diffusion constant obtained from free dif­
fusion (3.1 X 10-7 cm.2 sec.-1, Fig. 1) is evidence 
that thermal and electroosmotic effects of the 
current did not disturb the boundaries appre­
ciably. This is in agreement with the observation 
of Longsworth24 that the correct diffusion con­
stant for a raffinose boundary in 0.1 N  lithium 
chloride was obtained in an electric field provided 
the power dissipation was not too great and is 
contrary to the conclusion of Janssen25 that 
boundaries of non-electrolytes spread more rap­
idly in an electric field than expected from diffu-

(23) The crystallized bovine albumin was from Lot 46 prepared 
by Armour Laboratories, Chicago, Illinois. Electrophoresis experi­
m ents in pH  8.6, 0.1 ionic strength diethyl barbiturate buffer indi­
cate no appreciable content of globulin impurities, while immunologi­
cal tests carried out as described b y  Cohn, Hughes and Weare, T h is  
J o u r n a l , 69, 1755 (1947), indicate th a t less than  0.01% a-globulin 
is present. Thus the immunological tests would indicate th a t any 
im purity could not be the same protein as th a t which constitutes 
most of the alpha globulin component of plasma. They do not 
eliminate the possibility th a t another protein component similar 
to albumin in its antigenic behavior may be present. Private com­
munication from Dr. J. B. Lesh.

(24) Longsworth, T his J o u r n a l , 69, 1288 (1947).
(25) Janssen, Rec. trav. chim., 65, 564 (1946).

sion alone. A small amount of reversible spread­
ing is evident in the case of bovine albumin, and 
although this amount of electrical spreading is not 
much greater than the experimental error, the 
electrical heterogeneity of bovine serum albumin 
at its isoelectric point has been confirmed by 
spreading experiments at 0.01 ionic strength where 
higher field strengths may be used.26

Human Y2-Globulin.—Human Y2-globulin27 
was studied by electrophoresis spreading experi­
ments at several ionic strengths. The sample of 
protein used contained less than 2% of yi- and 
/5-globulins and albumin as judged by electro­
phoresis at pH  8.6, r /2  =  0.10. Some of the re­
fractive index gradient curves obtained during the 
electrophoresis of human 72-globulin at its aver­
age isoelectric point at 0.10 ionic strength are 
given in Fig. 3. The experimental refractive in-

Fig. 3.—Refractive index gradient curves (solid lines) 
from the electrophoresis of human ^-globulin at r/2 =  0.1, 
pH 7.27, at 1.70 volts/cm . and 0.0131 w att/cc. using a 
sharpened boundary. The superimposed dashed curves 
give the patterns which would have been obtained if the 
spreading had been caused by diffusion alone. The 
field was reversed after 300 minutes.

dex gradient curves in solid lines are plotted with 
their bisecting ordinates located at the time at 
which the photograph was taken. The superim­
posed dashed curves give the patterns which would 
have been obtained if the spreading had been 
caused by diffusion alone (calculated using Do0 =
2.0 X 10-7). Note that after the direction of the 
electric field was reversed at 300 minutes, the 
experimental gradient curves became sharper and 
that after the electric field had been applied for 
equal times in the two directions, the experimental 
gradient was just that expected from diffusion 
alone. Figure 4 shows a comparison of a re­
fractive index gradient curve obtained in the 
electrophoresis of human 72-globulin with the 
Gaussian probability curve in normal coordin­
ates.28 This gradient is nearly enough Gaussian

(26) Alberty, Anderson and Williams, Colloid Symposium, 
Stanford University, June, 1947, J. Phys. Coll. Chem. 52, 217 (1948).

(27) Deutsch, Alberty and Costing, J. Biol. Chem., 165, 21 (1946).
(28) Lamm, Nova Acta Reg. Soc. Scient. Upsala, (IV), 10, No. 6 

(1937).
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€.
Fig. 4„— Comparison of the third experimental refractive 

index gradient curve given in Fig. 3 (circles) with the 
Gaussian probability function (solid curve) in normal 
coordinates.

that the mobility distribution may be represented 
by the error function. Figure 5, which shows the 
variation in apparent diffusion constant during the 
sharpened electrophoresis experiments represented 
in Fig. 3, indicates that D* plots as a straight line 
vs. tE during the period before the current was re­
versed as predicted by equation (6) for a Gaussian 
distribution of mobilities. The apparent diffusion 
constants calculated by the height and area 
method were somewhat higher than those calcu­
lated by the inflection point method in the case of 
the gradients spread both by diffusion and elec­
trical heterogeneity, as would be expected because 
of the deviation of the gradients from perfect 
Gaussian form (Fig. 4). Since the apparent dif­
fusion constant calculated from the half width at 
the inflection point is less affected by the resolu­
tion of small amounts of 71- and /5-globulin from 
the main peak, the heterogeneity constant was 
calculated from the slope of the straight line 
through these points. The initial straight line 
extrapolates back to the diffusion constant for 72- 
globulin at zero time, and the heterogeneity con-

Fig. 5.— Plot of apparent diffusion constant vs. time of 
electrophoresis for the electrophoresis experiment with 
human 7 2 -globulin given in Fig. 3: • ,  calculated from half 
width at inflection point; O, calculated from height and 
area.

stant, hf calculated from the slope is 0.52 X 10 “ 5 
cm.2 volt-1 sec.-1. When the direction of the cur­
rent was reversed for an equal period of time, the 
correct diffusion constant was obtained, and this 
indicates that irreversible spreading caused by 
thermal convection and electroosmosis were neg­
ligible in this experiment. The values expected 
for the apparent diffusion constant during the re­
versal period were calculated using equation (8) 
and h — 0.52 X 10“5. The calculated values are 
represented by the solid curve in Fig. 5, and the 
agreement with the experimental points is further 
evidence that the electrical heterogeneity of hu­
man 72-globulin may be represented by a Gaus­
sian mobility distribution.

The heterogeneity constant, H, of Sharp, et al.,lz 
calculated from the data of this experiment using 
equation (2) has been plotted against time in Fig.
6. As expected H  drifts downward because dif­
fusion is not negligible, and H  approaches the 
value of the heterogeneity constant, hf calculated 
from Fig. 5, asymptotically. In Fig. 6 the solid 
curve through the experimental points has been 
calculated from equation (7) using h =  0.52 X 
10~5, D  =  2.0 X 10“7, and adequately represents 
the experimental points.

0  5 10 15 2 0

2 / 1 0 0 0  sec. —
Fig. 6 .— Plot of H vs. time of electrophoresis for human 

7 2 -globulin during the initial period of the experiment 
given in Fig. 3.

In order to study the variation of h for human 
72-globulin with ionic strength, electrophoresis 
spreading experiments were also performed at
0.15 and 0.010 ionic strengths close to the isoelec­
tric points under these conditions. The data on 
these experiments are given in Table I, and the

T a b l e  I

E l e c t r o p h o r e s is  S p r e a d in g  E x p e r im e n t s  w it h  H u m a n  
72-G l o b u l in

e

r/2 pH Buffer®
Heating
w att/cc.

v o lt/
cm. hb

0.010 8.12 0.01 N  NaV 0.0145 6.27 0.88  X 10 “5

.10 7.27 .04 N  NaCac .0131 1.70
.98 X 
.52 X

10-6
10-6

.15 6.70
.06 N  NaCl 
.02 N  NaCac .0155 1.40 .40 X 10

.16 8.01
. 13 N  NaCl 
.01 N  NaV .0140 1.67

.38 X 

.40 X
10-6
10-6

.05 M  CaCla .43 X 10 “5
a V =  diethyl barbiturate, Cac =  cacodylate. 6  The 

heterogeneity constant (in cm . 2  sec . - 1  v o lt-1) obtained 
on the ascending side is placed below that obtained on the 
descending side.
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Fig. 7.— M obility distributions for human 7 2 -globulin at 
several ionic strengths.

mobility distributions are plotted in Fig. 7. The 
agreement between the heterogeneity constants 
obtained on the ascending and descending sides is 
evidence that electrical sharpening and spreading 
effects are of negligible importance. However, it 
should be pointed out that agreement between 
the heterogeneity constants determined from as­
cending and descending boundaries is not suffi­
cient evidence that sharpening and spreading
r»oiicuarl Ktr a n d  ATT on *c i3 ip n fc  io  nf*rr_V U ;L iV JV 'V i. m  J  v a v j  a w  a a v ^

ligible in the case of a heterogeneous protein at a 
pH away from the isoelectric point. For exam­
ple, in the case of human Y2-globulin at pH 8.6, 
r / 2  = 0.10, veronal buffer, the ascending peak has 
very nearly the same shape as the descending 
peak,29 in spite of the tendency to sharpen on the 
ascending side because of the conductivity effect. 
This is probably not a result of the pH effect or a 
reversal of the conductivity effect because (1/u- 
(du/dpH) and u are quite small.4 The ascending 
boundary is more diffuse than expected from a 
superposition of the conductivity effect and diffu­
sion in this case probably because the protein 
boundary velocity is greater on the ascending side, 
and this causes the actual separation of two mole­
cules of different mobility in the heterogeneous 
protein to be greater on the ascending side after a 
given time than on the descending. Consequently 
too great a value for the heterogeneity constant 
would be obtained from both boundaries. In 
the experiments described here, the mobilities of 
the center of the boundaries were very low (less 
than 0.3 X 10-5 cm.2 sec. -1  volt-1  uncorrected for 
electrode volume changes), and the difference in 
mobility on the ascending and descending sides 
was no larger than the usual experimental error.

Discussion
Variation of Heterogeneity with Ionic 

Strength,—The variation in mobility hetero­
geneity with ionic strength is a combination of a 
number of factors. In the case of human 72-glo­
bulin some euglobulin is not soluble at the average 
isoelectric point at 0.01 ionic strength so that the

(29) Cohn, Oncley, Strong, Hughes and Armstrong, J . Clin. In ­
vest., 2$, 417 (1944), Fig. 2.

protein studied at this ionic strength is not identi­
cal with that studied at 0.10 and 0.15 ionic 
strength. The valence of a protein molecule a 
given number of pH  units away from the isoelec­
tric point generally decreases with decreasing 
ionic strength.30 However, in spite of this de­
crease in valence, the electrophoretic mobility a 
given number of pH  units from the isoelectric 
point generally increases with decreasing ionic 
strength31 because of the decrease in the screening 
effect of the ionic atmosphere32 and the modifica­
tion of the viscous flow of solvent past the moving 
particle.33 Assuming to a first approximation 
that the 72-globulin molecule may be represented 
by a sphere of 55 A. radius (calculated from Do0 =
2.0 X 10-7), the effect of ionic strength on mobil­
ity may be estimated from electrophoretic the­
ory.31»33*34 The mobility resulting from a given 
net charge should be proportional to <j>(KO)/ 
(1 +  m) where k is the reciprocal of the “thick­
ness5 5 of the ion atmosphere, a is the radius of the 
protein molecule, and 4>(m) is Henry's function. 
Assuming that the net charge distribution in 72- 
globulin at the isoelectric point is independent of 
ionic strength, the standard deviation of the mo­
bility heterogeneity should be proportional to 
4>(ko) /(  1 +  ko). Since the values of this function 
at 0.01, 0.10, and 0.15 ionic strengths at 0° are
0.379, 0.178, and 0.153, the heterogeneity con­
stants expected at 0.01, 0.10, and 0.15 ionic 
strength are 1.11 X 10-5, (0.52 X 10~5 assumed) 
and 0.45 X 10-5. Although this is not an exact 
calculation it is seen that the direction and mag­
nitude of the variation in h observed experimen­
tally (Table I) is in agreement with that expected 
from electrophoretic theory.

Northrop35 and Rothen36 have concluded that 
the reversible electrophoresis spreading shown by 
crystalline diphtheria antitoxin of constant solu­
bility can not be attributed to a heterogeneous 
preparation but is connected with electroösmosis 
because the spreading was diminished by the ad­
dition of calcium chloride to their buffer to a con­
centration of 0.05 M. In order to test for this 
possibility with human 72-globulin, a similar ex­
periment was performed. It was not found pos­
sible to prepare the 0.067 M, pH  7.2, veronal buf­
fer mentioned by Rothen because of the insolubil­
ity of the diethylbarbituric acid at this pH  and 1°, 
and so the experiment was performed by using 
the 0.01 ionic strength veronal buffer indicated in 
Table I. Some of the buffer used for the spreading 
experiment at 0.01 ionic strength was made 0.05 
M  in calcium chloride by the addition of solid cal­
cium chloride. Although a smaller potential gra-

(30) Caiman, Kibrick and Palmer, Ann. N . Y. Acad. Sci., 41, 247
(1941) ; Cannan, Palm er and Kibrick, J . Biol. Chem., 142, 803
(1942) .

(31) Tiselius and Svensson, Trans. Faraday Soc., 36, 16 (1940).
(32) Debye and Hückel, Physik Z ., 24, 305 (1923).
(33) Henry, Proc. Roy. Soc. (London), A133, 106 (1931).
(34) Longsworth, A nn. N . Y. Acad. Sci., 41, 267 (1941),
(35) Northrop, J . Gen. Physiol., 25, 465 (1942).
(36) Rothen, ibid., 25. 487 (1942).
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dient had to be used in the case of the buffer con­
taining calcium chloride, reversible spreading was 
observed, and the slope of the graph of D* vs. 
time of electrophoresis yielded a heterogeneity 
constant of 0.42 X 10-5 (average of two limbs). 
Although this value for the heterogeneity con­
stant is smaller than that obtained in the 0.01 
ionic strength buffer (h =  0.93 X 10~5) before the 
addition of calcium chloride, it is about what 
should be expected at the higher ionic strength of 
the calcium chloride buffer (r /2  =  0.16) for rea­
sons outlined in the preceding paragraph. The 
heterogeneity constant obtained with the calcium 
chloride buffer is in good agreement with that 
obtained at 0.15 ionic strength (0.02 N  NaCac,
0.13 N  NaCl) and does not indicate that the re­
versible spreading of human 72-globulin is caused 
by electroosmosis.

Sensitivity.—Spreading experiments at lower 
ionic strengths are a more sensitive test of 
electrophoretic homogeneity because higher elec­
tric field strengths may be employed without 
causing thermal convection and the standard 
deviation of the mobility distribution of a 
heterogeneous protein is greater at lower ionic 
strengths as illustrated in Fig. 7. As electrophor­
esis spreading experiments are carried out at 
present, the smallest heterogeneity constant which 
may be determined is limited by the conductiv­
ity of the buffer and the sensitivity of the schlieren 
optical system. Assuming an increase of 1 X 10 ~7 
in the apparent diffusion constant during five hours 
electrophoresis is the minimum increase which 
may be measured and 0.015 watt/cc. is the maxi­
mum permissible heat dissipation in an electro­
phoresis cell of 0.77 cm.2 cross section, the small­
est heterogeneity constant which could be deter­
mined in a buffer of 50 X 10~4 ohm” 1 cm.-1 con­
ductivity at 0° is 0.2 X 10“ 5 while in a buffer of 1 
X 10” 4 ohm-1 cm.-1 conductivity, 0.03 X 10” 6 
would be detected.

Interpretation.—Several of the possible inter­
pretations of the reversible electrophoresis 
spreading of 72-globulin may be eliminated. Since 
this protein is apparently homogeneous with re­
spect to sedimentation and diffusion, the varia­
tion in mobility cannot be attributed to a differ­
ence in the frictional coefficients of the molecules. 
Also the spreading cannot be attributed to the 
existence of different charged forms of identical 
protein molecules which are in equilibrium in a 
solution of given pH  and ionic strength because 
any individual molecule in the system is constantly 
giving up and taking on protons, so that the time 
average of its net charge, considered over an ap­
preciable time interval in which many proton ex­
changes take place, is identical with the mean net 
charge of all the molecules in the system.37 There­
fore, on the basis of electrophoresis spreading ex­
periments it may be concluded that human 72-

(37) Cohn and Edsall, "Proteins, Amino Acids, and Peptides as 
Ions and Dipolar Ions,” Reinhold Publishing Corp., New York, 
N. Y „ 1943, cf. p. 468.

globulin consists of a mixture of molecules dif­
fering with respect to their average net charge.

The actual variation in net charge among the 
molecules in human 72-globulin as indicated by 
reversible electrophoresis spreading is not large. 
Calculation of the proportionality constant be­
tween valence of the protein ion and electrophor­
etic mobility by the method of Abramson, Moyer 
and Gorin38 at 0.10 ionic strength (assuming a 
cylindrical molecule with an axial ratio of 7 and a 
molecular weight of 160,000) indicates that a mole­
cule with a mobility equal to the standard devia­
tion of the mobility distribution (0.52 X 10”5cm .2 
sec.” 1 volt"1) has a net charge of approximately 3 
electrons. This variation in net charge among the 
molecules would indicate a small variation in their 
contents of the ionizable amino acids, a variation 
in arrangement resulting in different end groups or 
perhaps only a variation in steric effects of groups 
neighboring ionizable amino acids residues which 
affects the dissociation constants. Human 72-glob­
ulin prepared from plasma pools contains anti­
bodies to many different antigens,39 and therefore 
according to present theories of antibody structure 
the molecules have a variety of different configura­
tions. It might be expected therefore, that the 
molecules would not be identical with respect to 
net charge at a given pH  and ionic strength even if 
they were identical with respect to amino acid 
composition.
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Summary
1. A method for the determination of the 

electrophoretic mobility distribution in a hetero­
geneous protein having a Gaussian distribution of 
mobilities has been developed for the case in which 
diffusion during the electrophoresis experiment is 
not negligible. In this case the apparent diffusion 
constant is a linear function of time of electrophor­
esis and the heterogeneity constant, hf which is 
the standard deviation of the mobility distribu­
tion, may be calculated from the slope.

2. It has been shown that electrophoresis 
spreading experiments may be carried out under 
conditions such that spreading caused by the 
conductivity and pH  effects, thermal convection, 
and electroösmosis are negligible.

3. Crystallized bovine serum albumin has 
been found to show a small amount of reversible 
spreading at its isoelectric point at 0.10 ionic

(38) Abramson, M oyer and Gorin, "T he Electrophoresis of P ro ­
teins,” Reinhold Publishing Corp., New York, N. Y., 1942.

(39) Enders, J . Clin. Invest., 23, 510 (1944); Deutsch, A lberty, 
Gosting and Williams, J . Im m un., 56, 183 (1947).
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strength. Human 72-globulin shows a large found to vary with ionic strength in the direction 
amount of reversible spreading and the standard expected from electrolytic solution theory, 
deviation for the mobility distribution has been M a d is o n , W is c o n s in  R e c e iv e d  A u g u s t  12, 1947

[C o n t r ib u t io n  f r o m  A l l e r g e n  R e s e a r c h  D iv is io n , B u r e a u  o f  A g r ic u l t u r a l  a n d  I n d u s t r ia l  C h e m is t r y , 
A g r ic u l t u r a l  R e s e a r c h  Ad m in is t r a t io n , U. S. D e p a r t m e n t  o f  A g r ic u l t u r e ]

Photochemistry of Tryptophan, p-Dimethylaminobenzaldehyde and Reaction
Products in Sulfuric Acid Solution1

B y  J o seph  R. Sp ie s  an d  D o r r is  C. C h a m b e r s

During a previously reported study2 of the color- 
forming reactions between tryptophan, £-dimeth- 
ylaminobenzaldehyde (DAB) and sodium nitrite 
in sulfuric acid solution, it became necessary to 
study the effects of light on the reactants and re­
actions involved. This paper describes a method 
for studying the effects of illumination (the term 
“illumination55 refers to exposure to light by a 
procedure described below), the effect of light on 
the stability of tryptophan, the effects of light on 
reactions I and II ,3 and a photochemical “after 
effect5 5 produced by illumination of DAB in acid 
solution. The reactions were carried out in 19 N  
sulfuric acid because this concentration was found 
suitable for the determination of tryptophan in 
proteins by a procedure to be described in later 
papers.

Photochemical development of color from the 
colorless condensation product of tryptophan and 
DAB was first reported by Boyd4 who attributed 
this effect to the ultraviolet rays of sunlight.6

The effect of illumination on the stability of 
tryptophan in 19 N  acid at 25° is shown in Table
I. Light accelerates the decomposition of trypto­
phan as losses of 3, 11 and 34% occurred on illu­
mination for one-half, one and three hours, re­
spectively, compared with a loss of only 8% on 
standing in the dark for forty-eight hours.

The effects of illumination during reaction I 
under conditions such that reactions I and II were 
proceeding simultaneously are shown in Table II. 
Illumination for the first ten seconds of reaction I 
caused no increase in pre-nitrite color6 nor any 
loss of tryptophan. But illumination for thirty 
seconds caused an increase in pre-nitrite color and

(1) Paper II  in a series entitled, "Chemical Determination of 
T ryp tophan .” Presented a t  the 111th meeting of the American 
Chemical Society held a t  A tlantic City, New Jersey, April, 1947. 
N o t subject to copyright.

(2) Spies and Chambers, Anal. Chem., 20, 30 (1948).
(3) The condensation of tryptophan and DAB to  form the leuco 

base is called reaction I and the  oxidative development of the blue 
color, either photochemically or with sodium nitrite, is designated re­
action II.

(4) Boyd, Biochem. J ., 23, 78 (1929).
(5) Ruemele, Z. Untersuch. Lebensm., 79, 453 (1940), observed 

th a t light effected the form aldehyde-tryptophan colorimetric reac­
tion b u t no detailed study was made.

(6) The term  pre-nitrite color will refer to  th a t color which de­
velops in a  test solution either spontaneously or as a result of exposure 
to  light. The term  post-nitrite color refers to  th a t color which de­
velops in a test solution after addition of sodium nitrite.

T a b l e  I

E f f e c t  o f  L ig h t  o n  t h e  S t a b il it y  o f  F r e e  T r y p t o p h a n  
i n  19 N  S u l f u r ic  A c id  a t  25 oa

Time illuminated «------Loss of tryptophan, %-----
or dark, hours Illum inated Dark&

0 0 # #
0 .1 0 0

.25 0

.50 3 0
1 1 1 0
2 . , 0
3 34 . .
4 3

24 6

48 8

• Procedure: nine ml. of 21.4 N  acid at 25° was placed 
in tube A, Fig. 2, and 100 y  of tryptophan in 1.0 ml. of 
water was added. The solution was mixed and tube A 
was placed at once in holder B through which water at 
25 =*= 0.1° was circulating. Illumination was started 
twenty seconds after adding the tryptophan to the acid 
solution. After the desired interval of illumination the 
solution was poured onto 30 mg. of DAB in a 25-ml. 
glass-stoppered Erlenmeyer flask. Tryptophan was then 
determined by procedure C, Paper I . 2  6  Results taken 
from Table V II, Paper I2.

destruction of 6% of the tryptophan. The pre-ni­
trite color increased with time of illumination un­
til after 180 minutes it amounted to 76% of the 
total. The loss of tryptophan, caused by illumina­
tion, increased to 25% of the total during the 
first five minutes of reaction I and then remained 
constant. Reaction I is 87% completed in five 
minutes (Table VI).2 Therefore the destructive 
effects of illumination occur chiefly during the 
condensation of tryptophan and DAB.

Rate of reaction II caused photochemically is 
rapid at first and then becomes quite slow as 70, 
88 and 93% of the color was developed by five, 
twenty, and 120 minutes illumination, respec­
tively.7 After five minutes of illumination only 
94% of the potentially available color could be ob­
tained by subsequent oxidation with sodium nitrite. 
This destructive effect, however, was not progres-

(7) Procedure: To 1.607 mg. of tryptophan and 482 mg. of DAB 
in a glass-stoppered Erlenmeyer flask was added 160.7 ml. of 19 N  
acid. The solution was kept in the dark a t  25° for twenty-two hours. 
After illumination of 10 ml. aliquots of this solution pre-nitrite 
transm ittancies were read and expressed as per cent, of the maximum 
color obtainable under ideal conditions of the test (procedure E, 
Paper I 2).
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T able II
E f f e c t  o f  I l l u m in a t io n  o n  R e a c t io n  I®

Time
illuminated

% Total 
P re-nitrite

color formed & 
Post-nitrite Loss

0 13 1 0 0 0

1  sec. 15 1 0 0 0

1 0  sec. 13 1 0 0 0

30 sec. 19 94 6

1  min. 29 89 1 1

5 min. 65 75 25
15 min. 6 8 72 28
30 min. 70 72 28

1  hr. 72 75 25
3 hr. 76 76 24

"Procedure: Eight m l. of 23.8 N  acid and 1.0 ml. of 
2 N  acid containing 30 mg. of DAB were mixed and cooled 
to  25°. To this solution was added 100 y  of tryptophan 
in 1.0 ml. of water. Immediately after mixing, the solu­
tion was placed in tube A, Fig. 2, which was then placed 
in B , Fig. 2, through which water at 25 =•= 0.1° was 
circulating. Illumination was started twenty seconds 
after adding the tryptophan. After the desired interval of 
illumination the solution was poured into a 25-ml. glass- 
stoppered Erlenmeyer flask which was stored in the dark 
at 25° for twenty to twenty-four hours. Pre-nitrite 
transmittancies were then read. Color was then de­
veloped by adding 0.1 ml. of 0.04% sodium nitrite solu­
tion. Post-nitrite transmittancies were read after the 
solutions had stood for thirty minutes in the dark. 
6  Transmittancies were converted to weight of tryptophan 
then expressed as the per cent, of, the maximum color 
obtainable with an equal quantity of tryptophan under 
ideal conditions of the test . 2

sive because whether the illumination was for five 
or 120 minutes the same amount of color could 
subsequently be obtained with sodium nitrite.

Illumination of test solutions, in which the 
color had already been fully developed with so­
dium nitrite, for ninety minutes caused no loss in 
color intensity thus showing the stability of the 
blue colored substance to light.

The color formed photochemically has an ab­
sorption curve similar to that formed by sodium 
nitrite as shown in Fig. 1. The wave length of 
maximum density was 590 to 600 mu in both 
curves B and G and a characteristic absorption 
peak occurred at 425 mu.

Illumination of DAB in 21.4 N  acid before the 
addition of tryptophan to the test solution pro­
duced considerable pre-nitrite color as “after 
effect.5’8 The effect of time of illumination on the 
intensity of the pre-nitrite and post-nitrite colors 
is shown in Table III. The pre-nitrite colors of 
all non-illuminated control solutions of DAB rep­
resented from 2.5 to 4.5% of the total color. But 
when DAB was illuminated for five seconds, one, 
five, fifteen and sixty minutes, prior to addition 
of the tryptophan, the pre-nitrite color represented
5.1, 20, 45, 55 and 58% of the total color, respec­
tively. Losses of tryptophan from 1.5 to 5.4%

(8) The photochemical "after effect” is discussed in some detail by 
Kistiakowsky, "Photochemical Processes,” The Chemical Catalog 
Co., Inc., New Vork, N. Y., 1928, and Dhar, "The Chemical Action 
of L ight,” Blackie and Son, Limited, London and Glasgow, 1931. 
In general, this term  refers to those photochemical reactions which 
occur after cessation of illumination.

Fig. 1.— Absorption curves of tryptophan-DAB color 
developed with sodium nitrite (Curve B, taken from Fig. 1, 
Paper I) and light (Curve G, illuminated for 20 minutes). 
100 y  of tryptophan was used for each test. Transmit­
tancies were determined with a Beckman spectrophotom­
eter with 1 0 -min, cuvettes.

T a b l e  III
E f f e c t  o f  T im e  o f  I l l u m in a t io n  o n  t h e  P h o t o c h e m ic a l  

A f t e r  E f f e c t  o f  DAB i n  21.4 N  A c id  a t  25 °®
,--------% Total color formed &--------.

Time
Pre-nitrite  

Illum i- Con-
Post-nitrite 

Illumi- Con- Loss by
illum inated nated trol nated trol illum inated

5 sec. 5 .1 4 .5 98 .5 1 0 0 1 .5
1  min. 2 0 3 .2 9 6 .8 1 0 0 3 .2
5 min. 45 3 .2 96 .4 1 0 0 3 .6
15 min. 55 2 .5 94 .6 1 0 0 5 .4
60 min. 58 3 .2 94 .6 1 0 0 5 .4

* Procedure for all tests was standardized so that the
only variable was the interval of illumination. For each 
illumination test a control test was run in the same way 
except that the test was kept in the dark for a period of 
time equal to the illumination interval of the correspond­
ing test. Following is an example of the test illuminated 
for five minutes and the control. Thirty mg. of D AB, 
in Tube A, was dissolved in 9.0 ml. of 21.4 N  acid, and 
Tube A was placed in B through which water at 25 =*= 0.1°  
was circulating. Two minutes after adding the acid the 
tube was illuminated for five minutes. Tube A was 
left in B for one minute after stopping the illumination 
and then 1 0 0  y  of tryptophan in 1 . 0  ml. of water was 
added to the test. The solution was mixed and poured 
into a 25-ml. glass-stoppered Erlenmeyer flask. The 
solution was cooled in the water-bath at 25° for two  
minutes and then placed in a dark chamber at 25° for 
four hours. Pre-nitrite transmittancy was then read using 
a control containing 30 mg. of DAB in 10 ml. of 19 N  
acid. To the solution was added 0.1 ml. of 0.04%  sodium  
nitrite. Post-nitrite transmittancy was read after the 
test had stood thirty minutes in the dark. The control 
test was similar except that the solution was allowed to  
stand in Tube A in B in the dark for eight minutes before 
adding the tryptophan solution. 6  Transmittancy read­
ings were converted to micrograms of tryptophan and 
then expressed as the per cent, of the maximum color 
obtainable with an equal quantity of tryptophan under 
ideal conditions of the te s t . 2
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resulted from using illuminated DAB solutions. 
These losses are attributed to the oxidative action 
of illuminated DAB on tryptophan before com­
pletion of reaction I a time when tryptophan is 
very sensitive to oxidative destruction as previ­
ously shown.

The rate of pre-nitrite development of color 
which resulted when tryptophan was added to 
previously illuminated solutions of DAB in 21.4 
N  acid is shown in Table IV. The pre-nitrite 
color of control tests ranged from 2.4 to 13% in 
four to seventy-one hours while the pre-nitrite 
color in tests in which DAB had been illuminated 
increased from 19% in fifteen minutes to a maxi­
mum of 71% in forty-seven hours. Eight to 10% 
of the tryptophan originally present was de­
stroyed by the illuminated DAB solutions.

T a b l e  IV
R a t e  o f  C o l o r  D e v e l o p m e n t  R e s u l t in g  fr o m  P h o t o ­
c h e m ic a l  A f t e r  E f f e c t  C a u s e d  b y  I l l u m in a t io n  o f  

DAB i n  21.4 N  A c id  a t  25 °®
Time after 
addition of
tryptophan

to  reading of .----------% T ota l color f o r m e d  &— -— — *
pre-nitrite Pre-nitrite Post-nitrite Loss by

transm ittancy, Illumi­ Con­ Illumi­ Con­ illumina­
hours nated trol nated tro l tion, %

0 .25 18
1 34
2 44
4 55 2 .4

24 71 6 . 6 92 1 0 0 . 8

47 71 1 1

71 69 13 8 6 96 1 0

® Procedure for all tests was standardized so that the 
only variable was the interval between addition of the 
tryptophan to the illuminated solution of DAB and read­
ing the pre-nitrite transmittancy. For illumination 
experiments in which the time was four, twenty-four, 
forty-seven and seventy-one hours control tests were run 
in the same way except that illumination of DAB was 
omitted. Following is an example of the twenty-four- 
hour test: 30 mg. of DAB was placed in Tube A, Fig. 2, 
and dissolved in 9.0 ml. of 21.4 N  acid. Tube A was then 
placed in B at 25° for two minutes. The solution was 
then illuminated for fifteen minutes and after standing one 
minute more 1 0 0  y  of tryptophan in 1 . 0  ml. of water was 
added. The solution was mixed and poured into a 25-ml. 
glass-stoppered Erlenmeyer flask which was then cooled 
in the water-bath at 25° for two minutes. The flask was 
placed in a dark chamber at 25° for twenty-four hours. 
Pre-nitrite transmittancy was then read. A blank solu­
tion containing 10 ml. of 19 N  acid was used for all tests. 
To the solution was then added 0.1 ml. of 0.04% sodium 
nitrite solution and after standing in the dark for thirty 
minutes post-nitrite transmittancy was determined. 
6  Transmittancy readings were converted to micrograms 
of tryptophan and then expressed as the per cent, of the 
maximum color obtainable with an equal quantity of 
tryptophan under ideal conditions of the test . 2

In another series of experiments it was shown 
that pre-nitrite color of the same intensity was ob­
tained whether the tryptophan was added five 
seconds or twenty hours after stopping the illu­
mination of DAB. Therefore, once a solution of 
DAB has been exposed to light it appears to re­
tain its oxidative capacity indefinitely.

Discussion
The mechanism of the photochemical develop­

ment of color from the tryptophan-DAB conden­
sation product probably involves oxidation by 
dissolved oxygen through the medium of DAB in 
the role of oxygen acceptor. The primary process 
is probably the formation of the peracid of DAB 
which then oxidizes the tryptophan-DAB com­
plex to form the blue-colored compound. Cole9 
noted that color slowly developed without addi­
tion of an oxidizing agent when an acid solution of 
benzaldehyde and tryptophan stood a few days. 
Cole did not mention the possible effect of light in 
this reaction but believed that oxidation resulted 
from benzoyl peroxide formed by atmospheric 
oxygen. Backström,10 who studied the photo­
chemical oxidation of benzaldehyde and heptanal, 
postulated a chain mechanism for the photochemi­
cal formation of the peracids because the quantum 
yield was very large. According to Backström 
the quantum yield of benzoic acid was nearly con­
stant in the region of 2536 to 3660 A. Boyd4 be­
lieved the photochemical effect observed by him 
was caused by ultraviolet light. The present 
experiments indicate that photochemical oxida­
tion is caused by visible light, because most of the 
ultraviolet light would have been absorbed by the 
double thickness of Pyrex glass in the illumination 
apparatus shown in Fig. 2. Furthermore, when a 
test solution in a quartz flask was exposed to the 
radiations of a mercury vapor ultraviolet light, 
with visible light filter, no marked photochemical 
development of color occurred. It is recognized, 
however, that the destructive effects of illumina­
tion may have been caused by low-intensity ultra­
violet light which may pass through Pyrex glass 
and water.

Whether DAB was illuminated fifteen or sixty 
minutes, the photochemical after effect, in four 
hours, produced pre-nitrite color equivalent to 
55 to 58% of the total potentially available color. 
This proportion of the color was probably not de­
termined by the availability of dissolved oxygen 
because in a test in which oxygen was bubbled into 
the solution during the fifteen minute illumina­
tion period the same amount of pre-nitrite color 
developed as when illumination was conducted in 
a closed tube. These results suggested the possi­
bility that the after effect might be caused by a 
trace of contaminant in the DAB which was the 
limiting factor in determination of the magnitude 
of the after effect. To test this hypothesis, tests 
containing 10, 30, 60 and 100 mg. of DAB per test 
were illuminated fifteen minutes each and the 
after effect produced in twenty-four hours was de­
termined. Pre-nitrite colors representing 58, 72, 
72 and 72% of the total, respectively, were ob­
tained. If the after effect were dependent on a 
contaminant in the DAB the proportion of pre-ni-

(9) Cole, J .  Physiol., 30, 311 (1903-1904).
(10) Backstrom’s work has been discussed in detail by Kis­

tiakowsky and D har, ref. 8.
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trite color should have increased in proportion to 
the quantity of DAB used per test. This did not 
occur. Therefore it was concluded that the after 
effect was caused by DAB and not by a contami­
nant.

Illumination during the first five minutes of re­
action I caused a loss of 25% of the tryptophan, 
but illumination of free tryptophan for thirty 
minutes and illumination of the final condensation 
product of tryptophan and DAB for 120 minutes 
caused only 3 and 6% losses, respectively. These 
observations indicate that an intermediate com­
pound in the condensation of tryptophan and 
DAB is more susceptible to destruction by light 
than is either free tryptophan or the condensation 
product. The importance of protecting test solu­
tions in analytical procedures from light particu­
larly during the first five minutes of reaction I is 
therefore obvious. It is also important to protect 
acid solutions of DAB from light because loss of 
as much as 10% of the tryptophan may result 
from using illuminated DAB solutions.

Experimental
General procedure, apparatus and materials used in 

this study have been described in detail in a previous 
paper . 2  Transmittancies were determined with a Cole­
man spectrophotometer, Model 11, excepting the curves 
in Fig. 1 which were obtained with a Beckman quartz 
spectrophotometer. New procedures or variations from 
procedures previously described2  are given in footnotes 
in the tables.

Reagent grade sulfuric acid was distilled using all glass 
joints. The first 8 % of the distillate was discarded and 
a fraction representing about 85% boiling at 327 to 332° 
(uncor.) was collected in a receiver closed with a calcium 
chloride tube. This acid was used to prepare the sulfuric 
acid solutions used for experiments described in Tables 
III and IV as well as for some of the other tests.

Light Source and Illumination Procedure .—The light 
source was a 115-volt, No, 2 Photoflood, Mazda lamp 
made by General Electric Co. Lamps were mounted in a 
nine-inch aluminum coated reflector. The procedure 
for illumination was standardized as follows. The solu­
tion to be illuminated was placed in Tube A, Fig. 2. 
Tube A was placed in the glass holder B through which 
water at 25 +  0.1° was circulated at a rate of 5 liters per 
minute. Under these conditions the rise in temperature 
of the solution in Tube A was no more than 0.1 to 0.2° 
regardless of the length of time of illumination. The solu­
tion was illuminated with the outer tip of the light bulb 
9 inches from the center of B so that the rays of light fell

Fig. 2.— Illumination apparatus.

perpendicularly on the side of Tube A . The intensity  
of Photoflood lamps gradually declines with use. To  
minimize this effect fresh lights were used for short 
periods and used bulbs for longer periods of illumination.

Summary
The photochemistry of tryptophan, ^-dimethyl- 

aminobenzaldehyde and their reaction products in 
sulfuric acid has been studied. Evidence indicates 
that an intermediate compound formed in the 
condensation of tryptophan and ̂ -dimethylamino- 
benzaldehyde is more susceptible to destruction 
by light than is either free tryptophan or the final 
condensation product. The photochemical de­
velopment of color is caused by a visible portion of 
the spectrum and not by ultraviolet light. Previ­
ously illuminated acid solutions of p-dimethyl- 
aminobenzaldehyde cause the development of 
color and also some destruction of tryptophan as 
after effect when tryptophan is subsequently 
added to such solutions. Probable mechanism of 
the photochemical reactions is discussed.
W a s h in g t o n  25, D . C. R e c e iv e d  J u l y  26, 1947
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Flavonones and Related Compounds. V. The Oxidation of 2 '-Hydroxychalcones
with Alkaline Hydrogen Peroxide

By T. A. Geissman and David K. Fukushima

The oxidation by means of alkaline hydrogen 
peroxide of 2'-hydroxychalcones (and the corre­
sponding flavanones) to 3-hydroxyflavones was 
first described by Algar and Flynn1 and Oya- 
mada,2 and later studied in more detail by Mura­
kami and Irie3 and by Reichel and Steudel.4 The 
results of these studies led to the conclusion1*4 that 
the reaction was a general one, and could be ap­
plied to 2'-hydroxychalcones having methoxyl 
groups in a variety of positions in the two aromatic 
nuclei.

This method was chosen for the preparation of a 
sample of kampferol (3,4',5,7-tetrahydroxyfla- 
vone) which was required for comparison with 
some of this material isolated from carnation 
flower petals in the course of studies on the in­
heritance of color variation in this species.5*6 

The oxidation of 2 '-hydroxy-4',6' ,4-trimethoxy- 
chalcone (I) with alkaline hydrogen peroxide did 
yield a small amount of the desired flavonol (II) . 
but the predominant product of the reaction was 
4',4,6“trimethoxybenzalcoumaranone (III)

/OH

CHgO— ^ > -C O -C H = C H -^  ^ >OCH» - 

^ O C H g
I

c h 3o / V ° > — \ o c h 3

+
vOH

II

/0\
>C— CH­

scc>
IU

The formation of benzalcoumaranones in this 
reaction has not been encountered in previous 
studies,1” 4*7 and it is significant to note that in 
none of the earlier work were chalcones used which 
were derivatives of 2,4,6-trihydroxyacetophenone. 
Oxidation to the flavonol has been the only course 
observed when the chalcone is the benzal, anisal, 
veratral or piperonal derivative of 2-hydroxy-, 2- 
hydroxy-4-methoxy-, 2-hydroxy-3,4-dimethoxy-, 
or 2-hydroxy-3,4,5-trimethoxyacetophenone.7

(1) Algar and Flynn. Proc, Roy . Irish Acad., B42, 1 (1934).
(2) Oyamada, Bull. Chem. Soc. Japan, 10, 182 (1934).
(3) M urakami and Irie, Proc. Im p. Acad. Tokyo, 11, 229 (1935).
(4) Reichel and Steudel, A nn., 553, 83 (194).
(5) Mehlquist and Geissman, A nn. Missouri Bot. Gardens, 36, 39 

(1947).
(6) Geissman and M ehlquist, Genetics, 32, 410 (1947).
(7) Bargellini and Oliverio, Ber., 75B, 2083 (1942).

It appeared likely that the presence of the 6' 
methoxy group in I was responsible for the un­
expected course of its reaction with alkaline hydro­
gen peroxide. Further studies showed that 2'- 
hydroxy-4',6 '-dimethoxychalcone (IV), 2 '-hy-
droxy-4',6',3,4-tetramethoxychalcone (V), and 
2' - hydroxy - 6' - methoxy - 3,4 - methylenedioxy- 
chalcone (VI) yielded the corresponding benzal­
coumaranones, a trace of the flavonol (quercetin- 
3',4',5,7 -tetramethy 1 ether) accompanying the 
benzalcoumaranone in the case of V only.

These new observations afford a further insight 
into the course of this reaction, substantiating in 
part certain of the conclusions of some of the ear­
lier investigators and invalidating others. Oya­
mada2 assumed that the reaction proceeded 
through the flavanone in each case, but the ease 
with which flavanones are opened in alkali to the 
salts of the corresponding 2'-hydroxychalcones 
renders this interpretation difficult to test,4 and it 
is probable that the chalcone (as the salt) is the 
reactive species whether the chalcone or the flava­
none is used as the starting material. Algar and 
Flynn concluded that an ethylene peroxide or a 
glycol was the intermediate since an oxido inter­
mediate would be expected to lead to a flavone or a 
benzalcoumaranone.1 It is apparent that this 
reasoning is somewhat contradictory, since an 
oxide and a glycol are at equivalent oxidation 
levels and at a different level from an ethylene per­
oxide. Murakami and Irie3 attempted to show 
that the first step in the reaction is the formation 
of the oxido compound but were unable to prepare 
the latter from 2'-hydroxychalcone. They did 
succeed in showing that under mild conditions of 
treatment with alkaline hydrogen peroxide, 3- 
hydroxyflavanone was formed, and Reichel and 
Steudel4 demonstrated that this compound is 
readily oxidized in alkaline solution to flavonol.

In the course of the present work numerous at­
tempts were made to prepare the oxides of 2'-hy­
droxy-, 2'-acetoxy- and 2 '-benzoyloxychalcone, 
but these attempts were unsuccessful. In the 
case of the acyl derivatives the extraordinarily 
facile removal of the acyl groups was the first re­
action that occurred even under mildly alkaline 
conditions. Baker and Robinson8 have also at­
tempted without success to prepare 2'-hydroxy- 
chalcone oxide.

Reichel and Steudel4 have offered an electronic 
interpretation of the reaction, using 2'-hydroxy- 
chalcone as the example, in which the successive 
steps were considered to be the addition of the 
hydroperoxide ion to the chalcone (ion), the re­
arrangement of the addition product to yield the

(8) Baker and Robinson, J .  Chem. Soc., 1798 (1932).
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glycol (0-hydroxyphenyl- a, jö-dihydroxyphenethyl 
ketone) and the displacement of the /5-hydroxy 
group by the attack of the 2'-, anionic, oxygen 
atom to close the ring to 3-hydroxyflavanone.

A simpler and more satisfactory picture of the 
course of the reaction, and one which includes a 
consideration of the new observations described 
here, is that the first intermediate is indeed the 
oxide (VII). This reacts further to yield the 
fiavanone (VIII) probably by a direct nucleophilic 
attack by the anionic oxygen atom upon the /5-car­
bon atom, followed by oxidation to the flavonol
(IX). When a substituent is present in the 6'- 
position of the chalcone, this course is not (ex­
clusively) followed. I t  is probable that when R 
is a group which can offer substantial inhibition to 
the resonance in the system involving the anionic 
oxygen atom and the ortho carbonyl group, the 
result is an increase in the effective acidity of the 
a-hydrogen atom. Attack of a base upon this 
hydrogen atom gives rise to X, in which the oxide 
ring is opened by the attack of the electron pair on 
the adjacent (a-) carbon atom, leading through the 
changes formulated below to the benzalcoumara­
none (XI)

An alternative explanation for the effect of a 
6'-substituent in directing ring closure to the ben­
zalcoumaranone is that a direct steric effect favors 
the formation of a 5-membered rather than a 6- 
membered ring. Arnold and Rondestvedt9 have 
shown that a 6-membered ring offers more steric 
hindrance to the position ortho to its point of junc­
ture with another ring than does a 5-membered 
ring. In the present case, the more favorable 
bond angles in X I would allow less hindrance be­
tween R and the carbonyl group peri to it than in 
the case of IX, and might offer a plausible reason 
for a faster reaction in the ring closure to the 
benzalcoumaranone.

Results obtained in related studies indicate, 
however, that this explanation is not an adequate 
one. There appears to be a close analogy between 
the alkaline hydrogen peroxide oxidation of 2'- 
hydroxychalcones and the ring closure of 2'-hy- 
droxy-a,/5-dibromodihydrochalcones with al­
kali.10*"12 In the latter reaction, too, the number 
and position of the alkoxyl groups in the two aro­
matic rings influences the course of the reaction 
and determines whether a flavone or a benzalcou­
maranone is formed. When the original chalcone

CH

^ \ co/ CH\ o -
V III R  O

/O v

CC/C— CH-

R X I

This mechanism does not exclude the possibility 
that a mixture of the two possible products will be 
formed, since it does not suggest, and there is no 
reason to expect, that when R = OCH3, the course 
VII —» VIII —» IX is excluded. The effect of the 
6'-substituent is seen to be one of favoring the 
course leading to the benzalcoumaranone, since 
when resonance in VII of the system

is possible the series VII —» X  —» XI would be 
less likely.

is derived from 2,4,6-trihydroxyacetophenone, 
benzalcoumaranone formation is favored; but it 
is important to note that in this reaction the direc­
tion of ring closure is influenced also by the nature 
of the substituents in the benzal ring, and to some 
degree by the conditions of the reaction. Conse­
quently, it appears that here simple steric effects 
are not the most important directing influences. 
It is with these observations in mind that the sug­
gestion is made that benzalcoumaraiione and fla­
vonol formation are the result of two different 
kinds of attack upon a common intermediate, and 
that the course of the reaction is determined pri-

(9) Arnold and R ondestvedt, T h is  J o u r n a l , 68, 2176 (1946).
(10) Kostanecki, et al., Ber., 81, 696, 705, 1758, 2951 (1898); 

32, 315, 318, 1030, 2260 (1899).
(11) W arriar, K hanolkar, H utchins and Wheeler, Current Sci., 5, 

475 (1937); N adkarni, W arriar and Wheeler, J . Chem. Soc., 1798 
(1937); Hutchins and Wheeler, ibid., 91 (1939).

(12) Auwers and Anschütz, Ber., 54, 1543 (1931).
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marily by the effects of substituents upon the re­
activity of the a- and /3-carbon atoms in the chal­
cone derivative.

Experimental13
Oxidation of 2  '-Hydroxy-4 ' , 6  ',4-trimethoxychalcone.—

To an ice-cold solution of 2.06 g. of 2 '-hydroxy-4',6 ',4- 
trimethoxychalcone in a mixture of 14 ml. of 16% aqueous 
sodium hydroxide and 40 ml. of methanol was added 5.3 
ml. of 15% hydrogen peroxide (analyzed before use). 
The mixture was kept at 5° overnight and the yellow solid 
which separated was collected, washed with methanol (A, 
see below) and recrystallized from acetone. The pure 
product formed canary yellow needles, m. p. 166.5- 
167.5°. It gave a deep crimson color with concentrated 
sulfuric acid, and no color with ferric chloride nor with 
magnesium-hydrochloric acid in alcoholic solution.

Anal. Calcd. for Ci 8 H i6 0 5: C, 69.23; H, 5.12;
OCH3, 29.81. Found: C , 68.99; H, 5.11; OCH3,
29.42.

The compound showed no depression of melting point 
when mixed with a sample of 4',4,6-trimethoxybenzal- 
coumaranone prepared by treatment of 2 -hydroxy-4,6 - 
dimethoxyphenyl -a , /3-dibromo -/3 -anisylethyl ketone with 
alcoholic alkali.

From the methanol washings (A) of the crude benzal­
coumaranone was obtained 0.29 of crude, crystalline 
material which upon repeated recrystallization from meth­
anol yielded 0.05 g. of 5 ,7 ,4 '-trimethoxyflavonol, m. p. 
150-153° (reported , 1 4  150-151°). This compound gave 
in concentrated sulfuric acid a yellow solution with a 
green fluorescence, and a pink solution when treated 
with magnesium and concentrated hydrochloric acid in 
alcoholic solution. Demethylation with hydriodic acid 
and acetylation of the product yielded kampferol tetra­
acetate , 1 4  m .p .  182-184°.

Oxidation of 2  '-Hydroxy-4 ',6 ',3,4-tetramethoxychal- 
cone.—To a cold solution of 0.70 g. of 2 '-hydroxy-4',6 ',- 
3,4-tetramethoxychalcone in a mixture of 30 ml. of meth­
anol and 6  ml. of 16% aqueous sodium hydroxide was 
added 3 ml. of 15% hydrogen peroxide. The yellow solid 
which separated upon standing overnight at 5° was col­
lected. The crude material melted at about 165° and 
recrystallization effected only a partial purification. 
After a short treatment w ith sodium acetate-acetic anhy­
dride, followed by decomposition of the excess acetic 
anhydride with ice water and recrystallization of the 
product from dilute alcohol, afforded tiny, canary-yellow 
needles of the benzalcoumaranone, m . p. 173-174°, 
reported1 5  175°). The compound gave the characteristic 
deep crimson-magenta color in concentrated sulfuric acid.

The alkaline filtrate was diluted with water, acidified 
and extracted with ether. After washing the ether 
solution with sodium bicarbonate solution the solvent was 
removed, yielding 0 . 1 2  g. of a crude solid. Crystallization 
from alcohol yielded 0.07 g. of 5,7,3',4'-tetram ethoxy- 
flavonol, m . p. 193-194° (reported , 1 6  197-198°). Its 
alcoholic solution gave a bluish-red coloration with 
magnesium and hydrochloric acid and a brownish-green 
color with ferric chloride.

Oxidation of 2 '-Hydroxy-4 ', 6 '-dimethoxychalcone.—A
cold solution of 0.48 g. of 2 '-hydroxy-4',6 '-dimethoxy- 
chalcone, 20 ml. of methanol, 5 ml. of 16% aqueous 
sodium hydroxide and 2.5 ml. of 15% hydrogen peroxide 
was kept at 5° overnight. The yellow precipitate weighed 
0.30 g ., and after recrystallization from alcohol melted 
at 152-153°. The melting point of 2 -benzal-4,6-dimeth­
oxy coumar anon e -3 has been reported as 150-151°.17 
With concentrated sulfuric acid the compound gave a  
deep yeliow-orange color.

From the alkaline filtrate was isolated only a small
(13) M elting points are uncorrected.
(14) Kostanecki, Tram pe and Tam bor, Ber., 37, 2096 (1904).
(15) Perkin, J. Chem. Soc., 951 (1920).
(16) Kostanecki, Lampe and Tam bor, Ber., 37, 1404 (1904).
(17) Feuerstein and Kostanecki, ibid., 31, 1758 (1898).

amount of 2-hydroxy-4,6-dimethoxybenzoic acid (neut. 
equiv. calcd., 198.1; neut. equiv. found, 197.4).

Oxidation of 2 '-Hydroxychalcone. Method of Oya- 
mada.—The oxidation of 1.0 g. of 2'-hydroxychalcone was 
carried out as described by Oyamada . 2  The yield of 
flavonol was 0.57 g.

Method of Murakami and Irie,—Two grams of 2 '-  
hydroxychalcone, oxidized according to the procedure of 
Murakami and Irie , 3  yielded 1.0 g. of 3-hydroxyflavanone 
along with a small amount of flavonol. The flavanone 
melted at 177-180° (reported , 3  174-177°).

Anal. Calcd. for CisH^Oa*. C ,74.97; H , 5.04. Found: 
C, 74.53; H , 5.03.

Oxidation of 2  '-Hydroxy-4 '-methoxychalcone.—To a
cold suspension of 1.0 g. of 2 '-hydroxy-4 -methoxychalcone 
in 7 ml. of 15% aqueous sodium hydroxide was added 3 
ml. of 13% hydrogen peroxide. After standing at 5° 
overnight, the mixture was filtered, yielding 0.84 g. of 
the sodium salt of 7-methoxyflavonol. The flavonol was 
obtained by treatment of the sodium salt with acid; it 
melted at 174.5-175.5° after recrystallization from al­
cohol. Kostanecki and Stoppani reported a m. p. of 
180° for this compound . 1 8  It gave a yellow, blue-green 
fluorescing solution in concentrated sulfuric acid and an 
olive-green color with ferric chloride.

Anal. Calcd. for CisH^Ou C, 71.39; H, 4.50. Found: 
C, 71.60; H , 4.47.

It formed a colorless acetate, m. p. 176-177°.
Anal. Calcd. for C1 8 H 1 4 0 5: C, 69.67; H , 4.51.

Found: C, 69.25; H , 4.53.

2' Hydroxy=6 ' methoxy-3 ,<L methylenedioxychalcons
Two grams of 2 -hydroxy-6 -methoxyacetophenone was 

moistened with 2 ml. of methanol, and 5 ml. of 60%  
aqueous potassium hydroxide was added. To the pasty, 
greenish solid resulting was added 2 . 0  g. of piperonal, 
and the mixture shaken vigorously. The mixture grew 
warm, a deep red-brown color developed and a thick, 
oily phase separated. After fifteen minutes, during 
which time the mixture was shaken frequently, enough 
methanol was added to produce a clear solution (ca. 5 
ml.) and the solution was poured into iced, dilute hydro­
chloric acid. The red-orange gum which separated 
crystallized when ether was added. After recrystalliza­
tion from chloroform-petroleum ether the product (3.4  
g.) formed brilliant orange needles, m. p. 137-138°.

Anal. Calcd. for Ci7 H i4 Oö: C, 68.43; H , 4.70. Found: 
C, 68.49; H , 5.15.

Oxidation of 2 '-Hydroxy-6 '-methoxy-3 ,4 -methylene- 
dioxychalcone: 4 -Methoxy-3 ',4 '-methylenedioxybenzal-
coumaranone.—To a suspension of 1.0 g. of the chalcone 
in 5 ml. of methanol was added 5 ml. of 20% aqueous 
sodium hydroxide, followed by 2.0 ml. of 30% hydrogen 
peroxide. The mixture was shaken; after about fifteen 
seconds it grew warm and suddenly set almost to a paste 
with the appearance of a yellow solid. After standing for 
an hour at 0 ° the semi-solid mixture was stirred with 
water and ether, and filtered. The solid weighed 0.50 
g. It was not a salt; it gave a brilliant magenta color 
with concentrated sulfuric acid and no color with mag­
nesium-alcoholic hydrochloric acid. It was soluble in 
pyridine, chloroform and hot, glacial acetic acid, and 
crystallized from the latter solvent as small, bright yellow  
needles, m .p .  222-223.5°, resolidifying upon cooling.

Anal. Calcd. for C1 7H 1 2 O5 : C, 68.89; H , 4.09. Found: 
C, 68.79; H , 4.48.

The alkaline filtrate contained no material having the 
properties of a flavonol.

Summary
1. The oxidation of 2'-hydroxychalcones with 

alkaline hydrogen peroxide yields flavonols when 
the chalcones are unsubstituted in the 6'-position.

(IS) Kostanecki and Stopanni, ibid., 37, 1184 (1904).
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When a methoxyl group is present in the 6'-posi­
tion the predominant product is a benzalcoumara­
none.

2. A mechanism is suggested to account for

these results, and an analogy is drawn between this 
reaction and the ring closure of 2'-hydroxychal- 
cone dibromides with alkali.
Los A n g e l e s , C a l if o r n ia  R e c e iv e d  J u l y  28, 1947

[C o n t r ib u t io n  N o . 233 f r o m  C h e m ic a l  D e p a r t m e n t , E x p e r im e n t a l  S t a t io n , E .  I. d u  P o n t  d e  N e m o u r s  &
C o m pa n y ]

The Action of Alkali on Cyclohexanones
B y  T h e o d o r e  L. C a ir n s , R o b e r t  M. J o y c e  a n d  R ic h a r d  S. S c h r e ib e r

The cleavage of certain ketones by alkali with 
the formation of acids is well known for aromatic,1 
aralkyl,2 and activated ketones such as /3-keto 
acids. Relatively little work has been done with 
simple aliphatic ketones. This paper reports the 
results of an investigation of the nature of the 
products formed when cyclohexanone and one of 
its 2-substituted derivatives are treated with 
molten alkali. Other workers have shown that 
acids of unknown structure along with large 
amounts of neutral condensation products resulted 
when cyclohexanone was heated with potassium 
hydroxide at 180-190° for twenty-four hours.3

Three distinct types of reactions between cyclo­
hexanone and potassium hydroxide have now been 
found, depending on the temperature used. The 
results can best be explained on the basis of the 
series of changes involving (1) formation of cyclo- 
hexylidenecyclohexanone (I), (2) cleavage of the 
ketone ring to a cyclohexylidenecaproic acid (II) 
and (3) migration of the double bond and degra­
dation of the intermediate ap-unsaturated acid to 
eyclohexanebutyric acid (IV). These trans­
formations are shown in the accompanying equa­
tions and are discussed below.

At temperatures up to 220° the addition of 
cyclohexanone to molten potassium hydroxide re­
sulted in the formation of a white crystalline solid 
which yielded only neutral products when treated 
with water. In the temperature range 250-280° 
a similar white precipitate formed momentarily 
but was very rapidly converted by an exothermic

in the acid from II was not established but no 
doubt exists concerning the carbon skeleton since 
this product yielded cyclohexanecaproic acid when 
hydrogenated. Prolonged treatment of II with 
molten alkali resulted eventually in a saturated 
10-carbon acid identified as eyclohexanebutyric 
acid (IV). This transformation may involve the 
migration of the double bond of II into the o p ­
position (III) followed by a retrograde aldol re­
action to give cyclohexanebutyraldehyde which in 
turn would be converted by the alkali to IV. 
Support for the mechanism as pictured above is 
found in the fact that cyclohexylidenecyclohexa- 
none yielded II when heated with molten potas­
sium hydroxide.

In the case of 2-allylcyclohexanone (V) an 
unusual cleavage took place with the formation of 
the potassium salts of propionic acid and the acid 
II, derived from cyclohexanone, in accordance 
with the equation

O

c h 2—c h = c h 2

KOH 
——->

o -
V
CH -

KOH
250-280° 
30 min.

(CH2 ) 4 C0 2K +  2 CH3 CH2 C0 2K 
I I

The fact that propionic acid, and not acrylic acid, 
was isolated indicates that this change may in­
volve the migration of the double bond in the allyl 

side chain into conjugation with the 
carbonyl group and hydrolytic re­
moval of this residue with the forma­
tion first of propionaldehyde and then 
of propionic acid.

CH—(CH2 )4 C0 2K 
KOH
300° II 
18 hr.

^>— (CH2 )3 C0 2K ^   [<CZZ>~(CH2 )3—CH=CH—C0 2 k ]
IV III

reaction to a yellow oil (II). When cooled, this 
yellow oil solidified and, after solution in water 
and acidification, a 12-carbon unsaturated acid 
was obtained. The position of the double bond

(1) Bachmann, T h is  J o u r n a l , 57, 737 (1935).
(2) Lock and Bock, B e r . ,  70B, 916 (1937).
(3) Wallach and Behnke, A n n . ,  369, 99 (1909)

Experimental4
Action of Potassium Hydroxide on Cyclo­

hexanone (280°—thirty m inutes).— Two 
hundred twenty-five (225) grams of solid 

potassium hydroxide was fused in a heavy- 
walled glass tube in an atmosphere of nitrogen. To this 
was added, with vigorous agitation, 43.6 g. of cyclohexa­
none over a period of thirty minutes while the temperature 
was maintained between 260 and 280°. The mixture was 
cooled and dissolved in water to form a clear solution with

(4) We are indebted to  Dr. J. W. Stillman of these laboratories, 
under whose supervision the microanalyses reported here were 
carried out-
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no evidence of any alkali-insoluble material. After acidi­
fication with concentrated hydrochloric acid and cooling, 
the solution was extracted with two portions of diethyl 
ether. The ether extract was then dried over anhydrous 
sodium sulfate, filtered, and the ether removed by dis­
tillation. The resulting residue, on distillation, yielded
14.7 g. of an acid (corresponding to II) boiling at 145™ 
153° (2-3 mm.), w20d 1.4385.

Anal. Calcd- for C1 2 II2 C.O2 ' neut. equiv., 196. Found: 
neut. equiv., 205.3.

This acid was found to be soluble in aqueous sodium 
bicarbonate, giving a solution which reduced potassium 
permanganate. It rapidly absorbed bromine with the 
evolution of hydrogen bromide and the formation of an 
oily derivative.

The ethyl ester prepared from this unsaturated 12- 
carbon acid had the properties: b. p. 131° (5 m m .);
w25d 1.4642; d2h 0.9365.

Anal. Calcd. for C1 4 H 2 4 O2 : C, 74.96; H , 10.78; sap. 
equiv., 224.3; Mr , 65.87 (from atomic refractivity con­
stants given in Lange, “ Handbook of Chemistry,** 3rd 
Edition, 1939, p. 855). Found: C, 75.22, 75.59; H, 
10.52, 10.97; sap. equiv., 223.9; M r , 66.12 (R. Lorentz 
and H. Lorenz formula).

Hydrogenation of the acid in the presence of Raney 
nickel catalyst at 125° and 1 2 0  atm . hydrogen pressure 
for three hours yielded cyclohexanecaproic acid, from which 
was obtained a solid ^-bromophenacyl ester identical with 
the ^-bromophenacyl ester of an authentic sample of 
cyclohexanecaproic acid . 5

Action of Potassium Hydroxide on Cyclohexanone
(300°—eighteen hours).—A stainless steel bomb was 
charged with 125 g. of cyclohexanone and 250 g. of potas­
sium hydroxide, the air was flushed out with nitrogen, 
and the mixture heated with agitation at 300 0  for eighteen 
hours. At the end of this time, the mixture was cooled 
and the grayish solid which separated was removed and 
discarded. The remaining oily product was extracted 
with water and the aqueous extract acidified with hydro­
chloric acid to yield an oily, water-insoluble acid. This 
acid on distillation gave a fraction amounting to 25 g. 
boiling at 160-180° (10 m m .). Redistillation of this 
product yielded eyclohexanebutyric acid boiling at 136- 
139° (4 m m .), m. p. 26 .5-28 .5°.

Anal. Calcd. for C1 0 H 1 8 O2: C, 70.55; H , 10.65;
(5) Supplied through the courtesy of the Dow Chemical Company.

See also Hiers and Adams, T h is  J o u r n a l , 48, 2385 (1926).

neut. equiv., 170.2. Found: C, 70.52; H , 10.34; neut. 
equiv., 178.5.

The p  -bromophenacyl ester of this acid was found to  
melt at 76-77° and showed no depression in melting point 
when mixed with a sample of the p  -bromophenacyl ester 
of an authentic sample of eyclohexanebutyric acid.

2-Aliylcyclohexanone.—This was prepared by the 
method of Cornubert6  using allyl chloride instead of allyl 
iodide, b . p. 80-87° (13-15 m m .), n--u 1.4662 to 1.4669.3,7

Action of Potassium Hydroxide on 2-Allylcyclohexa- 
none.—In an atmosphere of nitrogen 2 0  g. of 2 -allylcyclo- 
hexanone was added with stirring to 75 g. of potassium 
hydroxide at 240-250°. After twenty minutes the mix­
ture was cooled, and the upper layer of yellowish solid 
was separated mechanically from the lower layer of 
potassiutn hydroxide and dissolved in water. Neutral 
products were removed from the aqueous layer by ex­
traction with ether, and the aqueous layer was then 
acidified with the formation of a yellow oil. After separa­
tion and drying of the oil, it yielded, upon distillation, two 
fractions, the first (2 g .) , boiling at 33-34° (5 m m .), and 
the second (4 g.) boiling at 157-170° (5 m m .).

The first fraction was demonstrated to be propionic 
acid: neut. equiv. Calcd. for C3 H602: 74.1. Found:
75.5, 75.6.

The p  -bromophenacyl ester, m .p . 57.5-59°, showed no 
depression in melting point when mixed with the ester of 
an authentic specimen of propionic acid. The £ -bromo- 
phenacyl ester of acrylic acid melted at 67.5-68° and mix­
tures of this ester with that of the ester in question melted 
at 53.5-56.5°.

The second, high-boiling fraction was shown to yield 
cyclohexanecaproic acid when hydrogenated.

Summary
1. Treatment of cyclohexanone with molten 

potassium hydroxide at 250-280° yields a 12-car- 
bon unsaturated acid, and at 300° cyclohexane- 
butyric acid.

2. 2-Allylcyclohexanone is converted by mol­
ten potassium hydroxide at 250° to the same 12- 
carbon unsaturated acid; the allyl side chain ap­
pears as propionic acid.

(6) Cornubert and M aurel, Bull. soc. chim., 49, 1498 (1931).
(7) Cope, Hoyle and Heyl, T h is  J o u r n a l , 63, 1843 (1941).

W il m in g t o n , D e l a w a r e  R e c e iv e d  D e c e m b e r  19, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  M e r c k  & Co., I n c .]

p-Toluenesulfonates of 20-Hydroxypregnanes
B y  L e w is  H a s t in g s  S a r e t t

The conversion of pregnane-3 (a), 20-diol 3-ace­
tate 20-tosylate to A17-pregnene-3 (a) -ol by treat­
ment with pyridine has been described.1 The 
present work reports some additional applications 
of this useful procedure for the preparation of sub­
stituted ethylenes from secondary alcohols.2

Pregnane-3(a), 12(a),20-triol 3,12-diacetate8 (I), 
was prepared by catalytic reduction of pregnane-

(1) Hirschmann, J . Biol. Chem., 140, 797 (1941).
(2) See, for example, inter alia, Ferns and Lapworth, J . Chem. 

Soc., 101, 273 (1912); B arnett and Reichstein, Helv. Chim. Acta, 21, 
426 (1938; v. Euw and Reichstein, Helv. Chim. Acta, 29, 654 (1946).

(3) The configuration of the  C-12 hydroxyl group in desoxycholic 
acid is taken as ot, in  accordance with the proofs of Gallagher and 
Long, J . Biol. Chem., 162, 495 (1946), and of Sorkin and Reichstein, 
Helv. Chim. Acta, 29, 1218 (1946).

3(a), 12(a)-diol-20-one diacetate.4 With p-tohx- 
enesulfonyl chloride I yielded a diacetate tosylate, 
which on refluxing with collidine gave a crystal­
line mixture of A17- and A20-pregnene-3 (a), 12 (a) - 
diol diacetate (Ila and lib ). From the mixture 
obtained by hydroxylation of II, a readily crystal­
line 3(a), 12(a), 17,20-tetrol (III) could be sepa­
rated. Periodate cleavage then yielded etio- 
cholane-3(a), 12(a)-diol-17-one, isolated as the 
diacetate (IV).5 Oxidation of the amorphous gly­
col mixture which remained gave some etio-des- 
oxycholic acid (V).

(4) Hoehn and Mason, T h is  J o u r n a l , 60, 1493 (1938).
(5) We are indebted to  Dr. L. F . Fieser of H arvard University 

for an authentic sample of this compound for comparison.
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A more thorough investigation of the 11-keto 
series was facilitated by the ready crystallizabil- 
ity of the intermediates; in addition the reactions 
appeared to proceed more smoothly. The reduc­
tion of pregnane-3 (a) -ol-11,20-dione acetate (VI) 
afforded one of the possible pregnane-3 (a), 20- 
diol-11-one 3-acetate epimers (VII) in an 85% 
yield. The other was present only to the extent of 
a few per cent. With ^-toluenesulfonyl chloride 
VII gave the acetate tosylate VIII, which oc­
curred in several crystalline modifications.

After treatment of the tosylate with collidine, a
c h 3

CO

AcO—l

crystalline mixture of the A17 and A20 
derivatives was obtained in which the 
A17 isomer (or isomers) preponderated. 
Ozonolysis of this mixture of acetates 
gave efo‘ö-cholane-3 ( a) -ol-11,17-dione 
acetate together with some 3(a)-ace- 
toxy-1 l-keto-etóö-cholanic acid. A pure 
A 17-pregnene-3 ( a) -ol-11 -one (X) could 
be isolated by saponification of the 
mixture of acetates and repeated re­
crystallization of the product. Hy­
droxylation of X  gave a triolone (XI), 
which with chromic acid was oxidized 
to e/io-cholane-3,11,17-trione.

An additional product of the reaction 
of pregnane-3 (a),20-diol-11 -one 3-ace­
tate 20-tosylate (VIII) with collidine 
was an isomeric acetate tosylate. Re­
ductive hydrolysis of this material with 
sodium amalgam gave a ketodihydroxy 
derivative isomeric with pregnane- 
diolones. Evidently a fundamental re­
arrangement occurred, probably to a 
D-homo derivative such as XII.

The applicability of the tosylate-collidine 
method for introducing the 17,20 double bond was 
tested also in the 21-acetoxy series. Partial acet­
ylation of pregnane-20(/?) ,21-diol-3,11-dione6 and 
the epimeric glycol6 gave the respective 21-mono- 
acetates from which the corresponding acetate 
tosylates (XIII and XIV) were prepared. Only 
one of these mixed esters—that derived from the 
arbitrarily designated 20 (jö) series—reacted read­
ily with collidine at the boiling point. It gave a 
non-crystalline acetate which was very easily 
hydrolyzed to a derivative of the empirical form­
ula C21H30O3; m. p. 128°; [a] 25d  + 63°. This
substance upon hydroxylation with osmium tet- 
roxide, followed by acetylation of the resulting 
triol, gave the same pregnane-17(a),20,21-triol- 
3,11-dione diacetate previously obtained by hy­
droxylation of a Al7-pregnene-2 l-ol-3,11-dione.

CH2 OAc

l i b

0 s 0 4;
HIO4;
KM11O4

C02H

xA

TsOCH
CH2 OAc

HC^OTs

\A

X III
c h 2o h

XV

collidine, 
— ------------ >.
then K 2C0 3 6

(6) Sarett, T his Journal, 68, 2478 (1946).
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This latter compound melted erratically at about 
150° and had [a]D +56° but was not obtained 
analytically pure. Both the 128° and the 150° 
pregnenes gave amorphous acetates. An attempt 
to repeat the preparation of the higher melting 
pregnene gave only the lower melting product. 
Although, unfortunately, none of the former has 
been available for direct comparison, the data 
suggest that the two A17-pregnene-21-ol-3,11-dione 
compounds are merely crystal modifications.

Experimental7
A17- and A20-Pregnene-3 (a ) , 12 (a) -diol Diacetate (Ila 

and lib ) .—A solution of 1.02 g. of pregnane-3 (a), 12(a) - 
diol-2 0 -one diacetate in 50 cc. of acetic acid was shaken 
with 0.5 g. of platinum oxide under hydrogen until the 
theoretical quantity of hydrogen was taken up. The 
solution was then filtered, concentrated in vacuo and dis­
solved in ether. The ethereal solution was washed with 
aqueous carbonate, then with water, and concentrated to 
dryness. A sample of the crude pregnane-3 (a), 12 (a) ,20- 
triol 3 ,12-diacetate was chromatographed but could not 
be obtained crystalline. The diacetate (1.02 g.) was 
then dissolved in 2  cc. of pyridine and treated with 850 
mg. of p -toluenesulfonyl chloride. After standing at room 
temperature for sixteen hours, the solution was diluted 
with water and extracted with ether. The ethereal 
solution was washed with aqueous carbonate, dilute hydro­
chloric acid and with water and concentrated to dryness. 
The amorphous diacetate tosylate weighed 1.262 g. It 
was next refluxed with 2 0  cc. of collidine for twenty-five 
minutes, the solution cooled, diluted with ether, washed 
with dilute sulfuric acid and with water. The ethereal 
solution was concentrated to dryness and the residue was 
crystallized twice from methanol. The product (580 
m g.) consisted of a mixture of A17- and A2 0-pregnene- 
3 (a ) , 12 (a)-diol diacetate, m. p. 155-159°.

Anal. Calcd. for C2 5 H 3 SO4 : C, 74.59; H , 9.52.
Found: C, 74.74; H , 9.78.

Hydroxylation of A17- and A2 0 -Pregnene-3 (a ), 12(a)- 
diol D iacetate.—A solution of 560 mg. of pregnene mixture 
(m. p. 155-159°) in 10 cc. of absolute ether was treated 
w ith 500 mg. of osmium tetroxide and 350 mg. of dry 
pyridine. After ten minutes the ether was removed in 
vacuo, the residue dissolved in 30 cc. of alcohol and the 
solution treated with 1 . 0  g. of sodium sulfite dissolved in 
20 cc. of water. The mixture was refluxed for three 
hours and then filtered. To the filtrate was added 10 cc. 
of 1  N  aqueous potassium hydroxide and the whole 
refluxed an additional half hour. The alcohol was re­
moved in vacuo and the residual suspension extracted with 
chloroform. Concentration of the washed chloroform 
solution, followed by crystallization of the residue from 
acetone gave 80 mg. of a crude pregnane-3 (a ) , 1 2  (a) ,17,20- 
tetrol (III), m. p. 253-259 °. This material was not puri­
fied further but was suspended in 5 cc® of methanol to  
which was added 1.11 cc. of water containing 55 mg. of 
periodic acid. The suspension was swirled from time to 
time and after forty-five minutes the tetrol had dissolved. 
The solution was permitted to stand for an additional 
half hour and then concentrated to a small volume in 
vacuo. The aqueous suspension was extracted with ethyl 
acetate. Concentration of the ethyl acetate to a small 
volume gave a crystalline precipitate consisting of starting 
material. This was removed and the material in the 
mother liquors (67 mg.) heated in the steam-bath with 
a small volume of pyridine and acetic anhydride for thirty 
minutes. The acetylation mixture was then diluted with 
water and worked up in the usual manner. Crystalliza­
tion of the product from ether-petroleum ether gave 45 
mg. of eMo-cholane-3(a), 1 2 (a)-diol-17-one diacetate, 
m. p. and mixed m . p. 157-158°. 7

(7) All rotations were taken in acetone; c ^ l .0 .  AU melting 
points are corrected.

Anal. Calcd. for C2 3 H 3 4 O5 : C, 70.73; H , 8.78. Found: 
C, 70.76; H , 8.89.

The mother liquors of the tetrol III were concentrated 
to  dryness in vacuo and weighed 320 mg. They were 
similarly oxidized with periodic acid and then acetylated  
with pyridine-acetic anhydride as before. The crude 
diacetoxy-tfMtf-eholanic aldehyde was then dissolved in 
7 cc. of acetone and treated with 2.5 cc. of 5% aqueous 
potassium permanganate. After standing at room tem ­
perature for forty-five minutes, the mixture was con­
centrated to a small volume in a stream of air at 15°, 
then acidified with dilute sulfurous acid and extracted with  
ether. The ethereal solution was extracted with 1  N  
aqueous potassium hydroxide solution and the latter was 
then heated on the steam-bath for one hour. The 
alkaline solution was cooled, acidified with dilute hydro­
chloric acid and the precipitate washed and dried. Crys­
tallization of the amorphous powder (60 mg.) from acetone 
gave 46 mg. of eMö-desoxycholic acid, m . p. and mixed 
melting point, 290-294 °.

Pregnane-3 (a) , 2 0 -d iol-l 1  -one 3-Acetate (VII).—A solu­
tion of 6.15 g. of pregnane-3 (a )-o l-l 1,20-dione acetate 
in 125 cc. of acetic acid was shaken under hydrogen with
1.0 g. of platinum oxide. After six hours the theoretical 
amount of hydrogen had been taken up and the reaction 
had stopped. The solution was filtered and a large volume 
of water was added to the filtrate. The crystalline pre­
cipitate was washed with water and dried. It weighed 
6 . 1 0  g. and melted at 182-199°. After recrystallization 
from benzene-petroleum ether and from dilute acetone, 
the product melted at 2 0 5 - 2 0 6 [ « ] 25d  + 6 6 °; yield, 
83%.

Anal. Calcd.for C2 3 H 3 6 O4 : C ,73.36; H ,9.65. Found: 
C, 73.07; H , 9.98.

A sample of the combined mother liquors of the mono­
acetate was heated w ith pyridine-acetic anhydride and 
then chromatographed over alumina. The crystalline 
fractions melting above 2 0 0 0  were combined and after 
several recrystallizations from alcohol and from ether 
pure pregnane-3 (a) ,20 (epi) -diol-1 1 -one diacetate, m . p. 
234-235°, was obtained. The yield was 1.5% based on 
the 20-ketone (V I).

Anal. Calcd. for C2 5 H 3 8 0 6: C, 71.74; H , 9.15.
Found: C, 71.95; H , 9.24.

Pregnane-3 ( a )  , 2 0 -d iol-l 1  -one Diacetate.—A sample of 
pregnane-3 ( a )  ,20-d iol-l 1-one 3-acetate (m. p. 205- 
206°) was heated with acetic anhydride-pyridine on the  
steam-bath for fifteen minutes. The addition of water 
gave the crystalline diacetate, m . p. 160.5-161.0°; [ a ] 25D 
+ 8 1 ° .

Anal. Calcd. for C2 5 H 3 8 0 5: C, 71.74; H , 9.15.
Found: C, 71.88; H , 9.18.

Pregnane-3 (a ) , 2 0 -d io l-on e-ll.—A sample of pregnane- 
3 (a) ,20-diol-l 1-one 3 -acetate (m. p. 205-206°) was re­
fluxed for fifteen minutes with 1 N  methanolic potassium  
hydroxide. The crystalline diol was precipitated with  
water and recrystallized from acetone. It melted at 236-  
238°.

Anal. Calcd. for C21H34O3: C, 75.40; H , 10.25.
Found: C, 75.47; H , 10.20.

Pregnane-3 (a) ,20 (e ^ )-d io l- ll  -one.—A sample of preg­
nane-3 (a), 20 (epi) -diol-11-one diacetate (m. p. 234- 
235°) was saponified similarly. The diol melted at 219°.

Anal. Calcd. for C2 1 H 3 4 O3 : C, 75.40; H , 10.25. 
Found: C, 75.29; H , 10.29.

Pregnane-3 ( a )  ,20-diol-l 1  -one 3-Acetate 2 0 -Tosylate
(VIII).-—To a solution of 4.75 g. of pregnane-3 ( a )  ,20- 
diol-l 1-one 3 -acetate in 9 cc. of pyridine was added 4.0  
g. of recrystallized ^-toluenesulfonyl chloride. The 
solution was permitted to stand at room temperature 
overnight and was then treated with sufficient water to  
destroy the excess acid chloride. After further dilution 
with water, extraction with chloroform, and successive 
washings with dilute hydrochloric acid, dilute sodium 
carbonate and water, the solution was concentrated to
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dryness in vacuo. Crystallization from ether-petroleum  
ether gave 6.80 g. of solvated product, melting at 1 0 0 °, 
resolidifying and melting again at 141-143°. Recrystal­
lization from dilute methanol gave a non-solvated product, 
m .p . 144-145°; [ a ] 25D + 5 7 .5 ° .

Anal. Calcd. for Cgo^OeS: C, 67.89; H 7.97.
Found: C, 67.92; H , 7.86.

After standing at room temperature for a month, the 
sample melted at 173°. In subsequent preparations 
only this higher melting form was obtained.

A1 7 -Pregnene-3 (a) -o l-l 1 -one (X).-—A  solution of 6.50 
g. of pregnane-3 ( a )  ,20-diol-l 1-one 3-acetate 2 0 -tosylate 
in 50 cc. of redistilled collidine was refluxed for twenty- 
five minutes. The solution was cooled, diluted with 
petroleum ether, washed with dilute hydrochloric acid 
and with water and concentrated to a small volume. 
Crystals (200 mg.) of the isomeric acetate tosylate X II  
(?) separated and were filtered and set aside. The mother 
liquors were concentrated to dryness and the residue crys­
tallized from methanol a t 0°. The crude pregnenes 
weighed 3.61 g. and melted at 60-82°. The mixture was 
refluxed for thirty minutes with 30 cc. of 1.1 A  methanolic 
potassium hydroxide, then diluted with water and per­
mitted to crystallize. After a number of recrystallizations 
from methanol 1.4 g. of pure A1 7 -pregnene-3 (a )  -o l-l 1 -one 
was obtained. It melted at 191-192° and had [ a ] 25D 
+ 5 5 ° . Refluxing the tosylate with 2 N  methanolic 
potassium hydroxide gave smaller yields of this unsatu­
rated compound.

Anal. Calcd. for C2 1 H 3 2 O2 : C, 79.68; H , 10.12.
Found: C, 79.57; H , 10.10.

A sample was converted to the acetate (IX) with 
pyridine-acetic anhydride. After recrystallization from 
methanol it melted at 125°.

Anal. Calcd. for C2 3 H 3 4 O3 : C, 77.07; H , 9.56. Found: 
C, 77.03; H , 9.54.

Isomeric Tosylate (XII) (?).—The 200 mg. of crystals 
which separated from the collidine reaction product de­
scribed above was recrystallized from methanol and melted 
at 197-200°, [a ]25D + 4 6 .5 ° . It was almost entirely 
stable to further treatment with collidine.

Anal. Calcd. for C3 0 H 4 2 O6S: C, 68.81; H, 8.24.
Found: C, 68.70; H , 8.36.

Isomeric Diol from XII (?).—A suspension of 300 mg. of 
the tosylate X II (?) m. p. 197-200°, in 12 cc. of methanol 
and 3 cc. of water was stirred with 25 g. of 4% sodium 
amalgam overnight. The suspension was decanted from 
mercury and filtered. Recrystallization from a large 
volume of methanol gave a product which melted at 294- 
297°, and was isomeric with pregnanediolone.

Anal. Calcd. for C2 1 H 3 4 0 3: C, 75.40; H, 10.25.
Found: C, 75.70; H , 10.25.

Similar reduction of a sample of VIII (m. p. 173°) 
gave pregnane-3 (a) ,20-diol-11-one, m. p. and mixed 
m. p. 236-238°.

Diacetate of Isomeric D iol.—A sample of isomeric 
diol (m. p. 294-297°) was heated with pyridine-acetic 
anhydride on the steam-bath for one hour. The addition 
of water gave crystals, m. p. 183°.

Anal. Calcd. for C2 5H 3 8 0 5: C, 71.74; H, 9.15.
Found: C, 71.99; H , 9.02.

Ozonolysis of Crude A1 7 -Pregnene-3 (a) -ol-l 1 -one Ace­
tate (IX).—Twenty-five grams of crude pregnene-17-ol- 
3 (a )-on e-ll acetate (an amorphous product direct from 
the detosylation with collidine was used) was ozonized 
and the product treated according to a previously de­
scribed procedure . 8 A total of 8.43 g. of acidic material 
was obtained which was saponified and gave upon crystal­
lization from ethyl acetate 2.13 g. of 3 (a) -hydroxy-11 - 
keto-etio -cholanic acid, m. p. and mixed m .p . 296-298°. 
The neutral fraction (16.5 g.) gave 10.2 g. of ketones from 
which 7.2 g. of pure ^o-cholanol-3(a)-11,17-dione was 
obtained.

Pregnane-3(a),17,20-triol-11 -one (XI).—A sample (100 
mg.) of A1 7 -pregnene-3(a)-ol-ll-one (X) in 20 cc. of

absolute ether was treated with 1 0 0  m g . of osm ium  
tetroxide and two drops of pyridine. A fter one hour the  
mixture was concentrated to dryness in  vacuo, dissolved  
in 5 cc. of alcohol and treated with a solu tion  of 300 m g. 
of sodium sulfite in 5 cc. of water. T h e  m ixture w as re­
fluxed for two hours, filtered, concentrated to  a sm all 
volume, diluted with water and extracted w ith  chloroform. 
The chloroform extract was concentrated to  dryness and  
the residue crystallized from ether. T h e triol m elted at 
189-191°. A second crystalline form , m . p . 2 1 0 -2 1 2 ° , 
was obtained by crystallization from benzene. T he com ­
pound showed a strong tendency to  separate as a gel from  
non-polar solvents and could not be obtained free of so l­
vents. Prolonged heating appeared m erely to  lead to  
decomposition.

The diacetate was prepared w ith pyrid ine-acetic  a n ­
hydride in the usual manner. I t m elted  a t 227 -2 2 8 ° , 
[ a ] 25D + 2 4 ° .

Anal. Calcd. for C2 5 H 3 8 O6 : C , 69 .10; H , 8.82.
Found: C, 69.06; H , 8.65.

etio -Cholane -3,11,17-trione from X I.— A  solution of 
450 mg. of pregnane-3 (a ), 17,2 0 -tr io l- ll-o n e  (X I) (puri­
fied through the diacetate) in 5.5 cc. of 90%  acetic acid  
was treated with 10 cc. of 90% acetic acid  containing 500 
mg. of chromic acid. After fifty m inutes a t room tem ­
perature, the solution was diluted w ith  w ater and ex ­
tracted twice with chloroform. T he w ashed chloroform  
solution was concentrated to dryness and th e  residue was 
chromatographed over 1 0  g. of acid w ashed alum ina. 
The fractions from 9:1  ether-chloroform to  1 :9  eth er- 
chloroform contained the etio-cholanetrione, m . p . and 
mixed m. p. 134-135°. Subsequent fractions gave a 
product, m . p. 177-182°, the am ount of w hich was too  
small to permit complete purification.

Pregnane - 2 0  (a) ,2 1 -diol-3,1 1 -dione 2 1 -A cetate 2 0 -
Tosylate (XIV).—To a solution of 378 m g. of pregnane- 
20 (a) ,21-diol-3,11-dione (m. p. 182-183°) in 1.05 cc. 
of absolute dioxane was added 576 m g. of a dioxane solu ­
tion containing 161 mg. of acetic anhydride and 138 m g. 
of pyridine. After standing at room  tem perature for 
sixty hours, the solution was evaporated in  vacuo and the  
residue chromatographed. Ether-chloroform  m ixtures 
eluted crystals of 2 1 -monoacetate w hich after several 
recrystallizations from ether melted a t 166-170° and  
weighed 97 mg. A total of 186 m g. of this partially  
purified monoacetate was treated w ith  125 m g. of tosy l 
chloride in 0 . 2  cc. of pyridine. After standing at room  
temperature overnight, the solution w as diluted w ith  
water and taken up in ether. The washed ethereal solu­
tion was concentrated to dryness. T h e amorphous 
tosylate (254 mg.) was sparingly soluble in dry ether.

Pregnane - 2 0  ( ft) , 2 1  -diol-3 , 1 1  -dione 21-A cetate 2 0 -
Tosylate (XIII) :•—A sample (362 m g.) of pregnanediol- 
2 0  (a) , 2 1  -dione-3 , 1 1  (m .p . 168°) was sim ilarly converted  
to the monoacetate. The crude product was chrom ato­
graphed and gave 227 mg. of crude m onoacetate together 
with some diacetate and starting m aterial. T he am or­
phous monoacetate with tosyl chloride gave 2 1 2  m g. of 
tosylate, m. p. 176-180°. After tw o recrystallizations 
from acetone a sample melted at 193-194°.

Anal. Calcd. for C3oH4o0 7 S: C, 66 .15; H , 7 .40.
Found: C, 66.26; H , 7.23.

A sample (250 mg.) of the 20(a )-to sy la te  (X IV ) was 
refluxed for twenty-five minutes with collid ine. Only 20 % 
of the theoretical amount of collidine ^-toluenesulf onate  
was formed. Chromatography of the product gave a 
small amount of oily reaction product, the remainder 
consisting of starting material or a rearrangement product 
thereof. Saponification of the detosylated material gave  
a non-crystalline product.

A1 7 -Pregnene - 2  l-o l-3 , 1 1  -dione (X V ).— A solution of 
166 mg. of crystalline 2 0 (ft)-tosylate (X III ) in 4 cc. of 
collidine was refluxed for tw enty-five m inutes. T he  
solution was cooled and diluted w ith petroleum eth er; 
8 6  mg. (82%) of collidine ^-toluenesulfonate separated. 
The solution was then diluted with ether, washed w ith  
dilute hydrochloric acid and concentrated to  dryness.
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T h e residue (130 mg.) was chromatographed over 3.5 g. 
of a lum ina. The eluates obtained with 10-cc. portions 
of 3 :7 ,  2 : 8  and 1:9 petroleum ether-ether, with 1 0  cc. 
of ether and with 10 cc. of 9:1 ether-chloroform were 
com bined and gave 69 mg. of amorphous A1 7 -pregnene- 
2 1 -o l-3 ,11 -dione acetate. This was dissolved in 3.5 cc. 
of m ethanol and treated with a solution of 2  cc. of water 
contain ing 60 mg. of potassium carbonate and 60 mg. of 
potassium  bicarbonate. After two hours at room tem ­
perature, the solution was acidified with 2  drops of acetic 
acid and concentrated to a small volume in vacuo. The 
oily  precipitate was dissolved in chloroform, washed and 
th e  solu tion  concentrated to dryness. The residue (54 
m g.) w as chromatographed over 2  g. of alumina. The 
fraction eluted with 1 : 1  ether-chloroform and mixtures 
w ith  an increasing proportion of chloroform could be 
crystallized  from a small volume of ether. The combined 
crystals weighed 30 mg. and melted at 127.5-128°. 
R ecrystallization from ether raised the melting point 
to  128 -128 .5°.

A nal. Calcd. for C2 1 H 3 0 O3 : C, 76.33; H , 9.15. Found: 
C , 76 .63; H , 9.38.

A  5 -m g. sample was permitted to stand at room tem ­
perature w ith acetic anhydride-pyridine for two hours. 
T he product was an oil, from which the original alcohol 
could be obtained by saponification.

A 1 7 -F regn en e-21 -ol-3,11 -dione from A1 7 -Pregnene-
3 (a ) ,21 -d io l- 1 1 -one 2 1 -Hemisuccinate.—A sample of 159 
m g. of th e  21 -hemisuccinate of A1 7 -pregnene-3(a),21-diol-
1 1 -one was oxidized and then saponified as previously de­

scribed8. Crystallization of the product gave 70 mg. of A17- 
pregnene-21 -ol-3,11 -dione, m. p. 128°. I t did not depress 
the melting point of X V .

Pregnene-17(a )  ,20,21-triol-3,l 1-dione Diacetate from
XV.—A sample (82 mg.) of A 1 7 -pregnene-21 -ol-3,11 -dione,
(XV), m .p . 128°, was treated with osmium tetroxide, hy­
drolyzed and acetylated as previously described . 8  The 
crystalline diacetate weighed 72 m g., melted at 212-213°, 
and had [ a ] 25D + 9 5 ° . A mixed melting point with the 
original sample showed no depression.
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Summary
The application of the ^-toluenesulfonate-terti­

ary amine reaction to certain 20-hydroxypregnenes 
is described. In the case of pregnane-20(/3),21- 
diol-3,11-dione 21-acetate 20-tosylate, A17-preg- 
nene-21-ol-3,ll-dione was obtained.

(8) Sarett, J .  Biol. Chem., 162, 601 (1946).
R a h w a y , N . J. R e c e iv e d  D e c e m b e r  5, 1947

(C o n t r ib u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

The Preparation of 2-Alkylbutadienes1
By C. S. Marvel, R. L. Myers2 and J. H. Saunders3

The observation4 that emulsion copolymers of 
isoprene with styrene contain more diene units 
joined in the 1,4-manner than do the correspond­
ing butadiene-styrene copolymers suggested the 
importance of investigating other 2-alkylbuta- 
dienes. The literature on the synthesis of this 
class of dienes is very limited. 2-Ethyl-1,3-buta- 
diene has been reported as a product of dehydro- 
halogenation of 3-methyl-3,4-dibromopentane,5 
but no evidence of structure was presented. 
2-Isopropyl-l,3-butadiene has been prepared by 
von Braun and Keller6 by the Hofmann degrada­
tion of 2-isopropyl-l,4-diaminobutane. While 
this method gave a well-characterized product, the 
starting materials needed for the synthesis are not 
readily available. This communication describes 
the synthesis of 2-isopropyl-l,3-butadiene7 by

(1) T h e  work described in this m anuscript was done under the 
sponsorship  of the Office of Rubber Reserve, Reconstruction Finance 
C orporation , in connection with the Government Synthetic Rubber 
Program .

(2) .P re sen t address: General Electric Company, Schenectady,
New  Y ork.

(3) P re sen t address: M onsanto Chemical Company, Anniston,
A labam a.

(4) I. M . Kolthoff, T. S. Lee and M ary Anne Mairs, J. Polymer 
Sci., 2, 220 (1947).

(5) Pariselle and Simon, Compt. rend., 173, 86 (1921).
(6) von B raun and Keller, Ber., 64, 2617 (1931).
(7) T h e  desirability of synthesizing this diene was first brought 

to  our a tten tio n  by Drs. W. E. Messer and V. C. Neklutin of the 
U nited  S ta tes Rubber Company.

various routes, one of which appears to be a good 
general method for making 2-alkylbutadienes.

2-Isopropylbutadiene was first obtained by de­
hydration of 2-isopropyl-1,4-butanediol through 
acetylation and pyrolysis. The diol was synthe­
sized by the method of Adkins and Wojcik.8 The 
final yield of diene based on diethyl isopropyli- 
denesuccinate was about 4%. An attempt to find 
an improved preparation of diethyl isopropyl- 
succinate through the addition of isopropyl-metal 
halides to diethyl maleate or fumarate did give 
the ester in 30% yields but the over-all reaction 
was still not a satisfactory one for preparative 
work.

A second series of reactions was then investi­
gated. The starting material was isovaleralde- 
hyde (I). It was converted either to isopropyl- 
acrolein (III) or to 2-isopropyl-3-hydroxypropion- 
aldehyde (II) and then by the Grignard reaction 
and subsequent dehydration to the desired diene. 
Different sequences of reactions were tried and 
these are indicated in the chart.

The final choice of steps is that indicated by the 
heavy arrows. The Mannich intermediate9 (VI) 
was not isolated but was converted directly to iso- 
propylacrolein (VII). The unsaturated carbinol

(8 )  ' Adkins and Wojcik, T h is  J o u r n a l , 55, 4939 (1933); 56, 2424 
(1934).

(9) Mannich, Lesser and Silten, Ber., 65, 378 (1932).
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(VIII) was also dehydrated by converting to the 
acetate and pyrolyzing this ester. This method 
may be useful in large scale work to effect de­
hydration. The over-all yield of diene from iso- 
valeraldehyde is about 11%. The reactions are 
relatively simple to carry out in the laboratory on 
a fairly large scale.

By use of the preferred scheme outlined above 
^-butyraldehyde was converted to 2-ethylbuta- 
diene and w-heptaldehyde was converted to 2-n- 
amylbutadiene.

Experimental
Diethyl Isopropylidenesuccinate.— Diethyl isopropyli- 

denesuccinate was prepared according to the procedure of 
Adkins and Wojcik8 with slight modifications. Sodium 
ethoxide was prepared in ether suspension by the method 
of Briihl10 and used without isolation. The reaction 
was run for four hours at 0 0  after the addition of the 
acetone and diethyl succinate mixture to the sodium eth­
oxide suspension. The reaction mixture was then per­
mitted to warm to room temperature and stand for sixteen 
hours prior to hydrolysis. Longer reaction times did not 
increase the yield. From 136 g. (2.0 moles) of sodium 
ethoxide in 1500 ml. of ether, 217.5 g. (1.25 moles) of 
diethyl succinate, and 116 g. (2.0 moles) of acetone there 
was obtained 120 g. (45%) of diethyl isopropylidenesuc­
cinate, b .  p. 91-96° (1 m m .), » 20d  1.4521. When 2.0 
moles of sodium ethoxide, 1.5 moles of ester, and 2.4 moles 
of acetone were used the yield was 53 %. Other variations 
in the concentrations of reactants did not increase the 
yield.

The product was redistilled through a 12-in., helix- 
packed column to obtain pure diethyl isopropylidene­
succinate which boiled a t  100-102° (2 mm .), w20d  1.4550, 
d2\  1.0304.

Adkins and Wojcik8 reported the b. p. 115-122° (7 
m m .) .

Diethyl Isopropylsuccinate by Reduction of Diethyl 
Isopropylidenesuccinate.—A total of 815 g. (3.81 moles) 
of diethyl isopropylidenesuccinate was reduced over Raney 
nickel in a high pressure bomb without solvent. With 
an initial pressure of 1700 p. s. i. a t 25° only one-third 
of the theoretical amount of hydrogen was taken up. The 
pressure was raised to 2150 p. s. i., the temperature to

100°, and the reduction was completed. The nickel was 
removed by filtration and the diethyl isopropylsuccinate 
was reduced to the glycol without purification.

Diethyl Isopropylsuccinate from Diethyl Fumarate and  
Isopropylmagnesium Bromide.— In a 1-liter, three­
necked, round-bottomed flask equipped w ith a reflux 
condenser and a dropping funnel w ith calcium chloride 
tubes, and a Hershberg stirrer were placed 50 g. (0.3  
mole) of diethyl fumarate and 250 m l. of dry ether. A  
Grignard reagent prepared in the usual manner from 7.07  
g. (0.3 mole) of magnesium, 35.8 g. (0 .3  mole) of iso­
propyl bromide and 300 ml. of ether was added dropwise 
to the reaction flask with vigorous stirring. The reaction 
mixture was stirred for an additional fifteen minutes after 
all of the Grignard reagent had been added.

The reaction mixture was worked up in the usual manner 
and the residual oil was distilled through a 12-in., helix- 
packed column. The yield of diethyl isopropylsuccinate 
was 18.8 g. (29.8% ), b. p. 65° (0.5 mm.) or 82° (1 m m .), 
w20d  1.4261. A sample which was redistilled for analysis 
boiled at 123-125° (20 m m .), n2 0 r> 1.4284, d 2\  0.9925.

Anal . 1 1  Calcd. for CiiH20O4: C, 61.09; H , 9.32.
Found: C, 60.82; H , 9.10.

Adkins and Wojcik8 who prepared this compound by  
the reduction of diethyl isopropylidenesuccinate reported 
the b. p. 110-112 0  (8 m m .). Neklutin12 who prepared this 
compound in a manner similar to  that of Adkins and W oj­
cik,8 reported b. p . 71-78° (0.8 m m .), n29d 1.4288.

The use of 50% mole excess of diethyl fumarate did not 
increase the yield. When diethyl maleate was substituted 
for diethyl fumarate, the results were essentially the same 
(30.2% yield).

Five grams of diethyl isopropylsuccinate was hydrolyzed 
by refluxing for six hours with 40 ml. of 25% sodium  
hydroxide solution. The solution was cooled, extracted 
with ether and acidified. The white solid thus obtained 
was recrystallized from acetone and water, m . p. 115.5- 
116.5°. Roser13 reported a melting point of 114° for 
dHsopropylsuccinic acid. Henry and P aget14 reported a 
melting point of 117° for this compound.

Diethyl Isopropylsuccinate from Diethyl M aleate and 
Isopropyl-cadmium H alide.—A Grignard reagent was 
prepared in the usual way, using 28.6 g. (1.18 moles) of 
magnesium, 143 g. (1.16 moles) of isopropyl bromide,

(11) We are indebted to M r. H. S. Clark, Illinois S tate  Geological 
Survey, for all microanalyses reported in this communication.

(12) N eklutin, private communication.
(13) Roser, A nn., 220, 271 (1883).
(14) H enry and Paget, J . Chem. Soc., 70 (1928).(10) Brühl, Ber., 35, 3510 (1902); 37, 2066 (1904).
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and 1 0 0 0  ml. of dry ether in a 3-liter, three-necked, round- 
bottom ed flask. The reaction mixture was stirred for 
fifteen minutes after the addition of the halide had been 
completed, and then was cooled to 0  ° by means of an ice- 
sa lt bath and was maintained at that temperature. 
During one and one-quarter hours 212 g. (1.16 moles) of 
anhydrous cadm ium  chloride was added in small portions 
to  the reaction flask. The suspension was stirred for 
three-quarters of an hour and a solution of 2 0 0  g. (1.16 
moles) of diethyl maleate in 500 ml. of ether was added 
dropwise to the reaction mixture during a period of three 
and one-half hours. During the addition of the ester 
the reaction mixture became very gummy and hard to 
stir. A less vigorous glass stirring shaft was substituted 
for the Hershberg stirrer and the reaction was continued. 
Stirring at 0° was continued for five hours.

The reaction mixture was worked up in the usual way 
and the residual oil was distilled through a 6 -in., helix- 
packed column. The recovery of diethyl maleate was
69.5 g. (34.8% ). The yield of diethyl isopropylsuccinate 
was 48 g. (29.3% ), b. p. 118-126° (20 m m .), n20D 1.4311.

A similar experiment which involved longer reaction 
tim es between the isopropyl bromide and magnesium and 
between the isopropylmagnesium bromide and cadmium 
chloride did not give an increased yield.

2 -Isopropyl”1,4-butanediol.— The diethyl isopropylsuc­
cinate obtained from the reduction of the diethyl isopropyl­
idenesuccinate was reduced over copper chromite at 260°, 
with an initial pressure of 6000 p. s. i . 8  Only about two- 
thirds of the theoretical amount of hydrogen was taken 
Bp.

T he reduction mixture was filtered through a fluted 
filter paper to remove most of the catalyst, and the 
filtrate was distilled through a 1 2 -in., helix-packed 
column. The recovery of diethyl isopropylsuccinate was
76.5 g. (9.4% ). The yield of 2-isopropyl-l,4-butanediol 
was 72.5 g. (15.8% ), b. p. 145-146° (18 m m .), n 20D 
1.4535, d20i 0.9672.

Adkins and Wojcik reported b. p. 119-122° (3 m m .), 
n2b d  1.4535.

Diacetate of 2 -Isopropyl-1,4-butanediol.—In a 200- 
m l., round-bottomed flask were placed 2 2  g. (0.167 mole) 
of 2-isopropyl-l ,4-butanediol, 75 g. (0.73 mole) of acetic 
anhydride, and 1 g. of pyridine. The flask and its con­
tents were set aside for three days. At the end of that 
time the acetic acid was removed by distillation through a 
1 2 -in ., helix-packed column at atmospheric pressure, and 
the acetic anhydride was distilled at 100 m m . The residue 
was carefully fractionated. The yield of diacetate was
28.7 g. (80% ), b. p. 105° (3 m m .), n 20d 1.4346. A sample 
was redistilled for analysis, b. p. 96° (1.5 m m .), n 20d 
1.4349, d2\  1.0055.

Anal. Calcd. for C1 1 H 2 0 O4 0. C, 61.09; H , 9.32. Found: 
C, 61.32; H , 9.19.

2 -Isopropyl-1,3-butadiene.—A 20-mm. Pyrex tube 
was packed for a distance of 1 2  in. with glass beads and 
heated in a furnace to 575 =*= 10°. Twenty-eight grams 
(0.13 mole) of the diacetate of 2-isopropyl-l ,4-butane­
diol was dropped through the hot tube at a rate of one 
drop every second. The pyrolysate was dissolved in 25 
ml. of ether and washed twice with 50 ml. of water. 
The washings were combined and extracted with two 
20-ml. portions of ether. All three ether solutions were 
combined and dried over 1  g. of anhydrous magnesium 
sulfate. The drying agent was removed and the ether 
solution was fractionated through a 4 -in., helix-packed 
column. The fraction boiling at 82-84° was collected, 
n 20D  1.4280. Since this fraction contained a trace of 
acetic acid it was dried over 0.25 g. of anhydrous potas­
sium carbonate. The yield of 2-isopropylbutadiene thus 
obtained was 4 g. (32% ), n 20d 1.4339. von Braun and 
Keller6  reported b. p. 86-87°, n23d 1.4321, d2 4 - 5 4 0.7276.

M aleic Anhydride Adduct of 2  -Isopropylbutadiene.—In 
a 2-oz., screw-cap bottle were placed 5 ml. of dry benzene, 
1  ml. (0.73 g., 0.0076 mole) of 2-isopropylbutadiene and 
0.49 g. (0.005 mole) of maleic anhydride. The bottle 
was capped and rotated in a water-bath at 50 0  for twenty -

two hours. The adduct was precipitated from the ben­
zene solution by the addition of 5 ml. of low petroleum 
ether. After recrystallization from benzene and low 
petroleum ether the adduct melted at 8 6 - 8 6 .5 °.

The various maleic anhydride adducts obtained from 2- 
isopropylbutadiene produced by the different methods 
described in this paper had the same melting points, and 
mixed melting points showed no depression. A sample of 
this adduct was submitted for analysis.

Anal. Calcd. forC uH 1 4 0 ,:  C, 6 8 .0 2 ; H ,7 .26 . Found: 
C, 68.21; H , 7.21.

a-Isopropylacrolein by the Mannich Method.— In a 5 - 
liter, three-necked, round-bottomed flask fitted with a, 
reflux condenser, a mechanical stirrer, and a thermometer 
were placed 975 g. (12.0 moles) of dimethylamine hydro­
chloride, 900 g. (12 moles) of a 40% solution of formalin, 
and 860 g. (10 moles) of isovaleraldehyde. The flask 
was heated by an oil-bath maintained electrically at 70 ° 
and stirred for twenty-four hours. The flask was then 
fitted for steam distillation, and the contents steam-dis­
tilled until organic material no longer separated from the 
distillate. The water layer was removed, and the organic 
material was dried over anhydrous magnesium sulfate. 
Distillation through an 18-in., electrically heated, helix- 
packed column yielded 113.5 g. of recovered isovaler­
aldehyde (13.1% ), b. p. 92-95°, an intermediate fraction, 
117 g ., b. p. 95-105°, n 20D 1.4115-1.4170, and 453 g. of 
a-isopropylacrolein, b. p. 105-108°, n 20D 1.4223, d20i 
0.8389, a yield of 52.6% (based on unrecovered isovaler­
aldehyde) . Because of the unstable nature of the com­
pound a good analysis was difficult to obtain, but a 
sample which was freshly distilled gave fair results.

Anal. Calcd. for C6 H 1 0 O: C, 73.43; H , 10.27; MR, 
29.79. Found: C, 72.92; H , 10.15; MR, 29.74.

A 2,4-dinitrophenylhydrazone, prepared according to 
a standard procedure , 1 6  melted at 164.5-165®.

Anal. Calcd. for C1 SH1 4 O4 N 4 : C, 51.79; H , 5.07.
Found: C, 51.92; H , 5.10.

2-Isopropyl-3-hydroxypropionaldehyde.— In a 5-liter, 
three-necked, round-bottomed flask fitted with a mechani­
cal stirrer, a dropping funnel, and condenser were placed 
430 g. (5 moles) of isovaleraldehyde, 1200 g. (16 moles) 
of a 40% solution of formalin, and 1000 ml. of ethyl ether. 
Stirring was begun, and 1 liter of a 10% solution of potas­
sium carbonate was added dropwise. After the addition 
of the alkali (four hours) stirring was continued an addi­
tional twenty-hours at room temperature. The organic 
layer was then separated and the aqueous layer was 
extracted three times with 300-ml. portions of ethyl ether. 
The extracts were combined with the original organic 
layer and the solution dried over anhydrous magnesium 
sulfate. After removal of the drying agent by filtration 
and flash distillation of the ether, the residual liquid was 
distilled through a 6 -in., helix-packed column. There 
was obtained 215 g. of unreacted isovaleraldehyde, and 
150 g. (52%) of 2-isopropyl-3-hydroxypropionaldehyde, 
b. p. 83.5° (9.5 m m .), n 20D 1 .4603r, d2\  1.0517. A sample 
of the material was redistilled for analysis.

Anal. Calcd. for C6 H 1 2 0 2: C, 62.04; H , 10.42; MR, 
30.45. Found: C, 61.48; H , 10.60; M R, 30.05.

An attempt to prepare a 2,4-dinitrophenylhydrazone1 5  

resulted in yellow plates, m. p. 123-126°, which on re­
crystallization from ethanol turned red and melted at 158- 
159°. This melting point is almost that of the derivative 
for a-isopropylacrolein and a mixture of this product with 
that known derivative melted at 161-164°. The lack 
of depression indicated that the present compound had 
dehydrated on recrystallization.

Benzoate of 2 -Isopropyl-3-hydroxypropionaldehyde 
In a 3 -liter, three-necked, round-bottomed flask fitted 
with a mechanical stirrer, a dropping funnel and reflux 
condenser were placed 214 g. (1.85 moles) of 2 -isopropyl-

(15) Shriner and Fuson, “ The Systematic Identification of Organic 
Compounds,” 2nd ed., J. Wiley and Sons, Inc., New York, N. Y., 
1940, p. 143.
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3-hydroxypropionaldehyde and 584 g. (4 moles) of ben­
zoyl chloride. The flask was cooled by means of an ice- 
bath. To the stirred and cooled mixture was added 1000 
ml. of a 1 0 % solution of sodium hydroxide at a rate such 
that the temperature of the reaction did not exceed 35°. 
Following the addition of the alkali, stirring was continued 
for one-half hour. The semi-solid reaction mixture was 
dissolved in 600 ml. of benzene, and the solution was 
washed with 1 0 % sodium carbonate solution until the 
washings were alkaline. The benzene was removed, and 
the residue was distilled through a 6 -in., helix-packed 
column. The yield of the benzoate was 55 g. (13.5% ), 
b. p. 103° (0.3 m m .), n 20d  1.4820. A 2,4-dinitrophenyl­
hydrazone of the material was prepared , 1 5  m. p. 130.5°.

Anal. Calcd. for CigïLoOeN*: C, 56.99; H , 5.03.
Found: C, 56.87; H , 5.06.

a-Isopropylacrolein by Pyrolysis of the Benzoate.—
Fifty-five grams (0.25 mole) of the benzoate of 2-iso- 
propyl-3 -hydroxypropionaldehyde was passed dropwise 
through a 19-mm. outside diameter Pyrex tube packed 
for a distance of 12 in. with 4-mm. glass beads and heated 
to 575° by means of a combustion furnace. Distillation 
of the pyrolysate yielded 12 g. (50%) of «-isopropyl- 
acrolein, b. p. 108.5°, n 20D 1.4223.

a-Isopropylacrolein by Dehydration of the Aldol.—  
After several preliminary attempts resulted in only poly­
meric material, a solution of 29 g. (0.25 mole) of 2-iso­
propyl-3 -hydroxypropionaldehyde in 40 ml. of benzene 
was refluxed with 1.0 g. of iodine. Distillation of the 
material yielded 4.5 g. of a-isopropylacrolein, b. p. 108.5°, 
n20D 1.4230 (18% ). Attempts to dehydrate the aldol 
by passing over activated alumina at 350° in a Pyrex 
tube, and by dropping on fused potassium acid sulfate at 
225° produced only polymeric material.

2 -Isopropyl-3-hydroxy-1-butene.— In a 5-liter, three­
necked, round-bottomed flask fitted with a dropping 
funnel, a reflux condenser (both connected to calcium 
chloride drying towers) and a mechanical stirrer were 
placed 116.5 g. (4.84 moles) of magnesium turnings and 
500 ml. of dry ether. A solution of 675 g. (4.84 moles) of 
methyl iodide in 1 2 0 0  ml. of absolute ether was added with 
stirring as rapidly as control of the reaction would permit. 
After formation of the Grignard complex, a solution of 
379 g. (3.87 moles) of a-isopropylacrolein in 1000 ml. of 
dry ether was added dropwise. After completion of the 
reaction the mixture was poured onto about 3 kg. of 
crushed ice. The complex was decomposed with dilute 
hydrochloric acid, and the ether layer was separated. 
The aqueous layer was extracted three times with 300-ml. 
portions of ethyl ether and combined with the original 
ether layer. After drying the ether solution over anhy­
drous magnesium sulfate, the drying agent was removed, 
and the ether was removed by distillation through a 6 -in., 
helix-packed column. Distillation of the residual ma­
terial through an 18-in., helix-packed column yielded
330.9 g. (75%) of 2-isopropyl-3-hydroxy-l-butene, b. p. 
84° (75 m m .), n2 0 d  1.4361, d2\  0.8473.

Anal. Calcd. for C7 H 1 4 0 :  C, 73.63; H , 12.36; MR, 
35.59. Found: C, 73.60; H , 12.27; MR, 34.82.

2 -Isopropyl-1 ,3-butadiene by the Alumina Dehydration 
of 2 -Isopropyl-3-hydroxy-l-butene.— One hundred grams 
of 2 -isopropyl-3-hydroxy-l-butene was passed dropwise 
through an 18-mm. outside diameter Pyrex tube packed 
for a distance of 18 in. with 6 - 8  mesh activated alumina 
and heated to 250° by means of an electrically heated 
jacket. The pyrolysate was collected in a 500-ml. suc­
tion flask cooled in a Dry Ice-ethanol bath. The product 
was dried and distilled to yield 25.8 g. (30.4%) of 2-iso- 
propyl-1 ,3 -butadiene, b. p. 85-86°, n20D 1.4340, d23* 
0.723. von Braun and Keller6  reported b. p. 86-87°, 
u 23d  1.4321, d24’54  0.7276. A higher-boiling fraction was 
also obtained, b. p. 75° (90 m m .), n 20D 1.4130. This ma­
terial is presumably 3 ,4-dimethylpentanone-2, b. p. 136- 
138°, which van Romburgh1 6  reported b. p. 135-136°, 
d2\  0.815.

An analogous rearrangement was observed w ith the  
corresponding ethyl derivative reported later.

2 -Isopropyl-3-acetoxy-1 -butene.— In a 125-ml. Erlen­
meyer flask was placed a mixture of 28.8 g. (0.25 mole) 
of 2-isopropyl-3-hydroxy-1 -butene, 36 g. (0.35 mole) 
of acetic anhydride and a few drops of pyridine. The 
mixture was allowed to stand overnight, washed with  
three 25-m l. portions of distilled water and distilled through 
a 6 -in ., helix-packed column to yield 31.1 g. (0.196 mole) 
of 2-isopropyl-3-acetoxy-l-butene, b. p. 89° ( 6 6  m m .), 
n29d 1.4256, d 2 0 4  0.8857, a yield of 79%. A sample of 
this material was redistilled for analysis.

Anal. Calcd. for C»Hi602: C, 69.19; H , 10.32; M R, 
44.96. Found: C, 69.09; H , 10.31; MR, 45.20.

2 -Isopropyl- 1 ,3 -butadiene from the Pyrolysis of 2 - 
Isopropyl-3 -acetoxy-l-butene.—Pyrolysis of 82.7 g. (0.53 
mole) of 2-isopropyl-3 -acetoxy-1-butene was accomplished 
by passing the material dropwise through a 19-mm. 
Pyrex tube packed for a distance of 12 in. with 4-m m . 
glass beads and heated to 500 0  by means of a combustion 
furnace. Distillation of the washed and dried pyrolysate 
yielded 11.7 g. (23%) of 2-isopropyl-l ,3-butadiene, b. p. 
85-87°, n20d 1.4345.

2 -Isopropyl-1,3-butanediol.— By the usual Grignard 
procedure, a solution of methylmagnesium iodide was pre­
pared from 59 g. (0.42 mole) of methyl iodide, 10.0 g. 
(0.42 atom) of magnesium turnings and 200 ml. of an­
hydrous ethyl ether. To this solution was added 24 g. 
(0 . 2 1  mole) of 2 -isopropyl-3-hydroxypropionaldehyde in 
200 m l. of dry ethyl ether. The reaction was fairly violent, 
presumably because of the consumption of one-half of 
the Grignard reagent by the hydroxyl group. The 
complex was decomposed by pouring over ice and acidify­
ing with dilute hydrochloric acid. After extraction of 
the aqueous layer w ith three 75-ml. portions of ethyl 
ether the combined ether extracts were dried over an­
hydrous magnesium sulfate, the ether was removed and 
the residue distilled through a 1 2 -in., helix-packed 
column. There was obtained 20.0 g. (0.151 mole) of 
2-isopropyl-l,3-butanediol, b. p. 106° (4 m m .), n20d 
1.4528, a yield of 72%. A sample of the diol was redis­
tilled for analysis.

Anal. Calcd. for C7 H 1 6 0 2: C, 63.59; H , 12.20.
Found: C, 63.34; H , 12.37.

2 -Isopropyl-1,3-diacetoxybutane.-—A mixture of 20.0  
g. (0.15 mole) of 2-isopropyl-l,3-butanediol, 45 g. (0.45 
mole) of acetic anhydride, and a few drops of pyridine 
was placed in a 125-ml. Erlenmeyer flask and allowed to  
stand overnight. The resulting solution was washed with  
three 1 0 -ml. portions of distilled water, separated and the 
organic solution was distilled through a 6 -in., helix-packed 
column. There was obtained 25.0 g. (0.116 mole) of 2 - 
isopropyl-1,3-diacetoxybutane, b. p. 127° (24 m m .), w20d 
1.4330, d 2 0 4 1.0026, a yield of 77%. A sample of the ma­
terial was redistilled for analysis.

Anal. Calcd. for CnH 2 0 O4: C, 61.08; H , 9.32; M R, 
56.51. Found: C, 61.21; H , 9.24; M R, 56.06.

Pyrolysis of this material in a manner described 
above for the 2-isopropyl-3 -acetoxy-1 -butene yielded 
only 0.5 g. (4.5% ) of 2-isopropyl-l,3-butadiene in 
addition to some higher boiling materials that were not 
characterized.

a-Ethylacrolein.— In a 5-liter, three-necked, round- 
bottomed flask fitted with an efficient stirrer, a reflux 
condenser, and a thermometer were placed 405 g. (5.0  
moles) of dimethylamine hydrochloride, 324 g. (4.5 moles) 
of n -butyraldehyde, and 375 g. (5 moles) of 40% formalin. 
The flask and its contents were heated to 60 °, maintained 
by an electrically heated oil-bath, and stirred for six 
hours. The condenser was arranged for distillation and 
the mixture was subjected to steam distillation until or­
ganic material no longer separated in the distillate. The 
organic layer was separated, dried and distilled through 
an 18-in., helix-packed column. Distillation yielded 
280 g. of a-ethylacrolein, b. p. 91-92°, n2 0 d 1.4205, a 
yield of 73.5% . a-Ethylacrolein has been previously(16) van Romburgh, Rec. trap, chim., 5, 228 (1886).
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prepared by Sommelet1 7  who heated over oxalic acid the
1 .3 - diethyl ether of 2-ethylglycerol. It has also been pre­
pared by passing 2 -ethylallyl alcohol over zinc oxide at 
350°, but again no physical constants were given . 1 8  A 
semicarbazone of the material was prepared, m. p. 185.5- 
186 °. Sommelet reported17192.5 °. A 2,4-dinitrophenyl­
hydrazone was prepared according to the method of Shriner 
and Fuson , 1 5  m . p. 166.5-167°.

Anal. Calcd. for CnHinCXtN*: C. 50.00: H . 4.58.
Found: C, 50.06; H ,4 .4 1 .

2 -Ethyl-3 -hydroxy-l-butene.— In a 5-liter, round-bot­
tom ed, three-necked flask fitted with a dropping funnel, 
a reflux condenser (protected from the atmosphere by  
calcium chloride towers) and a mechanical stirrer, was 
placed 1000 ml. of a 4 molar solution of methylmagnesium 
bromide in ether (Arapahoe Chemicals Company). To 
this was added with stirring a solution of 280 g. (3.3 
moles) of a-ethylacrolein in 1500 ml. of absolute ether. 
An ice collar around the top of the flask permitted rela­
tively rapid addition of the ether solution. The reaction 
was stirred an additional hour and then poured onto 
crushed ice. The Grignard complex was decomposed by 
adding dilute hydrochloric acid until complete solution 
had been effected. The ether layer was separated and the 
aqpeous layer extracted with two 300-ml. portions of 
ether. The ether extracts were combined with the original 
organic layer and dried over anhydrous magnesium sulfate. 
After removal of the drying agent by filtration, the ether 
was removed through a 6 -in ., helix-packed column and 
the residual liquid distilled through an 18-in., helix-packed, 
electrically heated column equipped with a total reflux 
partial take-off head. A total of 282 g. of 2 -ethyl-3 -hy­
droxy- 1 -butene was collected, b. p. 83° ( 1 0 0  m m .), w20d  
1.4350, d2\  0.8491, a yield of 85.5% .

Anal. Calcd. for C6H 1 2 0 :  C, 71.92; H , 12.08; MR, 
30.97. Found: C, 72.04; H , 11.99; M R, 30.77.

2 -Ethyl- 1 ,3-butadiene.— Dehydration of 2 -ethyl-3-hy­
droxy-1 -butene was accomplished by passing 50.0 g. 
(0 . 5  mole) dropwise through a 19-mm. outside diameter 
Pyrex tube packed for a distance of 18 in. with crystalline 
potassium acid sulfate and heated to 190-200° by means 
of an electrically heated jacket. The pyrolysate was col­
lected in a 500-ml. filter flask immersed in a Dry Ice- 
methanol bath. The product was washed with water, 
and dried over anhydrous magnesium sulfate and distilled. 
Distillation yielded 17.5 g. of 2 -ethy 1-1,3-butadiene, b. p. 
72-74°, n 20D 1.4488, d2\  0.7173, a yield of 42.8%.

Anal. Calcd. for CeHi0: C, 87.73; H , 12.27. Found: 
C, 87.87; H , 12.27.

There was also obtained an 8.0 g. sample of material 
which did not have the physical constants of the original 
carbinol. A sample of this material, b. p. 60° (95 m m .), 
n 20D 1.4012, d 2 04 0.8130, was redistilled for analysis.

Anal. C alcd.forC 6H i2 0 :  C ,71.92; H , 12.08. Found: 
C, 71.36; H , 11.77.

This material discharged bromine in carbon tetra­
chloride but with much evolution of hydrogen bromide. 
It reduced potassium permanganate and reacted with the
2.4- dinitrophenylhydrazine reagent. This indicated that 
it was not the original 2 -ethyl-3 -hydroxy - 1  -butene. A
2.4- dinitrophenylhydrazone derivative prepared according 
to the directions of Shriner and Fuson 1 5  had a constant 
melting point of 70-71 ° after three recrystallizations from 
95% ethanol. This corresponds to the 71.2° reported 
by Drake and Veitch 1 9  for the derivative of methyl s- 
butyl ketone. A comparison of the physical properties

B .p .
n 20D
d 2\

Unknown
60° (95 mm.)
1.4012
0.8130

M ethyl s-butyl ketone
117° (760 mm.) 
» “ d  1.4002 
0.815

(17) Sommelet, A n n . chim., [8] 9, 562 (1906).
(18) French P aten t 777,032, Ju ly  16, 1934, Chem. Zentr., 106, II, 

757 (1935).
(19) Drake and Veitch, T h is  J o u r n a l , 57, 2623 (1935).

of the unknown with those of this ketone further confirms 
their identity.

a.-n-Amylacrolein.— In a 5-liter, three-necked, round- 
bottomed flask fitted with a mechanical stirrer, a ther­
mometer, and a reflux condenser were placed 800 g. (9.9 
moles) of dimethylamine hydrochloride, 740 g. (9.9 moles) 
of 40% formalin, and 855 g. (7.5 moles) of ^-heptalde- 
hyde. The flask and its contents were heated to 70° 
and maintained at that temperature by means of an elec­
trically heated oil-bath. Stirring was continued for 
eighteen hours. The flask was then equipped for steam  
distillation and the contents were steam-distilled until 
organic material no longer separated from the distillate. 
The organic material was separated from the water layer 
and distilled through an 18-in., helix-packed, electrically 
heated column. There was obtained 650.5 g. of a-w-amyl­
acrolein, b. p. 72° (30 m m .), n 20D 1.4373, a yield of 69%. 
A sample of the material was redistilled for analysis.

Anal. C alcd.forC sHhO: C ,76.14; H , 11.18. Found: 
C, 76.15; H , 10.90.

A 2,4-dinitrophenylhydrazone prepared according to the 
directions of Shriner and Fuson 1 5  had a constant melting 
point of 134-134.5° after three recrystallizations from 
95% ethanol.

Anal. Calcd. for C1 4 H 2 0 O4 N 4 : C, 54.89; H , 5.92.
Found: C, 55.20; H , 6.43.

2 -Amyl-3-hydroxy- 1  -butene.— In a 3-liter, three­
necked, round-bottomed flask fitted with a mechanical 
stirrer, a reflux condenser and a dropping funnel both 
fitted with calcium chloride towers to exclude moisture, 
was placed 53 g. (2.2 atoms) of magnesium turnings, and 
300 ml. of dry ether. To this was added with stirring 
a solution of 312 g. (2.2 moles) of methyl iodide in 750 
ml. of dry ether. An ice collar around the top of the 
flask permitted very rapid addition of the methyl iodide 
solution. The mixture was permitted to stir an additional 
half-hour after the methyl iodide had been added. To 
this was then added a solution of 252.4 g. (2.0 moles) 
of a-w,-amylacrolein in 700 ml. of dry ether. The mixture 
was allowed to stir an additional half-hour and was then 
poured onto about 2 kg. of crushed ice. The complex 
was decomposed with dilute hydrochloric acid, the ether 
layer separated, and the aqueous layer extracted three 
times with 300-ml. portions of ether. The ether extracts 
were combined with the original ether layer and dried 
over anhydrous magnesium sulfate. The drying agent 
was removed by filtration and the ether was removed by 
distillation through a 1 2 -in., helix-packed column and the 
residual liquid distilled through an 18-in., helix-packed, 
electrically heated column. A total of 203.0 g. (71.5%) 
of 2-w-amyl-3-hydroxy-l-butene was collected, b. p. 6 8 ° 
(3 m m .), n2 0 d  1.4448. A sample of the material was re­
distilled for analysis.

Anal. Calcd. for C9 Hi8 0 :  C, 76.00; H , 12.75.
Found: C, 76.14; H , 12.25.

2 -w-Amyl-1 ,3 -butadiene .— Dehydration of 536.6 g. 
(3.78 moles) of 2 -n-amyl-3-hydroxy - 1  -butene was ac­
complished by passing the material dropwise over activated 
alumina in a 19-mm. outside diameter Pyrex tube packed 
for a distance of 18 in. and heated to 240-250° by means 
of an electrically heated jacket. The dehydration prod­
ucts were collected in a 500-ml. suction flask cooled in a 
Dry Ice-methanol-bath. The water layer was separated 
and the organic material distilled through an 18-in., helix 
packed column. There was obtained 103 g. (22%) of
2-w-amyl-l,3-butadiene, b. p. 148-149°, w20d  1.4510, 
d 2 0 4 0.7578.

Anal. Calcd. for CgHie: C, 87.02; H , 12.98. Found: 
C, 86.94; H , 13.04.

A higher-boiling fraction was obtained which was 
believed to  be 3 -methyloctanone -2, by analogy to the 
reaction that produced methyl s-butyl ketone from 2 - 
ethyl-3-hydroxy-l-butene. This compound has been 
prepared by Powell, Murray and Baldwin 2 0  who reported
b. p. 64-65° (18 m m .), n 27d 1.424, d2 7 4  0.832. The frac-

(20) Powell, M urray and Baldwin, ibid., 55, 1153 (1933).
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tion obtained in this work had the constants, b. p. 109° (65 
m m .), n29d 1.4269. A 2,4-dinitrophenylhydrazone was 
prepared which had a constant melting point of 1 1 1 - 1 1 2 ° 
after two recrystallizations from ethanol.

Anal. Calcd. for Ci5 H 2 2 0 4 N4: C, 55.88; H , 6 .8 8 .
Found: C, 55.80; H , 6.90.

Summary
2-Ethyl-, 2-isopropyl- and 2-w-amyl- 1,3-buta­

diene have been prepared by a general procedure 
which can presumably be applied to other 2-alkyl­
butadienes.

Experiments covering alternate routes to vari­
ous of the intermediates and final products have 
been recorded.
U r b a n a , I l l in o is  R e c e iv e d  N o v e m b e r  13, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  B io c h e m is t r y , C o l l e g e  o f  A g r ic u l t u r e , U n iv e r s it y  o f  W is c o n s in ]

The Synthesis of Unsaturated Fatty Acids1
By K a m a l l u d in  A h m a d  a n d  F. M. S t r o n g

Despite the large number of unsaturated fatty 
acids which occur in the most diverse types of 
living organisms and their great technical and bio­
logical importance, only a very few have been syn­
thesized to date by methods which could be ex­
pected to lead to pure products of unequivocal 
structure.2 Recent improvements in methods for 
selectively hydrogenating acetylenes to olefins3’4 5 
and the ease of building up relatively long ali­
phatic chains by condensing alkyl halides with 
acetylene or alkyl acetylenes6 suggested the possi­
bility of obtaining unsaturated fatty acids from 
acetylenic alkyl halides via the nitrile or Grignard 
reagent:

R— 0 = C — (CH2)»X — >- R _c= = C (C H 2 )n— COOH 
---- >  R— C H = C H — (CH2)w—COOH

It was expected that acetylenic halides of the re­
quired type would be formed by reaction of alkyl 
acetylenes with, for example, bromo- or iodochlo-

N aN H 2

R C ^C H  +  I(C H 2)%— Cl ----------^  R C ^ C — (CH 2 )„C1
rides since acetylene itself readily yields analogous 
products.7

The feasibility of this method of synthesis has 
been tested by the preparation of 6-hendecenoic 
acid from 1-hexyne and l-chloro-4-iodobutane ac­
cording to the scheme

N aNH 2

CH 3 (CH2 ) 3—Ce=CH +  I(C H 2 ) 4 C1---------- >-
NaCN

CH3 (CH 2 ) 3 Ce=C — (CH 2 ) 4 C1 — — >-
NaOH

(H)
CH 3 (CH 2 ) 3 C=eC— (CH2)4COOH---- ^

Ni
CH 3 (CH 2 ) 3 CH===CH (CH2)4COOH

The desired product was obtained with no par­
ticular difficulty, and the olefinic bond was found

(1) Published with the approval of the Director of the Wisconsin 
Agricultural Experim ent Station.

(2) K. S. M arkley, “ F a tty  Acids,” Interscience Publishers, Inc., 
New York, N. Y., 1947, p. 554.

(3) Campbell and Eby, T h is  J o u r n a l , 63, 2683 (1941).
(4) Thompson and Shaw, ibid., 64, 363 (1942).
(5) H. Adkins, private communication.
(6) Vaughn, Hennion, Vogt and Nieuwland, J . O rg . Chem., 2, 1 

(1937).
(7) Henne and Greenlee, T h is  J o u r n a l , 67, 484 (1945).

by oxidative degradation to be present in the ex­
pected position.

Experimental
I -Chloro -4 -io dobutane .— Sodium iodide was refluxed 

in acetone solution with a three-molar proportion of 1,4- 
dichlorobutane8  until less than 3% of the iodine remained 
in the inorganic form (five to six hours). Fractional dis­
tillation gave a 71% yield (based on the sodium iodide) 
of l-chloro-4-iodobutane, b. p. 93-94 .5° (17 m m .), of 
94% purity.

Anal. Calcd. for C4 H 8 C1I: 1 ,5 8 .1 . Found: 1 ,5 4 .4 .
Since the impurity was most probably unreacted di- 

chlorobutane, the product was used without further puri­
fication.

1  -Chloro-5-decyne.— A three-liter, three-neck round- 
bottom flask was fitted with a stirrer, dropping funnel, 
gas inlet tube, and block tin condenser cooled with a chloro- 
form -Dry Ice mixture. Fifteen-hundred ml. of liquid am ­
monia was placed in the flask, the stirrer was started, and 
0.3 g. of ferric nitrate and 1  g. of sodium were added. Dry 
air was bubbled through the solution for a few minutes 
until the blue color was discharged, after which an addi­
tional amount of 14.6 g. (0.68 g. atom , total) of sodium 
was added slowly in small portions. After the reaction 
had been in progress for thirty minutes, 1  g. of sodium  
peroxide was added. After two and one-half hours the 
mixture assumed a dull gray color, and the conversion of 
the sodium to sodamide was judged to be complete . 9

An amount of 41 g. (0.50 mole) of 1 -hexyne 1 0  was then 
introduced dropwise with stirring over a period of two 
hours, and after an additional interval of three hours, 117 
g. (0.54 mole) of l-chloro-4-iodobutane was added during 
four hours. Stirring was continued four hours longer, and 
the mixture was then allowed to stand at room temperature 
until the ammonia had evaporated. About 150 ml. of 
water was cautiously added, the mixture filtered, and the 
organic layer collected in ether. The ether solution was 
washed free from inorganic halides with water, and frac­
tionally distilled. The main fraction, 45.4 g. (53% ), 
b. p. 143-145° (51 m m .), contained 2.5% of iodine. 
Redistillation gave 31 g. of iodine-free product, b. p. 110- 
112° (15 m m .); w25d 1.4592, d2\  0.9238, M R  (calcd.)
51.4, M R  (found) 51.1. The yield of pure product thus 
amounted to 36%.

Anal. Calcd. for CioHnCl: Cl, 20.53. Found: Cl,
19.6, 20.6.

6 -Hendecynoic Acid.—To a solution of 16 g. (0.33 
mole) of Sodium cyanide in 25 ml. of water were added 
115 ml. of 95% ethanol and 25.7 g. (0.15 mole) of 1 - 
chloro-5-decyne. The mixture was refluxed until the 
bulk of the chloride had been converted to the inorganic

(8) E. I. du Pont de Nemours and Company, Electrochemical Di­
vision, generously donated this material.

(9) Vaughn, Vogt and Nieuwland, T h is  J o u r n a l , 56, 2120 (1934),
(10) Farachan Laboratories, Cleveland, Ohio.
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form (fifteen hours), after which 2 0  g. of sodium hydroxide 
was added and the refluxing continued overnight. M ost 
of the alcohol was then distilled off, water added, and the 
alkaline solution extracted with ether. Acidification of 
the aqueous solution caused the separation of an oily 
liquid which was collected in ether, and fractionated to 
give 19 g. of material b. p. 126-150° (0.5 m m .). Since 
the neutral equivalent was high, tire entire fraction was 
again dissolved in aqueous alkali and extracted with ether 
to remove neutral impurities. Isolation of the acid 
fraction as before, followed by distillation gave 10.4 g. 
(38% ), b . p. 124-125° (0.17 m m .); t*25d 1.4566, d2h
0.9537, M R  (calcd.) 52.5, M R  (found) 52.1.

Anal. Calcd. for ChH 1 8 0 2: C, 72.47; H , 9.96; neu­
tral equivalent, 182.3. Found: C, 72.1; H , 9.98;
neutral equivalent, 181.5, 182.0.

Quantitative microhydrogenation showed an uptake 
of 1.98 moles of hydrogen per mole of compound. Cal­
culated, 2.00 moles. The ^-phenyl phenacyl ester was 
prepared according to the directions given by Price and 
Griffith , 1 1  and after recrystallization from 65% ethanol 
melted at 58°.

Anal. Calcd. for C2 5 H 2 8 O3 : C, 79.75; H , 7.49.
Found: C, 79.78; H , 7.00.

Hendecanoic Acid.—An amount of 0.9774 g. of the 
above 6 -hendecynoic acid was dissolved in 15 ml. of 
alcohol, and shaken at room temperature in an atmosphere 
of hydrogen with 59.8 mg. of platinum oxide catalyst. 
Absorption of the theoretical amount of hydrogen was 
complete in fifteen minutes. The catalyst and solvent 
were removed, and the product crystallized from a small 
volume of acetone. Colorless crystals, m . p. 28°, were 
obtained. The m. p. of hendecanoic acid has been re­
ported to be 2 8 .8 -29 .2 ° .12

Anal. Calcd. for C1 1H 2 2 O2 : neutral equivalent, 186.3. 
Found: neutral equivalent, 186.2, 186.0.

A small sample was converted to the p -phenyl phenacyl 
ester, which was recrystallized from 65% alcohol, and 
melted at 79.5°. The literature value is 79 .5-80°.11

6 -Hendecenoic Acid.—An alcoholic solution of 4.8 g. 
of 6 -hendecynoic acid was shaken under approximately 
3  atmospheres pressure of hydrogen in the presence of 
Raney W 6  nickel catalyst . 1 3  One molar equivalent of 
hydrogen was absorbed in a few minutes, and the reduc­
tion was then immediately stopped. After removing 
the catalyst and solvent the product was distilled, and 
yielded 3.00 g. (62%) of a colorless liquid, b. p. 130- 
134° (0.15 m m .); n2hd 1.4492, d2h 0.9208, MR (calcd.) 
54.1, MR (found) 53.7.

Anal. Calcd. for CnH 2 o0 2: C, 71.68; H , 10.91;
neutral equivalent, 184.3. Found: C, 71.3; H , 10.69; 
neutral equivalent, 185.0.

Quantitative microhydrogenation resulted in the ab­
sorption of 0.97 mole of hydrogen per mole of the com­
pound; calculated, 1 . 0 0  mole.

The ^-phenyl phenacyl ester was prepared in the usual 
way and melted at 41 °.

Anal. Calcd. for C2 5 H 3 o0 3 : C, 79.33; H, 8.04. Found: 
C, 79.2; H , 8.10.

Oxidative Degradation of 6 -Hendecenoic Acid.—One
gram of 6 -hendecenoic acid was oxidized with dilute 
alkaline permanganate by the procedure of Lapworth 
and M ottram . 1 4  Since the expected dihydroxy acid did

(11) Price and Griffith, T h is  J o u r n a l , 62, 2884 (1940).
(12) K ulka and Sandin, ibid., 59, 1347 (1937).
(13) Adkins and Billica, ibid., 70, 695 (1948).
(14) Lapworth and M ottram , J . Chem. Soc., 127, 1628 (1925).

not precipitate on acidification of the reaction mixture, 
the acidic solution was thoroughly extracted with ether. 
Removal of the ether followed by extraction of the residue 
with petroleum ether and drying gave 0.31 g. of the crude 
dihydroxy acid, which was not further purified.

The acidic aqueous solution and petroleum ether wash­
ings were combined, evaporated to dryness under reduced 
pressure, and the residue taken up in absolute alcohol. 
The solution was neutralized with sodium hydroxide, 
and the acid present converted to the £ -phenyl phenacyl 
ester in the usual w ay. The recrystallized product melted 
at 146°. The bis-p-phenyl phenacyl ester of adipic acid 
is reported to m elt at 148°.15 A mixed melting point 
with an authentic specimen showed no depression.

The crude dihydroxy acid (0.31 g.) was dissolved in 5 
ml. of anhydrous acetic acid and treated with 0.45 g. of 
lead tetraacetate. After shaking for twenty minutes at 
room temperature and five minutes at 45°, the mixture 
was cooled, diluted with 5 ml. of water, and 0.3 g. of 
hydroxylamine hydrochloride, 0.3 g. of sodium acetate, 
and 3 -4  drops of methanol were added. The crystals 
which separated on standing overnight at 7 0  were filtered, 
washed with cold, dilute sodium hydroxide solution, then 
with water and dried. The product melted at 51°. 
w-Valeraldehyde oxime melts a t 52°.1 6  A mixed melting 
point with an authentic specimen showed no depression.

Discussion
Suitable selection of the intermediate halides 

should permit extension of the present synthesis to 
a wide variety of saturated, olefinic and acetylenic 
straight and branched chain acids, while reaction 
of the intermediate acetylenes with aldehydes, ke­
tones or acid halides should result in hydroxy or 
keto derivatives. A series of straight chain, 
mono-unsaturated acids is being prepared in this 
Laboratory.

No effort was made to isolate the two geometri­
cal isomers of 6-hendecenic acid. However, the 
present synthesis should offer opportunities for 
obtaining such isomers, since the partial hydro­
genation of the acetylenic bond can be stereo- 
chemically controlled.17

Summary
A convenient and practical synthesis of mono- 

unsaturated fatty akrids has been suggested. 
Alkyl acetylenes react with iodochlorides to 
form acetylenic chlorides which in turn, via the 
nitrile or Grignard reaction and subsequent selec­
tive hydrogenation of the triple bond, are con­
verted to the mono-unsaturated fatty acids. The 
method promises to be of general utility for syn­
thesizing a variety of fatty acids and related long 
chain aliphatic substances.
M a d is o n , W is c o n s in  R e c e iv e d  N o v e m b e r  17, 1947

(15) Drake and Sweeney, T h is  J o u r n a l , 54, 2060 (1932).
(16) Huntress and Mulliken, “ Identification of Pure Organic 

Compounds, Order 1,” John Wiley and Sons, Inc., New York, N. Y., 
1941, p. 51.

(17) Campbell and Eby, T h is  J o u r n a l , 63, 216 (1941).
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[C o n t r ib u t io n  o f  t h e  C h e m is t r y  D e p a r t m e n t , O r e g o n  S t a t e  C o l l e g e ]

Quinazolines* V. The Synthesis of 2 -(and 3)“0»Aminobenzyl-4»quinazolones1
B y  A. T o m ise k  a n d  B e r t  E. C h r is t e n s e n

During an investigation of the acid hydrolysis 
of 3-(4'-quinazolyl)-4-quinazolone it became nec­
essary to synthesize both the 2- and 3-0-aminoben- 
zylquinazolones.

Methyl N - (0-nitrophenylacetyl) -anthranilate
(I) was prepared as a possible intermediate for the 
synthesis of the 2- (0-aminobenzyl) -4-quinazolone. 
Weddige,2 Zacharias,3 and Thieme4 had success­
fully cyclized similar compounds (I) (R = methyl) 
using ammonia. However, Thieme4 had reported 
amide ammonolysis as a side reaction. In this 
instance (R =  nitrobenzyl) (I) the ammonolysis 
product (0-nitrophenylacetamide) (II) was ob­
tained in good yield with no trace of the quinazo- 
lone.

Methyl N - (0-nitrophenylacetyl) -anthranilate
(I) was then refluxed with acetic anhydride in an 
attempt to prepare the anthranil. The un-iso- 
lated product of this reaction was in turn con­
verted to the quinazolone by the use of concen­
trated ammonia. However, 2-methyl-4-quinazo- 
lone (IV) was obtained instead of the desired 
product, which indicated that transacylation to 
the methyl acetylanthranilate (III) had preceded 
the cyclization. Since both mono and diacetyl 
methyl anthranilate instead of acetanthranil are 
obtained by the action of acetic anhydride on 
methyl anthranilate,5 the course of the above re­
action was probably via methyl acetylanthranilate
( I I I )  and acetylanthranilamide.

The synthesis of the 2-(0-nitrobenzyl)-4-quin- 
azolone (VI) was finally accomplished by two 
methods. N -(0-Nitrophenylacetyl)-anthranilamide
(V) was prepared by the condensation of anthra­
nilamide with 0-nitrophenylacetyl chloride and 
then converted to 2- (0-nitrobenzyl) -4-quinazolone
(VI) by aqueous base.

N - (0-Nitrophenylacetyl) -anthranilic acid (VII) 
was readily dehydrated to 2-(0-nitrobenzyl)-4- 
keto-3,1,4-benzoxazine (VIII), which in turn was 
also converted to the desired quinazolone in good 
yield. This last reaction probably proceeds via the 
anthranilamide (V) since this intermediate has 
been isolated in certain analogous cases.6

The synthesis of 3- (0-nitrobenzyl) -4-quinazo­
lone was based upon the work of Bogert and 
Geiger,7 in which it was shown that the N-alkyla- 
tion of sodium 4-quinazolonate could be carried

(1) Published with the approval of the Monographs Publication 
Committee, Oregon S tate College, as Research Paper No. 120, School 
of Science.

(2) Weddige, J . prakt. Chem., [2] 36, 145 (1887).
(3) Zacharias, ibid., [2] 43, 441 (1891).
(4) Thieme, ibid., [2] 43, 473 (1891).
(5) Private communication.
(6) Bogert, Amend and Chambers, T h is  J o u r n a l , 32, 1297 

(1910).
(7) Bogert and Geiger, ibid.. 34, 527 (1912).

out with benzyl chloride. The extent of O-alkyla- 
tion involved in the benzylation has been deter­
mined, but the precaution was taken to destroy 
by acid hydrolysis any O-ether which may have 
formed.

Let R
N 0 2

-CH2~™

O
II

RC

O  O
HII ^  HI

II

X1 II -nil
N H , — NC—R  Ac20  / V -  NC— CH 3

:— NH 2  — H
k ^ J — C O O C H $

I

Experimental8
Methyl N-(o-Nitrophenylacetyl)-anthranilate ( I ) .—A

benzene solution of O-nitrophenylacetyl chloride, prepared 
with thionyl chloride from 5 g. of the acid , 9  was added to  
a dry benzene solution containing 4 ml. of methyl an­
thranilate. To this mixture was added gradually with 
stirring 40 ml. of 25% potassium hydroxide.

After washing the warm benzene solution with acid and 
then removing the solvent, the residue was dissolved in 
hot acetone, decolorized with charcoal, cooled and crystal­
lized. The yield was 6.0 g. (69% ), m . p. 131-133°. 
Recrystallization from alcohol or acetone gave white 
crystals, m. p. 133.5-134°.

Anal. Calcd. for Ci6Hi4 N 2 0 s : C, 61.1; H , 4.49; N , 
8.92. Found: C, 61.3; H , 4.64; N , 8.92.

M ethyl N-(o-nitrophenylacetyl) -anthranilate (I) was 
heated in a bomb with absolute alcoholic ammonia for 
eight hours at 180°. A good yield of o-nitrophenylacet- 
amide (II) was obtained in place of a cyclized product.

One gram of methyl N-(o-nitrophenylacetyl) -anthranil­
ate (I) was refluxed for fifteen hours in 4 ml. of acetic 
anhydride. The reaction mixture was added cautiously 
to an excess of hot 14% ammonia, containing a few drops 
of 10% potassium hydroxide. The mixture was heated 
on the steam-bath for one hour, and then refluxed with 
an excess of potassium hydroxide to destroy the acetamide. 
The cooled, filtered solution was brought to neutrality 
with hydrochloric acid. After standing two days, 0.14 
g. of crude 2-methyl-4-quinazolone (IV) crystallized. 
This material was recrystallized from alcohol and identi­
fied by a mixed melting point test.

(8) All melting points are corrected.
(9) M ayer and Balie» A nn., 403, 1.88 (1914).
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N - (0 -Nitrophenylacetyl) -anthranilamide (V).—A di­
oxane solution of o-nitrophenylacetyl chloride prepared 
from 5 g. of the acid was added to 50 ml. of a dioxane 
solution, containing 7.6 g. of anthranilamide . 1 0

After several hours the precipitate was removed, 
triturated with water, refiltered and thoroughly dried. 
Additional p roductw as obtained by concentrating the 
dioxane solution. The combined fractions were decolor­
ized and recrystallized from hot pyridine-benzene solution,
j  iC iU ,  v j i .w  y i u  / Q / t  x u i  x « \ j  . x v c c i,y O L c u llZ a u u ii
from pyridine-benzene and pyridine-water gave product 
with m . p . 172-173°.

Anal. Calcd. for C1 5 H 1 3 N 3 O4 : C, 60.2; H, 4.38; N , 
14.04. Found: C, 59.9; H , 4.64; N , 14.24.

2 - ( 0 -Nitrobenzyl-4-quinazolone (VI) from Nitrophenyl- 
acetylanthranilamide.—A mixture consisting of 3.46 
g. of N -( 0 -nitrophenylacetyl) -anthranilamide (V ), 12 
ml. of pyridine, 1 2  m l. of water and 1  ml. of 1 0 % sodium 
hydroxide after standing for one day at room temperature 
was made more basic by the addition of 75 ml. of 10% 
sodium hydroxide. The solution was then filtered and 
the crude product isolated by neutralizing the filtrate. 
The precipitate was extracted with boiling glacial acetic 
acid from which it crystallized on cooling; yield 2.85 g. 
(8 8 %) of 2 - ( 0 -nitrobenzyl) -4-quinazolone, (V I). The 
product recrystallized from glacial acetic acid and pyri­
dine-water for analytical purposes was white granular 
crystals, m . p . (dec.) 254.5°.

Anal. Calcd. for C1 5 H 1 1 N 3 O3 : C, 64.05; H , 3.94;
N, 14.94. Found: C, 64.15; H ,3 .7 3 ; N , 14.76.

N - ( 0 -Nitrophenylacetyl) -anthranilic Acid (VII).—A di­
oxane solution of 0 -nitrophenylacetyl chloride prepared, 
from 5 g . of the acid was mixed with 50 ml. of dioxane solu­
tion containing 20 g. of anthranilic acid. After several 
hours the crude N -( 0 -nitrophenylacetyl)-anthranilic acid 
(VII) was removed by filtration, triturated with water 
and then recrystallized from glacial acetic acid. A second 
fraction was obtained by dissolving the residue left after 
evaporation of the mother liquor in dilute sodium hy­
droxide and then reprecipitating the product with hydro­
chloric acid, recrystallizing it from glacial acetic acid and 
dioxane-water. The yield was 82% (4.9 and 1.9 g .) . 
This combined yield, recrystallized again, melted with slow 
evolution of gas, m .p . 224-225°.

Anal. Calcd. for C1 5 H 1 2 N 2 O5 : C, 60.0; H, 4.03; N , 
9.33. Found: C, 60.1; H , 4.02; N , 9.03.

2  - ( 0  -N itrob enzyl A  -keto -3,1,4 -b enzoxazine (VIII).—  
Five grams of N -( 0 -nitrophenylacetyl)-anthranilic acid 
(VII) was refluxed for thirty minutes in 20 ml. of pure 
acetic anhydride. Four and four-tenths grams of 2-(o- 
nitrobenzyl)-4-keto-3,l,4-benzoxazine (VIII) crystallized 
from the cooled and seeded solution, m . p. 162—164°. 
This product when recrystallized from pyridine-water, 
alcohol, then pyridine-alcohol gave white plates, m . p . 
165-166°.

Anal. Calcd. for C1 5 H 1 0 N 2 O4 : C, 63.8; H, 3.57; N> 
9.92. Found: C ,6 3 .6 ; H ,3 .8 5 ; N , 10.10.

2 - ( 0 -Nitrobenzyl-4-quinazolone (VI) from Nitroben- 
zylbenzoxazone.—A suspension of 5 g. of 2-(ü-nitro- 
benzyl) -4-keto-3,l,4-benzoxazine (V III) in 25 ml. of 
50% pyridine was saturated with ammonia and allowed 
to  stand with occasional stirring for six hours. One 
milliliter of 1 0 % sodium hydroxide was then added and 
the mixture was set aside for an additional twenty-four 
hours. Isolation procedure was the same as for the syn­
thesis from the anthranilamide; yield 3.6 g. (72%).

2 -( 0 -Aminobenzyl)-4-quinazolone.—To a suspension of 
5 g. of 2 -( 0 -nitrobenzyl) -4-quinazolone in 300 ml. of dilute 
sodium hydroxide was added a solution containing 33 g.

(10) Kolbe, J . prakt. Chem., [2] 30, 475 (1884); Erdmann, Ber.,
32, 2164 (1899).

( 1 0 % excess) of hydrated ferrous sulfate in 1 0 0  ml. of 
water. The reaction mixture was maintained at 80° for 
seven hours. The ferrous-ferric hydroxides were separated 
by centrifuging and washed repeatedly with dilute sodium 
hydroxide until the wash liquors gave no further precip­
itate upon neutralization. Combined precipitates ob­
tained by the neutralization of the washings and the mother 
liquor were decolorized with charcoal and recrystallized 
from pyridine-water. The yield of 2 -(o-aminobenzyl) -4- 
quinazolone was 3.68 g. (80% ). It was recrystallized 
for analysis from dioxane and dioxane-water; the white, 
voluminous powder melted (decomposition) over a wide 
range, starting at about 250°.

Anal. Calcd. for CibHuN jO: C, 71.7; H , 5.21; N ,
16.72. Found: C, 71.4; H , 5.32; N , 16.58.

2 -( 0 -Acetaminobenzyl) -4-quinazolone.—-The corres­
ponding amino compound ( 1 . 0  g .) was acylated in the 
usual manner. The product was recrystallized from pyri­
dine-water, and acetic acid-water, to  yield white needles 
of m. p. 258°.

Anal. Calcd. for C n H ^ N ^ : N , 14.33; Found: N , 
14.52.

3 -( 0 -Nitrobenzyl) -4-quinazolone.—To an aqueous solu­
tion containing ten grams of 0 -nitrobenzyl chloride, pre­
pared according to the directions of Haeussermann and 
Beck * 32 1 1  was added 13 g . of 4-hydroxyquinazolone and 5.9 
g. of 85% potassium hydroxide pellets and 200 ml. of 
alcohol.

After refluxing for six hours the alcoholic solvent was 
removed and replaced with a mixture of dilute hydro­
chloric acid and benzene. This mixture was refluxed for 
fifteen minutes to hydrolyze any benzyl quinazolyl ether. 
The benzene layer was then separated and thoroughly 
extracted with 3 N  hydrochloric acid. The combined 
fractions were treated with an excess of sodium hydroxide 
and the crude product (3 g.) separated by filtration. 
After decolorizing with charcoal the product was recrystal­
lized from benzene, pyridine-water and acetic acid-water 
to  yield a pure white product m .p .  169-170°.

Anal. Calcd. for C1 5 H hN 3 0 3: C, 64.1; H , 3.94; N , 
14.94. Found: C, 64.3; H , 4.12; N , 14.96.

3 -( 0 -Aminobenzyl)-4-quinazolone.—A uniform suspen­
sion of 2.83 g. of 3 -( 0 -nitrobenzyl)-4-quinazolone and 7.27 
g. of stannous chloride dihydrate in 30 ml. of glacial acetic 
acid was prepared. The mixture was saturated with dry 
hydrogen chloride and allowed to stand for ten hours. 
The gummy precipitate which formed was dispersed by  
two or three minutes of gentle heating and the mixture 
was then poured into water. The aqueous suspension was 
made strongly basic with sodium hydroxide and filtered. 
The precipitate was extracted with boiling pyridine, and 
water was added to complete a crystallization from pyri­
dine-water. The 1.62 g. (64%) of crude, white plates 
were decolorized with charcoal and recrystallized from 
alcohol, dioxane-water and pyridine, m .p .  178°.

Anal. Calcd. for C1 5 H 1 3 N 3 0 :  C, 71.7; H , 5.21; N ,
16.72. Found: C, 71.5; H , 5.39; N , 16.69.

Summary
2- (0-Nitrobenzyl) -4-quinazolone was prepared 

by (1) the cyclization of N-(0-nitrophenylacetyl) - 
anthranilamide and (2) by ammonolysis of 2-(0- 
nitrobenzyl-4-keto-3,1,4-benzoxazine.

3- (0-Nitrobenzyl) -4-quinazolone was prepared 
by the reaction of 0-nitrobenzyl chloride and so­
dium 4-quinazolonate.
C o r v a l l is , O r e g o n  R e c e iv e d  D e c e m b e r  6 , 1947

(11) Haeussermann and Beck, Ber., 25, 2445 (1892).
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An Alkylation with the Methiodide of 1 *~Methyl-3-dimethylaminomethylindole
(1-Methylgramine)1

B y  H. R. S n y d e r  a n d  E r n e s t  L. E l ie l

Alkylations with gramme1’2 and its quaternary 
salts3 proceed with such ease as to suggest that the 
mechanisms of the reactions differ from those of 
alkylations with simple amines and quaternary 
salts containing a radical of the benzyl type. 
Two possible mechanisms for reactions with gra­
mme methiodide are shown in equations 1 and 2. 
The first, consisting in the elimination of tri- 
methylamine hydriodide and a Michael-type addi­
tion, is patterned after that suggested by Man­
nich4 for alkylations with salts from ketonic Man­
nich bases.

(D f )  {  I

CH2 N (CH 3 ) 3

(2)

>CH2 N (C H 3 ) 3

1 “ +  “ C H (C 0 2 C2 H 5 ) 2  — >

-CH2 C H (C 0 2 C2 H 6 ) 2

+  I -  +  (CHs)aN

In the second mechanism it is assumed that the 
trimethylamine molecule is displaced from the 
quaternary ammonium ion by the anion of the 
substance being alkylated. Mechanisms similar 
to 1 and 2 can be written for reactions of the terti­
ary amine, gramine.

A consideration of the two mechanisms sug­
gested that reactions of 1 -methylgramine (III) 
and its quaternary salt (IV) be examined. This

(1) This is the seventh of a series of papers on quaternary ammo­
nium salts; for the preceding paper, see Snyder and Katz, T h is  
J o u r n a l , 69, 3140 (1947).

(2) Lyttle and Weisblat, ibid., 69, 2118 (1947).
(3) Snyder, Smith and Stew art, ibid., 66, 200 (1944); Snyder and 

Smith, ibid., 66, 350 (1944); Albertson and Tullar, ibid., 67, 502 
(1945).

(4) Mannich, Koch and Barkousky, B e r 70, 355 (1937).

paper reports the preparation of these two sub­
stances and the reaction of the quaternary salt
(IV) with aqueous sodium cyanide.

Application of the Mannich reaction to 1- 
methylindole5 (II) gave the methylgramine (III) 
in about 80% yield. The methiodide (IV), ob­
tained in nearly quantitative yield from the base 
and methyl iodide in ethanol, reacted readily with 
aqueous sodium cyanide. The expected 1- 
methylindoleacetonitrile (V) was obtained in 
about 50% yield, along with a much smaller 
amount of a more volatile isomer. The structure 
of this isomeric product is under investigation.

In the proof of the structure of the nitrile (V) the 
acid (VI) was prepared by hydrolysis. The prod­
uct obtained melted slightly lower than that de­
scribed in the literature,6 7 and its picrate melted 
about twelve degrees lower than that previously 
reported.6 7 However, reduction of the nitrile with 
sodium and ethanol gave 1-methyltryptamine 
(VIII), several derivatives of which had melting 
points identical with previously reported values. 
Also, 1,3-dimethylindole (VII) was produced in 
small quantity in the sodium-alcohol reduction,8 
and it proved to be identical with an authentic 
specimen made from skatyl sodium and methyl 
iodide. Decarboxylation of the acid produced 
the same 1,3-dimethylindole. The various sam­
ples of the dimethylindole were compared as pic-

Fig. 1.—-1, Infrared absorption spectrum of picrate of 1,3- 
dimethylindole from skatole. 2, Infrared absorption spec­
trum of picrate of 1,3-dimethylindole from 1 -methyl- 
gramine (decarboxylation of 1 -methylindole-3-acetic acid).

(5) This synthesis is believed to be the first application of the 
Mannich reaction to  an N-alkylindole. Bauer and Andersag 
[U. S. Pat. 2,222,344 (C. A ., 35, 1807 (1941))] mention a somewhat 
similar reaction of N-methylindole with formaldehyde and an alkali 
cyanide to  yield the /3-acetonitrile, bu t no example is given.

(6) Piccini, A tii acad. Lincei, [5] 8, I, 315 (1899).
(7) King and L ’Ecuyer, J . Chem. Soc., 1901 (1934).
(8) M ajuna and Hoshino [Ber., 58, 2045 (1925)] observed the 

form ation of skatole in a similar reduction of $=mdolescetonitriJe.
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CH2 N(CH 8 ) 2

c h 2 c h 2 n h 2

+ VII

rates by the aid of melting points, mixed melting 
points, and infrared absorption analyses9 (see the 
figure). These observations prove that the 
methylindoleacetic acid obtained by hydrolysis of 
the nitrile had the structure VI.

The formation of the nitrile (V) from IV and 
sodium cyanide in water solution shows that the 
salt (IV), like gramine methiodide (I), is more re­
active than simple quaternary salts containing 
benzyl groups. For example, benzylphenyldi- 
methylammonium chloride is not cleaved by 
aqueous sodium cyanide.3 It is probable that 
alkylations with gramine methiodide and the 
methylgramine methiodide proceed by the same 
mechanism, and that reactions of gramine methio­
dide do not proceed through a process of the 
Michael type (equation 1). The study of this 
problem is being continued.

Experimental10*11
1 -Methylindole (II), prepared from N-methylphenyl- 

hydrazine and pyruvic acid by the method of Fischer and 
H ess1 2  boiled at 134-135° (31 mm.) and had n20d 1.6062. 
Material prepared by the methylation of the sodium 
derivative of indole with methyl iodide1 3  was unsatis­
factory owing to  contamination by -N -H  compounds, 
the presence of which was revealed by infrared absorption 
analysis.

1 -M ethyl-3-dim ethylaminomethylin dole (III).—A mix­
ture of 36 ml. of 25% aqueous dimethylamine and 40 ml. 
of glacial acetic acid was cooled in an ice-bath; when 
the temperature had fallen to  5°, 15 m l. of 40% aqueous 
formaldehyde was added. The resulting mixture was 
cooled to  5° and added in one lot to 23.7 g. of N-methyl- 
indole. The reaction mixture was shaken gently until it 
became homogeneous; during the shaking the temperature 
rose to about 50 °. The mixture then was allowed to stand 
at room temperature for twenty-four hours.

(9) T he authors are indebted to  Mrs. Agatha Roberts Johnson for 
the absorption studies.

(10) All melting points are corrected.
(11) Microanalyses by Miss T heta  Spoor and Miss B etty  A. 

Snyder.
(12) Fischer and Hess, Ber., 17, 561 (1884).
(13) Weissgerber, ibid., 43, 3522 (1910),

The reaction mixture was poured into a solution of 40 
g. of sodium hydroxide in 400 ml. of water, and the oil 
which separated was collected by extraction with one 300- 
ml. portion and one 200-ml. portion of ether. The ether 
extracts were washed exhaustively with 1  N  hydrochloric 
acid (until the extracts no longer became turbid when 
made alkaline), about 500 ml. of the acid being required. 
The combined acid extract was made alkaline by the ad­
dition of an excess of 1Q% sodium hydroxide solution. 
The liberated base was collected by extraction with two 
200-ml. portions of ether. The ether extract was washed, 
dried, and concentrated, and the residue distilled in vacuo. 
The main fraction, collected at 94-97° (0.2 m m .), weighed 
26.3-26.9 g. (77.5-79.3%  yield). The analytical sample 
was redistilled; b. p. 94-96° (0.2 m m .); n20d 1.5743.

Anal. Calcd. for Ci2 H i6 N2: C, 76.52; H , 8.57.
Found: C, 76.64; H , 8.62.

The picrate crystallized from alcohol as yellow prisms 
melting at 145-146°.

Anal. Calcd. for Ci6 H 1 9 N 5 0 7: C, 51.81; H , 4.59.
Found: C, 52.05; H , 4.55.

1 -M ethyl-3 -dimethylaminomethylindole Methiodide 
(IV).—To a solution of 8.5 g. of the base (III) in 40 ml. 
of absolute ethanol was added in one portion 7.8 g. of 
methyl iodide. An exothermic reaction occurred, so the 
mixture was cooled to prevent the loss of methyl iodide. 
The mixture was allowed to stand for one hour at room 
temperature, during which period most of the product 
crystallized. Crystallization was completed by cooling, 
and the solid was collected and washed twice with absolute 
ethanol and thrice with anhydrous ether. After drying 
under nitrogen the salt weighed 14.3-14.6 g. (96-98% ); 
the instantaneous decomposition point, determined on a 
Maquenne block, was 193 °. The analytical sample, 
recrystallized three times from absolute ethanol, decom­
posed at 195°.

Anal. Calcd. for C1 3 H i9 N 2 I: C, 47.28; H , 5.84; N , 
8.43. Found: C, 47.37; H , 5.84; N , 8.51.

l-M ethylindole-3-acetonitrile (V).—To a solution of 
1 0  g. of sodium cyanide in 1 0 0  ml. of water was added 
16.5 g. of the crude methiodide (IV) and the mixture was 
boiled under reflux for two and one-fourth hours, during 
which period an oil separated from the aqueous solution 
and a solid appeared in the condenser. The oil and solid 
were collected from the cooled mixture by extraction with 
two 50-ml. portions of ether. The ether solution was 
washed three times with water, dried over sodium sulfate, 
filtered, and concentrated; the residue was distilled in
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vacuo. A small fraction (ca. 0.6 g .) , which solidified in 
the receiver, was collected at 96-122° (0.15 m m .); it 
melted at 70-71 ° after three recrystallizations from 
petroleum ether (b. p. 30 -60°). The main fraction, 
b. p. 123-131° (0.15 m m .), weighed S.2-5.4 g. (60- 
64% ); it solidified after standing in the ice-box and 
melted at 58-59 ° after an extraction with petroleum ether 
followed by two recrystallizations from a mixture of ether 
and petroleum ether (b. p. 30 -60°).

Anal. Calcd. for CUH 1 0 N 2: C, 77.62; H , 5.92.
Found: (higher-melting product) C, 77.54; H , 6.16;
(lower-melting product) C, 77.89; H , 5.95.

l-M ethylindole-3-acetic Acid (V I).—-A mixture of 2 
g. of the lower-melting nitrile (V) with a solution of 5 
g. of potassium hydroxide, 5 ml. of water, and 20 ml. of 
95% ethanol was refluxed for seventeen hours. The solu­
tion was diluted with 50 ml. of water and distilled to re­
move most of the alcohol. The resulting clear solution 
was extracted three times with ether, heated with Norit, 
and filtered. The filtrate was very cautiously acidified 
with 3 N  hydrochloric acid, and the first (dark-colored) 
solid which separated was removed by filtration. The 
acid (VI) was precipitated by acidification of the filtrate 
to Congo red paper. It was collected on a filter, washed 
with ice-water, and dried in a vacuum desiccator. The 
material so obtained was a nearly white solid melting at 
127-128.5°; wt. 2 g. (90% ). Recrystallization from ben­
zene improved the color but had no effect on the melting 
point; recrystallization from water and high-vacuum 
sublimation likewise had no effect on the melting point.

Anal. Calcd. for CuH u N 0 2: C, 69.81; H , 5.86; N , 
7.40. Found: C, 70.03; H , 5.99; N , 7.41.

The picrate crystallized from benzene as red needles 
melting at 160.5-161.5°.

Anal. Calcd. for C1 7H 1 4 N 4 0 9: C, 48.81; H , 3.37.
Found: C, 48.91; H , 3.49.

1,3-Dimethylindole: From VI.— In the lower bulb of a 
two-bulb microdistillation apparatus 0.55 g. of the acid 
(VI) was heated at 200° until gas evolution ceased. The 
resulting brown oil was distilled into the upper bulb 
at 20 m m ., with the bath temperature at 140-170°. 
The light-colored distillate ( w20d  1.5920) was converted 
to  the picrate which, after two recrystallizations from 
absolute ethanol, melted at 142.5-143.5° (lit., 143-144°).

From Skatole.—A modification of the method of 
Weissgerber1 3  was employed. The product was fraction­
ated at atmospheric pressure and the portion boiling at
220-240° was redistilled over sodium. The distillate 
from this treatment was fractionated in vacuo and the 
fraction boiling at 122-127° ( 2 0  mm.) was collected; 
w20D 1.5901. Infrared absorption analysis of this ma­
terial showed the presence of appreciable amounts of 
— NH— compounds. The picrate obtained from this 
fraction melted at 141-142° after five recrystallizations 
from absolute ethanol, and the melting point was not 
changed by admixture of the picrate described in the 
previous paragraph.

1-Methyltryptamine (VIII).—To a hot solution of 3.4  
g. of the nitrile (V) in 60 ml. of absolute ethanol was 
added, over a period of ten minutes, 4 g. of finely cut 
sodium. The mixture was refluxed until all the metal had 
dissolved; it was then diluted with 60 m l. of water and 
concentrated in vacuo to remove most of5 the alcohol. 
The residual solution was diluted with 40 ml. of water 
and extracted with two 100-ml. portions of ether. The 
base (ca. 2 .4  g.) was recovered from the ether solution 
by extraction with 2  N  hydrochloric acid (ca. 75 m l.), 
neutralization of the acid with an excess of aqueous sodium  
hydroxide, extraction of the alkaline solution with ether, 
drying of the ether solution, removal of the solvent, and 
distillation of the residue. I t was obtained as a nearly 
colorless oil boiling at 108-110° at about 0.1 mm. The 
picrate melted at 178-179° (lit . 1 4  180-181°), the hydro­
chloride at 199-201° (lit . 1 5  198°), and the phthalimide 
at 176.5-177° (lit . 1 5  177.5°).

The ether extract of the reaction mixture, after the 
extraction with 2 N  hydrochloric acid described above, 
was concentrated. The resulting oil, w t. about 1.2 g ., 
was distilled from a modified test-tube at about 0 . 1  mm. 
Two fractions, approximately equal in weight, were ob­
tained, one boiling at a bath temperature of 90-100°  
and the other at 140-170°. The first fraction was identi­
fied as 1,3-dimethylindole by conversion to  the picrate, 
m. p. 142-143°; the melting point of this picrate was not 
depressed by admixture with either of the samples de­
scribed above, and its infrared absorption curve was 
identical w ith that shown in the figure. The higher- 
boiling fraction crystallized when seeded and was identified 
as l-methylindole-3-acetonitrile by mixed melting point.

Summary
1-Methylindole reacts with formaldehyde and 

dimethylamine in the presence of acetic acid to 
give l-methyl-3-dimethylaminomethylindole in 
good yield. The methiodide of this base reacts 
readily with aqueous sodium cyanide to give 1- 
methylindole-3-acetonitrile, along with a small 
amount of an isomeric substance. The structure 
of l-methylindole-3-acetonitrile is proved by hy­
drolysis to l-methylindole-3-acetic acid and by re­
duction to 1-methyitryptamine and 1,3-dimethyl- 
indole. The methiodide of l-methyl-3-dimethyl- 
aminomethylindole and the methiodide of gra­
mine (3-dimethylaminomethylindole) are more re­
active as alkylating agents than simple quaternary 
ammonium salts containing benzyl groups.
Urbana, Illinois R eceived N ovember 29, 1947

(14) Spaeth and Lederer, Ber., 63, 2106 (1930).
(15) M anske, Can. J . Research, §, 597 (1931).
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[Contribution  from  th e  School of Chemistry of the  U niversity  of M innesota]

The Preparation of Substituted Tricyclohexylgermanes
B y  O .  H. J o h n s o n  a n d  W. H. N e b e r g a l l

Generally the use of an excess of Grignard re­
agent on germanium tetrachloride yields tetra- 
substituted germanium compounds. Bauer and 
Burschkies,1 using the conventional Grignard re­
action, found that the action of an excess of cyclo­
hexylmagnesium bromide on germanium tetra­
chloride resulted solely in bromotricyclohexylger- 
mane, apparently according to the reaction
3C 6 H nMgBr +  GeCl4 ---- >

(C 6H u)3GeBr +  MgBr2  +  2MgCl2

The results reported by Bauer and Burschkies 
led us to determine whether other groups could be 
substituted for bromine in the tricyclohexylger- 
manium compound. Accordingly we have pre­
pared a number of new compounds by means of the 
reaction of bromotricyclohexylgermane with vari­
ous Grignard reagents and with sodium metal.

Bromotricyclohexylgermane was prepared from 
cyclohexyl bromide and germanium tetrachloride2 
by the method of Bauer and Burschkies. The 
substituent groups for the bromine atom in the 
bromotricyclohexylgermane were introduced by 
forming Grignard reagents in the usual manner 
with the appropriate alkyl or aryl halide and add­
ing the bromotricyclohexylgermane in dry benzene 
RM gBr +  (C6Hn)3GeBr — ► (C«Hu),GeR +  MgBr2

The reaction between bromotricyclohexylgermane 
and methyl-, ethyl-, w-propyl-, %-butyl-, ^-amyl-, 
and benzylmagnesium bromides proceeded 
smoothly. It was found that the isopropyl, the 
phenyl and the cyclohexylmagnesium bromides 
did not react under the conditions that gave good 
yields of the w-alkyl and benzyl compounds. Fail­
ure to introduce the isopropyl, phenyl and cyclo­
hexyl groups may be due to possible steric effects.

Formation of hexacyclohexyldigermane by the 
Wurtz synthesis using sodium metal and bromo­
tricyclohexylgermane was successful.

To this mixture was added 0.032 mole of bromotricyclo­
hexylgermane dissolved in 100 ml. of dry benzene. The 
ether was removed by distillation and the reaction mixture 
refluxed on the steam-bath for three hours. The excess 
Grignard was destroyed by dilute acetic acid. The 
aqueous and the organic layers were separated and the 
aqueous layer extracted twice with 50 ml. of benzene. 
The benzene solution was dried over anhydrous calcium 
chloride and the benzene removed by distillation, leaving 
an oily liquid. This residual oily liquid was dissolved in 
boiling absolute ethanol and upon cooling the substituted 
tricyclohexyIgermane precipitated as fine white crystals. 
The product was purified by recrystallizing four times from 
absolute ethanol.

Substituted Digermane.—An excess of sodium was 
added to a solution of 5.5 g. of bromotricyclohexylgermane 
in 75 ml. of dry toluene and refluxed for two hours. The 
hot mixture was filtered, allowed to cool and about one- 
half of the toluene removed by air evaporation by an elec­
tric fan. The cooling and the evaporation of the solvent 
were accompanied by the precipitation of white crystals. 
These crystals were filtered off, washed with dry toluene, 
and dried in a pistol for two hours using toluene for a 
refluxing agent. The analysis indicated that it was hexa­
cyclohexyldigermane, m . p ., d. ca. 316°; yield, 85%.

Anal. Calcd.: C, 67.31; H , 10.33; Ge, 22.54.
Found: C, 67.15; H , 10.59; Ge, 22.49.

Comments on Analytical Procedure.—The standard 
microcombustion method for determining carbon and 
hydrogen gave consistently low values for carbon. The 
cause of these low results is believed to be the forma­
tion of germanium carbides which resisted oxidation. 
To minimize this factor the procedure was modified3  by  
increasing the volume of oxygen to 150 ml. for a period of 
thirty minutes followed by a current of air for another 
thirty minutes, the heating being continued for twenty  
minutes after the oxygen was discontinued. The plati­
num boat was placed as close to the furnace as possible 
to limit the area to be heated.

Germanium was determined as the dioxide by an adap­
tation of the method of Bauer and Burschkies . 1 A sample 
of 0.05 to 0.07 g. weight was heated in a platinum crucible 
over a steam bath for an hour with a mixture of three 
parts fuming nitric acid and one part concentrated sulfuric 
acid. The crucible and mixture were then heated on an 
electric hot-plate until a brown color appeared. More 
fuming nitric acid was added from time to time and the 
process repeated several times until a white residue re-

T a b l e  I

S u b s t it u e n t  T r ic y c l o h e x y l g e r m a n e s

Substitueöt M . p., °C.
Yield,

%
Carbon, % 

Calcd. Found
Hydrogen, % 

Calcd. Found
Germanium, % 

Caicd. Found
CH, 48.0-48.5 65 67.71 67.25 10.72 1 1 .0 0 21.55 21.59
C2Hg 38.5-39.0 56 68.41 68.46 10.91 11.31 20.68 20.58
^ -C 3H 7 124-125 70 69.08 69.10 11.04 11.55 19.88 19.77
n - C 4H 9 152.5-153.5 61 69.68 69.16 11.17 11.60 19.15 19.20
w-C 5H ii 78-79 71 70.25 69.27 11.27 11.27 18.47 18.52
CeHgCHa 54-54.5 69 72.66 72.03 9.76 10.26 17.57 17.52

Experimental
Substituted Germanes.— Grignard reagent was pre­

pared by treating 0.264 mole of alkyl bromide with 
0.270 mole of magnesium in 200 ml. of absolute ether.

(1) Bauer and Burschkies, Ber., 65B, 956 (1932).
(2) Obtained from Research D epartm ent, Eagle-Pieher Co.,

Joplin, Mo.

mained upon evaporation. The residue was ignited and 
weighed as germanium dioxide.

Results.—-Table I gives the results of the
analyses and the melting points of the com­
pounds prepared.

(3) As suggested by R. W. Amidon who made the analyses for
carbon and hydrogen.
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Solubility,—The compounds prepared were 
found to be insoluble in water, slightly soluble in 
acetone and cold ethanol and soluble in ether, 
benzene, toluene, chloroform, petroleum ether 
and hot ethanol.

Summary
1. Seven new compounds of germanium, 

methyl-, ethyl-, ^-propyl-, #-butyl-, #-amyl- and 
benzyltricyclohexylgermane, and hexacyclohexyl-

digermane have been prepared and some proper­
ties described.

2. Possible steric effects were encountered in 
attempts to introduce the isopropyl, the phenyl 
and the cyclohexyl group as the fourth group into 
tricyclohexylgermane.

3. Hexacyclohexyldigermane was prepared 
from bromotricyclohexylgermane by the Wurtz 
synthesis.
M in n e a p o l is , M i n n . R e c e iv e d  N o v e m b e r  17, 1947

[C o n t r ib u t io n  f r o m  t h e  M e t c a l f  R e s e a r c h  L a b o r a t o r y  o f  B r o w n  U n iv e r s it y ]

Properties of Electrolytic Solutions. XXXII. Conductance of Some Long Chain 
Salts in Ethylene Chloride and Nitrobenzene at 2501

B y  H a r o l d  E . W e a v e r 2  a n d  C h a r l e s  A. K r a u s

I. Introduction
Conductance measurements with aqueous solu­

tions3 of salts containing hydrocarbon chains of 
progressively increasing length indicate that the 
characteristic effect—ascribed to micelle forma­
tion—first becomes noticeable with the n-nonyl 
group. In order to determine whether similar ef­
fects occur in solutions of such electrolytes in non- 
aqueous solvents, measurements were carried 
out with several salts in ethylene chloride and 
nitrobenzene. At the time that this investiga­
tion was initiated, no data were available on the 
conductance of long chain salts in solvents other 
than water; in the meantime, however, results 
of measurements by several investigators have 
appeared.4

The following salts have been studied: octa- 
decyltrimethylammonium and octadecyltribu- 
tylammonium nitrates in ethylene chloride and 
dioctadecyldimethylammonium, octadecyltribu- 
tylammonium and octadecylpyridonium nitrates 
in nitrobenzene. The octadecyl salts are well 
adapted to the purpose of the present investiga­
tion since octadecyl alcohol of high purity is 
readily available and the quaternary salts are 
readily crystallized from a variety of solvents.

II. Experimental
Apparatus and Procedure.—These have been fully de­

scribed in earlier papers of this series. Bright platinum 
electrodes were used.

Materials.— Ethylene chloride was purified according 
to the method described by M ead . 5  The specific conduct­

(1) This paper is based on a portion of a thesis presented by 
Harold E. Weaver in partial fulfillment of the requirements for the 
Degree of Doctor of Philosophy in the G raduate School of Brown 
University, M ay, 1940.

(2) University Fellow a t Brown University, 1938-1939; Metcalf 
Fellow, Brown University, 1939-1940.

(3) E. L. McBain, Dye and Johnson, T h is  J o u r n a l , 61, 3210 
(1939).

(4) Ward, J .  Chem. Soc., I, 522 (1939); Proc. Roy. Soc. (London), 
176A, 512 (1940); Ralston and H oerr, T h is  J o u r n a l , 68, 2460 
(1946); Thompson and Kraus, ibid., 69, 1016 (1947).

(5) Mead, Fuoss and Kraus, Trans. Faraday Soc., 32, 594 (1936).

ance was always less than 5 X 10“ 11, making solvent cor­
rections unnecessary.

Nitrobenzene was purified as described by W itschonke . 6  

The specific conductance of the material was less than 
5 X 10“ 1 0  so that corrections were unnecessary.

«-Octadecyl alcohol served as the starting material in 
the preparation of the salts used in this investigation. 
One recrystallization of the alcohol from nitromethane 
gave a product which melted at 57.5-58.5 °.

«-Octadecyl iodide was obtained by heating the alcohol 
with iodine and red phosphorus in a sealed tube at 180 ° 
for one hour according to the method of Levene, West 
and van der Scheer . 7 The resulting mixture was extracted 
with hexane, in which the iodide is very soluble; the excess 
phosphorus was separated by filtration. The «-octadecyl 
iodide was recrystallized from hexane by slow cooling to  
0° in a refrigerator; m .p . ,  34-35°.

«-Octadecyltri-«-butylammonium iodide was prepared 
by heating «-octadecyl iodide withtri-«-butylam ine ( 1 0 % 
excess) in a stoppered flask at 60° for from four to six 
days. The salt was recrystallized from hexane containing 
a trace of alcohol; m .p .,  97-98°.

«-Octadecyltrimethylammonium iodide was prepared 
by heating «-octadecyl iodide with trimethylamine (2 0 % 
excess) in a water-alcohol solution in a sealed tube at 60 ° for 
from a week to ten days. The salt was recrystallized from 
hexane containing 3-5%  of alcohol; m. p ., 234.5-236°.

«-Octadecylpyridonium iodide was prepared by heating 
«-octadecyl iodide with excess pyridine for from twelve to  
eighteen hours at 60° in a stoppered flask. The excess 
pyridine was evaporated and the salt was recrystallized 
from hexane containing a trace of alcohol; m . p ., 1 0 1 .5 -  
103°.

Di-«-octadecyldimethylammonium iodide was prepared 
by Dr. E . C. Evers by heating «-octadecyl iodide with  
excess dimethylamine in water-alcohol solution. The 
product was recrystallized from hexane containing a trace 
of alcohol; m .p ., 154°.

The corresponding nitrates were obtained from the 
iodides by metathesis with silver nitrate in an alcohol- 
water mixture containing 75% alcohol. As a rule, several 
hours of digestion at 60° were required to coagulate the 
colloidal silver iodide. Care was exercised to avoid pep­
tization of the coagulated silver iodide on filtration. The 
solutions were evaporated to dryness and the salts re­
dissolved and crystallized from suitable solvents.

D i -« -octadecyldimethylammonium nitrate is very 
soluble in pure hexane but crystallizes on cooling to Dry 
Ice temperatures; m .p . ,  79-81°.

(6) Witschonke and K raus, T h is  J o u r n a l , 69, 2472 (1947).
(7) Levene, West and van der Scheer, J . Biol. Chem., 20, 525 

(1915).



1.708 Harold E. Weaver, and Charles A. Kraus VoL 70

The other nitrates were recrystallized from hexane 
containing alcohol in amounts varying from a trace for 
the «-octadecylpyridonium and « -octadecyltri-«-butyl- 
ammonium salts to two or three per cent, for « -octadecyl - 
trimethylammonium nitrate. The solutions were cooled 
to 0 ° in a refrigerator. The melting points were: «-octa- 
decjdtrimelhylammonium nitrate—softens at 170°—melts 
to a clear liquid at 190 ° ; n -octadecyltri -n -butylammonium 
nitrate, 90-91°; «-octadecylpyridonium nitrate, 71-73°.

It may be noted that accurate observation of the melting 
point of long chain salts is often difficult because of 
gradual changes in the crystalline structure. In addition, 
pronounced shrinkage occurs between 90 and 100 ° and in 
some cases this extends as far as the actual melting point.

III. Results
Values of the equivalent conductance, A, and 

the concentration, C, in moles per liter of so­
lution, are presented in Tables I and II. In

T a b l e  I
C o n d u c t a n c e  o f  L o n g  C h a in  S a l t s  in  E t h y l e n e  

C h l o r id e
n-Octadecyl tri-w-butyl- w-Octadecyltrimethyl-

ammonium n itra te  ammonium nitrate
C X 105 A C X 105 A

118.8 20.31 65.73 10.68
35.86 28 .86 34.06 13.90

7.989 41 .26 11.79 20.93
3.365 47.55 4.559. 29.24
2.098 er\ i n  OU . At? 3.594 Ol Cf»«J X .
0.7825 54.38 2.050 37.34
0.5478 55.39 1.467 60.68

T a b l e  II
C o n d u c t a n c e  o f L o n g  C h a in  S a l t s  i n  N it r o b e n z e n e

w-Octadecyltri-
f?-butylammomum

nitrate
C X 105 A

Di-w-octadecyl- w-Octadecyl- 
dimethylammonium pyridonium 

n itra te  nitrate 
C X IO® a C X 105 A

116.7 28.10 107.8 26 .78  156.4 27.78
29.93 29.74 32.56 28.50 61.28 29.63

8.761 30.53 12.40 29.40 23.61 30.82
5.366 30.73 82.13 27.31 10.47 31.57
3.196 30.87 27.84 28.72
1.976 31.04 12.13 29.42

Table I are given the results in ethylene chloride 
solution; the densities of the solutions have been 
taken as that of the pure solvent, 1.2455.8 In 
Table II are given the results for nitrobenzene

chloride: 1, «-octadecyltrimethylammonium nitrate;
2 , «-octadecyltri-«-butylammonium nitrate.

solutions; the densities of the solutions have been 
taken as 1.1986,9 the value for pure nitrobenzene. 
All measurements were at 25 =*= 0.01°. Although 
two series of measurements were made with each 
salt, with one exception, results from only one 
of these are reported here; the additional deter­
minations, however, are shown on the plots.

IV. Discussion
1. Ethylene Chloride.—The conductance 

data for ethylene chloride solutions have been 
analyzed by the method of Fuoss. The results 
are shown graphically in Fig. 1; values of A0 and 
K  for each salt are presented in Table III. Solu­
tions of long chain salts begin to show deviations 
from the theoretical at concentrations of approxi­
mately 1.5 X 10-4 N.

T a b l e  III
C o n s t a n t s  o f  S o m e  L o n g  C h a in  E l e c t r o l y t e s  i n  

E t h y l e n e  C h l o r id e
Salt A® A®+ K  X  104

(«-C18H37)(CH8)sNN08 63.7 23.6 0.157
(w-CisHn) («-C4H9)3NNOs 58.2 18.1 1.27

The cation conductances shown in Table IV 
have been obtained using Tucker's value of 40.1 
for the limiting conductance of the nitrate ion.9 10

Since the plots of F/A against Ckp/F  are 
straight lines in the concentration range investi­
gated, it appears that, at these concentrations, the 
behavior of solutions of long chain salts is nor­
mal. There is no evidence of micelle formation 
at concentrations up to several thousandths nor­
mal.

The interrelation between ion conductances and 
chain length remains qualitative until additional 
data are available. It may be pointed out here 
that the conductance of the octadecyltrimethyl­
ammonium ion with 21 carbon atoms is slightly 
higher than that of the tetra-^-amylammonium 
ion10 with 20 carbon atoms.

The dissociation constants of the long chain 
salts exhibit no exceptional properties. When 
only one long hydrocarbon group is present in the

~ CD— •*•••-_______

T l i  -
1 23 |

0 1 2 3 4
Vc  x io2.

Fig. 2.—Square root plots for long chain salts in nitro­
benzene: 1, «-octadecyltrimethylammonium nitrate;
2, «-octadecyltri-«-butylammonium nitrate; 3, «-octa­
decylpyridonium nitrate.

(9) Walden and Birr, ibid., 163A, 281 (1932).
(10) Tpcker and Kr^us, T h is  J o u r n a l , 69, 457 (1947).(8) Walden and Busch, Z. physik. Chem., 1404, 89 (1929).
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cation, the value of the dissociation constant is 
approximately that which might have been ex­
pected for an ion-pair in which the distance of 
closest approach is determined by the field around 
the three smaller alkyl groups.

2. Nitrobenzene.—In Table IV are given the 
limiting conductances of three quaternary am­
monium nitrates containing long hydrocarbon 
chains in the cation. The cation conductances 
are given in column 3 and have been calculated 
on the assumption that the nitrate ion has a con­
ductance of 22.6.6

T a b l e  IV
L im it i n g  C o n d u c t a n c e s  o f  E l e c t r o l y t e s  i n  N it r o ­

b e n z e n e
Salt Ao Aa +

( n -C is H „ ) ,( C H ,) iN N O , 3 0 .7 8.1
(n -C u H n ) ( « - C i H ^ N N O , 3 1 . 5 8 .9

(n-C,»H l,) ( C ,H ,N ) N O , 3 2 .9 1 0 .3

The above A0 values for the three salts have been 
obtained by extrapolation of the plots shown in 
Fig. 2, in which values of Ao are plotted against 
values of Cl/\  These plots are linear over a con­

siderable range of concentrations although the 
slopes of the lines are somewhat greater than the 
theoretical; this is doubtless due to ion-pair forma­
tion. Ion conductances decrease with increasing 
number of carbon atoms in the cation but rather 
less than one might otherwise expect.

V. Summary
1. The conductance of octadecyltrimethylam­

monium and octadecyltributylammonium nitrates 
in ethylene chloride and of octadecyltributylam­
monium, dioctadecyldimethylammonium and oc­
tadecylpyridonium nitrates in nitrobenzene have 
been measured.

2. These long chains salts are normal electro­
lytes over the concentration range studied in both 
ethylene chloride and nitrobenzene.

3. Limiting conductances and dissociation 
constants have been evaluated in ethylene chlo­
ride and limiting conductances in nitrobenzene.

4. Ion conductances have been evaluated in 
both solvents.
P r o v i d e n c e * R. I .  R e c e iv e d  D e c e m b e r  16, 1947

[C o n t r i b u t io n  f r o m  t h e  M e t c a l f  R e s e a r c h  L a b o r a t o r y  o f  B r o w n  U n i v e r s i t y ]

Properties of Electrolytic Solutions. XXXIII. The Conductance of Some Salts in
Acetone at 25°1

By M y r o n  B. R e y n o l d s2 a n d  C h a r l e s  A. K r a u s

I. Introduction
Acetone is a solvent that differs markedly in 

type from those previously investigated in this 
Laboratory; it has a dielectric constant of 20.5 and 
is a fair solvent for a number of uni-univalent in­
organic salts. Solutions in this solvent have been 
investigated earlier by several different investi­
gators3 but with the exception of Lannung, who 
was chiefly concerned with solubilities, their re­
sults are uncertain because of the high conduct­
ance of the solvent which introduced large and of­
ten uncertain corrections with solutions of low 
concentration. In this connection, it may be 
pointed out that, since the only laws that are 
known to apply to electrolytic solutions are of 
limiting type, it is of particular importance that 
experimental errors be kept at a minimum at low 
concentrations. I f  a solvent cannot be adequately 
purified, there is little point in  carrying out conduct­
ance measurements.

(1) This paper comprises a portion of a thesis presented by 
Myron B. Reynolds in partial fulfillment of the requirements for the 
Degree of Doctor of Philosophy in the Graduate School of Brown 
University, June, 1947.

(2) Anthony Fellow at Brown University, 1946-1947; present 
address: Research Laboratory, General Electric Company, Schenec­
tady, N. Y.

(3) (a) Walden, Ulich and Busch, Z. physik. Chem., 123, 429 
(1926); (b) Lannung, ibid., 161A, 255 (1932); (c) Hughes and Hart­
ley, Phil. Mag., 15, 610 (1933); and others.

In the present investigation, the solvent has 
been purified to a point where correction for sol­
vent conductance was negligible. The electrolytes 
investigated were, for the most part, salts of the 
tetrabutylammonium ion with various negative 
ions. The picrates of lithium, sodium and potas­
sium were measured as were also potassium iodide 
and thiocyanate. I t  may be noted that numerous 
salts which have been measured by earlier investi­
gators were found to be too difficultly soluble in 
the pure solvent to permit of ready measurement.80

Owing to uncertainties in the value of the phys­
ical constants of acetone, these (dielectric con­
stant, viscosity and density) were redetermined.

The results of conductance measurements have 
been treated by the method of Fuoss4 and values 
of the limiting conductance, A0, and the dissocia­
tion constant, K , have been derived. Ion con­
ductances have been evaluated according to the 
method of Fowler.5

IL Experimental
Apparatus.—Conductance measurements were carried 

out as described in earlier papers of this series, using a Jones 
type a. c. bridge and Erlenmeyer conductance cells with 
bright platinum electrodes. All measurements were car­
ried out at 25 =•= 0.01 °.

The dielectric constant of acetone was measured at 25°,
(4) Fuoss, T his Journal, 57, 488 (1935).
(5) Fowler and Kr̂ .us, ibid., 62, 2237 (1940).
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using a parallel substitution type a. e. bridge6 and a cell 
especially designed to minimize lead errors. Solvent 
conductance was also measured with this bridge.

Solvent viscosity was measured at 25 °, using a modified 
Ostwald viscometer calibrated against water and benzene. 
Solvent density was determined by means of an Ostwald- 
Sprengel pycnometer.

Materials.—Commercial acetone7 8 was dried by agitation 
over calcium chloride and then distilled twice from 
activated alumina pellets.3

In each distillation, the middle fraction only was saved 
and the final distillation was preceded by a few hours of 
refluxing. The conductance of acetone prepared in this 
way was in the range of 1 to 2 X 10“ 9 reciprocal ohm 
centimeters; corrections for solvent conductance were 
thus negligible.

Tetra-«-butylammonium triphenylborofluoride was pre­
pared by Dr. G. L. Brown, of this Laboratory, and purified 
by successive recrystallizations from ether-ethanol mix­
tures. It was dried at room temperature in vacuo; m. p. 
165-166°.

Tetra -n -butylammonium picrate from laboratory stock 
was recrystallized from ethanol, and dried in vacuo at 
slightly elevated temperature; m. p. 89°.

Tetra-«-butylammonium iodide from laboratory stock 
was purified by recrystallization from nitromethane and 
dried in vacuo at room temperature; m .p . 146°.

Tetra-«-butylammonium bromide was prepared by 
treating «-butyl bromide with tri-«-butylamine in ethanol 
solution at about 70°. The crude salt was recrystallized 
several times from ethyl acetate and twice from benzene- 
petroleum ether mixtures; a portion was recrystallized 
from an ether—ethyl acetate mixture. Both samples were 
dried to constant weight in vacuo at 50 to 60°; m .p. 118°.

Tetra-«-butylammonium nitrate was prepared by Dr. 
H. L. Pickering, of this Laboratory, purified by recrystal­
lizations from benzene, and dried in vacuo at room tem­
perature; m. p. 149°.

Tetra-«-butylammonium perchlorate was prepared in 
this Laboratory by Dr. L. E. Strong. Further purifica­
tion was effected by recrystallization from ether-acetone 
mixtures, followed by drying in vacuo at room temperature; 
rn. p. 213°.

Tetraethylammonium picrate, furnished by Dr. C. J. 
Carignan, of this Laboratory, was recrystallized from eth­
anol and dried to constant weight in vacuo at 65-80°.

Tetramethylammonium triphenylborofluoride from lab­
oratory stock was recrystallized from acetone and from 
acetone-ethanol mixtures and dried in vacuo at room tem­
perature; m. p. 186°.

Tetramethylammonium fluoride was prepared in this 
Laboratory by Dr. C. J. Carignan. The salt was purified 
by precipitation from ethanol solution by addition of 
ethyl acetate and also by recrystallization from ethanol- 
acetone mixtures. Samples were dried to constant weight 
at 50° in vacuo; m. p. 268-269°, with decomposition.

Lithium picrate, prepared in this Laboratory, by Dr. 
C. J. Carignan, was purified both by recrystallizations 
from ethanol-nitromethane mixtures and from acetone- 
nitromethane mixtures. The salt was dried in vacuo at 
80°.

Sodium picrate was prepared by neutralizing an ethanol 
solution of picric acid with aqueous sodium hydroxide 
solution. The resulting salt was recrystallized several 
times from ethanol-water mixtures and dried to constant 
weight in vacuo at 70-80°.

Pure samples of potassium picrate were available from 
laboratory stock and were dried to constant weight in 
vacuo at 65°.

Reagent grade potassium iodide was recrystallized from 
water and also from water-ethanol mixtures. The re­
crystallized samples were dried in vacuo at 70 °.

Reagent grade potassium thiocyanate was further puri-
(6) L. E. Strong, Thesis, Brown University, 1940.
(7) The acetone was kindly donated by the Tennessee Eastman 

Corporation.
(8) Harshaw AL-4 “Catalyst Pellets.*9

fled by recrystallization from water and from acetone- 
water mixtures, and dried in vacuo at 50°.

III. Results
Physical Constants.—The dielectric constant 

of acetone was determined with thirteen different
T able  I

C onductances of various Salts in  A cetone at
Tetra-w-butyl ammonium 

triphenylborofluoride 
C X 104 A

Tetra-w-butyl ammonium 
picrate

C X 104 a

0.4517 130.0 0.4237 147.9
0.8237 128.5 0.9049 146.0
1.584 126.0 1.717 143.3
3.213 122.4 3.588 139.2
7.003 116.8 7.129 133.7

15.47 109.1 17.02 124.4
Tetra-ra-butylammonium

perchlorate
Tetra-w-butylammonium

nitrate
0.3115 178.4 0.4074 181.6
0.7118 176.2 0.8190 178.8
1.479 172.5 1.291 176.2
3.142 167.3 2.879 169.6
6.860 159.3 8.414 155.4

20.16 144.0 25.27 134.3
Tetra-«-butylammonium

bromide
T etra- -̂butylammonium 

iodide
0.3287 177.8 0.3086 175.4
0.6875 174.8 0.4963 174.1
1.523 169.1 1.019 171.2
3.504 159.7 2.674 164.5
9.188 143.6 9.215 149.1

21.48 125.1 25.98 131.1
Tetraethylammonium

picrate
Tetramethylammonium

triphenylborofluoride
0.4129 171.9 0.4044 160.2
0.7731 170.1 0.8572 157.6
1.535 167.2 1.606 154.2
3.188 162.8 3.371 148.6
7.044 156.0 7.145 140.3

19.19 144.7 18.30 126.3
Tetramethylammonium

fluoride Lithium picrate
0.3422 172.2 0.3453 150.2
0.6672 166.1 0.7875 144.0
1.385 155.5 1.397 137.5
2.880 140.0 3.003 125.2
6.492 118.4 6.398 109.3

20.92 79.79
Sodium picrate Potassium picrate

0.5370 154.0 0.2834 161.7
1.073 148.2 0.7824 157.6
2.348 138.0 1.981 150.9
4.878 124.9 3.183 145.9

10.57 107.9 9.448 129.7
21.99 90.35 23.14 111.8

Potassium iodide Potassium thiocyanate
0.4962 186.8 0.2722 196.8
1.086 183.6 0.8890 191.5
3.142 175.8 2.748 181.3
6.124 168.4 7.564 165.5

13.11 156.7 18.45 146.3
24.41 145,4
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samples the specific conductance of which varied 
between 0.51 and 1.7 X 10“9. The average value 
found for the dielectric constant was 20.47, with 
a mean deviation of 0.05 and a maximum devia­
tion of 0.2.

The viscosity was determined with sixteen dif­
ferent samples of acetone of which only two had a 
specific conductance above 2 X 10"~9; thirteen of 
these samples were identical with those used in the 
dielectric constant measurements. The average 
value of the viscosity in poise was found to be 
3.040 X IO*”3 with a mean deviation of 0.008 X 
IO” 3.

The density of acetone was determined to be
0.7845. All the above values were at 25°.

Conductances.—Equivalent conductances, A, 
and concentrations, C, expressed in moles of salt 
per liter of solution, are given in Table I. Two 
or more series of measurements were carried out 
with salt samples resulting from successive recrys­
tallizations and the salts were assumed to be pure 
when conductances for successive recrystalliza­
tions for a given salt agreed within the limit of 
experimental error, 0.1%.

IV. Discussion
The data of Table I were analyzed by the 

method of Fuoss by plotting values of F/A  
against values of cAp/F. The plots are shown in 
Figs. 1, 2 and 3, on which appear values for two 
series of measurements for each salt. Inspection 
of the plots will show that A0 may be determined 
with considerable precision, particularly in the 
case of the stronger salts. All plots are linear 
within the limit of experimental error up to about 
7 X 10“ W.8a The slopes of the plots serve in the 
evaluation of the dissociation constant, K , of the 
ion pairs; the curves are the steeper, the lower 
the constant. Values of A0 and K  as determined

0 20 40 60 80
(CA/2/ F) X 10s.

Fig. 1.—Fuoss plots for salts in acetone: X, KCNS; 
II, «-Bu4NC104; III, KPi; IV, NaPi; V, LiPi.

(8a) The critical concentration for acetone is 2.8 X 10"* [Fuoss, 
T his Journal , 57, 2604 (1935) ].

0 20 40 60 80
(C A f/F ) X 10s.

Fig. 2.—Fuoss plots for salts in acetone: I, KI; II, 
«-Bu4N N 03; III, «-Bu4NI ; IV, Me4NFBPhs; V, n- 
Bu4NFBPhs.

0 20 40 60 80
(CAp/F) X 10s.

Fig. 3.—Fuoss plots for salts in acetone: I, «-BtuNBr; 
II, «-Bu4NPi; III, Me4NF.

by means of the plots are given in columns 2 and 
3 of Table IL

T ab le  II
C onstants of V arious Salts in  A cetone at 25°

Salt At K X 10* Ao +
(»-C4H,)4NFB(C6H5)s 134.2 19.7 67.1 67.1
(»-C4H9)4NPi 152.4 22.3 85.3
(»-C4H,)4NC104 182.4 9.58 115.3
(»-C4H9)4N N 08 187.2 5.46 120.1
(«-C4H9)4NBr 183.0 3.29 115.9
(»-C4H9)4NI 179.4 6.48 112.3
(C,H6)4NPi 176.5 17.5 91.2 O o «

(CHs)4NFB(C4H6)s 165.1 6.93 98.0
(CH,)4NF 183 0.77 85
LiPi 158.1 1.03 72.8 « o o

NaPi 163.7 1.35 78.4
KPi 165.9 3.43 80.6
KI 192.8 8.02 80.5
KCNS 201.6 3.83 c . 121.0
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Ion Conductances.—Ion conductances have 
been evaluated by the method of Fowler accord­
ing to which the two ions of tetrabutylam- 
monium triphenylborofluoride are assumed to 
have the same conductance. The value so 
found for the letrabutyiammonium ion is 67.1 
and the ion conductances recorded in columns 
4 and 5 of Table XI are based ou uiis vaiue.

The conductance of negative ions is markedly 
higher than that of comparable positive ions. 
Thus the conductance of the perchlorate ion is
115.3 while that of the tetramethylammonium ion 
is only 98.0. The conductance of the alkali metal 
ions decreases markedly with decreasing atomic 
weight, the change from sodium to lithium being 
particularly marked. Considering the tetraethyl­
ammonium ion with nine atoms other than hydro­
gen and a conductance of 91.2, the low conduct­
ance of the lithium ion (72.8) indicates a high de­
gree of interaction with the solvent dipoles. There 
may be actual solvation of the lithium ion, but 
we have no satisfactory means of distinguishing 
between solvation and simple interaction of the 
charge on the ion with the dipoles of the solvent 
molecules. The low conductance of the tetra­
methylammonium ion in comparison with that of 
the perchlorate ion cannot well be ascribed to 
solvation in the strict sense of the term.

The high conductance of the thiocyanate ion, as 
also that of the nitrate ion, is worthy of note. 
The bromide ion has a slightly higher conductance 
than the iodide ion, but the fluoride ion has a very 
low conductance. But, even here, we find the 
conductance of an exceptionally small negative 
ion markedly greater than that of the ion of the 
much larger potassium atom, 85 as against 80.6.

There is only one case among the salts in the 
table where ion conductances as derived from dif­
ferent pairs of ions may be compared. The con­
ductance of the potassium ion as derived from its 
picrate is 80.6 while that derived from the iodide 
is 80.5. The difference lies within the limit of 
experimental error.

There is only scanty material in the literature 
that can be employed for purposes of comparison. 
Seemingly, the most reliable conductance measure­
ments with solutions of salts in acetone are due to 
Ross Kane but, unfortunately, the details of his 
measurements are unavailable, and only rounded 
ion conductances a t 25° have been reported.9

In the case of several salts (KI and Et4NPi), 
our conductance values are in good agreement 
with those of Ross Kane. In other instances, the 
difference usually lies between 0.5 and 1.0%. If 
Ross Kane's limiting conductance values were ob­
tained by extrapolation of the usual square root 
plot, discrepancies might well be accounted for by 
extrapolation errors.

Dissociation Constants.—In accord with the 
dielectric constant of acetone (D 20.47), solu-

(9) Murray-Rust, Gatty, MacFarlane and Hartley, Ann. Re­
ports. Chem. Soc., 27, 351 (1930).

tions of salts in this solvent are fairly highly 
ionized, but all show marked ion pair association 
so that the evaluation of A0 by extrapolation of 
the A- \ / C  plot is not permissible.

Since the energy necessary to separate a pair of 
ions is a function of the distance between centers 
of charge in the ion pairs, it follows that salts 
having large ions have relatively large dissocia­
tion constants while salts with small ions will 
have small constants. Since large ions have 
lower conductances than small ions, we should 
expect that salts having ions of lower conductance 
would have larger dissociation constants.

However, such a simple relation does not hold, 
chiefly, because of certain specific factors:

1. The effective size of an ion may be due 
either to a large structure, as in the case of the 
tetrabutylammonium ion, or, on the other hand, 
it may be the result of interaction of a small ion 
with the molecules (dipoles) of the solvent. In 
the latter case, the solvent molecules may, in 
some instances, be definitely attached to the 
ion; in others, the structure may be a very loose 
one; and, in still others, both types of interaction 
may be involved. The smallest ions, lithium and 
fluoride, have very low conductances but yield 
relatively small dissociation constants. Evi­
dently, solvent molecules, which may be attached 
to the free ions, are largely lost in the ion pairs. 
The nitrate ion has a much higher conductance than 
the bromide ion, yet its tetrabutylammonium salt 
is much stronger than the corresponding bromide.

2. Steric effects have a marked influence on 
the dissociation constant. Thus, potassium iodide 
is much stronger than potassium picrate, yet the 
constant of tetrabutylammonium picrate is three 
times that of the iodide. Then again, the constant 
for tetrabutylammonium picrate is but little 
greater than that of the corresponding tetraethyl­
ammonium salt. This indicates that the picrate 
ion penetrates into the shell of butyl groups about 
the nitrogen atom to a depth that approximates 
the dimensions of the tetraethylammonium group.

As was shown in an earlier paper of this series,10 
a quantity “a ,” which may be interpreted as an 
approximation to the distance between charges in 
the ion pairs, may be computed from the dissocia­
tion constant. For the salts whose constants are 
given in Table II, the value of ‘V  varies from 
2.42 A. for tetramethylammonium fluoride to 9.48 
A. for tetrabutylammonium picrate. That inter­
action with solvent molecules is a factor iu deter­
mining ion-pair dimensions in acetone, even in 
the case of lithium picrate, is shown cle’arly by the 
results with the same salt in nitrobenzene (D 
34.5).11 The ‘V  distance for this salt in the two 
solvents is, respectively, 2.55 and 0.62 A. The 
dissociation constant of 1.03 X 10“8 for lithium 
picrate in acetone of dielectric constant 20.5 as 
against one of 6 X 10 ~8 in a solvent of dielectric

(10) Fuoss and Kraus, T h is J ournal, 55, 1019 (1933).
(11) Witschonke and Kraus, ibid., 69, 2472 (1947).
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constant 34.5 can only be due to interaction 
between the ions (in the ion pairs) with the ace­
tone molecules, on the one hand, and lack of such 
interaction with nitrobenzene molecules, on the 
other. A comparison of sodium and potassium 
picrates in acetone and nitrobenzene shows that 
these salts behave in a manner similar to that of 
lithium picrate. The Walden conductance viscos­
ity product for the sodium and potassium ions 
in acetone is 0.238 and 0.242, respectively, while 
in nitrobenzene11 it is 0.295 and 0.322. Thus, the 
free ions in this solvent are of very nearly the 
same size. The corresponding K  values X 104 
are, respectively, 13.5 and 34.3 in acetone and
0.28 and 6.86 in nitrobenzene. The effective size 
of these ions in the ion pairs is much smaller in 
nitrobenzene than in acetone and is progressively 
more so as the (lattice) ion is smaller.

V. Summary
A simplified procedure for the purification of

acetone has been developed, making use of acti­
vated alumina pellets.

The density, viscosity and dielectric constant of 
purified acetone at 25° have been determined.

Conductance data have been obtained for 
fourteen different salts in acetone solution at 
25°.

Limiting conductances and dissociation con­
stants have been calculated for these salts, using 
the extrapolation method of Fuoss.

Limiting ion conductances have been computed 
by the method of Fowler.

Anion conductances have been found to be, in 
general, greater than corresponding cation con­
ductances, suggesting specific solvent interaction 
with cations.

The conductance of the fluoride ion has been 
found to be markedly lower than that of the other 
halide ions and abnormally low for an anion.
P r o v i d e n c e , R. I. R e c e i v e d  J a n u a r y  14, 1948

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  B io c h e m is t r y  a n d  t h e  D e p a r t m e n t  o f  A g r ic u l t u r a l  B a c t e r i o l o g y
U n i v e r s it y  o f  W i s c o n s i n ]

The Effect of Various Gases on Nitrogen Fixation by A zo tobacter1
B y  D orothy  M. M o ln ar , R. H . B u r r is  a n d  P. W. W il so n

Molecular hydrogen was demonstrated by 
Wilson and his associates2-3’4 to inhibit nitrogen 
fixation, specifically and competitively, in both 
free-living Azotobacter and the symbiotic system of 
red clover plus Rhizobium. I t has been sug­
gested5 that the inhibition might be primarily a 
physical effect dependent on the relative adsorp­
tion of the two gases on the surface of the nitrogen­
fixing enzyme. The observation that the enzyme- 
substrate dissociation constants of hydrogen and 
nitrogen in Azotobacter have essentially the same 
ratio as their van der Waals constants offers some 
support for this view.6 Although this may be 
only fortuitous, an examination of the effect of 
gases with different physical properties, appears 
to be desirable.

Experimental
Methods.—Cultures of Azotobacter vinelandii were main­

tained by daily transfer to 5 0  ml. of Burk’s medium3 in 
5 0 0 -ml. Erlenmeyer 4‘shake” flasks. Weekly tests for 
purity were made by microscopic examination (Gram 
stain) and by inoculation of beef extract-peptone broth.5 
For the microrespirometer studies, ten drops of a culture 
(seventeen to nineteen hours) was diluted with 40 ml. of 
sterile Burk’s medium, and 2 ml. transferred to the res­

(1) Supported in part by grants from the Rockefeller Foundation  
and from the Research Com m ittee of the Graduate School from funds 
provided by the W isconsin Alumni Research Foundation.

(2) Wilson, “The Biochem istry of Sym biotic Nitrogen F ix a tio n /8 
U niversity of W isconsin Press, Madison, Wisconsin, 1940.

(3) W yss and Wilson, P ro c . N a tl. A cad . Sci. (U. S.), 27, 162 
(1941).

(4) Wyss, Lind, Wilson and Wilson, Biochem . J . ,  35, 845 (1941).
(5) Burk and Burris, Ann. R ev . B iochem ., 10, 587 (1941).
(6) Wilson and Burris, B a d . R ev., 11, 41 (1947).

piration flask. The conventional techniques for supply­
ing different gas mixtures in respiratory experiments were 
followed.7 Manometer readings were taken at half-hour 
intervals over a period of five hours, at 30°. The gas 
mixtures were: p^2J 0.2 atm .; pp2i 0.2 atm .; helium, argon, 
neon, hydrogen, ethane, or nitrous oxide, 0.6 atm. At 
a partial pressure of nitrogen of 0.2 atm. the rate of fixa­
tion is about 95% of maximum (in the absence of a com­
petitive inhibitor, such as H2) , and small variations in the 
pressure (=*=0.02 atm.) cause little change. The partial 
pressure of oxygen likewise is near optimum; to insure 
that is was kept reasonably constant, the oxygen used in 
respiration was replaced periodically. The mixtures were 
made from ordinary cylinder gases (about 98-99%  pure) 
with the exception of the nitrous oxide, which was the 
grade used for anaesthesia. Errors arising from variation 
in the composition were reduced by preparing separate 
mixtures for the replicate experiments.

In a few trials, the conclusions from the microrespira­
tion data were checked by estimating the initial and final 
total nitrogen in representative flasks by a modification 
of the micromethod of Johnson.8 One macro experiment 
was made: Ten ml. of an eighteen-hour culture was di­
luted with 300 ml. of sterile Burk’s medium, and 25-ml. 
aliquots were pipetted into sterile 250 ml. Erlenmeyer 
flasks. Each flask contained a tube of potash to absorb 
respiratory carbon dioxide and was made gas-tight with 
a rubber stopper fitted with an inlet tube. After the 
desired gas mixture was supplied through the inlet tube, 
the flasks were incubated in a conventional shaking ap­
paratus at 30 ° for fifteen hours, then total nitrogen deter­
mined on aliquots by the micromethod.

Results and Discussion 
The van der Waals constant a  for the gases 

tested varied from 0.00007 (helium) to 0.01074
(7) Um breit, Burris and Stauffer, “ M anometric Techniques and 

Related M ethods for the Study of Tissue M etab o lism /’ Burgess 
Publishing Co., M inneapolis, M inn., 1945.

(8) Johnson, J . Biol. Chem., 137, 575 (1941).
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(ethane); a wide range in physical properties such 
as solubility, adsorption on solids, boiling point, 
are known to be associated with this variation. 
If the physiological response of Azotobacter to hy­
drogen is to be ascribed to the physical character­
istics of the gases in the mixture supplied as ex­
pressed in the van der Waals forces, one should ex­
pect some correlation of nitrogen iixatioii with the 
value of a of the diluent gas. The data in Tables 
I, II and III and in Fig. 1 demonstrate that there 
is no such correlation.

Hours.
Fig. 1.—Effect of different gases on nitrogen fixation by 

Azotobacter vinelandii. Points are the means of duplicates 
for ethane, of triplicates for the others. Each division of 
the abscissa in Figs. 1 and 2 is one hour.

Table I summarizes results from two repre­
sentative experiments. The initial and final rates 
of respiration are included to illustrate the effect of 
the gas tested on final total nitrogen as measured 
by rate of respiration. But, as has been empha­
sized in the previous papers,3*4 a more suitable cri­
terion of the effect is given by the first order veloc­
ity constant of growth, k. The values of k were 
estimated from the slopes of the lines obtained 
when the rate of respiration was plotted as a func­
tion of time. The standard deviation of k, Sk, was 
calculated by the usual statistical procedure; it 
measures the departure of the points from a 
straight line and is in effect an estimate of the pre­
cision of the data. The slope of each line, and 
hence k, was calculated by the method of least 
squares. The variation in the k values of the 
replicate samples measures the reproducibility of 
the results. Considering these variations, to­
gether with the observed values of Sk> it is con­
cluded that for single determinations differences of 
10-20% are necessary for significance, but if 2-3 
replicates are combined, differences of 5-10% are 
probably significant. The precision obtained 
when replicate samples are combined is illustrated 
graphically by the lines in Fig. 1.

Table II summarizes the results of all the micro­
respiration experiments. For convenience, the 
van der Waals constant, a, is included, together 
with the boiling point of the gases, a physical 
property known to be correlated with a. In each

T able  I

E ffect  of V arious G ases on N itrogen  Fixation  by  
Azotobacter (Microrespiration  D ata)

Gas"
Rate of respiration & 
Initial Final kc Sk

Nitrous 78
E xperim ent I 

117 0.108 0.006
oxide 74 136 .163 .004

67 139 .196 .010
80 140 .145 .004

Helium 82 245 .271 .015
90 255 .262 .007
83 263 .283 .012

Ethane 81 226 .246 .019
85 260 .269 .023
77 265 .301 .021

Air 90 258 .267 .011
103 288 .267 .018

Helium 91
Experiment II  

310 0.285 0.015
86 318 .306 .008
90 286 .274 .004

Ethane 79 270 .292 .003
80 286 .308 .019

Neon 75 283 .311 .019
80 269 .285 .015
77 256 .271 .013

Argon 72 283 .306 .016
73 275 .306 .019
67 306 .301 .023

"Atmosphere: 20% N2, 20% 0 2, 60% indicated gas. 
b Microliters 0 2/hr./flask, at 30°. c First order velocity 
constant of fixation; Sk, its standard deviation, measures 
closeness of fit of points to line.

T able  II

Summary of the M icrorespiration  E xperiments

Gas
van der 
Waals 

a X 105
B. p., 
°C. Expts.

Inhibition of 
N fixation61

Ethane 1074 88.3 3 — 6.4 ±  4 .5
Nitrous oxide 754 89.5 10 45.0 ±  3.9
Nitrogen 277 195.8
Argon 268 185.7 3 - 1 .6  ±  3.1
Neon 42 245.9 3 1.8 ±  4 .0
Hydrogen 49 252.8 5 35.2 =t 7 .3
Helium 7 268.9

° Based on helium control: negative results indicate
stimulation.

experiment a helium control was included since it 
has been previously demonstrated that this gas 
does not affect fixation; this point was checked 
occasionally by including an air control. I t  is evi­
dent from the table that the physiological function 
of nitrogen fixation in Azotobacter shows no such 
response to changes in the van der Waals forces of 
the diluent gas as does a typical physical quantity 
(b. p.). Explanation of inhibition of nitrogen 
fixation in Azotobacter by a hypothesis based on 
purely physical competition between hydrogen 
and nitrogen, therefore, appears unlikely. The
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physiological explanation,9 based on enzyme 
mechanisms, thus receives indirect support.

An important by-product of these experiments 
was the demonstration that nitrous oxide is a spe­
cific inhibitor of nitrogen fixation by Azotobacter 
vinelandii. Because of the possible implication of 
this discovery for the mechanism of fixation, ten 
separate experiments were made to establish this 
finding. Inhibition was obtained in every trial, 
ranging from 21 to 63% with an average of 45 =*= 
3.9%. Confirmation of the data from the micro­
respiration experiments by determining the actual 
quantities of nitrogen fixed is furnished by the re­
sults given in Table III.

T able  III
E ffect  of V arious G ases on N itrogen  F ixation  by  

Azotobacter (T otal N itrogen  D ata)

Experiment0
Diluent

gas
Time, Final total N 

hr. 7/ml.
III He 2 8 .8 8
(8 .75 ) N20 7 1 7 .50

h 2 2 0 .3 8
IV He 2 3 .3 8
(8 .33 ) N20 7 15 .69

h 2 15 .0 0
V He 7 19 .60
(5 .60) N20 10.00
VI
(5 .20 ) He 15 \

f 4 8 .5  
[ 4 6 .0

A jf 4 2 .6A 1[ 5 0 .6  
' 1 7 .4

n 2o 1 5 .4
2 3 .4
1 4 .8

® Figures in parentheses in this column represent initial 
nitrogen content in y /m l. Experiment VI is a macro 
experiment; the others are samples taken from micro­
respiration experiments.

That the inhibition by nitrous oxide is specific 
for nitrogen fixation as distinguished from assimi­
lation of combined nitrogen is shown by the re­
sults in Table IV and in Fig. 2. Assimilation of 
ammonium apparently is slightly stimulated by 
nitrous oxide in the atmosphere, but as this effect 
is not consistently obtained in all trials, its estab­
lishment would require much more additional evi­
dence.

Previously, only hydrogen and carbon monoxide 
were known to influence the fixation reaction spe­
cifically in Azotobacter. Not only does the finding 
that nitrous oxide is likewise a specific inhibitor 
provide a new tool for investigation but it may 
also possess special significance for the mechanism. 
In a recent review Wilson and Burris6 suggested 
that a possible intermediate in the fixation reaction 
might be a compound that is formally analogous 
to hyponitrous acid though not necessarily identi­
cal with it. The fact that nitrous oxide, the an­
hydride of hyponitrous acid, is not utilized by

(9) Lee and Wilson. /. Biol. Chem., 151* 377 (1943).

T a b l e  IV

C omparison of E f fe c t  of  N itrous Ox id e  on A ssim ila­
tion  of  F r e e  and  C ombined  N itrogen  b y  Azotobacter 

(M icrorespiration  D a ta)

Expt. Source of N
*----------Gag added (0.6 atm.)®

He Hs NaO
VII n 2 0 .3 6 1 0 .1 2 4 0 .1 5 0

.361 .143 .1 1 6
n h 4+ .319 .299 .3 2 5

.323 .3 0 4 .3 2 3
VIII n 2 .278 .194 .1 3 8

.320 .199 .1 4 0
n h 4+ .327 .300 .375

.317 .340 .394
IX n 2 .290 .2 2 8 .1 8 2

.297 .221 .143
n h 4+ .306 .350 .320

.306 .331 .320
® Data are k values calculated from lines.

Azotobacter but does interfere with the assimilation 
of molecular nitrogen could be interpreted as sup­
porting evidence for this view. Final decision as 
to its significance must await a more detailed 
study, particularly whether the inhibition is com­
petitive or non-competitive.

Fig. 2.—-Specific inhibition of nitrogen fixation by Azotobac­
ter vinelandii. Each point is the mean of duplicates.

Summary
The hypothesis that the inhibition by molecular 

hydrogen of nitrogen fixation in Azotobacter is 
explicable on the basis of the physical properties 
of the two gases was tested by comparing the 
effects of helium, argon, neon, hydrogen, nitrous 
oxide and ethane on the fixation reaction. The 
microrespiration technique was used for most of 
the experiments, but the results were verified by 
total nitrogen determinations.

The van der Waals constant, a, of the gases 
tested ranged from 0.00007 to 0.01074. Although 
the physical properties of the gases are correlated 
with the van der Waals forces, no such correlation
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appeared in their effect on the physiological func­
tion of nitrogen fixation in Azotobacter. It is con­
cluded, therefore, that an explanation based on the 
relative physical properties of hydrogen and nitro­
gen is unlikely.

Nitrous oxide was found to be a specific in­
hibitor for nitrogen fixation by Azotobacter. Its 
inhibition may have important implications for the 
mechanism of the reaction.
M adison 6, W isconsin R eceived  D ecember  9, 1947

[Contribution  from the  I nstitute of E xperim ental Biology* U niversity  of C alifornia]

Kinetics of the Reactions between Iodine and Certain Substituted Phenols
B y  C hoh  H ao L i

In previous studies1 it was shown that the re­
action of tyrosine with iodine follows a bimolecu­
lar rate law and that the most reactive iodinating 
agent is hypoiodous acid. I t was also demon­
strated2 that the formation of diiodotyrosine is 
catalyzed by phosphate and other basic ions. 
The present investigation extends such studies 
with other para substituted phenols.

Reactions were carried out a t 25° in acetate 
buffers of pH 5.23 and 5.65 containing different 
iodide ion concentrations. /?-Chlorophenol and 
/>-hydroxyphenylethylamine (tyramine), C. p . 
crystalline preparations, were employed without 
further purification; glycyl-tyrosine was kindly 
supplied by Dr. J. S. Fruton and the late Dr. Max 
Bergmann. The reaction rates were followed in 
the manner previously1 described. The rate law 
was found to be identical with that for the forma­
tion of diiodotyrosine and may be expressed by the 
equation

— d (Phenol) /d t  ~ £2 (phenol) (I3*") (1)
where fe is the specific rate constant for the re­
action Phenol +  2I2 —» diiodophenol +  2H+ +
21”

Table I summarizes the specific rate constants 
for the formation of diiodophenols3; the values

for the reaction between iodine and tyrosine were 
estimated from previous studies.1 The concen­
trations are in moles per liter, and time in minutes. 
It may be noted that the product of fe(I”)2 in each 
buffer appears to be rather constant at the range 
of iodide concentration studied. In concentra­
tions of iodide beyond the range studied, fe(I”)2 
was not found to be constant.

In the study of diiodotyrosine formation,1 it was 
found that the reaction involves four paths: 
namely, iodine and phenol, iodine and phenolate, 
hypoiodous acid and phenol, and hypoiodous acid 
and phenolate. I t was further noted that the 
most reactive pair is hypoiodous acid and pheno­
late, whereas the reaction between iodine and 
phenol is the least reactive. For first approxima­
tions, the reaction between iodine and phenol may 
be represented by equation (la).
—d (phenol) /dt = &'(phenol) (HOI) +  k "(phenolate) (HOI)

(la)
From the equilibria

I“* ^ ± 1 12 +  I~ (2)
I2 +  H20  HOI +  H + +  I" (3) 

R—<(  ~ ) >—OH R—<(  y ~ Q ~  +  H+ (4)

T a b l e  I

S p e c if ic  R e a c t io n  R a t e , k2t o f  I o d in a t i n g  p-C h l o r o p h b n o l , G l y c y l t y r o s in e , T y r a m i n e  a n d  T y r o s in e 0 i n  A c e t a t e  
B u f f e r s  o f  pH  5.23 and pH  5.65 C o n t a i n i n g  D i f f e r e n t  I o d id e  C o n c e n t r a t io n  a t  25° 

k2 in gram moles per liter per minute
(X~) -̂----------Chlorophenol — -—* --------------- Tyramine-----------—> ----------Glycyl-tyrosine------- -—* *------------- -Tyrosine------------ -

m  X 10® p H  5.23 p H  5.65 p H  5.23 p H  5.65 p H  5.23 p H  5.65 p H  5.23 p H  5.65
3.34 0.135(0.128)& 0.40(0.34) 0.70(0.72) 2.03(2.29) 0.91(0.94) 3.15(3.21) 0.52(0.53) 1.82(1.94)
4.08 .081 ( .085) .26( .26) .45( .45) 1.63(1.49) .63( .63) 2.16(2.14) .38( .36) 1.20(1.30)
4.84 .060( .061) . 18( .18) .35( .38) 1.09(1.07) .45( .49) 1.55(1.55) .28( .26) 0.90(0.93)
6.34 .033( .035) .11( .11) .20( .22) 0.63(0.62) .16( .15) 0.53(0.54)
« Reaction rates for tyrosine are from a  previous paper (see ref. 1). 6 The figures in parentheses are computed values

Equation (la) becomes
d(phenol) __ K2 \ \ fv° , k*KtKC\

d* ( I - )2(H +) l  8 ^ (H+) J
(phenol) (I3~) (5)

where K 2, K% and are the equilibrium constants 
of equations 2, 3, and 4, respectively. Thus, by 
comparing the equations (1) and (5), the observed
specific rate constant* fe, is a function of iodide and

from Equations 7* 8* 9 and 10.
(1) Li, T his Journal, 64, 1147 (1942).
(2) Li, ibid., 66, 228 (1944).
(3) The preparation of N-glycyl-3,5-diiodotyrosine has been re­

ported by Abderhalden and Guggenheim [Ber., 41, 1241 (1908) J. 
Diiodotyramine has also been prepared by Abderhalden and his co- 
workers [Arck. ges. Physiol., 195, 167 (1922) J. As far as we are 
aware there is no report concerning the preparation of i>-chloro-3,5- 
diiodophenol. In the present experiments we have observed that p<° 
chloro-3,5-diiodophenol is very insoluble in acetate buffers and it is 
gradually crystallized out in fine needles as the reaction proceeds. 
Thè colorless crystals have a melting point at 108.5°, Anal. Calcd, 
for HOCsHsIaCI: Ï* 66,74. Found: 1,66.82,
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hydrogen ion concentration as shown by the ex­
pression

h K .
( I - ) 2(H +) [ W ,  + (H+) J (6)

I t is obvious from equation (6) that when the 
hydrogen-ion concentration is maintained un­
changed, the product of fe(I~)2 becomes a con­
stant. Since the equilibrium constants4 of equa­
tions (2) and (3) and the dissociation constants of 
/>-chlorophenol,5 tyramine,6 glycyltyrosine7 and 
tyrosine8 are known, the specific rate constants ¥  
and ¥  can be computed from the data in Table I. 
The results are summarized in Table II. There-

T a b l e  II

T he C omputed V alu es  of k' and  k" for £-Chloro- 
phenol, T yram ine, T yrosine  and  G lycyltyrosine  in  

A cetate  B u f fe r  a t  25 °

Phenols

Dissociation 
constant 
K (ion) X 0 ! 0X

p-Chlor ophenol 66.0 (5)“ 1.7 0.2
Tyrosine 8 .5  (8) 8 .1 1.1
Glycyltyrosine 4 .0  (7) 12.0 40.0
Tyramine 1.26 (6) 10.0 58.0

° Numbers in parentheses refer to the reference in the 
text.

fore, in a solution of known hydrogen-ion and 
iodide-ion concentrations, the observed specific 
rates for iodinating />-chlorophenol, tyrosine, tyra­
mine and glycyltyrosine may be computed from 
the equations
/j-Chlorophenol:

*, =  i
2 (I -)2(H+) 2 x  10~10 + 5.5 X 10~18'

( H + )

n
- (7)

Tyrosine:
h -  1

( I -)2(H+)
Tyramine:

£ — ^
* (I-)!(H +)

[3.4 X 1 0 -  +  - ° ( * i )°~19j

[ 4, X i o - .  +  3A |f ! ]

(8)

(9)
Glycyltyrosine: 

1
k‘2 = (I~)2(H +) ĵ 5.0 X 10— + 6.7 X 10~“-  

( H +) _ (10)
(4) (a) Bray and MacKay, T his Journal, 32, 914 (1910); (b) 

Bray, ibid., 32, 932 (1910).
(5) Murray and Gordon, ibid., 57, 110 (1935).
(6) Ogston, J. Chem. Soc., 1713 (1936).
(7) Greenstein, J. Biol. Chem., 95, 485 (1932).
(8) Hitchcock, J. Gen. Physiol., 6, 747 (1925).

The computed specific rates are listed in Table I; 
it may be noted that the agreements between the 
calculated and observed values are satisfactory.

From Table II, it is evident that, in each phenol 
studied, the value of ¥  is always much smaller 
than that of ¥ .  This indicates that the phenolate 
ion is far more reactive than the undissociated 
phenol. I t  is also clear that the smaller is the 
dissociation constant of a phenol, the faster is 
the reaction rate. For instance, the dissociation 
constant of ^-chlorophenol is fifty times higher 
than that of tyramine and yet the latter reacts 
with hypoiodous acid much faster than p-cbloto- 
phenol*

I t  is of interest to note that the specific rate for 
glycyltyrosine is greater than the value for tyro­
sine. I t  appears to indicate that the presence of a 
peptide linkage enhances the rate of iodination. 
This inference may also be arrived at by an experi­
ment using carbobenzoxyglutamyltyrosine. In 
acetate buffer of pH  5.65 containing an iodide con­
centration of 3.34 X 10“2 m a t 25°, the biomolecu- 
lar specific rate, fe, of iodinating carbobenzoxyglu­
tamyltyrosine was found to be 4.24 gram-mols per 
liter per minute which is more than twice the spe­
cific rate for tyrosine. Whether the conclusion 
can be generalized for other peptides requires fur­
ther investigation.

The absence of the carboxyl group in tyrosine 
causes an increase in iodination rate. Thus, k” 
for tyramine is about 50 times larger than that for 
tyrosine. On the other hand, a replacement of 
—CH2CH2NH2 group in tyramine by —Cl radical 
greatly diminishes the specific rates of iodination. 
No satisfactory explanation can be offered a t pres­
ent to correlate the structure of substituents on the 
iodination rate of phenols.

Summary
The rate of the reactions between iodine and p- 

chlorophenol, tyramine and glycyltyrosine have 
been determined at 25° in acetate buffers. In the 
range of iodide concentrations studied, the rate can 
be represented by: rate = ¥  (phenol)(HOI) +  
¥  (phenolate)(HOI). The specific rate of the re­
action between phenolate and hypoiodous acid 
decreases in the order: tyramine > glycyltyro­
sine > tyrosine > />-chlorophenol.
B e r k ele y , C alifornia  R eceived  M a y  29, 1947
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This paper presents data on the preparation and 
crystal structure of the carbides of uranium, 
namely, UC and UC2. On hydrolysis, the di­
carbide, UC2, is reported to yield a mixture of 
gaseous, liquid, and solid hydrocarbons, a fair per­
centage being in the high molecular weight range.3 
This unusual fact led to a program on the investi­
gation of the hydrolysis of heavy metal carbides, 
of which work this research is a part.

Preparation.—In preparing uranium carbide, 
previous investigators had treated UaOg, the 
“green” oxide of uranium, with graphite in an 
electric arc furnace. The product obtained by 
this method was a crystalline carbide of question­
able composition containing varying amounts of 
impurities. In 1896, Henri Moissan,3 who first 
prepared this substance, assigned it the formula 
U2C3. Later, uranium carbide was prepared by 
others by this method, and they assigned the for­
mula UC2 to the resulting compound.4

Because it was desirable that the carbide to be 
used for the hydrolysis reactions should be of high 
purity and definite composition, other methods of 
preparation were investigated. The finely di­
vided carbide needed for the studies is pyrophoric; 
hence a method of preparing it in the hydrolysis 
apparatus was devised. The reaction between 
uranium metal and methane was investigated as a 
probable method of making the carbide with the 
required properties. I t  is known that some 
metals react with hydrocarbons, such as methane, 
below the thermal decomposition temperature of 
the hydrocarbons, according to the equation 

xM +  yCH4 =  MXCV +  2yH2
I t  was found that finely divided uranium metal 
would undergo such a reaction at temperatures as 
low as 625°. The product of this reaction was not 
the dicarbide, UC2, as had been expected, but 
rather a monocarbide, UC, which had not been re­
ported previously in the literature. It has been 
learned since that the monocarbide, UC, was pre­
pared and studied earlier on the Manhattan Proj­
ect.5

(1) (a) Presented before the Inorganic and Physical Chemistry 
Division of the American Chemical Society at the Chicago meeting, 
1946; (b) this material is to be included as part of the thesis to be 
presented by Lawrence M. Litz to the Graduate School of The Ohio 
State University in partial fulfillment of the requirements for the 
Ph.D. degree.

(2) Battelle Memorial Institute Fellow, 1945-1947. Present ad­
dress; Barrett Division, Allied Chemical & Dye Corp., Philadelphia, 
Pa.

(3) H. Moissan, Ann. chim. phys., [7] 9, 302 (1896).
(4) P. Lebeau, Compt. rend., 152, 955 (1911); O. Ruff, Z. anorg. 

C h em ., 72, 65 (1911).
(5) Pending publication of the Manhattan District’s work in this 

field, the following statement is made at the suggestion of Dr. F. H. 
Spedding, Project Director of the Atomic Research Institute, Ames,

The identity of the mcnocarbide was deter­
mined from the following experimental facts:
(1) The pressure change on reaction indicated that 
only one mole of methane reacted per mole of 
uranium. (2) A molecular weight of 250 was cal­
culated from the weight of carbide produced per 
unit weight of uranium metal. (3) Chemical 
analysis indicated the absence of free carbon and 
confirmed the formula UC. (4) X-Ray diffrac­
tion studies showed that, to the limit of detection, 
metallic uranium and free graphite were absent. 
(5) A single phase having a face-centered cubic 
structure was indicated for the monocarbide; the 
dicarbide, UC2, is tetragonal.

The apparatus in which the reaction between methane 
and uranium metal was carried out is illustrated in Fig. 1. 
It is designed so that the hydrolysis studies may also be 
carried out following the preparation of the carbide. 
The basic parts are the “ Vycor” furnace tube, surrounded 
by an electrical resistance furnace; vacuum pumps capable 
of evacuating the system to a pressure of 10”5 mm. of 
mercury; a McLeod gage and mercury manometers for 
pressure measurement; a Toepler pump which is used to 
transfer gases from one part of the system to another; 
reservoirs for purified hydrogen and methane; and, a 
constant-volume buret. Advantage is taken of the ease of 
formation and decomposition of uranium hydride, as 
determined by F. H. Driggs,6 to convert the uranium 
metal into a very finely divided form. A weighed quan­
tity of metal is placed in a platinum boat in the furnace 
tube and the system is evacuated. Hydrogen is then 
admitted and allowed to react with the metal at 225°, 
where the equilibrium pressure of the hydride is about 3 
mm. When all of the metal has been converted to hy­
dride, the temperature is raised to 450°, where the equi­
librium pressure is greater than 700 mm., and the hydride 
is caused to decompose by keeping the pressure in the 
system below this value. This cycle is repeated three 
times, after which the hydrogen is pumped off, the tem­
perature increased to the desired reaction temperature, 
and a measured quantity of methane is added. The 
reaction is allowed to proceed until equilibrium is reached, 
after which the gaseous products are withdrawn for anal­
ysis and a second charge of methane is added. This 
process is continued until no further reaction is observed. 
When a fixed quantity of methane is added each time, the 
resulting equilibrium pressure of methane and hydrogen, 
at a fixed temperature, is dependent on the substances 
present in the solid phase. Thus, the equilibrium pres­
sure over a mixture of uranium and uranium monocar­
bide is higher than that over a mixture of uranium mono­
carbide and uranium dicarbide. By plotting the equilib­
rium pressure against the per cent, of carbon in the solid 
phase, as determined by the amount of methane which 
has reacted, vertical breaks in the curve will be obtained
Iowa; “The monocarbide, UC, was discovered on the Manhattan 
Project at the Iowa State College at Ames in 1942 through X-ray 
diffraction. The lattice and structure were determined by R. 
Rundle, and the chemical identity was established by V. H. Carter 
and A. D. Tevebaugh. The U-C phase diagram was carefully 
studied in the UC range by Carter, A. H. Daane, Rundle, and A. I. 
Snow. These studies will be published when released.” This in­
formation was, however, unknown to the present authors until after 
the completion of the studies reported in this paper.

(6) U. S. Patent 1,816,830 (1929).
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Fig. 1.—Vacuum apparatus for the investigation of the uranium metal—methane reaction.

which will indicate phase changes. In the case of uranium, 
no lower carbides than the monocarbide were observed, and 
the rate of reaction between the methane and the mono­
carbide at temperatures up to 900° was too slow to allow 
investigation of higher carbide phases.

JOther methods of preparing both these carbides were 
investigated. The following equations indicate the 
reactions which were successfully used

(1) U +  C =  UC (2100°)
(2) U +  2C -  UC2 (2400°)
(3) U80 8 +  11C -  3UC +  8CO (1800°)
(4) U ,08 +  14C -  3UC2 +  8CO (2400°)

By treating uranium metal with graphite at 2100°, 
well-defined metallic crystals of the monocarbide were 
produced. By increasing the reaction temperature to 
approximately 2400°, the dicarbide was obtained. The 
preparation of the monocarbide by reaction of the U80 8 
with graphite is accomplished easily by heating a powdered 
mixture of the two, of stoichiometric proportions, as in­
dicated by equation (3), to 1800°, a sintered, coke-like 
mass being produced by this means. Higher tempera­
tures are again required to prepare pure UC2, for if the 
mixture, made up according to the indicated equation, 
is heated to temperatures below 2400 °, the proportion 
of UCj in the product decreases as lower temperatures are 
used. At 2400°, the dicarbide is formed as large crystal­
line masses by this latter process. Both the monocar­
bide and the dicarbide form crystals which are hard and 
brittle and metallic in appearance. In neither case were 
these large enough for single crystal X-ray studies.

Because the preparation of the dicarbide, UC2, made 
necessary the use of very high temperatures, the furnace 
assembly (Fig. 2) was employed. H is a 30-turn, water- 
cooled, copper induction coil which was activated by a 
60KVA Ajax high-frequency converter. The graphite 
crucible A was heated inductively and it, in turn, heated 
the graphite crucible B, which carried the reactants, by 
radiation. Temperatures were measured through the

hole in the lid by means of a Leeds and Northrup optical 
pyrometer. Heat loss was prevented by the lampblack 
insulation J, and excessive burning at the top was in­
hibited by the sillimanite cover D. Because of the 
arrangement at the top of the crucible A, influx of air into 
the reacting system was at a minimum, and there was no 
noticeable oxidation of the crucibles B and C, or of the 
product.

X-Ray Measurements.—The X-ray diffraction patterns 
were recorded both photographically and by a motor- 
driven spectrometer synchronized with a Brown recording 
potentiometer. The crystal lattice constants were de­
termined with a Debye-Scherrer cylindrical camera of 
37.8-mm. radius using Cu-Ka radiation. A suspension of 
the fine powder in Canada balsam was painted on a hair 
which was then mounted on the geometric axis of the 
camera in a fixture which rotated it during the exposure. 
Quantitative intensity measurements were made on an X - 
ray spectrometer using a Geiger tube as the detector. 
This can be connected either to a standard scaling circuit or 
to an integrating circuit connected to the potentiometer.

For accurate work, the motor drive and potentiometer 
were cut out of the system and the quantity of radiation 
per unit-time interval was counted at manually set 
positions of the detector. To obtain the intensity, the 
number of counts was plotted as a function of angle and 
the area under the curve determined, the intensity being 
proportional to the area. To insure total reflection of the 
incident beam, the sample employed was made of a thick 
block of the finely ground carbide, sieved to pass 325-mesh 
screen. Considerable difficulty was encountered with 
these compacts because of what appeared to be orienta­
tion of the particles. In the case of the monocarbide, 
this was evidenced by a very large increase in intensity 
of the (200) line relative to the (111) line, the former 
being approximately twice as strong as the latter in the 
most extreme case encountered. As is seen in Table I, 
the calculated values are in the reverse order. By sus­
pending the sample in paraffin wax or by using a carbide
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Fig* 2»—High-temperature induction furnace for prepara­
tion of uranium carbides.

T ab le  I

C omparison of Observed  Spacings and  I ntensities 
with C alculated  V alu es  for T wo P ossible  Uranium  

M onocarbide Structures

Spacings calculated using a0 =  4.955 A. Intensities cal­
culated relative to the (111) line for the sodium chloride 
and zinc blende types of structures. Observed intensities 
obtained spectrometrically and photographically. Visual 
estimates of line intensities on photographic film: VS =  
very strong, S =  strong, MS =  moderately strong, M =  

medium, W =  weak, and VW =  very weak.

hkl
d,

calcd.
d,

obsd.
l / l  ( i l l )  

calcd. 
NaCl

1/1 (HD
calcd.
ZnS

l
estd.

photog.
l / l  ( i l l )  

obsd. 
speet.

111 2 .8 6 1 2.868 1.000 1.000 VS 1.00
200 2 .4 7 7 2 .4 7 7 0 .6 0 0 0 .4 7 0 s 0 .6 2
220 1 .7 5 2 1 .752 .430 .394 MS .44
311 1 .4 9 4 1 .496 .444 .435 s .44
222 1 .4 3 0 1 .433 .148 .118 w .16
400 1 .2 3 9 1 .2 4 0 .058 .054 VW .05
331 1 .1 3 7 1 .1 3 8 .175 .169 M .19
420 1 .1 0 8 1.110 .179 .150 M + .19
422 1.011 1.012 .157 .144 M —

333
511

0 .9 5 4
.954 0 .9 5 4 .048

.143
.046
.140 M —

440 .876 .877 .100 .092 W —

531 .838 .837 .409 .402 s — _ _

600
442

.826

.826 .826 .061
.245

.049

.196 MS —

620 .783 .783 .485 .444 S —

of very small crystal size, as is prepared by reaction of 
very finely divided uranium metal with methane, this 
effect may be eliminated.

Because of the arrangement of the X-ray tube in the 
spectrometer, only those lines obtained by diffraction 
through a Bragg angle less than 45° can be measured. 
Therefore, for those lines appearing in the back-reflection 
direction, only estimated intensity values, obtained from 
the Debye-Scherrer films, could be determined. Also, 
in the case of the dicarbide, many of the lines were too 
close together for adequate resolution, and only four of 
the relatively important lines were measured and these 
are listed in Table II. Relative intensities were deter­
mined in all cases.

T able  II
C omparison of Observed  Spacings and I ntensities 
with Calculated  V alu es  for T wo P ossible Uranium  

D icarbide Structures

Calculated spacings for n0 =  3.54 A., cQ — 5.99 A* In­
tensities calculated relative to the (101) line for the cal­
cium carbide structure with 2 =  s/ 8> and for the elongated 
calcium fluoride type of structure. Observed intensities 
obtained spectrometrically and photographically. Visual 
estimates of line intensities on photographic film: VS =  
very strong, S =  strong, M = medium, W = weak, VW =  

very weak, VVW =» very, very weak.

hkl
d,calcd.

d,
obsd.

1/1 (101) 
calcd. 
CaCt

1/1 (101) 
calcd. 
CaF* 
elong.

I
estd.

photog.

1/1 (112) 
X 0.31 
obsd. 
speet.

101 3.046 3.040 1.000 1.000 VS ------
002 2.981 2.982 0.262 0.199 M ----- ,
n o 2.503 2.496 .397 .262 S j 0.40
112 1.920 1.919 .310 .310 S | .31
200 1.770 1.771 .140 .123 M .17
103 1.737 1.739 .254 .203 s .24
211 1.531 1.527 .268 .258 Ci
202 1.523 .147 .113 0
004 1.496 1.497 .029 .033 VW -------
114 1.284 1.285 .072 .063 w —
220 1.251 1.253 .039 .034 VW ■------
213 1.240 1.241 .137 .113 M - — -
301
222

1.158
1.154 1.156 .050

.055
.049
.044 W ■------

204 1.142 1.145 .046 .053 W ----- -
105 1.133 1.134 .057 .045 W —
310 1.119 1.118 .053 .035 W _  ■
312 1.048 1.047 .088 .087 M ----- -
303 1.015 1.016 .047 .037 VW -------
006 0.997 1.001 .011 .008 VVW ——
321 .969 0.969 .085 .082 M — —
224 .960 .960 .040 .047 VW —
215 .955 .956 .100 .082 M ------
116 .926 .928 .046 .046 W ----- -
314 .896 .896 .081 .071 W ------
400 .885 .881 .030 .026 M323 .881 .116 .093
206 .869 .871 .054 .042 W
411 .850 .849 .107 .103 M402 .849 .059 .047
305 .840 .841 .068 .055 M ——
330 .834 .832 .039 .026 M107 .831 .061 .059
332 .804 .803 .082 .082 W —
420 .792 .791 .106 . 106 M -----
413 .788 ,788 ,246 .196 S ——- .
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Crystal Structure of Uranium Monocarbide.—
The diffraction pattern obtained by the Debye- 
Scherrer method indicated tha t uranium mono­
carbide is face-centered cubic with a0 = 4.955 A. 
The observed spacings and intensities are given in 
Table L In deciding on the positions of the car­
bon atoms, one is faced with two possibilities. If 
the carbon atoms occupy the octahedral interstices 
in the lattice formed by the uranium atoms, the 
sodium chloride structure is obtained, as in Fig. 
3a; whereas, if the alternate tetrahedral holes are

UC

Fig. 3.—A, Sodium chloride structure; B, zinc sulfide 
structure.

filled, the zinc blende structure, Fig. 3b, is ob­
tained. The space groups and the equivalent 
points for the two structures are

Sodium chloride structure Ojj — FmSm
(0,0,0; 0,72,72; 72,0,7a; 7*,72,0) +
U 4(a) 0,0,0 
c  4(b) 72,72,7*

Zinc blende structure T% — F 4 3m
(0,0,0; 0,72,7*; 72,0,7a; 7 * 7 * 0 ) +
U 4(a) 0,0,0 
C 4(C) 74,74,74

The calculated values of Table I are the inten­
sities relative to the (111) line for each of the struc­
tures. The relation

r . ™ 1 +  cos2 20I  oc èF2 ---------------F sin2 0 cos 0

was used to obtain the calculated intensities. 
p is a multiplicity factor, Ff the crystal structure 
factor, and the trigonometric function of the Bragg 
angle, 0, contains the Lorentz and polarization fac­
tor and a geometric factor entering because of the 
experimental method. The intensity of the dif­
fracted radiation from both the thin sample on 
the hair and the thick block of powdered material 
is given by this formula. Because the necessary 
data were not available, the structure factor was 
not corrected for temperature effect. Only the 
constant of proportionality is different for the two 
methods, and this is not of interest in the calcu­
lation of relative intensities. All of the required

quantities were obtained from the “Internationale 
Tabellen.”7

By comparing the measured intensities, as ob­
tained on the X-ray spectrometer, with those cal­
culated for the two possible structures, it was 
found that satisfactory agreement is obtained 
with the sodium chloride structure. The relative 
magnitude of the first two lines is particularly sig­
nificant. The Debye-Scherrer films also support 
the sodium chloride structure in that it is observed 
that the (420) line is of slightly greater intensity 
than the (331) line. The calculations indicate the 
reverse to be true for the zinc blende structure. 
The proximity of these two lines on the photo­
graphic film permits rather accurate estimates of 
their relative intensity—a fact suggested to the 
authors by R. Rundle, who determined the struc­
ture of this compound for the Manhattan District 
project.

Crystal Structure of Uranium Dicarbide.—
The dicarbide is reported in the literature to have 
a tetragonal structure with c[a = 1.7 for the 
body-centered tetragonal cell,8 in agreement with 
the observations of the authors. However, the 
lattice constants are not given and in order to ob­
tain them it was necessary to index' the lines. 
This was accomplished with the aid of a Davey 
chart for body-centered tetragonal lattices. The 
values obtained were a0 = 3.54 A., Cq = 5.99 A. 
The observed spacings and those calculated from 
these values of the lattice constants are given in 
Table II. I t has been noticed that when the di­
carbide contains some monocarbide, as the result 
of incomplete conversion, a noticeable decrease in 
the lattice spacing occurs, particularly in the di­
rection of ao.

The problem of determining the positions of the 
carbon atoms in uranium dicarbide is somewhat 
more complicated than in the monocarbide. The

UC2

Fig. 4.—A, Calcium carbide structure; B, elongated 
fluorite structure.

(7) “Internationale Tabellen zur Bestimmung von Kristallstruk- 
turen,” 2 Band, 1935.

(8) Strukhirber2, 276 (1928-1932); G, Hagg, Z. physik. Ghent.., 
B 12, 42 (1931).
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two structures which might be obtained by adding 
another carbon atom to the structures considered 
for the monocarbide are indicated in Fig. 4. By 
placing two carbon atoms in each of the octahedral 
interstices in the uranium lattice in a manner so 
that the carbon-carbon axis are parallel to one 
edge of the unit cell, one obtains the calcium car­
bide structure indicated in Fig. 4a. This was the 
structure assigned to uranium dicarbide by Hagg, 
presumably because the axial ratio is the same as 
that of calcium carbide. In the other structure, 
derived from the zinc blende structure, each car­
bon atom is a t the center of a deformed tetrahe­
dron, as in Fig. 4b. This is similar to the fluorite 
structure with tetragonal deformation. The 
space groups and equivalent points for these two 
structures are given below

Calcium carbide structure
D U  (0,0*0; Vs,1/*,1/*) +
U 2(a) 0,0,0 
C 4(e) 0,0,z; 0,0s

Elongated fluorite structure
Dll (0,0,0; 72,72,72) +
U 2(a) 0,0,0
C 4(d) 72,0,74; 0,72,74

Intensity calculations made for several values of 
the carbon-to-carbon distance of the two adjacent 
carbon atoms in the calcium carbide structure 
showed variations too small in magnitude to aid in 
deciding the correct distance. The values in the 
fifth column of Table II are for z =  3/8, which 
corresponds to a carbon-to-carbon distance of
1.50 A., slightly less than the single bond distance.

The observed intensities are seen to be in best 
agreement with the calcium carbide structure. 
Points of significance are the relative intensities of 
the (110) and (112) lines and the (204) and (105) 
lines, where the calculated intensity gradient is in 
the opposite sense for the two structures. In both 
cases, the observed values are in the direction pre­
dicted by the calcium carbide structure. Because 
of the low resolving power of the spectrometer, ad­
jacent lines overlap in several instances and, for 
this reason, only the (110), (112), (200), and (103) 
lines were measured spectrometrically. The gen­
eral trend of values obtained from the spectrom­
eter is in agreement with the estimated order of

intensities obtained from the photographic 
method.

Discussion.—Before the completion of the ex­
perimental work on the determination of the 
positions of the carbon atoms, the problem had 
been approached using the concept of atomic 
radii. Calculations applying this method had 
indicated that the structures arrived at later ex­
perimentally were the less likely. In the case of 
both the monocarbide and the dicarbide, the ura­
nium radii required to provide atom-to-atom con­
tact in Structures 3A and 4A were decidedly 
greater than those existing in the metal and, since 
the radii of a metal usually decrease on compound 
formation, these structures had appeared un­
likely. With the zinc blende and elongated fluo­
rite structures, Figs. 3B and 4B, the required 
uranium radii agreed very well with metallic radii 
for uranium. The evidence obtained from the 
X-ray diffraction studies appears rather strong in 
the other direction, and it would seem that these 
materials represent an anomaly in the theory of 
atomic radii. The pronounced orientation effect 
observed with the monocarbide also supports the 
conclusion that its structure is that of sodium chlo­
ride, as the strengthening of the (200) line indi­
cates cleavage along the cube faces. Since cleav­
age usually occurs along planes of highest density 
of atoms, and this is the (100) plane in the sodium 
chloride and the (111) plane in the zincblende 
structure, the former is preferred.

Information gathered in the study of the hy­
drolysis of these carbides may help to clarify this 
apparent anomaly.

Summary
Uranium dicarbide, UC2, and the previously un­

reported monocarbide, UC, have been prepared by 
several methods. The crystal lattice constants 
have been determined for the two structures, and 
X-ray diffraction evidence is presented which indi­
cates that the monocarbide has the sodium chlo­
ride type of structure, and the dicarbide has the 
calcium carbide type of structure.

The lattice constants observed are: UC, ao = 
4.995 A.; UC2, oo -  3.54 A.; c0 = 5.99 A.
C olumbus, Ohio R eceived June  23, 1947
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While the constituent binary systems of the 
system alcohol-benzene-carbon tetrachloride have 
been investigated repeatedly, only an imperfect 
study of the ternary system exists. This is that 
of Schreinemakers,1 who determined by a dynamic 
method the boiling temperatures under different 
pressures of ternary mixtures of these substances. 
From the pressure-temperature curves thus ob­
tained, he deduced the pressure-concentration 
relations and, more important to the present 
work, the temperature-concentration relations. 
The latter data when plotted on a plane triangle 
give the projection of the boiling point surface for 
different constant pressures, and this diagram, 
given by Schreinemakers, is similar to Fig. 3 of 
this paper. Despite the rather crude method 
used by Schreinemakers, his results are in quali­
tative, and rough quantitative, agreement with 
ours.2

Although Schreinemakers’ treatment of the va­
por pressure relations is adequate, liquid-vapor 
composition data are necessarily lacking, since his 
experimental method was incapable of giving such 
information. Hence, the vapor surface corre­
sponding to Schreinemakers’ liquid surface was 
unknown. It was the aim of the present study to 
complete Schreinemakers’ work, by an investiga­
tion of the liquid-vapor equilibria under isobaric 
conditions. The pressure chosen was that of the 
standard atmosphere (760.0 mm. at 0°) and the 
boiling points of all mixtures were determined, 
although, for reasons detailed later, we claim no 
greater absolute accuracy than ±0.05° for the 
temperature measurements.

For the sake of completeness, the binary sys­
tems were also investigated, although two of these 
systems, viz., alcohol-benzene and alcohol-carbon 
tetrachloride, have been investigated previously 
in an exhaustive manner: as is well known, these 
systems show azeotropic minima on their boiling 
point curves. Considerable doubt has existed 
hitherto regarding the system benzene-carbon 
tetrachloride. Because of the closeness of the 
boiling points of the constituents and the close 
similarity in composition between liquid and 
equilibrium vapor, and other criteria, it has been 
suggested that this system may exhibit an azeo­
tropic mixture of minimum boiling point very 
close to the carbon tetrachloride end of the curve. 
Indeed, Young3 states that “it is certain that ben-

(1) F. A. H. Schreinemakers, Z. physik. Chem., 47, 445 (1903); 
48, 257 (1904).

(2) Cf. Table 7 of Schreinemakers* paper,1 48, 275, where the 
data are given (in weight per cent.) for plotting the isotherms at P = 
760 mm.

(3) Young, “Distillation Principles and Processes,” 1st ed., 
MacMillan and Co., London, 1922, p. 47.

zene and carbon tetrachloride form such a mix­
ture” (of minimum boiling point); and again (ref. 
3, p. 92.) “these two liquids can form such a mix­
ture, though the difference between the maximum 
pressure and the vapor pressure of carbon tetra­
chloride is probably too small to be determined by 
direct experiment. ’ ’ Hildebrand,4 however, states, 
without authority, that carbon tetrachloride does 
not form a minimum boiling point mixture with 
benzene. Lecat,5 whose work is considered defin­
itive up to the year of its publication, leaves the 
question open. We show in this paper that, de­
spite an apparent minimum of about 0.05°, 
which the inaccuracy of our temperature meas­
urements deprives of significance, the vapor 
phase is never richer in benzene than the liquid 
phase, over a range from 1 to 99% benzene; that 
is, there is no reversal of cbmposition, as there 
would be in passing through an azeotropic point.

Experimental
The apparatus used for the establishment of equilibrium 

was that of Scatchard.6 The advantages of Scatchard’s 
equilibrium still are that traditional difficulties such as 
superheating of liquid, reflux condensation and entrain­
ment of vapor, and lack of equilibrium are eliminated by 
the use of a Cottrell-type pump, a double boiler, and a 
hold up trap. This still simplifies the removal of liquid 
and condensed vapor samples from the inner boiler and 
the condensate trap, respectively. The barostat, shown 
in Fig. 1, was modelled on that of Matthews and Faville,7 
but modified by the introduction of two controlled stages, 
as shown in Fig. 1. In the first stage, which was con­
trolled simply by an ordinary magnetic relay, the pressure 
was kept by the pump at about 20 mm. above that in the 
second stage, which was controlled by the device of 
Leroy,8 using an electronic relay which operated when 
the circuit broke. The mercury column in stage 2 was 
thermostatically controlled and of such a length as to 
correspond to 760.0 mm. of mercury at 0°. The final 
adjustment was made by boiling pure water in Scatchard’s 
apparatus under barostatic control, and altering the 
pressure in stage 2 by small additions and removals of 
mercury until the water boiled at 100.00°.

To obviate the possibility of a flutter in the mercury 
surface we introduced the second slow leak Li, the ef­
fective orifice of which was such as to give approximate 
balance between the two leaks, Li and L2. Under these 
conditions no tremor of the mercury could be detected in 
the field of vision of a telescope and the boiling point of 
pure benzene remained absolutely constant as measured 
by a Beckmann thermometer.

Temperature Measurement.—As we possessed neither 
a multiple junction thermocouple nor a resistance ther­
mometer, we were obliged to measure temperature with a

(4) Hildebrand, “Solubility,** 2nd ed., Reinhold Publishing Cor­
poration, New York, N. Y., 1936, p. 129.

(5) “La Tension de Vapeur des Mélanges de Liquides: 1’Azeo- 
tropisme,” Lamertin, Brussels, 1918.

(6) G. Scatchard, C. L. Raymond and H. H. Gilman, T his Jour­
nal, 60, 1275 (1938).

(7) J. H. Matthews and K. E. Faville, J . Phys. Chem., 22, 3 
(1918).

(8) D. J. Leroy, Ind. Eng. Chem., 17, 652 (1945).
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Electromagnetic relay. Electronic relay.

Fig. 1.—Barostat apparatus: Ti, T2, mercury and
tungsten contacts; Pi, P2, carboys acting as buffers; 
NS, electromagnet; Li, leak from crude to sensitive baro­
stat; L2, leak to atmosphere; I, condenser of Scatchard 
apparatus.

mercury-in-glass thermometer, graduated to 0.1° Such 
is the uncertainty of the exposed stem correction, that 
we do not feel justified in claiming a higher absolute ac­
curacy than =*=0.05°, although the agreement between 
consecutive determinations on the same day is no doubt 
better than this. About two hours of boiling were allowed 
for the attainment of equilibrium in each determination. 
After the reading of temperature, samples were removed 
from “liquid” and “vapor” chambers for analysis. 
There is a small, and probably inevitable, error intro­
duced when using Scatchard’s apparatus at pressures 
above that of the laboratory. Since sampling must be 
done immediately boiling is discontinued, on opening the 
apparatus there is a tendency for boiling to recommence 
when the pressure falls. This may produce a small amount 
of distillation, and the resulting disturbance of equilibrium 
can be detected.

Method of Analysis.—The method of analysis, which is 
very accurate, has been described elsewhere.9 The method 
consists in the determination of refractive indices and 
densities, and yields an analytical accuracy of 0.3% of 
the total of each component, using pure materials. Our 
liquid and vapor curves are therefore correct to this limit. 
In the binary systems, density determinations only were 
made, and here the accuracy is still higher. Unfortu­
nately, the flatness of the boiling point curves and the un­
certainty of our temperature measurements renders a pre­
cise comparison of our data with existing data impossible, 
but there is no doubt the agreement is very good for the 
two well established systems, alcohol-benzene and alcohol- 
carbon tetrachloride.

Purity of Materials.—All materials were purified by 
the methods used by Campbell and Miller9 when they 
calibrated the analytical curves. * 242

Distillation Curves.—After determining the liquid- 
vapor relations in the ternary system (Fig. 3) and knowing 
the boiling temperature of each point plotted, it is an 
easy matter to draw a diagram descriptive, in a qualitative 
manner, of the course of distillation, that is, the direction 
in which the residue will change its composition with 
rising temperature. This has been done in Fig. 4. A 
few rough experiments were carried out to confirm this. 
Certain typical mixtures were submitted to distillation 
through a fractionating column, and successive distillates, 
and occasionally the residue, analyzed. Barostatic 
control was not imposed and the results therefore cor­
respond to an average laboratory pressure of 740 mm.

Results
The results for the equilibrium concentrations 

of liquid and vapor are expressed numerically in 
Table I and graphically in Figs. 2 and 3, where 
concentrations are expressed in mole per cent.: 
the figures for the well-known binary systems:

Fig. 2.—Boiling point-composition diagram for the system 
benzene-carbon tetrachloride.

. C6H6 (80.60)

(9) A. N. Campbell and S. I. Miller, Can. J. Research, B25, 228- FiS- 3.—Liquid and vapor isothermals in the ternary
242 (1947), system (concentrations in mole per cent.).
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benzene-alcohol and carbon tetrachloride-alcohol 
are not given. In the ternary figure (Fig. 3) the 
full curves represent liquid solutions and the dot­
ted curves equilibrium mixtures of vapor; the pairs 
are identified by the temperatures which are given 
at the end of each curve. To avoid confusion, no 
tie-lines have been drawn, but these can be put in 
by the reader from the data of Table I.

T able  I
L iquid and V apor  C ompositions System  C arbon 

T etrachloride- B enzene

B. p., °C.
Liquid compn. 
Mole % CaHa

Vapor compn. 
Mole % CaHa

80.12 100.00 100.00
80.05 99.28 99.15
79.88 97,13 96.55
79.48 90.92 88.84
79.06 82.96 80.59
78.58 73.07 70.37
78.09 61.98 59.16
77.26 35.56 34.01
77.02 26.00 25.01
76.87 17.62 16.90
76.78 5.05 4.97
76.76 6.02 5.93
76.77 4.67 4.62
76.77 3.60 3.58
76.81 3.39 3.35
76.80 2.47 2.41 -
76.84 1.54 1.54
76.81 0.65 0.65
76.79 0.00 0.00

System  Alcohol- B enzene- C arbon  T etrachloride

B. p„
Liquid compn.

Mole % Mole %
Vapor compn. 

Mole % Mole %
°C. CeHe ecu CaHa ecu

78.33 95.1 4.1 91.5 4 .5
77.37 78.8 21.0 74.0 23.0
76.96 0.49 1.33 0.89 6.63
76.79 94.2 3.9 87.2 4 .4
76.62 54.0 46.0 50.2 47.4
76.62 1.4 1.1 4.5 4 .8
76.55 78.2 21.0 77.2 . 17.8
75,70 4.1 0 .9 11.2 3.4
75.59 50.3 48.7 46.0 49.2
75.46 48.8 49.3 44.5 50.4
74.79 11.7 87.6 11.4 83.8
74.00 0.84 5.13 1.97 18.5
73.18 92.2 3 .2 76.2 3.3
72.95 9 .8 88.7 9 .4 80.9
72.83 2 .5 4 .4 10.3 13.9
72.32 50.3 47.2 45.9 43.8
72.21 10.2 1.6 24.2 4 .7
70.65 7 .7 6 .9 17.4 19.2
69.70 23.4 0 .4 40.3 0 .9
69.50 71.5 19.1 54.0 17.5
69.47 15.0 2 .5 34.7 7.6
69.11 2.11 15.4 5.11 47.1
69.00 80.3 2.1 61.8 2 .0
68.25 40,4 0.8 49.3 1.3
68.08 64.5 1.7 57.0 2.0
68.02 61.5 1.5 56.0 1,7

67.98 53.6 1.2 53.7 1 .5
67.91 9 .5 84.2 7.1 67.0
67.86 29.9 6 .9 39.7 11.3
67.66 60.6 16.0 48.0 15.4
67.60 15.5 14.4 23.5 26.4
67.50 44.1 41.1 32.9 35.2
67.37 54.5 13.9 46.0 14.6
67.36 40.2 9 .6 42.8 12.8
67.28 43.4 10.9 43.8 13.4
67.02 43.6 14.5 40.1 18.3
66.62 3.1 26.9 4 .7 47.2
66.58 22.6 21.3 25.7 30.1
66.34 28.7 27.3 27.3 31.3
66.33 33.9 32.6 # 28.9 32.7
66.24 32.3 26.8 29.9 29.6
66.22 29.4 29.3 25.9 31 .8
66.10 9.1 30.7 11.2 44.7
65.89 23.0 36.8 21.0 39.3
65.77 20.1 40.5 18.0 42.5
65.73 19.4 41.2 17.8 43.2
65.68 12.2 63.2 9 .9 55.6
65.54 6 .8 42.2 7.1 52.3
65.41 8 .6 46.7 8 .9 51.3
65.39 9 .0 56.8 8 .4 53.2
65.41 7.1 65.5 6 .6 59.2
65.38 9 .0 57.3 7 .6 54.8

From the data of Table I, the distillation dia­
gram (Fig. 4) has been deduced. The results of 
experimental distillations, conducted under labo­
ratory pressure and without barostatic control, 
were in qualitative agreement with the predic­
tions of Fig. 4.

C6H6 (80.1)

the direction of rising temperature. 

Discussion
Nothing need be said about the binary systems: 

alcohol-benzene and alcohol-carbon tetrachloride 
except that our results were in good agreement
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with published data and better than most in re­
spect of composition, though not of temperature. 
The disputed system benzene-carbon tetrachlo­
ride does not show an azeotropic minimum on the 
boiling point curve, despite the fact that our own 
results appear to show a minimum temperature 
about 0.05° below the boiling point of carbon tet­
rachloride : this temperature difference is the er­
ror of measurement. The evidence against the 
minimum rests on our very accurate method of 
analysis. No matter how low the benzene content 
the tie-lines never reverse; that is, the vapor is a 
ways richer in carbon tetrachloride. I t  is admitted 
that if there were any azeotropic mixture it could 
not contain more than ten mole per cent, benzene, 
and from 10 to 2.47% benzene our results show a 
higher content of carbon tetrachloride in the va­
por, while for 1.54 and 0.65 mole per cent, the 
vapor appears to have the same composition. 
This apparent identity is due to our inability to 
read the analytical curve to any higher degree of 
accuracy than, say, 0.02%; the density determi­
nations themselves still indicated a higher carbon 
tetrachloride content in the vapor.

The ternary diagram shows the existence of a 
trough of minimum boiling point running across 
the diagram from 65.08° and about 39 mole per 
cent, alcohol, in the alcohol-carbon tetrachloride 
system, to 68.05° and about 45 mole per cent, 
alcohol, in the alcohol-benzene system. This 
trough has itself no minimum of temperature and 
therefore the liquid and vapor curves coincide 
only at its ends. The method of investigation 
actually used was to proceed across the diagram 
from the alcohol comer along lines of approxi­
mately constant benzene:carbon tetrachloride 
ratio. Proceeding in this way, the following be­
havior of the tie-lines is general over the diagram. 
At first, i. e., for mixtures rich in alcohol, the vapor 
is much richer in benzene and carbon tetrachloride, 
the direction of the tie-line being symmetrical 
with respect to the sides of the triangle. As the 
content of alcohol decreases, the tie-line shortens 
and changes direction as it approaches the 
trough. A liquid mixture lying in the trough 
(which is almost, though not quite, a straight line) 
has a tie-line also lying almost in the trough, but 
the slightest change in liquid composition causes 
the tie-line to deviate considerably in one or the 
other direction. The experimentally determined 
tie-lines lying over the trough, of which there are 
several, were obtained by proceeding along the 
trough itself, a difficult procedure involving much 
trial and error. Proceeding along a line of constant 
benzene-carbon tetrachloride ratio, after crossing 
the trough, the tieline turns rapidly to assume a 
position at almost 180° to its former position; 
that is, the vapor is now richer in alcohol. In the 
solid model, the temperature slope from the trough 
to the benzene-carbon tetrachloride side is much 
steeper than the corresponding slope from the 
trough to the alcohol apex and, as Fig. 4 shows,

the former slope increases very rapidly at the last. 
In agreement with this, it is found that the tie-line, 
which now slopes somewhat toward the carbon 
tetrachloride corner, retains this slope almost till 
the last and then, as the last trace of alcohol leaves 
the mixture, undergoes a sharp change to occupy 
its position in the binary surface benzene-carbon 
tetrachloride.

This detailed knowledge of the behavior of the 
tie-lines enables one to predict the course of dis­
tillation of any mixture. Referring to Fig. 4, 
consider a liquid mixture lying in the triangle to 
the left of the trough. The residue will move in 
the direction of the arrow, the temperature rising 
and the mixture becoming richer in alcohol, until 
pure alcohol is left in the boiler. The first distil­
late will be poorer in alcohol than the original 
mixture. Redistillation of distillates will eventu­
ally give a mixture lying in the trough: the trough 
can never be crossed. I t  might be supposed that a 
mixture on the trough, lying as it does in an (al­
most) pseudo-binary system, might be separated 
by distillation into a distillate of the low boiling 
azeotrope of the alcohol-carbon tetrachloride 
system, and a residue of the higher boiling azeo­
trope of the alcohol-benzene system. This is not 
true, however, because the projections of liquid 
and vapor compositions do not quite coincide in 
the trough of minimum boiling point. Hence, 
though the distillate will always approximate to 
the trough, the residue soon deviates from it, be­
cause the tie-lines change their direction rapidly 
on both sides of the trough. I t  would seem, then, 
that the final results of fractional distillation of 
any mixture in the triangle described above would 
be a residue of pure alcohol and a distillate of the 
low boiling azeotrope alcohol-carbon tetrachlo­
ride; but this obviously cannot describe the fate 
of the whole mass of the mixture, since the mix­
ture as a whole contains benzene. The benzene is 
to be found in the middle fractions which approxi­
mate more and more to the trough and move up it 
in the direction of the higher boiling azeotrope 
To summarize, a mixture containing benzene, al­
cohol and carbon tetrachloride in such proportions 
that the mixture lies to the left of the trough can 
be separated by distillation into a residue of pure 
alcohol, a refined distillate of the low boiling azeo­
trope of the alcohol-carbon tetrachloride system 
and an intermediate mixture approximating in 
composition to the higher boiling azeotrope of the 
alcohol-benzene system. The same result could 
of course be obtained by using a fractionating 
column of suitable length and drawing off frac­
tions at suitable heights.

In the quadrilateral area lying between the 
trough and the benzene and carbon tetrachloride 
corners, distillation eventually yields a distillate 
of the low boiling azeotrope, while the residue rap­
idly approaches in composition the binary system 
benzene-carbon tetrachloride. But shortly before 
the last trace of alcohol is removed from the res­



May, 1948 M o d i f i c a t i o n s  o f  t h e  B r u n a u e r , E m m e t t  a n d  T e l l e r  E q u a t i o n 1727

idue, the direction of change of composition of 
the residue alters abruptly in the direction of the 
benzene corner, so that when eventually the last 
trace of alcohol is removed, the binary mixture 
produced is much richer in benzene than the orig­
inal mixture. From this binary mixture both 
benzene and carbon tetrachloride can (theoreti­
cally) be obtained by distillation, since the binary 
mixture benzene-carbon tetrachloride shows 
neither minimum nor maximum on the boiling 
point curve. It appears, therefore, that in the 
quadrilateral area pure benzene, pure carbon 
tetrachloride and the low boiling azeotrope can 
be obtained by fractionation. In addition, how­
ever, certain of the middle fractions would tend 
tp approximate to the higher boiling azeotrope of 
benzene-alcohol but, as with the triangular area, 
it is doubtful whether in practice any of this 
binary azeotrope, uncontaminated by carbon 
tetrachloride, would be obtained, because of the 
strong curvature of the tie-lines around the 
trough.

The above predictions were borne out in prac­
tice by our distillation experiments.

Summary
The boiling temperatures, under constant 

pressure, of the binary systems alcohol-benzene, 
alcohol-carbon tetrachloride, and benzene-carbon 
tetrachloride, as well as those of the ternary sys­
tem alcohol-benzene-carbon tetrachloride, have 
been investigated. The equilibrium concentra­
tions of liquid and vapor for the above systems 
have been determined, with an accuracy of 0.3 
weight per cent.

It is shown that the system benzene-carbon 
tetrachloride does not exhibit an azeotropic mini­
mum on its boiling point curve. An improved 
barostat is described.

The liquid-vapor composition diagram is dis­
cussed and the course of distillation predicted. 
The course of distillation has been verified quali­
tatively by experiment.
W in n ipeg , C anada  R eceived  October  7, 1947

[Contribution  from the B ureau  of M ines, D epartm ent of th e  Interior]

Modifications of the Brunauer, Emmett and Teller Equation II1
By R obert B. Anderson2 and W. K eith Hall2

The simple Brunauer, Emmett and Teller equa­
tion3 (hereafter abbreviated to B.E.T.) has been 
useful in the estimation of surface areas from phys­
ical adsorption isotherms. This equation will fit 
satisfactorily experimental data for almost all iso­
therms except those of Type I of Brunauer, Dein­
ing, Deming and Teller4 in the relative pressure 
range of 0.05 to 0.40. Several modifications of the 
simple B.E.T. equation have extended the range 
of applicability. In most cases the adsorbent 
structure is pictured as a series of parallel plates 
which will permit the adsorption of only ^-layers 
from each side. An ^-equation derived by B.E.T.3 
and Hill5 extends the fit to higher relative pres­
sures for most isotherms, but it is somewhat dif­
ficult to apply to experimental data.6 Brunauer, 
Deming, Deming, and Teller4 derived a more elab­
orate ^-equation in which the heat of adsorption 
of th3e last layer adsorbed in a condenser plate 
capillary was higher than the heat of liquefaction. 
Although this equation can be fitted to the entire 
isotherm, its application is too difficult to be of any 
practical value as a method of characterizing iso­
therms.

(1) Published by permission of the Director, Bureau of Mines, 
U. S. Department of the Interior, Washington, D. C. Article not 
copyrighted.

(2) Physical Chemist, Research and Development Division, Cen­
tral Experiment Station, Bureau of Mines, Pittsburgh, Pa.

(3) Brunauer, Emmett and Teller, T his Journal, 60, 309 (1938).
(4) Brunauer, Deming, Deming and Teller, ibid., 62, 1723 (1940).
(5) Hill, J. Chem. Phys., 14, 263 (1946).
(6) Joyner, Weinberger and Montgomery, T his Journal, 67, 

2182 (1945).

Pickett7 presented a simpler type of n-equatioh 
than that of B.E.T., one which is more easily ap­
plicable to adsorption data and probably fits over 
a greater range. The simplest derivation of thiè 
equation assumes that the volume of gas adsorbed 
in any layer is independent of the molecules ad­
sorbed in higher layers; whereas, the ^-equation 
of B .E .T.3 implies that adsorption of molecules in 
higher layers stabilizes the molecules in underlying 
layers.

Recently, Anderson8 suggested that the parallel 
plate type of pore structure is probably not a good 
physical picture of most porous adsorbents. A 
pore structure in which the area available to each 
subsequent layer is less than the area of the un­
derlying layer is probably a better physical pic­
ture. In this paper it was also shown that for 
isotherms of finely divided, presumably non-por­
ous solids such as carbon black, titania, etc., the 
modified B.E.T. equation could be fitted to the 
range of relative pressure of 0.05 to 0.7 by assum­
ing the free energy of adsorption in the several 
layers after the first to be less than the free energy 
of liquefaction.

In the present paper, an equation embodying 
the same assumptions is derived in a manner simi­
lar to that of the B.E.T. equation. It can be sat­
isfactorily fitted to isotherms of Type I and those 
approaching Type I by assuming the free energy 
of adsorption in the second and subsequent layers

(7) Pickett, ibid., 67, 1958 (1945).
(8) Anderson, ibid., 68, 686 (1946).
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Fig. 1.—Adsorption isotherm and linear plot of equation 
4 of nitrogen on iron oxide gel 47 C at —195°, where O 
and #  represent the adsorption and desorption isotherm, 
Ó represents the linear plot of the adsorption isotherm with 
jk  =  1, and 4  and A are linear plots of the desorption iso­
therm with jk  =  1.1 and 1.2, respectively. The plus 
sign indicates where the data begin to deviate from the 
linear plot.

equal to that of liquefaction. The same equation 
can be fitted to Type IV isotherms,4 which flatten 
below relative pressures of 0.85 by assuming the 
free energy of adsorption to be greater than that 
of liquefaction. This equation was used to inte­
grate the equation of Kistler9 for the latter type of 
isotherms. The areas computed with Kistler’s 
equation were at least of the same order of magni­
tude as areas from the modified B.E.T. equation 
presented here or the simple B.E.T. equation.

In this paper adsorption in a capillary is as­
sumed to occur in the same manner as on a free 
surface with capillary forces causing the pores to 
fill at relative pressures less than 1. Isotherms 
used as examples in this paper were determined by 
conventional volumetric and gravimetric methods, 
and either have been or will soon be described in 
the literature.

Derivation of a Modified B. E. T. Equation and
Application to Type IV Isotherms.—The deriva­
tion follows that of the original B.E.T. equa­
tion3 in which

v /V n  -  (i)
0 0

where V  is the number of adsorbed gas molecules,
(9) Kistler, Fischer and Freeman, ibid., 65, 1909 (1943).

Vm the number of molecules required to form a 
monolayer, and Sj is the number of sites covered 
with stacks i  molecules high. In pore systems in 
which the area available to each layer is less than 
that of the layer underneath, it is assumed that 
at any relative pressure the volume adsorbed in 
the i-th layer is equal to the amount that would be 
adsorbed in this layer on a plane surface multi­
plied hy A n/Vm  where A n is the number of mole­
cules required to fill the n-th layer. Although the 
relationship of A n to Vm for any postulated type of 
pore is a function too complicated to give a simple 
summation of equation (1), it may be satisfactor­
ily approximated in many cases by assuming 
A n/A n- i  = j, where j  is a constant less than 1. 
Since the surface area is defined as the area oc­
cupied by the first layer, the j  correction will not 
be applied to it. This results in the relationship10 
that si = socj^x*. Thus

_V
Vm

So

cso
____ 1

^  +  « L i '" 1**)

cx
(1 -  j x ) [ l  +  (c -  j ) x ]

(2)

where, as in the simple B.E.T. equation, x is iden­
tified as p/pQ. A t x  = 1, almost all of the pores 
should be filled and since c is usually 5 to 100 and
1 > j  > 0
VIVm =  c / a  -  j ) (  1 -  j  +  c) S* l / (  1-7 j )  V j v m

(3)
where Vs is the number of adsorbate molecules 
required to fill the pore system.

If the free energy of adsorption in the second 
and subsequent layers differs from the free energy 
of liquefaction by an equal amount df then follow­
ing the derivation by Anderson8

Vm (1 - j k x ) [ l  +  (c - j ) k x ]  w

where k = exp d/RT. The energy terms in the 
exponents of the equations for c and k are free 
energies of desorption and are opposite in sign to 
free energies of adsorption. Thus, ii d is positive 
(k greater than 1), the free energy change in ad­
sorption in the second and subsequent layers is 
more negative than the free energy of liquefaction, 
and the pores of the adsorbent should fill at rela­
tive pressures less than 1. In equation 4, almost 
all of the pores will be filled at x = 1/k. In sys­
tems of small pores the free energy of adsorption 
in second and subsequent layers may be expected 
to be less than that of liquefaction, since surface

(10) This relationship is not obvious but can be shown in the fol­
lowing manner: let Vi be the number of sites covered by i  ör more00
layers; then, for adsorption on a plane surface, Vi =* ** $%/(1 — x),

i.
and Vi/Vi-i =* Si/si-i. For adsorption in a capillary the value of 
Vi/Vi-1 should be multiplied by j, and hence the ratios Si/si-i 
should also be multiplied by j .  Thus, Si'/st-1' =» jsi/si-i = jx  
where the primes indicate the values of Si and s»-i for adsorption in 
a capillary. In the rest of the derivation the primes will be omitted.
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area decreases as the amount adsorbed in­
creases. Equation 4 is similar to the equa­
tion derived previously8 using the same 
assumptions as Pickett,7 except that (c — j)  
appears in the second term in the denomi­
nator instead of (c — 1). The difference is 
negligible except for values of c near 1 and 
values of j  near zero.

Equation (4) can be fitted to adsorption 
data by plotting x /F (l — jkx)  against x 
with the constant jk  varied to give the 
best straight line, and 1/Vm = slope +  kj 
(intercept). To simplify computation, the 
volume adsorbed was read from the iso­
therms in intervals of 0.05 relative pressure 
unit. Tables of x/(X — jkx) were pre­
pared, with corresponding values of x and 
for values of jk  in intervals of 0.05 in the 
range of 0.00 to 1.40. Then, in making 
the modified B.E.T. plots, it was necessary 
only to divide the values in these tables by 
the volume adsorbed. Since fairly close 
approximations of j  and k can be made 
from the isotherms, usually only one to 
three plots were necessary to establish the 
best value of the product jk . For evalua­
tion of constant cf the adsorption equation 
was solved for c with V = Vm in terms of 
xm, the relative pressure at which V  = V m,

X

16 - -
co

12

•a
£

0.2 0.4 0.6
Relative pressure.

0.8
0

1.0

e?
P*
*d
9

CO

6
$m
cö

Fig. 2.—Isotherms and linear plots of benzene on Lambert’s iron 
oxide gel at 50° with j k  =  1.30; A, nitrogen on Fe2Or“CuO-K2COs 
Fischer-Tropsch catalyst P 3003 at —195° with j k  =  0.90, q , and 
nitrogen on Fe20 3-Cu0-Ca0-Kieselguhr Fischer-Tropsch catalysts 
G 234 with j k  — 0.75, O. Desorption points are solid, and the plus 
signs indicate where the data begin to deviate from the linear plot.

T able I
D ata for T ype  IV  I sotherms

Adsorbent 
FeaOs gels Adsorbate 0 O Vma

Area
sq. m./g. Fe® c jk k

Point
+

d&
A.

Area6
sq. m./g. A.

47C* n 2 -1 9 5 44.1 193.0 152.5 42 .2 1 . 0 0 0.711 1.41 0 .63 49.0
HOC* N a -1 9 5 39.3 172.1 124.7 54 .4 1.05 .685 1.53 .55 44.9
1 0 Kd n 2 -1 9 5 38 .5 168.9 129.0 56 .6 1 . 0 0 .701 1.43 .65 4 7 .4
Lambert's* c 6h 6 +  40 0.0834 197.2 0.236 2 4 .2 1.30 .647 2 . 0 1 .43 55 .2

C6H 6 +  50 0.0773 185.3 0 . 2 2 1 17.3 1.30 .650 2 . 0 0 ,43 55 .9
FeaOs-CuO gels
P 3003* n 2 - 1 9 5 74 .8 327.5 134.0 17.6 0 .90 .442 2 .06 .43 2 5 .4
G 234'“ n 2 -1 9 5 6 8 . 2 289.7 186.8 37 .3 .75 .635 1 .18 .77 3 8 .8

Porous glass11

3 n 2 -1 9 5 49.7 217.7 120.5 125.8 .80 .587 1.39 . 6 8 34 .3
3 A -1 9 5 52.9 2 0 1 . 8 142.6 29 .6 .95 .629 1.51 .62 35 .3
3 «-C 4H 10 0 14.5 125.8 40.0 5 .7 1 . 0 0 .638 1.57 .55 54 .4 237 .9 31.1
5 n 2 -1 9 5 6 6 . 1 289.6 107.0 44 .5 0 .75 .382 1.96 .48 22 .9
5 «-C 4H 1© 0 20.3 175.7 36.3 4 .2 .95 .433 2 .19 .43 34 .8 307 .9 19.9
7 n 2 -1 9 5 59.5 260.5 136.0 63.9 .85 .562 1.51 .65 32 .3
7 A -1 9 5 57.9 2 2 1 . 0 159.3 25 .2 1 . 0 0 .636 1.57 .65 36 .0
7 «"C4H 11OI 0 15.2 131.6 48.9 6 .3 1 . 2 0 ,690 1.74 ,55 63 .6 230 .5 36 .3

Silica gels
Si02 catalyst3 n 2 -1 9 5 . 79 .7 349 590 ' 9 5 .8 0 .90 .865 1.04 .63 105.0
Aerogel^ n 2 -1 9 5 255.9 1 1 2 0 1298 60 .2 0 .70 .804 0 .87 .72 118.0

a All data for Vm and VB expressed as cc. (S. T. P.)/g. except Lambert’s which are expressed as g. of adsorbate per gram. 
6 Average pore diameter calculated from equation of Emmett and DeW itt18 and equations (10) and (11) in the text. 
c Area and average pore diameter for «-butane isotherms assuming the cross-sectional area of butane to be 1.75 times the 
value of 32.1 A . 2 d Ref. 11. • Unreduced iron Fischer-Tropsch catalyst similar to 10K. t  Ref. 12. o p 3003, iron- 
copper-potassium carbonate (100:10:0.5) Fischer-Tropsch catalyst. h German iron Fischer-Tropsch catalyst (Fe: 
Cu: CaO: Kieselguhr =  100:2.5:10:15) prepared by Ruhrchemie. • Ref. 13. i Almost pure Si02 gel. * Sample from 
Prof, D. B. Keyes.
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Fig. 3.—Linear plots of adsorption isotherms on porous 
glass where O, #  and (J) represent nitrogen, argon and «- 
butane on 0.253 g. of porous glass 3, □ and □ represent 
nitrogen and «-butane on 0.157 g. of porous glass 5, and 
A ,  A  and ^  represent nitrogen, argon and «-butane on 
porous glass 7. The plus mark indicates the highest 
point at which the points fall on the straight line. Nitro­
gen and argon isotherms were determined at —195° and 
«-butane at 0°.

Application of equation (4) to the nitrogen 
adsorption and desorption isotherms of iron ox­
ide gel catalyst 47C11 is shown in Fig. 1. For the 
adsorption isotherm, the linear plot is satisfactory 
to the point marked + , which is about the point of 
inflection of the adsorption branch. The constants 
of the equation are Fm = 44.1 cc. and jk  = 1, in 
this case the linear plot being identical to that of 
the simple B.E.T. equation. From equation (3) 
evaluated with Vs = 151.5, j  =  0.7111 and thus 
k = 1.408. The isotherm calculated for relative 
pressures higher than the +  mark is shown by the 
broken curve. This curve, which appears to be 
an extrapolation of the adsorption isotherm below 
+  , intersects Fs at a relative pressure equal to 
1/ko This is useful in approximating the choice of 

j k ,  since j  can be estimated from equation (3) 
assuming Fm to occur at x == 0.1.

In Fig. 1, equation (4) has also been applied to 
the desorption isotherm. The plots for the best 
choices of jk ,  1.1 and 1.2, are not satisfactory, in­

(11) H ofer, Peebles an d  Dieter, T h is  J o ur nal , 68, 1953 (1946).

dicating the equation is not applicable to the de­
sorption branch.

Equation (4) has been applied to the adsorp­
tion isotherms of nitrogen, argon, butane, and 
benzene on several ferric oxide gels and porous 
glasses with equal success. The equation has been 
fitted satisfactorily to all isotherms of this type 
which flatten below a relative pressure of 0.85. 
Isotherms of nitrogen on ferric oxide-copper ox­
ide-potassium carbonate Fischer-Tropsch cata­
lyst P3003, German ferric oxide-copper oxide- 
calcium oxide-kieselguhr catalyst 234, and ben­
zene on ferric oxide gel of Lambert12 and the cor­
responding plots of equation (4) are presented in 
Fig. 2. In Fig. 3 are linear plots of data for ad­
sorption isotherms of nitrogen, argon, and butane 
on porous glasses 3, 5, and 7.13 Data for the ap­
plication of equation (4) to the isotherms shown in 
Figs. 1, 2, and 3 and several similar isotherms are 
summarized in Table I. Included in the table are 
data for two isotherms of nitrogen on silica gels 
which flatten above 0.85. These data, as well as 
data on average pore diameters, will be described 
in later sections. The value of Fm computed from 
equation (4) will vary slightly from the Fm com­
puted from the simple B.E.T. equation, being 
higher for j k  lower than 1 and lower for j k  higher 
than 1. Since the difference is less than 10% in 
all cases, Fm from the simple B.E.T. equation has 
not been included. With the exception of the two 
silica gel isotherms, equation (4) could be satis­
factorily fitted to the adsorption isotherm from rel­
ative pressures of 0.05 to the point of inflection, 
but the equation could not be fitted to the desorp­
tion isotherm.

The physical interpretation of equation (4) is 
that the capillary forces shift the po value of the 
adsorbate from p® to po/k, and at a relative pres­
sure of 1 / k  all, or almost all, of the pores are 
filled. The lack of fit above the point marked +  
may be due to the rather crude approximation of 
the assumptions of equation (4) to the pore struc­
ture of the adsorbent. Some isotherms such as 
those shown in Figs. 1 and 2 flatten and then rise 
again at high relative pressures. This is very 
probably due to a small fraction of very large 
pores. The value of Fs in these cases is taken as 
the point where the isotherm begins to rise again.

For isotherms which flatten above relative 
pressures of 0.8 or 0.85, equation (4) does not fit 
data satisfactorily to the point of inflection as in 
Fig. 4, although the data can usually be fitted to 
relative pressures of 0.7. This is interpreted as 
indicating that in systems of larger pores it is not 
permissible to assume the capillary forces effec­
tive in all layers, but that these forces become ef­
fective only in the third or higher layers. Equa­
tions embodying the assumption that the free 
energy of adsorption becomes less than that of

(12) Lambert and Clark, Proc. Roy. Soc. (London), A122, 497 
(1929).

(13) Emmett and Cines, J. Phys. Colloid Chem., 61, 1248 (1947).
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Fig. 4.—Adsorption Isotherms and linear plots of nitrogen at —195° on silica 
catalyst □ and on aerogel O. Desorption points are solid and points of linear 
plot have tails. The plus sign indicates where data begin to deviate from linear 
plot.

liquefaction in the third or higher 
and subsequent layers can be de­
rived, but the difficulty in appli­
cation to data is too great for 
them to be of interest as a simple 
method of characterizing iso­
therms with a few constants.
Examples of isotherms of this 
type are those of the silica gel 
catalyst and a silica aerogel, as 
shown in Fig. 4. The values of k 
were 1.04 and 0.87, respectively, 
for these isotherms. This sug­
gests a transition in systems of 
large pores of the values of k from 
greater than 1 as characteristic of 
small pores to values of k less 
than 1 as observed for non-porous 
solids. Kistler9 has postulated 
the structure of aerogels to be a 
‘ ‘felt’ ’ of fibers. Hence, when the 
surface is covered with only two 
or three layers it may act as a 
non-porous adsorbent.

Kistler9 presented an equation 
for determining surface area with­
out the assumption of an area per 
adsorbed molecule. In this equa­
tion, the free energy change in 
completely filling a system of 
capillaries covered by a mono- 
layer (as computed from the ad­
sorption isotherm) was equated to the decrease in 
surface area per gram, A4, times the normal sur­
face tension of the liquid, o*. That is

A V = V  — Fx, where Fi is the volume adsorbed in 
the first layer. The variables of the integration 
have also been changed.14

X W(x^l)
In x d W  (5)

where W  is the total weight adsorbed minus the 
weight of adsorbate in the first layer in grams per 
gram of adsorbent. W  was computed by subtract­
ing a Langmuir-type isotherm fitted to points at 
low relative pressures from the adsorption iso­
therm, and the integral was evaluated graphically. 
I t should be noted that: (a) equation 5 is only 
applicable to porous adsorbents in which all of 
the pores are completely filled at x = 1, (b) identi­
fication of the surface free energy of the first 
layer with the normal surface tension of the liquid 
may be a poor assumption, and (c) this equation 
does not confirm or deny multilayer adsorption. 

Equation 5 may be written as
A A = A FnVr (6)

where AFnf is the free energy change in the proc­
ess of going from a system of pores covered with a 
monolayer to a completely filled capillary system, 
and y is the surface free energy, which is not nec­
essarily equal to the normal surface tension. In 
equation 7, AFnf is expressed in terms of AF, the 
volume of gas adsorbed in the second and subse­
quent layers in cc, (S.T.P.) per gram, that is,

i)
In x d A V  ~

(7)

Thus for Type IV isotherms which flatten below 
relative pressures of 0.85 (isotherms to which 
equation (4) is applicable), equation (7) may be 
evaluated with

A TV -  - R T
22,400 IF(*«

z  *
Z l  s - i e  ckx
v m “  ® ”  1 +  (c  — j)kx

x >©

(8)

Equations (4) and (8) may be substituted into the 
last term of equation (7), and the integral evalu­
ated to point I of Fig. 1 (x = 1/k) with AF = 
F  — Fj and from x = 1/k to x = 1 with AF —

(14) This transformation is made as follows
F(*-l)

In x d A V
- f :

AF d In x +  A F in  ;
* -  l
x -  o

The upper limit of the second term of the right side of the equation
i s  zero, and since at very low relative pressures A F  =* ckxj equation 
4 minus equation 8, the indeterminate lower limit can be shown to  be
z ero .
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D a t a  f o r  K i s t l e r ’s  E q u a t i o n

---------- — Area, sq. m ./g .-
Adsorbent® 
FegOg geSs Adsorbate r.f °c.

A F n fb ergs
x 10-*

A Fnp
<r from Fm

5 SO. +j ) / 2 «T6 y d

47C n 2 -1 9 5 2.58 307.9 193.0 165.0 8 = 4 15.6
HOC Ng -1 9 5 2.31 275.7 172.1 145.0 8.4 15.9
10K N ó —195 2,28 265.0 168.9 143.5 O AU . -X ik nj-w. a
Lambert’s c 6h 6 40 6.10 232.7 197.2 162.4 26.3 37.5

50 5.90 235.0 185.3 152.6 25.1 38.6
Fe20s~CuO gels

P-3003 Ng — 195 2.32 276.0 327.5 '236.0 8.4 9.8
G-234 Ns -1 9 5 2.44 290.8 298.7 244.1 8 .4 10.0

Porous glasses
3 Ng -1 9 5 1.91 227.2 217.7 172.7 8 .4 11.1
3 A -1 9 5 2.48 . 166.5 201.8 164.3 14.9 15.1
3 «-C4H1Q 0 2.49 166.4 (237.9 194.7) 14.9 (12.8)

(125.8 103.0 (19.8)
5 Ng -1 9 5 1.66 197.4 289.6 200.0 8.4 8.3
5 «“C4H10 0 2.24 149.6 (307.9 220.5) 14.9 (10.2)

(175.6 125.8) (17.8)
7 Ng -1 9 5 2.29 272.0 260.5 203.2 8 .4 11.3
7 A -1 9 5 2.88 193.0 227.0 184.5 14.9 15.5
7 «-C4II10 0 3.50 234.3 (230.5 194.6) 14.9 (18.0)

(131.6 111.1) (31.5)
® Adsorbents described in Table 1. b Computed from equation 9. e Normal surface-tension of liquid in ergs/sq, cm. 

d Surface free energy of the first layer of adsorbate in ergs/sq. cm., computed by dividing AFn' by 5(1 4- j ) /2.

Vs — Fm» This gives
f 2.3 RT  Vm ( j  1 / i n  »s ■

A F "  “ 22,400- - ) ^ l l0g'0 (1 +  c “ )̂ +

log,» (1 -  j) — 1 -£ j  logio k | (9)

Data for the application of equation (9) to iso­
therms of Table I are given in Table II. Surface 
areas, A A , computed from the free energy divided 
by normal surface tension were usually larger than 
5, the area computed from Vm. The decrease in 
area, A A , is the area of the interface between the 
first and second layer. As an approximation this

2

0 0.2 0.4 0.6 0.8 1.0
Relative pressure.

Fig. 5.—Adsorption isotherms and linear plots of ethanol 
and benzene on Lambert’s silica gel, where □ and O indicate 
ethanol at 50 and 60°, respectively, and V and A benzene 
at 15.2 and 70°, respectively. Solid points indicate de 
sorption, and points on linear plots have tails.

can be taken as half the sum of the areas of the 
first and second layers, which is S( 1 +  f)/2 ;  how­
ever, this area gives poorer agreement with AA 
than S. A small part of the discrepancy is due to 
the fact that equation (4) predicts a larger volume 
adsorbed than that of the actual isotherm in the 
vicinity of point I as shown in Fig. 1. In all cases 
the areas predicted from equations (4) and (9) are 
of the same order of magnitude.

The surface free energy, y, was computed by

0.010

0.008

0.006
I

H

0.004 >

0.002

Fig. 6.—Adsorption isotherms and linear plots of nitro­
gen on charcoals PCI-1042, □, and PC1-1042 degassed O 
Points of linear plots have tails.



May, 1948 M o d i f i c a t i o n s  o f  t h e  B r u n a u e r , E m m e t t  a n d  T e l l e r  E q u a t io n  1733

T a b l e  III
D a t a  f o r  T y p e  I  I s o t h e r m s

Area d
Adsorbent Adsorbate 0 p Fm® sq. m./g. Fs® jk J A.*

Lambert’s silica gel® c 6h 6 15 0.1680 391.3 0.1744 0.05 0.038 20.3
40 .1661 394.1 .1732 .05 .041 20.3
50 .1645 394.1 .1730 .05 .051 2 0 . 6

70 .1616 394.1 .1680 .05 .038 20.5
cgH&OH® 50 . 1285 393.0 .1662 A .232 2 2 . 0

60 .1260 386.5 .1662 .4 .242 22.5
Charcoal^

PCI-1042 n 2 — 195 269.0 1180 316.0 .17 .14 • 16.5
PCI-1042 (degassed) n 2 -1 9 5 110.5 484 2 1 2 . 0 .45 .48 27.3
NS6 n 2 -1 9 5 413.5 1810 418.0 .00 .01 14.2
NSö (degassed) n 2 -1 9 5 266.0 1165 293.0 . 1 0 .09 15.9

° Data of Vm and Va expressed as grams adsorbate per grani for isotherms of Lambert13 and cc. (S. T. P .)/g. for iso­
therms of Anderson and Emmett.15 6 Average pore diameter calculated from equation of Emmett and DeWitt,16 equa­
tions (10) and (11) in text. ® Ref. 13. d Ref. 15. • These isotherms are of Type IV, but without hysteresis.

assuming the values of surface area from 5(1 +  
j ) /2  and the free energies from equation (9) to be 
correct. These computed surface free energies 
given in the last column of Table II are usually al­
ways larger than the normal surface tension, in 
some cases being nearly twice as large. The data 
for the isotherms of ^-butane are computed for 
both of the surface areas given in Table I.

Application of Equation (4) to Type I Iso­
therms.—Equation (4) is useful in characterizing 
Type I isotherms4 as shown in Figs. 5 and 6 for 
silica gels and charcoals. The data for these and 
similar isotherms are given in Table III. Lam­
bert’s isotherms of benzene on silica gel are defi­
nitely of Type I, while the ethanol isotherms as 
shown in Fig. 5 appear similar to those of some 
iron gels. Although the values of j  and k vary 
considerably, the surface areas calculated from 
benzene and ethanol isotherms are nearly identi­
cal. Recently, Emmett and Anderson15 presented 
isotherms showing the effect of high temperature 
evacuation on charcoals. In charcoal PCI-1042 
(Fig. 6) the evacuation caused sintering and en­
largement of pores indicated by a decrease in Vm 
and an increase in the value of j ,  as shown in Ta­
ble III. With charcoal NS& less sintering and 
relatively less pore size alteration occurred as in­
dicated by the changes in Vm and j.

Relation of j  to Average Pore Diameter.— 
Emmett and DeW itt16 presented a useful method 
of estimating the average pore diameter, based on 
cylindrical pores

2  -  4 F l / A  (10)

where Fl is the volume of adsorbate necessary to 
fill pores computed as normal liquid and A  the sur­
face area. Introducing equation (3) into equation 
(10)

- M ld -  6.56 -  -z—-— (11)pa 1 — j
where d  is the average pore diameter in A., M

(15) Em m ett and Anderson. J., P h y s „ Colloid C h e m 51, 1308 
(1947).

(16) Emmett and DeWitt,, This Journal,. 65, 1253 (1943)

and p the molecular weight and density of ad­
sorbate, respectively, and a the cross-sectional 
area of the adsorbate molecule in sq. A.

Equation (11) has been used to compute aver­
age pore diameters from the isotherms of Tables I 
and III. The average pore diameters from the 
nitrogen and argon isotherms agreed quite satis­
factorily, but the diameters from the butane iso­
therms were considerably larger. It has been 
pointed out in the literature that the cross-sec­
tional area of molecules as computed by the 
method of B .E .T .3 may not be correct, especially 
with long molecules like ^-butane. If the cross- 
sectional area of butane is taken 1.75 (the average 
of the ratios of the areas from nitrogen and argon 
to areas from butane, computed by the usual
B.E.T. methods) times the value of 32.1 A .,2 the 
average pore diameters computed from isotherms 
of the three gases are in fairly good agreement as 
shown in Table I. For pores that are the order of 
several molecular diameters, equation (11) does 
not hold, the diameter calculated being larger 
than the actual diameter. For the limiting case 
when the only one molecule fits into the capillary, 
d = 4F lA t1. For values of j  less than 0.16 (the 
value of j  for a pore of 3 molecular diameters), the 
constant in equation (11) should be less than 6.56 
and greater than 2.09. Since in equation (9) d =  

this average pore diameter will be larger 
than the arithmetic mean if there is a wide dis­
tribution of pore diameters; therefore, any di­
ameter computed by equations (10) and ( 11) may 
be regarded as an upper limit of the pore diameter.

Discussion
Constant k of equation (4) is an average value 

of the k’s for all of the adsorbed layers in the 
capillary system. Since d in the expression k  =  
exp d /R T  is equal to the change in surface area 
times the surface free energy, the values of k for a 
given pore system should be greater in higher lay­
ers than in those near the surface. Similarly for 
the same adsorbate on different adsorbents k 
should be nearly equal to 1 for large pores and
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have higher values for small pores. Should the 
ddsorbent offer considerable convex surface to ad­
sorption in the first several layers, the value of k 
may be expected to be less than 1. This is shown 
in the data of Table I. I t is difficult to explain 
the values of k — 1 observed for isotherms ap­
proaching Type I. There is no objection to k = 
1 for isotherms that are strictly of Type I in which 
all of the adsorption occurs in the first layer. 
However, for the isotherms of the two PCI-1042 
charcoals the values of k might be expected to be 
considerably larger than 1, since the isotherms in­
dicate multilayer adsorption and since the average 
pore diameters are smaller than those of the Type 
IV isotherms of Table I. I t  is possible that these 
charcoals are composed of small pores plus a frac­
tion of larger pores that cause the adsorption at 
higher relative pressures. In this case equation
(4) may be regarded as somewhat empirical; 
however, Vm from this equation and the values of 
j probably have their usual significance.

With most isotherms the simple B.E.T. equa­
tion usually predicts larger adsorption above rela­
tive pressures of 0.35 than the actual isotherm, and 
deviation in this direction is usually considered to 
occur with all isotherms. I t is interesting to note 
that the isotherms in Table I for which jk  is 
greater than 1 deviate from the simple B.E.T. 
equation in the opposite direction.

In a previous section adsorption was postulated 
to occur in the same manner as multilayer adsorp­
tion with the decreased free energy of adsorption 
due to capillary forces causing the pores to fill at a 
lower relative pressure than 1. Equation (4) was 
found to satisfactorily fit the data for the adsorp­
tion branch of the isotherms, but could not be 
fitted to the desorption branch. This may indi­
cate that desorption occurs in a different manner. 
In the authors’ opinion desorption occurs from 
menisci of filled pores to leave the pores covered 
with the number of layers predicted by equation

(4) remaining on the surface. This is similar to 
the picture of adsorption and desorption given by 
Cohan17 except that he postulated that the pore 
will empty completely on capillary evaporation.

Equation (4) provides a systematic method of 
determining Vm for isotherms to which the simple
B.E.T. equation cannot be fitted. This is also 
true of isotherms which appear to be a composite 
of several types of simple isotherms such as those 
of the porous carbon blacks previously described,8 
and some of the isotherms of active magnesia of 
Zettlemoyer and Walker.18 In the latter case 
equation (4) can be applied satisfactorily to rela­
tive pressures of 0.4 by taking greater than 1.

Acknowledgment.—The authors wish to thank 
Dr. P. H. Emmett for his constructive criticisms 
of the manuscript and for permission to use the 
isotherms of porous glasses and silica aerogel.

Summary
1. A modified B.E.T. equation similar to that 

of Anderson8 has been derived and applied to 
physical adsorption isotherms of Types I and IV.4

2. With Type I isotherms satisfactory fit of 
this equation can be obtained if the free energy of 
adsorption in the second and subsequent layers 
is taken to be equal to the heat of liquefaction.

3. For isotherms of Type IV which flatten 
below relative pressures of 0.85, the equation satis­
factorily fits the data, if the free energy of adsorp­
tion was taken less than that of liquefaction. For 
this kind of Type IV isotherm the equation was 
used to integrate the equation of Kistlër,9 and the 
resulting expression gave surface areas of the same 
order of magnitude as the B .E.T. areas.

4. The equation is believed to be a simple 
method of characterizing isotherms with four 
constants.

(17) Cohan, ib id ., 66, 98 (1944).
(18) Zettlemoyer and Walker, I n d . E ng. C h em ., 39, 69 (1947).

Pittsburgh , Pa . R eceived  July  23, 1947

[Contribution  from the R esearch L aboratory, U nited  States  Steel  C orporation]

The Sorption of Gases on a Plane Surface of Two Stainless Iron-Chromium-Nickel
Alloys at 20, —'

B y  M ar io n  H.

The resistance to corrosion and other properties 
of the stainless iron alloy containing approxi­
mately 18% chromium and 8% nickel suggest that 
the surface of the alloy may differ considerably 
from that of ordinary steels. As it seemed likely 
that the sorption of gases on such an alloy might 
yield a clue to the character of the surface and, by 
comparison with data for steels, might indicate dif­
ferences in the nature of the surface, the sorption

(1) Presented in part before the Chemical Research Conference on 
Catalysis sponsored by the American Association for the Advance­
ment of Science, at New London, N. H., June 23-28, 1947.

and -1 8 3  01

A r m b r u s t e r

of hydrogen, neon, argon, nitrogen, carbon mon­
oxide and oxygen has been measured at 20, —78 
and —183° and a t pressures up to 0.1 cm. mer­
cury. The sorption of carbon dioxide has been 
determined a t —78 and —183°.

The apparatus used, its calibration and method 
of operation have previously been described.2 The 
gases were likewise those used in an earlier study 
of sorption on mild carbon steel.8

(2) Armbruster and Austin, This Journal, 60, 467 (1938); 61, 
1117 (1939).

(3) Armbruster and Austin, ibid., 66, 169 (1944),
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Samples.—Two samples of the alloy were used. The 
first (no. 25262), hereafter referred to as Alloy A, is the 
same sample used in an earlier determination of the solu­
bility of hydrogen4; its composition was: C, 0.07; Mn, 
0.37; P , 0.006; 8 ,0 .005; Si, 0.47; Ni, 9.92; Cr, 18.30. 
After measurements with carbon monoxide and carbon 
dioxide at 400° on this alloy, the surface showed a very 
faint straw color which the usual reduction procedure with 
pure hydrogen at 450° did not appear to alter. The 
second sample (no. 25276), hereafter called Alloy B, is 
the same sample used in earlier measurements of the 
sorption of water vapor5; its composition was: C, 0.12; 
Mn, 0.37; P, 0.016; S, 0.005; Si, 0.44; Ni, 9.48; Cr, 
18.48. Data collated by Maier6 indicate that an alloy 
of this type is covered by an invisible yet protective oxide 
film not reducible by pure hydrogen. Both samples were 
commercial materials and are considered representative of 
this class of alloy within the regular tolerances. The 
sorbing surface in each case was a bundle of thin strips, 
each strip approximately 11.0 X 1.9 X 0.009 cm., with 
a geometric area, determined by summing the areas of 
the individual strips, of 11,130 sq. cm., the same as that 
of mild steel samples 1 (no. 25261) and 2 (no. 25277) .3

Treatment of Samples.—The surface was degreased 
with absolute alcohol and anhydrous ether distilled over 
sodium, care being taken not to touch the surface with 
the fingers. Before each run the sample was reduced in 
place for about eight hours at 450 ° in a stream of hydrogen 
freed from traces of oxygen or water vapor; it was then 
outgassed for sixteen hours at 450° under a pressure of 
less than 10“ 6 mm., and finally was brought to the tem­
perature at which the measurement was to be made in an 
atmosphere of hydrogen, which direct measurement has 
shown is not measurably adsorbed on this surface. The 
hydrogen was then pumped off and the pressure reduced 
to 10“ 6 mm. before the start of the run. In one series of 
measurements with Alloy A, the hydrogen reduction was 
omitted.

Orientation of Grains.—Microscopic examination 
showed that the grains are practically equiaxed. The 
X-ray pole figures of the two samples showed that there 
may be a slight preferred orientation of the grains with the 
(112) planes in the rolling plane.7

Microscopic Examination of Samples.—Examination of 
a polished but unetched section of each sample under the 
microscope showed that the amount of non-metallic in­
clusions was very small, less than 0.1%, these being of 
the same rounded type. Photomicrographs of the samples 
in the etched condition showed a shower precipitation of 
carbides mostly at the grain boundaries and to a lesser 
degree within the grains, mostly at crystallographic 
planes. The type of precipitation and sub-microscopic 
size of the individual particles make it impossible to specify 
the amount of carbides, or possibly nitrides, or to state 
positively that there is more carbide precipitate in Alloy 
B. The remainder of the surface is metallic, a solid solu­
tion of iron, chromium and nickel.

Results
The sorption of each ge$ was determined by 

building up the pressure in several increments, 
allowing sufficient time at each step for equilib­
rium to be attained. Several independent runs 
were made with each gas, the result being repro­
ducible within the limit of measurement; more-

(4) Armbruster, ibid., 65, 1043 (1943).
(5) Armbruster, ibid., 68, 1342 (1946).
(6) C. G. Maier, U. S. Bur. Mines, Bulletin 436, 1942, p. 17.
(7) The density of packing is believed less for the (112) plane than 

the average of that calculated for the other crystallographic planes. 
On the basis that in these alloys the iron is of the face centered 
cubic form, and that the distance between the centers of two iron 
atoms is ao ■ = 3.55 A. the areas per iron atom for the several planes 
are:

plane (100) (111) (110) (112)
area (sq. A./iron atom) .6.3 5.5 8.9 15.4

over, the results for the two samples showed 
satisfactory agreement. Neon and hydrogen are 
not sorbed at any temperature, that is, the sorp­
tion, if any, is less than 3 X IO-4 cc. or less than 
1% surface coverage.

Reduced Surface —183°.—Typical isotherms 
selected from concordant runs are shown for the 
several gases in Fig. 1, in which the amount of 
sorbed gas, expressed as a volume at 20° and 76 
cm., is plotted for various pressures. Argon is

Fig. 1.—Typical adsorption isotherms of the several gases 
on reduced surface of stainless alloys at —183 °.

sorbed very slightly and the gas taken up cannot 
be removed by pumping at this temperature. The 
rate of sorption of argon is virtually instantane­
ous. Nitrogen is sorbed in appreciable quantity 
and the sorption is completely reversible. The 
rate of adsorption is practically instantaneous, 
99.7% being taken up within the time of measure­
ment, two minutes, and the final increment slowly. 
Carbon monoxide is sorbed to a much greater 
extent. Approximately two-thirds of the sorbed 
carbon monoxide can be removed by evacuating 
the system at temperature, but the remaining one- 
third cannot be so removed. The rate of sorption 
is almost instantaneous, 99% being sorbed in a 
minute or two, the remainder very slowly, a drift 
being observed. Typical isotherms a t all temper­
atures for oxygen are shown separately in Fig. 4: 
about one-tenth of the total oxygen can be re­
moved by evacuating the system, the remainder 
is strongly held. The initial sorption is very rapid 
but is followed by a slow process of measurable 
rate.

Reduced Surface, —78°.—Argon and nitro­
gen are not measurably sorbed on either surface 
at this temperature. Typical isotherms for 
carbon monoxide and carbon dioxide are shown 
in Fig. 2. Carbon monoxide is slightly sorbed 
and cannot be removed by pumping at —78°; 
this chemisorption is appreciably less than that a t 
”™183°. The amount of carbon dioxide sorbed is 
relatively large and not completely reversible so 
that it is possible to differentiate two kinds: one
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0 0.04 0.08 0.12 0.16
Pressure, cm.

Fig. 2.—Typical isotherms for CO and CO2 on reduced 
surface of stainless alloys at —78°.

in which 6% of the surface is covered by strongly 
held molecules; the other in which one-half of the 
surface is covered by weakly-held molecules. 
The sorption of oxygen (Fig. 4) is 30% greater 
than a t —183°, apparently independent of pres­
sure and too strongly held to be removed except 
by reducing with hydrogen and evacuating at 
450°.

0.024 

g 0.018

ts 0.012

o  0.006

T(

/ ° ----------

-78° C02 
tol-Reversibla

/
/ /

-183» A

/ /

0 0.04 0.08
Pressure, cm.

Fig. 3.—Sorption of argon at —183° and irreversible 
carbon dioxide at —78° on reduced surface of stainless 
alloy B.

Reduced Surface, 20°.—-At room temperature 
the only gas sorbed to greater extent than the 
limit of error of measurement is oxygen, as is 
shown in Fig. 4. The amount of oxygen, which, 
as at —78°, appears to be independent of pressure, 
is almost twice as great as that sorbed at “-183° 
and about 50% greater than at — 78°.

HiCÖ

'0
>

Pressure, cm.
Fig. 4.—Typical isotherms for oxygen on reduced surface 

of stainless alloy A.

Unreduced Surface, — 78°.—Measurements 
on the unreduced surface were limited to Alloy A 
at —78°, and typical isotherms are given in Fig. 5. 
The sorption of carbon monoxide is appreciable 
and, contrary to usual observation with this gas 
at —78° on steel, all of the sorbed gas is not 
strongly held. Only about 25% of the sorbed 
molecules are strongly held and the remainder 
can be pumped off at temperature. The total 
sorption of carbon dioxide is made up of a revers­
ible sorption which corresponds to about 75% 
and a strongly held sorption which corresponds to 
about 25%.

0 0.04 0.08 0.12 0.16
Pressure, cm.

Fig. 5.—Typical isotherms for CO and C02 on unreduced 
surface of stainless alloy A at —78°.

Calculations and Discussion
Form of Isotherms.—The isotherms in Figs. 

1, 2, 4 and 5 so greatly resemble in form those 
obtained for the same gases on mild steel as to 
suggest application of the Freundlich and Lang­
muir isotherms.

Freundlich Isotherm.—For initial comparison 
the data are expressed in the form of the ex­
ponential relation of Freundlich, v =  ap1/n9 in 
which v is the volume sorbed at pressure p; a and 
n are constants. At lowest pressures this purely 
empirical expression had more satisfactorily 
represented the data for mild steels3 than did the 
Langmuir equation. Typical Freundlich iso­
therms for several reversibly sorbed gases on these 
alloys are given in Fig. 6 in which the sorbed vol­
ume is plotted against pressure on double logarith­
mic coordinates and a straight line is obtained 
over a pressure range of a hundred fold or more.

Pressure, cm.
Fig. 6.™Reversible sorption of several gases on stainless 

alloys plotted on double logarithmic coordinates to illus­
trate application of parabolic or Freundlich relation.
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The slope of the line corresponds to the exponent 
1/n in the above equation. On the reduced Alloy 
B these slopes yield values of n which correspond 
with those for the same gases on mild steel sur­
faces.3*5 For example nitrogen is 3, carbon mon­
oxide 4 to 5 at -=-183°, and water is 3 at 20°. I t 
is of interest to note that for carbon dioxide at 
— 78° on Alloy B (reduced) n is 5. Generally in 
the case of Alloy A the slopes are less and the val­
ues of n are about twice as great as those for Alloy 
Bo This point deserves further consideration in 
light of the interpretation of n as a measure of the 
departure of the sorbed film from that of an ideal 
two dimensional gas.

Langmuir Isotherm.—The Langmuir equation 
more satisfactorily represents the data over the 
whole range except at lowest pressures where the 
deviation is in the direction of greater volume 
sorbed than that required by the relation. This 
is shown in Fig. 7 in which typical isotherms are 
plotted as p/v against p and a linear relation is ob­
tained down to about 0.01 cm. pressure. I t is of

0 0.02 0.04 0.06 0.08 0.10 0.12
Pressure p t cm.

Fig. 7.—Typical isotherms for several gases on stainless 
alloys plotted as p/ v  against p*

significant interest to note that for the particular 
gas carbon monoxide on Alloy A this deviation at 
lowest pressure is least marked but for the same 
gas on Alloy B very marked deviation is evident 
below about 0.015 cm. as shown in a separate p j 
v against p plot given in Fig. 8. More marked de­
viation in this pressure range has generally been 
observed as characteristic of a reduced and not of 
an unreduced surface in the study of mild steels.5 
Possibly this may be interpreted as indicating 
more free metal or less oxide on alloy B than on 
Alloy A. If the Langmuir isotherms for carbon 
monoxide at —183° shown in Fig. 8 are considered 
further, the curves for Alloys B and A seem analo-

Fig. 8.—Isotherms for reversible sorption of CO at 
— 183° plotted to show deviation from Langmuir rela­
tion.

gous in form to those for ethyl iodide on a reduced 
and unreduced surface of iron, respectively,8 
where there is evidence of a second layer forming 
on the reduced surface. The curve for Alloy B 
not only shows more marked deviation a t lowest 
pressures but a t higher pressures intersects the 
curve for Alloy A at about 0.095 cm. indicating 
that above this pressure the concentration of ad­
sorbed carbon monoxide is greater on Alloy B than 
on Alloy A. In the intermediate pressure range 
the two curves are linear and have the same slope 
which shows that the same amount of gas is re­
quired as the limiting volume sorbed to complete a 
monolayer on the two surfaces. Then the in­
creased adsorption at highest pressure for Alloy B 
may represent the beginning of a second layer and 
this behavior, by analogy with the increased ad­
sorption of ethyl iodide on reduced but not on un­
reduced iron, suggests that the surface of Alloy B 
may be reduced to a higher degree than that of 
Alloy A. This deduction supports the earlier 
conclusion drawn from the adsorption behavior 
at lowest pressure that there may be less oxide or a 
lower oxide on Alloy B than on Alloy A.

Combined Form of Equation.—The isotherms 
may be represented over the entire range by a 
combined form of the Freundlich and Langmuir 
equations, namely,

v =  v j \ /a p l(  1 -f ap)
in which a and n are constants, n corresponding 
to the value determined from the slope of the 
Freundlich plot for a particular temperature and 
system.

Comparison of Data
Reduced Surface.—The applicability of the 

Langmuir equation makes it possible to compare 
the results in terms of vs, the so-called limiting 
volume sorbed, as obtained from such a plot. 
This comparison is made in Table I which con­
tains: (a) the values of vs derived from the
Langmuir plot; (b) the per cent, surface coverage

(8) Armbruster and Austin, T h is  J o u r n a l , 61, 11X9 (1939) ,
Fig. 3.
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T able  Ï

V a l u e s  op th e  L im iting V olume Sorbed (%), of the R atio  of va to that  for R eversible  C arbon M onoxide at  
— 183°, and  of  the A pparent C overage of th e  R educed Surface

Temp.,
Gas Type of sorption

Vs
(cc. at 20°, 76 cm.) 

Alloy
A B

Apparent surface 
coverage, % 

Alloy
A B

vs (gas at temp.)® 
vs (rev. CO -183°) 

Alloy
A B

- 1 8 3 A Strongly held 0.020 0.017 6 4 0.07 0.05
n 2 Total (reversible) .197 . 122 68 42 .65 .40
CO Total .394 .455 135 155 1.30 1.43
CO Reversible .304 .315 104 108 1.00 1.00
CO Chemisorbed .090 .136 31 47 0.30 0.43

-  78 CO Total (chemisorbed) .070 .045 24 15 .23 .14
c o 2 Total .165 .199 61 74 .54 .63
c o 2 Reversible .146 .178 54 66 .48 .57
c o 2 Strongly held .019 .021 7 8 .06 .06

• Corresponding ratios with nitrogen at —183° as standard for comparison may be obtained by multiplying the factor 
for Alloy A and B by 1.54 and 2.58, respectively.

derived from vSt the known geometric area and 
cross sectional area of the molecule9; and (c) the 
ratio vs/vs (reversible CO —183°), the relative 
number of molecules sorbed per unit area, a ratio 
in which it may be assumed that v3 is a measure of 
the concentration of molecules in a close packed 
monolayer and that v3 (reversible CO —183°) 
is a measure of the specific area of the surface. 
Whereas the per cent, coverage in the middle two 
columns is merely an apparent coverage, the ratio 
in the last two columns shows, on the basis of these 
assumptions, the extent to which the surface is 
covered by a monolayer and reduces the data to 
constant specific area.

Several deductions are possible from this com­
parison, together with our experience with mild 
steels at low pressure and the investigations of 
Emmett and Brunauer of iron catalysts, pure and 
promoted10*11 at considerably higher pressure: (1) 
Argon is very slightly sorbed and so strongly held 
that it cannot be removed by pumping at tem­
perature. Furthermore the amount of argon 
sorbed at —183° is practically the same as that of 
the chemisorbed carbon dioxide a t —78°, namely,
5-7 and 6% surface coverage, respectively, for the 
two alloys. This is shown in Fig. 3 in which the 
chemisorbed carbon dioxide curve is the difference 
between the total and the reversible sorption 
data. These gases may, therefore, be sorbed on the 
same places, such as cracks, grain boundaries and 
virtual depressions on the surface. Similar strong 
adsorption has been reported in earlier study: for 
example, of argon and carbon monoxide on mica12 
in which the sorbed molecules appeared to be held 
in positions vacated by potassium ions during 
cleavage. Likewise argon, carbon monoxide and 
nitrogen strongly held on unreduced iron surfaces 
may be held on certain positions on the surface, 
resulting from the structure of the oxide film, on 
which the sorbed gas comes so close to oxygen

(9) The values for the cross sectional areas of the molecules are 
the same as cited previously in reference 3.

(10) Emmett and Brunauer, T his Journal, 59, 1553 (1937).
(11) Emmett and Brunauer, ibid., 59, 310 (1937).
(12) Armbruster and Austin, ibid., 60, 467 (1938).

atoms that the van der Waals forces are stronger. 
The existence of such sites on stainless alloy sur­
face could explain the constant fraction (about 
6 per cent.) of the surface covered by argon at 
— 183° and chemisorbed carbon dioxide a t —78°.

(2) All sorption, except for carbon monoxide, 
is less than a monolayer, even that of argon and 
nitrogen. Argon does not give a measure of sur­
face area and one cannot be sure of nitrogen, 
since the limiting volume of nitrogen sorbed is 
only one-half that of reversibly sorbed carbon 
monoxide. If nitrogen were taken as a standard, 
as can readily be done by multiplying the values 
in the last two columns of Table I by the factor 
1.54 and 2.58, respectively, and the limiting vol­
ume be assumed to correspond to a monolayer, it 
yields a true surface area only one-half that of the 
known geometric area, which is not reasonable. 
Also, reversible carbon dioxide at — 78° as a meas­
ure of surface area is certainly in question. Hence 
the significant result follows that for a stainless 
alloy only the reversible sorption of carbon mon­
oxide at —183° is a reliable measure of the surface 
area in the low pressure range studied. In con­
trast, Emmett and Brunauer10 find for pure iron 
catalysts the same surface area is given by nitro­
gen — 183°, carbon monoxide reversible —183° 
and carbon dioxide reversible —78°. Their work 
is at considerably higher pressure and applies an 
equation derived for multimolecular adsorption 
which, at low pressure, is formally identical to 
the Langmuir equation. Our experience with mild 
steels, reduced and unreduced, shows that nitrogen 
(—183°), carbon monoxide reversible ( —183°) and 
argon reversible (—183°) may form a complete 
monolayer but that carbon dioxide reversible 
( — 78°) is certainly in question.

(3) The following points deal with the sorption
of carbon monoxide: (a) In all the reduced sam­
ples studied the total sorption of carbon monox­
ide at —78° is strongly held; there is no reversible 
sorption of this gas a t —78° although this occurs 
at ”” 183°. (b) Comparing carbon monoxide
chemisorbed at —183° and at —78°, it is seen that
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for Alloy A, carbon monoxide chemisorbed 
(—183°) is only slightly greater than at —78°, 
whereas for Alloy B, the chemisorption at —183° 
is three times greater than a t —78°. In the work 
with mild steels, reduced, the chemisorbed carbon 
monoxide at —78° varied in amount from none to 
the same as tha t a t —183°. Emmett and Bru­
nauer10 state that the chemisorption of this gas at 
the two temperatures is the same, though Bru­
nauer13 later mentions that with strongly sintered 
iron surfaces this chemisorption of carbon mon­
oxide may be decreased and the binding forces of 
gas to iron may be weakened, (c) On Alloy B, 
carbon monoxide is chemisorbed at —183° in 
greater amount than on Alloy A. If carbon mon­
oxide is considered sorbed on free metal, the fact 
that this corresponds to 30% and 43% for Alloys 
A and B, respectively, indicates that there is pro­
portionally more free metal on Alloy B. Evidence 
afforded by the form of the isotherms supports 
further this conclusion, (d) I t  has been suggested 
that carbon monoxide chemisorbed at —183° may 
be not only a direct measure of the free metal pres­
ent but also an indirect measure of the amount of 
oxide. Emmett and Brunauer10 concluded that 
carbon monoxide chemisorbed at —183° is equiv­
alent to van der Waals adsorption (a monolayer) 
if no oxide exists, but that if oxide is present chemi­
sorbed carbon monoxide at —183° is less than a 
monolayer by an amount corresponding to the 
oxide. On this basis, if the chemisorbed carbon 
monoxide at —183° on Alloys A and B is 30 and 
43%, respectively, which is less than a monolayer 
and indicates oxide exists, the corresponding ox­
ide is 70 and 57%.

(4) Nitrogen may perhaps be sorbed on the 
non-metallic part of the surface of these alloys. 
The fact that sorption of nitrogen appears to be 
unreliable at the low pressures used in the present 
work as a measure of total surface area on these 
alloys, suggests that it is sorbed on some definite 
portion of the surface. For Alloys A and B the 
coverage is 65 and 40%, respectively, so that pos­
sibly the nitrogen-sorbing portion of the surface 
of Alloy B is less. Direct comparison of the ratio 
of nitrogen sorbed on Alloy A to that on Alloy B 
at definite pressure over the range studied can be 
made from the data presented in Fig. 1. This ra­
tio varies from 1.76 to 1.64 over the pressure range
0.005 to 0.1 cm. which suggests, by its constancy, 
that the difference in nitrogen sorption on the two 
alloys is due to a difference in area of the nitro­
gen-sorbing portion of the surface and, by its 
value, that this portion of the surface is 60% 
greater for Alloy A. Lastly, if for Alloys A and B 
it is assumed that nitrogen is sorbed on metal, one 
would expect (cf. 3c and d) 30 and 43% coverage, 
respectively; but, if it is assumed that nitrogen 
is not sorbed on metal, one would expect 70 and 
57% coverage, respectively, which is in better 
agreement with observation.

(13) Brunauer, private communication to Beeb* smd Stev««s,
Tmm Journal* 2134 (1940), footnote 14.

Sorption of Oxygen, —183°.—Typical data 
for the sorption of oxygen at the several tem­
peratures are shown graphically in Fig. 4 to 
facilitate separate consideration. The surface 
of Alloy A in the reduced condition chemisorbs 
oxygen equivalent to a film two molecules thick; 
it also sorbs physically about one-fifth of a mono- 
layer of oxygen. The concentration of oxygen 
sorbed reversibly is less than that of the other 
gases sorbed physically a t this temperature: 80% 
less than reversible carbon monoxide which is con­
sidered as corresponding to a monolayer; 70% 
less than nitrogen which corresponds to one-half 
monolayer. In the case of a reduced mild steel 
the concentration of oxygen sorbed reversibly is 
the same as nitrogen and is equivalent to a mono- 
layer. The relatively larger amount of chemisorp­
tion as compared to physical sorption is charac­
teristic of a reduced rather than an unreduced 
steel surface.

Of this sorption a large amount is taken up in­
stantaneously and the remainder over a period of 
hours. For instance, when the freshly reduced 
surface of Alloy A was exposed to oxygen a t a 
pressure of 0.0325 cm. a volume of 0.394 cc. was 
sorbed instantaneously followed by a slower sorp­
tion in which 0.397 cc. had been sorbed a t the 
end of an hour and the oxygen pressure had fallen 
to 3 X 10~5 cm. The instantaneous sorption is 
equivalent to a concentration of 0.892 X 10-15 
molecules/sq.cm. which corresponds to a com­
plete monolayer of sorbed oxygen atoms upon 
which the slower sorption may take place.

The rate of adsorption is initially very rapid 
and subsequently falls off gradually. The rate of 
the slow sorption which follows the instantaneous 
one obeys the equation for a first order reaction, 
expressed as

log v@/(v@ — v) =  M
v being the volume sorbed at time t, ve that sorbed 
at equilibrium and k the rate constant. Values of 
k thus calculated are given in Table II and ap­
proximate 8.1 X 10“ 5 sec.-1, that is, about
0.008% of the oxygen present is sorbed per second.

T ab le  II

R eaction  V elocity  C onstant for  Sorption of Ox yg en  
at  — 183 0 on R educed Alloy  A  

(». -  0.273 cc.)
t ,  sec. V, cc. ve — V, cc. k =* log(Ve/VQ —

90 0.008 0.265 14.2 x  10-*
300 .020 .253 11.0
600 .029 .244 8.12

1200 .055 .218 8.13
2100 .089 .184 8.17
3660 .135 .138 8.09
4800 .161 .112 8.13
7200 .201 .072 8.04
9600 .227 .046 8.05

12300 .245 .028 8.03
15300 ,256 .017 7.98
23520 .269 .004 7.70
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This is not appreciably greater than the rate ob­
served with mild steel where k =  1.4 X 10-5 sec.-1 
for the reduced and the unreduced surface.

The energy of activation, E f has been estimated 
from the rate data by means of the relation

no. of molecules sorbed/sq. cm./sec. _  - e/ r t

no. of molecules striking/unit surface/sec.

in which R  =  1.987 cal./deg./mole and T  is the 
absolute temperature; it is also assumed that the 
adsorbed gas behaves ideally and forms a mobile 
layer.14 For example, a t about 0.1 mm. pressure 
the numerator and denominator become 1.23 X 
10n and 6.54 X 1019 molecules/sq. cm./sec., re­
spectively, so that E  is 3600 cal.

Sorption of Oxygen, —78° and 20°.—At —78° 
the oxygen chemisorbed on reduced Alloy A 
corresponds to about three layers and at 20° 
to about five layers. In each case, a large 
sorption, too rapid for measurement of its rate, 
occurs. The amount of oxygen instantly sorbed 
varies with the initial oxygen pressure: if this is 
less than about 0.001 cm., the sorption is instan­
taneous; if greater, part of the sorption is instan­
taneous arid part slow. As illustration, 0.80 cc. was 
instantly sorbed at —78° and 1.0 cc. at 20°, which 
represents a sorbed layer two and three molecules 
thick if the specific area of the surface is considered 
unity. At these temperatures the rate of the slow 
reaction, after making correction for the instanta­
neous one, does not follow the first order reaction 
equation but is a logarithmic function of time as 
shown in Fig. 9 for oxygen at 20°.

Elapsed time, min.
Fig. 9.-—Logarithmic rate of formation of oxide film at 20° 

on reduced surface of alloy A.

All of these observations are quite similar to 
those reported for mild steel15 and support the 
conclusion that the mechanism of the oxidation 
process of the stainless alloy as well as of iron is 
determined by the temperature.

The relative number of molecular layers of oxy­
gen sorbed on stainless Alloy A and mild steel #13 
are arbitrarily compared in Table III. For each 
sample, the coverage was estimated in the two 
ways used to obtain the middle two and last two 
columns of Table I, namely (a) from the limiting 
volume of nitrogen sorbed, the cross sectional 
area of the oxygen molecule, and the geometric

(14) Glasstone, Laidler and Eyring, “The Theory of Rate Proc­
esses/* McGraw-Hill Book Co., Inc., New York, N. Y., 1941, ref. 16, 
p. 351.

(15) Armbruster and Austin, T his Journal , 68, 1347 (1946).

area of the surface, and (b) from the ratio of the 
limiting volume of oxygen sorbed at a given tem­
perature to that of carbon monoxide reversibly 
sorbed at —183°, the latter being assumed to cor­
respond to a close packed monolayer. These two 
ways of estimating the coverage or thickness of 
the sorbed oxygen layer show good agreement. 
The samples are similar ui that the total sorption 
at all temperatures is large, and the chemisorption 
is relatively much larger than the physical sorp­
tion a t — 183°* The sorption on the stainless 
alloy, however, is always less than on the mild 
steel; a t —183° the reversible and chemisorption 
are one-third and two-thirds, respectively, of that 
on the mild steel and at —78 and 20° about one- 
half. This difference is one of degree and may 
well be attributed to the replacement of iron atoms 
by chromium and nickel, the presence and dis­
tribution of which on the surface of a crystal of 
solid solution may alter the structure, and na­
ture of the oxygen film.

T a b le  III
C omparison of N umber of L ayers of Oxygen  Sorbed 

on Stain less  A lloy  A  and M ild Steel  l a
Stainless
alloy A Mild steel 1

number of number of
layers layers

Temp.,

Com­
parison

with
CO

From
known

Com­
parison

with
CO

From
known

°C. Type of sorption rev. area rev. area
-183 Total 2.3 2.1 3.1 3.8

Reversible 0.18 0.16 0.9 1.1
Strongly held 2.1 1.9 2.2 2.7

-  78 Total (chemisorbed) 2.8 3.1 5.1 6.0
20 Total (chemisorbed) 4.0 4.5 8.6 10

° Complete data for this steel are reported in previous
papers.3’5

Unreduced Surface — 78°.—The data for the 
sorption of carbon monoxide and carbon dioxide 
at —78° on reduced Alloy A are compared with 
the results for the same alloy in the unreduced 
condition in Table IV. The chemisorption of 
carbon monoxide a t —78° is more than twice as 
great on the reduced surface as the ratio shows, a 
fact which supports the assumption that carbon 
monoxide is chemisorbed on free metal. A notice­
able difference in the case of the unreduced surface 
is that a large part of the sorption of carbon mon­
oxide is reversible. As to carbon dioxide, the

T ab le  IV
R atio of L im iting  V olume vs (Relative  N umber of 
M olecules) of the  G ases  Sorbed at  — 78° on R e ­
duced Surface  to that  on U nreduced Surface  of

Gas Type of sorption red. va unred. red./unred.
c o 2 Reversible 0.146 0.138 1.04
c o 2 Total .165 .170 0.97
c o 2 Chemisorbed .019 .032 .59
CO Reversible 0 .094 « D
CO Total .070 .124 .56
CO Chemisorbed .070 .030 2.33
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ratio of 1.04 for the reversibly sorbed gas indi­
cates that the concentration of molecules in this 
layer is the same for reduced and unreduced al­
loy. The number of strongly held molecules of 
carbon dioxide is about twice as great for the 
unreduced surface. The greater chemisorption 
for the unreduced surface, which should be 
rougher, is in agreement with the earlier supposi­
tion that this gas may be held on cracks and 
grain boundaries.

Heat of Adsorption.—The “average heat of 
adsorption” on the less active part of the surface 
has been calculated for gases which are reversibly 
sorbed at —183° and —78° by the method of 
Brunauer, Emmett and Teller16 from the linear, 
higher pressure, region of the isotherms plotted in 
Fig. 7. Although this method is usually applied to 
a higher range of relative pressure (p/po, po being 
the saturation pressure of the gas) the results de­
rived by it are given in Table V for comparison. 
The heat effects a t —183° are 3.2 (±0.2) kcal, per 
mole for the several gases on these surfaces which 
is in close agreement with those for the same 
gases on other metals.3*5 Such correspondence 
within the error of calculation for the same gases 
at a given temperature on surfaces as chemically 
different in nature as a mild carbon steel and a 
stainless chromium nickel alloy points to a greater 
dependence of this heat on the physical state of 
the surface than its chemical composition or on 
that of the gas. The heat of sorption for oxygen 
agrees with that calculated by an independent 
method from rate data. At —78° this heat quan­
tity for carbon dioxide is about 8 kcal. and is twice 
as great as the heat of liquefaction of the gas at 
the same temperature obtained from extrapola­
tion of data.

T a b l e  V

A v e r a g e  H e a t  o f  R e v e r s ib l e  A d s o r p t io n  o f  G a s e s  o n  
St a in l e s s  A l l o y s  a s  D e r iv e d  b y  t h e  M e t h o d  o f  

B r u n a u e r , E m m e t t  a n d  T e l l e r

Gas
Tem p.,

°C.

H eat of 
liquefaction 

a t tem p., 
kcal./m ole

H eat of adsorption, 
kcal./m ole 

Alloy
A B

n 2 -1 8 3 1.33 3.3 3.4
CO — 183 1.41 3.6  3 ,2
0 , — 183 1.63 3.5
C O / -  78 3 .94 8.3 7.6
C 02* -  78 3.94 7.5
c o 2 -  78 3.94 7.4

® This adsorption is on the unreduced surface of Alloy 
A whereas all other data are for the reduced surface. 
b The heat effect on a reduced mild steel (no. 3 )3 is in­
cluded for comparison of the same gas at the same tem­
perature on a chemically different surface.

Force-Area Curves.—Force-area curves for 
the sorption of the several gases have been de­
rived by the method of Innes and Rowley17 and in 
general are smooth over the whole range of meas­
urement and are displaced from the curve for an

(16) Brunauer, E m m ett and Teller, T his Journal, 60, 309 (1938).
(17) Innes and Rowley, J . Phys. C h e m 45, 158 (1941).

0 10 20 30 40
A, area per molecule, sq. A.

Fig. 10.—Typical force-area curves for film of carbon 
monoxide sorbed reversibly at —183° on reduced surface 
of stainless alloy B derived from data plotted as In (p/v) 
versus v by method of Innes and Rowley.

ideal two-dimensional gas to an extent charac­
terized by the exponent n of the Freundlich or 
parabolic equation which represents the isotherm. 
The force-area curve for the reversible sorption of 
carbon monoxide a t —183° on the reduced surface 
of Alloy B is shown in Fig. 10. The curve lies well 
above that for an ideal two-dimensional gas and 
close to the curve represented by FA =  4kT, as 
might be expected since its isotherm follows the 
Freundlich relation v =  ap1/A. In this instance 
the curve is not smooth but shows a suggestion of 
a plateau. This behavior was previously observed 
to be characteristic of a film on a surface which 
already holds strongly, either physically or chem­
ically, some molecules attached to definite sites; 
for example, reversible carbon monoxide on re­
duced mild steel a t —183 and —195°, also nitro­
gen on unreduced mild steel a t —195°.3 In the 
reversible sorption of carbon monoxide on this 
stainless alloy the surface already has on it chemi­
sorbed molecules of carbon monoxide; in the ad­
sorption of nitrogen on the same surface no mole­
cules are already strongly held and the curve is 
smooth. The discontinuity may represent a phase 
change of the first order resulting from the influ­
ence of the strongly held molecules on the more 
mobile molecules of the reversibly adsorbed 
layer, showing close resemblance of the phase 
formed by the condensation of the reversibly 
sorbed monolayer on a metal or solid to the ex­
panded phase of an insoluble liquid film on water.18

Summary and Conclusions
The sorption of argon, neon, hydrogen, nitro­

gen, carbon monoxide, oxygen and carbon dioxide 
on two stainless iron-chromium-nickel alloys has 
been measured a t —183, —78 and 20° and at 
pressures up to 0.1 cm. These determinations 
were made on a surface which had been degreased,

(18) Harkins, et al., J .  Chem. Phys., 10, 272 (1942); 13, 535 
(1945); 14, 117 (1940).
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outgassed and reduced by hydrogen, and sub­
sequently outgassed; a few measurements were 
made on the degreased, outgassed surface. The 
surface was more readily conditioned to repro­
ducibility of the sorption within the error of meas­
urement than for mild steel.

Neon and hydrogen are not measurably sorbed 
in the range of temperature and pressure s tudied. 
Argon is very slightly sorbed at ““ 183° and can­
not be removed by pumping at temperature; the 
magnitude of the sorption is about the same as 
that of strongly held carbon dioxide at —78°. 
Nitrogen is sorbed to a greater extent at —183°, 
sufficient a t apparent saturation to cover about 
one-half of the measured geometric surface and 
the sorption is completely reversible.

Carbon monoxide is the only gas which is phys­
ically adsorbed to as great an extent as a com­
plete monolayer; furthermore the reversible sorp­
tion of this gas confirms the measured geometric 
area of the surface. Hence, it is concluded that at 
the low pressures used in this work only the revers­
ible sorption of carbon monoxide a t —183° is a

reasonably reliable criterion of surface area in the 
case of stainless alloys whereas on mild steels ni­
trogen and argon are also satisfactory.

The agreement of the sorption data for the two 
alloys indicates that the surfaces are of the same 
specific area and this appears to approximate 
unity.

There is evidence of a tendency to form a second 
adsorbed layer in the case of Alloy B. Sorption 
data for Alloy B also show more marked devia­
tion from the Langmuir equation in the lowest 
pressure region. These observations suggest that 
the surface of Alloy B is in a more reduced condi­
tion than that of Alloy A. Furthermore the pro­
portionally greater chemisorption of carbon mon­
oxide at —183° on Alloy B leads to the conclusion 
that there is more free metal on this surface.

The sorption of oxygen a t —183° consists of a 
fraction of a monolayer reversibly held and about 
two monolayers which are chemisorbed. At — 78 
and 20° three and four layers, respectively, of oxy­
gen are chemisorbed.
K e a r n e y , N e w  J e r s e y  R e c e iv e d  N o v e m b e r  29, 1947

[CüNxKXts u iïO N  f r o m  ±±ïj& I f A it e f f  K jluH P küSSuk.ü  A Nu CA jlALY n C  L a h u k Aiu k Y, D e f Ar t m e Nt  Of  C h e m is t r y ,
N o r t h w e s t e r n  U n iv e r s it y ]

Isomerization of Saturated Hydrocarbons. V.1 The Effect of Cyclohexene upon the 
Isomerization of Methylcyclopentane and Cyclohexane

By Herman Pines, B. M. Abraham2 and V. N. Ipatieff

I t  was shown previously1*3 that under certain 
carefully controlled conditions aluminum bro­
mide-hydrogen bromide or aluminum chloride- 
hydrogen chloride did not cause the isomerization 
of ^-butane to isobutane unless traces of olefins 
were present. This study has now been extended 
to the investigation of the reversible isomerization 
of methylcyclopentane to cyclohexane using alu­
minum bromide-hydrogen bromide as the cata­
lyst. A high vacuum technique was used for the 
purification of materials, and for charging and dis­
charging of the products.

I t  was found that methylcyclopentane did not 
undergo isomerization when shaken in a sealed 
tube for nineteen hours a t 25° in the presence of as 
much as 9 mole per cent, of aluminum bromide4 
and 1 mole per cent, of hydrogen bromide. When 
the hydrogen bromide concentration was increased 
to 3.2 mole per cent., the yield of cyclohexane pro­
duced was 2%. However, when 0.05 mole per 
cent, of olefin such as cyclohexene was added to the

(1) The previous paper of th is series was m arked as “Isomeriza­
tion of Alkanes. IV,'* see H. Pines and R. C. W ackher, This Journal, 
68, 2518 (1946).

(2) Universal Oil Products Company Postdoctoral Fellow 1946- 
1947. Present address Argonne National Laboratory, Chicago, 
Illinois.

(3) H. Pines and R. C. W ackher, This Journal, 68, 595 (1946).
(4) Throughout this paper for the purpose of calculation the 

aluminum bromide was considered to  foe monomeric*

reaction mixture, 28 mole per cent, of the methyl­
cyclopentane was converted to cyclohexane. By 
increasing the molal ratio of the cyclohexene from
0.05 to 0.07 and to 0.1 mole per cent, the amount 
of cyclohexane formed increased to 30 to 38 mole 
per cent., respectively. The results are sum­
marized in Table I. The amount of methylcyclo­
pentane listed in the above table and in subse­
quent experiments was 8.00 to 10.00 g. ±  0.001 g.

T a b l e  I

T h e  E f f e c t  o f  O l e f i n s  o n  I s o m e r iz a t io n

Reaction time 19 hrs. The amount of methylcyclopentane 
used in the various experiments varied from 8-10 g.

Reagents: m oles/100 moles

No. AlBr*

methylcyclopentane

H B r 0
Analysis 
mole % 

cyclohexane
1 1.0 1.0 0.0 0
2 9 .0 1.0 .0 0
3 9.0 3 .2 .0 2
4 9 .0 1.0 .05 28
5 9.0 1.1 .07 30
6 9.0 1.0 .10 38
7 1.0 1.0 .20 58
A 58% yield of cyclohexane was obtained when 

the concentration of cyclohexene added was 0.2 
mole per cent.; in this particular experiment the
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concentration of aluminum bromide was 1 mole 
per cent, instead of the usual 9 mole per cent. In 
the absence of hydrogen bromide, aluminum bro­
mide does not isomerize methylcyclopentane even 
in the presence of olefins.

Cyclohexane reacted in the presence of an alu­
minum bromide-hydrogen bromide catalyst in a 
manner similar to methylcyclopentane. Isom­
erization did not occur when a solution consist­
ing of 100 mole per cent, of cyclohexane was 
treated for nineteen hours a t 25 ±  0.1° with 2.00 
mole per cent, of aluminum bromide and 0.99 mole 
per cent, of hydrogen bromide. In the presence, 
however, of 0.107 mole per cent, of cyclohexene, 
9% of cyclohexane isomerized to methylcyclo­
pentane.

In order to determine the effect of the different 
variables upon the degree of isomerization of 
methylcyclopentane, the effect of hydrogen bro­
mide and aluminum bromide concentration was in­
vestigated.

By maintaining the molal ratio of methylcyclo­
pentane to aluminum bromide and to cyclohexene 
(cyclohexyl bromide) constant a t about 100:9.0:
0.08 and by varying the concentration of hydrogen 
bromide a definite trend in the degree of isomeriza­
tion was observed. This effect was most pro­
nounced when the concentration of hydrogen bro­
mide was raised from 1.1 to 3 mole per cent.; in 
this case the degree of isomerization increased 
from 30 to 78%. Under similar conditions but in 
the absence of hydrogen bromide and cyclohexyl 
bromide no isomerization of methylcyclopentane 
was observed; this definitely establishes that the 
initiator is the alkyl halide or its equivalent. The 
results are summarized in Table II.

T a b l e  II
T h e  E f f e c t  o f  HBr C o n c e n t r a t io n  o n  I so m e r iz a t io n

moles hydrocarbon

3No.

Reaction
tim e,
hóurs AlBri H B r ^

Analysis 
mole % 

cyclo­
hexane

8 19 9 . 1 0 . 0 8 “ 17
9 19 8 . 9 0 . 0 2 .08® 2 5

10 19 9 . 1 0 . 2 8 .0 8 2 0
11 19 9 . 0 1 .1 .0 7 3 0
12 19 9 . 1 3 . 0 .0 8 7 8
13 1 1 . 6 1.0 .1 19
14 1 1.0 3 . 1 .1 3 6
15 1 1.0 1.0 .1® 21
1 6 1 1.0 0 .1 0

a Olefin added as cyclohexyl bromide.

An increase in the isomerization of methylcyclo­
pentane with an increase of hydrogen bromide con­
centration was also noticed when the aluminum 
bromide was maintained a t lower concentrations 
and the contact time was one hour instead of the 
usual nineteen hours.

I t  was found that by decreasing the aluminum
bromide concentration from 9 to 1 mole per cent.

T a b l e  III
T h e  E x t e n t  o f  I s o m e r iz a t io n  w i t h  T i m e

Reagents: m o les/100 
moles hydrocarbon

No.

Reaction
time,
hours AlBrs H Br 0

Analysis 
m ole % 

cyclo­
hexane

17 0 . 5 1 .0 1 .0 0 .1 0 12
18 1 .0 1 .0 1 .0 . 1 0 2 1
13 1 .0 1 . 6 1 .0 .1 0 1 9
19 1 . 2 5 9 . 0 0 . 9 .1 0 2 3
20 2 . 0 2 .0 1 .0 . 1 0 3 4
21 19 1 .0 1 . 1 . 10 4 0

6 19 9 . 0 1 . 1 .1 0 3 8

based on methylcyclopentane present and main­
taining the molal concentration of hydrogen bro­
mide a t 1 and of cyclohexene a t 0.1 mole per cent., 
the degree of isomerization within the experi­
mental error was unchanged (Table III , Experi­
ments 6 and 21). These results show th a t even 1 
mole per cent, of aluminum bromide under the ex­
perimental conditions used seems to be in excess of 
that required to catalyze the isomerization. A t 
about 9 mole per cent, concentration aluminum 
bromide is near the saturation point a t 25°.

The isomerization catalyst comprised of alumi­
num bromide-hydrogen bromide and promoted 
by cyclohexene loses its activity with time. This 
was shown in Experiment 22 (Table IV) in which 
methylcyclopentane was treated by this catalyst 
for a period of nineteen hours; a sample was then 
withdrawn for analysis and the contents of the 
reaction tube were diluted with an equal volume of 
methylcyclopentane; the tube was agitated for an 
additional nineteen hours a t 25°. I t  was found 
that no additional isomerization occurred. These 
results suggested that the isomerization reaction 
must have stopped before the first nineteen-hour 
period was ended. This was shown more clearly 
in Experiment 20 (Table IV) in which the reaction 
was carried out for only two hours; the hydro­
carbons were then withdrawn and the reaction 
tube was recharged with fresh methylcyclopentane 
and with the recovered hydrogen bromide. The 
tube was then agitated for two hours a t 25°. 
From the results obtained it is seen th a t the re­
action was almost complete during the first two 
hours.

On the basis of the above-described experiments 
it was believed that the loss of the catalyst ac­
tivity was due primarily to the disappearance of 
the promoter through secondary reactions. This 
was demonstrated more clearly in Experiment 23 
in which methylcyclopentane was treated with 
aluminum bromide-hydirogen bromide promoted 
by 0.11% of cyclohexene. After nineteen hours 
a small sample was withdrawn for analysis; it 
contained 38% of cyclohexane. In order to be 
certain that the catalyst had lost its activity, the 
reaction tube was resealed and shaken in the con­
stant temperature bath for an additional nineteen
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T a b l e  IV
T h e  S t u d y  o f  C a t a l y t ic  A c t iv it y  a s  a  F u n c t io n  o f  T im e  a n d  I n it ia t o r ; t h e  C h a n g e  in  C a t a l y st  A c t iv it y  w it h

T im e

Reagents: initial charge, m oles/100 mole 
of methylcyclopentane

E xp t.
22

Reaction
time,
hours A1ÏÏI3 HBr 0

Analysis, 
mole % 
cyclo­

hexane

Reaction
time,
liUUtS

Second
charge,
moles

hydrocarbon

Analyses 
mole % 

cyclo­
hexane

19 2 .0
F irs t period

0.9 0.09 28 19
Second period

93“ 14
20 2 2 .0 1.0 .10 34 2 lOO6 9
23 19 1.0 1.0 .11 38* 19 O .^ 80

® Removed equivalent of 7 moles for analysis; diluted with an equivalent of 93 moles of methylcyclopentane. 6 Re- 
placed first batch of hydrocarbon. The hydrocarbons from the first period of reaction were removed and replaced with 
100 mole equivalent of fresh methylcyclopentane. 0 The reaction was continued for an additional nineteen hours between 
first and second period. No additional isomerization occurred. d Cyclohexene was added to the reaction mixture.

hours and then retested; it was found that no fur­
ther isomerization occurred. The introduction, 
however, of 0.12% of cyclohexene restored and in­
creased the activity of the catalyst; the reaction 
mixture after this treatment consisted of 80% 
cyclohexane.

Discussion of Results
The experimental data given above indicate 

th a t under controlled conditions methylcyclopen­
tane does not undergo isomerization in the pres­
ence of aluminum bromide-hydrogen bromide 
catalyst unless traces of cyclohexene or cyclohexyl 
bromide are present. These results are in accord­
ance with a similar observation made when isom- 
erizing ^-butane3 and can be explained by the 
following chain mechanism similar to that sug­
gested for w-butane.5
Eq. 1 
Eq. 2

Eq. 3

R° (olefins) +  HBr RBr 
RBr +  AlBr* ±  [R+ AlBrrJ

* CH*

+  [R+AlBrr]

CH*

CH*

AlBr4“ +  RH

Although the addition of small amounts of 
cyclohexene or cyclohexyl bromide causes the 
isomerization to proceed, in no case was an equi-

(5) H . S. Bloch, H. Pines and L. Schmerling, T his Journal, 68, 
153 Q 946).

librium mixture of methylcyclopentane and cyclo­
hexane obtained,6 this is probably due to a chain- 
breaking reaction in which the carbonium ion of 
either of the original additives is involved or the 
one formed through a hydrogen transfer reaction 
as exemplified by Equation 3. The chain-break­
ing can be caused by such reactions as conjunct 
polymerization,7 cycloalkylation, or condensation 
which involves a transfer of hydrogen.8 The con­
junct polymerization involves the transformation 
of the olefins into saturated hydrocarbons of the 
same or higher molecular weight and the formation 
of highly unsaturatéd hydrocarbons which form a 
complex with the catalyst which is insoluble in 
hydrocarbons. This might explain the formation 
of an oily film during isomerization which can be 
detected on the walls of the reaction tube. The 
conjunct polymerization is probably one of the 
chief reactions causing the destruction of the car­
bonium ions; this reaction is relatively rapid and 
pronounced when the concentration of the olefins 
is relatively high. For that reason, in order to ob­
tain the most benefit from the olefins added, it is 
preferred that the olefins be not added at once but 
at intervals and in small quantities. This is 
brought up in Table IV.

Experimental
A high vacuum apparatus similar to that reported 

previously3 was constructed (Fig. 1); all liquid reactants 
once purified in this apparatus were kept out of contact 
with air or moisture.

The aluminum bromide was a resublimed commercial 
grade which was further purified by a vacuum sublimation 
through a series of constrictions into a receiver. This 
receiver contained several weighed and numbered capsules. 
To fill these capsules the following procedure was adopted: 
A few millimeters pressure of dry air was admitted to the 
line and the aluminum bromide was heated to the melting 
point; as soon as the salt became molten an atmosphere 
of dry gas was admitted thus forcing the molten salt into 
the capsule. After the material had solidified the cap­
sules were removed from the line, sealed and reweighed. 
Each capsule contained from 1.7-2.2 g. of aluminum 
bromide. In Fig. 2 is illustrated the reaction tube with 
an aluminum bromide capsule in place.

(6) The equilibrium mixture a t  25° consists of 88% of methylcy­
clopentane and 12% of cyclohexane.

(7) V. N. Ipatieff and H. Pines, J . Org. Chem., 1, 464 (1946).
(8) H. Pines and V. N. Ipatieff, ibid., 6, 242 (1941); T his Jour­

nal, 70, 631 (1948).
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pump; D, Toepier pump; E, sample inlet; F, fractionation system; G, reaction tube; H, small volume aliquoting 
tube; I, cyclohexene storage; J, gaseous olefins storage; K, hydrogen bromide storage; L, stock valve.

The methylcyclopentane used in this work was pre­
pared from cyclohexane by catalytic isomerization; this 
was accomplished by refluxing the cyclohexane in the

To vacuum line

Fig. 2.—-Reaction tube: W, glass wool; M, aluminum 
bromide.

presence of aluminum chloride activated by the addition 
of about 2-3% of water. The methylcyclopentane thus 
formed, boiling lower than its isomer, was continuously 
removed on a 50-plate column. The distillate which 
contained 85-90% methylcyclo­
pentane was washed with alkali, 
dried, and redistilled on a 100- 
plate column. The methylcyclo­
pentane fraction used in these ex­
periments did not show any im­
purities as determined by index 
of refraction, w20d  1.4100» or by 
infrared or ultraviolet spectro­
scopy. The methylcyclopentane 
thus obtained was weighed out to 
give the proper molal ratio for a 
given aluminum bromide capsule.
The liquid was then distilled into 
a numbered tube which contained 
liquid sodium-potassium alloy 
and stored until used (Fig. 3).

The cyclohexene was stored in 
vacuo over sodium-potassium al- Hydrocarbon
loy and removed as needed. The purification tube, 
olefin was measured as a gas in
one of the calibrated U tubes on the apparatus (Section 
F, Fig. 1).

Hydrogen bromide was prepared by dropping bromine 
on tetralin. The material was fractionated on the line, 
discarding generous first and last fractions. The middle 
fraction which had a dry-ice~ether vapor tension of 400
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mm. (“ International Critical Tables” value 401 mm.) 
was stored in a 5-liter bulb (Section K, Fig. 1).

The experimental technique used was as follows: A
reaction tube (Fig. 2) was sealed on the line (Section G, 
Fig. 1), evacuated and degassed. Dry air was then 
admitted through a phosphorus pentoxide drying column 
and a small hole was blown in the side tube (Section E, 
Fig. 2). An aluminum bromide capsule was then dropped 
into the side-arm after the tip had been broken. The hole 
was sealed and the tube re-evacuated. When the pressure 
had dropped to ca. 10~3 mm. of mercury the aluminum 
bromide was sublimed through the glass wool, into the U- 
tube (Section C, Fig. 2); Sections E and D were sealed 
off. The aluminum bromide was then sublimed into the 
reaction tube proper and Section C was sealed off. In 
later experiments the glass wool in D was eliminated. The 
oily film which is put on the glass during fabrication was 
difficult to remove and seemed to influence the results. 
The methylcyclopentane was next added, then the olefin, 
and finally the hydrogen bromide. The reaction tube was 
sealed off the line at A and warmed to room temperature. 
The tube was then placed in the constant temperature 
bath and agitated for the period of the experiment.

If no olefin or alkyl halide had been added the solution 
was clear; however, if either of these compounds was 
present in the reaction mixture, droplets of light yellow 
oil—insoluble in the hydrocarbon—were always noticed 
to be formed on the glass. When cyclohexyl bromide was 
used, cyclohexene was mixed with hydrogen bromide in 
equimolal amounts in a small capsule. The sealed capsule 
was then placed in the reaction tube. In this case all 
reagents except cyclohexene were added as previously 
described. After the aluminum bromide had dissolved 
in the methylcyclopentane, the tip of the capsule was 
broken by shaking the reaction tube. Immediately 
the whole solution became turbid and yellow; in a short 
while the oil separated on the glass. In the light of the 
variation in the experimental results mixing is a very seri­
ous problem with these rapid reactions.

After the agitation period, the tubes were attached to 
the line by sealing a ground joint on tube B, Fig. 2, and 
inserting this joint at E, Fig. 1. The tube was opened by 
dropping an iron weight enclosed in glass on the break- 
off in tube B, Fig. 2. The volatile gases were tested for 
the presence of non-condensables such as hydrogen or 
methane. In no case was more than 0.04 cc. S. T. P. of 
gas recovered (ca. 0.0001 mole per cent.). The value 
was determined with the aid of the Toepler pump (Section 
D, Fig. 1). The hydrogen bromide was difficult to 
separate quantitatively from methylcyclopentane so no 
analysis was attempted here. The hydrocarbon was 
analyzed by index of refraction and infrared spectroscopy. 
In no case did the infrared analysis reveal the presence of 
constituents other than cyclohexane and/or methylcyclo­
pentane.

Summary
The reversible isomerization of methylcyclo­

pentane to cyclohexane in the presence of alumi­
num bromide-hydrogen bromide catalyst has been 
studied using high vacuum technique. I t  was 
found that under certain controlled conditions 
methylcyclopentane does not undergo isomeriza­
tion to cyclohexane unless cyclohexene or cyclo­
hexyl bromide in amounts of about 0.05 mole per 
cent, or higher are present.

The effect of olefins, hydrogen bromide, and 
aluminum bromide concentrations upon the 
isomerization of methylcyclopentane has been 
studied.

A mechanism of isomerization has been 
proposed.
E v a n s t o n , I l l in o is  R e c e iv e d  D e c e m b e r  11, 1947

[C o n t r ib u t io n  f r o m  T h e  I n s t it u t e  o f  P a p e r  C h e m is t r y ]

Synthesis of Syringaldehyde1
By Irwin A. Pearl

In a study of the separation of guaiacyl from 
syringyl compounds in fractions obtained from 
lignin oxidations it was necessary to use large 
amounts of syringaldehyde. A review of the 
literature revealed numerous reported syntheses of 
syringaldehyde,2" 8 but yields were all negligible or 
low, and syringaldehyde has remained more or 
less of a laboratory curiosity. However, one obvi­
ous synthesis of syringaldehyde has been over­
looked by other investigators and that is the series 
of reactions analogous to the synthesis of vanillin 
from eugenol.

For years vanillin has been manufactured on a
(1) This paper represents a portion of the results obtained in the 

research program sponsored by the  Sulphite Pulp M anufacturers’ 
Research League and conducted for the League by The Institute of 
Paper Chemistry. Acknowledgment is made by the Institute for 
permission on the p art of the League to  publish these results.

(2) Graebe and M artz, Ber., 36, 1031 (1903).
(3) Guyot, Compt. rend., 149, 788 (1909).
(4) M authner, A nn., 395, 273 (1913).
(5) Spath, Monatsh., 41, 278 (1920).
(6) Pauly and Strassberger, Ber., 62, 2277 (1929).
(7) McCord, This Journal, 53, 4181 (1931).
(8) Manske, Ledmgham and Holmes, Can. J ,  Research, 23B, 100 

(1945).

large scale from eugenol (the chief constituent of 
oil of cloves and cinnamon leaf oil) by two general 
methods. In the first, eugenol is treated with 
alkali to isomerize it to isoeugenol which, in turn, 
is oxidized to vanillin by some mild oxidizing 
agent, such as nitrobenzene and alkali. In the 
second method, eugenol is acetylated to protect 
the hydroxyl group, and the acetyleugenol is oxi­
dized by a strong oxidizing agent, such as dichro­
mate and acid or permanganate. The resulting 
acetylvanillin is then hydrolyzed to vanillin. The 
present paper describes a synthesis of syringalde­
hyde analogous to the first of these vanillin syn­
theses.

Although the syringyl analog of eugenol is not 
an easily obtained natural product or article of 
commerce, its preparation from pyrogallol 1,3-di­
methyl ether in good yield has been recorded.9*10 
Pyrogallol 1,3-dimethyl ether is easily prepared by 
the controlled methylation of pyrogallol according 
to Krauss and Crede.11

(9) M authner, A nn., 414, 252 (1917).
(10) H ahn and W assniuth, Ber., 67, 702 (193^).
(11) K rauts and Crede, This Journal, 39, 1433 (1917)*
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Pyrogallol 1,3-dimethyl ether was treated with 
allyl bromide in anhydrous acetone in the presence 
of anhydrous potassium carbonate and yielded 
95% of 2-allyloxy-1,3-dimethoxybenzene; this 
underwent the Claisen rearrangement to 4-hy- 
droxy-3,5-dimethoxyallylbenzene by boiling under 
reflux at 75 mm. pressure in a yield of 90%. Isom­
erization of 4-hydroxy-3,5-dimethoxyallylben­
zene to 4-hydroxy-3,5-dimethoxypropenylbenzene 
by the action of alkali proved to be a more difficult 
problem. The methods ordinarily employed for 
isomerizing eugenol to isoeugenol were inoperative 
because the alkali metal salts of 4-hydroxy-3,5- 
dimethoxyallylbenzene are only slightly soluble in 
water. The use of aniline as a solvent solved the 
problem and a high yield of 4-hydroxy-3,5-di- 
methoxypropenylbenzene and of syringaldehyde 
was obtained by an adoption of the process de­
scribed by Bots12 for preparing vanillin from euge­
nol. 4-Hydroxy-3,5-dimethoxyallylbenzene was 
isomerized to 4-hydroxy-3,5-dimethoxypropenyl- 
benzene by boiling with potassium hydroxide in 
aniline solution. The propenyl derivative could 
be isolated in 88% yield. Without separation of 
the propenyl compound, the entire reaction mix­
ture was treated with more alkali and nitrobenzene 
and heated to yield 80% of syringaldehyde. The 
reactions involved are shown by the following 
formulas.

2200 2600 3000 3400
Wave length, A.

Fig. 1.— 1, 2-Allyloxy-l,3-dimethoxybenzene; 2, 4» 
hydroxy-3,5-dimethoxyallylbenzene; 3, 4-hydroxy-3,5- 
dimethoxypropenylbenzene; 4, syringaldehyde.

and hyperchromic shifts. These data concur with 
those of Patterson and Hibbert for eugenol and 
isoeugenol.

tn>CHaO 
HO 

CHaO'
CHsO

CH2= C H C H 20
CHaO'

CH2=C H C H 2Br 
->

9S%
->/---- \  heat CH3O/------\
<  > ------- >- HO< >CH2CH=CH2

------/  90% CHaO''-----/

80

CHaO
HO'

CHaO'<Z>CHO
C6H6N 02 CHaO

KOH
88%

NaOH CHaOh o < O c h = =CHCH*

The ultraviolet absorption spectra of these com­
pounds were determined in anhydrous dioxane 
with a Beckman spectrophotometer at minimum 
slit width. These spectra are shown in Fig. 1. 
The curve for syringaldehyde agrees fairly well 
with that reported by Patterson and Hibbert,13 
who determined their curve in ethanol. How­
ever, the present curve shows the fine structure of 
the principal 3050 A. band.

The curves for the isomers—2-allyloxy-1,3-di­
methoxybenzene, 4-hydroxy-3,5-dimethoxyallyl­
benzene and 4-hy droxy-3,5-dimethoxypropenyl- 
benzene—illustrate the effect of structure on the 
ultraviolet absorption spectra and emphasize the 
difference between a conjugated and unconjugated 
unsaturated side chain. The double bond only 
becomes a strong resonator in this portion of the 
ultraviolet when it is conjugated with the ring. 
Change from an oxygen-allyl linkage to a carbon- 
allyl linkage results only in slight bathochromic

(12) Bots, U. S. P aten t 1,643,805 (Sept. 27, 1927).
(13) Patterson and H ibbert, T his Journal, 65, 1862 (1943).

Experimental
All melting points and boiling points are uncorrected. 
2-Allyloxy-1,3 -dimethoxybenzene.—Pyrogallol 1,3 - 

dimethyl ether (154 g., 1.0 mole) was treated with 
121 g. (1.1 mole) of allyl bromide and 180 g. (1.3 
moles) of finely powdered anhydrous potassium carbon» 
ate in 400 ml. of anhydrous acetone according to the 
general procedure described by Hahn and Wassmuth.10 
2-Allyloxy-l ,3-dimethoxybenzene was obtained in 184 
g. (95%) yield as a colorless fluid oil, b. p. 102° at 
2 mm., refractive index » 22d  1.5301.

4-Hydroxy-3,5-dimethoxyallylbenzene.—2-Allyloxy- 
1,3-dimethoxybenzene was boiled under reflux at 75 mm. 

pressure according to Hahn and Wassmuth10 to yield 90% 
of 4-hydroxy-3,5-dimethoxyallylbenzene as a colorless 
viscous oil, b. p. 123-125° at 2 mm., refractive index w22d  
1.5478.

4-Hydroxy-3,5-dimethoxypropenylbenzene.—Into a 
one-liter flask was placed a mixture of 100 g. of 4-hydroxy- 
3,5-dimethoxyallylbenzene and 50 g. of potassium hy­
droxide dissolved in 200 g. of water. The flask was con­
nected to a distillation assembly and heated to boiling. 
After approximately 75 cc. of water had distilled, the 
boiling temperature began to rise. When the temperature 
of the mixture reached 110°, 450 g. of aniline was added 
and the mixture was distilled again. After about 100 ml. 
of distillate was collected, the boiling solution became 
thick with precipitate, but all precipitate dissolved when 
the last traces of water distilled and the temperature of 
the mixture began to rise. Approximately 150 ml. of 
distillate had been collected at this point. The distilla­
tion was continued until approximately 100 ml. of aniline 
was collected. The temperature at this point was 179- 
180 °. The mixture was allowed to cool, and the solid ma­
terial was treated with an excess of water and extracted 
with ether. The aqueous layer was acidified with hydro­
chloric acid and extracted with ether. The ether extract 
was thoroughly washed with dilute hydrochloric acid, 
and then with water, and finally dried with sodium sulfate 
and distilled. The residual oil was distilled under vacuum
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to yield 22 g. (88%) of 4-hydroxy-3,5-dimethoxypropenyl- 
benzene as a yellow oil, b. p. 107-108° at 0.05 mm., 
refractive index n27d 1.5741.

Analo Calcd. for CuHi40 3: CH30 , 31.9. Found:
CH30 , 31.9.

Syringaldehyde.—The above reaction was carried 
through the cooling stage before the treatment with water. 
The solidified mixture was covered with 400 g. of nitro­
benzene and 135 g. of 50% sodium hydroxide solution, 
and with vigorous stirring it was boiled under reflux for 
three hours. The reaction mixture was distilled with 
steam until almost no oil distilled with the steam. The 
mixture was then cooled, diluted with water, and extracted 
with ether. The aqueous solution was acidified with dilute 
hydrochloric acid and extracted with ether. The ether 
extract was extracted with 21% sodium bisulfite solution. 
The bisulfite extract was acidified with 50% sulfuric acid 
and aspirated with air while heating on the steam-bath. 
After all traces of sulfur dioxide were removed, the solution 
was allowed to cool. The heavy crystals which separated 
were filtered, washed with water and air dried to yield
53.5 g. (52%) of syringaldehyde melting at 109-110°. 
Recrystallization from petroleum ether (b. p. 65-110°) 
yielded very pale yellow needles melting at 109-110°.

Anal. Calcd. for C9H10O4: CH3O, 34.07. Found:
CH3O, 34.01.

The aqueous filtrate was extracted with ether, and the 
ether was dried with sodium sulfate and distilled, leaving 
an additional 16 g .  (23%) of crude syringaldehyde melting

at 108-110°. Recrystallization from petroleum ether 
raised the melting point to 109-110°.

Ultraviolet Absorption Spectra.—The ultraviolet ab­
sorption spectra were determined with a Beckman model 
DU quartz spectrophotometer employing 1.0-cm. quartz 
cells and minimum slit widths. Measurements were made 
on freshly and accurately prepared solutions containing 
approximately 0.02 g. per liter in specially purified dioxane.

Acknowledgment.—The author is indebted to 
the Analytical Department of The Institute of 
Paper Chemistry for the analyses and ultraviolet 
absorption spectra reported in this paper.

Summary
Syringaldehyde has been synthesized from 4- 

hydroxy-3,5-dimethoxyallylbenzene by nitroben­
zene oxidation in aniline solution. The inter­
mediate 4-hydroxy-3,5-dimethoxypropenylben- 
zene has been isolated and characterized. This 
method affords a simple procedure for obtaining 
syringaldehyde from pyrogallol or pyrogallol 1,3- 
dimethyl ether. All steps in the synthesis give 
high yields. The ultraviolet absorption spectra 
of the intermediates have been determined.
A p p l e t o n , W is c o n s in  R e c e iv e d  J a n u a r y  2 2 , 1 9 4 8

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  A l b e r t a ]

Some Derivatives of Dibenzotitiophene
B y  R o b e r t  K. B r o w n , R obert  G. C h r is t ia n se n  a n d  R e u b e n  B. S a n d in

The discovery of the carcinogenic action of the 
versatile 2-acetaminofluorene (VII) by Wilson, 
DeEds and Cox1 has suggested the possibility that
3- acetaminodibenzothiophene might show similar 
activity. In this communication is described the 
preparation of this substance and some related 
compounds.

The orientation and derivatives of dibenzothio- 
phene have been studied extensively by Gilman 
and co-workers.2

Recently Gilman and Nobis3 have shown that
4- iododibenzothiophene undergoes an interesting 
rearrangement when treated with sodamide in 
liquid ammonia to give 3-aminodibenzothiophene.

In the present work it has been found that by 
using the sulfoxide of dibenzothiophene in which 
the oxygen is susceptible to reducing agents, 
a conversion of dibenzothiophene into 3-aminodi­
benzothiophene in an over-all yield of 45% can be 
accomplished. The preparation of dibenzothio- 
phene-5-oxide from dibenzothiophene proceeds 
without difficulty and in high yields. Subsequent 
mono-nitration and reduction with stannous chlo­
ride and concentrated hydrochloric acid also pro­
ceed without difficulty and both reactions afford 
satisfactory yields of the desired products. The

(1) Wilson, DeEds and Cox, Cancer Research, I , 595 (1941).
(2) Gilman and Jacoby, J . Org. Chem.-, 3, 108 (1938); Gilman, 

Jacoby and Pacevitz, ibid., 3, 120 (1938).
(3) Gilman and Nobis, T his Journal, 67, 1479 (1945).

step-wise reduction of 3-nitrodibenzothiophene-5- 
oxide with stannous chloride and dilute hydro­
chloric acid has also been carried out, and has 
afforded 3-aminodibenzothiophene-5-oxide in good 
yield.

Experimental4
Dibenzothiophenë-5-oxide (II).—Dibenzothiophene (I) 

was prepared by the excellent method of Gilman and 
Jacoby.2 For the preparation of the sulfoxide the 
procedure of Fries and Vogt5 was used. A solution of 
15 g. of I in carbon tetrachloride (150 ml.) was treated 
at 0-5° with chlorine until 6 g. had been added. The 
solution became red and the addition compound which 
was produced was hydrolyzed by vigorously shaking the 
reaction mixture with ice and water. The solid was 
filtered off and washed with water. The yield of dibenzo- 
thiophene-5-oxide melting at 174-180° was 15.8 g. (97%) . 
It was crystallized from benzene and the yield of pure 
compound was 12.5 g. (77%); m. p. 185-187°.

Anal. Calcd. for C^HgOS: S, 16.0. Found: S, 16.15.
The reduction of dibenzotliiophene-5-oxide with stan­

nous chloride and concentrated hydrochloric acid afforded 
an 85% yield of pure dibenzothiophene.

3-Nitrodibenzothiophene-5-oxide (III).—The nitration 
of II was carried out by the procedure developed by Gil­
man and Jacoby2 for the nitration of the corresponding 
dioxide. To an ice-cold mixture of 15 g, of II, 33 ml. of 
glacial acetic acid and 33 ml. of concentrated sulfuric acid, 
was added with stirring 36 ml. of fuming nitric acid (sp. 
gr. 1.5) during a period of fifteen minutes. After the 
resulting clear solution had stood at 0-5° for thirty

(4) All melting points are uncorrected.
(5) Fries and Vogt, A nn., 381, 341 (1911).
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CH*

minutes, it was poured into 200 g. of cracked ice. The 
gummy solid which was formed soon hardened and was 
filtered off and washed with water. The crude material 
weighed 16.5 g. (87%) and melted at 201-205°. # After 
crystallization from ethyl alcohol the pure 3-nitrodi- 
benzothiophene-5-oxide weighed 14 g. (76%) and melted 
at 209.5-210.5°.

Anal. Calcd. for C12H7O3NS: S, 13.06. Found: S, 
13.15.

3 -Nitrodibenzothiophene-5-oxide was oxidized with a 
mixture of sodium dichromate, acetic acid and dilute 
sulfuric acid (1:1). The product after crystallization 
from acetone was shown to be identical with an authentic 
sample of 3-nitrodibenzothiophene-5-dioxide.2

3 -Aminodibenzothiophene (IV).—To a solution of 10 
g. of III in 100 ml. of glacial acetic acid was added a solu­
tion of 51 g. of hydrated stannous chloride in 65 ml. of 
concentrated hydrochloric acid. The reaction was exo­
thermic and a solid was formed. After standing at room 
temperature for twelve hours the solid was filtered off 
and washed with a mixture of equal parts of glacial acetic 
and concentrated hydrochloric acid. The amine was 
liberated with dilute sodium hydroxide solution and the 
weight of crude material, melting at 113-117°, was 8.1 
g. (99%). The pure compound after crystallization from 
dilute ethyl alcohol weighed 6.1 g. (75%), and melted at 
121-122.5°. A mixed melting point with the above 
amine and the amine prepared by the action of sodamide 
in liquid ammonia on 4-iododibenzothiophene (kindly 
furnished by Drs. Gilman and Nobis), was not depressed.

The acetylation of 3 -aminodibénzothiophene was 
readily accomplished by the procedure of Gilman and 
Nobis.3 After purification from etfiyl alcohol it melted 
at 196-197°.

3-Aminodibenzothiophene-5-oxide (V).—To a solution 
of 5 g. of III in 60 ml. of glacial acetic acid was added 26 g. 
of hydrated stannous chloride in 40 ml. of dilute (6 N ) 
hydrochloric acid. The reaction mixture was kept at 40° 
for thirty minutes and then allowed to stand at room 
temperature for three hours, after which it was cooled 
to 0° and the yellow solid was then filtered off. The 
amine was liberated with sodium hydroxide solution and 
afforded 4 g. (91%) of compound melting at 206-207.5°. 
The light yellow compound slowly darkened on exposure 
to air. For analytical purposes it was crystallized from 
dilute alcohol, m. p. 208-209°.

Anal. Calcd. for C12H9ONS: S, 14.87. Found: S,
15.05.

The amino sulfoxide is sensitive to heat and for that 
reason a temperature below 60° during the process of 
crystallization is desirable.

3-Acetaminodibenzothiophene-5-oxide (VI).—To a solu­
tion of 1.8 g. of V in 30 ml. of benzene was added 4 ml. of 
acetic anhydride. The reaction mixture was allowed to 
stand for twelve hours. The fight yellow solid which was 
formed melted at 262-264 0; yield, 95%. It was crystal­
lized from absolute alcohol; m. p. 265-267°.

Anal. Calcd. for Ci4H n02NS: S, 12.44. Found: S, 
12.47.

The oxidation of VI in glacial acetic acid with 30% 
hydrogen peroxide afforded 3-acetaminodibenzothiophene-
5-dioxide, m. p. 308-3100 (cor. m. p. 322-324°). A mixed 
melting point carried out with an authentic sample of 3- 
acetaminodibenzothiophene-5-dioxide3 was not depressed.

Acknowledgment.—The authors are very 
grateful to the Alberta Branch of the Canadian 
Cancer Society for financial aid in support of 
this work. We are also grateful to Drs. J. A. 
Miller and E. C. Miller of the McArdle Memorial 
Laboratory, Madison, Wisconsin, for determin­
ing the carcinogenic properties of 3 -acetamino- 
dibenzothiophene. Their results will be pub­
lished elsewhere.

Summary
The reduction of 3-nitrodibenzothiophene-5- 

oxide with stannous chloride and concentrated 
hydrochloric acid affords 3-aminodibenzothio- 
phene. With stannous chloride and dilute hydro­
chloric acid reduction to 3-aminodibenzothio- 
phene-5-oxide can be accomplished. Some new 
derivatives of dibenzothiophene have been pre­
pared.
E d m o n t o n , A l b e r t a , C a n a d a

R e c e iv e d  N o v e m b e r  28, 1947
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Reaction of Diazo Compounds with Sulfamic Acid
B y  H . W. G rimmel a n d  J ack F . M organ

1750 H. W. Grimmel and Jack F. M organ Vol. 70

Sulfamic acid has long been used both in indus­
try and in the laboratory to remove excess nitrous 
acid following diazotization of amines. Obvi­
ously, it has been generally assumed that the di­
azo compounds were unaffected by sulfamic acid 
under the conditions employed. I t  has been dem­
onstrated in this Laboratory that a number of di­
azo compounds do react with sulfamic acid 
even in strongly acid solution. In fact, in certain 
cases this reaction is a rapid and quantitative one 
yielding the products shown in the net equation
R—N = N —OH +  NH2SO3H >  RNH2 +  H2S04 +  N2

Scope of the Reaction
Only the most reactive diazo compounds are 

capable of reacting with sulfamic acid in mineral 
acid solution. For example, diazo compounds de­
rived from />-chloroaniline, aniline or ^-toluidine 
do not react with sulfamic acid in strong acid solu­
tion. 2,5-Dichloroaniline and p -nitroaniline yield 
diazo compounds which react very slowly with 
sulfamic acid while the diazo compounds from
2,4-dinitroaniline and 2,6-dichloro-4-nitroaniline 
react quite rapidly. Most reactive of all are the 
diazo compounds derived from 5-aminotetrazole 
and 5-amino-1,2,4-triazole-3-carboxylic acid.

Mechanism
Three explanations of the reaction are listed. 

Evidence will be presented to show that the first 
two, A and B, are untenable and that C is prob­
ably a true picture of what takes place.

h 2o
(A) R— N ~ N — OH ^

(1)
n h 2s o 4h

R—NH2 +  H N 02  ------ ------->
r n h 2 +  n 2 +  h 2so 4 +  h 2o

(2) 
h 2o

(B) n h 2s o *h  ------^ n h 4+ +  s o 4h ~
r —N—N—OH +  NH4+ ----►

[ R—N = N —NH*+] +  H20  
H j J H20

---->  [ R ~ n 4 - N = N  H) ------ >■ RNH*+ +  N2 +  H20

HI I
H i jOH

H (2) H J j
(C) [R—N==N—N—SO3H] [R—N -|-N=N-|SO ,H ]

A H ! jOH
(1) (3)

Y Y
R—N==N—OH +  NH2S 03H RNH2 +  N2 +  H2S04

Explanation A is incorrect. If equilibrium (1) 
existed and the sulfamic acid were merely reacting
with nitrous acid, it is obvious that the role of

sulfamic acid in (2 ) could be played by urea. 
However, it was shown by experiment that urea 
did not react a t all to reverse the diazotization re­
action.

Explanation B breaks down on at least two 
counts. First of all the hydrolysis of sulfamic acid 
in cold strongly acid solution is at least ten thou­
sand fold too slow to account for the reaction. 
The reaction of excess sulfamic acid with the diazo 
compound derived from 5-amino-1,2,4-triazole-3- 
carboxylic acid at 0-5° is complete within five 
minutes. However, no barium sulfate precipitate 
results when an aqueous solution of sulfamic acid, 
hydrochloric acid, and barium chloride is kept at 
5° for a week. Secondly, the 5-diazo-l,2,4-tria- 
zole-3-carboxylic acid did not react at all with 
ammonium chloride in dilute hydrochloric acid.

Explanation C is proposed as the correct mech­
anism for the reaction. Since the first stage of 
the reaction does not involve hydrolysis of either 
of the two reactants (mechanisms A or B) it fol­
lows that the first step in the reaction directly in­
volves the diazo compound and the sulfamic acid 
p e r  se . Step (1 ) of mechanism C appears to be the 
only logical way for the reaction to start if the 
final products are to include nitrogen and the orig­
inal amine.

Experimental
5-Diazo-1,2,4-triazole-3-carboxylic Acid.1—5-Amino-

1,2,4-triazole-3-carboxylic acid (50 g.) was dissolved by 
warming in water (400 ml.) and concentrated hydro­
chloric acid (200 m l.). Diazotization was effected at 
—5° by addition of a slight excess of sodium nitrite 
solution. The white solid diazo compound was separated 
by filtration, washed thoroughly with ice water and 
pressed on the funnel. One gram of this stable presscake 
was titrated in cold acid solution with 0.05 N  2-naphthyl - 
amine hydrochloride solution to determine its strength. 
The yield of isolated diazo compound usually amounted 
to 75% of the theoretical.

(a) Reaction with Sulfamic Acid.—The filter cake of 
the diazo compound (0.05 mole) was slurried in 1 N  
hydrochloric acid solution (200 ml.) and treated with a 
solution (100 ml.) of sulfamic acid (0.15 mole). Nitrogen 
was evolved rapidly and the diazo compound was entirely 
destroyed within five minutes as shown by failure to 
couple with 0-naphthylamine. When acidic solutions 
of ammonium chloride or urea replaced the sulfamic 
acid solution, no reaction took place even in several days.

In a second experiment a suspension of the diazo com­
pound was “reversed” to the amine with a slight excess 
of sulfamic acid, rediazotized, and the newly formed pre­
cipitate removed by filtration. This precipitate proved 
to be identical with the original diazo compound by iden­
tical X-ray diffraction patterns.

In a third experiment aliquots of a dilute solution of 
diazotized 5 -amino-1,2,4 -triazole -3 -carboxylic acid were
(a) titrated with 0.05 N  2-naphthylamine hydrochloride 
and (b) “reversed” to the amine with sulfamic acid, re­
diazotized, and titrated with 2-naphthylamine. The 
results of these titrations gave a minimum of 94% yield 
for the “reversal” and rediazotization.

(1) W. M anchot and R. Noll, A nn., 343,1 (1905).
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Comparison of Reaction Rates of Various Diazo Com­
pounds with Sulfamic Acid.—Tenth normal solutions of 
diazo compounds were prepared by known procedures and 
50-ml. aliquots (0.005 mole) employed in each experiment. 
For each diazo compound the 50-ml. aliquots were treated 
with solutions (50 ml.) containing 0, 1, 10, or 20 equiva­
lent amounts of sulfamic acid and the nitrogen gas evolved 
measured continuously by means of a rate nitrometer.2 
In all cases the pH  was <1 and the temperature 25° 
except in the case of diazotetrazole which was run at 0-5°.

The original amine was isolated and identified as the 
primary reaction product except in the case of 2-chloro-
4-nitroaniline. In this latter case, the diazoamino com­
pound was isolated in good yield with the expected 
(50%) amount of N2 liberated. Typical reaction rate 
curves are shown in Fig. 1.

2,5 -Dichloroaniline and />-Nitroaniline.—The diazo 
compounds of these two amines were not sufficiently re­
active for study with the rate nitrometer. Consequently, 
0.Ö5 N  solutions of these diazo compounds were treated 
with 0, 1 and 10 equivalent amounts of sulfamic acid and 
stored at 5° for ten days. At the end of this time the 
solutions were filtered and the amounts of solid diazo­
amino compounds determined. Yields are given in Table
Io

T a b l e  I

Y ie l d  o f  D ia z o a m in o  C o m p o u n d s

Sulfamic
acid

None 
1 equiv. 

10 equiv.

%  Y ield from  
diazotized  

£-nitroaniline

% Yield from  
diazotized  

2,5-dichloroaniline

3.6  6.2
12.0 19.0

Summary
1. Certain diazo compounds were shown to 

react with sulfamic acid in acid solution to yield
(2) M . L. Crossley, R . H . K ienle and C. H . Benbrook, Ind. Eng. 

Chem., Anal. Ed., 12, 216 (1940).

Time in hours.
Fig. 1.—Rates of reaction of the diazo compounds of 

the following amines with sulfamic acid at the indicated 
concentration: A, 5-aminotetrazole, 20 equivalents of 
sulfamic acid; B, 2,4-dinitroaniline, 10 equivalents of 
sulfamic acid; C, 2,6-dichloro-4-nitroaniline, 20 equiva­
lents of sulfamic acid; D, 2,6-dichloro-4-nitroaniline, 1 
equivalent of sulfamic acid; E, 2-amino-5-nitro-N-ethyl- 
benzenesulfonanilide, 20 equivalents of sulfamic acid;
F, 2-ehloro-4-nitroaniline, 20 equivalents of sulfamic acid;
G, blank.

the original amine from which the diazo compound 
was derived together with nitrogen and sulfuric 
acid.

2. A mechanism has been proposed to explain 
the reaction.

3. Relative reaction rates of various diazo 
compounds with sulfamic acid were compared by 
means of a rate nitrometer.
E a s t o n , P e n n s y l v a n ia  R e c e iv e d  A u g u s t  16, 1947

[C o n t r ib u t io n  f r o m  t h e  D iv is io n  o f  P l a n t  N u t r it io n , C o l l e g e  o f  A g r ic u l t u r e , t h e  D e p a r t m e n t  o f  
B a c t e r io l o g y , U n iv e r s it y  o f  C a l if o r n ia , a n d  t h e  D e p a r t m e n t  o f  C h e m is t r y , B a n t in g  I n s t it u t e , U n iv e r s it y

o f  T o r o n t o ]

cHL-Glucose-l-phosphate
B y  A. L. P o tter , J ohn  C. S o w d e n , W. Z. H a s s id  a n d  M. D o udo ro ff

An enzyme obtained from the bacterium P seu ­
domonas saccharophila  has been named sucrose 
phosphorylase because it catalyzes the reversible 
reaction between fructose and a-D-glucose-1-phos­
phate to form sucrose. This enzyme is also ca­
pable of catalyzing the reaction between other 
monosaccharides and the same ester, thus forming 
a number of disaccharides, namely, D-glucosido-L- 
sorboside, D-glucosido-D-xyloketoside, D-gluco- 
sido-L-araboketoside, and D-glucosido-L-arabi- 
nose.1 The formation of these disaccharides 
demonstrates the versatility of the enzyme with 
regard to the non-glucose substrates which act as 
“glucose acceptors” in the synthetic reactions. 
However, the enzyme appears to be specific to-

(1) M. Doudoroff, W. Z. Hassid and H. A. Barker, J . Biol. Chem., 
168, 733 (1947); W. Z. Hassid, M. Doudoroff, A. L. Potter and H. A. 
Barker, T his J ournal, 70, 306 (1948).

ward the glucose portion of its substrate. It has 
been found that the sucrose phosphorylase will not 
form compound sugars when «-maltose-1-phos­
phate, «-D-galactose-1-phosphate, or «-D-xylose-1- 
phosphate is substituted for «-D-glucose-1 -phos­
phate. Similarly, potato and muscle phosphoryl- 
ases will not form polysaccharides when these 
phosphorylated sugars are substituted for «-D-glu- 
cose-1-phosphate.

In this connection, it was of interest to test 
whether or not «-L-glucose-1 -phosphate could be 
substituted for its optical isomer, «-D-glucose-1- 
phosphate in the enzymatic reaction with potato 
phosphorylase for polysaccharide synthesis or 
with sucrose phosphorylase for disaccharide 
formation.

In the present work the preparation of «-L-glu- 
eose-1 -phosphate from L-glucose is described and
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its behavior as a substrate in these enzymatic re­
actions is determined.

Experimental
Preparation of a-L-Glucose-1-(barium phosphate).—

L-Glucose was synthesized by the method previously de­
scribed.2 ft-Pentaacety 1 -l-glucose was prepared by heat­
ing 15 g- of L-glucose with 75 g. of acetic anhydride and
7.2 g. of powdered anhydrous sodium acetate according 
to the method of Fischer.3 The yield of the acetylated 
derivative was 23.4 g. or 72%.

a  -Br omot etr aacetyl -l -glucose4 was prepared as follows: 
fourteen grams of ft-p entaacety 1 -l -glucose was treated 
with 9.1 ml. of 30 to 32% solution of hydrogen bromide 
in glacial acetic acid and the mixture allowed to stand at 
room temperature for two hours. The solution was diluted 
with 60 ml. of chloroform, poured into 200 ml. of ice water 
and stirred rapidly. The chloroform layer was separated 
and the aqueous phase extracted once more with 15 ml. 
of chloroform. The chloroform extracts were washed 
twice with ice water, dried with calcium chloride and 
evaporated in vacuo at 40° to a thick sirup. The sirup 
was taken up with 35 ml. of anhydrous ether and petroleum 
ether was added until a second liquid phase began to 
appear. Crystallization was then allowed to take place. 
The yield of the crystalline acetobromo-L-glucose was
13.5 g. (91.6%).

a -L-Glucose -1 - (barium phosphate) was prepared by 
treating 13.5 g. of a -bromotetraacetyl~l-glucose with 
trisilver phosphate, then partially hydrolyzing the inter­
mediate product, presumably tri-(tetraacetyl-L-glucose- 
1)-phosphate, for twelve hours in 0.2 N  hydrochloric 
acid in methanol at 23 °, and neutralization with barium 
hydroxide.5 A yield of 1.09 g. of the barium salt was ob­
tained (22.2%). Analysis of the salt shows that it con­
tains three molecules of water of crystallization. It is 
an amorphous, non-hygroscopic white powder, which is 
easily soluble in water and insoluble in 50% alcohol.

Anal. Calcd. for CeH110 5'0-P 03Ba-3H20 : P, 6.9.
Found: P, 7.1; specific rotation, [«]d —73.2° (c, 1.01, 
anhydrous barium salt, in water). Cori, Colowick and 
Cori’s5 value for the D-form of the barium salt, [«]d 
+ 75°.

Preparation of a-L-Glucose-1 - (dipotassium phosphate). 
—A portion of the barium salt (0.8 g.) was dissolved in 
12 ml. of warm water and treated with an equivalent 
amount (0.31 g.) of potassium sulfate. The precipitated! 
barium sulfate was removed through a precoated diatom- 
aceous silica filter and absolute ethanol was added to the 
filtrate until a slight cloudiness appeared. The solution, 
was allowed to remain at room temperature, and 1.7 
volumes of absolute alcohol was added gradually. Crystal­
lization was then allowed to take place. The crystals 
were filtered, washed with 65% ethanol and recrystallized 
from water by addition of an equal volume of ethanol.. 
A yield of 0.48 g. was obtained (73%).

The l-glucose-1-(dipotassium phosphate) thus prepared 
is a white non-hygroscopic crystalline product, containing 
two molecules of water of crystallization and, except for 
its negative rotation, is similar in its physical and chemical 
properties to the D-form of the hexosephosphate.

Anal. Calcd. for CeH110 6-0-P0,K2-2H,0: C, 19.35;: 
H, 4.06; P, 8.33; aldose, 48.4. Found: C, 19.19; H,, 
4.03; P, 8.40; aldose, 48.7. Specific rotation, [ « ] d

(2) John C. Sowden and H. O. L. Fischer, T his Journal, 69, 1963- 
(1947).

(3) E. Fischer, B e r . ,  49, 584 (1916).
(4) P, Karrer, E. Nageli and A. P. Smirnoff, H e lv .  C h im .  A c t a ,  5, 

141 (1922); H. Ohle, W .  Marecek and W. Bourjau, B er .,  62, 849* 
(1929).

(5) C. F. Cori, S. P. Colowick and Gerty T. Cori, J .  B io l .  C h em .»
121,465 (1937).'

—78.2° (in water, c, 1.01). Hanes’6 value for the d -  
fortn of the dipotassium salt, [qt]d +78 .5° (in water, c9 
1.24).

The l-glucose-1 -phosphate is readily hydrolyzed with 
dilute acid, is stable in alkali, and shows no Fehling re­
duction on prolonged boiling. The ester is completely 
hydrolyzed to glucose and inorganic phosphate when 
heated for seven minutes in 1 N  hydrochloric acid in a 
boiling water-bath. Upon hydrolysis of the ester the 
reducing sugar produced was identified as glucose by the 
preparation of glucosazone.

Oxidation of «-L-Glucose-l- (dipotassium phosphate) 
with Sodium Periodate.—In oxidizing the l-glucose-1 - 
phosphate Wolfrom and Fletcher’s7 procedure for oxida­
tion of the d  form of this ester was used. The results 
showed that in the oxidation of one mole of dipotassium 
dihydrate l-glucose-1-phosphate 2.0 moles of periodate 
were consumed with the production of 1.1 moles of formic 
acid. These data closely agree with the theoretical re­
quirements of two moles of periodate and one mole of 
formic acid, assuming that the L-glucose of this ester 
exists in the pyranose configuration.

Action of Potato Phosphorylase and Sucrose Phos­
phorylase from P . saccharophila on a-L-Glucose-1-(di­
potassium phosphate).—A solution of a-L-glucose-1 -  
phosphate was adjusted with acetic acid to pH 6.0 and 
treated with potato phosphorylase. The mixture was 
analyzed for inorganic phosphorus at several thirty- 
minute intervals. No inorganic phosphate was liberated» 
except for a small amount which was attributed to hydro­
lytic decomposition of the ester. In a control experiment 
with D-glucose-1 -phosphate, inorganic phosphate was 
rapidly liberated.

A similar experiment was performed with a mixture of 
a -L-glucose-1 -phosphate, d-fructose and sucrose phos­
phorylase extracted from P . saccharophila. No liberation 
of inorganic phosphate could be observed. Neither was 
inorganic phosphate liberated when L-fructose8 was sub­
stituted for D-fructose in the mixture. In a control 
experiment with D-glucose-1-phosphate, D-fructose and 
the same enzyme, inorganic phosphate was liberated 
under these conditions.

Acknowledgments.—The work reported in 
this paper was supported in part by a grant from 
the Corn Industries Research Foundation.

Summary
The barium salt of «-L-glucose-1 -phosphoric 

acid has been synthesized and converted into the 
dipotassium salt. An elementary analysis and 
data obtained from oxidation with sodium perio­
date of the potassium salt o^ this ester agree with 
the composition CeHnOgD-^OsK^^^O. Except 
for the negative rotation, [«]d —78.2°, of the «-L- 
glucose-1-phosphate, its physical and chemical 
properties agree with those of its optical isomer, 
«-D-glucose-l-phosphate.

a-L-Glucose-1-phosphate is not converted by 
potato phosphorylase to polysaccharide. Neither 
can it be used as substrate by sucrose phosphoryl­
ase from P. saccharophila with either d- or L-fruc­
tose to form a disaccharide.
B e r k e l e y  4, C a l if o r n ia  R e c e iv e d  S e p t e m b e r  29, 1947

(6) C. S. Hanes, Proc. R o y .  Soc. (London), B129, 174 (1940).
(7) M. L. Wolfrom and D. E. Pletcher, This Journal, 63, 1050 

(1941).
(8) The authors wish to  thank  Dr. M. L. Wolfrom for supplying a 

sample of L-fructose.
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The Synthesis of S-Halogeno-2-thiouracil and 6“Methyl-5-halogeno~2-thiouracil
Derivatives1

By Harold W. Barrett,2 Irving Goodman and Karl D ittmer

Following Astwood’s discovery in 1943 of the 
relatively high antithyroid activity and low tox­
icity of 2-thiouracil,3 numerous derivatives of this 
compound were prepared and tested for physio­
logical activity.4-6 In general, it has been found 
that substitution on either the sulfur4 or the nitro­
gen5 of the molecule decreased or destroyed the 
antithyroid potency of the parent compound, 
while substitution of a small alkyl group in either 
the 5- or the 6-position enhanced such activity, as 
did substitution of a benzyl, phenethyl or thenyl 
group in the 6 position.4*6 A large variety of 
other substituents in either of these positions, in­
cluding saturation of the 5,6-double bond, dimin­
ished the activity so that the resulting compound 
was no longer useful as an antithyroid agent.

Clinically, the more highly active derivatives 
have not corrected the basic defects of 2-thioura­
cil itself; they frequently provoke toxic reactions 
which limit or preclude their use, and also induce 
thyroid hyperemia and friability consequent to 
blocking hormone synthesis. Attempts to over­
come these defects by simultaneous administra­
tion of iodine,7*8 thyroxine,8 folic acid,9*10 or vari­
ous other vitamins11 have not been uniformly suc­
cessful; hence there has been a continuing search 
for new types of derivatives for both research and 
clinical purposes.

In view of the effect of 5-substitution on the ac­
tivity of thiouracil, it seemed of interest to pre­
pare the 5-halogeno-2-thiouracils, and to test their 
physiological action. I t seemed especially desir­
able to obtain the 5-iodo derivative which would 
permit the simultaneous administration of an or­
ganic iodide and a possible antithyroid compound. 
In this paper, we wish to report the synthesis of 
5-chloro, 5-bromo, and 5-iodo-2-thiouracil, and 
the corresponding halogeno derivatives of 6- 
methyl-2-thiouracil. The antithyroid potency of 
three of these halogenated derivatives was com­
pared with that of 2-thiouracil using the rat as the

(1) This work was supported in p art by a research contract with 
the Office of Naval Research.

(2) Present address: D epartm ent of Chemistry, Colorado A. & M. 
College, Fort Collins, Colorado.

(3) Astwood, J .  Pharmacol.  E x p th  T h era p ., 78, 79 (1943).
(4) Astwood, Bissell and Hughes, Endocrinology, 37, 456 (1945).
(5) Bywater, M cGinty and Jenessel, J .  Pharmacol.  Exptl .  Therap.,  

85, 14 (1945).
(6) Anderson, H alverstadt, Miller and Roblin, T his Journal, 67, 

2197 (1945).
(7) Christian, Med. Clinics N. A m . ,  30, 283 (1946); from “ Year­

book of General Therapeutics,5’ 1946, p. 350.
(8) Danowski, M ann and Winkler, A m .  J .  M e d . Sci., 210, 777 

(1945).
(9) Goldsmith, Gordon, Finkelstein and Gharipper, J .  Am . Med. 

Assoc., 125, 847 (1944).
(10) Newman and Jones, ibid. , 132, 77 (1946).
(11) Fishberg and Vorzimer, ibid,, 128, 915 (1945).

assay animal. Assigning an arbitrary value of 
100% to 2-thiouracil, the relative potencies of the 
5-chloro-, 5-bromo-, and 5-iodo compounds in pro­
ducing increased thyroid weights were +125, 
—2 and +35% , respectively. The relative po­
tencies in producing decreased thyroid iodine 
levels were 86, 68 and 66%, respectively. The 
detailed results of these physiological tests will be 
reported later.

The synthesis of these derivatives is summarized 
by the following steps
HO—C = N

I I
HC C—SNa +  RX ■

II II
HC—N

HO—C = N
I I

X—C C—SH <~

HC—N
5-Halogeno-2-thiouracii

HO—C = N

>- NaX +  HC C—SR
I! I!

HC—N
j,X 2

HO—C = N  

—é  C—SR
II Ii :c—i

Anhyd. HI
X -

H C -N

Although Johnson and Johns12 prepared the 5- 
bromo derivative of 6-amino-4-oxy-2-mercapto- 
pyrimidine by direct bromination of the pyrimi­
dine in glacial acetic acid, it appears that 2-thio­
uracil can be halogenated only when the sulfur is 
blocked by an alkyl or aryl group. Attempts to 
obtain the halogenated derivatives by condensa­
tion methods or by halogenation of the unsubsti­
tuted molecule failed; and, although 2-thiouracil 
will react with 7.7 equivalents of iodine in neutral 
or alkaline solution,13 no iodine can be found in the 
product following purification. The 2-thiocya­
nate (m. p. 148—149° with decomposition) was 
formed by adding an alcoholic solution of cyano­
gen bromide to an aqueous solution of sodium thio­
uracil, but this derivative could not be brominated 
in the ring. Attempts were made to form the S- 
benzoyl and the S-sulfonyl derivatives by the 
Schotten-Baumann method, but the products 
were too unstable to isolate.

In preliminary work with the S-alkyl deriva­
tives, a sample of 5-bromo-2-ethylthiouracil was 
prepared by the method of Wheeler and Johnson,14 
and treated with dry hydrogen chloride to remove 
the ethyl group.15 However, this compound 
slowly decomposed at the melting point, and when 
the hydrogen chloride was passed through for a 
few minutes, only a red tar remained. The same 
result was obtained with the analogous methyl

(12) Johnson and Johns, A m .  C h e m .  J . ,  34, 186 (1905).
(13) Miller, Roblin and Astwood, T h is Journal, 67, 2201 (1945).
(14) Wheeler and Johnson, A m .  C h e m .  J . ,  31, 591 (1904).
(15) Wheeler and Liddle, i b i d . ,  40, 537 (1908).
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derivative. A quantity of 2-benzylthiouracil was 
prepared15 and brominated in the same manner as 
the ethyl derivative to yield 5-bromo-2-benzyl- 
thiouracil (m. p. 184-185° with decomposition). 
This compound could be partially debenzylated, 
but with considerable decomposition, by passing 
dry hydrogen chloride through a tube of the crys­
tals a t 120u or by dissolving the compound in gla­
cial acetic acid and passing dry hydrogen bromide 
through the solution which was kept near the 
boiling point. An attempt was made to split this 
derivative with cyanogen bromide16 in glacial 
acetic acid, but little reaction took place even 
when the mixture was heated to 90—100° in a 
sealed tube.

Finally it was determined that 5-bromo-2- 
benzylthiouracil, as well as the corresponding S- 
alkyl derivatives, could be split to give fair yields 
of the desired 5-halogeno-2-thiouracils by dissolv­
ing the intermediate in glacial acetic acid and 
treating the solution with dry hydrogen iodide at 
the appropriate temperature. Since a controlled 
flow of hydrogen iodide gas was difficult to ob­
tain, the splitting was originally carried out by 
adding 50% hydriodic acid to a large excess of 
acetic acid—acetic anhydride mixture, and adding 
the resulting solution dropwise to the hot glacial 
acetic acid solution of the pyrimidine. Upon sub­
sequent cooling, a part of the final product precipi­
tated out, and the remainder was obtained by 
evaporating the excess solvent under reduced pres­
sure. During the preparation of a larger quantity 
of 5-iodo-2-thiouracil the splitting reaction with

Fig. 1.—The apparatus used for the preparation of an­
hydrous hydrogen iodide.

anhydrous hydrogen iodide was greatly improved 
by carrying out this reaction in the apparatus illus­
trated in Fig. 1. This apparatus provides a con­
venient method for the preparation of anhydrous 
hydrogen iodide from 50% hydriodic acid without 
the possibility of introducing water into the re­
action mixture, and also permits working with 
much less solvent. This technique was used in 
the preparation of 5-iodo-2-thiouracil and 6- 
methyl-5-iodo-2-thiouracil in better yields than 
was obtained by the method employed for the 
other halogeno compounds.

Although bromine was very readily introduced 
in the 5 position of the S-alkyl derivatives of 2- 
thiouracil, the same was not true of chlorine. 
When an acetic acid solution of the pyrimidine 
was treated with chlorine, it appeared that either a 
hydrochloride salt14 or a sulfonium chloride was 
formed,17 18 and when the product was taken up in 
water it decomposed to form uracil and a mer­
captan. I t was found necessary to use a ferric 
chloride catalyst with heating to introduce the 
chlorine into the 5-position. The product was 
then taken up in a water-pyridine mixture to 
avoid decomposition.

18
JU A |A 7iiai.W U IiC U

2 -Methylthiouracil.—Wheeler and McFarland19 pre­
pared 2-methylthiouracil by the action of methyl iodide 
on 2-thiouracil in a solution of absolute alcohol and sodium 
alcoholate. It was found more convenient to prepare 
the intermediate in the manner described here.

A mixture of 12.8 g. of 2-thiouracil and 4.3 g. of sodium 
hydroxide was placed in a 500-ml. Erlenmeyer flask, and 
dissolved on the steam-bath with a minimum amount of 
water. Twice the volume of 95% alcohol was then 
added, the solution cooled to about 30°, and 6.3 ml. of 
methyl iodide added. The solution was reheated to 50- 
60 ° for twenty minutes, then cooled to room tempera­
ture. The precipitate was filtered off, and, after acidify­
ing the filtrate with acetic acid, the excess solvent was 
removed in vacuo. The combined precipitates were 
thoroughly washed with water and recrystallized from 
alcohol to give a final yield of 9 .0 g. (63% of the theoret­
ical yield) of 2-methylthiouracil, capillary m. p. 198°.

5-Chloro-2-methylthiouracil.—Nine grams of 2-methyl­
thiouracil was dissolved in an excess of glacial acetic acid 
containing 5% acetic anhydride to remove any moisture. 
A trace of ferric chloride was added as catalyst. The 
solution was then treated with a 20% excess of chlorine 
in carbon tetrachloride. The solution became warm and 
the temperature was maintained at 50-60° until most of 
the hydrogen chloride fumes were evolved. After cooling, 
a small amount of precipitate formed; more was obtained 
when the filtrate was evaporated in vacuo to a small vol­
ume. The combined precipitates were taken up in excess 
aqueous pyridine, and the solvent allowed to evaporate 
at room temperature. The residue was taken up in water, 
acidified with glacial acetic acid, filtered, and washed 
several times with water. After several recrystallizations 
from alcohol the final yield of 5-chloro-2-methylthiouracil 
was 2.2 g. (20%), m. p. 258-260°.

Anal. Calcd. for C5H5N20SC1: Cl, 20.08. Found:
Cl, 20.02.

5-Chloro-2-methylthiouracil was obtained in the same 
yield when the chlorination was carried out by adding a

(17) From m  and Raiziss, A nn., 374, 90 (1910).
(18) All melting points reported in this paper, unless otherwise 

indicated, were determined on a Dennis melting point bar.
(19) Wheeler and M cFarland, A m .  Chem. J 42, 101 (1909).(16) Braun and Englebertz, Ber., 56, 1573 (1923).
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20% excess of sulfuryl chloride to the acetic acid-acetic 
anhydride solution of 2-methylthiouracil, with ferric 
chloride as the catalyst.

5- Chloro-2-thiouracil.—Two and two-tenths grams of 
5-chloro-2-methylthiouracil was dissolved in 100 ml. of 
glacial acetic acid containing 20% acetic anhydride. This 
solution was placed in a round bottom flask provided 
with a ground glass joint and reflux condenser with 
a funnel at the top. While the solution was kept at 
its boiling temperature, a mixture consisting of 3.5 ml. 
of 50% hydriodic acid (specific gravity 1.5), 60 ml. of 
glacial acetic acid, and 20 ml. of acetic anhydride was 
added dropwise through a reflux condenser. Heating was 
continued for an hour after all the hydriodic acid was 
added. Crude 5-chloro-2-thiouracil precipitated on cool­
ing, and more was obtained when the remaining solution 
was concentrated to a small volume. The combined 
precipitates were taken up in dilute ammonium hydroxide 
and heated until solution was complete. The hot solution 
was acidified with acetic acid, cooled and the 5-chloro-
2-thiouracil collected on the filter. It was recrystallized 
first from alcohol and then from water to yield 1.5 g. (72%) 
of pure 5-chloro-2-thiouracil, m. p. 264-270° with de­
composition.

Anal. Calcd. for C4H3N20SC1: C l,'21.80; N, 17.23; 
S, 19.71. Found: Cl, 21.90; N, 17.54; S, 19.52.

6- Methyl-5-chloro-2-ethylthiouracil.—A sample of 6- 
methyl-2-ethylthiouracil was prepared by the method of 
Johns,20 and chlorinated in glacial acetic acid and acetic 
anhydride as described for the preparation of 5-chloro-2- 
methylthiouracil. A 10-g. sample of 6-methyl-2-ethyl- 
thiouracil was chlorinated and the product recrystallized 
from alcohol. A 24% yield of 6-methy 1-5-chloro-2» 
ethylthiouracil, m. p. 188-190°, was obtained.

Anal. Calcd. for C7H9N20SC1: Cl, 17.32. Found:
Cl, 17.20.

6-Methyl-5-chloro-2-thiouracil.—The 6-methyl-5- 
chloro-2-ethylthiouracil was split and the product isolated 
in the same manner as has been described for the prepara­
tion of 5-chioro-2-thiouracil, except that after all the 
hydriodic acid was added the reaction mixture was 
vigorously boiled for two hours. The yield from 10 g. 
of 6-methyl-5-chloro-2-thiouracil was 50-60%. The 6- 
methy 1 -5-chloro-2-thiouracil had a m. p. of 265-270° 
with decomposition.

Anal. Calcd. for C5H6N20SC1: Cl, 20.08; N, 15.86. 
Found: Cl, 20.18; N, 15.52.

6-Methyl-5 -chloro-2 -isopropylthiouracil.—6-Methyl-2- 
isopropylthiouracil, m. p. 155°, was prepared in the same 
manner as the S-ethyl analog, and upon chlorination 
gave a 36% yield of 6-methyl-5-chloro-2-isopropylthio- 
uracil, m. p. 162-163°.

Anal. Calcd. for C8HnN2OSCl: Cl, 16.21. Found: 
Cl, 16.39.

Unfortunately, the isopropyl group was so difficult to 
remove that this derivative was not used further.

5-Bromo-2-methylthiouracil.—-The intermediate 5-
bromo-2-methylthiouracil was prepared by the method 
described by Wheeler and Johnson14 for the preparation 
of the S-ethyl analog. It is best to repeat the bromina­
tion, since some unreacted material precipitates out during 
the first bromination. Fourteen grams of 2-methylthio­
uracil was dissolved in glacial acetic acid containing 5% 
acetic anhydride. To this solution was added 7.3 ml. 
of bromine in 15 ml. of glacial acetic acid. The precip­
itated product was filtered off, washed with glacial acetic 
acid and suspended in hot glacial acetic acid. To this 
suspension was added 1 ml. of bromine in 5 ml. of glacial 
acetic acid. The product was collected on the filter, 
washed with glacial acetic acid and recrystallized from 
ethyl alcohol. The yield of 5-bromo-2-methylthiouracil 
was 17.4 g. (80%), m. p. 255°. When heated in a capil­
lary it turned yellow at 205°, red at 217°, and decom­
posed completely to a red liquid at 219°.

(20) Johns, Am . Chem. J . t 40, 348 (1908).

Anal. Calcd. for C5H6N2OSBr: Br, 36.15. Found: 
Br, 36.07.

5-Bromo-2-thiouracil from the S-Methyl Intermediate.
—The methyl group was removed by hydriodic acid, and 
the 5-bromo-2-thiouracil isolated, in the same way as 
described for the chlorinated derivative. Yields obtained, 
when 10 g. of 5-bromo-2-methylthiouracil was split, 
varied from 30-49%. The 5-bromo-2-thiouracil crystal­
lized out of either water or alcohol as long, colorless prisms, 
m. p. 270° with decomposition; when heated slowly in 
a capillary it turned brown around 170 ° and decomposed 
to a red liquid near 200°. As with the chloro derivative, 
it is necessary to identify this compound and verify its 
purity by analysis.

Anal. Calcd. for C4H3N2OSBr: Br, 38.59; N, 13.53; 
S, 15.48. Found: Br, 38.70; N, 13.44; S, 15.30.

5- Bromo-2-thiouracil from the S-Benzyl Intermediate.— 
5-Bromo-2-thiouracil was prepared from 5-bromo-2- 
benzylthiouracil in the same manner as from the S-methyl 
derivative but at a temperature of 100°. This prepara­
tion, however, was not employed because 2-benzylthiour- 
acil decomposed appreciably during bromination. The
5- bromo-2-benzylthiouracil, m. p. 184° with decomposi­
tion, was usually obtained in yields of 40 to 50%.

Anal. Calcd. for CnH9N2OSBr: Br, 26.9. Found:
Br, 26.8.

6- M ethyl-5 -bromo -2 -methylthiouracil.—Ten grams of
6- methyl-2-methylthiouracil was brominated and isolated 
in the same manner as 5-bromo-2-methylthiouracil to  
yield 13 g. (91%) of 6-methyl-5-bromo-2-methylthiour- 
acil, m. p. 255-256° with decomposition.

Anal. Calcd. for C6H7N2OSBr: Br, 34.00. Found:
Br, 34.08.

6-M ethyl-5 -bromo-2 -thiouracil.—Eleven grams of 6- 
methy 1 -5 -bromo -2 -methylthiouracil was treated with 
hydriodic acid in acetic acid-acetic anhydride solution 
according to the above described directions to yield 1.8 
g. of 6-methyl-5-bromo-2-thiouracil, m. p. 268-272° 
with decomposition; capillary melting point was 230° 
with decomposition.

Anal. Calcd. for C5H6N2OSBr: Br, 36.15. Found: 
Br, 36.28.

5 -Iodo -2 -b enzylthiouracil.—This compound was made 
by iodinating 2 -benzy lthiouracil according to the method 
of Johnson and Johns21 for the preparation of 5-iodo-2- 
ethylthiouracil. When a quantity of 10.5 g. of 2-benzyl - 
thiouracil was iodinated, a yield was obtained of 9.3 g. 
(56%) of 5-iodo-2-benzylthiouracil, m. p. 178-180°.

Anal. Calcd. for CnH9N2OSI: I, 36.87. Found:
I, 36.83.

5-lodo-2-thiouracil.—A sample of 5-iodo-2-ethylthiour- 
acil was prepared according to the method of Johnson and 
Johns,21 but in attempting to de-ethylate the compound 
with hydriodic acid as previously described, it was found 
that practically all the iodine was lost from the ring, while 
little splitting occurred. Essentially the same result was 
obtained with the S-methyl derivative. For this reason 
the 5-iodo-2-benzylthiouracil was used, since it could be 
satisfactorily split by keeping the temperature between 
90 and 100° while adding anhydrous hydrogen iodide by 
the use of the apparatus illustrated in Fig. 1.

Sixty-five and four-tenths grams of 5-iodo-2-benzyl- 
thiouracil was dissolved in 400 ml. of glacial acetic acid 
containing 10 ml. of acetic anhydride and placed in the 
reaction vessel. In the side flask was placed 95 ml. of 
acetic anhydride, and in the dropping funnel 75 ml. of 
50% hydriodic acid. While maintaining the temperature 
of the reaction flask at approximately 100° with a boiling 
water-bath, the hydriodic acid was added dropwise to the 
acetic anhydride in the side flask. This mixture became 
hot, and the hydrogen iodide as it was liberated was con­
ducted into the reaction flask. As the hydrogen iodide 
came in contact with the solution of the S-benzyl deriva­

(21) Johnson and John», J . Biol. Chem., 1, 306 (1906).



1756 M. D. A r m s t r o n g Vol. 70

tive, a ring of precipitate of the split product formed under 
the inlet tube. When all the hydriodic acid was added to 
the acetic anhydride, the remaining hydrogen iodide 
was forced over by heating the hydrogen iodide generator 
with a small flame. The reaction was considered complete 
when no more precipitate formed in the reaction flask. 
After the reaction mixture was cool and the precipitation 
complete, the supernatant liquid was poured off and the
5- iodo-2-thiouracil was washed on the Buchner funnel 
with peroxide-free ether to remove the residual iodine. 
It was then twice extracted with hot glacial acetic acid 
to remove unreacted material, then washed alternately 
with water and alcohol to remove the acetic acid. The 
almost pure product was purified by dissolving in dilute 
sodium hydroxide with gentle warming; the addition of 
acetic acid precipitated 27 g. of 5-iodo-2-thiouracil (57%).

The supernatant liquid from the reaction mixture was 
concentrated in vacuo and 7.4 g. of unreacted 5-iodo-2- 
benzylthiouracil was recovered.

When the 5-iodo-2-thiouracil was heated in a capillary 
the product became discernibly yellow at 190°; slowly 
darkened to brown at 210°; and decomposed to a black 
tar at 214-215°. On the Dennis melting point bar it 
decomposed slowly with melting at 231-236° and melted 
instantaneously with decomposition at 278-280°.

Anal. Calcd. for C^LNsOSI: I, 49.95; N, 11.03; 
S, 12.62. Found: 1,50.08; N, 10.9; S, 12.77.

5- Iodo-2-thiouracil and 5-iodo-2-benzylthiouracil are 
light sensitive and are best dried over phosphorus pent­
oxide in vacuo.

6- Methyl-5-iodo-2-benzylthiouraciL—Twelve grams of
6- methyl-2-benzylthiouracil was iodinated as described 
above but, since some of the material escaped iodination, 
the product was washed thoroughly with water, and re- 
iodinated. Eleven grams (58%) of 6-methyl-5-iodo-2-

benzylthiouracil was obtained, m. p. 180-181° with 
decomposition.

Anal. Calcd. for C12H11N2OSI: I, 35.44. Found:
I, 35.65.

6 -M ethyl -5 -iodo -2 -thiouracil.—Ten grams of 6-methyl- 
2-benzylthiouracil was split as described for the prepara­
tion of 5-iodo-2-thiouracil. The yield was 3 g. (40%). 
On the Dennis melting point bar it decomposed slowly 
above 220 °; it melted instantly at 285-289 0 with decom­
position. When heated slowly in the capillary 6-methyl- 
5-iodo-2-thiouracil began to darken at 175°, progressively 
decomposed with loss of iodine, and decomposed com­
pletely at 195 ° without melting.

Anal. Calcd. for C5H6N2OSI: I, 47.34. Found: I, 
47.10.

Acknowledgment.—The authors wish to thank 
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Summary
Methods are described for the preparation of 5- 

iodo-, 5-bromo- and 5-chloro-2-thiouracil, and 
the 5-iodo-, 5-bromo-, and 5-chloro-6-methyl-2- 
thiouracil. These compounds were prepared by 
the direct halogenation of either the S-methyl or
S-benzyl derivatives followed by splitting with 
anhydrous hydrogen iodide.

An apparatus is illustrated for the convenient 
preparation of anhydrous hydrogen iodide. 
B o u l d e r , C o l o r a d o  R e c e iv e d  D e c e m b e r  27, 1947

[C o n t r ib u t io n  f r o m  t h e  L a b o r a t o r y  fo r  t h e  S t u d y  o f  H e r e d it a r y  a n d  M e t a b o l ic  D is o r d e r s , a n d  t h e  
D e p a r t m e n t s  o f  B io l o g ic a l  C h e m is t r y  a n d  M e d ic in e , U n iv e r s it y  o f  U t a h  S c h o o l  o f  M e d i c i n e ]

The Preparation of D- and L-Homoserine1
By M a r v in  D. A rm stro ng

In the course of the synthesis of some biologi­
cally interesting compounds, it became necessary 
to prepare a considerable amount of pure L-homo- 
serine («-amino-7-hydroxybutyric acid). A re­
view of the literature revealed that little work had 
been accomplished on homoserine since its first 
preparation by Fischer and Blumenthalla in 1907. 
Kitagawa's discovery of canavanine2 and his 
demonstration that it was «-amino-7-guanidin- 
oxy-w-butyric acid3"'6 was the beginning of an 
increasing number of references to homoserine 
in the later literature. The main emphasis in 
such reports has been in connection with both

(1) This research was supported by a  g rant from the United 
S tates Public H ealth  Service. Presented in p art before the Division 
of Biological Chemistry a t  the 112th meeting of the American Chemi­
cal Society, New York, September 16, 1947.

(la) E. Fischer and H. Blum enthal, Ber., 40, 106 (1907).
(2) M. K itagawa and S. Monobe, J .  Biochem. Japan, 18, 333 

(1933); C. A ., 28, 1021» (1934).
(3) M . K itagawa and S. Monobe, J . Agr. Chem. Soc. Japan, 9, 845 

(1933) ; C. A ., 28, 2678* (1934).
(4) M. Kitagawa, ibid., 12, 871 (1937); C. A ., 31, 13622 (1937).
(5) M . Kitagawa and A. T akani, J . Biochem. Japan, 28, 181 

(1936); C. A ., 30, 48182 (1936).
(6) M. Kitagawa, ibid., 24, 107 (1936); C. A ., 30, 8162* (1936).

syntheses and degradations of methionine.7”12 
The previously reported 0-phenylhomoserinela 

provided a suitable intermediate for the prepara­
tion of the optically active homoserines. The N- 
formyl derivative was easily prepared and was 
found to give a crystalline strychnine salt; the use 
of 50% aqueous methanol as a solvent gave a good 
separation of the two diastereoisomers in one step, 
the salt of the D-isomer being more insoluble.

That the more soluble strychnine salt was of the 
L-configuration was shown by an application of the 
rule of Lutz and Jirgensons13 to the crude (+)-0~ 
phenylhomoserine obtained by decomposition of 
the mother liquors from the first crystallization of 
the strychnine salt. A definite negative maxi-

(7) L. W. Butz and V. du Vigneaud, J . Biol. Chem., 99, 135 (1932).
(8) E. M. Hill and W. Robson, Biochem. J ., 30, 248 (1936).
(9) H. R. Snyder, J. H. Andreen, G. W. Cannon and C. F. Peters, 

T his Journal, 64, 2082 (1942).
(10) J. E. Livak, E. C. Britton, J. C. VanderWeele and M. F. 

M urray, ibid., 67, 2218 (1945).
(11) G. Toennies and J. J. Kolb, ibid., 67, 1141 (1945).
(12) W. H. Stein and S. Moore, J . Org. Chem., 11, 681 (1946).
(13) O. Lutz and B. Jirgensons, Ber., 63, 448 (1930); 64, 1221 

(1931).
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mum of rotation a t the isoelectric point was shown 
when its rotation was measured in solutions con­
taining different concentrations of acid and alkali 
(Fig. 1). Further confirmation was found when 
the free homoserine was obtained by hydrolysis of 
this isomer; its properties checked those reported 
by Kitagawa3*4 for the homoserine obtained upon 
degradation of canavanine. Ganavanine, itself, 
had earlier been shown to possess the l configura­
tion by a study of the effect of acid concentration 
on its rotation.14

NH,
I HBr

C6H6—O—CH2—CH2—"CH—C 02H -------
CH2- -----CH—NHg-—HBr
I I

CH2\  /C = 0  
X CK 

I

NH—COC6H6
NaOH I H +

j __---------- >- HO—CH2—CH2—CH—C02H —
CeHfiCOCl

due for a short time with 48% hydrobromic acid 
and reworking the solution, most of the lost homo­
serine could be reisolated as the lactone hydro­
bromide. I t  is probable that formation of the di- 
ketopiperazines under the conditions for the prep­
aration of homoserine caused the low yields.

Experimental
O-Phenyl-DL-homoserine.—-This compound was pre­

pared according to the method of Painter.15 From 340 
g. of ethyl acetamidomalonate and 350 g. of /3-bromo- 
ethylphenyl ether 235 g. (76% yield) of product, m. p. 
235-236° dec., was obtained.

This product is sufficiently pure for formylation and 
subsequent resolution. For analysis a small sample 
was recrystallized from hot water, m .p . 236-237° dec.

Anal. Calcd. for CioHi80 3N*. N, 7.17. Found: N, 
7.03.

N-Formyl-O-phenyl-DL-homoserine.—A solution of 200 
g. of O-phenylhomoserine in 1700 ml. of 88% formic acid 

was warmed to 50° and 600 ml. 
of acetic anhydride was added 
dropwise at such a rate that the 
temperature remained at 50-60 °. 
After the addition was completed 
the solution was allowed to 
stand for six hours at room tem­
perature, at the end of which 
time 500 ml. of water was added 

\  and the reaction mixture was
CH—CH2CH2OH allowed to stand overnight. It

/  was then concentrated to dry-
NH—C ness in vacuo, keeping the bath

|| temperature below 50 °, and the
O last traces of water, formic acid

and acetic acid were removed 
by repeated additions of 500 ml. portions of benzene 
followed by reconcentration to dryness. This treatment 
was repeated until the residue was dry and almost odorless.

HOH
NH2

->  HO—c h 2—c h 2—c h —c o 2h

AgsO CHa-------CH—NHa
I - A * .  1 1 o

NH

->• HO—CH2—CHj—CH
\

CH2--------CH—NH—COCeHs

CH2V / C = 0

As indicated in the equations the active O- 
phenylhomoserines were readily converted to the 
active lactone hydrobromides of homoserine; 
other derivatives were prepared in the manner de­
scribed by Fischer and Blumenthal in their origi­
nal description of DL-homoserine.

Relatively poor yields of the active lactone hy­
drobromides were obtained as compared with the 
yield of the racemic compound. This was due to 
a significant amount of racemization (10-20%) 
under the conditions employed for the hydrolysis 
of the active O-phenylhomoserines. Fortunately 
the optically active derivatives could be easily ob­
tained by recrystallization of the crude product 
from the hydrolysis; usually one recrystallization 
from aqueous ethanol sufficed to produce an opti­
cally pure compound.

Unsatisfactory yields were also obtained in the 
conversion of the isomers of «-aminobutyrolactone 
hydrobromide to the corresponding isomers of 
homoserine. However, by evaporating the 
mother liquors from the first recrystallization of 
the free homoserine to dryness, refluxing the resi-

Fig. 1.—The effect of acid and alkali on the rotation of 
(- f ) -O-phenylhomoserine. The abscissa gives the ratio 
of the number of moles of acid and alkali, respectively, to 
the number of moles of amino acid in solution. A 1% aq. 
solution of the compound was used.

The dry residue was suspended in 800 ml. of boiling 
95% ethanol and the suspension was filtered while hot. 
The residue was resuspended in 400 ml. of hot ethanol 
and filtered; the residue of recovered impure O-phenyl - 
homoserine (48 g., m. p. 195-199° dec.) is suitable for 
reformylation. The combined filtrates were cooled over­
night in a refrigerator and filtered; 95 g., m. p. 137- 
154° dec., of crude formyl derivative was obtained. The 
filtrate was concentrated to dryness in vacuo and the 
residue was recrystallized from 130 ml. of hot ethanol

(14) J, F. Cadden, P r o c .  S o c „ ExptL B iol, Med., 46, 224 (1940). (15) B. F. Painter, T h is Journal, 69, 233 (1947).
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(5 g. of crude O-phenylhomoserine was separated by 
filtering the hot solution); an additional 57 g. of crude 
N-formyl derivative was obtained. The crude N-formyl -
O-phenyIhomoserine (152 g.) was recrystallized from 200 
ml. of hot 95% ethanol; 126 g., m. p. 135-143°, suitable 
for resolution, was obtained.

By concentrating the combined mother liquors to dry­
ness and refluxing the residue with 1 N  HCl an almost 
quantitative recovery of unformylated O-phenylhomo­
serine may be made.

For analysis a sample of the N-formyl-O-phenylhomo­
serine was recrystallized two times from aqueous ethanol; 
m. p. 137-137.5°.

Anal. Calcd. for C11H13O4N: N, 6.27. Found: N, 
6.45.

Resolution of N-Formyl-O-phenyl-DL-homoserine.—To 
a dry mixture of 112 g. (0.5 mole) of N-formyl-O-phenyl- 
homoserine and 170 g. (0.5 mole) of powdered strychnine 
was added 5 liters of hot 50% methanol and the suspension 
was swirled and heated in a water-bath until almost all 
of the solids had dissolved. The solution was filtered 
while hot and was allowed to stand overnight at room tem­
perature. The crystalline strychnine salt of N-formyl- 
O-phenyl-D-homoserine was collected on a filter, washed 
with a small amount of cold water, and dried; yield, 152 
g.; [q:]27d —28° (1% in HOAc). One recrystallization
from 4 liters of hot 50% methanol yielded 128 g.; [q;]26d 
—27° (1% in HOAc). Four more recrystallizations of 
the salt from aqueous methanol produced a pure strych­
nine salt, [a]27D —25° (1% in HOAc), but in practice the 
best method of obtaining the pure isomer proved to be re­
crystallization of the free O -phenyl -d -homoserine resulting 
from the decomposition of the once recrystallized strych­
nine salt.

O-Phenyl-L-homoserine.—The original mother liquors 
from the crystalline strychnine salt were concentrated to 
a volume of approximately 2.5 liters, made alkaline b y  
the addition of 20 ml. of coned, ammonia, cooled and 
filtered; the strychnine may be dried and reused. The 
filtrate was concentrated to a volume of about 1500 ml., 
made 1 N  in hydrochloric acid by the addition of the proper 
amount of coned, hydrochloric acid and refluxed for two 
hours. The solution was then concentrated to dryness 
under reduced pressure and the residue was dissolved in 
200 ml. of hot water; the hot solution was made neutral 
to Congo red by the careful addition of coned, sodium 
hydroxide solution, the suspension was cooled and filtered. 
The residue was recrystallized from 500 ml. of hot water; 
yield, 35 g., m. p. 210-211° dec., [a]25d + 21.5° (1% in 
1 N  HCl). The combined mother liquors were concen­
trated to a volume of approximately 500 m l., cooled and 
filtered, yielding an additional 13 g. of impure product; 
m. p. 196-204° dec.; [a]28D + 5 °  (1% in I N  HCl).

Two more recrystallizations of the p u r e  derivative from 
400-ml. portions of hot water yielded 22.0 g. of pure O- 
p h e n y l-L -h o m o s e r in e ;  m. p. 241-242° dec., [«]26d 
+ 23 .5° (1% in i  A  HCl).

Anal. Calcd. for Ci0H13O3N: N , 7.17. Found: N, 
7.21.

O-Phenyl-D-homoserine.—A solution of 125 g. of the 
strychnine salt of N-formyl-O-phenyl-D-homoserine in 
4 liters of hot 50% methanol was made alkaline by the addi­
tion of 20 m l. of coned. ammonia. The solution was cooled 
overnight in a refrigerator, the strychnine was removed by 
filtration, and the crude O-phenyl-D-homoserine was pre­
pared in the same manner as previously described for the 
L-isomer; yield 38.5 g., m. p. 216-219° dec., [a]24D —19° 
(1% in 1 N  HCl). By reworking the mother liquors 
6 g. of impure compound was obtained; m .p .  214-216° 
dec., M 28d - 1 0 °  (1% in 1 N  H Cl).

Two recrystallizations of the first crop from 300 ml. 
portions of hot water yielded 26.5 g., m. p. 218-220° 
dec., [»]26d —22.0° (1% in 1 N  HCl). One more re- 
Cfystallization from 500 ml. of hot Water yielded 22 g., 
m. p. 2410 dec., M 24t> -2 3 .5 °  (1% in 1 N  HCl).

A m h  QalscL fm  C*«H4tO«Ni JST* 7*17* Found; N*

In spite of its low solubility the d isomer possesses a  
definitely sweet taste, whereas the l isomer is tasteless 
or nearly so.

Preparation of DL-a-Aminobutyrolactone Hydrobromide. 
—A solution of 10 g. of O-phenyl-DL-homoserine in 100 
ml. of 48% hydrobromic acid was refluxed for twenty 
hours16 and was then concentrated to dryness in vacuo. 
The contents of the flask were dissolved in 50 ml. of dis­
tilled water and the solution was heated to boiling, treated 
with Norit, and filtered. The filtrate was concentrated 
to dryness in vacuo and the residue was suspended in 20 
ml. of cold absolute ethanol and filtered; the solid residue 
was washed once with a 10 ml. portion of cold alcohol. 
The combined alcoholic filtrates were again concentrated 
to dryness, and the procedure was repeated. The weight 
of pure white a -aminobutyrolactone hydrobromide ob­
tained was 7.5 g. (81% yield), m. p. 225-228° dec. It 
was recrystallized by dissolving it in a mixture of 3 ml. 
of water and 3 ml. of absolute ethanol, the hot solution 
was diluted with 54 ml. of warm absolute alcohol and 
allowed to stand in a refrigerator overnight. Only 65- 
70% recovery can be made upon recrystallization of the 
compound but the remainder can be obtained by rework­
ing the mother liquors; m. p. 226-228° dec. (F. and B., 
227° dec.).

Anal. Calcd. for C4H 80 2NBr: N, 7.69. Found: N , 
7.89.

l-a-Aminobutyrolactone Hydrobromide.-—A solution of 
10 g. of O-phenyl-L-homoserine ( [or] 25d +23.5°) in 100 
ml. of 48% hydrobromic acid was refluxed for twenty 
hours and was worked up as described for the DL-a- 
aminobutyrolactone J iy  dr obromide. After one recrystal- 
iization, 4.1 g. (44y0 yield) was obtained; m. p. 242- 
244° dec., [<x]27d —21.0° (1% in water).

Anal. Calcd. for C4H 80 2NBr: N, 7.69. Found: N, 
7.63.

d-a-Aminobutyrolactone Hydrobromide.—Ten grams 
of O-phenyl-D-homoserine ([<*]2Bd —23.5°) was hy­
drolyzed and worked up in the same manner as described 
for the l compound; yield, 2.8 g. (41% yield); m. p. 
242-244° dec., [ck]27d + 21 .0° (1% in water) .

Anal. Calcd. for C4H80 2NBr: N, 7.69. Found: N, 
7.68.

N-Benzoyl-DL-homoserine.—Prepared from a-amino- 
butyrolactone hydrobromide according to the directions 
of Fischer and Blumenthalla; m. p. 126-127° (F. and B., 
121° ) .

Anal. Calcd. for CnH130 4N: N, 6.27. Found: N, 
6.18.

dl-a -B enzamidobutyrolactone .—The benzoyl deriva­
tive was dissolved in a small amount of hot water contain­
ing a trace of hydrochloric acid, the solution was heated 
a few minutes and was then cooled. The a-benzamido- 
butyrolactone that crystallized was collected and was 
recrystallized from hot water; m. p. 140-141 ° (F. and B., 
142°).

Anal. Calcd. for CnHi70 4N: N, 6.82. Found: N, 
6.96.

L-tt-Benzamidobutyrolactone.—A solution of 1.0 g. of 
L-a-aminobutyrolactone hydrobromide in 11 ml. of 1 N  
NaOH was cooled to 0 0 and benzoylation was carried out 
in the customary manner using 0.85 g. of benzoyl chloride 
and 2 ml. of 3 N  NaOH. The reaction mixture was worked 
up by making the solution just acid to congo red, extract­
ing the excess benzoic acid with ether, and recrystallizing 
the precipitate of crude N-benzoyl-l-homoserine by warm­
ing the mixture just enough to dissolve the solid and then

(16) Fischer and Blum enthal report complete hydrolysis after 
seven hours refluxing. This laboratory is located a t an elevation of 
5000 ft. with a usual barometric perssure of approximately 630 mm. of 
mercury, hence m any of the reaction times in refluxing solutions or 
amounts of solvents needed for recrystallization may vary consider* 
ably a t ordinary elevations from those reported herein. In  this 
particular experiment i t  was found th a t fifteen hours of reftaxtag 
was pot sufficiënt for complete hydrolysis.
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quickly cooling the solution. It was collected on a filter, 
washed with water and dried: N-benzoyl-L-homoser-
ine17; m .p . 139-141°.

The N -benzoyl-L-homoserine obtained was dissolved in 
20 ml. of hot water containing two drops of coned, hydro­
chloric acid, the solution was boiled for two minutes and 
cooled. Beautifully formed needles of L-a'-benzamido- 
butyrolactone crystallized and were collected; m .p . 139 °, 
[aJ*°D -2 1 .5 °  (1.25% in 95% EtOH).18

Anal. Calcd. for CnHu0 3N: N , 6.82. Found: N» 
6.80.

D-a-Benzamidobutyrolactone.—-Prepared from d - ol-  

aminobutyrolactone hydrobromide in the same manner 
as described for the l compound; N-benzoyl-D-homoser- 
ine, m. p. 139-141°; d-a -benzamidobutyrolactone m.
p. 139-140°, M 23d + 22 .5° (1% in 95% EtOH).18*

Anal. Calcd. for CiiHu0 3N : N, 6.82. Found: N, 
6.93.

DL-Homoserine.—To a solution of 1.0 g. of dl-qj- 
aminobutyrolactone hydrobromide in 5 ml. of water was 
added 0.7 g. of silver oxide and the suspension was shaken 
at room temperature for five minutes. The silver bromide 
was removed at the centrifuge, the clear supernatant 
solution was treated with hydrogen sulfide, again centri­
fuged, and the clear colorless solution was evaporated to 
dryness on a steam-bath. The residue was dissolved in 
2 ml. of water, filtered, and the filtrate was diluted with 
10 ml. of warm absolute ethanol and allowed to stand 
overnight in a refrigerator. The crystalline product was 
collected on a filter, washed with 95% ethanol and dried; 
yield 0.30 g., (46% yield); m. p. 186-187° dec.

Anal. Calcd. for C4H90 3N: N, 11.76. Found: N, 
11.98.

(17) K itagawa and Monobe, refs. 3, 4, reported the following phys­
ical properties for homoserine and its derivatives as obtained by the 
degradation of canavanine: (1) homoserine, m. p., 201-202° dec.; 
[ck]ub —8.20, (2) N-benzoylhomoserine, m. p., 140-144°, (3) a- 
benzamidobuytrolactone, m. p. 139°, [c*]17d —27.99° (in EtO H).

(18) {aJ*®D -2 7 .0 °  (1% w /v  in 95% EtO H ).
(18a) [a]**» 4-28.0° (1% w ./v. in 95% EtO H ).

L-Homoserine.—-Prepared from 1.0 g. of l-a-amino­
butyrolactone hydrobromide as described above for the 
dl compound; yield, 0.28 g. (43% yield); m. p. 203°  
dec., [ck]23d —8.0° (1% in water).

Anal. Calcd. for C4H 90 3N: N, 11.76. Found: N , 
11.98.

D-Homoserine.— Prepared from 1.0 g. of d-q:-am ino­
butyrolactone hydrobromide as described above; yield  
0.30 g. (46% yield); m . p. 203° dec., [ck]23d + 8 .0 °  (1%  
in w ater).

Anal. Calcd. for C4H 90 3N: N, 11.76. Found: N ,
12.00.

3,6-bis-( /3-Hydroxyethyl) -2,5 -diketopiperazine.—Pre­
pared from 3.34 g. of dl-a-aminobutyrolactone hydro­
bromide according to the directions of Livak, et a l.10; 
yield, 1.10 g. (60% yield) ; m. p. 189-191° dec.

Anal. Calcd. for CsHi40 4N2: N, 13.86. Found: N , 
14.22.

l-3,5-bis- ( ft- H y d r o x y  e t h y l ) -2 ,5 -diketopiperazine.—The
above reaction was repeated using 3.34 g. of L-a-amino- 
butyrolactone hydrobromide; yield, 1.25 g. (67% yield );  
m. p. 190.5-191° dec.; [<*]27d —30.0° (1% in w ater).

Anal. Calcd. for C8Hi40 4N2: N, 13.86. Found: N , 
13.79.

Acknowledgment.—The author wishes to 
thank Marie S. Hanson for performing the nitro­
gen analyses reported in this paper.

Summary
D - and L-homoserine have been prepared by the 

acid hydrolysis of the corresponding O-phenyl- 
homoserines. The properties of L-homoserine 
were shown to agree with those reported for the 
optically active «-amino-7-hydroxybutyric acid 
obtained by the degradation of canavanine.
Salt Lake City, U tah R eceived October 18, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a to r y  o f  t h e  U n iv e r s it y  o f  C a l if o r n ia ]

The Synthesis of 2-Hydroxy-3- [3 -cfs-(4-hydroiqrcyclohexyl)-propyl] -
1,4-naphthoquinone

B y  W il lia m  G. D a u b e n  a nd  R a y l e n e  E. A dam s

I t  has recently been reported by Fieser1 that 
various [2-hydroxy-3-alkyl-l,4-naphthoquinones 
when administered to humans undergo degrada­
tion. I t was found that when the alkyl group was
3-cyclohexylpropyl (I), two hydroxylated quin- 
ones (II and III) could be isolated. Compound 
II, which melts a t 155°, was shown to be 2-hy­
droxy - 3 - [3' - (4 - hydroxycyclohexyl) - propyl]-
1 ,4-naphthoquinone by synthesis from 7 -(^-hy­
droxy cyclohexyl) -butyric acid (V). This series of 
compounds can be assumed to be of the trans con­
figuration since the starting acid (V) was obtained 
by the hydrogenation of 7- (£-hydroxyphenyl) - 
butyric acid (IV) in basic solution over Raney 
nickel catalyst.2 Compound III was shown to be 
optically inactive, to contain a secondary fay-

(1) Fieser and co-workers, T his Journal, in preparation.
(2) (a) Macbeth and Mills, J .  Chem. Soc.t 709 (1945); (b) Skita, 

Ber.. «8, 1792 (1920), and later papers,
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droxyl group, and to melt a t 112% In view of 
these facts it was thought that this degradation 
product might be the cis-isomer of compound II 
and the synthesis of this isomer is reported in this 
paper.
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I t  was found that fractionation of the hydro- 
genation product of 7- (£-hydroxyphenyl) -butyric 
acid (IV) gave, in addition to the trans acid (V), 
11% of the cis isomer (VI). However, since a 
large amount of the trans compound was formed 
in the hydrogenation, a study was made of the pos­
sible methods for conversion of it to the cis isomer.

I t  is well-known that alcohols can be inverted 
by the process of tosylation and subsequent dis­
placement with acetate ion.3 For example, Ken­
yon and co-workers have inverted trans-4-meth- 
oxycyclohexanol in a yield of 30% by this method. 
However, the major reaction product was 4- 
methyl-1 -cyclohexene. When the trans acid (V) 
was tosylated in pyridine solution and then treated 
with an alcoholic solution of sodium acetate only 
the unsaturated acid (IX) was obtained.

Another mode of preparation of cis-trans-iso­
mers in the cyclohexanol series is the hydrogena­
tion of the corresponding ketone.2a MacBeth 
and Mills have found that when trans-3-methyl- 
cyclohexanol was oxidized to 3-methyl-l-cyclo- 
hexanone and the ketone hydrogenated at room 
temperature over Adams catalyst in acetic acid 
solution the aV3-methylcyclohexanol was ob­
tained in 69% yield.

Various methods were tried in order to prepare
7 - (7>-cyclohexanone) -butyric acid (VII). Numer­
ous Oppenauer oxidations were conducted on the 
methyl ester of the trans acid using either acetone 
or cyclohexanone as the hydrogen acceptor. No 
ketone or ketone derivative could be isolated. A 
dark red oil was always obtained and it is believed 
that an aldol-type condensation may have oc­
curred under the conditions of the reaction. The 
catalyst, aluminum £-butoxide, was checked for its

(3) Goiagh, Hunter and Kenyon, / .  C h e m . S o c . ,  2052 (1926).

activity by oxidizing cyclohexanol. High yields 
of cyclohexanone were always obtained.

Various chemical methods are described in the 
literature for the oxidation of analogous secondary 
alcohols to ketones. However, with the trans- 
acid (V) very low yields were obtained by almost 
all the methods. I t  was found that the keto-acid
(VII) could be prepared in a yield of 30-45% by 
means of potassium dichromate, acetic acid, sul­
furic acid, and water at room temperature.

The hydrogenation of the keto-acid (VII) was 
attempted with various catalysts and solvents, 
but the amount of cis isomer isolated was in­
variably low (0- 20%). A mixture containing 
small amounts of the cis and /raws-hydroxycyclo- 
hexylbutyric acids, a large amount of the cyclo- 
hexylbutyric acid, and often a little unreacted ke­
tone was usually received. The best results were 
obtained when platinum oxide was used as the 
catalyst and ethanol containing one drop of acetic 
acid or hydrochloric acid as the solvent. The 
various unsuccessful methods were platinum oxide 
in water or absolute ethanol, platinum black in 
ethanol and Raney nickel in ethanol or water. 
No reduction occurred when barium sulfate con­
taining ten per cent, palladium was used as the 
catalyst and ethanol or acetic acid as the solvent.

The results of these experiments are quite simi­
lar to those obtained recently by Hardegger, Heus- 
ser and Blank.4 These workers have reported 
that the hydrogenation of «-hydroxy-/?-(^-cyclo­
hexanone) -butanolide in aqueous acetic acid over 
Adams catalyst gave mainly the hydrogenolysis 
product. The small amount of the desired hy­
droxyl compound obtained was a mixture of the

(4) Hardegger, Heusser and Blank, Helv. Chim . Acta, 29, 477
(1946).
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cis and trans isomers. Gauthier5 also has re­
ported that 4-propylcyclohexanone is hydro­
genated in acetic acid in the presence of hydro­
chloric acid and platinum catalyst to a mixture of 
cis and trans isomers.

The cis isomer of the naphthoquinone (XIII) 
was prepared following the usual methods.1 The 
cis-y-(^-acetoxycyclohexyl)-butyric acid (X ) was 
obtained in a yield of 55% by treating the cis- 
hydroxy acid (VI) with acetic anhydride in the 
presence of a catalytic amount of concentrated 
sulfuric acid. This acid was then converted to 
the acid chloride with oxalyl chloride in 63% 
yield. The acid chloride was allowed to react 
with sodium peroxide following the general pro­
cedure of Fieser and Oxford6 to give the peroxide 
which in turn was decomposed in an acetic acid 
solution of 2-hydroxy-1,4-naphthoquinone. The 
2 - hydroxy - 3 - [3' - cis - (4 - acetoxy cyclohexyl) - 
propyl ]-l ,4-naphthoquinone (XII) was isolated in 
36% yield and then deactylated to give cis- 
hydroxy compound (XIII). This latter com­
pound melts a t 136-137°. Hence the compound 
III isolated in the metabolism studies is not the 
cis isomer of compound II. L. F. .Fieser has re­
ported in a private communication that the cis 
compound, X III, is completely inactive when 
assayed by the antirespiration method previously 
described by him.1 The isolated degradation 
products, II and III, however, show definite 
activity.

Acknowledgment.—The authors wish to ex­
press their appreciation to Professor L. F. Fieser 
for his interest in this work, and to the Abbott 
Laboratories for their financial aid.

Experimental7
ft-(p-Amsoyl) -propionic Acid.-—The acid was prepared 

from anisole and succinic anhydride according to the pro­
cedure of Rosemund and Shapiro8 9 using nitrobenzene as 
the solvent. The yield was 75-85%. When nitroethane 
was employed as the solvent the yield was slightly less 
but this method was more convenient since anhydrous 
aluminum chloride is soluble in this solvent and could 
be added in the form of a solution.

Y-(£-Methoxyphenyl) -butyric Acid.—The reduced acid 
was prepared from the above keto-acid either by the 
Martin modification® of the Clemmensen reduction or by 
the Huang-Minlon10 modification of the Wolff-Kishner 
reaction. This latter method was more convenient and 
the product was obtained in 75% yield.

Y-(^-Hydroxyphenyl) -butyric Acid.—The methoxy-acid 
was demethylated by heating under reflux with 48% 
hydrobromic acid. The crude acid was recrystallized 
from benzene and the pure acid melts at 107-108°.

Y-(/>-Hydroxycyclohexyl) -butyric Acid (V and VI).— 
This acid was prepared following the procedure described 
by Fieser and co-workers.1 From 45 g. (0.25 mole) of 
Y - (^-hydroxyphenyl) -butyric acid, 40 g. (86%) of crude 
product, which sinters from 80° and melts by 114°, was 
obtained. This material was added to 300 cc. of ether

(5) Gauthier, A n n .  c h im . ,  20, 581 (1945).
(6) Fieser and Oxford, T his Journal, 64, 2061 (1942).
(7) Microanalyses by M f. C. W. Koch. All melting points are 

uncorrected.
(8) Rosemund and Shapiro, A r c h .  P h a r m . ,  272, 313 (1934).
(9) M artin, T his Journal, 68, 1438 (1936).
(10) Huang-Minlon, i b i d . ,  68, 2487 (1946).

and the mixture heated tinder reflux for fifteen minutes. 
The solid which did not dissolve was filtered and it 
melts from 118-122°. After recrystallization from aque­
ous acetic acid, the pure acid melts from 123-124°, yield 
32 g. (68.9%). This compound is presumably the trans 
isomer.

The above ethereal extract was concentrated and then  
petroleum ether was added until turbidity. On cooling, 
white crystals (6.1 g.) which sinter at 80° and melt 
from 84-89° were obtained. This solid was fractionally 
crystallized from a mixture of ether and petroleum ether. 
The first small fraction was impure trans isomer. The 
second fraction contained 5.0 g. (10.7%) of the pure cis 
acid, m. p. 83-84°. Anal. Calcd. for CioHisOs: C,
64.48; H, 9.74. Found: C, 64.77; H , 9.95.

m-Y-(^-Acetoxycyclohexyl) -butyric Acid (X) .—cis-y-  
(^-Hydroxycyclohexyl)-butyric acid (1.0 g ., 0.006 mole) 
was mixed with 6 cc. of acetic anhydride and three drops 
of concentrated sulfuric acid, allowed to stand at room 
temperature for eighteen hours, and then poured into 250 
cc. of water. The aqueous mixture was extracted with 
three 25-cc. portions of ether. The water layer then was 
concentrated, saturated with sodium chloride, and ex­
tracted again with ether.

The combined ethereal extracts were washed, dried, 
and the solvent evaporated. The residual liquid was dis­
tilled in a sublimation-type still at a block temperature of 
125° and a pressure of 2 mm. The yield was 0.55 g.
(44.7%).

Anal. Calcd. for C12H20O4: C, 63.13; H , 8.83. Found: 
C, 63.40; H, 8.57.

cis-y - (^-Acetoxycyclohexyl) -butyryl Chloride (XI)
A mixture of 7.2 g. (0.032 mole) of the cis-acetoxy acid 
and 12.2 g. (8.2 cc., 0.01 mole) of oxalyl chloride was 
warmed at 70° for a period of four hours. The excess 
oxalyl chloride was then removed and the product distilled, 
b. p. 139-141° (1 mm.), yield 4.9 g. (63% ).

Di-[ cis- y - (^-acetoxycyclohexyl) -butyryl] Peroxide
The peroxide was prepared following the procedure of 
Fieser and Oxford6 using 4.9 g. (0.02 mole) of acid chlo­
ride. A yield of 88% was indicated by titration of an 
aliquot.11

2 -Hydroxy-3 - [ 3 '-cis-(4-acetoxycyclohexyl) -propyl ] -
1.4- naphthoquinone (XII).—The alkylation was con­
ducted in the flash-off manner1 using 1.50 g. (0.086 mole) 
of 2-hydroxy-l ,4-naphthoquinone, the peroxide prepared 
above and 35 cc. of acetic acid. After the evolution 
of carbon dioxide had ceased, the mixture was refluxed 
for one hour and the acetic acid removed under reduced 
pressure. The residual sirup was dissolved in ether and 
the ethereal solution extracted with dilute, freshly- 
prepared, aqueous sodium bicarbonate until , only a faint 
pink color was discernible in the aqueous layer. After 
removal of the ether, the residue was crystallized from 
aqueous methanol. After several recrystallizations, the 
yellow solid sinters slightly from 79-99° and melts from 
99-100°. When a sample was immersed in a bath at 
94°, it melted completely. The yield of the dimorphic 
compound was 1.1 g. (35.7%) and no single form of 
dimorph could be isolated.

Anal. Calcd. for C21H24O5: C, 70.77; H , 6.79. Found: 
C, 70.46; H, 6.58.

2-Hydroxy-3-[3 ̂ -as-(4-hydroxy cyclohexyl) -propyl] -
1.4- naphthoquinone (XIII).—A solution of 0.43 g. (0.0012 
mole) of the acetyl compound, 0.1 g. (0.018 mole) of 
potassium hydroxide and 30 cc. of water was refluxed for 
one hour. The solution was acidified and a small volume 
of ethanol was added to effect solution. The product 
crystallized slowly from this mixture. The yellow solid 
was best recrystallized by long standing in a large volume 
of ethanol highly diluted with water containing a trace of 
acetic acid. The yield was 0.35 g. (92.2% ), m .p .  136- 
137°.

Anal. Calcd. for C19H22O4: C, 72.59; H , 7.06.
Found: C, 72.71; H, 7.10.

(H ) K okatnur and Jelling, i b i d . ,  63, 1432. (1941).
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Y- (^-Cyclohexanone) -butyric Acid (VII).—A mixture 
of 3 .5  g. of Y"(£-hydroxycyclohexyl)-butyric acid (0.019 
m ole), 10 cc. of acetic acid and 40 cc. of water was placed 
in a flask equipped with a mechanical stirrer, a dropping 
funnel and a thermometer which was immersed in the 
liquid and warmed to 60°. After the acid had dissolved, 
the solution was cooled to 35° and kept at that tempera­
ture for the rest of the reaction.

An oxidizing mixture of 1.9 g. (0.0065 mole) of potas­
sium dichromate, 6 cc. of concentrated sulfuric acid and 
14 cc. of water was added over a period of fifteen minutes 
to  the stirred solution. The reaction mixture was stirred 
for an additional thirty minutes and then it was allowed 
to stand until all of the oxidizing agent had been consumed. 
This usually required eight to ten hours. The mixture 
was then diluted with 200 cc. of water, saturated with 
sodium chloride and was extracted with ether. Upon 
evaporation of the ether, a yellow sirup remained which 
on cooling and scratching crystallized. The product was 
recrystallized from a mixture of ether and ligroin, yield 
1.05 g. (30%), m. p. 81-82°.

Anal. Calcd. for CloHisOs: C, 65.19; H, 8.76. Found: 
C, 64.91; H, 8.74.

The semicarbazone melts at 183-184°.
Anal. Calcd. for CiiHi90 3N3: C, 54.75; H, 7.94.

Found: C, 54.99; H, 7.82.

Summary
1. 2-Hydroxy-3- [3f-cis- (4-hydroxy cyclohexyl) - 

propyl]-!,4-naphthoquinone has been prepared 
and has been shown to be different from the low 
melting metabolite of 2-hydroxy-3-(3'-cyclohexyl- 
propyl)-1,4-naphthoquinone isolated by Fieser and 
associates.

2. Thé hydrogenation of 7-(^-cyclohexanone)- 
butyric acid has been studied.
B e r k e l e y  4, C a l i f o r n i a  R e c e iv e d  D e c e m b e r  10, 1947

[ C o n t r i b u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  P a r k e , D a v i s  a n d  C o .]

3~Amino-4-hydroxybenzenearsonous Acid. II. Derivatives
B y  C. K . B a n k s , J o h n  C o n t r o u l is , D. F. W a l k e r , E . W . T il l it s o n , 1 L. A. S w e e t  a n d

O. M. G ruh zit

The amine salts and arsenite hemiesters of 3- 
amino-4-hydroxybenzenearsonous acid (I, oxo- 
phenarsine) were described in the first paper of this 
series.2 All of these compounds, as well as the di­
halo derivatives, equilibrate readily in solution to 
a common ion, postulated to be 3-ammonium-4- 
hydroxybenzenearsonite. Since this nucleus has 
been unique in therapeutic agents for the treat­
m ent of spirochetal diseases, further variations of 
the general structure II have been made.

II

Previously reported compounds of this type in­
clude the aforementioned salts, hemiesters and 
acid adducts,2 mercaptan derivatives in which A 
and A ' were mercaptoacetic acid, mercaptoacet- 
amide and cysteine,3 the acetyl derivative (B = 
COCHs)4 and compounds in which C was replaced 
by hydroxy alkyl5-7 and alkyl groups.8 Since

(1) P resen t address, D epartm ent of Chemical Engineering, Wayne 
U n iv ersity , D etroit, Michigan.

(2) B anks, et al., T his Journal, 69, 5 (1947).
(3) Barber, J . Chem. Soc., 1020 (1929).
(4) N ew b ery  and Phillips, i b i d . ,  2375 (1928).
(5) S w eet and Hamilton, T his J ournal, 56, 2409 (1934).
(6) Bare and Hamilton, ibid., 59, 2444 (1937).
(7) H olcom b and Ham ilton, ibid., 61, 1236 (1939).
(8) D oak , Stem m an and Eagle, i b i d . ,  63, 99 (1941).

variations in C appeared to be explored ade­
quately, the principal variants studied were those 
of A and B„ Since 3-amino-4-/3-hydroxyethoxy- 
benzenearsonous acid (III)5 has been found to 
have practically the same in vivo spirochetal ac­
tivity as I, the /3-hydroxyethyl group was selected 
as the C variant for the study of multiple substi­
tution.

The mercaptol derivatives of I were extended 
to include mercaptoacetone, octyl mercaptoace- 
tate, thiomalic acid and unsubstituted sulfides. 
Hydrogen sulfide reacted with I to yield com­
pounds having —As(SH)2, —As(SH)(OH) and 
—AsS structures, depending on the conditions 
employed. The mercaptoacetic acid, octyl mer- 
captoacetate and mercaptoacetamide derivatives 
of III were also formed. The octyl mercaptoace- 
tates were of interest in that they are soluble in 
oils.

The amine group was modified by substituting 
B and B' with the acid succinamide, benzal, form­
aldehyde bisulfite and glucose bisulfite groups. 
Attempts to prepare the analogous formaldehyde 
sulfoxylate resulted in neoarsphenamine types. 
Similar amine derivatives were prepared in which 
A and A' were replaced by thiols and where C was 
the hydroxyethyl group. The formaldehyde sul-

C1

Cl—As0—-CI

A i v
—Na +
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T a b l e  I
A

1

*  u-
C -  OH C 

As (OH)*

B

NH*

Yield,
%
A

, Empirical 
formula®

C6H«AsNOa
2 As(OH)* N H iC l A CsHaAsCINOa
3 As(OH) (Cl) NH* A CeHrAsClNO*
4 AsO® NHaCl A CoH tAsCINO*
5 / NHaCl A Ci4H*oAs2Cl2N20*
6 AsO NHa*»/2S 0 4 A CissHuAssNaOgS
7 AsO NH^CeHöCh^ A C12H16 AsN O®
8 AsO NHrC«H707ft A C1*H14AsNOb

9 AsCl* NHaCl i CsHrAsClaNO
*0 AsBrs NHaBr 3 CaHïAsBraNO

As(SH) (OH) NH* 78 C8H8AsNO*S
*2 As(SH)s NH* 67 CeHaAsNOS*
13 AsS NH* 55 CsHaAsNOS
14 As(SH) (OH) NHaCl 63 CeH» AsCIN OjjS
15 AsS NHaCl 78 CsHtAsCINOS
*6 As (SCH2C 0 2H) s NH* 92 C10H1* AsN O5S2
17 As (SCH2C 0 2N a) * NH* 87 CioHioAsNNaaOaSs
18 As(SCH CONHsO* NH* 92 CioH i4 AsN aOaSs
19 As(SCH2CONH2)2 NHaCl 90 CioHiaAsCINaOaS*
20 As(SC4H b0 4) / NH* 68 Ci4Hi«AsN O9S2
2 l As(SCioHi902)g NH* 72 C26H44 AsN OsS*
22 As(SCH2COCH i) 2 NHaCl 65 Ci2Hi7 AsCIN OaS*
23 A sO£ NO* 78 CeH4AsN 04
24 AsO NCsHsCh** 85 CuHnAsNO*
25 AsO NHCOCHs 70 C«HioAsN04
26 AsO NHCHsSOiNa® 90 C7H8AsNNa06S
27 As(OH)* N H C 8Hii05w 54 C12H18 AsN Os
28 As(OH)2 NHCeHiuNaOsS® 55 CwHwAsNNaOnS
29 AsO NHCiHaOa8' 82 CioHioAsNO#
30 AsCls" N 2+ 92 C6H4AsClaN20
31 AsC12(OH) " n 2+ 54 CeHaAsChNaO*
32 As (SCH2C 0 2N a) g N H C H 2S 0 2Na°® 70 CnHnAsNNajOjSa
33 As(SCH2C02Na)i N H C H 2SOaNav 85 CiiHnAsNNaa08S2
34 As(SCH2C 0 2N a)2 NHCHIiaNaOsS® 68 C16H21 AsNN aaOiaSa
35 As(SCH2CONH2)2 NHCeHiaNaOsS® ee

C=»OCH2CH2OH 
36 As(OH)* NH* bh
37 As(SCH2C 0 2H )2 NH* 82 Ci2H i« AsN OeSt
38 As(SCH2C 0 2Na)s N H 2 90 Ci2Hi4AsNNa20#S2
39 As(SCH2CONH2)* NHs 82 Cj2Hi8AsNa04S2
40 As(SCH2CONH2)s NHaCl 88 Ci2Hi9AsClNa04S2
41 As(SCioH i902)2ö NH* 78 C2gH48AsNO«S2
42 As(OH)2 NHCH*SOaNa® 85 CaHiaAsNNaOrS
43 As (SCH2C 0 2N  a) * NHCH*SOaNa® 75 CiaHwAsNNaaOgSa
44 As(SCH2CONH2)* N H C H 2SOaNaw 67 CuHiaAsNsNaOSi
45 As(SCH2C 0 2Na)« NHCaHiaNaOaS® cc
C=*
46

— OCH2CHOHCH» 
As(OH)* NH* dd

C ~
47

—OCH2C(OH)(CHa)* 
As (OH) 2 NH* ee

T ry panocidal ac tiv ity 0 
Toxicity*5 T . equiperdum -w hite  ra ts

ï . V.-white ra ts  M . T h .
Analysis Compound As, D . M . C.

% m g./kg. m g./kg. m g ./ D T k . C
Calcd. Found LDso LDa LD#o kg m g ./k g . jI. I .
34,.51 34.,47 19.5 17 .5' 6 .73 0 .6 2,.0 32 .5 9 .7
29. 54 29. 62 21 .0 16. 0 6.21 .7 2,.6 30 .0 8 . 1
31. 81 31. 74 17.5 16. 0 5.57 6 2..2 29 .1 8 .0
31 .81 31..85 18.5 15 .0 5.88 .6 2,.5 30 .8 7 .4
28 .98 29..11 18.0 14 .0 5 .22 .4 2..0 45 .0 9 .0
30, 20 30. 08 17.5 14,.0 5 .29 .6 3..0 29 .1 5,.9
19. 05 18. 98 33 .0 20..0 6 .29 2,.0 4,.0 17 .5 8 3
19,.15 19.,17 28.7 25 .0 5.50 1 .5 4,.0 19 .0 7 .2
25 .79 25.,82 21 .8 15 .0 5.62 1 .0 3..6 21 .8 6 .1
17 .68 17..71 32 .5 20 .0 4.78 1 .5 5,.0 21 .6 6 .5
32 .14 32 .02* . ,
30 .06 30,.06 . . . . ,
34 .83 34 .58* . , . .
27 .79 27 .74m 22.0 18 .0 6.11 2 .5 4,.0 8 .8 5 .5
29 .77 29,.98n 18.5 15,.0 5 .55 2,.5 3,.6 7 .4 5 .1
20 .51 20,.48
18 .31 18,.46 18.0 16 .0 3.30 0 .8 3,.0 22 .5 6 .0
20 .62 20,.28*31 0. . . ,
18 .74 18 .48® 32.5 20 .0 3.75 3,.0 4, 0 io .8 8,.2
15 .56 15..38
12 .70 13.,01 50 .0 35,.0 6 . 3 5 9,.0 5 ,.5
18 .83 19,.01 . „ » , ,
32 .71 32.,52 5 .0 4,.0 1.63 >  2,.0
22 .55 22,.40 25 .0 20 .0 5.64 2,.0 8,.0 12,.5 3 .1
28 .91 28,.75 5 .0 4 .0 1.45 3 .0 >  3 .0 1 ,.7
22 .49 22,.25 20 .0 12 .5 4 .50 10,.0 15,.0 2 .0 1 .3
19 .76 19,.52 0. . . 0 .
15 .50 15 .21 70 .0 60 .0 10.85 > 1 0 .0
25 .05 24,.80 4 .5 4 .0 1.13 2 .0 >  2..0 2 ..2
24.,85 24. 86 17.5 15 .0 4.35 1..2 >  5..0 14..5
26 .48 26 .50® . . . . ,
14 .71 14,.78 30 .0 25 .0 4.41 5..0 1 0 .0 6..0 3 .0
14 .26 14,.10 58 .0 52 .0 8.27 12 .0 20. 0 4,,8 2..9
11. 09 10. 84 101.0 93. 0 11.20 12. 0 15. 0 8.,4 6..7

45 .0 35. 0 5.00 >  8. 0

16.5 10. 0 4.75 0 . 8 3. 5 20. 6 4.,7
18. 30 18..25 . 0.
16. 53 16. 48 27 .5 25.,0 4 .55 2. 5 3. 5 11. 0 7..9
18,.39 18.,32
16. 88 16. 70 60 .0 40. 0 10.13 3. 0 8. 0 20. 0 7.,5
11. 82 11. 43 40 .0 30. 0 4.73 8. 0 > 2 0 . 0 5. 0
19. 86 19. 72 50 .0 30. 0 9.93 15. 0 20. 0 3. 3 2. 5
13. 16 13. 10 70 .0 55. 0 9.21 20. 0 > 3 0 . 0 3. 5
14. 31 14. 20 27.5 25. 0 3.84 3. 0 7. 0 9. 2 4. 0

75 .0 60. 0 7.50 8 . 0 30. 0 9 . 4 2. 5

15.0 12. 0 4.10 0. 5 2. 0 30. 0 7.,5

14.0 10, 0 3.71 4 . 0 3 . 5
« No attempt has been made to indicate degree of polymerization but all —AsO and —AsS compounds are at least 

dimeric, see ref. 2. 6 By Banks and Sultzaberger, T h is  J o u r n a l , 69, 1 (1947), when possible, otherwise by methods
A or D, Banks, Sultzaberger, Maurina and Hamilton, J. Am. Pharm. A ssocn S c i. Ed., 37, 13 (1948). ® See text for
details. d Ref. 2. * Oxophenarsine hydrochloride, U. S. P. /  Hydrochloride hemialcoholate of Ehrlich and Bertheim.
Ber., 45,756 (1912), in which the arsenic portion has the structure, HOAs(R)—O—As(R)OC2H§, see Ref. 2. ® Ascorbate.
k Citrate. 4 Dichlorophenarsine hydrochloride, U. S. P., Binz and Bauer, Z. angew. Chem., 34, 261 (1921). * U. S.
Patent 2,222,384 (1940). & S, calcd.: 13.75%; found: 13.80%. 1 S, calcd.: 14.90%; found: 14.78%. * S, calcd.:
11.88%; found: 11.96%. » S, calcd.: 12.74%; found: 12.46%. * N, calcd.: 11.57%; found: 11.43%. « N„ 
Calcd.: 10.51%; found: 10.30%. r From a-merca,ptosuccinic (thiomalic) acid. 8 From octyl mercaptoacetate. 
& Christiansen, et a l T h i s  J o u r n a l , 47, 2716 (1925). w Anil from vanillin. 9 Formaldehyde bisulfite. w GlucosyL 
* Sodium glucosebisulfite. v Succinyl. * N, calcd.: 9.91%; found: 10.14%. Formaldehyde sulfoxylate. bb Sweet 
and Hamilton, ibid., 56, 2409 (1934). c0 Used in solution without isolation. dd Stevenson and Hamilton, ibid., 57, 
1600 (1935). ee Holcomb and Hamilton, ibid., 61, 1236 (1939).

foxylates of the thiol substituted arsenicals were 
prepared without difficulty.

I was also diazotized and 3-diazonium-4-hy- 
droxybenzenetrichloroarsonite (IV) isolated on 
strong acidification. This proved to be identical

with the reduction product of 3-diazonium-4-hy« 
droxybenzenearsonate described by Schmidt and 
Hoffmann.9 However, decomposition of this 
compound in methanol followed by precipitation

(9) Schmidt and Hoffmann, B e r . ,  59, 560 (1926)-
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with ether did not result in  3-diazido-3,4-quinone- 
1 -dichloroarsine as they report but in 3-diazonium-
4-hy droxybenzenedichloroarsoni te. This was
confirmed by elemental analysis for C, H, N, As 
and Cl, and by the reactions of the substance. 
The compounds prepared, their toxicity and try­
panocidal activity are listed in Table I. The 
treponemacidal effect of selected  compounds is 
given in Table II.

T a b l e  II
R e l a t iv e  T r e p o n e m a c id a l  A c t iv it y

N o. in

CD bo,
m g./kg. X 3, 

I. V. No. in

CD 50,
mg./kg. X 3, 

I. V.
T ab le  I rabbits Table 1 rabbits

1 1.5 17 1.5
2 1.0 33 4.0
3 1.0 35 5.25
5 1.5 36 1.5
9 1.5 46 1.75

Experimental
3“Amino-4-liydroxybenzenearsonous acid and 3-amino-

4-/3-hydroxybenzenearsonous acid were prepared accord­
ing to previously published methods.2*5

Sulfides.—A solution of 3-amiuo-4-hydroxybenzene- 
arsonous acid (0.1 mole), prepared by dissolving the 
acid in 100 ml. of water with an excess of hydrochloric 
acid and then neutralizing the solution to pH 6, was 
saturated with hydrogen sulfide. On standing in the 
refrigerator, the —As(SH) (OH) compound separated. 
When the addition of hydrogen sulfide was made in the 
presence of two equivalents of hydrochloric acid, the cor­
responding hydrochloride separated. On drying at 0.5 
mm. and 37° over phosphorus pentoxide, the analogous 
—AsS compounds were formed. Addition of ammonium 
sulfide to the original solution precipitated the As(SH)2 
compound.

Mercapto Products.-—Mercaptoacetic acid (0.2 mole) 
was added to a solution of the arsonous acid (0.1 mole) 
and the pH  adjusted to 7 with sodium hydroxide. Seven 
volumes of alcohol were added to crystallize the sodium 
salts. The free mercaptoacetic acid derivatives were formed 
by acidification of aqueous solutions of their sodium salts 
with hydrochloric acid. Other mercapto derivatives 
were prepared by the reaction of an alcohol solution of 
the mercaptan with an alcohol solution of the arsonous 
acid. The hydrochlorides were crystallized by the addition 
of dry hydrogen chloride gas, with cooling, and the free 
bases liberated from aqueous solutions of the hydro­
chlorides by neutralization with sodium hydroxide.

Formaldehyde and Glucose Bisulfites.—Water (40 
ml.) was heated to boiling for a few minutes, then allowed 
to cool. At 90° the sodium aldehyde bisulfite (0.1 mole) 
was added and when cooled to 70°, the arsonous acid, or 
other arylamino arsenical, was added (0.1 mole) and 
stirred until solution occurred. The solution was clari­
fied with charcoal, filtered and cooled to 30° and 600 ml. 
of ethanol added. On standing in an ice-bath, the prod­
ucts crystallized.

Formaldehyde Sulfoxylates.—Water (40 ml.), previ­
ously boiled and cooled under nitrogen, was used to dis­
solve sodium formaldehyde-sulfoxylate (0.1 mole) and 
the arylaminoarsenical (0.1 mole). When the reaction 
was complete, the solution was clarified with charcoal 
and the product crystallized by the addition of six volumes 
of ethanol.

Acyl Derivatives.—The corresponding arsonic acids 
were reduced by previously described techniques.2

3 -Diazonium-4 -hy droxyb enzenetrichloroarsonit e .—3- 
Amino-4-hydroxybenzenearsonous acid (217 g.) was sus­
pended in 60.0 ml. of 3 N  hydrochloric acid. The solution 
was cooled externally and a mole of sodium nitrite, 
dissolved in water, added slowly. As soon as the diazo­

tization was complete, the resulting solution was filtered 
and a liter of cold concentrated hydrochloric acid added 
slowly with cooling. The crystalline product was filtered 
off and washed with glacial acetic acid and ether.

The compound is a pale yellow powder, soluble in water, 
alcohols, acetone, and dioxane but insoluble in benzene, 
ether and petrolic ether. The compound exploded on 
heating. Solutions of the substance in water coupled with 
jS-naphthol and a'-dimethylaminonaphthalene to yield 
deeply colored dyes.

3 -Diazomum-4-hydroxybenzenedichloroarsonite.—Ten
grams of the trichloroarsonite was dissolved in a minimum 
of absolute methanol, allowed to stand a few minutes until 
gas evolution ceased and an excess of anhydrous ether 
added. A bright yellow product separated. It was 
filtered off, and dried in a vacuum desiccator. It has 
the same solubilities and reactions as the triehloro com­
pounds.

Pharmacological Evaluations
Toxicity.—The intravenous toxicity of each com­

pound was determined in albino male rats as previously 
described.10 The dose which was lethal for 50% of the 
animals (LDSo) was calculated by the method of Drag- 
stedt and Lang.11 The LD50 and LD5 are given in Table 
I in terms of mg. compound per kg. body weight of 
animal. The L D 5q values in terms of compound adminis­
tered also were converted to LD5o figures in terms of mg. 
As per kg. for purposes of comparison.

It can be seen that all of the simple salts and haloarsine 
derivatives of compound 1 have approximately the same 
toxicity in terms of arsenic administered (compound 10 
may be considered an exception). This is compatible 
with the hypothesis that all derivatives of this type (1-10 
inch) are converted in aqueous solution to the same form.

The substitution of mercapto groups on arsenic (14, 15, 
17, 19, 21, 32, 33, 34, 35) either did not affect or increased 
the relative toxicity. No general postulations can be 
made as to the result of substituting hydrogens of the 
amino group.

Trypanocidal Activity.—The compounds were adminis­
tered to albino male rats previously infected with a 
standardized strain of Trypanosoma equiperdum. The 
techniques have been described previously.10 The mini­
mum therapeutic dose (M .Th.D.) is designated as the 
minimal dose of drug which entirely eliminated trypano­
somes from the peripheral blood forty-eight hours after 
treatment and the minimum curative dose (M.C.D.) 
as that dose which prevented relapse of the infection for 
four weeks. The therapeutic index (Th.I.) is taken as 
the ratio LD50/M .T h.D . and the curative index (C.I.) 
as the ratio LD50/M.C.D. The results are given in Table
I. Those compounds which can generate No. 1 on 
solution and neutralization all have comparable activities 
(2-10 inch). Sulfhydryl derivatives were of the same or 
lower order of activity. In general, the trypanocidal 
effect was lessened when the amino group was substituted. 
While the substitution of the hydroxyl by a /?-hydroxy- 
alkoxyl group did not appreciably affect activity, further 
substitution on arsenic or nitrogen had approximately 
the same effect as was noted in the analogous hydroxyl 
compounds.

Treponemacidal Activity.12—Healthy normal rabbits 
of different breeds were infected with a virulent Nichols 
strain of Treponema pallidum and held until lesions became 
well developed. The rabbits were treated intravenously 
with selected compounds three times on alternate days. 
They were observed for regression of the lesions and by 
microscopic darkfield examination for the disappearance 
of spirochetes. The popliteal lymph glands of those 
rabbits showing no lesions three months after treatment 
were excised and implanted intratesticularly in normal

(10) Banks, Controulis, Tillitson and Gruhzit, T his Journal, 66, 
1771 (1944).

(11) D ragstedt and Lang, J .  P h a r m . E x p t l .  T h e r a p ., 32, '215 
(1927-1928).

(12) A more complete discussion of procedures m a y  b e  found in 
Gruhzit, O.M., A r c h .  D e r m S y p h . ,  32, 848 (1935).
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animals. Absence of syphilitic lesions in the transfer 
animals over a period of three months was taken as the 
criterion of cure. The results are given in Table II. In 
general, compounds which revert to 1 in solution had ap­
proximately equal activity, mercapto derivatives being 
about equally active. Substitution of hydröxyalkoxyl 
groups for hydroxyl may have decreased the activity 
slightly but substitution of amino hydrogen resulted in 
marked reduction of activity.

Summary
1. A number of new derivatives of 3-amino-4- 

hydroxybenzenearsonous acid have been pre­

pared for trypanocidal and treponemacidal stud­
ies. These consisted of variations in which easily 
and difficultly hydrolyzable groups were a t­
tached to the arsenic, nitrogen and phenolic 
oxygen atoms.

2. Animal studies indicated th a t none of the 
compounds was more active than the parent com­
pound and that only those compounds having 
readily hydrolyzed groups retained any appreci­
able activity.
D e t r o it , M ic h ig a n  R e c e iv e d  N o v e m b e r  15, 1947

[C o n t r ib u t io n  f r o m  t h e  I n s t it u t e  o f  M a t e r ia  M e d ic a , N a t io n a l  A c a d e m y  o f  P e i p i n g , S h a n g h a i , a n d  t h e  
P h a r m a c o l o g ic a l  L a b o r a t o r y , N a t io n a l  I n s t it u t e  o f  H e a l t h , N a n k in g ]

Antimalarial Constituents of Chinese Drug, Ch’ang Shan, D ichroa  fe b r i fu g a  Lour
B y  T .  Q. C h o u , F. Y. F u  a n d  Y. S. K a o

A brief account on the isolation of an antima­
larial alkaloid named dichroine from the Chinese 
drug, Ch’ang Shan, identified as Dichroa febrifuga 
Lour., has been reported.1 Mention should be 
made that the name dichroine has been used pre­
viously by Hartwich2 to indicate a carbohydrate 
of an indefinite nature isolated from the same 
plant. The alkaloid dichroine has the composition 
C16H21O3N3 and easily undergoes isomeric change 
under the action of heat, acids, and alkalies, and 
even with different solvents used. Three isomer- 
ides, which are provisionally named, 0- and y- 
dichroines, have been obtained, melting, respec­
tively, at 136, 145 and 160°, and being convertible 
into each other under suitable conditions. Oxi­
dized with potassium permanganate, dichroine 
yields 4-quinazolone and some other products not 
yet identified. Hydrolysis with sodium hydroxide 
gives easily the decomposition products, anthra­
nilic acid, formic acid, and ammonia, together with 
a compound which behaves like a pyrrole deriva­
tive. Benzoylation with benzoyl chloride fur­
nishes most probably a tribenzoyl derivative of 
dichroine according to its nitrogen content. No 
presence of carboxyl-, methoxyl- and methylene- 
dioxy- groups could be detected in the molecule 
of dichroine. Dichroine forms both normal and 
acid salts and a nitroso compound. Besides di­
chroine, 4-quinazolone, a base with the composi­
tion C18H23N3O3, and umbelliferon have also been 
isolated from the roots of Ch’ang Shan; the first 
one may be originally present in the plant or re­
sulted during chemical manipulation. Synthetic 
quinazoline derivatives used as antimalarials have 
recently been investigated extensively by Magid- 
son and Yolovchinskaya3 and others. The isola­
tion of 4-quinazolone from a natural plant affords a 
remarkable coincidence with the chemical re-

(1) Chou, Jang, Fu, Kao and Huang, Science (Chinese'), 29, No. 2, 
49 (1947).

(2) Hartwich, Neue.Arzneidrog, 127 (1897).
(3) Magidson and Yolovchinskaya., J . Gen. Chem. (Ü. S. S. R)., 8, 

1797 (1938).

search along this line, although the quinazolone 
nucleus has already been found in certain alka­
loids.4 Regarding the antimalarial activity of di- 
chroines, the y-isomeridé shows the greatest, and 
a-isomeride the least; the curative dose for chicken 
malaria being found to be 4 mg. of y-isomer per 
kg.5

Experimental
The finely powdered root of Ch’ang Shan is percolated 

with 90% alcohol at room temperature for two days and 
the extract evaporated in a vacuum. The residue is 
taken up with dilute hydrochloric acid, filtered, and ex­
tracted repeatedly with ether, which constitutes fraction 
A. The acid solution is rendered slightly alkaline with 
sodium bicarbonate and shaken well with ether containing 
about 20% of chloroform (fraction B ). The aqueous 
solution is then made strongly alkaline with potassium  
carbonate and extracted several times with chloroform 
(fraction C).

Umbelliferon, CgHeCh.—The residue obtained from 
fraction A, by distilling off ether, crystallizes from alcohol 
in colorless needles, m. p. 224-227°, sparingly soluble in 
water, but easily soluble in chloroform, alcohol, and 
alkaline solutions, the last possessing an intense blue 
fluorescence. Its properties and analysis correspond 
well to umbelliferon (7-hydroxycoumarine). A n al. 
Calcd. for C9H603: C, 66.6; H, 3.7. Found: C, 66.6; 
H, 3.9.

4-Quinazolone.—Fraction B, on evaporation of ether- 
chloroform mixture, gives a product which crystallizes 
from alcohol in silky long needles, m. p. 212-213°. It  
is identical in all respects with a sample of 4-quinazolone 
prepared by heating 2 g. of anthranilic acid and 1 g. 
of formamide for two hours at 120-130 ° and crystallizing 
the resulting products from alcohol. Its analysis as well 
as those of its hydrochloride and platinum salt confirms 
its composition C8H6ON2. Anal. Calcd. for C8H 6ON2: 
C, 65.8; H, 4.1; N, 19.1. Found: C, 65.6; H , 4.4; 
N, 19.1.

Hydrochloride.—It is obtained by treating an alcoholic 
solution of 4-quinazolone with hydrochloric acid gas 
dissolved in alcohol and adding a sufficient quantity of 
ether; needles, m .p . 247°. Its aqueous solution is acid 
to litmus paper. Anal. Calcd. for C8H6ON2*HCl: 
N, 15.3; Cl, 19.4. Found: N, 15.0; Cl, 19.2.

Platinum Salt.—It is obtained by treating an alcoholic 
solution of 4-quinazolone with an aqueous solution of 
platinum chloride in the presence of hydrochloric acid and

(4) Asahina, Manske and Robinson, J .  Chem. Soc., 1708 (1927).
(5) Jang and co-workers, private communication.
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TABLE I

A n a l y t i c a l  R e s u l t s  o f  T h r e e  D i c h r o i n e s , t h e ir  S a l t s , a n d  D e r i v a t i v e s  D e s c r i b e d  i n  T h i s  P a p e r

Formula
M. p., 

°C.
c

Calcd.
a-Dichroine CisH giO iN * 136 63.3
eg-Dichroine mono- C ie H s tO iN r H C l 210 56.6

hydrochloride
a'-Dichroine sulfate (Ci6ii2iUt JN *) 2° Ü 20O4 220 54.5
Nitroso-£K-dichroine C 16H 20O 4 N 4 182 . .

0-Dichroine C iiH u O iN t 145 63.3
0-Dichroine mono- C u H mO i N . H C I 220 56.5

hydrochloride
0-Dichroine dihydro- Ci«H 2iO ,N r 2 H C l 236 5 1 . 5

chloride
0-Dichroine sulfate 
Tribenzoyl-0-

(Ci«H 2J0 , N , ) i!-H sS 0 4

C I6Ht80 « N ,( C (iH 5C 0 ) ,

224 54.5

dichroine
Nitroso-0-dichroine CuH soO iN * 170
Y-Dichroine C 19 H siO ,N , 160 63.3
Y-Dichroine mono- C 16H siO , N , H C 1 220

hydrochloride
Nitroso- y-dichroine CisHaoChN* 170

recrystallizing the resulting precipitate from aqueous 
alcohol; yellowish prisms, m. p. above 250°. Anal. 
Calcd. for (CgHeONg-HCOa-PtCb: Pt, 27.8. Found: Pt,
28.0.

Alkaloid, CisH^OaN*.—It is isolated from the mother 
liquor of 4-quinazolone by fractional crystallization with 
alcohol. When crystallized pure from acetone, it forms 
small prisms, m. p. 212-213°. Anal. Calcd. for Ci8H23- 
OsN 8: C, 65.6; H, 7.0; N, 12.7. Found: C, 65.6; 
H , 6.7; N, 12.6.

Dichroines.—Three isomerides, which are named «=, 
ft- and y-dichroines, are isolated as follows: the chloro­
form extract (fraction C) is evaporated and the residue 
taken up with about five times its volume of absolute 
alcohol. On neutralizing with hydrochloric acid gas in 
alcohol, a mixture of hydrochlorides, chiefly of ft- and y -  
dichroines, crystallizes rapidly. The alcoholic mother 
liquor is evaporated in a vacuum, and the residue taken 
up with water and filtered. On alkalinization with sodium 
carbonate, the liberated base is  extracted with chloro­
form, distilled, and neutralized with sulfuric acid in al­
cohol, at which time a-dichroine sulfate crystallizes out 
in almost a pure state, being soluble in alcohol or cold 
water with difficulty.

a*-Dichroine can be prepared easily by dissolving its 
sulfate as described above in warm water, making alkaline 
with sodium carbonate, and extracting the liberated base 
with chloroform. It crystallizes from alcohol in colorless 
hard prisms, m. p. 136°, being soluble in chloroform, 
alcohol, or acetone and much less so in cold water. When 
heated to its melting point and maintained at that tem­
perature for a few minutes, or its aqueous solution is 
warmed on the water-bath for an hour or so, it is converted 
into 0 -dichroine, m. p. 145°. It forms a hydrochloride, 
prismatic needles from alcohol, m. p. 210°; a sulfate, 
silky needles from alcohol, m. p. 220°; and a nitroso 
compound, needles from alcohol or acetone, m. p. 182°. 
Its dihydrochloride and acid sulfate can also be prepared 
when excess of respective acids is used (all analyses are 
given in Table I).

ft-Dichroine.—When the crude dichroine bases are 
crystallized from an organic solvent such as chloroform, 
it is always the ft-dichroine which crystallizes out slowly 
on standing; needles, m. p. 145°. It is much more 
soluble in cold water than a-dichroine. It forms a hydro­
chloride, prisms, m. p. 220°, easily soluble in methyl 
alcohol or water; a dihydrochloride, needles, m .p . 236°; 
a neutral sulfate, needles, m. p. 224°; and a nitroso 
derivative, rhombic prisms, m. p. 170°; alcohol being

rbon, % 
Found

H ydrogen, % 
Calcd. Found

Nitrogen, % 
Calcd. Found

Chlorine, %  
Calcd. Found

63.5 63.4 7 .0 7 .3  6 .7 13.9 14.1
56.3 6 .5 6 .4 12.4 12.2 10.4 10.4

54.8 54.3 6.3 is e\ a  •s U .9  U.X 11.9 11.5
* 0 ... 16.9 17.2 ».

63.3 63.1 7 .0 6 .9  6 .5 13.9 14.0 13.8 ..
56.4 56.8 6 .5 6 .2  6 .5 12.4 12.2 12.3 10.4 10.4

51.1 6 .2 6 .2 11.2 11.3 18.9 19.1

54.61 6.3 6 .5 ..
6 .8 7 .2

16.9 17.0 0.
63.4 7 .0 6 .7 13.9 13,9 • .

•• . . . • • 10.4 10.4

16.9 16.9 ..

used for crystallization of either the salts or nitroso com­
pound (see Table I for analyses).

Y-Dichroine is prepared by heating ol- or /3-dichroine 
to a temperature of about 145° for ten to twenty minutes 
and crystallizing the resulting product rapidly from a 
small amount of acetone. It forms silky needles, m. p. 
160°. When crystallized slowly from alcohol or chloro­
form, it converts back to /3-dichroine, m. p. 145°. Its 
hydrochloride, dihydrochloride, sulfate, and nitroso 
compound are found to be the same as those of /3-dichroine, 
possessing the same physical and chemical properties 
(Table I).

Banzoylation.—A solution of 0.5 g. of 0-dichroine in 
3 cc. of 10% sodium hydroxide is treated with 1.5 cc. 
of benzoyl chloride with vigorous shaking. The resulting 
semi-solid mass is taken up with ether and the ethereal 
solution washed with dilute sodium carbonate solution, 
dried with anhydrous sodium sulfate, and distilled. The 
residue refuses to crystallize from any of the usual organic 
solvents tried. Its nitrogen content corresponds to 
that of the tribenzoyl derivative when analyzed (Table I ) . 
Similar results are obtained with either a - or Y-dichroine.

Oxidation with Potassium Permanganate.—To a solu­
tion of 0.2 g. of a-dichroine in 20 cc. of water is added 
10 cc. of a 5% potassium permanganate solution. After 
being allowed to stand at room temperature for two hours, 
the aqueous solution is filtered, decolorized with a few 
drops of sodium thiosulfate solution, mixed with some 
sodium bicarbonate, and extracted with ether. The eth­
ereal solution is dried and distilled, and the residue taken 
up with a little alcohol, whereupon 4-quinazolone crystal­
lizes in needles, m. p. 212-213°. When mixed with 
a pure specimen of 4-quinazolone isolated from the plant 
or prepared synthetically, as above described, its melting 
point remains unchanged.

Hydrolysis with Sodium Hydroxide.—A solution of 2 g. 
of a-dichroine in 40 cc. of water with addition of 20 cc. 
of 15% sodium hydroxide solution is refluxed on the 
water-bath for an hour and then steam distilled. The 
distillate smells of ammonia. When neutralized with 
hydrochloric acid and evaporated to dryness, the residue 
crystallizes from dilute alcohol in needles, subliming when 
heated, and being identical to ammonium chloride. The 
alkaline solution, after steam distillation, is acidified with 
acetic acid and extracted with ether. The ethereal solu­
tion is distilled and the residue crystallized from hot 
water, small prisms, m .p . 145°; when mixed with pure 
anthranilic acid, its melting point remains unchanged. 
Anal. Calcd. for anthranilic acid, C7H7O2N: C, 61.3;
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H, 5.2; N, 10.2. Found: C, 61.3; H, 5.4; N, 10.5. 
After removal of anthranilic acid, as above, the acid solu­
tion is made alkaline with sodium bicarbonate and ex­
tracted with ether. The ethereal solution, when evapo­
rated, leaves behind an oily basic residue which behaves 
like a pyrrole derivative, imparting a red color to a pine 
shaving moistened with hydrochloric acid. The alkaline 
solution is again acidified with sulfuric acid and steam 
distilled. The steam distillate is acid to Congo paper, 
and after neutralization with sodium hydroxide and 
evaporation, leaves behind a salt identical to sodium 
formate. Anal. Calcd. for HCOONa: Na, 33.3.
Found: Na, 31.8.

Summary
From the Chinese drug, Ch’ang Shan, identified 

as Dichroa febrifuga Lour., there have been iso­
lated umbelliferon, 4-quinazolone, a base with the 
composition C18H23O3N3, and a water soluble alka­
loid named dichroine. The last compound has the

composition C16H21O3N3 and undergoes easily iso­
meric change with the formation of three isomer- 
ides, which are provisionally named o l - ,  0 -  and y- 
dichroines, being convertible into each other under 
suitable conditions. Regarding their antimalarial 
activity, the y-isomeride shows the greatest, and 
the a-isomeride the least. Based on the results of 
oxidation and alkaline hydrolysis, dichroine ap­
pears to be composed of 4-quinazolone and a pyr­
role derivative which requires further investiga­
tion. Dichroine forms both normal and acid 
salts and a nitroso compound. The isolation of 4- 
quinazolone from a natural plant, Ch’ang Shan, 
affords a remarkable coincidence w ith the chemi­
cal research for antimalarials along this line.

R e c e i v e d  J u n e  21, 1947

[C o n t r i b u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n i v e r s it y  o f  I l l i n o i s ]

Pyridines. II. The Dissociation of N,N '-Diacetyltetrahydro-4,4 '-dipyridyl1
By R o be r t  L. F r a n k , F loyd P e l l e t ie r  a n d  F r e d  W. S t a r k s

The reductive acetylation of pyridine by means 
of zinc and acetic anhydride was first reported by 
Dimroth and Heene2 to yield the bimolecular 
product N,N /-diacetyltetrahydro-4,4'-dipyridyl
(I). They observed that the compound exists in 
two interconvertible modifications, one white, the 
other yellow. Dimroth and Frister3 later sug­
gested that the yellow color might be due to an 
impurity, N,N'-diacetyldihydro-4,4'-dipyridyl.

I t has occurred to us that either of two phenom­
ena might be responsible for the existence of the 
two forms of this compound. The easy cleavage 
of the 4,4' valence bond between the rings in com­
pounds of this type2-6 suggests that the yellow 
color is connected with dissociation of the colorless 
form (I) into radicals (II).7 On the other hand 
the work of Mumm and co-workers5 on N-alky- 
lated tetrahydrodipyridyls and the fact that a- 
dihydropyridines are yellow while the y-isomers 
are colorless8 presents the alternative proposition 
that the white and yellow forms may be repre­
sented by Structures I and III  (or Ilia), respec­
tively, owing to isomerism of double bonds.

The evidence presented herein favors the disso­
ciation theory and renders unlikely the rearrange­
ment of double bonds.

(1) For the/previous communication on pyridine chemistry, see 
Frank, Blegen, Dearborn, Myers and Woodward, T his Journal, 68, 
1368 (1946).

(2) Dimroth and Heene, B e r . ,  54, 2934 (1921).
(3) Dimroth and Frister, i b i d . ,  55, 1223 (1922).
(4) Emmert, i b i d . ,  53, 370 (1920).
(5) Mumm, Roder and Ludwig, i b i d . ,  57, 865 (1924); Mumm and 

Ludwig, i b id . ,  59, 1605 (1926).
(6) Wibaut and Arens, R ec . t ra v .  c h im . ,  60, 119 (1941).
(7) Structure II represents only one of the several possible reso­

nance forms for such a radical.
(8) Karrer, Schwarzenbach, Benz and Solmssen, Helv .  C h im .  A c t a ,  

19, 811 (1936).

I l l  ____ _ _
Ac—N —Ac

I lia

The interconversion of the two modifications de­
pends on the solvent and on the temperature. If 
the white form is dissolved in methanol, ethanol, 
acetone or dioxane, it stays white until heated, 
then turns yellow. On cooling i t  again becomes 
colorless. In acetic acid or chloroform the white 
form turns yellow on standing a t  room tem pera­
ture, or more quickly on heating.

Both forms have been reported to have the same 
m. p.2 The reason for this is th a t the white crys­
tals can be observed to turn yellow before melting. 
This change is first evident a t about 105° aiid the 
material is bright yellow just before melting a t 
130-131°. This thermal conversion from white 
to yellow conforms with the idea th a t the yellow 
form contains radicals, since dissociation should 
be more likely a t elevated temperatures.

Further, the yellow color in solutions is dispelled 
by small amounts of air. This is to be expected of 
radicals,9 and may signify the formation of a per­
oxide from the dissociated form. No peroxide has 
been found, however, and complete air oxidation 
either of solutions or of the crystalline forms, yields 
4,4'-dipyridyl.2

Measurements of the magnetic susceptibility of 
the two crystalline forms further indicate the pres­
ence of radicals in the yellow modification. The

(9) Gomberg and Cone, B e r . ,  37, 3538 (1904).
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yellow form was found to be paramagnetic (K = 
+0.437 X 10~6), while the white is diamagnetic 
(K  =  -0 .199  X 10 ~6).

Time, min.
Fig. 1.— Rate of hydrogenation of N,N'-diacetyltetra™ 

hydro-4,4'-dipyridyl.

Considering now the data which rule out Struc­
ture I I I  (or Ilia) for the yellow form, the rate of 
p n m n lp fp  hrrHrrvo-prmf in n  o f vpIIow 1ST/NT'-Hi a r e t  v 1~
------- S' " J  ---J --------- • -------- - J -

tetrahydro-4,4'-dipyridyl over platinum oxide in 
acetic acid showed that all four double bonds ab­
sorb hydrogen a t the same rate (Fig. 1). This 
indicates four unconjugated double bonds, as in 
Structure I. Structure III would be expected to 
absorb the last mole of hydrogen more slowly than 
the first three.

tetrahydro-4,4'-dipyridyl gave succinic acid as 
the only isolable product. Succinic acid would 
be expected from Structure I, but is not possible 
from Structures III or I lia .

Although the above evidence is best interpreted 
by dissociation of Structure I into free radicals, the 
amount of dissociation a t room temperature is 
probably slight, since the catalytic hydrogenation 
of the yellow form gave only N,N'-diacetyl-4,4'- 
dipiperidyl. No N-acetylpiperidine, the expected 
reduction product of the radical (II), was found,

One further experiment was considered, the 
effect of the white and yellow forms on the poly­
merization of styrene. When a trace of either 
form was added to styrene and the styrene heated 
in a sealed viscosimeter at 58°, the solution con­
taining the white form turned yellow, and in either 
case polymerization of the styrene was completely 
inhibited.

Experimental
N,N'-Diacetyltetrahydro-4,4 '-dipyridyl (I).—A yield 

of 23.6 g. (20%) of the yellow form was obtained using 
the directions of Wibaut and Arens6 from 50.0 g. (0.632 
mole) of freshly-distilled pyridine. From this was ob­
tained in 75% yield the colorless modification by means of 
0.5% methanolic potassium hydroxide.6*11 The b. p. 
of 10.00 ml. of chloroform was raised 0.128° by 0.10995 
g. of the compound (yellow in boiling chloroform); mol. 
wt. 224 (calcd. for undissociated molecule 244).

Behavior in Solutions and in Air.—Small amounts (0.1— 
1.0%) of colorless N,N'-diacetyltetrahydro-4,4 '-dipyridyl 
dissolved in methanol, ethanol, acetone or dioxane become 
yellow on warming in a stoppered flask. On cooling, the 
solution becomes colorless. If the heated flask is opened 
to the air and shaken, the solution becomes colorless, 
but gradually turns yellow again if restoppered. The

Fig. 2.—Infrared spectra of solid, N,N'-diacetyltetrahydro-4,4 '-dipyridyl.

Infrared (Fig. 2) and ultraviolet (maximum at 
239 m/x (log e =  3.73)) absorption spectra of both 
white and yellow forms are essentially identical, 
which would not be expected if the forms differed 
in the manner of Structure I and III  (or I lia ).10

Ozonolysis of the yellow form of N,N'-diacetyl
(10 ) B a rn es , G ore, L iddel and W illiam s, “ Infrared S p ectroscop y ,” 

R ciu h o ld  P u b lish in g 'C orp ., N ew  Y ork, N . Y ., 1944, pp. 1-25 .

yellow crystalline modification, dissolved (0.1%) in any 
of these solvents open to the atmosphere at room tempera­
ture, becomes colorless in five to ten minutes.

The same properties are exhibited in glacial acetic acid 
or chloroform, except that in these solvents the yellow

(11) This "conversion” of the yellow  to the white form is probably 
not a conversion at all, but rather the oxidative destruction of the 
small amount of yellow dissociated material present, with subsequent 
recovery of the remaining nndissociated compound.
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color predominates at room temperature as well as at 
higher temperatures.

Prolonged heating of the yellow acetic acid (or ethanol) 
solution gives rise to the deep blue color observed and 
studied by Dimroth and co-workers.2*3

In the crystalline form both modifications decompose 
on standing in air (the yellow form apparently more 
readily) to give a brown oil having the odor of pyridine. 
From one such sample was isolated a small quantify of 
4,4'-dipyridyl as its crystalline hydrate, m .p . 105-106°; 
m. p. of picrate 252-254° (Dimroth and Heene2 have re­
ported the isolation of 4 ,4 '-dipyridyl from air-oxidized 
ethanolic solutions).

Magnetic Susceptibility.—The measurements were 
kindly carried out by Mr. Clayton Callis using the ap­
paratus described by Driggs and Hopkins.12 All measure­
ments were taken at 25° on the two solid forms of N ,N '- 
diacetyltetrahydro-4,4 '-dipyridyl and the magnetic sus­
ceptibility (K ) calculated in units per gram.

Quantitative Catalytic Hydrogenation.—Eight and six- 
tenths grams (0.035 mole) of yellow N,N'-diacetyltetra- 
hydro-4,4 '-dipyridyl dissolved in 130 ml. of glacial acetic 
acid was hydrogenated over 0.2 g. of platinum oxide at 
room temperature and 50 pounds per square inch initial 
pressure. Hydrogen was absorbed as shown in Fig. 1. 
Removal of the solvent under reduced pressure gave a 
white residue which yielded on recrystallization from di­
oxane 6.3 g. (74%) of shiny colorless plates of N ,N '- 
diacetyl-4,4'-dipiperidyl, m. p. 173.5-174.5° (reported,13 
174°). Attempts to hydrogenate N,N'-diacetyltetra- 
hydro-4,4 '-dipyridyl using Raney nickel in dioxane or 
methanol under pressures of 50-1400 pounds per square 
inch and temperatures of 25-70° generally failed to 
reduce the compound. Zinc and methanolic sodium 
hydroxide also failed to effect reduction.

Absorption Spectra.—Infrared determinations were 
kindly carried out by Mrs. J. L. Johnson using the 
crystalline white and yellow forms in Nujol. The instru­
ment was a Perkin-Elmer Model 12B infrared spectrom­
eter with rock salt optics.

Ultraviolet determinations were kindly made by Mr.
(12) Driggs and Hopkins, T his Journal, 47, 363 (1925).
(13) Emm ert and W olpert, Ber., 74, 1015 (1941).

John C. Brantley using a Model D Beckman spectro­
photometer with 95% ethanolic solutions of the white 
(5.22 mg. per liter of solution) and yellow (12.1 mg. per 
liter of solution) forms.

Ozonolysis.—Five and five-tenths grams (0.025 mole) 
of yellow N, N '-diacetyltetrahy dr 0-4,4 '-dipyridyl dis­
solved in 40 ml. of glacial acetic acid was ozonized for 
forty-eight hours at 20° with 3% ozone flowing at a rate 
of 2.2 ml. per minute. The acetic acid solution was then 
added dropwise at 0 ° to 300 ml. of water and 30 ml. of 30% 
hydrogen peroxide. The mixture was allowed to stand 
overnight, then heated to 90° for ten minutes. The 
solvent was removed by distillation, leaving a residue of 
3.5 g. of crude yellowish succinic acid, m. p. 160-178°. 
From this was prepared a ^-bromophenacyl ester by the 
method of Shriner and Fuson,14 m. p. 210-212°. Suc- 
cinamide was also prepared in 43% yield through the 
methyl ester from 0.692 g. of the crude acid, using the 
method of Morrell.15 The colorless needles, recrystallized 
from water, melted at 260-261°. A mixed m. p. with an 
authentic sample was not depressed.

Effect on Polymerization of Styrene.—The flow times of 
solutions of 0.10 g. of the white and yellow forms of N ,N '-  
diacetyltetrahydro-4,4 '-dipyridyl in 13.3 ml. of freshly - 
distilled styrene were periodically compared with those of 
pure styrene in Foord-typè viscosimeters16 maintained at 
58°. The viscosity of the pure styrene increased steadily, 
until after two days the liquid was too thick to flow. 
The flow times of the solutions were unchanged after two 
days at 58°, and still unchanged after five months at room 
temperature.

Summary
Evidence is presented to suggest that N,N'-di­

acetyl tetrahydro-4,4'-dipyridyl dissociates into 
free radicals which give rise to the yellow modi­
fication of the compound.

(14) Shriner and Fuson, "Identification of Organic Compounds,” 
2nd ed., John Wiley and Sons, Inc., New York, N. Y., 1940, p. 132.

(15) Morrell, J . Chem. Soc., 105, 2698 (1914).
(16) Foord, ibid., 48 (1940).

U r b a n a , I l l in o is  R e c e iv e d  F e b r u a r y  1G, 1948

[C o n t r ib u t io n  fr o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  I n d ia n a  U n iv e r s i t y ]

The Reaction of Azlactones with Secondary Amines
By David K. Barnes,1 E. Campaign® and R, L. Shriner2

No systematic study has been made of the re­
action of secondary amines with azlactones.3 
Only a few scattered examples of the reaction have 
been reported in the literature.4""8 In view of this 
fact, it was considered desirable to investigate the 
reactions of 2-phenyl-4-benzal-5-oxazolone (an un-

(1) Taken from p art of a thesis subm itted by David K. Barnes to 
the Faculty  of the G raduate School in partial fulfillment of the 
requirements for the Degree, Doctor of Philosophy, in the D epart­
ment of Chemistry, Indiana University. Present address, Stano- 
lind Oil and Gas Co., Tulsa, Oklahoma.

(2) Present address: Chemistry D epartm ent, University of Iowa, 
Iowa City, Iowa.

(3) Carter, "Organic Reactions,” Vol. I l l ,  John Wiley and Sons, 
Inc., New York, 1946, p. 198.

(4) Erlenmeyer, Ber., 33, 3035 (1900).
(5) Erlenmeyer and W ittenberg, Ann., 337, 294 (1904).
(6) Erlenmeyer and Stadlin, ibid., 337, 283 (1904).
(7) Lettre and Fern hoi z, Z. physiol. Chem., 266, 37 (1940).
(8) Doherty, Tietzman and Bergmann, J . Biol. Chem., 147, 617 

(1943).

saturated azlactone) and 2-phenyl-4-benzyl-5- 
oxazolone (a saturated azlactone) with the follow­
ing series of secondary amines: piperidine, mor­
pholine, dimethylamine, diethylamine, methylani- 
line, ethylaniline, diphenylamine, indole and car- 
bazole. These amines were chosen because they 
represented different degrees of basicity.

Erlenmeyer4 reported that 2-phenyl-4-benzal-
5-oxazolone (I) reacted with piperidine to produce 
a-benzoylaminocinnamapiperidide with a melting 
point of 178°. In the present work, it has been 
found that two isomeric products may be isolated 
from the reaction of 2-phenyl-4-benzal-5-oxazo- 
lone9 with piperidine. When equivalent amounts 
of the reactants were employed, Piperidide A,

(9) Two isomeric forms, (cis and trans) of this azlactone have 
been described by C arter and Risser, J . Biol. Chem., 139, 255 (1941). 
Only the readily available higher melting isomer was used by Erlen­
meyer and also in the present work.
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melting at 161-162.5° was obtained. The use of a 
large excess of piperidine in the reaction resulted in 
the formation and isolation of Piperidide B, melt­
ing at 187-188°.
C6H5CH=C~ ~ C ~ 0  +  CgHioNH

I 1
Nw °

c 6h 6
I

C6H6C H =C —CONCsHw

NHCOCeHs
Piperidine-A, m. p. 161—162° 
Piperidide-B, m. p. 187-188° 

II
Analyses showed that both of these compounds 

were formed from one mole of the azlactone and 
one mole of piperidine. No compound corre­
sponding to the addition of a second mole of 
amine to the unsaturated amide was found in 
spite of changes in mole ratio of reactants and 
time, temperature and solvents.

A study of the reactions of these isomers showed 
that they possessed the same chemical properties. 
For example, catalytic reduction of both piperi- 
dides (II, A and B) produced a-benzoylamino- 
cinnamapiperidide (III) which was identical with 
a sample of this compound obtained by treatment 
of 2-phenyl-4-benzyl-5-oxazolone (IV) with pi­

l l  (A or B)
H2
Ni

C6H5CH2CHCONC5Hlft

NHCOC6H5
III

c 6h 5c h 2c h c o 2h
A c20  *

-------^  c 6h 5c h 2c h — c = o

NHCOC6H8 N\ c / °

V IV c 6h 6
peridine. The saturated azlactone (IV) was made 
by the action of acetic anhydride on ^-benzoyl- 
phenylalanine (V).

Hydrolysis of both piperidides with dilute hy­
drochloric acid gave piperidine and the same a- 
benzoylaminocinnamic acid (VI) m. p. 229-230°, 
which is presumably the trans-isomer. This was

h 2o
II (A o rB ) ----- C6H5C H =C —C02H

HCl |
NHCOCeHs

VI
somewhat surprising since, if the two piperidides 
are cis-trans isomers, it might be expected that 
the cis- and trans-forms of VI would be formed. 
I t  is of course possible that interconversion oc­
curred during the hydrolysis.

Both piperidides were converted to the original 
oxazolone (I) and piperidine when heated in tetra­
lin or glacial acetic acid. Although the isomerism

of the two compounds might be due to the shift of 
the double bond and proton (Formulas II, VII), 
the above regeneration of the oxazolone, and hy-
c 6h 5c h = c—c o n c 5h 10 — >  c 6h 5c h 2—c—CONCsHlft

NHCOCrHr n c o c 6h 5
II VII

drolysis to VI favor the possibility that they are 
cis and trans isomers. I t  was also found that the 
lower melting isomer (IIA) was converted to the 
higher melting form (IIB) by heating with piperi­
dine or pyridine; reagents which have previously 
been shown to cause conversion of cis to trans iso­
mers.9-10

Similarly, two isomeric products were obtained 
from the reaction of morpholine with 2-phenyl-4- 
benzal-5-oxazolone. Catalytic reduction of each 
isomer resulted in the formation of a-benzoyl- 
aminohydrocinnamamorpholide, and acid hy­
drolysis yielded a-benzoylaminocinnamic acid
(VI) and morpholine.

Isomeric products were not obtained with the 
other amines, although there may have been small 
amounts of the lower melting forms present. 
Table I in the Experimental Part summarizes the 
products obtained from secondary amines and 2- 
phenyi-4-benzyi-5-oxazolone, and Table II, the 
substituted amides obtained from 2-phenyl-4- 
benzal-5-oxazolone. The weakly basic amines, 
diphenylamine, indole and carbazole failed to open 
the azlactone ring.

Experimental
2-Phenyl-4-benzal-5-oxazolone.—The 2-phenyl-4-ben- 

zal-5-oxazolone used in this work was prepared accord­
ing to the method of Gillespie and Snyder.11 The product 
was obtained in 53-73% yield, melting at 165-166° 
without recrystallization.

N-Benzoyl-t//-phenylalanine.—Reduction of 2-phenyl-4- 
benzal-5-oxazolone with phosphorus and hydriodic acid, 
according to the method of Gillespie and Snyder11 afforded 
d/-phenylalanine in 50-60% yields. Treatment of this 
product with benzoyl chloride and sodium hydroxide12 
resulted in the preparation of N-benzoyl-^/-phenylalanine 
melting at 184-186° in 70-75% yields.

2 -Phenyl -4 -b enzyl -5 -oxazolone.—N-Benzoyl-(//-phenyl­
alanine was converted to 2-phenyl-4-benzyl-5-oxazolone 
by dehydration in acetic anhydride, according to the 
method of Mohr and Stroschein.13 The yields ranged from 
58-63% of the azlactone which melted at 70-71°. Due 
to the ease of hydrolysis of the saturated azlactone, the 
pure material was stored in a vacuum desiccator over phos­
phorus pentoxide prior to use.

The Reaction of Piperidine with 2-Phenyl-4-benzyl-5- 
oxazolone.—-In a 25-ml. Erlenmeyer flask, 10 ml. (0.1 
mole) of piperidine was added to 1.0 g. (0.004 mole) of
2-phenyl-4-benzyl-5-oxazolone. Heat was evolved as the 
solid azlactone dissolved. The reaction mixture was 
heated in a boiling water-bath for ten minutes. After 
cooling, the white, crystalline precipitate was filtered 
with suction and washed on the filter with petroleum 
ether. The a-benzoylaminohydrocinnamapiperidide was

(10) Lutz and Bailey, T h is Journal, 67, 2229 (1945); Clemo and 
Graham, J .  Chem. Soc., 213 (1930); Pollard, Bain and Adelson, 
T his Journal, 67, 199 (1935).

(11) Gillespie and Snyder, “ Org. Syntheses,” Coll. Vol. II , 1943, 
p. 489.

(12) Steiger, J. Org. Chem., 9, 396 (1944).
(13) Mohr and Stroschein, Ber., 42, 2521 (1909).
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recrystallized from dilute ethanol; the weight, after dry­
ing, was 1.3 g. (98%) of white crystals which melted at 
162-162.5°.

The same procedure was used for the reaction of mor­
pholine, methylaniline and ethylaniline with 2-phenyl-4- 
benzyl-5-oxazolone. Dimethylamine, diethylamine and 
di-w-butylamine gave satisfactory yields when the reaction 
was carried out in dry solvents such as ligroin or chloro­
form. The melting points and analyses of the products 
are given in Table I.

T a b l e  I
N .N - S u b s t it u t e d  « - B e n z o y l a m in o h y d r o c in n a m a m id e s

Amide group 
Piperidide 
Morpholide 
Dimethylamid e 
Diethylamide 
Methylanilide 
Ethylanilide

M . p. of 
product, °C .

162- 162.5 
171-172
148.5- 149
121.5- 122.5
163- 164
184.5- 185

Formula

C21H24O2N2
C2oH2203N2
Ci8H2o0 2N2
G20H24O2N2
C23H22O2N2
G24H24O2N2

Nitrogen, % 
Calcd. Found
8.33 8.21 
8.28 8.34  
9.46 9.27  
8.64 8.57  
7.82 7.59 
7.52 7.33

Diphenylamine, indole and carbazole did not form sub­
stituted cinnamides. A by-product melting at 269° was 
formed in the reaction of the aliphatic amines with the 
saturated azlactone. This may be a condensation product 
of the azlactone with itself (see ref. 3).

The Reaction of Piperidine with 2-Phenyl-4-benzal-5- 
oxazolone. Method A.—In a 125-ml. Erlenmeyer flask 
fitted with a reflux condenser, 12.5 g. (0.05 mole) of 2- 
phenyl-4-benzal-5-oxazolone was suspended in 50 ml. of 
dry benzene, and 4.25 g. (0.05 mole) of freshly distilled 
piperidine was added. The reaction mixture warmed spon­
taneously, and was further heated for thirty minutes in 
a boiling water-bath. During this time the reaction mix­
ture became homogeneous. Approximately two-thirds 
of the solvent was removed under reduced pressure, the 
product precipitating when the concentrated solution was 
allowed to cool. The white, powdery solid was filtered 
with suction and washed on the filter with petroleum ether. 
The weight of crude Piperidide A was 14.6 g. (86.5%) 
m. p. 151-153°. After recrystallization from 300 ml. of 
95% ethanol, the product weighed 13.9 g. (83%) m. p. 
161-162.5°. This melting point is the same as that of 
tt-benzoylaminohydrocinnamapiperidide but the melting 
point of a mixture of the two was markedly lowered.

This method was utilized for the preparation of the cor­
responding Morpholide A from the reaction of 2-phenyl- 
4 -benzal-5 -oxazolone with an equivalent amount of mor­
pholine.

Method B.—To 5.0 g. (0.02 mole) of 2-phenyl-4-benzal-
5-oxazolone was added 25 ml. (0.25 mole) of piperidine. 
The azlactone dissolved rapidly with the evolution of 
heat. The homogeneous, yellow solution was heated in 
a boiling water-bath for ten minutes, during which time 
a white solid began to precipitate. The reaction mixture 
was allowed to cool, and the product was filtered with 
suction and washed with cold acetone. The weight of 
crude Piperidide B was 5.0 g., m. p. 181-183°. After 
recrystallization from benzene, the weight was 4.2 g. 
(63%), m .p .  187-188°.

This method was utilized for the preparation of Mor­
pholide B from the reaction of 2-phenyl-4-benzal-5- 
oxazolone with morpholine. These two general methods 
were used in the reaction of dimethylamine, diethylamine, 
methylaniline, and ethylaniline, with 2-phenyl-4-benzal-5- 
oxazolone. Isomers were not obtained from these amines 
but may have been present. Examination of the mother 
liquors from the crystallization of the reaction products 
gave small amounts of unchanged azlactone but no definite 
pure isomers could be separated. The melting points 
and analyses of the products are given in Table II.

Diphenylamine, indole and carbazole failed to react 
with the unsaturated azlactone. The reactants were re­
covered unchanged except when Method A was employed 
with carbazole. In this case, the recovered azlactone

T a b l e  II
N ,  N - S u b  s t i t u t e d  « - B e n z o y l a m i n o c i n n a m a m i d b s

M . p. of
product, A nalyses, %

Amide group °C. Form ula C alcd. F ou n d
Piperidide (A) 161 -1 6 2 .5 C21H 22O2N 2 N , 8 .3 8 8 .4 3

c, 7 5 .4 5 7 6 .1 4
H , 6 .5 6 6 .8 0

Piperidide (B) 187-188 C21H 22O2N 2 N , 8 .3 8 8 .1 9
c, 7 5 .4 5 7 5 .6 3
H , 6 .5 6 6 .7 7

M orpholide (A) 135 .5 -137 C20H 20O3N 2 N , 8 .3 3 8 .1 7
c, 7 1 .4 3 7 1 .6 5
H , 5 .9 5 6 .0 6

M orpholide (B) 180 .5-181 C20H 20O3N 2 N , 8 .3 3 8 .2 6
c, 7 1 .4 3 7 1 .1 4
H , 5 .9 5 5 .8 0

D im ethylam ide 1 66 .5 -167 C18H1 8O2N 2 N , 9 .5 2 9 .4 3
D iethylam ide 172-173 C20H 22O2N 2 N , 8 .7 0 8 .7 0
M ethylanilide 193-194 C23H 20O2N 2 N , 7 .8 7 7 .2 9
E thylanilide 174-175 C24H 22O2N 2 N , 7 .5 7 7 .3 9

melted at 148-149°. When it was treated with pyridine 
it changed to the higher melting isomer, m. p. 165-166°. 
This corresponds to the isomerization reported by Carter 
and Risser.9

Reduction of N,N-Substituted a-Benzoylaminocinnam- 
amides.—In a 500-ml. hydrogenation bottle were 
placed 0.005 mole of the N,N-substituted o:-benzoyl- 
aminocinnamamide, 100 ml. of absolute ethanol and 2-3  
g. of Raney nickel.14 The bottle was placed on a Parr 
hydrogenation apparatus and the solution shaken with 
hydrogen at a pressure of 45 lb. The calculated pressure 
drop occurred in about five minutes, but the mixture was 
allowed to shake for fifteen minutes to ensure complete 
reduction. After removing the Raney nickel by filtration, 
the filtrate was concentrated to approximately one- 
fourth the original volume under reduced pressure. Upon 
cooling the solution to room temperature, a white, crystal­
line product precipitated which was filtered with suction 
and dried. The reduced products were identified by com­
parison with the corresponding hydrocinnamamides pre­
pared from the reaction of 2-phenyl-4-benzyl-5-oxazolone 
with secondary amines (see Table I ) .

Acid Hydrolysis of N,N-Substituted «-Benzoylamino- 
cinnamamides .—-The following method was used for the 
hydrolysis of each of the isomeric piperidides and mor- 
pholides. In a 200-ml. round-bottomed flask fitted with 
a reflux condenser, 0.003 mole of the N-substituted-a- 
benzoylaminocinnamamide was boiled in 100 ml. of dilute 
(3:1) hydrochloric acid for three hours. The white, 
crystalline, acid-insoluble material was filtered with suction 
and washed on the filter with water. When dry, this 
product melted at 228-230° and was readily soluble in 
10% sodium hydroxide. A mixed melting point with a- 
benzoylaminocinnamic acid showed no depression.

The acidic filtrate was cooled in an ice-water-bath, and 
made alkaline to litmus by the addition of 30% sodium 
hydroxide. A strong amine-like odor was usually notice­
able. Five milliliters of benzenesulfonyl chloride and 5 
ml. of 30% sodium hydroxide were added to the reaction 
mixture; the flask was corked tightly and shaken vigor­
ously for thirty minutes. The white, flocculent sulfon­
amide was filtered with suction and washed thoroughly 
with water. The benzene sulfonamides were recrystallized 
from dilute ethanol and compared with authentic samples.

Conversion of Piperidide A to Piperidide B.—In a 50- 
ml. round-bottomed flask fitted with a reflux condenser 
were placed 2.5 g. (0.006 mole) of «-benzoylaminocin- 
namapiperidide (Piperidide A), 10 ml. (0.1 mole) of 
piperidine and 10 ml. of benzene. The flask was im­
mersed in a boiling water-bath and the mixture refluxed 
for thirty minutes. The solution became homogeneous, 
but after cooling, a white, crystalline precipitate was 
obtained. The solid was filtered with suction and washed 
on the filter with several small portions of petroleum ether.

(14) R . M ozingo, “ Org. Syntheses,” 21, 15 (1941).
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The dry material weighed 1.2 g. and melted at 166- 
167°. An additional 1.0 g. was obtained by evaporating 
the filtrate to dryness under reduced pressure. The two 
fractions were combined and recrystallized from benzene. 
The yield of pure Piperidide B was 2.0 g., melting at 187- 
188°. Boiling pyridine also converted the low melting 
isomer to the higher melting compound. In a similar 
way the low melting Morpholide A was converted to the 
higher melting Morpholide B.

Summary
1. A series of «-benzoylamino“N,N-disubsti- 

tu ted  hydrocinnamamides has been prepared by 
the reaction of 2-phenyl-4-benzyl-5-oxazolone 
with dimethylamine, diethylamine, methylaniline, 
ethylaniline, piperidine and morpholine.

2. A series of «-benzoylamino-N,N-disubsti- 
tu ted  cinnamamides has been prepared by the re­

action of 2-phenyl-4-benzal-5-oxazolone with the 
same secondary amines. Each of these com­
pounds was catalytically hydrogenated to the cor­
responding hydrocinnamamide.

3. Piperidine and morpholine were found to 
react with 2-phenyl-4-benzal-5-oxazolone to yield 
two isomeric products in each case. The isomeric 
piperidides were both hydrolyzed to the same a- 
benzoylaminocinnamic acid, and reduced to «- 
benzoylaminohydrocinnamapiperidide and mor­
pholide, respectively.

4. Diphenylamine, indole and carbazole failed 
to react with 2-phenyl-4-benzyl-5-oxazolone or 2- 
phenyl-4.-benzal-5-oxazolone under the conditions 
employed in this work.
B l o o m in g t o n , I n d ia n a
I o w a  C it y , I o w a  R e c e iv e d  N o v e m b e r  10, 1947

[ C o n t r ib u t io n  f r o m  t h e  P u r d u e  R e s e a r c h  F o u n d a t io n  a n d  t h e  D e p a r t m e n t  o f  C h e m is t r y , P u r d u e  U n iv e r s it y ]

Monomers and Polymers. III. A New Synthesis for «-Methylstyrenes1,2
By G. Bryant Bachman and Henry M. Héllman

M ost «-methylstyrenes so far described have 
been prepared by two general types of syntheses. 
The first involves the conversion of carbonyl or 
carbalkoxyl groups to isopropenyl groups, e. g.
( 1)

(1)
R— COCHs 
CH3MgX

(2 ) acid 
(2) R—-CO2CH3

R—C(CH3)2OH
- h 2o —-—

R—C(CHS)—CH2

The method is limited to intermediates which con­
tain no other groups affected by Grignard reagents 
and is impractical for large scale production. The 
second type involves the conversion of isopropyl 
groups to isopropenyl groups, e. g.

A120 3
(3) R— CH(CH3)2------^  R-— C(CH3)= C H 2 +  H2

Cl2 base
(4) R— CH(CH3)2 — > R—C(CH3)2C1------ >

RC(CH3)==c h 2
I t  is better suited for commercial production but 
is also limited as to other groups which may be 
present. Thus alkyl substituents are especially 
troublesome because of their indiscriminant at­
tack by the dehydrogenation catalyst or by the 
halogen. Furthermore, the tertiary halides pro­
duced (Equation 4) tend to dehydrohalogenate 
during distillation giving difficulty separable mix­
tures.

We have sought for and found a synthesis which 
can be applied more or less generally to substitute 
«-methylstyrenes, especially of the types diffi­
cultly obtainable by previously known methods,

(1) F rom  the Ph.D . thesis of H. M. Heilman, Purdue University, 
Jun e , 1947. Present address: D epartm ent of Chemistry, New York 
U niversity , New York.

(2) F o r previous papers in this series see T h is J ournal, 69, 2022 
(1947); 70, 622 (1948), and others to  be published.

and which might be adapted to large scale produc­
tion. The synthesis is illustrated by the following 
equations in which R represents one or more nu­
clear substituents.

BFS
(5) R +  CH3CHOHCH2CI------- ^

~CH(CH3)CHC1r4
(6) R—j-

CH(CH3)CIIoC1 base

R+ —C(CH3)==CHj

Aromatic compounds have been alkylated before 
with alcohols and with alkyl halides3 but never ap­
parently with halohydrins. We have found that 
secondary alcohols react so much more readily 
than primary halides in this synthesis that con­
densation with two aryl nuclei to form diarylpro- 
panes may be made of minor importance. Posi­
tional isomers are formed but the para derivative 
(with monosubstituted benzenes) is the chief 
product.

In Table I are shown the haloalkylation prod­
ucts of a number of substituted benzenes. The 
method appears to work especially well with al­
kylated benzenes, probably because the alkyl 
group activates the nucleus to further substitution.

(3) For a general review see C. C. Price, “ The Alkylation of Aro­
matic Compounds by the Friedel-C rafts M ethod,” in “ Organic R e­
actions,” John Wiley and Sons, Inc., New York, N. Y., 1946, Vol. 
I l l ,  Chapter 1.
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T a b l e  I
H a l o a l k y l a t e d  B e n z e n e s

Products

R eactants
Yield, B. p.

% a °C. Mm. d2525 n 25 d
Analyses

Calcd. Found
CH3CH0HCH2C1 Benzene6 37 79-80 9 1.047 1.5210 Cl, 23.0 23.3
c h 3c h o h c h 2ci Toluene0 36 80-82 5 1.028 1.5205 Cl, 21.0 20.9
CHsCHOHCH2C1 Chlorobenzene6 29 116-122 15 1.181 1.5384 Cl, 37.5 37.5
CH8CHOHCH2Cl Cumene 48 103-109 3 0.995 1.5130 Cl, 18.0 18.0
CH,CHOHCH2Cl tf-Xylene 27 78-79 2 1.027 1.5260 Cl, 19.4 19.6
CH3CHOHCH2Cl o~ Chlorotoluene 30 95-97 2 1.164 1.5392 Cl, 34.9 34.9
CHsCHOHCH2C1 0-Bromotoluene 30 109-112 1 1.389 1.5595 Cl, 14.4 14.2

c h 3c h o h c h 2ci o-1) ichlor obenzene 7 116-120 2 1.304 1.5556
Br, 32.3  
Cl, 47.7

32.0
46.9

c h 3c h o h c h 2ci Anisole 5 108-110 5 1.095 1.5281 Cl, 19.2 18.7
c h 8c h o h c h 2ci 2,6-Dichlorotoluene 4 110-112 1 1.265 1.5553 Cl, 44.8 43.4
c h 3c h o h c h 2ci 1-Chloronaphthalene 20 130-135 1 1.232 1.6168 Cl, 29.7 29.4
CH3CHOHCH2Br Cumene 32 98-99 1 1.192 1.5290 Br, 33.2 33.3
CH3CHOHCH2Br ö-Fluorotoluene 17 72-74 2 1.334 1.5233 Br, 34.6 34.4

C2H5CH0HCH2C1 Toluene 41 80-83 3 1.011 1.5140
F, 8 .2  
Cl, 19.4

8.1
19.4

C2H5CHOHCH2Br Toluene 51 89-90 1 1.224 1.5332 Br, 35.2 35.0
a Based on halohydrin. 6 Truffault, Compt. rend., 202, 1286 (1936). c Truffault, Bull. soc. chim., 6, 726 (1939).

Yield,
Substituents %

b . p .-
°C. Mm. d*n

T a b l e  II
« -M e t h y l s t y r e n e s

Br.
n25i> No. E* Calcd.

- Percentage composition----------
Found E e Calcd. Found

None" 77 72-72 30 0.910 1.5350
4-CH3a 60 76-78 19 0.898 1.5290
4-C1"’6 16 80-83 10 1.079 1.5529 106 Cl 23.3 23.4
4-CH(CH3)2 73 76-77 5 0.889 1.5204 98 c 90.0 89.5 H 10.0 9.9
2,3-di-CH, 8 54-55 3 0.895 1.5170 111 c 90.4 90.5 H 9.6 9 .8
3,4-di-CHs 72 72-73 4 0.908 1.5362 109 c 90.4 90.0 H 9 .6 9.6
3-Cl-2-CHs 26 64-65 4 1.043 1.5340 106 Cl 21.3 21.4
3-C1-4-CH* 48 73-74 4 1.056 1.5520 99 Cl 21.3 21.3
3-Br-2-CHs 18 89-90 7 1.295 1.5555 76 Br 37.8 38.0
3-Br-4-CH8 45 102-103 7 1.311 1.5757 77 Br 37.8 38.1
Chlorobenzo® 10 119-121 1 1.150 1.6210 78 Cl 17.5 17.8
3-F-2-CH8+  
3-F-4-CH* 83 72-90 10 0.996

1.5128-
1.5187 100 C 80.0 80.0 F 12.6 12.4

4-CHsa,d 18 78-81 10 0.890 1.5202 110 C 90.4 90.0 H 9.6 1 0 .0
° Known compound, cf. Beilstein or indicated reference. 5 Reported recently by Mowry, Huber and Ringwald, T h is  

J o u r n a l , 69, 851 (1947), b. p. 88-89° (15); w25d  1.5543. c From chloroisopropylated a-chloronaphthalene. d An « -
ethylstyrene, cf. Griskevich-Trokhimovskn, C. A 5, 3799 (1911). e E represents element analyzed for.

Boron trifluoride alone as catalyst is satisfactory, 
but the yields of condensation products are often 
improved (5-10%) by the addition of dehydrating 
agents such as sulfuric acid or phosphorus pentox­
ide . The low yields with anisole may be attributed 
to combination between the ether oxygen and the 
boron trifluoride molecule creating a group-com­
plex (—OR^ BFs) whose dipolar character is such 
as to deactivate the nucleus. Haloalkylation of 
thiophene was unsuccessful, probably for similar 
reasons, and because of cleavage of the thiophene 
ring.

In attempting to extend the utility of the reac­
tion to homologs of propylene halohydrins it was 
found that the halohydrin of 1-butene (1-bromo-
2-butanol) reacted very satisfactorily with tolu­
ene. There appears to be no reason why «-alkyl- 
styrenes generally should not be readily available 
by this synthesis.

The «-methylstyrenes prepared by dehydrohal- 
ogenation (Table II) showed evidence of being 
mixtures of positional isomers not completely sep­
arated by distillation through a 42-cm. glass hel­
ices packed column. The products boiled over a 
range and showed varying refractive indices, but 
the several cuts gave correct bromine numbers and 
correct analyses. The styrenes were therefore re­
distilled through a 3-foot, 1/ a inch tantalum spiral 
column with an efficiency of about 10 theoretical 
plates. The separated isomers were then oxidized 
with 6 molar nitric acid to the corresponding sub­
stituted benzoic acids. Comparison of the m. p /s  
of these acids with values reported in the litera­
ture led to a determination of the structures of the 
original styrenes.

An advantage of this synthesis is that the halo- 
isopropylated benzene obtained as an intermediate 
may easily be further substituted nuclearly before
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T a b l e  III
1 ,  2 - D i p h e n y l p r o p a n e s

Phenyl
substituents Yield

B. p.°c. Mm. dzhs
Calcd.

Carbon Hydrogen
None* 4.3 90-91 1 1.5593 0.989 91.8 8 .2
4 -C H , 35.5 106-110 1 1.5525 .970 91.0 9 .0
4 -C H s ' 1

1/J A
JLU.U 11C 1 1 *7 ixu-xxi 1 1.5476 .960 90.7 9.3

3 ,4 -d i-C H , 30.0 150-155 2 1.5560 .971 90.4 9 .6
4-CH(CH,)ü 2.0 104-106 0.5 1.5238 .979 90.0 10.0

Reported by Klages and Heilmann, Ber. ,37 1450 (1904), b. p. 285-286° ; d>\ 0.9857; » 17i

-Analyses, %

91.68
91.00 
90.4
90.1 
89.52

butane.

dehydrohalogenation. Thus p-(chloroisopropyl) - 
toluene was brominated and then dehydrohalo- 
genated to give 3-bromo-4-methyl-«-methylsty­
rene. In this way products with substituents in 
the meta and para positions rather than in the or­
tho positions are obtained, and even deactivating 
(electron-withdrawing) groups may be introduced 
without interfering with the subsequent styrene 
formation.

All of the styrenes prepared except those with 
ortho substituents copolymerized satisfactorily 
with butadiene in emulsion systems to give rub­
ber-like materials similar to GR-S in appearance. 
They also copolymerized with styrene, methyl 
methacrylate and maleic anhydride, but they did 
not polymerize alone with peroxide catalysts.

Acknowledgment.—The authors are indebted 
to the General Tire and Rubber Company and 
the Purdue Research Foundation for financial 
assistance in the form of a fellowship.

Experimental4*5
l-Halo-2-arylpropanes.—The chloroalkylation of o- 

chlorotoluene is typical for all of the compounds in this 
series. A cooled, stirred solution of 1920 g. (15 moles) 
of 0-chlorotoluene and 520 g. (5.5 moles) of freshly dis­
tilled propylene chlorohydrin was saturated with boron 
trifluoride at temperatures below 10°, and then 196 g. 
(1.4 moles) of phosphorus pentoxide was added. The 
resulting two phase mixture was heated at 75° for four 
hours. During the heating period boron trifluoride was 
evolved and vented into a water trap. The layers were 
separated after cooling, the top layer was washed several 
times with water, dried, and rectified through a 43-cm. 
Fenske column; yield 358 g. (32%), b. p. (2 mm.) 95- 
97 d25251 • 164, n 2öD 1.5392. It is interesting to note that
the narrow b. p. range and constant n d values give no 
evidence of the presence of isomers, although the styrenes 
later obtained by dehydrohalogenation separated into 
fractions on distillation and were definitely shown to con­
tain positional isomers by oxidation to known isomeric 
benzoic acids. In Table I are listed the haloalkylated 
aromatic compounds together with their physical con­
stants and analyses.

1,2-Diarylalkanes.—The chloroalkylation of benzene, 
isopropylbenzene, o-xylene, and toluene led to 1,2-di- 
arylalkanes as by-products. The yields and properties 
of these compounds are shown in Table III.

Bromination of Chloroisopropylated Toluene.—Chloro- 
isopropylated toluene (250 g., 1.5 moles) was mixed with 
0.6 g. of iodine, and 76 ml. (1.5 moles) of bromine was 
added dropwise to the cooled, stirred mixture which was 
shielded from light. After twenty-four hours, the color 
of bromine was still apparent; hence, about 0.1 g. of iron

(4) All melting points and boiling points are corrected.
(5) Analyses by M r. A. M. Ribley and Miss L. Roth of the Pur­

due D epartm ent of Chemistry.

Found 
Carbon Hydrogen

8.36  
8.94
9.2
9 .5  
9.66

1,2-ditolyl-

filings was added and the mixture was allowed to stand 
at room temperature for an additional twenty-four hours, 
after which it was washed with water, dilute sodium 
hydroxide, twice again with water, distilled, washed with 
sodium thiosulfate solution, and rectified. There was 
obtained 257 g. of product b. p. (2 mm.) 108-113°; n25D 
1.5590; d2525 1.3896. It is interesting to compare these 
properties with those of chloroisopropylated o-bromo - 
toluene which were: n25d 1.5592; d2525 1.3893; b. p. (1-2 
mm.) 109-112°. The yield on the bromination was 70%.

Substituted «-Methylstyrenes.—The preparation of 3- 
chloro -2 -methyl - and 3 -chloro -4 -methyl -« -methylstyrenes 
is typical. Chloroisopropylated o -chlor otoluene (2 
moles) was refluxed with a filtered solution of 466 g. 
(7 moles) of 85% potassium hydroxide in 1850 ml. of 
methanol. Most of the methanol was removed by dis­
tillation and the residual liquid was washed with water, 
dried with calcium chloride, and rectified t hrough an  
efficient column giving 90 g. (26%) of 3-chloro-2-methyl- 
«-methylstyrene (I) (b .p . (4 mm.) 64-65°; n25D 1.5340; 
d2625 1.043) and 152 g. (48%) of 3-chloro-4-methyl-«- 
methylstyrene (II) (b. p. (4 mm.) 73-74°; n25i> 1.5520; 
d2*25 1.056).

Anal. Calcd. for C10HuCl; Cl, 21.3; bromine number, 
96. Found: (I) Cl, 21.4; bromine number, 96. Found:
(II) Cl, 21.3; bromine number, 99.

Oxidation of (I) and (II) with dilute nitric acid gave 
respectively 3-chloro-2-methylbenzoic acid (m. p. 152- 
153°; neutral equivalent 172)6 and 3 -chloro-4-methyl- 
benzoic acid (m .p . 205-206°; neutral equivalent 171).7

In Table II are listed the substituted «-methylstyrenes 
together with their physical constants and analyses.

Preparation of Copolymers.—Copolymers of the sub­
stituted «-methylstyrenes with methyl methacrylate, 
maleic anhydride and styrene were made at 65-70° in 
small stoppered test-tubes, using 0.5% benzoyl peroxide 
as catalyst. Copolymers with butadiene8 were made at 
40° in small sealed tubes, using the following formula: 
butadiene 7.5 parts, substituted «-methylstyrene 2.5 
parts, water 18 parts, soap 0.5 part, a peroxide 0.03 
part and lauryl mercaptan 0.06 part. Copolymers were 
obtained from all of the alpha-methylstyrenes except those 
with ortho substituents (e. g. 3-chloro-2-methyl-alpha- 
methylstyrene). None of the alpha-methylstyrenes co­
polymerized with vinyl acetate.

Summary
A new synthesis of «-methylstyrenes has been 

developed which involves the catalytic condensa­
tion of aromatic compounds with propylene chlo­
rohydrin and the dehydrohalogenation of the re­
sulting halopropylated derivatives. Several new 
«-methylstyrenes have been prepared and copoly­
merized with butadiene, methyl methacrylate, 
styrene and maleic anhydride.
L a f a y e t t e , I n d i a n a  R e c e i v e d  D e c e m b e r  13, 1947

(6) Kruger, Ber., 18, 1758 (1885), reports m. p. 154°.
( 7 )  Von Gerichten, Ber., 11, 365 (1878), reports m. p. 199-201°.
(8) These copolymers were made by Dr. L. J. Filar of the Purdue 

Department of Chemistry.
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An Allylic Rearrangement in the Pyrolysis of S-Acetoxy-S-cyano-l-butene1
B y  C. S. M a r v e l  a n d  N e a l  O. B r a c e

2-Cyano- 1,3-butadiene (II) has been prepared 
by Carter and Johnson2 by the pyrolysis of 3- 
acetoxy-3-cyano-l-butene (I) but details on the 
yields or side reactions involved have not been re­
ported. In repeating this preparation we have 
found that the main reaction is the allylic re­
arrangement of the acetoxy group to give 1-ace- 
toxy-3-cyano~2-butene (III) ; only a small part of 
the original material is converted to 2-cyano-l,3- 
butadiene. When the rearrangement product
(III) was recycled through the pyrolysis chamber 
it was recovered unchanged. This rearrangement

CH2= C H

OCOCHs 

c — c h 3 —

->  CH2= C H —c= c h s

CN 27.6% 
II

I
CN ->- CH3COOCH2CH=C-CH,

I
CN

III 52%
is related to that reported by Heilbron, James, 
McCombie and Weedon8 for 3-acetoxy-1,4-hexa- 
diene.

The structure of the l-acetoxy-3-cyano-2-bu- 
tene was established by reduction of the olefin 
group and subsequent hydrolysis of the nitrile to 
yield a-methylbutyrolactone, which was identified 
by its physical properties and those of its hydra- 
zide.4
CH3COOCH2CH—C—CH3 — >

An
c h 3c o o c h 2c h 2c h c h 3 — >

CN
CHr—CH2—CHCHs

I------ o — i = o
The benzoate of the cyanohydrin of methyl 

vinyl ketone was also prepared and pyrolyzed. In 
this case only 10% yield of 2-cyano-1,3-butadiene 
was obtained and the major product was a re­
arranged ester isomeric with the starting material. 
This undoubtedly is also the result of an allylic 
shift of the benzoxyl group.

Experimental
Methyl Vinyl Ketone Cyanohydrin.—This was prepared 

by the procedure of Leupold and Vollmann5 with potas­
sium cyanide as the alkaline catalyst. It was necessary

(1) The work described in this communication was carried out 
under the sponsorship of the Office of Rubber Reserve, Reconstruc­
tion Finance Corporation, in connection with the Government 
Synthetic Rubber Program.

(2) Carter and Johnson, U. S. Patent 2,205,239 (June 18, 1940).
(3) Heilbron, James, McCombie and Weedon, J .  C h e m .  S o c . ,  88 

(1945).
(4) (a) Adams and Rogers, T h is  Journal, 63, 228 (1941); (b) 

Cavallito and Haskell, ibid., 68, 2332 (1946).
(5) Leupold and Vollmann, U. S. Patent 2,166,600 (July 18,1939).

to control the temperature of the reaction mixture very 
carefully since little addition occurred below 5° and above 
10° the product of addition was levulinonitrile.6 It was 
also important to remove the phosphoric acid layer 
promptly at the end of the reaction. When these precau­
tions were followed the yields of cyanohydrin were con­
sistently between 60 and 70% when 200-400 g. of ketone 
was used. The product boiled at 60° under 5 mm. pres­
sure, « 20d  1.4264 (lit.5 n17-bD 1.4264).

Acetate of Methyl Vinyl Ketone Cyanohydrin.—In a 
1-liter, round-bottom flask were placed 428 g. (4.2 moles) 
of acetic anhydride and 5 g. of acetyl chloride. The flask 
was equipped with a Y-adapter fitted with a reflux con- 

'denser and dropping funnel. To the boiling mixture 
388 g. (4.0 moles) of methyl vinyl ketone cyanohydrin 
was added slowly, and sufficient heat was applied to main­
tain gentle reflux. About two hours were required for 
the addition. Heating was continued for one-half hour. 
Distillation through a 10-in., helix-packed, electrically- 
heated column yielded 536 g. (96%) of 3-acetoxy-3-cyano- 
1-butene, b. p. 89-90° at 19 mm., w20d 1.4270, d2\  1.0070. 
The literature reports3 b. p. 89-90° at 17 mm.

Anal.7 Calcd. for C7H 90 2N: C, 60.27; H , 6.50; N , 
10.04; MR, 35.47. Found: C, 60.53; H , 6.31; N , 
10.24; MR, 35.48.

Benzoate of Methyl Vinyl Ketone Cyanohydrin.—To a
mixture of 31.7 g. (0.3 mole) of methyl vinyl ketone 
cyanohydrin and 42 g. (0.3 mole) of benzoyl chloride in 
a 600-ml. beaker cooled in an ice-salt-bath was added 
slowly with stirring 40 g. (0.5 mole) of pyridine, so that 
the temperature was maintained between 8-15°. Care 
was taken to keep the mass that forms broken up, in order 
to aid in control of the temperature. After the pyridine 
had been added, the lumps were broken up and 500 ml. 
of water added with stirring. The suspended solid was 
collected on a Buchner funnel and washed with three 500- 
ml. portions of water. Recrystallization from a water- 
ethanol mixture yielded 47.5 g. (79%) of the benzoate 
of methyl vinyl ketone cyanohydrin, m. p. 49-50°. A 
small sample was recrystallized from a dioxane-water 
mixture, m. p. 53.5° and submitted for analysis.

Anal. Calcd. for C12H u02N: C, 71.62; H , 5.51; N , 
6.96. Found: C, 71.44; H, 5.24; N , 6.75.

Pyrolysis of the Acetate of Methyl Vinyl Ketone Cyano­
hydrin.—Pyrolysis of the acetate of methyl vinyl ketone 
cyanohydrin was accomplished by passing the ester drop- 
wise through a Pyrex tube (outside diameter 19 mm.) 
packed for a distance of 12 inches with 4-mm. glass beads 
and heated to 475° by means of an electrically-heated 
combustion furnace. The acetate was added at a rate of 
one drop every three seconds and a diluting stream of 
purified nitrogen gas was passed through the hot tube 
during pyrolysis. The pyrolysate was collected in a 500- 
ml. suction flask cooled by a Dry Ice-bath and connected 
with a vapor trap cooled with Dry Ice. The liquid pyroly­
sate was washed with four 100-ml. portions of an aqueous 
sodium chloride solution, and the organic material sepa­
rated and dried over anhydrous sodium sulfate. About 
0.1 g. of picric acid was added to prevent polymerization 
and the material was distilled through a 4-in., helix- 
packed column. From 219 g. (1.56 moles) of the acetate 
there was obtained 34 g. (27.6%) of 2-cyano-1,3-buta­
diene, b. p. 30-40° (4 mm.), n20d 1.4450 and 114.0 g. 
of an ester, b. p. 95° (10 mm.), n29D 1.4500, d2\  1.0280 
that was not the acetate of methyl vinyl ketone cyano­
hydrin. This represents 52% of the original ester.

(6) Dykstra, U. S. Patent 2,188,340 (January 30, 1940).
(7) The microanalyses reported in this work were done by Mr. 

Howard Clark of the Illinois State Geological Survey.
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A n al. Calcd. for C7H90 2N: C, 60.27; H, 6.50; N, 
10.04; M R, 35.47. Found: C, 60.53; H, 6.66; N, 
10.29; M R , 36.36 (exaltation of 0.9).

Identification of the Ester Produced in the Pyrolysis.— 
Hydrogenation of 13.9 g. of the recovered ester dissolved 
in 100 ml. of absolute ethanol was accomplished in an 
Adams hydrogenation apparatus at room temperature 
using as catalyst 1 g. of 10% palladium on charcoal. 
The compound absorbed 82% of the theoretical amount of 
hydrogen. The catalyst was removed by filtration and 
the ethanol removed by distillation. Distillation of the 
residue through a 10-in., helix-packed column yielded 
8 g. of a saturated derivative, b. p. 110° (18 mm.), n20d 
1.4280.

A n al. Calcd. for C7Hn0 2N: C, 59.56; H, 7.86; N, 
9.92. Found: C, 58.89; H, 7.21; N, 9.65.

Six grams of the compound was added to a solution of 
5 g. of sodium hydroxide in 20 ml. of distilled water in a 
100-ml. round-bottom flask fitted with a reflux condenser. 
The mixture was refluxed for two hours, after which it' 
was cooled in an ice-bath and 9 ml. of 50% sulfuric acid 
slowly added. The acidified solution was again refluxed 
for two hours. The organic layer was separated, and the 
aqueous layer extracted with two 15-ml. portions of ben­
zene. The combined extracts and the original layer were 
dried over anhydrous magnesium sulfate, the drying agent 
removed by filtration, and the residue distilled through a
6-in. Vigreux column, giving 2.5 g. of a clear liquid, b. p. 
197°, n20n 1.4320, d2h 1.0570.

Anal. Calcd. for C5H80 2: C, 59.98; H, 8.05. Found: 
C, 59.70; H, 7.73.

Adams and Rogers4® report the following constants for 
a.-methylbutyrolactone: b. p. 200-201°, nud 1.4282,
d294 1.047. A hydrazide of this material was prepared by 
treating 1.0 g. with 0.5 g. of 85% hydrazine hydrate in 10 
ml. of absolute ethanol. The mixture was refluxed for

eight hours and the hydrazide isolated by distillation,8 
b. p. 72-75° (12 m m .). Recrystallization of this material 
from ethyl acetate yielded white crystals, m. p. 90-91°. 
This corresponds to the melting point reported by Cavallito 
and Haskell,4b for the hydrazide of «-methylbutyrolactone.

Anal. Calcd. for C5H12O2N2.* C, 45.43; H, 9.15; N, 
21.20. Found: C, 45.70; H, 9.00; N, 20.78.

Pyrolysis of Benzoate of Methyl Vinyl Ketone Cyano­
hydrin .—Into the hot tube heated to 550° was dropped
169.5 g. of melted benzoate at a rate of one drop every 
two seconds using some nitrogen gas as a diluent. There 
was obtained by distillation of the pyrolysis mixture 7 g. 
(10%) of impure 2-cyanobutadiene, b. p. 24-31° (30 
mm.). The remaining residue was washed several times 
with 5% sodium bicarbonate solution, and then twice with 
100 cc. of 5% sodium hydroxide solution. The acid- 
free material was dried over anhydrous sodium sulfate and 
distilled from an oil-bath at high vacuum. A small 
amount of oil with an ester-like odor, b. p. 73-810 (5 m m.), 
came over first and then 12 g. of liquid, b. p. 150° (1 mm.), 
n20d 1.5315. This compound is nearly odorless and re­
mained a liquid. It is isomeric with the original benzoate.

Anal. Calcd. for Ci2Hn0 2N: C, 71.62; H, 5.51; N, 
6.96. Found: C, 70.69; H, 5.28; N, 7.37.

Summary
Pyrolysis of the acetate of methyl vinyl ketone 

cyanohydrin gives a 27% yield of 2-cyano-l,3- 
butadiene but the major portion of the ester under­
goes an allylic rearrangement to yield l-acetoxy-3- 
cyano-2-butene. A similar rearrangement has 
been observed with the corresponding benzoate.

(8) Darapsky, Beyer and Neuhaus, J .  p r a k t .  C h e m . ,  255, 145 
(1936).
Ur bana , III. R eceived  January  9, 1948

[Contribution  from the  I ndustrial R esearch I nstitute , U n iv er sity  of Chattanooga]

The Pyrolysis of Koresin1
B y  J. W . Le M a ist r e  a n d  R . B . S e y m o u r

Koresin, a synthetic resin used as a tackefier for 
synthetic rubber, is made2*3 by condensation of 
acetylene with 4-Abutylphenol. Probable formu­
lations for this resin include structures I-IV .4

The possibility of the polymeric material having 
structure I led us to study the pyrolysis of Koresin 
as a source of hydroxybutylstyrene. It has been 
shown8*6 that vinyl polymers are thermally de­
composed into the corresponding monomers or 
low polymers.

The pyrolysis of Koresin a t 300-400° did not 
produce a substituted styrene but gave 55% (by 
weight) of 4-Abutylphenol, 20% of alkali-insoluble

(1) Presented at the Meeting-in-Miniature of the Chattanooga 
Section of the American Chemical Society, October 11, 1947.

(2) G. M. Kline, M o d e r n  P l a s t i c s ,  23 [11], 151 (1946).
(3) A. O. Zoss, W. E. Hanford and C. E. Schildknecht, paper pre­

sented at the Sept. 1947 A. C. S. meeting, New York.
(4) Actually an excess of acetylene over the 1:1 molar ratio indi­

cated by these structures is used in manufacture. The 1:1 ratio was, 
however, assumed for calculations of yields and analyses.

(5) R. B. Seymour, I n d .  E n g .  C h e m .  40, 524 (1948).
(6) Q .  B- Bachman, et a l . ,  J .  Org . C h e m . ,  12, 108 (1947).

distillate and 25% of tarry non-volatile residue. 
The yield of 4-/-butylphenol was thus 65% of the 
theoretical.4
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Since this result did not conform to structure I, 
some other reactions of Koresin were studied. In 
carbon tetrachloride solution, Koresin reacted 
with 0.94 mole of bromine per structural unit of 
the resin with evolution of hydrogen bromide. 
The product was a brittle, mahogany-colored 
resin which lost 60% of its bromine on refluxing 
for one and one-half hours with 1 N  alcoholic po­
tassium hydroxide. The brominated resin also 
lost hydrogen bromide on heating above 180° 
and, on further heating, gave an alkali-soluble 
distillate from which 4-^-butylphenol was iso­
lated.

The presence of free hydroxyl groups in Kore­
sin was confirmed by acetylation. The saponifica­
tion equivalent of the ester indicated an acetyl 
content of 87% of that calculated.4 This ester 
was fairly stable to pyrolysis but broke down at 
340-400° to give a distillate which was partly sol­
uble in alkali. While the alkali-soluble portion 
could not be crystallized, 4-Abutylphenol was iso­
lated from the distillate by saponification of the 
alkali-insoluble portion.

The data obtained for acetylation and the de­
gree of bromination are not in accord with struc­
ture II nor does the lability of the bromine intro­
duced agree with either I or III The ease of bro­
mination is thought to accord better with struc­
ture IV which contains a tertiary carbon atom 
than with III which was proposed by Kline.2 
Structure II would probably produce the alkyl- 
phenol on pyrolysis if its decomposition was simi­
lar to simple alkyl aryl ethers7 but pyrolysis of 
the brominated product should yield a bromo- 
phenol. From an analogy with bibenzyl, struc­
ture III would be expected to yield a ^-butylphenol 
having methyl groups ortho to the hydroxyl 
group.8 While structure IV which has also been 
proposed by Zoss, et al.,z appears most probable for 
Koresin, the resin may not be homogeneous and 
it is not excluded that the other structures may 
occur to some extent. Structure IV also resem­
bles the formulation of aldehyde-alkyl phenol 
resins9 which are likewise said to be effective 
tackefiers for synthetic rubber. This structure is 
also in accord with that proposed by Nieuwland 
and Vogt10 for the product obtained by the con­
densation of benzene and acetylene.

Experimental
Pyrolysis of Koresin.—Koresin11 (20.0 g.) was heated 

rapidly over a free flame in a distilling flask. Significant 
formation of volatile material began at a pot temperature 
of 300°. In the course of one hour the temperature was

(7) Meyer and Hofmann, M o n a t s h . ,  38, 343 (1917).
(8) Hurd, “The Pyrolysis of Carbon Compounds/” The Chemical 

Catalog Co., Inc. (Reinhold Publ. Corp.), New York, N. Y., 1929, p. 
30.

(9) G. E. P. Smith, Jr., J. C. Ambelang and G. W. Gottschalk, 
I n d .  E n g .  C h e m . ,  38, 1166 (1946).

(10) J. A. Nieuwland and R. R. Vogt “The Chemistry of Acety­
lene,” Reinhold Publishing Corp., New York, N. Y., Chap. 5, 
p. 154.

(11) Obtained from General Aniline and Film Corporation.

raised from 300 to 400°. During this time there was 
steady distillation of an amber oil. Little uncondensable 
gas was formed. The residue was viscous and froze on 
cooling to a brittle, black solid, 4.9 g. The distillate was 
extracted with 5% sodium hydroxide solution, leaving an 
insoluble amber oil, 4.0 g. On acidification of the alkaline 
wash a pale yellow oil separated and soon crystallized,
11.0 g. The latter product was recrystallized from n- 
heptane and identified as 4-/-butylphenol (yield, 64%) 
by melting point, 97-98°, as well as by conversion to the 
benzoate, rn. p. 81°, mixed with an authentic sample, 
81°.

Bromination of Koresin.—To 1.76 g. of Koresin dis­
solved in 15 g. of carbon tetrachloride was added a solution 
of 2.40 g. of bromine (0.0150 mole) in 50 g. of carbon tet­
rachloride. The mixture soon gave off colorless fumes. 
After two hours at room temperature, the solution was 
washed with excess potassium iodide solution. Titration of 
the latter with standard thiosulfate showed 0.0056 mole of 
unreacted bromine to have been present, corresponding to 
a consumption of 0.0094 mole. The carbon tetrachloride 
solution was evaporated on a water-bath to a mahogany- 
colored brittle resin which was taken up in dioxane and 
evaporated again to remove carbon tetrachloride. The 
residue dried at 100° weighed 2.5 g. (98%). A weighed 
sample was hydrolyzed by refluxing for 1.5 hours with 1 N  
potassium hydroxide in ethanol and the solution was 
titrated with standard acid. Alkali consumption was 
0.0023 mole per gram of brominated Koresin, calcd. 
0.00376 if all the bromine were removed by alkali.

Pyrolysis of Brominated Koresin.—To a solution of
17.6 g. of Koresin in 150 g. of carbon tetrachloride was 
added dropwise 16.0 g. of bromine. The solution was 
let stand overnight and then washed successively with 
water, sodium sulfite solution and water. The solvent 
was distilled and the residue destructively distilled. 
When the still temperature reached 180-190°, evolution 
of hydrogen bromide began and continued as the tempera­
ture was raised. Between 270 and 400° an amber liquid 
distilled, 6.5 g. The residue was a spongy black tar, 9.9 
g. The gas absorbed in a water trap was shown by 
titration with silver nitrate to contain 0.048 mole hydro­
gen bromide. The liquid distillate was nearly all soluble 
in 5% sodium hydroxide and the oil separated by acidi­
fication of the alkaline solution partly crystallized on 
standing. The crystals were identified as 4-^-butylphenol 
after recrystallization from n -heptane by melting point, 
97-98°, and mixed melting point, 97-99°.

Acetylation of Koresin.—Koresin (17.6 g.) was dis­
solved in 50 g. of acetic anhydride containing 0.5 g. of 
anhydrous sodium acetate. The mixture was refluxed for 
two hours and then poured into cold water. The pre­
cipitated resin was taken up in 100 ml. of ethyl ether and 
washed well with sodium hydroxide solution and then with 
water. The ether layer was dried over anhydrous calcium 
sulfate and evaporated to yield a brittle, yellow resin, 
21 g. (96%); saponification equivalent (by refluxing with 
1 N  potassium hydroxide in ethanol for one hour), 251, 
calcd., 218.

Pyrolysis of Acetylated Koresin.—Acetylated Koresin 
(15 g.) was heated in a distilling flask. Decomposition 
began at a still temperature of 340° and continued slowly 
as the temperature was raised to 400°. The residue was 
a black tar, 6 g. The oily distillate, 6.5 g., smelled of 
acetic acid. The distillate was washed with sodium 
hydroxide solution and the insoluble portion, 4.5 g., was 
refluxed for one-half hour with 25 ml. of 10% potassium 
hydroxide in ethanol. Water was added, the ethanol 
distilled off and the residual solution acidified. The 
separated oil slowly crystallized and, after recrystallization 
from ^-heptane, was identified as 4-/-butylphenol by 
melting point, 96-97°, and mixed melting point, 97°.

Summary
1. The principal product of pyrolysis of Kore­

sin is 4-/-butylphenol,
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2. Koresin reacts with approximately one 
mole of bromine per structural unit of the resin. 
The bromine introduced is labile toward heat and 
toward alkali.

3. Acetylation of Koresin indicates approxi­
mately one free hydroxyl group per structural 
unit.

4. The probable structure of Koresin is C h a t t a n o o g a , T e n n . R e c e iv e d  D e c e m b e r  1, 1947

[C o n t r ib u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

The Mechanism of the Methane Fermentation
B y  A . M . B u s w e l l  a n d  F . W . S o l l o , Jr .1

Three possible mechanisms for the methane fer­
mentation of acetic acid are suggested by the find­
ings and reasoning of previous workers in this 
field. From the work of Omelianskii2*3 and 
Söhngen4-5 we would expect a preliminary decom­
position of the acetic acid to hydrogen and carbon 
dioxide, with subsequent reduction of carbon di­
oxide to methane by the hydrogen. Barker’s 
work6 indicates that carbon dioxide would be di­
rectly reduced to methane and the acetic acid 
thereby oxidized to carbon dioxide. The reason­
ing of Buswell and Neave7 leads to simple decar­
boxylation as the mechanism.

The first mechanism was based on the similarity 
of the hydrogen and methane fermentations, but 
the low concentration of hydrogen found in the gas 
from the methane fermentation of acetic acid is 
evidence against this mechanism. If we examine 
the data of Symons and Buswell8 we find that only 
3.5 liters of methane was formed over a period of 
one hundred days with regular circulation of hy­
drogen and carbon dioxide through a culture of
2.0 liters total volume. In the same time, such a 
culture fermenting acetic acid could be expected 
to form 758’9 liters of methane.

The second mechanism avoids this weakness by 
implying a direct reduction of the carbon dioxide, 
without the intermediate stage of free hydrogen. 
This mechanism seems rather indirect and in­
volved, but parallels that found by Barker in the 
oxidation of alcohols.

The last mechanism appears to be the simplest 
and most direct. A similar reaction in vitro is the 
chemical decarboxylation of sodium acetate with 
sodium hydroxide. The internal oxidation reduc-

(1) Present address: National Aluminate Corporation, 6216 W. 
66th Place, Chicago, Illinois.

(2) W. Omelianskii, Z e n t r .  B a k t . ,  II Abt., 8 , 193, 225, 257, 289, 
321, 353, 385 (1902).

(3) W. Omelianskii, i b i d . ,  II Abt., 11, 369 (1904).
(4) N. L. Söhngen, R e c .  tr a v .  c h im . ,  29, 238 (1910).
(5) N. L. Söhngen, P r o c .  R o y .  A c a d .  A m s t e r d a m ,  8, 327 (1905).
(6) H. A. Barker, A r c h .  M i k r o b i o l . ,  7, 404 (1936).
(7) A. M. Buswell and S. L. Neave, 111. State Water Survey, Bull. 

No. 30, 1930.
(8) 111. State Water Survey, Bull. No. 32, 1936, p. 47.
(9) D. Tarvin and A. M. Buswell, This Journal, 56, 1751 (1934), 

p. 1752, Table I.

tion could be effected by the transfer of the hydro­
gen atom from the carboxyl to the methyl group. 
Evidence against this mechanism is found in 
Thayer’s work.10 He reasoned that this reaction 
was a decarboxylation, and that the fermentation 
of propionic and butyric acids should yield ethane 
and propane. However, his results were entirely 
negative, for no hydrocarbon other than methane 
was found. This has been confirmed in all work 
where the gas was analyzed. Therefore, if we are 
to accept this mechanism of simple decarboxyla­
tion for acetic acid, it must be as a special case, 
not applicable to the higher fatty acids.

Barker, Ruben and Kamen11 found evidence for 
the reduction of carbon dioxide in the fermenta­
tion of acetic acid through the use of Cn0 2> but 
they stated that the radioactive methane found 
might have been due to the presence of methanol 
carried over with the inoculum. I t  should also be 
mentioned that these workers were using a pure 
culture of Methanosarcina methanica, and that 
even if methane should be formed by reduction of 
carbon dioxide in that case, that might not be the 
predominant mechanism in the general methane 
fermentation where a mixed culture is used.

This question of the mechanism of fermentation 
of acetic acid is of more than academic interest. 
Culture failure is almost invariably accompanied 
by, or preceded by, the accumulation of high con­
centrations of volatile organic acids, largely acetic. 
Thus any information concerning this mechanism 
might lead to methods of treatment or operation 
which would alleviate or prevent this accumula­
tion of acids and possibly the failure of many cul­
tures.

I t may be seen at once that if the carbon of the 
carbon dioxide were marked isotopically, this 
question of mechanism could be settled. If either 
of the mechanisms involving reduction of carbon 
dioxide were involved, the methane produced 
should be similarly marked. If the reaction were 
a simple decarboxylation, the methane should not 
be so marked.

(10) L. A. Thayer, B u l l .  A m .  A s s o c .  P e t r o l e u m  Geol. , 15, 441 (1931).
(11) H. A. Barker, S. Ruben and M. D. Kamen, P ro c .  N a t l .  A c a d .  

S c i . ,  26, 426 (1940).
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Radioactive C14 was chosen as the most easily 
handled of the carbon isotopes which could be used 
for this purpose.

Experimental
The radioactive carbon was obtained through the 

Manhattan district in the form of barium carbonate. 
This material was converted to sodium carbonate by acidi­
fication with perchloric acid and absorption of the carbon 
dioxide in a solution of sodium hydroxide. The solution 
resulting was found to yield 3.24 X 105 counts per minute 
per ml. One ml. of this solution was added to each culture 
before feeding and incubating.

The fermentations were carried out in 30-ml. round-

Norris13 were used to calculate the correction of self 
absorption.

The specific activity of the methane was calculated by  
dividing the total counts by the weight of barium carbon­
ate derived therefrom. The average specific activity of 
the carbon dioxide was calculated by dividing the average 
of the initial and final counts by the average of the initial 
and final equivalent weights of barium carbonate. From  
these, the activity ratio between the methane and the 
carbon dioxide, on the basis of the activity of the barium 
carbonate resulting, was calculated.

The activity ratio was found to vary with the time of 
incubation. It was for this reason that the additional 
sample with short incubation time was analyzed. The 
results are listed in Table I below.

Culture number 
Days incubated 
Acetic acid fed (g.)
C02 at start (mg. BaC03)
C02 at end (mg. BaC03)
Total counts per minute added 
Activity of C02 at end (total counts per min.) 
Average activity of C02 (counts/min./mg. BaCOj) 
Methane produced (mg. BaCOj)
Total activity of CH4 (counts/min.)
Activity of CH4 (counts/min./mg. BaCO*) 
Activity of CH4/activity of C02

T a b l e  I 
1 
4
0.0315

102.5
197.4

3.24 X 105

1913
94.9

3415
36

0.0188

2
6
0.0315

103.2
215.5

3.24 X 105
2.58 X 105 

1805
112.3 

6324
56.3
0.0312

3
12
0.0315

110.4
226.4

3.24 X 105 
2.48 X 105 

1705
116.0 

9903
85.4  
0.0501

4
2
0.0105

95 .2
136.8

3 .2 4  X  106 
2 .5 0  X 105 

2474
41 .6  

549
13.2  
0.0053

bottomed flasks, connected to brine displacement gas 
collectors. Fifteen ml. of inoculum was taken from a 
digester which had been fermenting acetic acid for several 
months. To this was added 1.00 ml, of the radioactive 
sodium carbonate solution, and 1.0 ml. of 1.0% acetic acid. 
To the first three cultures, similar portions of acetic 
acid were added after two days of incubation, and again 
after the third day. The fourth culture was fed only once 
and analyzed after two days.

The first culture was analyzed after four days of incuba­
tion. The other two were kept in the incubator until 
they were analyzed, total incubation time being six days 
for the second and twelve days for the third.

The culture to be analyzed was acidified and boiled to 
free the dissolved carbon dioxide and to drive the gas over 
into the gas collector. Oxygen was added and after mix­
ing, the sample was drawn through a train in which the 
carbon dioxide was first absorbed on carbon dioxide free 
Mikobite. A catalyst12 of copper and cobalt oxides 
impregnated on porcelain, kept at 550°, effected the 
oxidation of the methane to carbon dioxide and water. 
This carbon dioxide was similarly absorbed. The car­
bonate was washed off the respective portions of Mikobite 
with hot water and precipitated with barium nitrate.

These operations were carried out in a carbon dioxide 
free atmosphere.

The precipitated barium carbonate was suspended in 
ethanol and deposited on an aluminum sample pan, by 
transferring to a brass tube, at the bottom of which was 
fastened the sample pan. The alcohol was evaporated 
under an electric heat lamp.

The samples thus prepared were counted with a conven­
tional type Geiger-Mueller counter. The tube used was 
a pressure seal type mica window counter (Radiation 
Counter Laboratories, Mark 1, Model 2A, window thick­
ness 2.19 mg. per sq. cm .). Background counts averaged 
from 40 to 45 counts per minute.

Correction for geometry was unnecessary, since only 
one geometry was used, and no correction for absorption 
by the window was made since the same tube was used 
throughout. The data of Yankwich, Rollefson and

(12) I. F. Walker and B. E. Christensen, Ind. Eng. Chem., Anal.
Ed., 1, 9 ( 1935 ).

Discussion
If the mechanism of the fermentation of acetic 

acid involved the reduction of carbon dioxide to 
methane, the barium carbonate derived from the 
methane should have the same specific activity as 
the carbon dioxide had during the fermentation. 
The data show that the activity of the methane is 
only a few hundredths of that of the carbon di­
oxide, which makes it immediately apparent th a t 
the methane is derived from the acetic acid itself.

Calculation of the average activity of the car­
bon dioxide is an approximation, since we do not 
have an accurate measure of the activity a t the 
various stages of methane production. The aver­
age figure used for this activity was thought to  be 
the nearest estimate possible with the data ob­
tained. I t  must be noted though, th a t even if we 
assumed the lowest possible activity, th a t found a t 
the end of the incubation period, the ratio of the 
activities would be only slightly raised. For ex­
ample, in culture no. 2, where the ratio found was
0.0312, use of the lower total activity would raise 
this figure to only 0.0358.

In Fig. 1, the ratio of activities is plotted against 
time of incubation. This curve indicates th a t 
there is a lag period, with a subsequent gradual rise 
in the activity ratio. I t  seems likely th a t from 
this we can assume that very little carbon dioxide 
is directly reduced to methane in this fermenta­
tion, and that the source of the radioactive m eth­
ane is an indirect fixation of carbon dioxide, with 
subsequent decomposition of the material formed 
therefrom. Whether we assume fixation into cell

(13) P. E. Yankwich, G. K. Rollefson and T . H . N orris, J .  Chem. 
Phys., 14, 131 (1946).
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Fig. 1.— Relation of activity ratio to time of incubation.

material with later autolysis, or the formation of 
endogenous compounds, makes little difference. 
In any case we must conclude that the predomi­
nant reaction in the methane fermentation of ace­
tic acid does not involve reduction of carbon di­
oxide.

This work indicates that the methane is pro­
duced by some mechanism other than the reduc­
tion of carbon dioxide, and must therefore be de­
rived from the acetic acid 9 A simple decarboxyla­
tion seems to be the most likely mechanism, but is 
not definitely established. I t is still possible that 
some preliminary condensation might take place, 
with subsequent decomposition of the condensa­

tion product, but this point cannot be proved by 
this method of attack.

Summary
I t was suggested by previous workers that the 

methane fermentation of acetic acid might proceed 
by reduction of carbon dioxide to methane, as was 
shown to be the case for several alcohols.

In order to determine whether or not this was 
the case, radioactive C14 was used to mark the 
carbon atom of the carbon dioxide. The gases re­
sulting from the fermentation were separated and 
converted to barium carbonate for measurement 
of the radioactivity.

By comparing the activity of the methane and 
the carbon dioxide, it was shown that only a very 
small portion of the methane was derived from the 
carbon dioxide. By studying the relation of the 
amount of methane formed by reduction of carbon 
dioxide to the time of incubation, a correlation was 
found which was interpreted as indicating a slow 
reduction unassociated with the general fermenta­
tion, such as the formation of cell substance and 
subsequent autolysis. From this it was concluded 
that the acetic acid was fermented entirely, or 
very nearly so, without reduction of carbon di­
oxide, and that the methane is predominantly de­
rived from the acetic acid and not from carbon 
dioxide.
U rban a , I llinois R eceived  October 27, 1947

[ Contribution  from  the Chemical Laboratory of P u r d u e  U niv er sity ]

Acylation Reactions with Organosilicon Compounds1
B y  R o be r t  A. B e n k e s e r  a n d  R o be r t  B. C u r r ie 2

Apparently, the only attempt to carry out a 
Friedel-Crafts reaction involving an organosilicon 
compound is the work of Kipping.3 He reported 
th a t if a compound like tetraphenylsilane is heated 
with aluminum chloride the only product isolated 
is silicon tetrachloride (80% yield). Viewed from 
the generalized Lewis concept of acids4 this is not 
surprising since it has long been known that the 
aromatic carbon—silicon bond is readily cleaved by 
acidic reagents.5""7 The electropositive silicon 
atom tends to combine with a more electronega­
tive element than carbon when given the oppor­
tunity .

I t  has now been found that using the mild cata­
lyst iodine, an acylation reaction can be carried 
out with, certain organosilicon compounds. In the

(1) A portion of this work is abstracted from the thesis submitted 
by  Robert B. Currie to Purdue University in partial fulfilment of the 
requirem ents for the degree of Master of Science, August, 1947.

(2) Present address: Merck and Company, Rahway, New Jersey.
(3) Evison and Kipping, J . Chem. Soc., 2774 (1931).
(4) Lewis, J . F ran k lin  Inst., 226, 293 (1938).
(5) Ladenburg, A nn., 173, 143 (1874).
(6) Kipping and Lloyd, J. Chem. Soc., 79, 449 (1901).
(7) Kipping, ibid., 91, 223 (1907).

experiments herein reported, 2-thienyltrimeth- 
ylsilane and 2-furyltrimethylsilane were acetyl­
ated with acetic anhydride at 50°. The yields 
were of the order of 20-25%. The equations indi­
cate the general sequence of reactions with furan

° \

(1) w-C4H9Li
(2) (GH3)8SiCl

Ov
o

-Si(CH3)s A c 2 0  CHa—C—/  V ----i* 1L__II
\  (1) »-C4H4Li

-Si(CH3)3

IV

(2) C 0 2 \
NalO
NaOH

/ ° \  / ° s .HOOC— V - B r  Br, HOOC—f
■<------- r•Si(CH3)3

III II
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The proof of structure of 2-acetyl-5-trimethyl- 
silylfuran (IV) was accomplished by the hypoio- 
dite degradation to the corresponding acid. This 
acid was identical with that obtained by the metal­
ation of 2-furyltrimethylsilane (I) with ^-butyl- 
lithium. Finally this acid (II) was converted to 
the known 5-bromo-2-furoic acid by treatment 
with bromine.

The thiophene sequence was essentially the 
same as that indicated above for furan except that 
metalation of thiophene with ^-butyllithium is 
known to occur in the 2-position.8 This estab­
lished the structure of 2-thienyltrimethylsilane. 
The acid obtained from the metalation of this 
compound with n-butyllithium and from the 
hypoiodite degradation of 2-acetyl-5-trimethyl- 
silylthiophene was shown to be 5-trimethylsilyl-2- 
thiophenecarboxylic acid by cleaving it with hy­
drogen chloride to the known 2-thiophenecarbox- 
ylic acid.

Experimental
2-Thienyltrimethylsilane.—To 84 g. (1.0 mole) of thio­

phene9 was added 325 ml. of an ethereal solution of n -  
butyllithium10 containing 0.98 mole of the organometallic.11 
The addition was made as rapidly as the evolved butane 
would allow. The mixture was refluxed three hours and 
then permitted to stand overnight a t room temperature. 
Eighty grams (0.74 mole) of trimethylchlorosilane was 
added slowly and when the addition was complete the 
mixture was refluxed an additional three hours. After 
hydrolyzing with 10% sulfuric acid, the ether layer was 
separated and shaken with 10% sodium hydroxide. After 
drying over Drierite the ether was removed, and the residue 
was fractionated through a short, glass-spiral column. 
Eighty-six grams (75%) of a colorless oil was collected 
boiling a t 159-160° (748 m m .), w20d 1.4966, d 2\  0.945.

Anal. Calcd. for C7Hi2SSi: C, 53.8; H, 7.70. Found: 
C, 53.3; H, 7.78.

If the thienyllithium prepared above is carbonated the 
acid can be shown to be 2-thiophenecarboxylic acid8 
thus establishing the position of the trimethylsilyl group.

2-Acetyl-5-trimethylsilylthiophene.—A mixture of 30 
g. (0.19 mole) of 2-thienyltrimethylsilane, 30 g. (0.29 
mole) of acetic anhydride, and 0.25 g. of iodine12 was 
heated for one hour a t 50 °. The dark solution was shaken 
with 10% potassium hydroxide until the washings were 
basic. Ether was added; the residue was washed several 
times with water and then with a concentrated solution 
of sodium thiosulfate. After drying over anhydrous 
sodium sulfate, the ether was removed and the residue 
was fractionated through a small glass-spiral column. 
Five grams (13%) of a yellow oil boiling at 104-105° 
(4 mm.) was collected, w20d 1.5289, ^204 1.028.

Anal. Calcd. for C9Hi4OSSi: Si, 14.1; C, 54.5; H, 
7.07. Found: Si, 13.7; C, 54.3; H, 7.08.

The semicarbazone of this ketone was prepared in the 
conventional manner and it melted with decomposition 
at 217-220°.

A nal Calcd. for Ci0Hi7ON3SSi: N, 16.46. Found:
N, 16.30 and 16.47.

5-Trimethylsilyl-2-thiophenecarboxylic Acid.—To 8 g. 
(0.05 mole) of 2-thienyltrimethylsilane was added 54 ml. 
of an ethereal solution of n-butyllithium10 containing 0.05 
mole of the organometallic.11 The mixture was refluxed 
four hours and then carbonated by pouring jet-wise onto

(8) Private communication from Dr. Henry Gilman.
(9) Purchased from Socony-Vacuum Oil Company.
(10) Gilman, Zoellner and Selby, T his Journal, 55, 1252 (1933).
(11) Gilman and Haubein, ib i d . ,  66, 1515 (1.944).
(12) See Hartough and Ivosak. ib i d . ,  68, 2639 (19 16).

powdered Dry Ice. After allowing the mixture to warm 
to room temperature, water was added with vigorous 
stirring. The clear ether layer was discarded and, upon 
acidifying the basic water layer with concentrated hydro­
chloric acid, 6.3 g. (62%) of 5-trimethylsilyl-2-thiophene- 
carboxylic acid separated and after crystallization from 
dilute ethanol it melted at 134-135°.

Anal. Calcd. for C8Hi20 2SSi: Si, 14.0. Found: Si,
13.7.

This same acid was isolated (mixed m. p.) when 2- 
acetyl-5-trimethylsilylthiophene was treated with sodium 
hydroxide and iodine in a typical iodoform reaction.

2 -Thiophenecarboxylic Acid.—Approximately 0.5 g. 
of 5-trimethylsilyl-2 -thiophenecarboxylic acid was dis­
solved in 15 ml. of benzene, and while refluxing the solu­
tion, hydrogen chloride was bubbled through for one hour. 
Extraction with 10% sodium hydroxide, followed by 
acidification of the water layer gave a crystalline solid 
melting at 126-127° which showed no depression with an 
authentic sample of 2-thiophenecarboxylic acid. This 
establishes the position of both the carboxyl and acetyl 
group.

2 -Furyltrimethylsilane.—To 68 g. (1.0 mole) of furan13 
was added 325 ml. of an ethereal solution of w-butyllith­
ium10 containing 0.98 mole of the organometallic.11 The 
remainder of the directions are identical with those de­
scribed above for 2-thienyltrimethylsilane. Rectification 
of the residue gave 53 g. (52%) of a colorless oil boiling 
at 124-125° (750 mm.), n2Qd 1.4470, d2\  0.880.

Anal. Calcd. for C7Hi2OSi: C, 60.0; H, 8.58. Found: 
C, 59.5; H, 8.71.

2-Acetyl-5-trim ethylsilylf uran.—A mixture of 35 g. 
(0.25 mole) of 2-furyltrimethylsilane, 28.4 g. (0.27 mole) 
of acetic anhydride and 0.3 g. of iodine12 was heated with 
stirring to an internal temperature of about 50°. At 
this point the reaction became exothermic and some 
cooling and later heating was necessary to keep the 
temperature between 45-55° for one hour. At the end of 
this time 15 ml. of water was added, and after stirring for 
a few minutes the dark solution was shaken with small 
quantities of 10 % potassium hydroxide until the washings 
were basic. It was washed once with water and again 
with a concentrated solution of sodium thiosulfate. Upon 
removal of the solvent and rectification of the residue there 
was obtained 11.3 g. (25%) of a yellow oil (darkens 
rapidly on standing) boiling at 78.5-79° (3-4 m m.), n20d 
1.4925, d2\  0.978.

Anal. Calcd. for C9Hi40 2S i: Si, 15.4. Found: Si,
15.0.

The semicarbazone of this ketone, prepared in the usual 
way, melted at 200- 2 0 1 °.

Anal. Calcd. for CioHnChNaSi: N, 17.56. Found:
N, 17.72 and 17.59.

5-Trimethylsilyl-2 -furoic Acid.—To 10 g. (0.07 mole) 
of 2 -furyltrimethylsilane was added 67 ml. of an ethereal 
solution of n-butyllithium10 containing 0.07 mole of the 
organometallic.11 The mixture was refluxed four hours, 
and then allowed to stand overnight at room temperature. 
The mixture was carbonated and worked up in a manner 
similar to that described for 5-trimethylsilyl-2 -thiophene­
carboxylic acid. After reprecipitating the acid from 10% 
potassium hydroxide and crystallizing it twice from dilute 
ethanol, 8 g. (62%) of a light tan solid was obtained 
melting at 110 - 1 1 1 °.

Anal. Calcd. for C8H120 3Si: Si, 15.2. Found: Si, 
14.9.

This same acid was isolated (mixed m. p.) when 2- 
acetyl -5 -trimethylsilylfuran was treated with sodium
hydroxide and iodine.

5-Bromo-2-furoic Acid.—A mixture of 1 g. (0.005 mole) 
of 5 -trimethylsilyl-2 -furoic acid and 1.5 g. (0.009 g. 
atom) of bromine in 15 ml. of dry carbon tetrachloride was 
refluxed one hour. The solid which had separated was

(13) Kindly supplied by the K. I. du Pont Company.
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filtered off and crystallized from hot water. It melted at
185.5-187° and was shown to be identical (mixed m .p .) 
with an authentic specimen of 5-bromo-2-furoic acid pre­
pared according to the method of Whittaker.14

Summary
2-Furyltrimethvlsilane and 2-thienyltrimetbyl-

(14) W hittaker, Rec. trav. chim., 52, 352 (1933).

silane were synthesized from 2-furyllithium and 2- 
thienyllithium. The reaction of acetic anhydride 
with the above organosilicon compouunds, using 
iodine as the catalyst, gave 2-acetyl-5-trimethylsil- 
ylfuran and 2-acetyl-5-trimethylsilylthiophene, 
respectively.
L a f a y e t t e , I n d ia n a  R e c e iv e d  D e c e m b e r  4, 1947

[C o n t r ib u t io n  f r o m  t h e  G e o r g e  H e r b e r t  J o n e s  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  C h ic a g o ]

The Mechanism of the Nitration of Anisole
B y  R. M. S chramm  a n d  F. H. W e s t h e im e r

In the course of an investigation of the oxyni- 
tration of benzene,1 the nitration of several phe­
nols and of anisole was studied. The nitration of 
anisole leads to the formation of a mixture of ni­
troanisoles2 and of nitrophenols8 in proportions 
which depend upon experimental conditions. I t  
is here shown that the nitration of anisole in 
dilute nitric acid solution is nitrite-catalyzed and 
tha t the nitrosoanisoles are probably intermedi­
ates in the reaction. These facts are of current 
interest because Bun ton. Hughes. Ingold and 
Reed4 have recently found that, under certain 
conditions, nitrosophenols are likewise interme­
diates in the nitration of phenols to nitrophenols.

More precisely, anisole has been found to react 
rapidly with 40 or 50% nitric acid containing a 
little nitrous acid, but fails during many hours to 
react with nitric acid containing urea.5 When 
anisole is nitrated with 40% nitric acid (contain­
ing nitrous acid), the principal products are nitro­
phenols; when more concentrated (e. g. 60%) ni­
tric acid is used, the principal products are nitro- 
anisoles. The quantitative results of several ex­
periments are reported in Table I.

T a b l e  I

T h e  R e a c t io n  o f  A n is o l e  w it h  N it r i c  A c id  a n d  
N it r i t e

Yield of

Cone.
HNOa,

%

Cone.
HNO2,
m ./l.

Time of 
addition 

of anisole in 
minutes

. Yield of 
nitroanisoles, 

% o f
theoretical

2,4-dinitro-
phenol,

% o f
theoretical

40 0.04 60 25 51
40 .18 60 18 63
50 .18 70 56 21
60 .18 60 71 Trace

(1) Westheimer, Segel and Schramm, T h is Journal, 69, 773 
(1947).

(2) Brunck, Z. Chemie, 205 (1867); see also Holleman, Rec. trav. 
chim., 22, 263 (1903); M artinsen, Z. physik. Chem., 59, 605 (1907); 
Griffiths, Walkey and W atson, J . Chem. Soc., 631 (1934); Buttle 
and H ew itt, ibid., 95, 1755 (1909).

(3) J. J. Hoffman, Dissertation, University of Chicago, 1931. 
F or similar results with other arom atic ethers see K . Meyer, Ann., 
398, 661 (1913); R yan and Drum, Sci. Proc. Roy. Dubin Soc., 17, 
313 (1924); Reilley, ibid., 19, 461 (1930).

(4) Bunton, Hughes, Ingold and Reed, Nature, 158, 514 (1946).
(5) This nitration is thus similar to  th a t  of phenol; see Martinsen, 

Z. physik. Chem., 50, 385 (1905).

^-Nitroanisole cannot be an intermediate in the 
nitrite-catalyzed nitration of anisole to nitro­
phenols because, if this substance is added to a 
nitrating mixture which reacts rapidly with ani­
sole, it may be quantitatively recovered. On the 
other hand, experiments with ^-nitrosoanisole 
show that it Reacts readily with the same nitrating 
mixture.6 The products obtained by the nitra­
tion of ^-nitrosoanisole under a wide variety of 
conditions parallel those obtained from anisole 
under corresponding conditions (see Table II). 
Thus it appears that nitrosoanisole is an inter­
mediate in the nitrite-catalyzed nitration of ani­
sole.

T a b l e  II
T h e  R e a c t io n  o f  ^ - N it r o s o a n is o l e  w it h  N it r ic  A c id

Cone.
HNOi,

%

Cone.
HNOa,
m ./l.

Time of 
addition 

of anisole in 
minutes

Yield of 
nitroanisoles, 

% o f
theoretical

Yield of 
2,4-dinitro- 

phenol, 
% o f  , 

theoretical
40 0.04 60 14 73
40 .18 60 11 76
50 .18 1 62 29
50 .18 10 54 36
50 .18 70 60 30
60 .18 60 91 5

Although the proportions of the two products 
(nitroanisoles and nitrophenols) obtained from 
^-nitrosoanisole are about the same as those ob­
tained from anisole, there is no exact correspond­
ence between the two nitrations. Several reasons 
for this discrepancy may be suggested. In the 
first place, anisole, when nitrated with nitric acid 
and nitrite, must yield a certain amount of o- 
nitrosoanisole2 as an intermediate, and this isomer 
would not necessarily give further reaction prod­
ucts in the same proportions as does p-nitrosoani- 
sole. In the second place, the actual nitrite con­
centrations are not exactly those given in the two 
tables, because, during the reaction, anisole and 
nitrosoanisole produced different amounts of ox­
ides of nitrogen. Thirdly, the addition of gross 
quantities of ^-nitrosoanisole to the reaction mix­
ture rather than the formation of this compound

(6) Cf. Bayer and Knorr, Ber., 35, 3034 (1902).
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in situ (as in the reaction of anisole with nitric 
acid and nitrite) may have some effect on the 
course of the reaction. However, this effect is 
probably unimportant, since the period of addi­
tion of ̂ -nitrosoanisole may be varied from one to 
seventy minutes without materially affecting the 
proportions of the reaction products.

Experimental
The Effect of Nitrite on the Reaction of Anisole with 

Nitric Acid.— (1) Anisole (20 g.) was added dropwise to 
400 cc. of 40% nitric acid containing approximately 0.04 
m ./l. of nitrous acid. The addition required about half 
an hour; the reaction mixture was held at 30° and stirred 
for forty-eight hours. This long reaction time was 
necessary to convert all the mononitrophenols first formed 
into the more readily isolated dinitrophenoh1 The mix­
ture was then chilled in ice and filtered. The crude prod­
uct obtained weighed 26.5 g. and melted at 100-108°. 
By recrystallization of this material from alcohol, 20 g. 
(59%) of pure dinitrophenol (m. p. 112-114°) was 
obtained. The identity of this compound was established 
by its melting point, the melting point of its mixture with 
an authentic sample of 2,4-dinitrophenol, and by the 
preparation of 6-bromo-2,4-dinitrophenol, m. p. 117- 
118°. In this experiment, the reaction mixture was not 
worked up for nitroanisoles; the product or products 
which arise from the methyl group of anisole have not been 
determined.

(2) In a second experiment, anisole (20 g.) was added 
dropwise over a period of one-half hour to 400 cc. of 40% 
nitric acid to which (one hour previously) 4 g. of urea 
had been added. After the mixture had been stirred for 
eighteen hours at about 30°, the reaction mixture was 
transferred to a separatory funnel and extracted with three 
successive 50 cc. portions of benzene. The benzene 
extract was washed with 60 cc. of water and dried over 
anhydrous sodium sulfate. Distillation from a small 
Claisen flask yielded 16.3 g. of anisole (81% of that used) 
boiling in the range 153-155°. There was no high-boiling 
residue.

(3) Seventy-five cc. of 50% nitric acid was allowed to 
stand with 1 g. of urea for three hours. Then anisole 
(about three g.) was added. The reaction mixture, after 
standing at room temperature for twelve hours was de­
cidedly colored. The cause of the color was not deter­
mined; however, the extent of reaction was slight, since 
a three-drop sample of the mixture, when dissolved in a 
large excess sodium hydroxide solution, gave only a neg­
ligible yellow color. This test for nitrophenols is quite 
sensitive; and will easily reveal the presence of five parts 
per million of these compounds.

(4) One-hundred cc. of 50% nitric acid containing 0.1 
m ./l. of nitrous acid was mixed with three grams of 
anisole. The reaction mixture, after standing for two 
minutes at room temperature, was very dark. A three- 
drop sample of this reaction mixture, when dissolved in 
excess sodium hydroxide, gave a strong yellow color. The 
color was identified as that of nitrophenols, since (a) it 
was much more intense than that of a similarly diluted but 
neutral sample of the reaction mixture and (b) the coloring 
material had the indicator properties of nitrophenols.

(5) One-hundred cc. of 60% nitric acid containing 0.1 
m ./l. of nitrous acid was mixed with 0 ° with 1 g. of anisole. 
Reaction occurred instantly and proceeded autocatalyti- 
cally. These conditions are probably not very different 
from those which were used for the preparation nitration 
of anisole to a mixture of ortho and para nitroanisoles.2

(6) Five-hundred cc. of 60% nitric acid was allowed to 
stand for an hour with 8 g. of urea; the solution was cooled 
to 0°, where urea nitrate crystallized. Three grams of 
anisole was then added. After two hours at 0°, 200* cc. 
of water was added and the mixture extracted with three 
50-cc. portions of benzene. The benzene extract was 
washed and then fractionated through a short (10")

distilling column (tantalum-wire spiral type). After all 
the benzene was removed, the residue was distilled from 
a small Claisen flask. Anisole (1.9 g. distilling at 152-155°) 
was recovered. A small high boiling residue presumably 
contained nitro anisoles. At room temperature, 60% 
nitric acid containing urea gives no evidence of reaction 
for several minutes; then vigorous and autocatalytic 
nitration (with evolution of oxides of nitrogen) occurs.

The Reaction of />-Nitroanisole with Nitric Acid in the 
Presence of Nitrite.—Nine grams of />-nitroanisole was 
stirred at 50 ° for four and a half hours with 200 cc. of 50% 
nitric acid which contained 0.017 m ./l. of sodium nitrite. 
When the mixture was filtered, 8.5 g. of />-nitroanisole, m. 
p. 50-52°, was recovered.

In a second experiment, />-nitroanisole (8.0 g.) was stirred 
at 50° for four and one-half hours with 200 cc. of 70% 
nitric acid containing 0.034 m ./l. of nitrous acid. The 
reaction mixture in this case was homogeneous, whereas 
a slurry was obtained in the first experiment. When the 
mixture was cooled, diluted with water and filtered, 7.5 
g. of />-nitroanisole, (identified by melting point and by 
the melting point of a mixture with an authentic sample) 
was recovered.

The Products of the Reaction of Anisole and of p -  
Nitrosoanisole with Nitric Acid and Nitrite.—Anisole 
(or /^-nitrosoanisole) was added dropwise to about 200 
cc. of a reaction mixture composed of nitric and nitrous 
acids (see Table I and II). During the addition, the 
reaction mixture was stirred vigorously and maintained at 
50 °. The amount of anisole or /^-nitrosoanisole added was 
in each case between 3 and 4 g. After the addition was 
complete, the reaction mixture was heated long enough1 
to convert any mononitrophenols which had been formed 
into the more readily isolated 2,4-dinitrophenol. The 
mixture was then cooled and extracted with four successive 
100-cc. portions of benzene. The benzene extract was 
concentrated to a volume of about 100 cc., and was then 
extracted with about 100 cc. of aqueous triethanolamine 
solution. Acidification of the aqueous extract threw down 
a precipitate of 2,4-dinitrophenol, which was filtered off, 
dried in a vacuum desiccator and weighed. The nitro- 
anisole fraction was obtained from the residual benzene 
solution by removing the benzene under reduced pressure 
at room temperature.

In several instances, the above procedure was slightly 
varied. When the yield of nitroanisoles was relatively 
high, practically pure />-nitroanisole crystallized from the 
reaction mixture when it was cooled, and was recovered 
by filtration. This product was identified by its melting 
point and by the melting point of a mixture with an au­
thentic sample of />-nitroanisole. In the reaction with p- 
nitrosoanisole, the nitroanisole isolated from the benzene 
extract was also practically pure />-nitroanisole. In the 
reactions with anisole, however, the product similarly 
isolated was an oil, probably a mixture of o- and p- 
nitroanisoles. These mixtures were usually worked up 
for />-nitroanisole, but were tested for the presence of 
nitrophenols only by their color reaction with alkali. 
In no case was an appreciable amount of nitrophenol 
found. The presumption that these oils were actually 
mixtures of o- and ^-nitroanisoles was based first on the 
comparison with similar preparations previously reported.2 
In addition (in one instance), 1.40 g. of pure />-nitro­
anisole was isolated from 3.13 g. of the oil by recrystalliza­
tion from aqueous alcohol. In another experiment, where 
the reaction with anisole gave a high yield of nitroanisoles, 
the initial yield of crystals from the reaction mixture was 
collected and found to be practically pure />-nitroanisole. 
In this case, 2.00 g. of /^-nitroanisole was obtained from a 
total yield of 2.96 g. of crude oil.

Summary
The nitration of anisole in 40, 50 and 60% nitric 

acid is nitrite-catalyzed. The reaction product is 
a mixture of nitroanisoles and nitrophenols, in 
which the former compounds predominate when
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60% acid is used and the latter when 40% acid 
is used. Under the same experimental conditions 
the same products can be obtained in roughly the 
same proportions from both nitrosoanisole and

from anisole. This fact strongly indicates that 
the nitrosoanisoles are intermediates in the ni­
trite-catalyzed nitration of anisole.
Chicago, Illino is  R eceived  D ecember 13, 1947

[Contribution  from th e  D epartment of Chemistry of the  U niv er sity  of T e x a s ]

The Vapor Pressures and Some Related Quantities of Pentene-1 from 0 to 200°
By H. O. D a y  a n d  D. E. N ich o lso n  w it h  W. A. F e l s in g

Introduction
The determination of the thermodynamic 

properties of hydrocarbons has been a part of the 
research program of this laboratory for a number 
of years. Thus, heat capacities, heats of vapori­
zation, and compressibilities for a number of hy­
drocarbons have been determined and reported.1 
The increasing importance of olefinic hydro­
carbons has indicated a study of the pentenes and 
this report covers a portion of the work on pen- 
tene-1. In determining p-v-t data on both gase­
ous and liquid pentene-1, it was found that ade­
quate data on vapor pressures over the range of 
temperatures from room temperature to the vicin­
ity of its critical temperatures were lacking. 
This paper, hence, reports the experimentally de­
termined vapor pressures for the range 0 to 200°.

Previous Investigations
The existing vapor pressure data have been ex­

amined critically by Stull2 and he has reported the 
most probable values for the temperature range of 
— 80.4 to 30.1°.

The normal boiling points, as recorded in the 
literature, differ considerably, due probably to 
differences in the purity of the samples of pentene- 
1 used. The most probable value, as selected by 
Stull2 and as reported by Sherrill and Walter3 is 
30.1°, though the value of 29.97° was chosen by 
the A.P.I. Project No. 44.4

Methods and Apparatus
The dead-weight piston gage apparatus used in this 

Laboratory in p-v-t investigations was limited to a low 
pressure value of about 5 atmospheres, as determined by 
the weight of the piston and scale pan. Hence, vapor 
pressures up to 7.5 atmospheres were determined by means 
of a glass-contained compound mercury manometer, as 
described by Wilson,5 attached to a static vapor pressure 
determining apparatus used by Felsing and Thomas.6 
The loading device employed by Felsing and Durban7 
was used to introduce pure, air-free pentene-1 into the

(1) (a) Lemons with Felsing, This Journal, 65,46 (1943); (b) 
Dailey with Felsing, ibid., 65, 42 (1943); (c) Felsing and Watson, 
ibid., 64, 1822 (1942); 65, 1889 (1943); 65, 780 (1943); (d) Temple­
ton and Davies with Felsing, ibid., 66, 2033 (1944); (e) Felsing, 
Cuellar and Newton, ibid., 69, 1972 (1947).

(2) Stull, J . Ind. Eng. Chem., 33, 517 (1947).
(3) Sherrill and Walter, This Journal, 58, 742 (1936).
(4) A.P.I. Res. Project 44 at NBS; “Selected Values of Proper­

ties of Hydrocarbons” Table 8a, dated May 31, 1947.
(5) Wilson, Univ. o f Illinois Eng. Exp. Sta. Bull., No. 146 (1925).
(6) Felsing and Thomas, J . Ind. Eng. Chem., 21, 1269 (1929).
(7) Felsing and Durban, This Journal, 48, 2885 (1926).

piezometer at about —65°. A reasonable fraction, 
usually one-third, of the liquid was then evaporated out 
of the piezometer into the vacuum system to insure 
complete freedom from dissolved gases. An internal 
stirrer, actuated by a solenoid and metronome, served to 
prevent temperature gradients in the liquid. The entire 
apparatus was constructed of Pyrex glass. Mercury 
levels in the manometer were determined by means of a 
Gaertner cathetometer which could easily be read to 0.05 
mm. Temperatures within the Dewar-flask bath were 
measured by short range mercurial thermometers cali­
brated by the National Bureau of Standards. The over­
all precision of these measurements was =±=0.3%.

For vapor pressures from about 6 to 40 atmospheres, 
a dead-weight piston gage previously described,8 was 
employed. Thermostat temperatures were controlled 
to =*=0.005 ° by means of a platinum resistance thermometer 
in conjunction with a Mueller bridge and a photoelectric 
cell relay. The actual thermostat temperature was simul­
taneously determined by the resistance thermometer 
(calibrated by the National Bureau of Standards). In 
determining the vapor pressures, the volume of the 
vapor phase was varied from 0.2 to 15 cc.; this change in 
vapor volume had no effect on the observed pressures, 
indicating a high purity of the pentene-1. Three separate 
runs on three separate fillings gave closely agreeing values; 
the precision of the measurements was within =±=0.1%.

The region above 200° is not considered in this paper, 
since the critical pressure is in the neighborhood of 201°; 
this critical region and liquid and vapor compressibilities 
will be reported in a later paper.

Material Used
The pentene-1 for this investigation was obtained 

from the Phillips Petroleum Company. The National 
Bureau of Standards, from freezing point data on repre­
sentative samples of this lot, reported a purity of 99.34 =*= 
0.40 mole per cent. The most probable impurity was iso­
pentane. The densities of the liquid' under its own vapor 
pressure as a function of the temperature over the range 
0-50° are represented by the equation

d(g./cc.) =  0.6630 -  0.001034J
where t is in degrees centigrade. The normal boiling 
point, as calculated from the vapor pressure equation, 
was found to be 30.07 =*= 0.02°.

Treatment of Data
The experimental data were plotted to large 

scale as log p (mm.) against the reciprocal of the 
absolute temperature. Three linear equations 
were fitted by the method of least squares to sepa­
rate portions of the line

(1) 0 - 35°: logio p  (mm.) =  7.40607 -  1372.194/T
(2) 40- 95°: = 7.31561 -  1342.407/T
(3) 100-170°: = 7.26782 -  1324.730/ T

The ice-point was taken as 273.16°K.
(8) Kelso with Felsitig, ibid., 62, 3132 (1940).



May, 1948 System Ethanol- I soöctane between 0° and 50° 1785

From 170 to 200°, as the critical region was ap­
proached, the logarithm of the vapor pressure no 
longer could be represented by a linear function of 
the reciprocal of the absolute temperature. The 
equation, derived by aid of a central difference 
table, was found to be
(4) 170-200°: logio p  (mm.) =  -2089.553682 +  233,-
084.9289/T  +  7034.8267 X 10“ 3 T -  1049.16605 X 
10-5 r 2 +  5868.8889 X 10~3 T3
Equations (1) and (2) reproduce the data to 
within =*=0.3%, while equations (3) and (4) are 
reliable to a mean deviation of =*=0.1 per cent.

The vapor pressures calculated by means of 
these equations at a few selected rounded tempera­
tures are given in Table I.

The latent heats of vaporization were calcu­
lated for 0 and 30.07° by means of the exact 
Clapeyron equation; the vapor volume was calcu­
lated by means of the van der Waals equation, the 
constants of which for pentene-1 were derived 
from critical data. These values are 6225 and 
6117 calories per gram mole for 0 and 30.07°.

T a b l e  I

S o m e  V a p o r P r e s s u r e s  o f  P e n t e n e - 1 f r o m  0  t o  2 0 0 °
Temp., Vapor pressure, T em p ., V apor pressure,°c. mm. mm.
0 241.3 1 0 0 5,221
5 297.1 120 7,913

10 363.1 150 13,717
20 531.3 170 19,055
30 .07a 760 180 22,233
40 1069 190 25,850
60 1933 195 27,902
80 3269 2 0 0 30,203

a Normal boiling point.

Summary
1. The densities of liquid pentene-1 under its

vapor pressure were determined from 0 to 50°.
2. The vapor pressures of pentene-1 were de­

termined from 0 to 200°;
3. Calculated heats of vaporization are re­

ported at 0 and 30.07°.
A u s t i n , T e x a s  R e c e i v e d  J a n u a r y  1 4 ,  1 9 4 8

[ C o n t r i b u t i o n  f r o m  t h e  N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y 1]

Densities and Liquid-Vapor Equilibria of the System Ethanol-Isoöctane 
(2,2,4-Trimethylpentane) between 0 and 50°

B y  C a r l  B . K r e t s c h m e r , J a n in a  N o w a k o w s k a  a n d  R ic h a r d  W i e b e

The present investigation is part of a systematic 
program in progress at this Laboratory to deter­
mine certain physical properties of ethanol-hydro­
carbon systems. A considerable amount of ex­
perimental and theoretical material on solutions 
of aliphatic alcohols in non-polar solvents has been 
published and will be referred to in its proper 
place.

Density Measurements
Commercial absolute ethanol was fractionated 

in a 5-foot column packed with glass helices and 
then treated with magnesium ethylate.2 The 
final product of d25* 0.78506 was kept under its 
own vapor pressure in a sealed container over mag­
nesium ethylate and samples were withdrawn by 
vacuum distillation. Certified isoöctane (2,2,4- 
trimethylpentane) was fractionated in the same 
column. The middle fraction taken was filtered 
through a column of silica gel to remove the small 
content of olefins.3 The final density was found 
to be d2h 0.68777.

The 13-ml. pycnometer shown in Fig. 1A was 
used for measuring the densities of the air-satu­
rated liquids and solutions at 25°. No noticeable 
loss of liquid through evaporation was experienced

(1) One of the laboratories of the Bureau of Agricultural and In­
dustrial Chemistry, Agricultural Research Administration, United 
States Department of Agriculture.

(2) H. Lund and J. Bjerrum, B e r . ,  64, 210 (1931).
(3) B. J. Mair and A. F. Forziati, J .  Research  N a t .  B u r .  S ta n d a r d s ,  

32, 151, 105 (19LI).

during weighing because of the smallness of the 
capillaries (0.3 mm.). By applying gentle suction 
at the top, filling was accomplished by means of a 
device shown in Fig. IB, and the turned-down tip 4 
greatly facilitated the adjustment of volume. 
The accuracy of measurement was estimated to be 
2 X 10“ 5 g./ml. or better.

A
Fig. 1.—-A, pycnometer; B, filling device; C, weight dila­

tometer.

The densities of the two pure liquids a t  0 and 
50° relative to their values at 25° were measured 
in a 14-ml. Pyrex weight dilatometer (Fig. 1C). 
Both apparatus and method were similar to those

(1) G. F. Hennion, I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  9, 479 (1937).



1786 Carl B. Kretschmer, Janina Mowakowska and R ichard Wiebe Vol. 70

described by Burlew.5 Temperatures were meas­
ured by means of a standard platinum resistance 
thermometer and were not in error by more than
0.003°. The correction for the exposed portion of 
the capillary amounted to 5 X 10~6 g./ml.

The values obtained for ethanol are given in the 
last column of Table I. For isoöctane the values 
obtained were 0,708120, 0 687773 and 0.666855 
g./m l. a t 0, 25, and 50°, respectively. These 
values are the means of two or three determina­
tions which differed by amounts indicating a pre­
cision of 4 X 10~6 g./ml. in the change of density 
over each 25° interval. In addition, the densities 
a t all three temperatures are affected equally by 
the uncertainty of 2 X 10“ 5 g./ml. in the pycnom­
eter measurements a t 25° which were used to 
calculate the weight of liquid in the dilatometer. 
The densities given refer to liquids containing 
enough dissolved air to saturate them at 25°.

In  Table I values recorded in the literature for 
the density of ethanol between 0° and 50° are 
compared with those obtained in this work. Os­
borne's6 values from 10° to 40° are generally be­
lieved to be very reliable. At room temperature, 
our value and tha t of Riiber7 are in good agree­
m ent with them. Tyrer’s8 densities are higher 
than the others, probably because of water in his 
sample. His value of thermal expansion from 0° 
to 25° is lower than ours, while the reverse is 
true for the interval 25-50°, the difference in each 
case being of the order of 10 ~4 ml./g. Our value 
of the density a t 0° is slightly higher than those of 
Young,9 Klason and Norlin,10 and of Merriman,11 
while our value at 50° is appreciably lower than 
th a t of Young.

T a b l e  I

R ecorded Values for Density of Ethanol, 0 to 50°, 
g . / m l .

T em p.
°C. Osborne® Young& Klason0 Tyrer 4

M erri­
m an0 0° 
R iiber/ 

20°
Authors’
values

obtained
0 0.80627 0.80628 0.80645 0.80628 0.806306

10 0.79784 .79792 .79803
20 .78934 .7894 .78938 .78933
25 .78506 .78532 0.785063
30 .78075 .78080
40 .77203 .7722 .77224
50 .7633 .76331 0.763137
* N , S. Osborne, E. C. McKelvy and H. W. Bearce.8

6 S. Young.9 c P. Klason and E. Norlin.10 d D. Tyrer.8 
* R . W. Merriman.11 f C. N. Riiber.7

Brooks, Howard and Grafton12 have measured 
the density of isoöctane at 20 and 25°, and our 
value a t 25° is in excellent agreement with theirs.

(5) J. S. Burlew, This Journal, 62, 690 (1940).
(6) N. S. Osborne, E. C. McKelvy and H. W. Bearce, Bull. Bur. 

Standards, 9, 327 (1913).
(7) C. N. Riiber, Z. Elektrochem., 29, 335 (1923).
(8) D. Tyrer, J . Chem. Soc., 2534 (1914).
(9) S. Young, ibid., 707 (1902); Sci. Pioc. Roy. Dublin Soc., 12, 

374 (1910).
(10) P. Klason and E. Norlin, A rkiv Kemi Mineral. Geol., 2, No. 

24, 1 (1906).
(11) R. W. Merriman, J . Chem. Soc., 628 (1913).
(12) D. B. Brooks, F. L. Howard and H. C. Grafton, J. Research 

N at. Bur. Standards, 24, 33 (1940).

The following equations fit the data for ethanol 
and isoöctane, respectively, for the range 0 to 50° 
Ethanol
d \  =  0.806306 -  8.4456 X 10~H -  3.52 X 10-8<2 -

6.82 X 10" »<8
Isoöctane
d‘4 =  0.708120 -  8.0481 X 10~4i -  3.168 X IO-7/2 -

1.87 X 10-9t3
The cubic terms were chosen to make the equation 
for ethanol agree with Osborne's figures, and to 
make the equation for isoöctane agree with 
Brooks, Howard and Grafton's value at 20°, all to 
within 1 X 10“ 5 g./ml.

Solutions were prepared by distilling the indi­
vidual components into an evacuated bulb, and 
the amounts determined by weighing. In this 
way any loss, as well as any correction for the dis­
placement of air, was avoided. Transfer to the 
pycnometer (Fig. 1A) was effected through dis­
placement by mercury. The results shown in 
Table II were used in subsequent work for con­
verting densities to compositions.

T a b l e  I I  

D e n s it i e s  a t  25°
/-------------E thanol------------- » 1000
W t. fract. Mol. fract.® ( F /F o  -

0 0 0 . 6 8 7 7 7 0
0 . 0 1 3 0 0 . 0 3 1 6 .6 8 8 3 4 0 . 7 8 6

.0 1 6 3 . 0 3 9 4 . 6 8 8 5 7 0 . 8 6 1

.0 4 3 1 .1 0 0 5 .6 9 0 4 1 1 . 5 3 2

.0 4 9 9 . 1 1 5 2 .6 9 0 8 8 1 . 6 8 6

.1 4 3 2 . 2 9 3 0 .6 9 8 2 3 2 . 8 2 0

.2 9 6 0 .5 1 0 4 . 7 1 1 4 0 3 . 6 0 2

.4 6 8 0 .6 8 5 6 .7 2 7 3 5 3 . 8 0 6

.6 3 1 3 .8 0 9 3 .7 4 3 5 8 3 . 4 4 8

.8 0 5 7 .9 1 1 4 . 7 6 2 2 7 2 . 3 4 8

.8 9 6 2 . 9 5 5 4 .7 7 2 6 1 1 . 4 0 7
1 1 .7 8 5 0 6 0

* Molecular weights: ethanol 46.07; isoöctane 114.22.

Densities of solutions at 0 and 50°, referred to 
the density of air-saturated solutions at 25°, were 
measured with a pycnometer similar to the one

T a b l e  III
D e n s it i e s  o f  S o l u t io n s  a t  0 a n d  50°

---------Ethanol-
w t .

fract.
Mol.
fract. d° 4 d* o4

2000 (V /Vo  -  1) 
0° 50°

0 0 0 . 7 0 8 1 2 0 . 6 6 6 8 6 0 0

0 .0 5 4 4 0 . 1 2 4 8 . 7 1 2 0 7 .6 6 9 5 9 1 . 0 9 2 . 8 1

.1 1 2 0 .2 3 8 2 .7 1 6 7 6 .6 7 3 7 8 1 . 6 0 3 . 9 2

.2 3 3 2 . 4 2 9 9 . 7 2 7 0 5 .6 8 3 6 8 2 . 4 3 4 . 9 6

.3 2 3 2 .5 4 2 1 .7 3 5 0 8 .6 9 1 5 8 2 . 7 9 5 . 2 5

.4 1 6 6 .6 3 9 0 .7 4 3 7 1 .7 0 0 1 8 3 . 0 3 5 . 2 5

.5 3 0 7 .7 3 7 1 . 7 5 4 6 4 .7 1 1 1 9 3 . 1 8 4 . 9 5

.5 3 9 7 .7 4 4 0 .7 5 5 5 4 .7 1 2 1 2 3 . 1 7 4 . 8 6

.6 4 0 9 .8 1 5 7 .7 6 5 7 3 .7 2 2 4 3 3 . 0 5 4 . 2 8

.6 9 6 8 . 8 5 0 7 . 7 7 1 6 0 .7 2 8 3 1 2 . 8 3 3 . 8 7

.8 0 4 2 .9 1 0 6 . 7 8 3 3 0 .7 4 0 0 9 2 . 1 6 2 . 8 0

.9 1 9 5 .9 6 5 9 .7 9 6 5 8 .7 5 3 4 2 1 . 0 4 1 . 2 6

.9 3 3 2 .9 7 1 9 . 7 9 8 2 3 .7 5 5 0 3 0 . 8 5 1 . 0 8
1 1 .8 0 6 3 1 .7 6 3 1 4 0 0
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shown in Fig. 1A, with an estimated accuracy of 
7 X 10“ 5 g./ml. Results are given in Table III.

Discussion
Data of relative expansion of mixing, (V/Vo) — 

1, where V is the volume of the solution and Vo the 
sum of the volumes of the components, given in 
Tables II and III, are plotted in Fig. 2. Harms,13 
using the mass law, calculated this volume increase 
on mixing for several aliphatic alcohols in cyclo­
hexane on the basis of dissociation of complexes 
containing from two to an infinite number of al­
cohol molecules. On this basis he obtained ex­
cellent agreement between experimental and cal­
culated values for ethanol-cyclohexane solutions, 
whose volumetric behavior closely resembles that 
of the system ethanol-isoöctane. We feel, how­
ever, that the discussion is based on an oversimpli­
fied physical picture, and that the agreement is 
partly due to the fact that Harms' treatment 
contains two adjustable constants.

Liquid-Vapor Equilibrium Measurements
After a thorough consideration of existing 

methods, including actual trials, which empha­
sized the desirability of generating vapor in a 
separate boiler rather than depending on the boil­
ing process itself to give equilibrium, the equilib­
rium still of Scatchard and co-workers14 was se­
lected as a basis.

Purification and density of the ethanol and iso­
octane used have been described previously. 
Figure 3 shows the equilibrium still. A water- 
bath was substituted for the vapor jacket used 
by Scatchard, which simplified construction and 
tended to maintain A at a more uniform tempera­
ture, Vapor was generated in boiler D and passed 
into the vapor-lift tube B where liquid was en­
trained and lifted to the top of chamber A. The 
mixture of liquid and vapor descended through the 
annular space packed with 3-mm. glass helices 
surrounding the thermometer well, and the vapor 
which separated passed through tube E to a con­
denser and finally to trap F. A heater located at 
the bend prevented any condensation during

(13) H. Harms, Z. physik. Chem., 53B, 280 (1943).
(14) G. Scatchard, et al., T his Journal, 60, 1275, 1278 (1938); 

61, 3206 (1939); 62, 712 (1940); and 68, 1957, 1960 (1946).

the passage. Bulb J  was used to remove any pos­
sible traces of water as the ternary azeotrope. 
When a steady state was reached, the composition 
of the vapor in A was the same as that of the liquid 
in F, and the liquid and vapor samples were taken 
by means of evacuated sampling containers G. 
The tubes connecting the sampling containers G 
to the apparatus were full of air for all practical 
purposes and the error due to liquid holdup from 
this cause was negligible. No trouble was ex­
perienced using Apiezon grease L on stopcocks 
and joints when suitable precautions were taken.

Fig. 3 .—Equilibrium still: L, detail of sample bulb.

A platinum resistance thermometer and Mueller 
bridge, both recently calibrated, were used for 
temperature measurement. The condenser above 
trap F was connected to a 20-liter ballast and a 
manometer through trap K, an inverted U-tube 
surrounded by solid carbon dioxide. The ma­
nometer of 12 mm. i. d. tubing had provision for 
evacuating the vacuum arm when necessary. I t  
was read with a Gaertner cathetometer (model 
M901) at a distance of 250 mm. Readings could 
easily be estimated to 0.02 mm., and no errors of 
this magnitude were found when the cathetometer 
was checked at the same working distance against 
a Gaertner standard meter calibrated by the Bu­
reau of Standards. The vapor pressures are given 
in International mm. of mercury and have an es­
timated accuracy of 0.05 mm.

After complete evacuation, dry air was ad­
mitted and approximately 52 ml. of solution was 
introduced into the apparatus. Distillation rates 
were about 35 ml./hr. a t 25° and 100 mb/hr. at
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50 ° . The pressure was regulated manually to keep 
the resistance thermometer reading exactly at 
25.00° or 50.00°. The bath temperature was regu­
lated to keep a constant amount of liquid 
(about 3 ml.) in boiler D, which required that the 
bath be several hundredths of a degree above the 
temperature in A. During initial operation a 
small amount was distilled into J  to eliminate any 
possible traces of water, as explained previously. 
The steady state was maintained for considerable 
time after which temperature and pressure were 
measured in quick succession, heaters turned off, 
the apparatus was brought to atmospheric pres­
sure, and samples were taken.

In addition, static measurements were made of 
the total vapor pressure of the solutions at 0 and 
25°, by use of a vapor-pressure cell equipped with 
a magnetic stirrer and connected directly to the 
manometer. The solutions were freed of dissolved 
gases and traces of water by slowly distilling off 
part of the sample while the stirrer was in opera­
tion. This process was continued until McLeod 
gage readings on the portion of distillate uncon­
densed a t —78° showed no more gases were being 
evolved. Vapor pressure and density of the re­
maining solution were then measured.

Results
Static vapor pressures at 0 and 25° and liquid- 

vapor equilibrium measurements at 25 and 50° 
are presented in Tables IV and V, respectively. 
The good agreement between static and dynamic 
vapor pressure measurements at 25° is indicated in 
Fig. 4; the actual agreement is within 0.2 mm.

The vapor curve below 0.4 mole fraction ethanol is 
conjectural. The data for 50° give curves of simi­
lar shape The azeotropic mole fraction of ethanol 
a t 25° is 0.5270 and at 50° is 0.5941; the corre­
sponding vapor pressures are 96.1 and 318.8 mm.

Vapor pressures for isoöctane reported here are 
in good agreement with the ones calculated from 
the equation published by Willingham and co­
workers,15 as shown in the following comparison at

(15) C. B. Willingham, W. J. Taylor, J. M . Pignocco and F. D. 
Rossini, J . Research N a t, Bur, Standards, 35, 219 (1945).

T a b l e  IV
S t a t ic  V a p o r  P r e s s u r e  M e a s u r e m e n t s

Mole
fract.

C2HbOH
P , P,

mm. mm.
0° 25°

Mole
fract.

C 2H 5O H

P , P, 
mm. mm. 

0° 25°
.0000 13.03 49.29 0.5684 22.65 96.05
.0000 13.06 49.33 .7749 22.18 94.41
. 0000 A y . 13.04 49.31 ,9077 19.94 86.31
.0186 19.95 78.83 .9458 17.99 79.64
.1470 22.30 92.81 .9882 13.81 65.28
.2967 22.61 95.32 1.0000 11.96 59.01
.3795 22.68 95.83 1.0000 11.94 59.04

1.0000 Av. 11.95 59.02
T a b l e  V

E q u il ib r iu m -s t il l  M e a s u r e m e n t s
Liquid, mole Vapor, mole 

fract. C 2H 5O H  fract. C aH sO H P, mm. 104 A log P
25 0

0.0000 0,0000 49.3K 0
.0565 .4441 86.56 -  34
.1182 .4762 91.81 10
, 1700 .4910 93.57 4
.2748 .5073 95.22 1
.3773 .5153 95.85 2
.5416 .5285 96.14 6
.7225 .5501 95.25 6
.8511 .5994 91.49 27
.9603 .7471 75.71 -  70
.9757 .8023 70.41 -1 2 0

1.0000 1.0000 59.03a -  16
50 0

0.0000 0.0000 146.47 0
.0113 .2938 207.31 32
.0340 .4238 250.15 16
.0579 .4752 271.87 13
.1240 .5254 296.29 21
.3428 .5701 315.21 21
.5176 .5863 318.26 27
.5943 .5941 318.75 29
.6144 .5969 318.82 29
.7713 .6279 315.10 30
.8799 .6881 301.38 43
.9319 .7526 282.86 30
.9516 .7942 271.27 22
.9829 .9008 242.85 -  23

1.0000 1.0000 220.94 -  50
a Static measurements.

0, 25 and 50° with their values in parentheses:
13.04 (12.99), 49.31 (49.34) and 146.47 (146.51). 
Since the value quoted by Willingham, et al.t for 
0° represents an extrapolation from their lowest 
experimental point of nearly 25°, the agreement 
demonstrates the suitability of the Antoine equa­
tion used by them.

A comparison of the vapor pressures of ethanol 
at 0, 25 and 50° reported here with those of Merri­
man11 in parentheses: 11.95 (12.0), 59.02 (59.0) 
and 220.94 (222.2) shows a good agreement ex­
cept at 50°. Recorded values for the vapor pres­
sure at 50° range from 219.8 mm.16 to Merriman's

(16) W. R am say and S. Young, Phil. Trans. Roy. Soc. London,
A177, 123 (1886).
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222.2 mm. and the value given here is in reason­
able agreement with the one of Scatchard and 
Raymond,17 viz., 221.17 mm.

Discussion
The partial molal free energy equation for bi­

nary solutions
dTi dF2 n
dxi dxi

has been used extensively in the form of the Du- 
hem-Margules equation

d In PiXi —^—— dxi *+* #2
d In P 2 

dxi = 0

or substituting total pressure times the corre­
sponding mole fraction in the vapor phase Py and 
P  (1 —y) for the partial pressures, the equation 
becomes18

d In P  =  ^------ d In y,

where deviations from ideal behavior of the vapor 
phase are neglected. This equation was inte­
grated numerically, using our experimental values 
of mole fraction of ethanol in the liquid, x, and in 
the vapor, y. The differences A log P  between 
observed values of log P  and those resulting from 
the integration are given in Table V. These de­
viations are made up of the experimental error 
plus the correction for vapor imperfections. The 
latter correction is proportional to the vapor pres­
sure; a t the low pressures involved in this work it 
is comparable in magnitude to the contribution of 
experimental errors to the integral. Hence, no 
significant evaluation of the parameters in the 
equation of state of the vapor can be obtained from 
the listed values of A log P. The agreement be­
tween calculated and observed pressures is reason­
ably satisfactory, however, since only two values 
of A log P  exceed 0.005.

Liquid-vapor compositions at 0° given in Table 
VI were calculated from the data in Table V on 
the assumption of additive specific heats. Using 
the same assumption, the differences F — Fi =  FE 
and S  — Si =  S E as well as H M were computed, 
where FE and S E are the amounts of free energy 
and entropy above that of the ideal solution as in-

T a b l e  VI
C a l c u l a t e d  L i q u i d - V a p o r  E q u i l i b r i u m  a t  0 °

Mole fraction ethanol
Liquid Vapor Liquid Vapor
0 . 0 1 0 . 2 6 7 3 0 . 4 0 0 .4 4 9 1

.0 2 5 .3 6 2 6 .5 0 .4 5 2 7

. 0 5 .4 0 6 2 . 6 0 .4 5 9 2

.10 . 4 2 1 9 . 7 0 .4 6 9 8

.1 5 .4 2 9 1 . 8 0 .4 9 5 2

.2 0 .4 3 7 4 .9 0 .5 5 1 1

.30 .4 4 4 7 . 9 5 .6 2 0 6
Azeotrope .4 5 1

(17) G. Scatchard and C. L. Raymond, This Journal, 60, 3099 
(1938).

(18) W. K. Lewis and E. V. M urphree, ibid., 46, 1 (1924).

T a b l e  VII
S m o o t h e d V a l u e s  o f T h e r m o d y n a m i c F u n c t io n s

M ole fract. 
eth an o l

C a l . / M o l e  a t  2 5 °

2?E _TS® h m

0 . 0 5 9 3 2 8 6 5
. 1 1 5 9 5 3 1 0 6
. 2 2 5 0 1 0 0 1 5 0
. 3 3 0 7 1 3 8 1 6 9
.4 3 3 5 1 6 6 1 6 9
. 5 3 4 2 1 8 3 1 5 9
.6 3 2 5 1 8 3 1 4 2
.7 2 8 7 1 6 8 1 1 9
.8 2 2 5 1 3 8 8 7
. 9 1 3 6 8 7 4 9
. 9 5 7 6 4 9 2 7

dicated and IP 1 is the heat of mixing. They are 
shown in Table VII and Fig. 5. Detailed exposi-

Fig. 5.—Thermodynamic functions at 25°.

tion of the method is given by Scatchard.14 No 
correction was made for the imperfection of the 
vapor since it was found insignificant. The sys­
tem carbon tetrachloride-methanol14 shows a 
practically identical shape of curve for S E vs. x 
as well as negative values for TSE over the entire 
range. As pointed out, this must be due, in part 
at least, to the strong interaction of the two com­
ponents. The entropy of mixing was discussed 
recently by Wood19 a t some length and it was 
stated that the orientational distribution is the 
principal factor. The negative values of S E ob­
tained in this investigation, as well as those ob­
tained by Scatchard and co-workers for solutions 
of methanol in carbon tetrachloride and benzene,14 
would then be explained by increased orientation 
of the non-polar solvent molecules caused by the 
presence of alcohol molecules. Such an interaction 
is fairly plausible for carbon tetrachloride which 
contains chlorine atoms that can interact with the 
hydroxyl hydrogen, but it is somewhat surprising 
for the hydrocarbons, benzene and isooctane,

(19) S- E, Wood, / .  Chem. Phys., 15, 358 (1947),
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0  0 . 2  0 . 4  0 . 6  0 . 8  1 .0
Mole fraction of ethanol.

Fig. 6.—Logarithms of activity coefficients at 50°: 
circles, experimental values; curves, calculated from Van 
Laar equations.

Figure 6 shows the experimental activity coeffi­
cients a t 50° compared with curves calculated 
from the Van Laar equations20 fitted to the azeo­
tropic composition and pressure. The two-con­
stant Margules equations would give nearly iden­
tical curves since the terminal activity coefficients 
are nearly equal.20 The agreement is seen to be 
fairly close except below 0.1 mole fraction where

(20) H. C. Carlson and A. P. Colburn, Ind. Eng. Chem., 34, 581 
(1942).

the equations fail to reproduce the rapidly increas­
ing activity coefficient of ethanol. A better fit 
can be obtained only by using equations with more 
than two adjustable constants. However, the 
Van Laar equations would be useful in extending 
data on other hydrocarbon-alcohol systems, pro­
vided the peculiar behavior a t low alcohol concen­
trations were kept in mind.

Summary
Densities of ethanol, isoöctane and of isooc­

tane-ethanol solutions were measured at 0, 25 
and 50°. Equations giving the density of ethanol 
and isoöctane as a function of temperature are 
presented. The volume expansion on mixing in­
creases rapidly with temperature.

Static vapor pressures at 0 and 25° and liquid- 
vapor equilibria at 25 and 50° were determined. 
Good agreement was obtained between the two 
sets of measurements at 25°. Satisfactory agree­
ment was also obtained when calculating vapor 
pressures by means of the Duhem-Margules 
equation without corrections for imperfection of 
the vapor.

The excess thermodynamic functions FBf TSE 
and H™ were computed. Activity coefficients 
were calculated using the Van Laar equation and 
approximate reproduction of the experimental 
data were obtained.
P e o r i a  5 ,  I l l i n o i s  R e c e i v e d  N o v e m b e r  1 3 ,  1 9 4 7

[C o n t r ib u t io n  f r o m  t h e  T h o m p so n  L a b o r a t o r y  o f  t h e  P h il l ip s  E x e t e r  A c a d e m y ]

Melting Point Curves of Optical Isomers
B y  C h a r l e s  L. B ic k el  a n d  A l fr e d  T. P e a s l e e , J r . 1

The problem of the melting points of mixtures of 
optical isomers was placed on a sound theoretical 
basis by Roozeboom2 who showed that three types 
of melting point curves might be expected. Sev­
eral of the substances studied3 4 give the mixed- 
crystal curve predicted by Roozeboom, a continu­
ous curve joining the melting points of the two op­
tical isomers and a straight line in its simplest 
form. Most of the compounds investigated3*4*5 
give a curve with two minima and a maximum, in­
dicating the formation of a racemic compound. 
Ross and Somerville4 reported that pinene gave 
the third type of curve, characteristic of a simple 
mixture and consisting of two parts with a mini­
mum at the point of intersection. However, 
Timmermans6 stated that the “dextro” pinene 
used by Ross and Somerville was a mixture of the 
two isomers of a-pinene, so that these investigat-

(1) A senior in the  Phillips Exeter Academy during the school year, 
1947-1948.

(2) Roozeboom, Z. physik. Chem., 28, 494 (1899).
(3) Adriani, ibid., 33, 467 (1900).
(4) Ross and Somerville, J . Chem. Soc., 2770 (1926).
(5) Ross, ibid., 718 (1936).
(6) Timmermans, B ull, soc. chim., Belg., 39, 243 (1930).

ors were working with a ternary mixture and not 
with optical opposites.

The present study of the dextro and levo forms 
of /3-benzoylhydratropic acid indicates that these 
optical opposites give a simple mixture. The iden­
tity of the isomers appears to be definitely estab­
lished7*8*9 so that the question involved in the 
case of pinene should not be raised in this case.10 
The experimental data for the acids are presented 
graphically in Fig. 1.

This study has been extended to include the 
methyl esters of the above acids. Figure 2 indi­
cates that a racemic compound is formed. The 
behavior of the methyl esters therefore resem­
bles that of most of the acids and esters previ­
ously investigated.

(7) Bickel, This Journal, 60, 927 (1938).
(8) Kohler and Bickel, ibid., 63, 1531 (1941).
(9) Bickel, ibid., 68, 941 (1946).
(10) Since the submission of this manuscript the observations of 

Singh and Tewari [Proc. Indian Acad. Sci., 25A, 389 (1947) ] regard­
ing 3-nitro-^-toluidinomethylenecamphor have come to our attention. 
The d and l isomers of this substance appear to  form a simple mix­
ture, the melting point of the eutectic being only 1.8° below the 
melting point of each pure isomer.
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This investigation was assisted by a grant from 
the Cyrus M. Warren Fund of the American Acad­
emy of Arts and Sciences.

Experimental
A previous paper from this Laboratory7 adequately 

described the preparation of the dextro and levo forms of 
0-benzoylhydratropic acid as well as their methyl esters. 
Each of these compounds was repeatedly crystallized to 
ensure purity, the acids from acetone and the esters from 
a mixture of ether and petroleum ether. The racemic 
methyl ester, prepared directly from the hydrogen cyanide 
addition product of benzylideneacetophenone by the action 
of methanol and concentrated sulfuric acid, was purified 
by repeated crystallization from methanol.

Each sample, weighing one-half gram and weighed to 
the nearest half milligram, was placed in an 8 by 75 mm. 
Pyrex test-tube which was centered in a sulfuric acid- 
bath equipped with an efficient motor stirrer and heated by 
a small burner with chimney. A calibrated tenth-degree 
thermometer was used, all temperature readings being 
corrected for emergent stem. The temperature rise of 
the bath did not exceed one-tenth degree per minute in 
the region of the melting point of each sample.

Each sample was melted, allowed to solidify, remelted, 
solidified, and melted at least once more. The original 
melting points were disregarded in the case of the mix­
tures . The values for the melting points of each acid mix­
ture agreed to the nearest tenth degree; the tabulated 
values for the melting points of the ester mixtures are 
average values, the maximum deviation being one half 
degree for the mixture containing 90 per cent, of the 
dextro ester. There was no evidence of racemization 
or decomposition for either the acids or the esters.

The experimental data are collected below in tabular 
form.

-----------------Acids--------------- < .---------------Esters--------------
% Dextro® M. p. in °C. % Dextro& M. p. in °C.

100 182.1 100 50.3
90 177.8 97 49.2
80 173.3 95 48.8
70 167.1 90 75.7
60 160.2 85 85.9
56 157.3 80 92.5
53 155.5 70 99.7
50 153.9 60 104.3

55 105.4
50 106.0

° These mixtures were prepared from the dextro and
levo acids. The 50% mixture was also realized by using 
the inactive acid directly. 6 These mixtures were pre­
pared from the dextro and racemic esters. The 50% 
mixture was also prepared from the dextro and levo 
esters.

The hope of obtaining reliable freezing point curves11 
for these mixtures could not be realized because of marked 
supercooling of the melts. For example, a five-gram 
sample of the fifty per cent, acid mixture, melting at 
153.9°, showed an initial halt in the freezing point curve

Fig. 1.

Fig. 2.

at 134° and then at 139° when the experiment was re­
peated with the same sample. Moreover, the ester mix­
tures containing a high proportion of either dextro or levo 
ester remained liquid for several hours in some cases and 
for several days in others.

Summary
The melting point curve of the dextro and levo 

forms of jS-benzoylhydratropic acid indicates that 
these isomers give a simple mixture.

The methyl esters of these acids, however, form 
a racemic compound.
E x e t e r , N e w  H a m p s h ir e  R e c e iv e d  J a n u a r y  2, 1948(11) Bickel, This Journal, 68, 866 (1946).
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[Contribution  from the T ex as  G ulf Sulphur  Company, I n c . ]

The Surface Tension of Chloroform
B y R. F a n e l l i

The surface tension of chloroform has been de­
termined previously by numerous investigators 
using various methods. With few exceptions, the 
determined values fall on two straight lines which 
differ by less than one dyne per cm.1 as shown in 
Fig. 1,

With the exception of Akhamatov’s2 value, all

10 30 50 70
Temperature, °C.

Fig. 1.—Surface tension of chloroform determined by 
various investigators: O, Richards and Carver3 (capillary 
rise); A, Hennaut-Roland and Lek4 (capillary rise); 
X, Ramsay and Aston5 (capillary rise); 3 , Schiff6 (dif­
ferential capillary rise); V, Akhamatov2 (differential pres­
sure corresponding to differential capillary rise); O, 
Harkins, Clark and Roberts7 (drop weight); □, Tyler8 
(ripple); O, Addison9 (vibrating jet); ®, Whatmough10
(maximum bubble pressure, single capillary); / \ , Cupples11 
(maximum bubble pressure, single capillary); • ,  Fanelli 
(maximum bubble pressure, Sugden’s double capillary).

(1) Dr. Cupples discussed these data  in a recent article (11) but 
he was misled by plotting Richards and Carver’s data for 20° in­
correctly a t 25°. This was confirmed by a private communication 
trom Dr. Cupples.

Ramsay’s and Aston’s value of 19.98 dynes per cm. a t  77.6° is 
misprinted in the original paper. Recalculation of their data  gives 
the corrected value of 19.08 dynes per cm.

(2) A. Akhamatov, Kolloid Z ., 66, 266 (1934).
(3) T . W. Richards and E. K. Carver, This Journal, 43, 827 

(1921).
(4) Hennaut-Roland and M. Lek, Bull. soc. chem. Belg., 40, 177 

(1931).
(5) W. Ram say and E. Aston, Proc. Roy. Soc. (London), 56, 182 

(1894); Trans. Roy. Irish Acad., 32A, 93 (1902).

of the earlier data on the lower curve are due to 
Ramsay and Aston5 while the upper curve en­
compasses almost all other values save that of 
Tyler6 7 8 9 10 11 which obviously is too high. Because of 
the novel and less well established methods em­
ployed by Akhamatov and Tyler, their values 
may be justifiably disregarded.

Explanation of Ramsay and Aston’s low values 
probably lies in their failure to correct for the 
capillary rise in the wide tube (bore not given) and 
in other errors inherent in the method followed in 
1894. Ramsay and Shields12 using the same 
method and procedure (bore of wide tube, 1 cm.) 
and correcting for capillary rise in the wide tube 
in the case of water, obtained four values in the 
range 10 to 40°. They are 2.3 to 2.1 (av. 2.2) 
dynes per cm. too low, indicating that the method 
and procedure in that period tended to give low 
results. A correction factor for Ramsay and As­
ton’s values may be approximated by multiply­
ing the ratio of their chloroform value at 25° (25.7 
dynes per cm.) to Ramsay and Shield’s result for 
water a t 25° (69.9 dynes per cm.) by the above 
average, 2.2. This factor, 0.8 dyne per cm., is 
equivalent to the discrepancy shown by the curves 
in Fig. 1. Richards and Coombs13 14 using the capil­
lary rise method attribute the low values of the 
early investigators to failure to correct all factors 
which tend to give low results.

At the time Cupple’s paper appeared, Sug- 
den’s1415form of maximum bubble pressure appara­
tus employing two capillaries was being standard­
ized against chloroform. Therefore, the effect of 
saturating the inlet gas with chloroform vapor 
before entering the capillaries was determined.

Experimental
The apparatus and method of calculation employed have 

been described by Sugden.15 The bore of the fine capillary 
was close to 0.2 mm.; the wider capillary was 3.66 mm. 
A Meriam Micromanometer reading directly to 0.001 
in. (±0.001 in.) with water as the gage liquid measured 
pressure. Dried nitrogen gas forced through the capil­
laries was used for bubble formation. The bubble rate 
was varied between 60 per min. and 60 per 140 sec. In 
the main each result represents a different bubble rate. 
The constant temperature bath was kept well within 
0.1 ° of the operating temperature.

The instrument was calibrated against benzene at 20 
and 25°. Eastman Kodak Co. thiophene-free benzene,

(6) R. Schiff, A nn., 223, 47 (1884).
(7) W. D. Harkins, G. L. Clark and L. E. Roberts, This Journal, 

42,700 (1920).
(8) E. Tyler, Phil. Mag., [7] 31, 209 (1941).
(9) C. C. Addison, J . Chem. Soc., 535 (1943).
(10) W. H. W hatmough, Z. physik. Chem., 39, 129 (1901).
(11) H. L. Cupples, J . Phys. Chem., 50, 412 (1946).
(12) Ramsay and Shields, J . Chem. Soc., 63, 1089 (1893).
(13) T. W. Richards and L. B. Coombs, T his Journal, 37, 1656 

(1915).
(14) S. Sugden, J . Chem. Soc., 121, 858 (1922).
(15) S. Sugden, ibid., 125, 27 (1924).
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m. p. 5°, was fractionally distilled and the middle frac­
tion boiling close to 80° was used. Six determinations 
were made at varying bubble rates with an average de­
viation from the mean of less than one part in a thousand. 
Saturating the nitrogen gas with benzene vapor before 
entering the capillaries had no effect whatever on the 
values. Values given by the original unpurified benzene 
differed but slightly from those given by the purified 
product.

The chloroform used was prepared from the C. p. 
analyzed grade by washing with water, drying over calcium 
chloride, and finally fractionally distilling. The portion 
boiling close to 61 ° was used.

The surface tension values obtained at 25.0 ° using dried 
nitrogen were: 26.47, 26.49, 26.52, 26.57, 26.56, 26.54;
average 26.53 dynes per cm., average deviation from the 
mean <1/1000.

At 25.0°, using dried nitrogen saturated with chloro­
form vapor, the following values were obtained: 26.37, 
26.47, 26.47, 26.52; average 26.46 dynes per cm., average 
deviation, <3/2000.

The above values show that saturating the inlet gas with 
chloroform vapor has little effect upon the surface tension 
values obtained by using the dried gas alone in Sugden’s 
apparatus.

The values obtained at 20.0° using dried nitrogen were: 
27.20, 27.15, 27.16, 27.14, 27.17, 27.14; average, 27.16 
dynes per cm., average deviation, <1/1000. These

values are very close to Richards and Carver’s3 and with 
those obtained at 25° fall squarely on the upper curve.

Like benzene, the unpurified chloroform gave essentially 
the same values as the purified liquid. This confirms 
Sugden’s observation that the normal impurities in water 
and benzene have but slight effect on their respective 
surface tension values when the maximum bubble pressure 
method is used.

Summary
The surface tension of chloroform has been de­

termined at 20 and 25° using Sugden’s form of 
maximum bubble pressure apparatus. The val­
ues obtained check Richards and Carver’s3 results 
very closely.

Using Sugden’s apparatus, saturation of the 
inlet gas with chloroform vapor before entering 
the capillaries has very little effect on the surface 
tension values. This confirms Whatmough’s10 
observation, contrary to Cupples’ findings. The 
probable explanation for the low values of Ram­
say and Aston is reiterated.
7 5  E a s t  4 5 t h  S t r e e t
N ew  Y ork, N . Y. R eceived  May 15, 1947

[Contribution  from the D epartment of Chem istry , U n iv er sity  of M a n ito ba ]

The Systems Chromic Ammonium Sulfate-Ferric Ammonium Sulfate-Water and 
Chromic Ammonium Sulfate-Aluminum Ammonium Sulfate-W ater at 25°

B y  N orm an  O. S m ith  a n d  C h a r l e s  S . L e n n o x

In a summary of the results of a series of iso­
thermal investigations of ternary systems consist­
ing of pairs of isomorphous salts and water Hill, 
Durham and Ricci1 showed that the distribution 
of the salts between liquid and solid solutions 
obeys the semi-empirical relation

log Ri — log K  4- rn log Rs (1)
where Ri is the mole ratio of the salts in the liquid, 
Rs that in the coexisting solid solution, and m and 
K  are constants for a particular system. The 
distribution constant K  was shown to equal 
(Siyl/S2y ly /b, where Si and S2 are the aqueous 
molal solubilities of the component salts, yl and 
72 the respective mean ion activity coefficients 
at these concentrations, v the total number of ions 
per molecule of salt and & the number of ions per 
molecule of the ion which is being interchanged. 
Originally applied to alums and picromerites 
equation (1) has since been found to hold also for 
other isomorphous salt pairs.2 In the case of 
alums mf in general, is unity, implying that solid 
solutions of alums are ideal. Of the five alum 
pairs reported, however, the ferric ammonium- 
aluminum ammonium pair did not obey the above 
relation satisfactorily. I t was concluded1 that 
this was the result of experimental error, but at

(1) Hill, Durham and Ricci, This Journal, 62, 2723 (1940).
(2) See, for example, Ricci and Smiley, ibid., 66, 1011 (1944), and 

Simons and Ricci, ibid., 68, 2194 (1946).

the same time it was pointed out that this pair 
differed fundamentally from the other four in in­
volving an interchange of the trivalent instead of 
the univalent cation. In order to examine fur­
ther the effect of interchanging the trivalent cation 
the distribution studies of the present paper were 
undertaken.

Experimental
The technique employed was that of the previous alum 

studies: Complexes of known composition were made up 
in duplicate from the two alums and water in glass- 
stoppered test-tubes, glass marbles were added and the 
tubes rotated in a thermostat at 25 ±  0.03° for many 
weeks, at the end of which time both the liquid and solid 
phases were analyzed, the latter after being filtered from 
the liquid, centrifuged and air-dried for a few minutes. 
In the chromium-iron system two marbles were used but in 
the chromium-aluminum system one marble. In most 
cases the tubes contained about 35 g. of material but in 
regions of low chromium this was increased to 60 g. 
The members of each duplicate pair differed only in the 
order of addition of the components, one alum being dis­
solved in the water (by slight warming where necessary) 
before the other was added. In this way each point in 
the system was approached from two directions thereby 
establishing the attainment of equilibrium. The fact 
that a chrome alum was a component of both systems 
suggested that no less than three months of rotation 
would be required as it had been shown3 that well over two 
months of time is required merely to attain the simple 
solubility equilibrium of a chrome alum in water. It 
was found, however, that for the chromium-iron system 
only nine weeks gave agreement of the duplicates. In

(3) Hill, Smith and Ricci, ibid., 62, 858 (1940).
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T a b l e  I
S y s t e m  N H 4C r(S04)2“ N H 4F e (S 0 4 )2-~H20  a t  2 5 °

Complex, wt. % 
N H 4Cr- N H 4Fe- 
(SOd* (SOih

Liquid solution, wt. % 
N H 4Cr- NHiFe- 
(S04)2 (S04)2

Solid solution, wt. % 
N H 4Cr- N H 4Fe~ 
(S04)2 (S04)2

Log Ri 
(mean 
of A & 

B)

Log Rs 
(mean 
of A 
& B)

Log
(Ri/Rs)

1 0.000 0.000 31.20 0.000 55.17
2A i nnn X .  uuu 34.00 . 332 29,53 3.799 50.43

B 1.000 34.00 .332 29.56 3.778 50.49 1.943 1.181 0.762
3A 2.000 32.00 .743 28.76 8.019 47.16
B 2.000 32.00 .747 28.66 7.964 47.11 1.580 0.764 .816

) 4A 3.000 30.00 1.151 27.58 11.97 41.95
B 3.000 30.00 1.154 27.57 10.93 40.46 1.373 .550 .823

5A 5.000 28.00 1.785 25.64 17.07 37.56
B 5.000 28.00 1.790 25.60 17.45 36.84 1.150 .327 .823

6A 7.50 25.00 2.713 23.29 23.58 31.29
B 7.50 25.00 2.671 23.29 23.52 31.39 0.931 .118 .813

7A 9.00 19.00 4.555 19.03 33.26 21.36
B 9.00 19.00 4.537 19.00 33.51 19.00“ .615 -  .225 .840

8A 11.00 12.00 7.401 12.08 44.25 10.47
B 11.00 12.00 7.403 12.10 44.26 10.31 .207 -  .636 .843

9A 12.40 6.000 10.29 6.086 49.09 4.655
B 12.40 6.000 10.30 6.075 50.27 4.469 -  .235 -1 .0 4 3 .808

10 . . . . 0.000 13.66 0.000 54.81 0.000
a By algebraic extrapolation.

T a b l e  II
S y s t e m  NILCr(S04)2-NH4Al (S04)2-H 20  a t  25°

Complex, wt. % 
N H 4Cr- NHiAl- 
(S04)2 (S04)2

Liquid solution, wt. % 
N H 4Cr- NH4A1- 

(S04)2 (S04)2

Solid solution, wt. % 
N H 4Cr- N H 4A1- 

(S04)2 (S04)2

Log Ri 
(mean 
of A 
& B)

Log Rs 
(mean 
of A 
& B)

Log
(Ri/Rs)

1 0.000 0.000 6.15 0.00 52.31
2A 3.000 8.000 2.760 4.821 6.54 46.24

B 3.000 8.000 2.762 4.830 6.34 46.29 -0 .2 8 6 -0 .9 0 0 0.614
3A 6.000 5.500 5.389 3.333 15.13“ 37.87“

B 6.000 5.500 5.246 3.622 16.20 36.23 +  .141 -  .417 .558
4A 10.00 5.000 8.04 2.308 25.83 27.15

B 10.00 5.000 7.95 2.440 26.05 27.46 +  .484 -  .066 .550
5A 12.90 3.000 10.19 0.967 37.14 19.61 4- .979 -f .234 .745
6 A 17.00 2.000 11.94 .659 44.02 9.29

B 17.00 2.000 12.01 .560 43.96 8.69 +  1.249 -I- .646 .603
7 0.000 13.66 .000 54.81 0.00
a By algebraic extrapolation.

the chromium-aluminum system about three months 
of rotation was allowed.

Materials.—The aluminum ammonium and chromic 
ammonium alums were recrystallized Baker Analyzed 
chemicals and the ferric ammonium alum was recrystallized 
British Drug Houses Analar product. These three alums 
will henceforth be referred to as the aluminum, chrome 
and iron alums, respectively. The first-mentioned re­
tained its theoretical composition indefinitely; the other 
two effloresced slightly so that their analytical composition 
at the time of using was employed in calculating the com­
positions of the complexes.

Analysis.—In both systems the liquids and solids were 
analyzed for total ammonium and chromium. Ammo­
nium was determined by alkaline distillation in steam of 
the ammonia into excess boric acid and titration of the 
excess of the latter with standard hydrochloric acid.4 
Chromium was determined by oxidation with persulfate 
in the presence of silver nitrate, precipitation of silver 
with hydrochloric acid, addition of a measured excess of 
standard ferrous sulfate and titration of the excess of the 
latter with standard dichromate in the presence of phos­
phoric acid using barium diphenylamine sulfonate as in­

(4) Wagner, Ind. Eng. Chem., Anal. Ed., 12, 771 (1940).

ternal indicator. By preliminary trials these analytical 
methods were found to give an accuracy of better than 
0.2% even for low proportions of chromium.

Results and Discussion
Tables I and II give the analytical compositions 

of the liquid and solid phases for the chrome-iron 
and chrome-aluminum systems, respectively. In 
Table I the A data are for those tubes in which the 
chrome alum, and the B data the iron alum, was 
present as the initial solid phase. In Table II 
chrome alum was the initial solid for the A data 
and aluminum alum for the B data. The single 
solubilities of the alums are those of a previous 
paper.3

The agreement of the duplicates indicates satis­
factory approach to equilibrium. To test the con­
sistency of the analyses the per cent, of chromic 
ammonium sulfate in each solid was calculated by 
algebraic extrapolation from the compositions of
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the liquid and complex to the analytical water con­
tent of the solid and compared with the observed 
per cent. In the first system the average absolute 
deviation for all the tubes was only 0.48% and in 
the second 0.71%.

The plots of the data are shown in Figs. 1 and 2. 
I t  is seen that in both systems there is a complete 
series of solid solutions as found (with one excep­
tion5) in all previous alum studies. The points 
for the liquid lie on a smoother curve for the first 
than for the second system suggesting a less com­
plete attainment of equilibrium in the latter in 
spite of the longer period of rotation—the result, 
doubtless, of a less effective grinding of the solids 
during rotation (only one marble used).

H20

Fig. 1.—The system NH4Cr(S04)2-N H 4Fe(S04)2-H 20  at 
25°.

h 2o

Fig. 2.—The system NH4Cr(S04)2-NH4Al(S04)2-H20  at 
25°.

In order to test the applicability of the distribu­
tion relation (1) log Ri is plotted against log Rs in 
Fig. 3 from the values listed in Tables I and II.
These are the logarithms of the ratios, in liquid

(5) Hill and Kaplan, This Journal, 60, 550 (1938).

Fig. 3.— Distribution in alum systems: (1) NH,Fe-
(S04),-NH 4A1(S04)2-H 20 , (2) NH4Fe(S04)r-NH4Cr-
(S04)„-H20 , (3) NH4Cr(S04)2-N H 4Al(S04)2-H 20 .

and coexisting solid, respectively, of the molal 
concentration of the alum with the greater molal 
solubility to that of the alum with the lower. I t  is 
evident that the present systems, particularly the 
chrome-iron pair where more complete equi­
librium was attained, give, within the limits of 
experimental error, a linear relation between log 
Ri and log Rs and furthermore that the slope is 
unity. The data, therefore, obey equation (1) 
where m is unity, and the intercepts on the verti­
cal axis, namely, 0.82 for the chrome-iron and 0.59 
for the chrome-aluminum pair, should give the 
value of log K  defined earlier. Because of lack of 
data on activity coefficients of alums these inter­
cepts can, as yet, only be tested by the approxi­
mation1

K  -  ( S 1/ S 2y / 2b (2)
based on the observation that for bi-bivalent sul­
fates 7 ^  A +  B /V m over a limited concentra­
tion range, where jx is ionic strength, A is a very 
small constant and B a constant for most of the 
sulfates for which data were then available. I t  may 
be noted here that recent measurements in this 
Laboratory6 show that this is also nearly true for 
chromic potassium and chromic ammonium sul­
fates from V m =  0.9 to V m = 2.3. Similarly, 
available data on chromic,7 aluminum7 and in­
dium8 sulfates suggest that these too satisfy the 
relation approximately, except that B  is half as 
large. Thus the assumed applicability1 of the 
relation to higher valence types is to some extent 
confirmed. Calculation of log K  from (2) for the 
chrome-iron system gives 0.90 and for the chrome- 
aluminum system 0.68 in satisfactory agreement 
with the observed intercepts.

Another consequence of the linear relationships 
of Fig. 3 is that both systems can be assigned to 
Type I of the Roozeboom classification,9 for the 
slope of each line is unity.

(6) Smith, ibid., 69, 91 (1947).
(7) Robinson, ibid., 59, 84 (1937).
(8) Ilattox and DeVries, ibid., 58, 2126 (1936).
(9) Roozeboom, Z. p h y s i k .  C h e m . ,  8, 521 (1891).
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Included in Fig. 3 for purposes of comparison 
are the data of Hill and Kaplan5 for the ferric am­
monium-aluminum ammonium system. The sug­
gestion of Hill, Durham and Ricci that the distri­
bution in this system is also a linear one in spite of 
the fact that the points tend to lie on a curve is 
therefore further supported by the two analogous 
systems here reported.

The relation
log Ri =  constant +  log R8 (3)

thus found valid in all alum systems so far studied 
has been shown1 to have a theoretical basis as a 
special case of
log Ri =  log K  +  log ( /b/ / b0 — log (yb/ yb') +

log Rs (4)
where / b and / b' are the rational activity coeffi­
cients of the interchanging ions in the solid solu­
tion and 7b and 7b ' their practical activity coeffi­
cients in the coexisting liquid solution. To reduce 
this to (3) requires th a t / b / / b ' and 7 b / 7 b '  shall be 
constant at all points across the diagram and Hill, 
Durham and Ricci propose that in systems where 
m is unity both ratios are not only constant but 
unity. This assumption is, of course, necessary if 
the intercepts of Fig. 3 are to be identified with 
log K.

I t  is possible to raise an objection to the identi­
fication of the intercepts with log K  in the light of 
data of ref. 6 as applied to the chromic potassium- 
chromic ammonium alum pair.3 The values of 
the molal solubilities of these alums are 0.817 and
0.603, respectively, in which solutions the respec­
tive mean ion activity coefficients are 0.0358 and
0.0465. This gives log K  =  log (0.817 X 0.0358/
0.603 X 0.0465)4 — 0.07. The intercept on the 
log Ri vs. log Rs plot is given1 as 0.20 which equals 
the sum of the first three terms on the right side of 
(4). This means that log ( /k/ / nh.) -  log (yk/  
Ynh4) == 0.13, a finite constant for all proportions

of the two alums. I t  is very unlikely that as one 
passes across the diagram the ƒ and 7 ratios both 
alter in such a way that the difference of their 
logarithms is constant; it is more reasonable to 
suppose that they are both constant, but then both 
could not be unity. I t  is interesting to note that 
if / k / / nh 4 is regarded as unity then log (7 k /Y n h 4), 
becomes —0.13 which may be compared with that 
estimated as follows: The ratio of the mean ion 
activity coefficient of chromic potassium sulfate 
to that of chromic ammonium sulfate is reasonably 
constant (about 0.88) over the range of ionic 
strengths of the isotherm. If the activity coeffi­
cients of chromic and sulfate ions are assumed to 
be the same in solutions of single alums as they are 
in mixed alums of the same ionic strength then log 
(Yk /Y n h 4) should be given roughly by log (0.88)4 
= —0.22. On the other hand, the uncertainties 
involved in the evaluation of the activity coeffi­
cients of the alums may have combined to pro­
duce a large error in log K  thus invalidating the 
above argument.

Summary
1. The systems chromic ammonium sulfate- 

ferric ammonium sulfate-water and chromic am­
monium sun ate—aluminum ammonium sulfate- 
water have been investigated a t 250.

2. Both systems exhibit a complete series of 
solid solutions a t this temperature, and, as the 
distribution of the components follows the rela­
tion log Ri =  constant +  log RSy they are assigned 
to Type I of the Roozeboom classification. The 
values of the constant for each system compare 
favorably with the values estimated from the indi­
vidual solubilities of the component alums.

3. A possible objection is raised to the assump­
tion of a value of unity for the ratio of the activity 
coefficients of the interchanging ions in the liquid.
W in n i p e g , C a n a d a  R e c e iv e d  N o v e m b e r  12, 1947

[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y  o f  R u t g e r s  U n iv e r s it y ]

T h e  S y ste m  A m m onium  N itra te-A m m o n iu m  S u lfa m a te 1
B y  J a c k  H. T h e l in 2 a n d  P. A. v a n  d e r  M e u l e n

The present research represents the initial inves­
tigation of the phase equilibria in the reciprocal 
salt pair system sodium nitrate-ammonium sulfa- 
mate. This included the phase diagram of the 
binary system ammonium nitrate-ammonium 
sulfamate.

Ammonium nitrate is known to exist in five 
crystalline modifications. Early and Lowry3 have

(1) Based on a thesis subm itted by Jack H. Thelin to the graduate 
faculty  of Rutgers University in partial fullfillment of the require­
m ents for the degree of Doctor of Philosophy.

(2) Present address: American Cyanamid Co., Calco Chemical
Division, Bound Brook, N. J.

(3) R. G. Early and T. M. Lowry, J .  C h e m .  S oc . ,  115, 1387 (1919).

re-examined the transition temperatures of the 
various modifications and have summarized the 
results. Two of the transition points are of im­
portance in the present investigation. They are 
the transition temperatures of 125.2° at which the 
cubic changes to the tetragonal and 84.2° at which 
the tetragonal changes to the monoclinic modi­
fication. There are no published records concern­
ing possible polymorphism of ammonium sulfa­
mate.

Experimental Method
Purification of Materials.—Merck ammonium nitrate 

was crystallized twice from distilled water and dried under
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vacuum with phosphorus pentoxide at 40° with frequent 
grinding. Heating was found to be necessary to obtain 
the accepted freezing point of 169.6° as given by Early 
and Lowry.3 Samples dried for two months at room tem­
perature under vacuum with phosphorus pentoxide gave 
a freezing point of only 169.2°. In all experiments the 
ammonium nitrate used in this research had a freezing 
point of 169.5-169.6° (cor.).

The ammonium sulfamate was obtained from E. I. du 
Pont de Nemours and Company, Inc., Wilmington, Dela­
ware, and was their technical grade. It was recrystallized 
twice from distilled water with care taken not to heat above 
60°. An odor of ammonia was plainly noticeable at 80°. 
The freezing point obtained by us after two crystalliza­
tions from water and drying under vacuum with phos­
phorus pentoxide with intermittent heating to 100° on a 
water-bath was 132.9° (cor.). Gordon and Cupery4 
report a melting point of 131°. The purity was estab­
lished by reaction of the ammonium sulfamate with 
potassium nitrite to form the sulfate and subsequent 
determination as barium sulfate. Two determinations 
gave 28.17 and 28.15% sulfur (calcd. 28.07). Dilato- 
metric measurements using a high boiling kerosene frac­
tion as medium showed no transition within the tempera­
ture range of 47° and the melting point.

Apparatus Used.—The freezing point apparatus is 
shown in Fig. 1. The oil-bath consisted of a one-liter 
Griffin-type beaker filled with Nujol in which the jacketed 
freezing point tube was placed. The inner tube which 
held the melted salts was made from a small Pyrex test- 
tube (13 X 100 m m.). The platinum wire used to 
agitate the melt was driven by a suitable mechanism at 
120 strokes per minute. A loop of glass tubing through 
which water could be circulated was suspended in the oil- 
bath to aid cooling at temperatures below 100°. When 
the flame under the oil-bath was adjusted so that no 
variation of the oil-bath temperature was noted, the flow-

(4) W. E. Gordon and M. E. Cupery, I n d .  E n g .  Ch em .,  31, 1237 
(1939).

ing of a few milliliters of water through the coll lowered 
the temperature of the melt as little as 0.05° a minute. 
Such slow cooling was advantageous in treating melts 
which had a strong tendency to supercool.

The thermometers were graduated in fifths of a degree 
and were standardized against thermometers recently 
checked by the Bureau of Standards. Corrections for 
emergent stem were made.

Technique.—The salt charge of approximately 4 g. 
was weighed by difference, placed in the aluminum boat 
of the apparatus shown in Fig. 2, and dried under vacuum 
at 56 ° (boiling acetone) for one to two hours with phos­
phorus pentoxide. In this way any moisture absorbed 
while weighing was removed. After drying, the mixtures 
were quickly transferred to the freezing point tube and 
placed in the previous^ heated oil-bath.

Fig. 2.—Modified Abderhalden drying pistol.

The drying apparatus of Fig. 2 is a modification of the 
Abderhalden drying pistol. In the conventional type the 
vacuum pump connection, the phosphorus pentoxide 
bulb and the sample itself are all attached at the front of 
the apparatus. In the present modification the drying 
chamber is extended through to the rear and the vacuum 
connection and the phosphorus pentoxide bulb are attached 
at the back out of the way. The boat is fastened to the 
glass stopper by a short piece of glass rod.

The usual cooling rate was 0.2-0.4° per minute. Seed­
ing was accomplished by dipping a platinum wire into the 
melt at one-minute intervals and allowing the melt 
clinging to the tip to solidify. Enough of the melt 
adhered to the wire to ‘‘seed” the melt on the next trial. 
All recorded temperatures represent visual observation 
of initial crystal formation.

Experimental.—The data given in Table I 
were obtained as described under Experimental 
Method. Each recorded temperature repre­
sents a freshly prepared melt.

Figure 3 is a plot of the data with temperature 
as ordinates and composition as abscissas. The 
composition indicated by the intersection of the 
liquidus curves is 54.8% NH4S03NH2. Super­
cooling effects were observed, however, so that the 
eutectic temperature of 75.3° finally obtained with 
all mixtures is higher than the temperatures indi­
cated by the intersection of the two liquidus 
curves. This leaves the precise composition of the 
eutectic mixture in doubt to the extent of about 
1% of ammonium sulfamate. An enlarged plot 
of the curve gave 125.7° for the transition tem­
perature of NH4N 03(I) NH4N 03(XI). Early
and Lowry give 125.2° as the transition point for 
pure ammonium nitrate. Holmes and Re vinson3

(5) E. C. H olm es , Jr., a n d  D. R ev in son, T h i s  J o u r n a l , 66, 153 
(1941).



1798 Jack H« T helin and P. A. van der M eulen VoL 70

Fig. 3 .—Freezing point of m ixtu res of NH4SO3NH2 
and NH4NO3

report 126.2° from a reinvestigation of the system 
ammonium nitrate-sodium nitrate. Perman and 
Harrison6 report the transition temperature as 
122° from a study of the system lithium and am­
monium nitrates. The absence of the inversion 
point at 84.2° has been reported previously7 in a 
study of the solubility of ammonium nitrate in 
water.

Howells,8 on the basis of a study of the system
(6) E. P. Perman and W. R. Harrison, J .  Chem. Soc., 125, 1709 

(1924).
(7) A. Findlay, “ The Phase R ule,” Longmans, Green and Co., 

New York, N. Y., 1938, p. 174.
(8) W. J. Howells, J . Chem. Soc., 910 (1929).

T a b l e  I
F r e e z in g  P o in t s  o f  M ix t u r e s  o f  A m m o n iu m  N it r a t e

(A ) a n d  A m m o n iu m  S u l f a m a t e  (B )

Solid phase A

Solid phase B

% B F. p., Eutectic,
by weight °c. °C.

0 . 0 169.6
12.5 148.3
17.5 136.4
18.0 135.5
20.0 131.2
21.0 128.9
25.0 122.1
30.0 115.4
35.0 107.8
42.5 96.0
45.0 91.4 75.0
50.0 82.1 74.5
52.5 77.2 75.4
53.8 75.4 75.4
56.2 76.6 75.3
57.5 78.7 75.3
60.0 83.2
65.0 91.0
67.5 93.9
70.0 97.0
80.0 110.1
90 J 121.4

100.0 132.9
urea-ammonium nitrate also states that no inver­
sion point was obtained at 83°.

Summary
1. The freezing point of ammonium sulfamate 

is 132.9°.
2. Dilatometric measurements indicate that 

ammonium sulfamate exists in only one crystalline 
modification in the temperature range from 47° up 
to the melting point.

3. The binary system NH4NO3-NH4SO3NH2 
has a eutectic point a t 75.3° and ca. 54.8%  am­
monium sulfamate with NH4NO3 and NH4SO3NH2 
as the solid phases.

4. The transition from NH4N03(I) to NH4- 
NO*(II) takes place at 125.7°.
N e w  B r u n s w ic k , N . J. R e c e iv e d  J a n u a r y  19, 1948
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[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y  o f  R u t g e r s  U n iv e r s it y ]

The Systems Ammonium Sulfamate-Sodium Sulfamate and Sodium Sulfamate
Sodium Nitrate

B y  S t e p h e n  H . La n in g 1 and  P . A , v a n  d e r  M e u l e n

The present paper describes the binary systems 
ammonium sulfamate-sodium sulfamate and so­
dium sulfamate-sodium nitrate.

Preparation and Purification of Materials.— 
The method used in the purification of ammo­
nium sulfamate was described in the previous 
paper.

Merck sodium nitrate C. p . was crystallized 
twice from distilled water and dried under vacuum 
with phosphorus pentoxide.

Sodium sulfamate was prepared by the method 
described by Laning and van der Meulen.2

The Binary System Ammonium Sulfamate- 
Sodium Sulfamate.—Mixtures of weighed quan­
tities of the components were prepared and 
placed in the melting point apparatus described in 
the previous paper. They were melted and 
allowed to crystallize slowly. The initial freezing 
point was taken, and then the melt was slowly 
warmed and the temperature a t which the last 
crystals disappeared was also taken. In most 
cases the two temperatures were not more than a

T able  I
F reezing  P oints of M ix t u r e s  of A mmonium Sulfa­

mate (B) and  S odium  Sulfamate (C)
NaSOsNHg 

(C), % 
by w t \ p;

Eutectic point, Solid 
°C„ phase

0.0 132.85 B
5.0 128.80

10.0 124.75
15.0 120.70 118.7
16.2 119.80 118.8
16.8 119.20 118.8
17.0 119.0 118.8 B2Cs
17.5 121.0 118.8
18.0 122.9 118.8
20.0 130.2
25.0 144.7
30.0 157.9
35.0 168.5
40.0 177.0
50.0 193.0
60.0 204.4
65.0 209.0
70.0 212.3
72.5 212.9
73.0 212.6 C
75.0 215.0
77.5 218.0
80.0 221.5

100.0 250.5
(1) Based on a thesis submitted by Stephen H. Laning to the

graduate faculty of Rutgers University in partial fulfillment of the re­
quirements for the degree of Doctor of Philosophy.

(2) Laning and van der Meulen, This Journal, 69, 1828 (1947),,

half degree apart. The mean of the temperatures 
at which crystals were just formed and a t which 
the last crystal disappeared was taken as the freez­
ing point. This procedure was necessary because 
the high viscosity of most of the melts led to ex­
tensive supercooling and exceedingly slow crystal­
lization even when the melt was seeded.

The results of these determinations are given in 
Table I, and represented graphically in Fig. 1.

Fig* 1.—Freezing points of mixtures of NH4SO3NH2 and 
NaS03NH2.

The curve shows two eutectics. The lower oc­
curs at a composition of 16.95% sodium sulfamate, 
and a temperature of 118.8°. The solid phases at 
this point are ammonium sulfamate and a com­
pound 2NH4S03NH2-5NaS03NH2. The latter 
compound melts congruently a t 213 =*= 1°.
Since a t temperatures above 170° decomposition 
of ammonium sulfamate occurs, it was necessary to 
work rapidly, especially at temperatures above 
200° o An accurate determination of the upper 
eutectic point was not possible, but it lies near a 
temperature of 212° and a composition of 73.0% 
sodium sulfamate. From melts containing more 
sodium sulfamate, the solid which separates is 
pure sodium sulfamate.

The Binary System Sodium Sulfamate-So- 
dium Nitrate.—A preliminary investigation in­
dicated that only a limited range of composi­
tions could be studied. Mixtures containing
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less that 15% or more than 60% of sodium ni­
trate have melting points a t which decomposi­
tion is sufficiently rapid to prevent accurate 
determinations of melting points.

The melting points of mixtures in the range in 
which decomposition does not occur are given in 
Table II and are shown graphically in Fig. 2.

Weight per cent. N aN 03.
Fig. 2.—Freezing point of mixtures of NaS03NH2 and 

N aN 03.

From melts containing less than 28.5% sodium 
nitrate, the first crystals which separate are so­
dium sulfamate. The lower eutectic mixture con­
tains 28.5% sodium nitrate, and melts at 199°. 
The other eutectic mixture contains 43.4% so­
dium nitrate and melts a t a temperature of 205.0°. 
There is a compound NaSOsNH2*NaN03 with a 
melting point of 205.7C. I t  contains 41.68% so­
dium nitrate. From melts containing more than 
43.4% sodium nitrate, the first crystals which 
separate on cooling are sodium nitrate.

T a b l e  II
F reezing  P oints of M ix t u r e s  of S odium  S ulfamate 

(C) and  S odium  N itrate (D)
N aS03N H 2 F. p., Eutectic point, Solid

% (D) by wt. °C. °C. phase
0.0 250.0 c

15.0 226.5
20.0 219.0
25.0 208.3 198.3
27.5 202.5 198.8
30.0 201.6 199.0
33.3 203.8
35.0 204.7
40.0 205.3
41.65 205.7 CD
41.67 205.3
42.50 205.2
43.33 205.2 205.0
45.0 208.6 205.0 D
50.0 220.0
55.0 231.6
55.6 232.0
59.8 238.8

1 0 0 .0 307.5
Summary

1. Ammonium sulfamate and sodium su
mate form a compound, 2NK4S03NH2 5NaSOa~ 
NH2, which melts congruently at 213 =*= 1°.

2. The eutectic point between ammonium sul­
famate and the 2:5 compound is at 118.8° with a 
melt containing 16.95% sodium sulfamate; the 
eutectic point between sodium sulfamate and the 
2:5 compound is at a temperature near 212° with 
a melt containing 73.0% sodium sulfamate.

3. Sodium sulfamate and sodium nitrate form 
a compound NaS03NH2 NaN03 with a melting 
point of 205.7°.

4. The eutectic point between sodium sulfa­
mate and the 1:1 compound is at 199° with a melt 
containing 28.5% sodium nitrate; the eutectic 
point between sodium nitrate and the 1:1 com­
pound is a t 205° with a melt containing 43.4% so 
dium nitrate.
N ew  B runsw ick , N. J. R eceived  January  19, 1948
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[Contribution  from the R esearch Laboratory of the  G en era l  E lectric Co m pa ny ]

Dimethylgermanium Sulfide and Dimethylgermanium Oxide
B y E u g e n e  G. R o ch o w *

Organogermanium oxides of varying degree of 
complexity have been prepared,12-3 some of them 
closely analogous to the organosilicon condensa­
tion products prepared by Kipping.4 The ready 
availability of dimethylgermanium dichloride5 
suggests the preparation of dimethylgermanium 
oxide to determine whether it has polymeric forms 
and whether such forms resemble the correspond­
ing methylpolysiloxanes or silicones.

It also is of interest to note that aqueous solu­
tions of germanium dioxide and related inorganic 
compounds of germanium have been shown to 
stimulate the production of red blood cells in mam­
mals.6 New organogermanium oxides or related 
compounds may provide more suitable reagents 
for such studies.

Experimental
Preliminary.—Methyl silicones may be prepared by 

hydrolyzing the corresponding chlorosilanes, separating 
the water-insoluble methyl siloxane, and processing it to 
produce the desired polymer. It soon was found that the 
behavior of the germanium analogs was entirely different. 
Dimethylgermanium dichloride did not produce a water- 
repellent film on solids as does dimethyldichlorosilane7; 
instead it dissolved completely in 100 volumes of water. 
When this solution was evaporated to dryness, no residue 
was left. When the dimethylgermanium dichloride was 
hydrolyzed in dilute ammonium hydroxide and the re­
sulting clear solution was evaporated, only ammonium 
chloride remained. This behavior suggests either volatile 
hydrolysis products or a readily reversible reaction
(CH8)2GeCl2 +  2H20  (CH3)2Ge(OH)2 +  2HC1

4.44 g. of dimethylgermanium dichloride was refluxed 
with two equivalents (0.92 g.) of water for fifteen minutes 
and allowed to stand overnight. Samples of the aqueous 
layer then were withdrawn and titrated, and were found 
to be 3.19 N  to hydrochloric acid, showing that the 
reaction equilibrium was far to the left.

Other techniques of direct hydrolysis, including repeated 
extraction of the dichloride with small portions of cold 
water, produced some resinous products in poor yield but 
were ineffective in producing a pure dimethylgermanium 
oxide. A pure preparation was achieved only by conver­
sion of the sulfide.

Dimethylgermanium Sulfide.—When dimethylgerma­
nium dichloride was dissolved in 6 N  sulfuric acid and 
treated with hydrogen sulfide as in the determination of 
germanium,8 there was precipitated a waxy white solid

* Present address: Chemical Laboratories of Harvard University,
Cambridge, Mass.

(1) Orndorff, Tabern and Dennis, T h is  Journal, 49, 2512 (1927).
(2) Kraus and Brown, ibid., 52, 3690 (1930).
(3) Burschkies, Ber., 65, 956 (1932).
(4) See Morgan and Drew, J . C h e m . S o c . ,  127, 1760 (1925).
(5) Rochow, This Journal, 69, 1729 (1947).
(6) Beard, Myers, Baker and Rafferty, J . B io l .  Chem., 94, 71 

(1931), and J .  A m .  M e d .  Assn., 93, 1210 (1929); Hueper, A m .  J .  
M e d .  S c i . ,  181, 820 (1931); Parr, T r a n s .  III. A c a d .  S c i . ,  21, 194 
(1928) and U. S. Patent 1,909,070; Lenker, P e n n .  M e d .  J ., 26, 86 
(1922); Kast, Croll and Schmitz, J . L a b .  Clin. M e d . ,  7, 643 (1922); 
Harrold, Meek and McCord, I n d .  M e d . ,  23, 236 (1944).

(7) Patnode, U. S. Patent 2,306,222; Norton, Gen. E le c . R ev .,  47, 
No. 8, p. 6 (1944).

(8) Johnson and Dennis, T h is  J ournal, 47, 790 (1925).

which was soluble in acetone (which GeS2 is not) and in­
soluble in dilute ammonium hydroxide (which dissolves 
GeS2) . This precipitate was found to be dimethylgerma­
nium sulfide, (CH3)2GeS.

100 g. of dimethylgermanium dichloride was stirred 
with 1000 g. of water9 and treated with hydrogen sulfide 
over a period of several days. The precipitate was 
washed, dissolved in 100 ml. of warm alcohol, and re­
precipitated by the addition of four volumes of cold 
water.10 The mixture was chilled and saturated with 
hydrogen sulfide to prevent hydrolysis, and then filtered 
with suction. The crystals were washed on the filter 
with water containing hydrogen sulfide, and dried in a 
desiccator; yield, 73.4 g., or 94.5% of theoretical.

Anal. Calcd.: C, 17.83; H, 4.49; Ge, 53.9; S,
23.80. Found: C, 17.92, 17.77; H, 4.52, 4.46; Ge,
51.6, 52.011 12; S, 23.42, 24.07, 23.80.12

The dimethylgermanium sulfide so prepared 
crystallizes in flat plates which melt a t 55.5° and 
boil a t 302°. These have a peculiar pepper-and- 
onions odor, and hydrolyze very slowly in moist 
air to liberate hydrogen sulfide. Hydrolysis also 
is slow in boiling water, but more rapid in dilute 
acids or dilute solutions of hydrogen peroxide.

Dimethylgermanium Oxide.—The hydrolysis of dimeth­
ylgermanium sulfide in a 10% aqueous solution of hydrogen 
peroxide yields a clear water solution of methylgermanium 
oxides or hydroxides, from which resinous and crystalline 
substances may be obtained upon evaporation. If the 
original dimethylgermanium dichloride contained some 
methylgermanium trichloride, or if the treatment with 
hydrogen peroxide is sufficiently vigorous to oxidize a 
minor fraction of the methyl groups, there is obtained 
a sirupy mass which becomes resinous when chilled. The 
resin is soluble in hot water, in benzene, and in alcohol. 
Upon long standing, white crystals (presumably of hy­
droxide) slowly grow in the mass but dissolve upon re­
heating. A resinous sample which had an average of 
but 1.2 methyl groups per germanium atom by analysis 
did not crystallize on standing and was found to be 
infusible though slightly soluble in water.

The effect of hydrogen peroxide in accelerating the h y ­
drolysis of dimethylgermanium sulfide might be inter­
preted as the oxidation of a small amount of sulfide ion to 
sulfate, following by acid hydrolysis of the remainder of 
the organogermanium sulfide. If so, dilute sulfuric acid 
would be preferable to hydrogen peroxide as a hydrolytic

(9) Six normal sulfuric acid was used in the preliminary experi­
ments because the initial observation came out of attempts to analyze 
dimethylgerma,nium dichloride. Later experiments showed that 
the same crystalline sulfide is precipitated from a water solution or 
suspension of the dichloride. The products from water and 6 N  
H2SO4 had the same melting point and the same mixed melting point. 
Lacking an investigation of the crystal structure, it is not known 
whether the structural units are monomeric (CHs^GeS or some 
association of several monomeric units.

(10) Well-formed crystals may be obtained merely by cooling the 
alcohol, but better separation from residual chlorine is obtained by 
precipitating tiny crystals by the water dilution method.

(11) Germanium was determined by wet oxidation with fuming 
nitric acid and ammonium persulfate (T h is  J o u r n a l , 69, 1730, 
(1947)), but volatilization of GeO was encountered repeatedly at the 
beginning of ignition of the residues. Oxidation in a Parr bomb 
followed by precipitation of the germanium as GeS2 is being studied.

(12) Sulfur was determined by Dr. L. P. Pepkowitz, using a new 
method which he has developed for the analysis of microgram 
samples.
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medium for making a pure dimethylgermanium oxide 
because it has been shown that it does not affect the methyl 
groups. Accordingly, 7.63 g. of pure distilled (CH3)2GeS 
was refluxed with 20 ml. of water and 0.5 ml. of concen­
trated sulfuric acid for seven hours, or until there no 
longer was a rapid evolution of hydrogen sulfide. A 
solution of barium hydroxide then was added dropwise 
until the solution was just alkaline to phenolphthalein, 
and the barium sulfate was filtered off=13 The clear fil­
trated was evaporated under reduced pressure to a sirup. 
The remaining water was distilled off, along with some 
volatile dimethylgermanium oxide or hydroxide, in the 
range 100 to 105°, and then the boiling point rose rapidly 
to over 200° and a polymer of dimethylgermanium oxide 
distilled. The empirical composition was shown to cor­
respond to (CH3)2GeO.

Anal. Calcd.: C, 20.24; H, 5.10; Ge, 61.2.
Found: C, 20.34, 20.52; H, 5.25, 5.16; Ge, 60.96,
60.28.

The dimethylgermanium oxide so prepared 
melts a t 133.4°14 and boils a t 211°. I t  does not 
dissolve readily in water, benzene or cyclohexane. 
I t  dissolves in alcohol, and upon addition of water 
is not precipitated but reverts to the water-soluble 
form encountered during the preparation. Cryo- 
scopic determinations of the molecular weight of

(13) The weight of dried barium sulfate was slightly under the 
weight expected from the amount of sulfuric acid originally used, 
showing that there was no oxidation of sulfide to sulfate during the 
hydrolysis.

(14) Melted samples solidify to a glassy phase which then melts 
at about 125°.

the solid in cyclohexane were inconclusive, prob­
ably because of the very limited solubility of the 
substance. Camphor was found to be a good 
solvent, however, and determinations of molecular 
weight (found, 491; calcd. for (CHaJsGeO, 118.7) 
indicate that the substance is a tetramer.15 How­
ever, upon repeated melting of the camphor solu­
tions in sealed tubes the depression of the freezing- 
point was found to increase in a way that suggests 
an (as yet unknown) alteration of the polymeric 
state of the oxide.

Summary
1. The hydrolysis of dimethylgermanium di­

chloride is shown to be reversible to an extent 
which makes impractical the preparation of di­
methylgermanium oxide by the techniques used 
for preparing silicones.

2. Dimethylgermanium sulfide (m. p. 55.5°, 
b. p. 302°) has been prepared.

3. Dimethylgermanium oxide has been ob­
tained in a crystalline polymeric form (m. p. 
133.4°, b. p. 211°) by hydrolysis of the sulfide.

(15) Probably cyclic, see related tetramer of (CsEDaGeO in Mor­
gan and Drew, ref. 4.
R esearch  L aboratory  
G eneral  E lectric  Co.
Schenectady , N. Y. R eceived  N ovember  6, 1947

[Contribution  from the Chemical Corps T echnical Command]

Alcoholysis of Ethyl Phosphate. The Preparation of Mixed Ethyl Butyl Phosphates
By Walter H. C. Rueggeberg and Jacob Chernack

Examples of the alcoholysis of esters derived 
from inorganic acids are not nearly so plentiful in 
the chemical literature as are those of the organic 
acid esters. Recently, the alcoholysis of alkyl 
silicates was studied by Peppard, Brown and John­
son,1 who found that in some cases the alcoholysis 
of silicates proceeded without the addition of cata­
lysts to yield mixed silicic acid esters, while, in 
other instances, hydrogen chloride or silicon tetra­
chloride was needed to catalyze the reaction. A 
similar transalkylation reaction between butyl sili­
cate and ethyl silicate under the catalytic in­
fluence of aluminum chloride or the alkoxides of 
aluminum, antimony or magnesium was also 
found by these same authors2 to produce mixed 
alkyl silicates.

Morel and Friedel3 have shown that under the 
influence of sodium ethylate, a mixture of ethanol 
and phenyl phosphate will yield mixed ethyl 
phenyl phosphates as well as phenetole. The 
latter property of alkylation is an interesting fea­
ture in this reaction and has been extended by

(1) Peppard, Brown and Johnson, T h is Journal, 68, 73 (1946).
(2) Peppard, Brown and Johnson, i b i d . ,  68, 77 (1946).
(3) Morel and Friedel, C o m p t .  r e n d . ,  128, 507 (1899).

Noller and Dutton.4 Toy5 has found that methyl 
alkyl ethers can be prepared by refluxing a mixture 
of trimethyl phosphate and alcohols whose boiling 
points are greater than 160°. The residue prod­
ucts in this reaction are described by Toy to be 
alkali soluble mixtures of alkyl acid phosphates.

Thé reaction between 77-butanol and ethyl phos­
phate was studied in this Laboratory with the view 
of obtaining diethyl «-butyl and ethyl di-«-butyl 
phosphates. I t was observed that an equimolar 
mixture of ethyl phosphate and «-butanol would 
not undergo appreciable reaction even at tempera­
tures of about 160°. In the presence of small 
amounts of sodium butylate, however, alcoholysis 
proceeded rapidly at temperatures between 90 and 
120°. In Table I, it can be seen that the relative 
amounts of diethyl «-butyl phosphate and ethyl 
di-«-butyl phosphate depend upon the relative 
amounts of sodium butylate present in the reac­
tion mixture and also upon the mole ratio of 
ethyl phosphate to «-butanol. Some physical 
properties of the mixed esters are presented in 
Table II.

(4) Noller and Dutton, This Journal, 65, 424 (1933).
(5) Toy, i b i d . ,  66, 409 (1944).
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T able I
Alcoholysis and  E ther F ormation w ith  E thyl P hosphate

w-BuOH
Reagents, moles- 

Na EtaPO^' EtOH® Ether® >&
-------- Produc

w-BuOH
ts, moles-----

EtsP04 B uE t2P04 Bu2E tP 04
R esidue,

g.
1.0 0.03 0.5 0.18 0.02 0.81 0.32 0.12 12.3
1.0 .07 .5 .50 .06 0.51 .14 .19 0.06 24.1
1.0 .13 .5 .55 .08 0.37 .10 .16 .08 36 .9
2.0 .13 .5 .76 .11 1.09 .04 .12 .15
3.0 .13 .5 .77 .09 2.16 .02 .13 .15 43 .9
3.0 .2 2 .5 .90 .14 1.98 .01 .06 .12 . «

® The total ethanol-ether cut from the distillation was subjected to a separate analysis for per cent, alcohol using acetic 
anhydride and pyridine followed by titration for acid in the usual manner. b This is chiefly ethyl «-butyl ether, contain­
ing less than 2% of a material boiling between 33 and 35° which possesses the characteristics of ethyl ether.

T able II
Some P hysical Constants of M ixed  E thyl B utyl 

P hosphates
/----------- E t2BuP04«-------- —* ----------- EtB m PO i6,------——*

Vis- Vis-

T,
°C.

dT /4 ,
g./ml. no

cosity,
eenti-

stokes
d r /4 ,
g./m l. no

cosity,
centi-
stokes

9 .8 2.73 3.76
10.0 1.0380 1.4170 1.0112 1.4215
20.0 1.4131 1.4182
24.7 1.97
25.0 1.0243 0.9984 2.54
30.0 1.4091 1.4148
35.0 1.0151 1.61 0.9897 2.05

° Surface tension at 27.0° =  28.8 dynes/cm.; parachor, 
calcd. 480.7; found 476.3. b Surface tension at 29.2° — 
28.0 dynes /cm .; parachor, calcd. 560.7; found 553.4.

These reactions may be summarized by the 
equations
1. (C2H50 )3P O

(C2H50 )2P -► O +  C2H6— O— C4H9
+

c 4h 9o -
o -

— >  (C2H50 )2P o  +  c 2h 5o -

0-C4H9
| c ,h 9o -

o - c 4h 9

c2h „o —p  o  +  c ,h 5o ~ 

o ~c 4h 9

(C2H60 )3P -> o
+

/C H 2—CH2v 
<  >NH
x CH2--C H 2/

In addition to the products 2. 
of alcoholysis, there were ob­
tained other products which q, 
proved to be ethers of which 
ethyl «-butyl ether predomi­
nated.

The mole ratio of ether to 
mixed butyl esters formed 
(calculated as difference be­
tween moles butanol in prod­
ucts and residue and moles 
butanol originally used) is about 1 to 7. This 
indicates that sodium butylate acts catalytically 
in the alcoholysis but is destroyed through ether 
formation.

The alkylation of butylate ion by ethyl phos­
phate is in many respects similar to the alkylation 
of aromatic amines studied by Billman, Radike 
and Mundy.6 In order to establish the similarity 
between the alkylation of amines and of butylate 
ion, the reaction of an equimolar mixture of mor­
pholine and ethyl phosphate was investigated. 
I t  was found that upon heating an oily, non-vola­
tile substance, presumably an ammonium salt, 
was formed which upon hydrolysis with aqueous 
caustic yielded pure N-ethylmorpholine. Al­
though amidation of the phosphoric acid ester, 
similar to alcoholysis, was not detected, this re­
action may be of value in the de-alkylation of 
phosphoric acid esters.7

(6) Billman, Radike and M undy, T h is  J o u r n a l , 64, 2977 (1942).
(7) Similar work is being considered a t Cambridge University, 

England, and was learned by one of us (W IICR) through a personal 
communication with Prof. A. R. Todd of Cambridge.

(C2H50 )2P ■

O”
+ h 2o 

I OH-

t k :■CH,—CH. /H
2V)>n —c 2h 6 

C H ,/ r
(C2H60 )2P -*• o

o -
+<!c h 2

c h 2

- c h .
/ N — C2H5

-c h /

I t is obvious from reaction 1, above, th a t small 
amounts of diethyl as well as dibutyl ether are to 
be expected through further reaction of the ethyl­
ate and butylate ions on the phosphates, and in­
deed these substances are found»

Experimental
Alcoholysis of Ethyl Phosphate.—«-Butanol, clean 

metallic sodium and ethyl phosphate were placed in the 
kettle of an all-glass, fifteen-plate column still in the order 
indicated. The amounts of reagents used in each par­
ticular run are given in Table I. Ethyl phosphate was 
not added to the other components until all of the sodium 
had dissolved in the butanol. The complete reaction 
mixture was heated by means of a Glas-Col heating mantle . 
Boiling of the reagents occurred when the kettle tempera­
ture reached about 115°. The still head was set to con­
stant reflux until boiling and the reflux rate became 
steady. Then, a low boiling fraction (about 0.5 g ., 
« 20d  1.3655, probably diethyl ether) was removed. The 
fraction boiling from 36 to 93 0 was collected and found to  
be a mixture of ethanol and chiefly ethyl «-butyl ether, 
containing from 75-80% ethanol as found by acetylation 
with acetic anhydride. The refractive index of these 
cuts varied between « 20d  1.365 to 1.368 and the densities, 
d20i, from 0.780 to 0.788 g./m l. During the removal of 
this fraction, the kettle temperature rose slowly to 140°
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and on occasions the temperature was allowed to climb 
to 160° in order to remove all of this fraction at atmos­
pheric pressure.

The pressure was subsequently reduced to 50 to 60 mm. 
and «-butanol ( « 20d  1.390 to 1.398) was removed. After 
removing unreacted ethyl phosphate at pressures varying 
between 3 and 10 mm. of mercury (b. p. 66-69° at 3 to 
4 m m.; « 20d  1.404-1.4055), diethyl «-butyl phosphate 
(b. p . 82-87° at 3 to 4 mm.) and ethyl di-«-butyl phos­
phate (b. p. 95-96° at 3 to 4 mm.) were fractionated out 
of the reaction mixture.

Anal. Calcd.forC8H19P 0 4: P, 14.7; ATr SI.I.8 Found: 
P, 14.9; M r 51.5. Calcd. for C10H2aPO4; P, 13.0; 
M r  60.5. Found: P, 13.2; M r  59.8.8

The material balances in all runs including residues 
amounted to 97 to 99%.

Isolation of Ethyl «-Butyl Ether.—Fifty grams of the 
ethanol-ether fraction (b. p. 36-93°) was added to 180 
ml. of water. The upper layer, amounting to 8.9 g., was 
separated, dried over activated silica gel and distilled. 
The main fraction boiled at 90-93 ° and was found to have 
the following constants: d 204, 0.752; « 20d  1.3818; M r  
calcd., 31.6; found, 31.6.

Anal. Calcd. for C6HX40 :  C, 70.5; H, 13.8. Found: 
C, 70.6; H , 13.9.

Treatment of the ether with hydriodic acid yielded 
ethyl and «-butyl iodides.

Alkylation of Morpholine.—An equimolar mixture of 
morpholine and ethyl phosphate was charged to a round- 
bottomed flask equipped with a water-cooled reflux con­
denser. The mixture was heated hy means of a Glas-Col 
mantle and brought to 150° in fifteen to twenty minutes. 
At this temperature, vigorous refluxing took place due to 
heat of reaction, and the mixture changed from a water 
white to a reddish brown color. If too well insulated, 
the reaction temperature may rise to 190°. It was found, 
however, that by maintaining the reaction temperature 
between 157 and 159° good results can be obtained. The 
product was poured into 500 ml. of water and heated with

(8) T he molecular refractivities were calculated from th a t of
e thy l phosphate by adding the proper value for the required number
of m ethylene groups to th a t molecule..

10% excess (44 g.) of sodium hydroxide. The basic 
aqueous solution was charged to a still and the amine 
distilled with water as an azeotrope over the range 95- 
99.8°. The azeotropic distillate was saturated with po­
tassium carbonate whereupon the amine was salted out. 
After separating from the aqueous layer, the amine was 
dried over sodium sulfate, filtered and distilled; b. p. 
137-138°, d2\  0.919, « 20d  1.4418; yield 70%.

Anal. Calcd. for C6Hi3NO: C, 62.2; H, 11.4; N, 
12.2. Found: C, 62.3; H, 11.5; N, 11.9.

All physical constants given for known compounds 
agree satisfactorily with those previously published.

Acknowledgment.—The authors are indebted 
to Messrs. N. Beitsch, S. Sass and B. Zeffert of 
this Laboratory for having performed the neces­
sary analytical and physical determinations.

Summary
Sodium butylate behaves catalytically on a 

mixture of «-butanol and ethyl phosphate yielding 
diethyl «-butyl phosphate and ethyl di-«-butyl 
phosphate. This alcoholysis is accompanied by a 
side reaction which causes the alkylation of the 
butylate ion to ethyl «-butyl ether.

This behavior indicates that ethyl phosphate 
under the conditions employed behaves both as a 
true ester undergoing alcoholysis and as an alky­
lating agent. The degree to which each of the 
products of reaction is produced depends upon the 
concentration of sodium butylate as well as upon 
the mole ratio of «-butanol to ethyl phosphate.

The alkylation of morpholine to N-ethylmor- 
pholine by means of ethyl phosphate is also de­
scribed.
A r m y  C h e m ic a l  C e n t e r , M d .

R e c e iv e d  D e c e m b e r  15, 1947

[ C o n t r ib u t io n  f r o m  t h e  E sso  L a b o r a t o r ie s , C h e m ic a l  D iv is io n , S t a n d a r d  O il  D e v e l o p m e n t  C o m p a n y ]

Study of the Reaction of Buna Rubbers with Aliphatic Mercaptans1
B y  G. E. S e r n iu k , F. W. B a n e s  a n d  M. W. S w a n e y

Introduction
The relative proportion of 1,4- versus 1,2-addi- 

tion of diene units and the elucidation of the par­
tial structure of polymers and copolymers of buta­
diene have been investigated by various chemical 
and physical methods such as ozonolysis,2-5 per­
benzoic acid oxidation,6-7 potassium permanga­
nate oxidation,6 and infrared absorption.8 The

(1) T his paper was presented before the Division of Rubber 
C hem istry  a t  the American Chemical Society Meeting in Chicagos 
1946.

(2) H ill, Lewis and Simonsen, Trans. Faraday Soc., 35, 1067 
(1939).

(3) Yakubchik, Vasiliev and Zhabina, Rubber Chem. and Tech., 18, 
780 (1945).

(4) Alekseeva and Belitzkaya, ibid., 15, 693 (1942).
(5) R abjohn, Bryan, Inskeep, Johnson and Lawson, T his Jour» 

nal, 69, 314 (1947).
(6) Weidlein, Jr., Chem. Eng. News, 24, 772 (1946).
(7) Kolthoff, Lee and Mairs, J . Polymer Science, 2, 220 (1947).
(8) Rasmussen and B rattam , private communication.

work presented in this paper was undertaken in an 
attempt to obtain further information regarding 
the structure of butadiene polymers and copoly­
mers by studying the reaction of these polymers 
with aliphatic mercaptans.

The reaction of mercaptans with unsaturated 
compounds including natural and synthetic rub­
bers is not new. Posner,9 Gunnar, Axberg and 
Holmberg,10 Hoag and Eichwald,11 Kharasch, 
Read and Mayo,12 Jones and Reid,13 Cunneen,14 
and others have treated mercaptans with various 
types of unsaturated compounds. Holmberg15 
treated natural pale crepe rubber with thiogly-

(9) Posner, Ber., 38, 646 (1905).
(10) Gunnar, Axberg and Holmberg, ibid., 66B, 1193 (1933).
(11) Hoag and Eichwald, Rec. trav. chim., 58, 481 (1939).
(12) Kharasch, Read and Mayo, Chem. and Ind., 57, 752 (1938).
(13) Jones and Reid, This J o u r n a l , 60, 2452 (1938).
(14) Cunneen, J . Chem. Soc., 36, i34 (1947).
(15) Holmberg, Ber., 65, 1349 (1932).
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colic acid, and more recently, Kolthoff and co­
workers,16 and Marvel and co-workers17 studied 
the reaction of aliphatic mercaptans with buta­
diene polymers and copolymers in latex form.

From a preliminary study of the reaction of mer­
captans with model compounds it was found that 
ethylenic bonds in conjugated, vinyl, terminal 
butenyl, and in closed ring structures added mer­
captans readily, while internal, non-conjugated 
ethylenic bonds reacted at a relatively slower rate. 
Thioglycolic acid added to simple olefins more vig­
orously than «-aliphatic mercaptans. Since this 
paper was originally submitted, Cunneen14 re­
ported the reactions of unsaturated hydrocarbons 
and various thiols. An apparent order of reactiv­
ity was found to be cyclohexene >  dihydromyr- 
cene >  squalene >  rubber; and for the thiols, 
thioglycolic acid >  thiophenol ~  isopentanethiol. 
It is evident that the ease with which an ethylenic 
bond can add thiols is dependent, in part, upon the 
structural unit retaining the double bond.

It is quite probable that diene polymers contain 
several types of ethylenic bonds, but from ozonoly­
sis data2-5 it must be concluded that a major por­
tion of these bonds results from either 1,2- or 1,4- 
addition of butadiene units to the polymer chains. 
These two types of ethylenic bonds should exhibit 
different rates of mercaptan addition and the de­
termination of the proportion of mercaptan-re­
active units in the polymer chains should represent 
a measure of the per cent, of ethylenic bonds pres­
ent as side vinyl groups. Ethylenic bonds in 
structures formed by intramolecular cyclization 
reactions should likewise be mercaptan reactive. 
Obviously mercaptan addition reactions will not 
show complete selectivity for side vinyl groups but 
it is quite probable that mercaptan-reactive struc­
tures other than the side vinyl groups will repre­
sent only a very minor portion of the total un­
saturation of the butadiene polymers.

This paper records the reaction of thioglycolic 
acid and «-aliphatic mercaptans of C2 to Ci6 chain 
length with diene polymers, and the reaction of 
thioglycolic acid and a «-C12 mercaptan with model 
compounds» Polymer-mercaptan reactions were 
effected in solution, mass and in latex form at 
various temperatures, in the presence of air, or in 
the presence of additives which were evaluated as 
catalysts. The experimental data indicate a pro­
nounced difference in the rate and extent of mer­
captan addition by the various diene polymers, 
and the difference in rate and extent of addition 
has been utilized in estimating the relative pro­
portion of external and internal ethylenic bonds 
in the polymer chains.

Experimental
Materials

Polymers.—The polymers used in studying the polymer- 
mercaptan reactions were natural rubber, polyisoprene, 
polybutadiene, and copolymers of butadiene and acrylo­

(16) Kolthoff and co-workers, private communication.
(17) Marvel and co-workers, private communication.

nitrile, butadiene and styrene, and butadiene and alpha 
methyl para-methylstyrene. Both emulsion and sodium  
catalyzed polymers of butadiene were used, but in all 
other cases, emulsion polymers and copolymers were em ­
ployed. The emulsion polymers were prepared by the 
standard technique. The polymerization reactions were 
discontinued when 75% of the monomers were converted 
to polymer. The latices were freed of unconverted 
monomers by steam stripping under a pressure of 50-60  
mm. Polymers required for solution and mass reactions 
were obtained by coagulating the stripped latices with 
99% isopropyl alcohol, followed by water washing and 
drying at 175° F . N o attem pt was made to fractionate 
the resulting polymers, or to free them of any developed 
peroxide materials.

Mercaptans.— Mercaptans of C2 to  C4 chain length 
were obtained from Eastman Kodak and were used after 
distillation. Thioglycolic acid was first dried by removing 
the water as a benzene azeotrope before distilling under 
vacuum. Normal mercaptans of C8 to  Ci6 chain length  
were of research grade from the Connecticut Hard Rubber 
Company. These mercaptans were used directly without 
further purification. Sharpies 3B mercaptan was used 
after distillation.

Procedure.—A modification of the procedure used by  
Holmberg16 was used in effecting the reaction of various 
polymers with thioglycolic acid. A 5% solution of poly­
mer in benzene was placed in a flask and agitated while a 
calculated amount of dry thioglycolic acid was added 
slowly to the solution at room temperature. The re­
actants were allowed free access to  air throughout the 
course of the reaction. With butadiene polymers and co­
polymers the reaction was exothermic, and after a short 
time the solution became cloudy and an insoluble layer 
separated. The separated product was solubilized by the 
addition of «-hexanol and the reaction continued. 
Samples were withdrawn periodically for analysis. The 
polymer-thioglycolic acid reaction products were purified 
by water washing the benzene-« -hexanol solutions until 
no further test for free thioglycolic acid could be obtained 
by titration with 0.1 N  iodine solution. The solvents 
were then removed by heating the solutions on a steam - 
bath under high vacuum. The reaction products were 
further dried in a vacuum oven at 70 °. Sulfur analyses of 
the products were obtained by combustion in a Parr 
bomb.

Polymers in latex form were treated with mercaptans 
in 2 oz. and one quart glass reactors which were charged 
to varying levels and then agitated in a thermostated 
bath at 50° for varying periods of tim e. The amount of 
mercaptan employed corresponded to a 100% excess over 
the amount theoretically required for complete double 
bond saturation. Several conditions were employed 
wherein the free space of the reactors was flushed either 
with nitrogen, air, or pure oxygen; and the amount of 
persulfate in the systems was varied. The polym er- 
mercaptan reaction products were isolated from the 
emulsions by coagulating in an excess of 99% isopropyl 
alcohol. The products were thoroughly washed in fresh 
portions of alcohol and then dried in a vacuum oven at 70 °.

Mass reactions of dry polymers and mercaptans were 
carried out under essentially the same conditions em ­
ployed by Jones and R eid13 in their study of the reaction 
of mercaptans with unsaturated compounds. The dry 
polymer was dissolved in the desired mercaptan, two mols 
of mercaptan being used per mol of diene in the polymer. 
The solutions were agitated in a glass reactor, sealed from 
the atmosphere without displacing the air in the reactor, 
at 180-200° for varying periods of time. Samples of the 
reaction mixture were removed at intervals for purification 
and analysis. The polymer-mercaptan reaction products 
were isolated by coagulating the reaction mixture with a 
large volume of 99% isopropyl alcohol followed by re­
peated dissolution of the mass in petroleum ether and co­
agulation until the mixed solvents showed no trace of free 
mercaptan as determined by titration with 0.1 N  iodine 
solution. The purified reaction mass was stripped of 
solvents and moisture under vacuum at 80
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Calculations.—The calculation of the per cent. of 
double bonds saturated by a particular mercaptan is 
based on the sulfur content of the reaction product, 
molecular weight of the mercaptan, and the unsaturation 
value of the polymer expressed as Wijs number. It is 
assumed that the total sulfur of the reaction product 
minus the sulfur value of the original polymer represents 
the total sulfur introduced into the polymer by the addi­
tive fixation of the mercaptan. The percentage of 
double bonds saturated was calculated from the expression
% D .B . saturated ~

________ 2.54 X IQ6 (% Sa -  % Sp)________
[3200 — (% Sa — % Sp) (Mol. wt. RSH)]I2#

where
Sa — % Sulfur of the reaction product
Sp =  % Sulfur of the original polymer
I2p =  Wijs number of original polymer

Results and Discussion
Reactions of Mercaptans and Unsaturated 

Compounds.—In determining the relative re­
activities of various types of ethylenic bonds 
with aliphatic mercaptans, model compounds were 
employed which possessed either terminal or in­
ternal unsaturation. The results of these experi­
ments are given below and indicate that com­
pounds possessing terminal methylene groups or 
double bonds in closed ring structures add mer­
captans vigorously while internally located double 
bonds react very slowly with mercaptans.

Oleic acid (0.1 mole), free of linoleic and lino- 
lenic acids, and thioglycolic acid (0.1 mole) when 
combined in benzene (50 cc.) at room temperature 
did not produce an exothermic reaction. The 
product isolated from the reaction mixture after 
standing at room temperature for ten days with 
access to air, contained 6.60% S (calcd. for C2oH38- 
0 4S: S, 8.53%). By treating linoleic acid (0.1 
mole) and thioglycolic (0.2 mole) in the manner 
described above, a yield of 40.3 g. of adduct and 
unreacted linoleic acid was obtained after 29 days’ 
reaction time at room temperature (calcd. amount 
of adduct 46.44 g.). On the other hand, when 
one-tenth molar proportions of 10-undecylenic 
acid and thioglycolic acid were combined as above, 
a highly exothermic reaction resulted. The solid, 
crude product, isolated from the water-washed 
benzene solution, contained 12.36% S (calcd. for 
C13H240 4S: S, 11.58%).

Cyclohexene (0.1 mole), and thioglycolic acid 
(0.1 mole) also reacted exothermally in benzene in 
the presence of air. The product, after being 
water washed and dried under vacuum and un­
distilled, showed a sulfur content of 20% (calcd. 
for C8Hi40 2S: S, 18.4%). This reaction was de­
scribed by Cunneen.14

Molar proportions of 10-undecylenic acid and 
«-dodecyl mercaptan reacted exothermally in ben­
zene solution in the presence of air. This reaction 
was less vigorous than when thioglycolic acid was 
used. The solid reaction product after a single 
crystallization from benzene showed a sulfur con­
tent of 8.20% (calcd. for C23H460 2S: S, 8.30%).

Reaction of Polymers.—An emulsion copoly­
mer of butadiene and styrene, prepared from an

initial feed ratio of 78 parts of butadiene and 22 
parts of styrene by weight, reacted exothermally 
with thioglycolic acid after a few minutes of con­
tact. Reaction products isolated after 3, 25, 45, 
70 and 144 hours, showed 47, 42, 38, 43 and 42% 
double bond saturation values, respectively. 
These data indicate that the reaction is exceed­
ingly rapid and apparently reaches a saturation 
value corresponding to about 38-47% double bond 
saturation. Under the same conditions a copoly­
mer prepared from an initial feed of 74 parts of 
butadiene and 26 parts of acrylonitrile, and a 
polybutadiene prepared by sodium catalysis, re­
acted exothermally with thioglycolic acid and 
after twenty-five hours the products were isolated 
and showed 42 and 39% double bond saturation 
values, respectively. Natural smoked sheet, puri­
fied by acetone extraction, solution, and precipita­
tion showed no exothermic reaction with thiogly­
colic acid in benzene solution under the same con­
ditions. After one month the isolated product 
showed a sulfur content of 7.04% which corre­
sponds to 18.8% double bond saturation. Cun­
neen14 found but a slight reaction between natural 
rubber and thioglycolic acid under peroxidic con­
ditions and high vacuum. The above experiments 
emphasize a pronounced difference in the reaction 
rate between mercaptans and butadiene polymers 
and natural rubber. The difference in reaction 
rates is undoubtedly due to the presence of differ­
ent double bond structures in the respective poly­
mers.

The double bond saturation values obtained for 
butadiene polymers and natural rubber, treated 
in latex form with mercaptans, also indicate a pro­
nounced difference in the reaction rate and the ex­
tent of reaction. Emulsion polymer latices, con­
taining equivalent amounts of residual potassium 
persulfate catalyst, when sealed in reactor vessels 
with an excess of ethyl mercaptan in such a man­
ner that the vessel was flushed with nitrogen and 
mercaptan vapor, reacted with a definite and re­
producible amount of mercaptan. This addition 
proceeded rapidly during the first three to six 
hours of reaction time at 50°, and reached a limit­
ing value which was unique for the type of polymer 
being treated. These observations are illustrated 
by the data of Table I. It will be noted that poly­
mers and copolymers of butadiene showed a rela­
tively greater proportion of double bonds reacted 
than emulsion polyisoprene or natural rubber in 
air-free systems containing equivalent amounts of 
persulfate catalyst.

The effect of oxygen and peroxides on the rate 
and extent of ethyl mercaptan addition to Buna N 
polymers was followed by effecting the reactions in 
vessels charged to varying levels. The changed 
reactors were flushed with air prior to sealing. It 
will be noted from the results presented in Table 
II that when the reactors were completely filled, 
the amount of ethyl mercaptan which added to the 
polymer double bonds was the same as when oxy-
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T a b l e  I

R e a c t io n  o f  E t h y l  M e r c a p t a n  w it h  E m u l s io n  P o l y ­
m e r s  i n  A i r - F r e e  S y s t e m s

Reaction time, % double bond
Latex hrs. at 50° saturated

Buna-S 23 25
Sample A (l) 46 27
Sample B(2) 45 23

Buna-N (3) 2 9
6 12

48 12
Polybutadiene 3 10

19 13
65 14

Polyisoprene 3 3
47 4

Natural rubber 20 2
64 2

Weight per cent, monomers in polymerization charge:
(1) Butadiene, 78; styrene, 22
(2) Butadiene, 75; styrene, 25
(3) Butadiene, 72; acrylonitrile, 28.

gen had been flushed from the systems. How­
ever, when the amount of free air space of the re­
actors was increased, the amount of mercaptan re­
acting with the polymer also increased, apparently 
approaching a limiting value of 35-45% double 
bond saturation. This saturation value did not 
change appreciably as a result of a prolonged re­
action time, increased or decreased potassium per­
sulfate concentrations used in thê original poly­
merization charge, or by substituting «-propyl or 
«-butyl for ethyl mercaptan. Further, it was ob­
served that flushing the reactors with oxygen in-

T a b l e  I I

R e a c t io n  o f  B u n a  L a t ic e s  w it h  C2-C 4 M e r c a p t a n s  in  
t h e  P r e s e n c e  o f  A ir

Latex
Charging
volume® RSH

Reaction 
time, 

hrs. a t 
50°

%
double
bonds
satu­
rated

Buna-N5 20 Ethyl 20 39
Sample Ac 28 Ethyl 3 27

28 Ethyl 17 40
28 Ethyl 43 40
35 Ethyl 20 36
63 Ethyl 20 31
87 Ethyl 20 17

100 Ethyl 20 12
Sample Bd 28 Ethyl 20 40

100 Ethyl 20 13
Sample C® 28 Ethyl 20 40

100 Ethyl 20 12
Buna-S/ 30 Ethyl 48 45

30 «-Propyl 48 35
30 «-Butyl 48 41

® Per cent, of volume of 2-oz. reactor occupied by latex 
and mercaptan. 6 Monomer feed ratio, w t. %: butadiene,
74; acrylonitrile, 26. c Contained 0.30 parts K 2 S2 O8  

on monomers in charge. d Contained 0.15 parts K ^ O g  
on monomers in charge. ® Contained 0.60 parts K ^O g  
on monomers in charge. /  Monomer feed ratio, weight 
%i  butadiene, 75; styrene, 25,

stead of air, or the addition to the reaction charge 
of 0.05 part of benzoyl peroxide, based on the 
polymer, did not affect the extent of mercaptan 
addition to the polymer. These data indicate 
that the reaction of mercaptans with Buna rub­
bers in latex form is catalyzed by oxygen, and the 
extent of double bond saturation is of the same 
order of magnitude as was found when this poly­
mer reacted with thioglycolic acid.

The data presented in Table III relate to the C g  

to Ci6 chain length mercaptan saturation values 
for polybutadiene, butadiene-styrene, and buta- 
diene-a - methyl-p  - methylstyrene copolymers. 
The reactions were effected in mass at high tem­
peratures. The data do not include the reaction 
rates, but only summarize the values obtained dur­
ing reaction times in which reaction apparently 
ceased. Although it was observed that the rate of 
mercaptan addition varied, the final polymer 
double bond saturation values were of about the 
same order of magnitude. Sharpies 3B mercap­
tan gave rise to gel polymers of low sulfur content 
under the same reaction conditions.

T a b l e  I I I  

M a s s  R e a c t io n s

RSH
% Double bonds saturated 

A B
for polymer

C
«-C8 41 52
«-C10 44 . . 56
«-Ci2 47 42 42
n-Cu 35 42 36
n-Cn 40 41 48
3B Gelled Gelled

A, Polybutadiene. B, Butadiene, 50; styrene, 50; 
w t. % composition. G, Butadiene, 43.5; a-methyl-/?- 
methylstyrene, 63.5; w t. % composition. 3B, Sharpies 
3B (tertiary) mercaptan.

The selectivity of the mass reaction at elevated 
temperatures appears to be overcome when a con­
tinuous stream of air is passed through the re­
action mixture. Under such conditions 75% of 
the double bonds in a butadiene-styrene copoly­
mer were saturated by a normal mercaptan of C14 
chain length. The presence of volatile reaction 
products possessing an odor suggestive of alde­
hydes would indicate that under such drastic con­
ditions the polymer was degraded.

In further experiments polybutadiene reacted 
in mass with Lorol mercaptan in the presence 
of possible activating agents at various tempera­
tures in order to determine whether the time of the 
reaction could be decreased, and whether activat­
ing agents have any effect upon the selectivity of 
the reaction. Piperidine, zinc dibutyldithiocar- 
bamate, anthraquinone, benzoyl disulfide, sulfur, 
and benzoyl peroxide were evaluated in concen­
trations of 2 to 10%, based on the polymer, at tem­
peratures of 75 to 180° for varying periods of time. 
Piperidine and anthraquinone exhibited an acti­
vating effect, but the extent of polymer double 
bond saturation was unaltered.

Based on the partially known structure of buta­
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diene polymers and copolymers and upon the vast 
difference in the rate at which vinyl and internal 
ethylenic bonds add mercaptans, it would appear 
that the 38 to 47% of ethylenic bonds which added 
mercaptans readily are probably those derived 
from 1,2-addition of butadiene units to the poly­
mer chains, or those arising from 1,2-addition 
and intramolecular cyclization reactions.

The saturation values obtained by the reactions 
between various types of mercaptans and buta­
diene polymers are in fair agreement in spite of 
a wide range of reaction conditions.

If it is assumed that the polymer double bonds 
which added mercaptans readily are those present 
in side vinyl groups, then the mercaptan satura­
tion values found are in fair agreement with the 
value of 48% for a butadiene-styrene copolymer as 
determined by potassium permanganate oxida­
tion,6 and 34.5 and 42.8% as determined by ozo­
nolysis3 for a butadiene-styrene and a sodium 
catalyzed polybutadiene, respectively. The mer­
captan saturation values are not, however, in full 
agreement with those found by perbenzoic acid

oxidation whereby emulsion butadiene-styrene 
copolymers showed 1,2-values of 276 and 20-227 
per cent, while sodium catalyzed polybutadiene 
showed 587 per cent, side vinyl groups.

Summary
Thioglycolic acid added exothermally to buta­

diene polymers and copolymers in benzene solu­
tion under mild conditions to give apparent double 
bond saturation values of 38 to 47%. When the 
same polymers reacted with aliphatic mercap­
tans of C2 to Cie chain length, in mass or latex 
reactions, saturation values were obtained which 
were in accord with those found by thioglycolic 
acid addition.

It is suggested that the double bonds in buta­
diene polymers and copolymers which were readily 
saturated by the above mercaptans are predomi­
nately those present in the polymer chains as 
vinyl side groups.
E l iz a b e t h , N e w  J e r s e y  R e c e iv e d 18 D e c e m b e r  16, 1947

(18) Original manuscript received September 23, 1946.

[C o n t r ib u t io n  f r o m  t h e  C h a r l e s  F .  K e t t e r in g  F o u n d a t io n  f o r  t h e  S t u d y  o f  C h l o r o p h y l l  a n d  P h o t o s y n t h e s is , 
A n t io c h  C o l l e g e , a n d  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , T h e  O h io  S t a t e  U n iv e r s it y ]

Porphyrin Studies. V.1 The Metal Complex Salts of a,/3,Y,5-Tetraphenylporphine
B y  P a u l  R o th em und  a n d  A m e l  R . M e n o t t i 2 ’ 3

In the preceding paper of this series1 we re­
ported the synthesis of «,/3,7,5-tetraphenylpor- 
phine (hereafter to be abbreviated T.P.P.) on a 
preparative scale. Thus sufficient quantities of 
this porphyrin became available for the prepara­
tion and study of a large number of its metal com­
plex salts, fifteen of which have been obtained in 
the present investigation in crystalline form and 
five in solution only.

This is probably the largest number of metal 
complex salts ever prepared from any one porphy­
rin, and the work was undertaken with the aim of 
furnishing reliable material for physico-chemical 
studies on the structure of porphyrin metal com­
plexes, especially in connection with the study of 
chlorophyll. Spectropho tome trie measurements 
on the above-mentioned, series of compounds 
are in progress at the Charles F. Kettering Foun­
dation in order to determine possible correlations 
between absorption and fluorescence spectra; 
some of the findings have already been published.4

The metal complex salts described are the deriv­
atives of T.P.P. which shows the 4‘etio type”5

(1) Paper IV, T h is  J o u r n a l , 63, 267 (1941).
(2) From  the dissertation subm itted by Amel R . Menotti to  the 

Faculty  of the G raduate School of the Ohio S tate University in par­
tial fulfillment of the requirements for the degree of Doctor of Phil­
osophy, 1940.

(3) Present address: Bristol Laboratories, Inc., Syracuse 1,
New York.

(4) K norr and Albers, J . Chem. Phys., 9, 197 (1941).
(5) S tem  and Wenderléin, Z. physik. Chem., A170, 348 (1934).

spectrum and has its first absorption band in 
ether solution at 648 m/u Derivatives of isomers 
and of other polynuclear pyrrole pigments, by- 
products in the synthesis of T.P.P., will be de­
scribed in a separate publication.

In the preparation of these metal complexes 
three general methods were employed which are 
described in detail in the experimental part.

General Properties of the Metal Complex 
Salts.—All of the salts isolated were well- 
crystallized compounds of high surface luster. 
They showed selective absorption in the visible 
region of the spectrum and had melting points 
ranging from 400 to 520°. On heating from 400 to 
450° all but the manganese chloride and the gold 
salts sublimed. During this sublimation partial 
decomposition of the complex occurred.

The complexes varied markedly in stability. 
Thus, the potassium and one thallium complex de­
composed when dissolved in neutral solvents 
such as benzene and ether; the magnesium, mer­
cury, and lead complexes split when shaken with 
50% acetic acid. The zinc and silver complexes 
were stable to 50% acetic acid but decomposed 
slowly in hydrochloric acid solutions. In every 
case of these decomposition conditions the pres­
ence of free porphyrin in the solution was ascer­
tained. Thé iron chloride, manganese chloride, 
cobalt, nickel, copper, stannous chloride, and gold 
complexes were heated in the steam-bath with
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T a b l e  I
S o l u b il it y  o f  q',/3,y /L T e t r a p iie n y l p o r p h in e  M e t a l  C o m p l e x  S a l t s  

VS =  very soluble; S =  soluble; SS =  slightly soluble; VSS =  very slightly soluble; I =  insoluble; D —
Mg Zn Cd Hg Cu Ag Sn Pb MnCl FeCl Co Ni

Acetone S SS SS VSS VSS VSS I I s SS I I
Benzene S s VS SS SS s SS SS s s s SS
Chloroform VS VS VS vs s s v s s v s v s s s
Ether S s s VSS SS SS I I s VSS SS VSS
Ethyl acetate S SS SS I SS SS I VSS s SS SS I
Glacial acetic acid D VSS D D VSS I I D s VSS SS I
Methanol I VSS VSS I I I I I v s SS I I
Petroleum ether I I I I I I I I SS I I I .
Pyridine VS v s v s v s S s s s v s v s s S S

concentrated hydrochloric acid for hours without 
any sign of decomposition.

The complexes of lithium, sodium, potassium, 
rubidium and cesium decomposed rapidly when 
their solutions were exposed to strong light; the 
magnesium and thallium (stabile compound) com­
plexes showed spectrum shifts under these condi­
tions. Solutions of the magnesium salt first 
showed a decrease in the intensity of the absorp­
tion band in the red and then decomposed to a 
solution without porphyrin spectrum on further 
exposure. The solubility data of the complex 
salts are given in Table I.

Upon heating of magnesium phthalocyanin with 
commercial tetralin Helberger6 observed a new 
case of chemiluminescence, and demonstrated 
that a number of metal complex salts of different 
types of porphyrin pigments exhibit this lumi­
nescence reaction. Later Helberger and Hevér7 
studied the mechanism of the reaction in detail 
and ascertained that the presence of tetralin per­
oxide in commercial tetralin was responsible for 
the positive result; with other solvents these 
authors arrived at similar findings and rendered it 
highly probable that in every case impurities of 
peroxide types are present in the solvent. It is to 
be hoped that they will succeed in elucidating the 
conditions for this reaction, which may be of great 
interest in the field of photosynthesis research. 
From this point of view it seems desirable to test 
all new porphyrin metal complex salts under the 
conditions of Helberger ?s chemiluminescence re­
action and give the results as additional charac­
teristics of the compounds discussed. Of the com­
plex salts described above, the magnesium, zinc, 
and cadmium salts were tested thus far. Each of 
them exhibited bright red chemiluminescence 
when heated above 125° in tetralin, xylene, p-cy- 
mene, or bromocyclohexane. When freshly dis­
tilled tetralin was employed, only a faint glow of 
short duration was obtained. On adding to the 
hot solution a few drops of tetralin which had been 
standing for some time, however, the bright red 
glow reappeared.

Experimental
General Remarks.—Three methods of preparation of 

the metal complex salts were used; they will be referred
(6) Helberger, Naturwiss., 26, 316 (1938).
(7) Helberger and Hevér, Ber., 72, 11 (1939).

decomposes 
T1

I
VSS 
VSS 
I 
I 
I 
I 
I
VSS

to in the following text by number, and only quantities 
of reagents and variants from the general procedure will 
be indicated specially.

Method 1 (Acid M edium ).— The porphyrin solution 
in acetic (or formic) acid was heated under reflux with the 
acetate of the metal. In the preparation of the silver 
complex the di-silver salt was formed under these condi­
tions; the mono-silver complex was obtained by adding 
a chloroform solution of the porphyrin to the solution of 
silver acetate in glacial acetic acid and heating under 
reflux. This variant was also useful in those cases where 
the slight solubility of the porphyrin in glacial acetic 
acid alone would have required large quantities of solvent. 
The reaction mixture was examined spectroscopically from 
time to tim e; after completion of the reaction the solution 
was concentrated to a small volume and the crystalline 
product removed by filtration after cooling.

Method 2 (Weakly Alkaline M edium ).— The metal 
salt was added to the hot solution of the porphyrin in 
pyridine; the reaction mixture was heated until conversion 
was complete and concentrated under reduced pressure on 
a steam-bath to obtain the crystalline product. Thallium  
yielded two complexes, one relatively labile one directly, 
and a stabile one when hydrogen peroxide had been added 
to the reaction mixture.

Method 3 (Strongly Alkaline M edium ).— To a por­
phyrin solution in pyridine the required metal salt and 
40% methanolic potassium hydroxide were added.

The acetates of the metals gave the best results in 
forming the complex salts. Gold chloride (AuCl3) and 
tin chloride (SnCl2) were used for the preparation of the 
gold and tin complex salts, respectively. It was best to  
obtain complete conversion of the free porphyrin into the 
complex metal salt before attempting to isolate the prod­
uct. The separation of any free porphyrin remaining as 
an impurity was usually difficult. This point of complete 
conversion could be ascertained by diluting a few drops of 
the reaction mixture with ether (acetic acid present was 
removed with water) and examining the ether solution 
spectroscopically for the bands of free T .P .P . In case 
of their presence the solution had to be refluxed longer, 
occasionally with the addition of more inorganic salt. In  
Method 1 above it was sometimes necessary to  distil off 
the chloroform and to reflux the remaining acetic acid solu­
tion to  obtain complete conversion. In the preparation 
of the cadmium, lead and thallium complexes a small 
amount of free T .P .P . always remained in the pyridine 
mother liquid; however, since these complexes were in ­
soluble in pyridine and crystallized out while the free 
porphyrin was quite soluble, a good separation was ob­
tained.

Copper Complex Salt. Preparation, (a) M ethod 1.—  
T .P .P .,8 50 ml. of chloroform, 200 mg. of copper acetate 
in 50 ml. of glacial acetic acid; yield, quantitative. 
Recrystallized by extraction from Soxhlet thimble with  
benzene.

Elimination of Copper from the Complex.—The crystals 
were moistened with water, and phosphorus pentachloride

(8) 500 mg. T .P .P . was used in each experiment, except where 
a different am ount is mentioned.
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T a b l e  II  

A n a l y s e s , %

F orm u la
M ol.

w eigh t c H
------- c

N
alculated  

Cl O M eta l Py® c H
------F01

N
Lind------

Cl M eta l

C44H2SN4C11 6 7 6 . 2 6 7 8 . 1 2 4 . 1 8 8 . 2 9 9 . 4 1 7 8 . 1 4 . 4 8 . 5 9 . 2
C 44H 2 9 N 4A g 7 2 1 . 5 8 7 3 . 2 3 4 . 0 5 7.77 1 4 . 9 5 7 3 . 6 3 . 7 7 . 9 1 4 . 8

C „H *,N *A g » 8 2 8 . 4 5 6 3 . 7 9 3 . 4 1 6 , 7 6 2 6 . 0 4 6 3 . 5 3 . 5 6 . 7 2 5 . 3
C 4 4H 28N 4AU 2C I4 1 1 4 8 . 9 2 4 5 . 9 9 2 . 4 5 4 . 8 9 1 2 . 3 4 3 4 . 3 3 4 6 . 4 2 . 5 4 . 9 1 2 . 8 3 4 . 0
C44H28N 4M g 6 3 7 . 0 1 8 2 . 9 4 4 . 4 3 8 . 8 0 3 . 8 3 8 0 . 4 4 . 4 8 . 6 3 . 8
C 44H 30N 4M g O 6 5 5 . 0 3 8 0 . 6 7 4 . 6 2 8 . 5 6 2 . 4 4 3 . 7 1 8 0 . 4 4 . 4 8 . 6 3 . 8
C 44H28H4Z n 6 7 8 . 0 7 7 7 . 9 3 4 . 1 6 8 . 2 7 8 . 6 4 77 .7 4 . 3 8 . 4 1 0 . 0
C 44H 28C d P y 8 0 4 . 1 8 7 3 . 1 8 4 . 0 8 . 7 1 1 3 . 9 8 9 . 8 5 7 2 . 9 4 . 0 8 . 6
C 44H 28N 4C d 7 2 5 . 1 0 7 2 . 8 8 3 . 8 9 7 . 7 3 1 5 . 5 0 7 2 . 9 3 . 9 7 . 8
C 44 H 28N 4H g 8 1 3 . 3 0 6 4 . 9 7 3 . 4 7 6 . 8 9 2 4 . 6 7 6 4 . 9 3 . 5 7 . 0 2 4 . 0
C44H2SN4T1 8 1 7 . 0 8 6 4 . 6 7 3 . 4 5 6 . 8 6 2 5 . 0 2 6 4 . 0 3 . 7 6 . 3 2 1 . 0
C 44H28N4SnCl2 8 0 2 . 3 0 6 5 . 8 6 3 . 5 2 6 . 9 8 8 . 8 4 1 4 . 8 0 6 5 . 5 3 . 6 7 . 0 1 0 . 0
C 44H 2sN 4P b P y 8 9 9 . 0 0 6 5 . 4 6 3 . 7 0 7 . 7 9 2 3 . 0 5 6 5 . 3 3 . 6 7 . 5 2 2 . 3
C 44H 2sN 4M n C l 7 0 3 . 0 8 7 5 . 1 6 4 . 0 1 7 . 9 7 5 . 0 5 7 . 8 2 7 5 . 0 4 . 0 8 . 1 5 . 0 7 . 9
C 44H 28 N 4F e C l 7 0 3 . 9 9 7 5 . 0 6 7 . 0 1 7 . 9 6 5 . 0 4 7 . 9 3 7 5 . 1 4 . 1 8 . 0 5 . 1 7 . 8
C 44H 28N 4C o 6 7 1 . 6 3 7 8 . 6 8 4 . 2 0 8 . 3 4 8 . 7 8 7 8 . 7 4 . 2 8 . 3 8 . 6
C 44H !8N 4N i 6 7 1 . 3 8 7 8 . 7 1 3 . 2 0 8 . 3 5 8 . 7 4 7 8 . 9 4 . 5 8 . 3 8 . 7

Py

9 .6

® Pyridine.

was added until further addition caused no reaction. The 
solution was then poured into ether and neutralized with 
sodium carbonate solution. The ether layer contained
the free porphyrin.

(b) From Formic Acid Solution.— Constant boiling 
formic acid, approximately 90% HCOOH, is a good sol­
vent for the free porphyrin „ From this solution a complex 
copper salt of the porphyrin could be obtained which dif­
fered from that prepared above, Method 1, in that it 
possessed an additional intense absorption band at 651.8. 
T .P .P . 8  was dissolved in 200 ml. of 90% formic acid, 400 
m g. of copper acetate was added and the whole refluxed 
on a steam-bath for one hour. At the end of this time con­
version was complete and the yield was quantitative. 
The analysis of this material, recrystallized from benzene, 
was identical with that of the copper complex salt pre­
pared under (a).

Mono Silver Complex Salt. Preparation, Method 1.—
T .P .P . , 8  50 ml. of chloroform, 500 mg. of silver acetate, 
50 ml. of glacial acetic acid. For analysis the material 
was recrystallized twice from benzene.

D i Silver Complex Salt.—A silver complex salt contain­
ing two atoms of silver in the molecule was obtained 
from glacial acetic acid solutions with silver acetate. Five 
hundred ml. of glacial acetic acid containing 150 mg. of the 
porphyrin was refluxed with 150 mg. of silver acetate for 
one-half hour; yield, 90 mg. blue violet crystals on cooling.

Gold Complex Salt. Preparation, Method 1.—Two 
hundred mg. of porphyrin, 50 ml. of chloroform, 200 mg. 
of gold chloride, 1 g. of sodium acetate, 50 ml. of glacial 
acetic acid. The chloroform was distilled off and the 
solution refluxed fifteen minutes, cooled and filtered. 
Three hundred mg. of blue crystals was obtained. They 
were recrystallized by extracting from a Soxhlet thimble 
with a mixture of 20 ml. of chloroform and 50 ml. of 
benzene; yield, 2 0 0  mg. blue-red crystals.

Magnesium Complex Salt, “ P h y llin /’ Preparation, 
M ethod 3.—A sealing tube similar to that employed in 
the synthesis of the porphyrin1 was filled with the follow­
ing: 300 mg. of T .P .P . in 25 ml. of hot pyridine, 500 mg. 
of magnesium acetate, 60 ml, of 40% methanolic potas­
sium hydroxide. The air in the tube was displaced by 
nitrogen to render sealing safer, and the sealed tube was 
supported in a large Carius furnace. For this experiment 
the furnace was tilted at an angle of 30 ° or more to prevent 
the porphyrin from creeping into the upper part of the 
tube not bathed in liquid. The furnace was left at 170° 
for sixteen hours, then the contents of the cooled tube 
were poured into approximately 1 0 0  g. of ice made from 
distilled water. When the ice had melted, the crystalline

precipitate was filtered off, washed with water, and the 
crystals dried by suction. This dried material was then 
recrystallized by extracting from a thimble with 20-30  
ml. of ether. The “ phyllin,? was very photolabile; 
the reaction mixture or solutions of the “ phyllin” should 
not be exposed to light. The reaction tube was wrapped 
in towelling on removing from the furnace and the extrac­
tion apparatus for recrystallizing was wrapped in black 
paper, or better still, the extraction was carried on in a dark 
room. Solutions of the “ phylliiL* could be exposed for 
brief periods to diffuse light but a half hour exposure to  
daylight, not direct sunlight, caused a visible decrease in 
the intensity of the absorption band at 624.4 mju. On 
exposing dilute ether solutions of the “phyllin” to day­
light, northern exposure, the first visible change was a de­
crease in the intensity of the absorption band at 624.4 m/x. 
After two hours this band had usually disappeared com­
pletely. During this time the other absorption bands 
remained visibly unchanged. On further exposure the 
e ‘phyllin slowly decomposed to yield a pale yellow ether 
solution. Analysis of different batches of the “ p h y llin /* 
prepared as described above, consistently yielded low 
values for carbon. Assuming hydrolytic cleavage of 
one bond from magnesium to nitrogen during the precipi­
tation with ice of the “ phyllin * * from the reaction mixture 
and calculating for one hydroxyl group in the molecule, 
the analysis compares with the new theory as shown in 
Table II.

Zinc Complex Salt. Preparation, Method 1.—T .P .P . , 8  

50 ml. of chloroform, 250 mg. of zinc acetate, and 250 
ml. of glacial acetic acid were refluxed for one hour on the 
steam-bath, and quantitative yield was obtained; the sub­
stance was recrystallized by extracting from a Soxhlet 
thimble with a mixture of 40 ml. of ether and 20 ml. 
of methanol.

Cadmium Complex Salt. Preparation, Method 2 .— 
One gram of T .P .P . in 100 ml. of hot pyridine, 800 mg. of 
cadmium acetate, and 40 ml. of 40% methanolic potassium  
hydroxide were refluxed for two hours on the steam-bath. 
To this hot solution 240 ml. of hot water was added, and 
the contents allowed to cool; yield, 1.5 g. of very fine 
crystals which were washed several times with 2 -nil. 
portions of cold water, dried and extracted from a Soxhlet 
thimble with 100 ml. of pure ether. For analysis the 
material was recrystallized once from ether and dried 
overnight in a phosphorus pentoxide desiccator; it con­
tained 1 mole of pyridine of crystallization. When dried 
at 175° for eighteen hours to constant weight in a Pregl 
block, the substance lost 9.6% , corresponding to  the 
pyridine value (see Table I I ) .
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T able I I I
A bsorption Spectra  of M etal  C omplex Salts  of  a,ft,y,S-Tetraphbnylporphine  

The spectra were visually measured in the conventional manner by determining points of equal intensity a t the edges 
of each absorption band which are given in m/x. The center of the band (absorption maximum) was for symmetrical 
bands calculated by averaging the two values measured. Unsymmetrical bands are indicated by dashes, e. g„, —546.0 
shows tha t the maximum of intensity is located a t 546.0 with the more gradual increase of the intensity toward the red 
region of the spectrum. In recording the order of intensity (In t.:) marked differences in intensity have been separated by 
a semicolon.

All solutions of the metal complex salts showed red fluorescence; solutions of the cadmium, stabile thallium, iron 
chloride, manganese and cobalt complex exhibited it intensely. The red fluorescence was most conspicuous in the solu­
tions of the alkali complexes and of the magnesium and zinc salt.

Name Solvent Color of solution Absorption spectrum

Copper Ether Pink 1,610.6; 11,574.7; 111,538.0; IV ,497.3; E. A. 446.6. In t.: I l l ;  I, 
IV, II

Mono Silver Ether Pink I, 575.3; II, 539.3; 111,501.0; Shadow 477; E. A. 448.0. In t.: I I ;  
I, H I; IV

Di Silver Ether Pink I, 576.2; II, 539.3; I I I ,  500.5; IV, 474.2; E. A. 448.0. In t.: I I ;  
I, I I I ;  XV

Gold Ether Orange-pink 1,522.7; 11,485.2; Shadow 458; E. A. 436.5. In t.: I ; II
Magnesium

(“Phyllin”)
Ether Magenta 1,651.5; II, 624.4; I II , 602.6; IV, 562.3; V, 521.4; VI, 490.2; V II, 

461.2; E. A. 441.6. In t.: IV; I I I ;  II, V, VII, I, VI
Zinc Ether Magenta 1,595.5; II, 553.9; I II , 515.0; IV, 485.3; E. A. 440.5. In t.: II, I ;  

III , IV
Cadmium Ether Green I, 613.4; II, 567.5— ; I II , 528.2; IV, 497.8; V, 472.7; E. A. 456.0. 

In t.: II, I ;  I II , IV, V. In  greater dilution: la , 623.9; lb , 610.0; 
lb  >  la. In  very weak solution: VI, 431.5; E. A. 410®

Mercury Benzene

Pyridine

Reddish with 
tinge of green 

Grass green

1,653.9; 11,619.0; 111,559.3; IV, 513.9; Shadow 484.8; E. A. 455.3. 
In t.: I l l ;  IV, I, II

1,629.9; 11,584.6; 111,545.1; Shadow 512; E. A. 482.8. In t.: I, I I ; 
III. I l l

Thallium
(labile)

Pyridine Green 1,695.8; 1 1 ,-6 4 5 .5 — ; 111,483.0; IV, 458.3— ; E. A.—418.0. In t.: 
I l l ,  IV, I; II

Thallium
(stabile)

Pyridine- 
ether (1:3)

Bluish-green Shadow 651.0; I, 631.7; II , 606.2; I II , 565.3; IV, 526.7; Shadow 
495.6; E. A. 447.2. In t.:  I l l ,  I I ;  I , IV. After 3 hours exposure 
to bright light: 1,650.9; 11,610.4; 111,567.0; I V ,—518.5; E. A. 
460. In t.: I l l ,  I I ;  IV, I &

Tin Chloride Pyridine- 
ether (1:3)

Purple I, 627.4; II, 601.6— ; I I I ,  560.3; IV, 522.2— ; V, 490.3; Shadow 
460.5; E. A. 444.0. In t.: I l l ,  I I ;  I - I V ,  V e

Lead Ether Bright Green 1,657.0; 11 ,-606 .2— ; 111,555.8; Shadow 506; IV, 463.4; V, 438.4; 
E. A. 420. In t.: IV, V; I ; I I , I I I

Manganese Ether Green I, 619.9; II, 579.9— ; III , 532.0; E. A. 492.5. In t.: I, II , I II . In 
greater dilution: IV, 473.7; E. A. Approx. 420

Iron Chloride 
(“Hemin”)

Pyridine- 
ether or in 
benzene

Orange-brown 1,687.9—; 1 1 ,-5 7 1 .6 — ; 1 1 1 ,-5 0 6 .6 — ; E. A. 465.2, In t.: I l l ;  
II, I

Cobalt Ether Orange 1,607.7; 11, -6 2 6 .6 — ; E. A. —447.0. In t.: I I ; I
Nickel Pyridine- 

ether (1:4)
Pink 1,652.1; 1 1 ,-6 1 4 .1 ; 111, 557.1; I V ,—526.3; V, 485.9; E. A. 455. 

In t.: IV; II , I II , V
Lithium. Pyridine-

methanol
Magenta 1 ,-6 1 9 .2 ; 11,575.5; H I, 533.6; IV, 502; E. A. 456.8. In t.: I, II, 

III , IV
Sodium Pyridine-

methanol
Magenta 1,626.3; II, 580.8; I II , 539.7; Shadow 506; E. A. 462.8. In t.: X, 

II, I II
Potassium Pyridine-

methanol
Magenta I, 626.5; II, 580.2; III , 540.2; IV, 492.6; E. A. 458.2. In t.: I, I I; 

IV, III
Rubidium Pyridine-

methanol
Green 1 ,-6 3 4 .0 ; 11,589.2; 111,549.6; E. A. 567.2. In t.: I, I I ; I II

Cesium Pyridine-
methanol

Green 1,651.7; 11,599.1; 111,554.4; IV, 516.4; E. A. 472.8. In t.: I, I I ;  
I II , IV

a In pyridine solution the absorption bands are slightly shifted toward the red region. 6 This change did not occur in 
the dark. c In the pyridine mother liquid above remained a small amount of a substance of bluish lavender color in 
pyridine-ether solution. Spectroscopically it showed an additional absorption band a t 651.4 and a more intense 627.4 
band.

Mercury Complex Salt. Preparation, Method 2.— were refluxed for two and one-half hours on a steam -bath. 
T .P .P .,8 50 ml. of pyridine and 500 mg. of mercuric acetate The conversion was complete and yielded approxim ately
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0. 5 g. of blue needles from the solution after cooling. The 
substance was recrystallized twice from benzene by ex­
tracting from a Soxhlet thimble and air dried.

The spectra in benzene and in pyridine are recorded in 
Table I I I . In piperidine and quinoline the absorption spec­
trum  was similar to  th a t in pyridine, the only difference 
lying in a shift of the absorption bands toward the red, this 
shift being greatest for piperidine. The color and spec­
trum  shifted to tha t observable in the organic base if a 
drop of the base was added to  the benzene solution.

Labile Thallium Complex Salt. Preparation, Method 2. 
—Two hundred mg. of T .P .P ., 20 ml. of pyridine and 200 
mg. of thallous acetate were refluxed overnight on a steam- 
bath. One hundred mg. of dark green crystals was ob­
tained from the cold solution. Addition of more thallous 
acetate to the mother liquid and repeating the refluxing 
yielded a second crop of complex salt. This thallium 
complex was very unstable in solution, the mother liquid 
always containing unchanged porphyrin.  ̂ When the 
above green crystals were dissolved in pyridine, the free 
T .P .P . spectrum appeared immediately in the spectrum 
of the salt. A pure complex salt spectrum was obtained 
only in hot pyridine solution in the presence of thallous 
acetate. On standing the free porphyrin spectrum ap­
peared in this solution also. The complex was easily 
split by water to form the free porphyrin.

Stable Thallium Complex Salt. Preparation, Method 2. 
—The thallous acetate used must be oxidized in order 
to prevent the formation of the unstable thallium complex 
described above. The thallous salt was oxidized in acetic 
acid with 30% hydrogen peroxide solution, and the 
crystals obtained on evaporating the solution were used, 
or 30% hydrogen peroxide was added directly to a pyridine 
solution of the porphyrin containing thallous acetate. 
Both methods were used, the la tter being described below. 
A solution of T .P .P .,8 50 ml. of pyridine, 500 mg. of 
thallous acetate and 2 ml. of 30% hydrogen peroxide 
boiled down to a total volume of 30 ml. After addition 
of 20 ml. of pyridine and 1 ml. of 30% hydrogen peroxide 
solution and concentrating to  20 ml. by boiling, the con­
version was complete. Forty ml. of hot methanol was 
poured into the hot solution. Five hundred mg. of lus­
trous blue crystals formed on cooling. The material 
was extracted from a Soxhlet thimble with benzene, fil­
tered, the benzene solution concentrated to 20 ml., and 
50 ml. of hot methanol added; yield, 450 mg.

Tin Chloride Complex Salt. Preparation, Method 2.— 
T .P .P .8 in 50 ml. of pyridine and 400 mg. of stannous 
chloride: Refluxing for two hours yielded 500 mg. of fine 
lavender crystals on cooling, which were recrystallized by 
extracting from a thimble with a mixture of 15 ml. of 
chloroform and 40 ml. of benzene.

Lead Complex Salt. Formation, Method 2.—T .P .P .,8 
50 ml. of pyridine, and 500 mg. of lead acetate were 
heated for one hour. On cooling approximately 500 mg. 
of dark blue-green crystals was obtained and recrystal­
lized twice by extracting from a thimble with 40 ml. of 
benzene. The analytical results check for 1 mole of 
pyridine in the molecule. There was no loss in weight 
upon heating a t 175° for eighteen hours.

Manganese Chloride Complex Salt. Formation, Method
1. —T .P .P .,8 50 ml. of chloroform, 70 ml. of glacial acetic 
acid, 500 mg. of manganous acetate and 100 mg. of sodium 
chloride were refluxed for six hours. The solvents were 
distilled off under vacuum and 50 ml. of glacial acetic 
acid was added to the dry residue and the resulting solu­
tion concentrated to approximately 15 ml. The crystals 
in the cooled solution were filtered off, washed with glacial 
acetic acid, air dried, and recrystallized by extracting 
from a Soxhlet thimble with e ther; yield, approximately 
300 mg. of dark green crystals of high luster. The man­
ganese chloride complex was extremely soluble in methanol. 
Crystals could be obtained if the methanol solution was 
added to ligroin and the methanol evaporated. The 
spectrum of the resulting crystals in methanol differed 
little from th a t in ether, which is given in Table III . ^

Iron Chloride Complex Salt, ‘‘Sem in .55 Preparation, 
Method 1.—T .P .P .8 was dissolved in 50 ml. of chloroform

and 200 mg. of sodium chloride was added. Into this 
solution was filtered, hot, 150 ml. of glacial acetic acid 
saturated with ferrous acetate. This was prepared by 
dissolving pure iron filings in boiling glacial acetic acid 
and filtering the hot solution into the chloroform. After 
refluxing for two hours, concentrating to approximately 
50 ml., cooling and filtering, approximately 500 mg. of 
impure crystals was obtained. The crystals were ex­
tracted from a thimble with chloroform, the solution con­
centrated to  10 ml. and approximately 80 ml. of hot 
methanol was added. Dark blue crystals formed on 
cooling. Prolonged heating had to be avoided since 
this caused the formation of a  substance with spectrum 
differing from th a t given above for the “ hemm.” For 
analysis the material was recrystallized twice from chloro­
form-methanol .

Cobalt Complex Salt. Preparation, Method 1.—T.P.P./ 
50 ml. of chloroform, 250 mg. of cobaltous acetate, 
and 50 ml. of glacial acetic acid were refluxed for one-half 
hour. On cooling fine maroon crystals formed quantita­
tively and were recrystallized by extracting from a thimble 
with ether.

Nickel Complex Salt.—Nickel acetate was substituted 
for cobalt acetate in the above procedure and the solution 
was heated for one hour. Five hundred ten mg. of blue 
crystals, filtered from the cooled solution, were recrystal­
lized by extracting from a thimble with benzene.

Lithium Complex Salt. Formation.—A methanolic 
solution of lithium hydroxide was added to a solution of 
the porphyrin in pyridine.

Sodium Complex Salt. Formation.—Same as above, 
substituting sodium hydroxide for the lithium salt.

Potassium Complex Salt. Preparation.—50 mg. of 
T .P .P . in 20 ml. pyridine was added to 20 ml. of 40% 
methanolic potassium hydroxide. After a few hours of 
standing the solution was filtered through a fritted glass 
filter. I t  was not possible to prepare the pure complex 
salt since it was unstable in solutions not containing dis­
solved potassium hydroxide.

Rubidium Complex Salt. Formation.—A methanolic 
solution of rubidium hydroxide was added to a solution 
of the porphyrin in pyridine. The hydroxide was ob­
tained by shaking rubidium chloride with silver oxide in 
methanol.

Cesium Complex Salt. Formation.—Same as above, 
substituting cesium hydroxide for rubidium hydroxide.

Summary
1. The preparation of the complex salts of a,- 

/3,7,5-tetraphenylporphine with the following met­
als is reported: lithium, sodium, potassium, rubid­
ium, cesium, copper, mono silver, di silver, gold 
chloride, magnesium (“phyllin”), zinc, cadmium, 
mercury, tin chloride, lead, thallium (stabile com­
plex salt), thallium (labile complex salt), manga­
nese chloride, ferric chloride (“hemin”), cobalt and 
nickel.

2. The data for the absorption spectra of these 
compounds in the visual region of the spectrum are 
presented.

3. The elementary analyses by microanalytical 
procedures show that most of these salts are nor­
mal complexes; the gold salt crystallizes from 
benzene with 1 mole of gold chloride, the “phyllin” 
as magnesium hydroxide, cadmium and lead salt 
with 1 mole of pyridine. The structure of the tin 
chloride complex remains to be investigated fur­
ther. The isolation and analysis of the complexes 
of the alkali metals—for which the spectra only 
are given—have not been performed as yet.
Y ellow  Sprin g s , Ohio
Columbus, Ohio  R eceived  N ovember 17, 1947
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Studies in the Thiapyran Series. The Preparation, Properties and Reactions of
1,4-Thiapyrone-l-dioxide

By Edward A. Fehnel1 and M arvin Carmack

A comparison of the structural formulas of 1,4- 
thiapyrone-1-dioxide (I) and p - benzoquinone (II) 
suggests that these two compounds might possess

o o
II II

/ c\ / c \
CH CH ch c:
II II II II
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. /N . II

O O o
1 II

many chemical and pharmacological properties in 
common. Several investigators2 have demon­
strated the similarity in the behavior of at0-un­
saturated sulfones and a, /Lunsaturated ketones in 
addition reactions involving both symmetrical 
and unsymmetrical reagents, and Kohler and 
Larsen3 have shown that the addition reactions of 
a:-phenylsulfonyl-/?-benzoylethylene with unsym­
metrical reagents are similar to those of ^-benzoyl- 
acrylic esters, the mode of addition being con­
trolled by the conjugated system —C =C —0 = 0 .  
Although these and other investigations4 have 
provided evidence for the temporary expansion of 
the valence shell of sulfur to accommodate ten 
electrons, the characteristic enolization of the 
initial 1,4-addition products of quinones to yield 
stable hydroquinones as the final products would 
not be expected to have a counterpart in the thia- 
pyrone dioxide series.

The preparation of 1,4-thiapyrone-1-dioxide has 
been described by Arndt and Bekir,5 who ob­
tained a very small amount of the compound as the 
final product of a five-step synthesis starting with 
ethyl /Ö-thiodipropionate.6 In order to prepare 
the relatively large amounts of I required in the 
present work, we have re-investigated each step in 
the original procedure and by applying various 
modifications have succeeded in obtaining a 
greatly improved over-all yield of the desired 
product.

(1) American Chemical Society Postdoctoral Fellow, 1946- 
1948.

(2) (a) Kohler and Potter, T his Journal, 57, 1316 (1935); (b) 
Alexander and McCombie, J . Chem. Soc., 1913 (1931); (c) Kretov, 
J . Russ. Phys.-Chem. Soc., 62, 1 (1930); C. A ., 24, 4257 (1930).

(3) Kohler and Larsen, T h is Journal, 57, 1448 (1935).
(4) (a) Rothstein, J . Chem. Soc., 309 (1937); 1550, 1553, 1558 

(1940); (b) Fehnel and Carmack, “ The Ultraviolet Absorption Spec­
tra  of Organic Sulfur Compounds,” presented before the Division of 
Organic Chemistry of the American Chemical Society a t the Chicago 
meeting, April, .1948.

(5) Arndt and Bekir, Ber., 63, 2393 (1930).
(6) The earlier steps in this synthesis were first carried out by (a) 

B ennett and Seorah, J . Chem. Soc., 194 (1927); (b) Bennett and 
Waddington, ibid., 2829 (1929).

1,4-Thiapyrone-1 -dioxide, like its carbonyl ana­
log, /^-benzoquinone, is a sternutator, stains the 
skin yellow, and is decomposed by aqueous alkali 
with the formation of a deep red color. The ultra­
violet absorption spectra of /?-benzoquinone, 1,4- 
thiapyrone-1 -dioxide, and 2,3-dihydro-1,4-thia- 
pyrone-1-dioxide are compared in Fig. 1.

Fig. 1.—Absorption spectra of 1,4-thiapyrone-l-di­
oxide, ------; 2,3-dihydro-l,4-thiapyrone-l-dioxide, —--------;
p - benzoquinone,--------—.

On treatment with zinc and acetic acid, 1,4- 
thiapyrone-1-dioxide is smoothly reduced to the 
corresponding saturated heterocycle, tetrahydro-
1.4- thiapyrone-l-dioxide. Two molecules of hy­
drogen bromide may be added to I in the presence 
of a large excess of the reagent in acetic acid solu­
tion, but the reaction appears to be reversible and 
the dibromo compound readily loses hydrogen bro­
mide on warming in aqueous or acetic acid solu­
tion. This rather unstable addition product 
(m. p. 130-133° dec.) has quite different properties 
from the stable isomer, 3,5-dibromotetrahydro-
1.4- thiapyrone-1-dioxide (m. p. 220-222° dec.) ob­
tained by bromination of tetrahydrothiapyrone di­
oxide,5 and has been assigned structure III on the 
basis of Kohler and Larsen’s observations3 regard­
ing the mode of addition of unsymmetrical ad­
denda to unsaturated ketosulfones.
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The addition of either one or two molecules of 
bromine to I proceeds readily at room tempera­
ture, giving as the initial products the dibromide 
TV and the tetrabromide V. The isolation of

O O
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BrCH CHBr

o 2
V

these compounds proved to be rather difficult, 
since, like the corresponding quinone bromides,7 
they readily lose hydrogen bromide on warming 
and are gradually converted into the mono- and
_1 :1_ ___________i.1 .! --------------------------- ____! J ____T T T ___________3 T 7TT HTM___
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structures assigned to the latter compounds, which
o
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VI VII
are the only isolable products of bromination when 
no special precautions are taken to prevent the de­
hydrobromination of the initial adducts, follow 
from a consideration of the relative ease of de­
hydrobromination of the 3,5- and 2,6-dibromo- 
tetrahydrothiapyrone dioxides.

The stepwise addition of butadiene to I occurs 
slowly at room temperature and more rapidly at 
elevated temperatures, yielding mono- and di­
adducts (VIII and IX) analogous to the products 
obtained in a similar manner from p-benzo­
quinone.8

O  O

Os O2
V III IX

3,5-Dibromo-3-carbomethoxytetrahydro-1,4- 
thiapyrone-l-dioxide, prepared in the course of 
this investigation by the bromination of 3-car-

(7) Nef, J . prakt. Chem., [2] 42, 161 (1890).
(8) Diene additions of quinones have been studied by Diels, et al., 

Ber., 62B» 2337 (1929), and by Alder and Stein, Ann., 501, 247 
(1933).

bomethoxytetrahydro - 1,4 - thiapyrone - 1 - di­
oxide, was found to lose one molecule of hydrogen 
bromide so readily that a good yield of a mono- 
bromocarbomethoxydihydrothiapyrone dioxide 
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X lb
was obtained merely by refluxing the dibromo 
compound with aqueous acetic acid. The product 
is undoubtedly the 2,3-dihydro compound X. In 
one similar experiment, however, the product iso­
lated appeared, on the basis of the analytical data, 
to be a bromohydroxycarbomethoxytetrahydro- 
thiapyrone dioxide. Either structure XIa or 
X lb might be assigned to this compound, depend­
ing on whether the bromine atom was replaced di­
rectly by a hydroxyl group or, as is more probable, 
hydrogen bromide was first split out to give X, 
which then added a molecule of water, the hy­
droxyl becoming attached to the carbon beta to the 
carbonyl function. All attempts to repeat the 
preparation of this compound, starting with either 
the dibromo derivative or with X, were unsuccess­
ful, and its structure was not further investigated.

Experimental9
Improved Preparation of 1,4-Thiapyrone-1 -dioxide (I). 

—A mixture of 289 g. (1.4 moles) of methyl /3-thiodi- 
propionate , 1 0  2 . 8  moles of alcohol-free sodium methoxide 
(freshly prepared from 64.3 g. of sodium), and 1  liter of 
anhydrous ether was stirred and refluxed for three hours. 
The mixture was cooled quickly to room temperature and 
poured into an ice-cold solution of 178 ml. of acetic acid 
in 1 liter of water. After vigorous agitation, the layers 
were separated and the aqueous layer was extracted re­
peatedly with small portions of ether until the extracts 
no longer gave a violet color with ferric chloride solution. 
The extracts were added to the original ether layer, and 
the combined solution was washed with aqueous sodium 
bicarbonate and dried over anhydrous magnesium sulfate. 
After removal of the ether, the residual oil was distilled 
under diminished pressure to yield 158.8 g. (65%) of 3- 
carbomethoxytetrahydro-l,4-thiapyrone as a colorless 
oil, b. p. 120-125° at 5 mm. The analytical sample 
was obtained by redistillation of a small portion of this 
material; b. p. 120° at 5 m m ., « 20d 1.5234.

Anal. Calcd. for C7 H 1 0 O3 S: C, 48.26; H , 5.79.
Found: C, 48.31; H , 5.79.

Hydrolysis and decarboxylation of the cyclic ketoester 
was accomplished in a single step by treatment with 1 0 %

(9) Microanalyses were performed by Miss Sarah H. Miles. All 
melting points are corrected.

(10) Gershbein and H urd, This Journal, 69, 241 (1947).
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sulfuric acid according to the method of Bennett and 
Scorah.6* A reflux period of two hours sufficed to com­
plete the reaction in the case of the methyl ester. Evapora­
tion of the dried ether extract afforded colorless crystals 
of crude tetrahydro-l,4-thiapyrone melting at 58-62° 
(reported6* m .p . ,  65 -66°); yield, 84%.

To a solution of 56.0 g. (0.48 mole) of tetrahydrothia- 
pyrone in 500 m l. of glacial acetic acid, 114 ml. (1.00 mole) 
of 30% hydrogen peroxide was added in small portions 
while the mixture was cooled under the tap to moderate 
the reaction. After the strongly exothermic reaction had 
subsided, 400 m l. of the solvent was distilled from the 
mixture and the residue was cooled to crystallize out the 
major portion of the product as almost colorless needles 
melting at 164-167° (reported6b m .p .,  170°). A further 
small quantity of crude product was obtained by evapora­
tion of the filtrate to  dryness on the steam-bath and 
recrystallization of the residue from acetic acid; total 
yield of tetrahydro-1,4-thiapyrone-1 -dioxide, 54.7 g. 
(77%).

A warm solution of 38.3 g. (0.26 mole) of the crude 
dioxide in 450 m l. of glacial acetic acid was shaken with
83.2 g. (0.52 mole) of bromine for several minutes and was 
then cooled to room temperature and filtered. 3,5-D i- 
bromotetrahydro-l,4-thiapyrone-l-dioxide was thus ob­
tained as colorless needles, m .p . 2 2 0 - 2 2 2 ° dec. (reported5  

m. p ., 220° d e c .); yield, 71.9 g. (91% ).
Attempts to dehydrobrominate this material by treat­

ment with pyridine according to the original method of 
Arndt and Bekir5  led to the formation of considerable tarry 
material and only small amounts of the desired product. 
Almost quantitative yields of pure product were obtained, 
however, when the dibromo compound was treated briefly 
with sodium acetate in refluxing acetone. In a typical 
experiment, a suspension of 12.2 g. (0.04 mole) of the 
dibromo compound in 150 ml. of hot acetone was added 
gradually over a fifteen-minute period to a mechanically 
stirred, refluxing suspension of 27.2 g. (0.20 mole) of 
powdered sodium acetate trihydrate in 150 ml. of acetone. 
Stirring and refluxing were continued for another ten 
minutes, and the dark red mixture was cooled and filtered. 
Concentrated hydrochloric acid was added dropwise to  
the filtrate until the color of the solution changed from 
red to yellow, and the mixture was refiltered to remove the 
precipitate of sodium chloride. The clear yellow filtrate 
was evaporated to dryness on the steam-bath, leaving a 
yellow-brown crystalline residue which was recrystallized 
from glacial acetic acid (Norit) to yield 3.9 g. of yellow 
crystals, m. p. 173-174° (reported5 m. p., 174°). The 
mother liquor was worked up to provide a second crop 
of crystals, which was recrystallized and added to the 
original product to give a combined yield of 1,4-thia- 
pyrone-1 -dioxide (I) of 5.5 g. (96% ). This compound 
is readily soluble in water, ethanol, and acetone; slightly 
soluble in cold acetic acid; and insoluble in hydrocarbon 
solvents. It sublimes as long yellow needles at tempera­
tures somewhat below its melting point. Purified samples 
appear to be entirely stable when stored in contact with 
air.

The oxime was obtained as colorless needles which, 
after recrystallization from water, decomposed violently 
without melting at 196 °.

Anal. Calcd. for C5 H 5 N 0 3 S: C, 37.72; H, 3.17.
Found: C ,37 .77; H , 2.93.

The semicarbazone was obtained as a pale yellow micro- 
crystalline powder, m. p. 237-239° dec., after recrystal­
lization from water (N orit).

Anal. Calcd. for C6H 7 N 3 0 3 S: C, 35.81; H , 3.51.
Found: C, 35.67, 35.86; H , 3.76, 3.35.

Reduction of 1 ,4 -Thiapyrone-l-dioxide.—A mixture of
1.00 g. of I, 2.0 g. of zinc dust, and 15 ml. of glacial acetic 
acid was refluxed for one hour, after which the yellow  
color of the solution had disappeared. The unreacted 
zinc was filtered off, and the filtrate was saturated with 
hydrogen sulfide and refiltered. Evaporation of the clear 
filtrate to dryness on the steam-bath afforded 0.89 g. 
(87%) of almost colorless crystals which melted at 167-

169 ° after recrystallization from acetic acid and exhibited 
no melting-point depression when mixed with authentic 
tetrahydro -1,4-thiapyrone -1 -dioxide.

2 , 6  -D ibr omo t etr ahy dr o - 1 ,4-thiapyrone-1 -dioxide (III).
— One gram of I was dissolved in 6  m l. of glacial acetic 
acid saturated with dry hydrogen bromide, and more 
hydrogen bromide was passed into the solution until 
precipitation was complete. The crystalline precipitate 
was collected and dried at room temperature to yield 
0.9 g. of 2,6-dibromotetrahydro-l,4-thiapyrone-l-dioxide 
as brownish needles, m .p .  126-131° dec. Although this 
material appeared to be only slightly soluble in cold 
acetic acid, all attempts to recrystallize it from this solvent 
resulted in the formation of yellow solutions from which 
only negligible amounts of the dibromo compound could 
be recovered on cooling; m. p. 130-133° dec.

Anal. Calcd. for C5H 6 Br2 0 3 S: C, 19.62; H , 1.99.
Found: C, 20.06; H , 1.99.

When a sample of this compound was boiled with water 
for a few seconds, and was then cooled, acidified with  
dilute nitric aeid, and treated with aqueous silver nitrate, 
a copious precipitate of silver bromide formed at once.

3 -Bromo-1,4-thiapyrone-1 -dioxide (V I).—To a solution 
of 1.00 g. (0.007 mole) of I in 25 ml. of glacial acetic acid 
there was added 1.11 g. (0.007 mole) of bromine, and the 
mixture was allowed to stand for four hours at 5°. After 
removal of the solvent by evaporation in vacuo at room 
temperature, the dark-colored, semicrystalline residue was 
recrystallized from methanol (Norit) to yield 0.50 g. (32%) 
of pale yellow crystals, m .p .  173-174° dec. with previous 
sintering. Another recrystallization from methanol gave 
the pure compound melting at 189-190° dec., when im ­
mersed in a bath at 185° and heated rapidly; considerable 
decomposition occurred above 150° when the compound 
was heated slowly from room temperature.

Anal. Calcd. for C6 H 3 B r0 3 S: C, 26.92; H , 1.36.
Found: C, 26.96; H , 1.29.

3 ,5 -Dibromo- 1 ,4 -thiapyrone- 1  -dioxide (VII).—A m ix­
ture of 1.44 g. (0.01 mole) of I, 3.20 g. (0.02 mole) of 
bromine, and 30 ml. of glacial acetic acid was allowed to  
stand at 5° until all the solid had dissolved and the color 
of the solution had faded to pale yellow. The mixture 
was poured into 60 ml. of ice-water and the resultant 
yellow precipitate was collected, washed with water, and 
dried; m .p . 157-161°; yield, 1 .8 7 g. (62% ). Recrystal­
lization from methanol (Norit) gave pale yellow needles, 
m. p. 160-162°.

Anal. Calcd. for C5 H 2 Br2 0 3 S: C, 19.88; H , 0.67.
Found: C, 19.79; H , 0.67.

2 ,3 -Dibromo-2,3 -dihydro-1 ,4-thiapyrone - 1  -dioxide
(IV ) .—A solution of 1.44 g. (0.01 mole) of I in 50 ml. of 
hot chloroform was cooled to precipitate the thiapyrone 
dioxide as a microcrystalline suspension. A solution of 
1.60 g. (0 . 0 1  mole) of bromine in 1 0  ml. of chloroform 
was added to this suspension in small portions over a 
thirty-minute period with vigorous agitation after each 
addition. The solvent was removed by evaporation 
under reduced pressure at room temperature, leaving a 
dark-colored sirup which slowly solidified on standing for 
several days. This product was digested with a little  
hot benzene, care being taken not to prolong the period 
of heating any longer than absolutely necessary, and the 
benzene t&tract was cooled to precipitate 0 . 6  g . of colorless 
powder, m. p. 133-135° dec. Cautious recrystallization 
of this material from benzene gave the dibromide as 
colorless crystals, m .p .  138-139° dec.

Anal. Calcd. for C5 H 4 Br2 0 3 S: C, 19.75; H , 1.33.
Found: C, 20.74; H, 1.25.

This compound lost hydrogen bromide so readily that 
further purification could not be effected by repeated 
recrystallization. Analytical and melting-point data ob­
tained for the same sample on different dates also indicate 
that the compound gradually undergoes dehydrobromina­
tion on standing at room temperature.

2 ,3 ,5 , 6  -Tetrabromotetrahydro -1,4-thiapyrone - 1  -dioxide
(V ) .—A mixture of 1.44 g. (0.01 mole) of I, 3.20 g. (0.02
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mole) of bromine, and 65 ml. of chloroform was allowed 
to stand for one hour at room temperature with occasional 
agitation, and the solvent was then removed by evapora­
tion under reduced pressure. The dark-colored residue 
was heated for a few minutes with a little acetic acid and 
the suspension was cooled and filtered. The insoluble 
portion was washed with a little cold, acetic acid and dried 
in vacuo to yield 0.4 g. of colorless powder, m. p. 195- 
198° dec. with previous sintering and blackening. This 
compound dissolved slowly in hot acetic acid, water, and 
methanol with the production of a yellow color.

Anal. Calcd. for C5H 4 Br4 0 3 S: C, 12.95; H , 0.87.
Found: C, 13.20; H , 0.85.

The acetic acid filtrate from the isolation of the tetra- 
bromide was evaporated and the residue was worked up 
with methanol to  yield 1 . 6  g. of pale yellow needles. 
After repeated recrystallization from methanol, this 
material melted at 158-160 ° and failed to depress the m elt­
ing point of the 3,5-dibromo-l,4-thiapyrone-l-dioxide 
described above.

3 -Bromotetrahydro-1,4-thiapyrone- 1  -dioxide .—To a
microcrystalline suspension obtained by cooling a hot 
solution of 7.40 g. (0.05 mole) of tetrahydro-l,4-thia- 
pyrone - 1  -dioxide in 1 0 0  ml. of glacial acetic acid, 8 . 0 0  g. 
(0.05 mole) of bromine was added dropwise over a twenty- 
minute period. The mixture was agitated vigorously 
after each addition, and after all the bromine had been 
added the precipitate was filtered off and dried in vacuo 
over potassium hydroxide to yield 8.39 g. (74%) of color­
less silky needles, m. p. 176-179 °. Recrystallization from 
acetic acid raised the melting point to 182-183°.

Anal. Calcd. for C6H 7 B r0 3 S: Br, 35.19. Found:
Br, 35.66.

2 ,3 -Dihydro-1 ,4-thiapyrone-l -dioxide.—3-Bromotetra- 
hy dr o - 1 ,4 -thiapyr one -1 -dioxide (6.81 g., 0.03 mole) was 
dehydrobrominated by treatment with sodium acetate 
trihydrate (9.5 g ., 0.07 mole) in boiling acetone (100 ml.) 
exactly as in the case of the 3,5-dibromo compound. The 
first crystallization of the crude product from acetic 
acid (Norit) afforded 3.41 g. (78%) of very pale yellow 
needles, m. p. 144-146°. Several further recrystalliza­
tions from this solvent raised the melting point to 147- 
148°. This compound gave a deep red color on treatment 
with aqueous alkali.

Anal. Calcd. for C5H 6 0 3 S: C, 41.07; H ,4 .1 4 . Found: 
C, 41.11; H , 4.11.

The oxime was obtained as colorless needles which melted 
at 178-179°, dec., after recrystallization from water.

Anal. Calcd. for C5H 7 N 0 3 S: C, 37.24; H , 4.38.
Found: C, 37.01; H , 4.53.

A2 *T-Octahydrothiaxanthone-5-dioxide (IX ).—Twenty- 
five milliliters of purified dioxane1 1  was saturated with 
butadiene (ca. 3 .8  g ., 0.070 mole) at room temperature,
2.0 g. (0.014 mole) of I was added, and the mixture was 
heated in an autoclave at 140-150° for four hours. On 
cooling, most of the product crystallized out of the solution 
in a nearly pure condition; yield, 2.5 g. (72%) of almost 
colorless plates, m .p .  228-234°, dec., when immersed in 
a bath previously heated to above 200°. Recrystalliza­
tion from acetic acid afforded colorless needles, m .p . 235- 
236°, dec. This compound gave no color on treatment 
with aqueous sodium hydroxide.

Anal. Calcd. for Ci3H 1 60 3 S: C, 61.88; H, 6.39.
Found: C, 61.78; H , 6.21.

A6 -Tetrahydro-l ,4 -benzothiapyrone-l -dioxide (VIII). 
—A mixture of 2.00 g. (0.014 mole) of I, 3 .8  g. (0.070 
mole) of butadiene, and 25 ml. of purified dioxane was 
heated in an autoclave at 1 0 0 ° for four hours, after which 
the solvent was distilled off and the semicrystalline residue 
was extracted repeatedly with boiling water. On cooling, 
the combined aqueous extracts deposited 1.10 g. (40%) 
of colorless needles, m. p. 146-156°. After several re­
crystallizations from ethanol, this compound melted at

(11) Fieser, “ Experiments in Organic Chemistry,” 2nd ed., D. C, 
H eath and Company, New York, N. Y., 1941, p. 369.

157-159° and gave a deep yellow color with aqueous 
sodium hydroxide.

Anal. Calcd. for C9 H 1 0 O3 S: C, 54.54; H , 5.09.
Found: C, 54.57; H , 4.85.

A small amount (ca. 0.3 g.) of the di-addition product 
was isolated from the wader-insoluble residue by extraction 
with hot acetic acid. On dilution with several volumes of 
water, the acetic acid extract slowly deposited a white 
solid which melted at 229-231 ° dec. after recrystallization 
from acetic acid and which failed to depress the melting 
point of the di-adduct described above.

In an experiment in which a suspension of I in an ethanol 
solution of butadiene was allowed to  stand at room tem ­
perature for seven days, a small amount of crystalline ma­
terial melting at 153-156° was isolated and identified as 
the mono-adduct by the method of mixed melting points.

3 -Carbomethoxytetrahydro-1,4-thiapyrone-l -dioxide .—  
Oxidation of 1.74 g. (0.01 mole) of 3 -carbomethoxytetra­
hydro-1 ,4-thiapyrone with 2.5 ml. (0.022 mole) of 30%  
hydrogen peroxide in 1 2  ml. of glacial acetic acid afforded
1.35 g. (65%) of colorless crystals melting at 115-116° 
after recrystallization from water. This compound gave 
a blood-red color with ferric chloride solution.

Anal. Calcd. for C7 H 1 0 O5 S: C, 40.75; H , 4.89.
Found: C, 40.84; H , 5.01.

3,5 -Dibromo -3 -carbomethoxytetrahydro-1,4-thia- 
pyrone-1 -dioxide.—Bromine (2.72 g ., 0.017 mole) was 
added to a suspension of 1.75 g. (0.0085 mole) of the above 
ketoester in 1 0  ml. of glacial acetic acid, and the mixture 
was agitated until all the solid had dissolved. The clear 
red solution was placed in a vacuum desiccator over potas­
sium hydroxide and allowed to stand for two weeks. At 
the end of this time all of the solvent had evaporated and
2.90 g. (94%) of a pale yellow crystalline solid, m. p. 155- 
165° dec., remained. After repeated recrystallization 
from ethyl acetate, the pure product was obtained as 
colorless needles melting at 182-183° dec.

Anal. Calcd. for C7 H 8 Br2 0 5 S: C, 23.10; H , 2.22.
Found: C, 23.26, 23.27; H , 2.38, 2.24.

3 -Bromo -5 -carbomethoxy-2 ,3 -dihydro -1,4 -thiapyrone - 
1 -dioxide (X ).—A solution of 2 . 0 0  g. of the above d i­
bromo compound in 50 m l. of 50% aqueous acetic acid was 
refluxed for ten minutes, and the crystalline precipitate 
obtained on cooling was recrystallized from ethyl acetate 
to yield 1.10 g. (71%) of colorless plates, m. p. 156-157° 
with previous sintering. This compound gave a positive 
Beilstein test for halogen.

Anal. Calcd. for C7 H 7 B r0 5 S: C, 29.70; H , 2.49.
Found: C, 29.50; H , 2.29.

5-Bromo-3 (or 2 ?) -hydroxy-3-carbomethoxytetrahydro-
1,4-thiapyrone-l -dioxide (X I).— In one experiment in 
which 3,5 -dibromo -3 -carbomethoxy tetrahydro-1,4 -thia - 
pyrone-1 -dioxide was heated briefly with aqueous acetic 
acid as above, a colorless crystalline compound melting 
at 175-177°, dec., after recrystallization from ethyl 
acetate was obtained. Subsequent attempts to repeat

T a b l e  I

U l t r a v io l e t  A b s o r p t io n  D a t a

C om pou n d
^max a 

mn Log e
1,4-Thiapyrone-1-dioxide 380 1.04

240 3 .9 3
2,3-Dihydro-1,4-thiapyrone-l-dioxide (340) 1 . 1 0

2 2 1 3 .74
/>-Benzoquinone& 433 1.31

( 2 7 5 ) 3 . 0 3
243 4.21

a The wave lengths in parentheses refer to prominent 
inflection points. b Cf. Anderson and Yanko, T h is  
J o u r n a l , 56, 762 (1934); Light, Z. physik. Chem., 122, 
414 (1926); Hartley and Leonard, J. Chem. Soc., 95, 34 
(1909).
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the preparation of this compound afforded only the di- 
hydro compound X  or unchanged starting material.

Anal. Calcd. for C7 H 9 B r0 6S: C, 27.92; H, 3.01.
Found: C, 27.86, 28.10, 27.88; H , 3.21, 3.12, 3.25.

Ultraviolet Absorption Spectra.—The spectra were de­
termined in purified dioxane with a Beckman Quartz 
Spectrophotometer, Model D U , using an approximately 
constant spectral band width of ca. 1  m/j,. p -Benzoquinone 
(Eastman practical grade) was purified by recrystalliza­
tion from water and subsequent sublimation at 1 0 0 °; 
m. p. 114-115°. 1,4-Thiapyrone-l -dioxide and 2,3- 
dihydro-l,4-thiapyrone-l-dioxide were both recrystallized 
from acetic acid and then sublimed in vacuo at tempera­
tures slightly below their melting points; the sublimed 
samples melted at 174-175° and 147-148°, respectively. 
The wave lengths and extinction coefficients at the ab­
sorption maxima are summarized in Table I .

Summary
An improved procedure for the synthesis of 1,4- 

thiapyrone- 1 -dioxide, a sulfonyl analog of p- 
benzoquinone, has been described, and the addi­
tion reactions of this compound with hydrogen, 
hydrogen bromide, bromine and butadiene have 
been investigated. A number of new thiapyrone 
derivatives have been prepared and characterized. 
The ultraviolet absorption spectra of 1,4-thia­
pyrone-1-dioxide and 2,3-dihydro-1,4-thiapyrone-
l-dioxide have been determined and compared 
with the spectrum of p-benzoquinone.*
P h il a d e l p h ia , P e n n s y l v a n ia

R e c e i v e d  D e c e m b e r  1 9 , 1 9 4 7

[A  C o n t r ib u t io n  o f  t h e  C h e m ic a l  L a b o r a t o r y  o f  C l a r k  U n iv e r s it y ]

Preparation of Piperazine1
B y  W il l ia m  B. M a r t in  a n d  A r t h u r  E. M a r t e l l

The formation of secondary amines from pri­
mary amines by catalytic deamination has been 
mentioned by Adkins in the case of the formation 
of dibenzylamine from benzylamine. Also, C. W. 
Hoerr, et al.,2 have recently prepared secondary 
aliphatic amines by the same method.

Kyrides3 has described the preparation of pi­
perazine from ethylenediamine and diethylene- 
triamine by the same method. The reaction was 
carried out without solvent at high temperatures 
(about 235°) in an autoclave. No yields were re­
ported. This reaction has been subjected to con­
siderable investigation in this Laboratory, and it 
seemed desirable at this time to report on the in­
vestigation to supplement the disclosures of the 
Kyrides patent.

Diethylenetriamine was heated with Raney 
nickel under various experimental conditions. 
The results of these experiments are tabulated be­
low. In all cases ammonia was evolved and pi­
perazine was formed according to the reaction

✓ CH*— C H 2— N H 2 N i  
H — N< — >

x CH2— c h *—n h 2

✓ CH2—CH2x
H N (  > N H  +  NHS

x CH 2—CII2/
A temperature of about 150° or somewhat 

higher was found to be most suitable for the re­
action. When a low-boiling solvent such as xy­
lene or toluene was used at atmospheric pressure, 
the reaction proceeded very slowly and little piper­
azine was obtained. The reaction seemed to be 
endothermic, and an increase of the rate of heat­
ing at atmospheric pressure merely resulted in a 
more rapid evolution of ammonia. After the re-

(1) Adkins, “ Reactions of Hydrogen,” The University of Wiscon­
sin Press, Madison, Wis., 1937, p. 55.

(2) C. W. Hoerr, et al.,  J . Org Chem., 9, 201-210 (1944).
(3) Kyrides, U. S. P aten t 2,267,686, December 23, 1941.

action had proceeded for a while the temperature 
would gradually rise to the reflux point of the sol­
vent.

Allowing the ammonia to escape from the re­
action mixture does not tend to improve the yield 
of piperazine. The yields are in general somewhat 
higher when the reaction is carried out in an auto­
clave. This may have been due in part to the loss 
of piperazine through volatilization in the escaping 
ammonia, since the vapor pressure of piperazine, 
even at room temperature, is fairly high. At any 
rate, the reaction does not approach a state of 
equilibrium. In all cases in which the ammonia 
was not allowed to escape, very little unreacted 
diethylenetriamine was isolated. As a further 
test, piperazine was treated with several molar 
proportions of alcoholic ammonia in an autoclave 
at 150° for ten hours in the presence of Raney 
nickel catafyst. No diethylenetriamine or ethyl­
enediamine was obtained, and substantially all the 
piperazine was recovered by fractional distillation.

In all the reactions attempted some high-boiling 
fractions and viscous high molecular weight resi­
dues were obtained. These were evidently mix­
tures of higher “polyalkylene polyamines” which 
probably resulted from linear deamination of di­
ethylenetriamine to form tetraethylenepentamine 
and higher homologs. The use of solvent is im­
portant in cutting down intermolecular condensa­
tion and in improving the yield of piperazine. 
This was also found to be the case by Pollard, 
et al.,4 in the preparation of piperazine by the cata­
lytic dehydration of hydroxyethylethylenedia- 
mine. In general, the use of a solvent decreased 
the formation of high boiling tarry residues. Of 
the solvents employed, moderately high boiling 
hydrocarbons gave the best results.

Similar results were obtained when the experi-
(4) Pollard, et al., U. S. P a ten t 2,400,022, May 7, 1946.
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T a b l e  I
Y ie l d s  o f  P ip e r a z in e  u n d e r  V a r io u s  R e a c t io n  C o n d it io n s

Yield of

R ay A. Clarke and Bert Ë. Christensen

Reagent G. Solvent Tem perature, °C.
Time,

hr.
pipera­
zine, g.

Yield
%

Diethylenetriamine 103 None Reflux 1 0 46 53
Diethylenetriamine Tetrahydronaphthalene Reflux 12 53 62
Diethylenetriamine None i w ,  aui<uv.iavL 8 33 38
Diethylenetriamine Dipentene 160, autoclave 8 63 73
Diethylenetriamine Xylene Reflux 7 15 17
Diethylenetriamine Dioxane 160, autoclave 7 28 32
Ethylenediamine 60 Tetrahydronaphthalene 150, autoclave 6 17 39

ments were repeated using ethylenediamine in­
stead of diethylenetriamine. The formation of 
piperazine from ethylenediamine probably re­
sulted through preliminary formation of diethyl­
enetriamine which then condensed to form pipera­
zine as described above.

yCH 2—CH2—NH 2

2 H 2 NCH2 CH2 NH 2 — >  H—N< +  NHS
x CH2~ C H 2 —n h 2

The piperazine was isolated as white crystals 
upon distillation and was identified in each case as 
the dibenzoyl derivative.

Experimental
The experimental conditions are summarized in Table I . 

Ethylenediamine and diethylenetriamine were purified 
by drying the commercial material over potassium h y­
droxide pellets and subsequent fractional distillation. 
Ethylenediamine was collected between 117 and 119°, 
while the diethylenetriamine used distilled from 83 to 
8 6 ° at 3 mm. pressure. All solvents were dried and 
purified by distillation with the exception of dioxane

which was first refluxed with sodium and aniline and then 
distilled. In each of the reactions listed in Table I, 10 
g. of Raney nickel was used.

The reaction mixture was fractionally distilled in each 
case to remove solvent and separate the products. The 
piperazine was isolated as colorless prisms, all samples 
melting within a few degrees of 100°. In each case the 
dibenzoyl derivative was prepared. The melting points 
of the dibenzoyl derivatives of each reaction product 
ranged from 193 to 195°. In all cases, a mixed melting 
point with an authentic sample of dibenzoylpiperazine 
showed no depression.

Acknowledgment.—The authors express their 
appreciation to the F. C. Bersworth Laboratories 
of Framingham, Massachusetts, for supplying 
the materials used in this investigation.

Summary
Experimental conditions for the preparation of 

piperazine by catalytic deamination of diethylene­
triamine and of ethylenediamine are described.
W o r c e s t e r  3, M ass. R e c e iv e d  O c t o b e r  2, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , O r e g o n  S t a t e  C o l l e g e ]

Pyrimidine. II. Amino Alcohols Derived from Pyrimidine1
B y  R a y  A . C l a r k e  a n d  B e r t  E . C h r i s t e n s e n

This laboratory has previously synthesized2 a 
number of amino alcohols with this substituent in 
the 5 position of pyrimidine nucleus, by the appli­
cation of the Mannich reaction to various 5-acetyl- 
pyrimidines.

The usual methods for the preparation of such 
compounds involve the Mannich reaction on the 
acetyl derivative or the coupling of the bromo- 
methyl ketone with the desired amine. The 
bromomethyl ketones are prepared either by di­
rect bromination of the acetyl derivative or by 
means of the Arndt-Eistert reaction. Whenever 
possible, this latter method is preferable since it 
utilizes the acid rather than the less common 
acetyl derivative of the desired nucleus. Further­
more, there is less possibility of brominating other

(1) The work described in this paper was made possible by a grant 
in aid from the Research Corpoi ation. Published with the approval 
of the Monograph Publications Committee, Oregon S tate  College, as 
Research Paper No. 121, School of Science, D epartm ent of Chemis­
try .

(2) Bruce Graham, A. M. Griffith, C. S. Pease and B. E. Christen­
sen, T h is  J o u r n a l , 67, 1294 (1945).

positions in the molecule and hence fewer separa­
tions and characterization problems.

Several 4-pyrimidinecarboxylic acid derivatives 
have been reported.3’4’5 In this laboratory, 
5 - methyl - 6 -oxo - 2 -phenyl - 4 -py rimidinecarboxylic 
acid was prepared in 50 to 60% yield from sodio 
diethyloxalpropionate and benzamidine. The 
acid in this instance was obtained directly in con­
trast to the diethyl oxalacetate condensation 
described by both Pinner3 and Rappeport.4

5 - Methyl - 6 - oxo - 2 - phenyl - 4 - pyrimidine- 
carboxylic acid I was readily converted through 
the series of intermediates, 6-chloro-5-methyl-2- 
phenylpyrimidine-4-carbonyl chloride II —» 4- 
bromoacetyl - 6 - chloro - 5 - methyl - 2 - phenyl- 
pyrimidine III ■—» 4-(2-diethylamino-l-oxoethyl)-
6-chloro-5-methyl-2-phenylpyrimidine hydrochlo­
ride IV to the amino alcohol, 4- (2-diethylamino-

(3) A. Pinner, Ber., 22, 2615 (1889).
(4) T. Rappeport, Ber., 34, 1986 (1901).
(5) T. B. Johnson and K. G. Mackenzie, Am . Chem. 42, 365 

(1909).
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1 - hydroxyethyl) - 6 - chloro - 5 - methyl - 2- 
phenylpyrimidine hydrochloride V. These re­
actions were all straight-forward, giving good 
yields of crystalline intermediates. The free base 
of the amino ketone as is frequently the case was 
rather unstable.

Experimental
5-Methyl-6-oxo-2-phenyl-4-pyrimidinecarboxylic Acid 

(I).—An aqueous solution of sodio diethyloxalpropionate 
was prepared according to the directions of Johnson and 
Mackenzie5  except that benzene was substituted for 
ether as the solvent. To the aqueous solution was added
34.8 g. (0 . 2 2  mole) of benzamidine hydrochloride and a 
solution containing 21 g. (0.445 mole, assuming 85% 
purity) of sodium hydroxide. The mixture was allowed 
to stand for one hour. A small amount of solid material 
was filtered off. The filtrate was acidified with concen­
trated hydrochloric acid causing a precipitate to form. 
After cooling in the refrigerator the white- to tan-colored 
solid was filtered by suction, washed with water, and 
dried. The yield of acid was 27 g. (53%). This acid 
was purified for analysis by dissolving in dilute alkali, 
decolorizing with charcoal, and reprecipitating with 
hydrochloric acid. The acid melted at 274° with de­
composition.

Anal. Calcd. for C1 2H 1 0 N 2 O3 : C, 62.61; H , 4.35; N , 
12.18; neutral equivalent, 230. Found: C, 62.35; H, 
4.24; N , 12.29; neutral equivalent, 228.

6  -Chloro -5 -methyl - 2  -phenylpyrimidine -4 -carbonyl Chlo - 
ride (II).—Sixteen grams of I (0.07 mole) and 85.5 g. 
(0.42 mole) of phosphorus pentachloride were mixed and 
heated in an oil-bath at 130° for one hour. The mixture 
on cooling solidified to a solid mass. The acid chloride 
was extracted from the excess phosphorus pentachloride 
with warm dry ether. By partial evaporation and cooling 
of the ether, the acid chloride crystallized and was removed 
by filtration. The yield of very nearly pure acid chloride 
was 16 g. (8 6 %). Thirteen and one-half grams of pure 
product was obtained by recrystallization from 50 ml. 
of heptane, m. p. 99-101°.

Anal. Calcd. for Ci2H 8 Cl2 N 2 0 : C, 54.0; H, 3.00;
N , 10.49; Cl, 26.6. Found: C, 53.5; H, 3.36; N , 10.53; 
Cl, 26.4.

4 -Bromoacetyl-6 -chloro -5 -methyl-2 -phenylpyrimidine
(III).—A solution of 12 g. of II (0.045 mole) in 60 ml. 
of dry benzene was added dropwise with stirring to 2 0 0  

ml. of a cold benzene solution of diazomethane (0.135 
m ole). The reaction appeared to take place rapidly as 
evidenced by the vigorous evolution of nitrogen. The 
solution was allowed to warm up to room temperature and 
after standing for about one hour, the benzene was 
evaporated under reduced pressure. The solid residue 
was suspended in ether and 25 ml. of 48% hydrobromic 
acid was added slowly with stirring. The bromomethyl 
ketone precipitated and nitrogen was evolved. The 
crude product (13.0 g.) was removed by filtration. Some 
additional material was obtained by evaporation of the 
ether. This residue and crude product when combined 
and recrystallized from heptane, gave 1 2 . 6  g. (8 6 % 
yield) of slightly yellow needles. For analysis a portion 
of this product was recrystallized twice from heptane 
after decolorizing with charcoal (m. p. 139-141°).

Anal. Calcd. for Ci3Hi0 BrClN 2 O: C, 47.93; H , 3.08; 
total halogen, 35.4. Found: C, 48.38; H , 3.39; total 
halogen, 35.4.

6  -Chloro -4 -chloroacetyl-5 -methyl - 2  -phenylpyrimidine. 
—The chloromethyl ketone was prepared in a manner 
similar to the bromomethyl ketone. From 4.00 g. of the 
acid chloride was obtained 3.48 g. of the crystalline 
chloromethyl ketone, m .p .  155-156°. This was purified 
for analysis by recrystallization from heptane.

Anal. Calcd. for C1 3H i0 C12 N 2 O : N, 9.96; Cl, 25.2.
Found: N , 10.02; Cl, 24.8,

6-Chloro-4-(2 -diethylamino-1 -oxoethyl) -5 -m ethyl-2 - 
phenylpyrimidine Hydrochloride (IV ).— Two grams
(0.00615 mole) of III was dissolved in 20 ml. of dry benzene 
and 1.26 ml. (0.0123 mole) of diethylamine were added 
dropwise. The formation of crystalline diethylamine 
hydrobromide was very rapid. After standing for fifteen 
minutes, the mixture was diluted with dry ether and the 
crystalline solid (0.82 g.) was filtered with suction and 
washed with dry ether.

Dry hydrogen chloride was passed into the filtrate to  
precipitate the condensate as the hydrochloride. The 
solid was filtered with suction and washed with dry ether. 
The weight of crude product was 2.15 g. This material 
after purification by three recrystallizations from iso­
propyl alcohol gave 0.61 g. of crystalline product, m . p. 
170-178° (red m elt).

Anal. Calcd. for Ci7H 2 iC12 N 3 0 : N , 11.86; total C l,  
20.0; ionizable Cl, 10.0. Found: N , 12.10; total C l,  
2 0 .0 ; ionizable Cl, 9.84.

6 -Chloro-4-( 2 -diethylamino - 1  -hydroxyethyl) -5-methyl- 
2 -phenylpyrimidine Hydrochloride (V ).— The amino 
ketone (0.50 g.) was dissolved in 20 ml. of methanol and 
reduced in a low pressure hydrogenation apparatus at 34 
pounds pressure using 30 mg. of platinum oxide catalyst. 
After about two hours the catalyst was removed by filtra­
tion and the solvent evaporated. The residue was taken  
up in 1 0  ml. of warm isopropyl alcohol and upon cooling 
deposited 0.29 g. of white solid. This product partially 
melted at 160°, resolidified and finally melted at 170-172°.

Anal. Calcd. for Ci7 H 2 3 Cl2 N 3 0 : N , 11.80; total Cl, 
19.9; ionizable Cl, 9.82. Found: N , 12.15; total Cl, 
19.5; ionizable Cl, 9.95.

6-Chloro-4-(2 -di-w-propylamino- 1  -oxoethyl) -5-m ethyl- 
2 -phenylpyrimidine Hydrochloride.—The condensation of 
the bromomethyl ketone with di -n -propylamine was 
carried out in the same manner as that with diethylamine. 
From 2.00 g. (0.00615 mole) of the bromomethyl ketone,
1.85 g. of crude amino ketone hydrochloride was obtained. 
This was recrystallized twice from a minimum amount of 
isopropyl alcohol yielding 0.85 g. of product, m . p. 170- 
178° (red m elt).

Anal. Calcd. for Ci9 H 2 5 C12 N 30  : N , 11.00; total C l,  
18.6; ionizable Cl, 9.28. Found: N , 11.06; total C l,  
18.3; ionizable Cl, 9.45.

6 -Chloro -4 - ( 2  -di -n -propyl amino - 1  -hydroxyethyl) -5- 
methyl-2 -phenylpyrimidine Hydrochloride.—The reduc­
tion to the di-w-propylamino alcohol was carried out in 
the same way as that given for the preparation of the  
diethylamino alcohol. This amino alcohol crystallized 
very slowly with low recovery from a minimum of iso­
propyl alcohol; from 0.50 g. of the amino ketone was ob­
tained 0 . 2 0  g. of solid product, m. p. 180-181 °.

Anal. Calcd. for Ci9 H 2 7 C12 N 30  : N , 10.94; total C l,  
18.5; ionizable Cl, 9.23. Found: N , 11.33; total C l,  
18.3; ionizable Cl, 9.18.

Summary
4-Bromo (and chloro)-acetyl-6-chloro-5-methyl-

2-phenylpyrimidine were prepared by application 
of the diazomethane synthesis to the acid chloride 
prepared from 5-methyl-6-oxo-2-phenyl-4-pyrimi- 
dinecarboxylic acid.

The amino alcohols, 6-chloro-4-(2-di-w-propyl- 
amino-l-hydroxyethyl)-5-methyl-2-phenylpyrimi- 
dine hydrochloride, 6-chloro-4- (2-diethylamino-1 - 
hydroxyethyl)-5-methyl-2-phenylpyrimidine hy­
drochloride, were prepared by coupling the 
bromoacetylpyrimidine with the appropriate sec­
ondary amine and subsequent reducing of the 
amino ketones.
C o r v a l l is , O r e g o n R eceived  A ug u st  7 p 1947
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[Co n t r ib u t io n  from  t h e  L aboratory  of Organic  Ch em istry  o f  t h e  U n iv e r sit y  o f  W is c o n s in ]

Piperidine Derivatives. XVIII. The Condensation of Aromatic Aldehydes with
l-Methyl-4-piperidone

B y  S. M . M cE l v a in  a n d  K u r t  R o r ig 1

The preparation of 3-substituted-4-piperidones 
via the condensation of aromatic aldehydes with 
1 -methyl-4-piperidone (I) was the purpose of the 
work here reported. Only two examples of such a 
condensation appear in the literature: benzalde­
hyde with 4-piperidone2 and l-methyl-4-piperi- 
done.3 Both of these condensations, however, 
yielded only the corresponding 3,5-dibenzal-4- 
piperidones.4

When l-methyl-4-piperidone was treated with 
benzaldehyde in a 4% solution of potassium hy­
droxide in 40% ethanol-water (which was just 
sufficient alcohol to keep the reaction mixture 
homogeneous) a rapid reaction occurred, but none 
of the monobenzal derivative (IV) was found 
among the several reaction products. The main 
reaction product was 1-methyl-3,5-dibenzal-4- 
piperidone (VIII) which precipitated from the re­
action mixture j m addition to this compound 
phenyl - bis - 3 - (1 - methyl - 4 - ketopiperidyl)- 
methane (X) and two apparently similar products 
with wide melting ranges, which were separated 
by their solubility differences in dilute ethanol, 
were obtained by dilution of the reaction mixture 
with water. In contrast to the dibenzalpiperi- 
done (VIII), the ethylenic bonds of which are 
rapidly and completely hydrogenated over Adams 
platinum oxide catalyst, these latter two products 
absorb hydrogen slowly and incompletely for one 
ethylenic bond per molecule. Elemental analyses 
indicate that one of these products, A, is a mixture 
of the monobenzalpiperidone (IV) and the carbinol
(III) and that the other product, B, is a mixture of 
the monobenzalpiperidone (IV) and the dicarbinol 
(VI) or a mixture of the carbinol (III) and the 
benzalcarbinol (VII),

In one of the first experiments with this pro­
cedure two products, having elemental analyses 
corresponding to the carbinol (III), were isolated 
at the point where mixtures A and B appeared in 
subsequent experiments. These were, undoubt­
edly, the two racemic forms of III, but neither 
could be isolated completely free of the other.

When benzaldehyde was allowed to react with 
1 -methyl-4-piperidone in a 4% solution of po­
tassium hydroxide in 55-60% ethanol-water sol­
vent, l-methyl-3-benzal-4-piperidone (IV) slowly  
precipitated from the solution.5 It was the sole

(1) Eli Lilly and Company Fellow, 1945—1947.
(2) Ruzicka and Fornasir, Helv. Chim. Acta, 3, 806 (1920); 

K uettel and M cElvain, T h is  Journal , 53, 2692 (1931).
(3) Howton, J . Org. Chem., 10, 279 (1945).
(4) Similarly tropinone has yielded the dipiperonal derivative 

[Robinson, J . Chem. Soc., I l l ,  762 (1917) ] and the dibenzal deriva­
tive despite numerous attem pts to prepare the monobenzal deriva­
tive [W illstatter, Ber., 30, 731, 2681, 2716 (1897)].

(5) Poggi and Gaustella, Gazz. chim . ital., 61, 405 (1931), have re»

product of the reaction and was obtained in 61% 
yield.

Since the dibenzalpiperidone (VIII) was rapidly 
precipitated from a 40% ethanol-water solvent in 
which it is insoluble and not formed in the 60% 
ethanol-water solvent in which it is quite soluble, 
it appears that the reaction of the piperidone (I) 
with benzaldehyde in the presence of alkali is best 
represented by a series of equilibria from which 
either the mono- or dibenzal derivative may be ob­
tained, depending on the solubility of the product 
in the reaction solvent. This conclusion is further 
indicated by the fact that either of the carbinol 
mixtures A and B, the two racemic forms of III, as 
well as the dibenzal derivative (VIII), which were 
formed in 40% ethanol-water solvent, were con­
verted to the monobenzal derivative (IV) when 
allowed to stand in a 4% potassium hydroxide

1 .  j  • • . .  r * r \ C r f  i i .  . _ t  j  . .  m i .  _ _  
s o l u t i o n  m  o \j /o e m a n o i —w a t e r ,  m e  c o n v e r s i o n  

of VIII to IV amounts to 78%.
It is a curious fact that the monobenzal deriva­

tive IV does not precipitate from the 40% eth­
anol-water solvent in which it is as insoluble as is 
the dibenzal derivative VIII. The most obvious 
explanation of this fact is that the series of equi­
libria involved in the transformation of II (or 
Ila) —» VIII are attained more rapidly than that 
of II —> IV. This is indicated by the rapid (see 
Table I) precipitation of VIII from the 40% 
ethanol-water solvent and the consequent shift of 
the reaction in this direction; when VIII is kept 
in solution by the 60% ethanol-water solvent, 
there is opportunity for the slower change of II 
(or Ila) into IV and the latter compound precipi­
tates over a period of several days (see Table I). 
The mixtures of IV with the carbinols, which are 
present in the 40% ethanol-water solvent and are 
precipitated by dilution with water, may be molec­
ular complexes that prevent the precipitation of
r v .

It seems likely that the benzal derivatives IV 
and VIII are formed from the ions Ila  and V ila  
rather than from the direct dehydration of the 
carbinols III and VI. The carbinol mixtures were 
completely resistant to dehydration with hydro­
gen chloride in absolute ethanol, and when re­
fluxed with acetic anhydride in pyridine, or with 
acetic anhydride containing ^-toluenesulfonic 
acid, were converted to a product, the analyses 
and molecular weight of which approximates the 
structure IX, and which corresponds to the dodeca- 
hydrotriphenylene formed from cyclohexanone6
ported the formation of 2-benzalcyclohexanone from benzaldehyde 
and cyclohexanone in a 4% aqueous solution of potassium hydroxide.

(6) Mannich, Ber., 40, 154 (1907); Kunze, ibid., 59, 2086 (1926); 
Triebs, ibid., 61, 684 (1928).
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HOH + HOH

OH
I

CHPh

'H +  OH-

H

!H3 III

l= C H P h
+  OH"

u
? °H
I

CHS I la

X  ?H
P h C H = c \ -  CHPh .— >  PhCH =j/ /  N = C H P h

\ ] s r /
+  O H -

CHa V ila

W
I

CHS V III

and to the sym-tris-2,3-thiocoumaronobenzene 
formed from thioindoxyl by the action of acetic 
anhydride with zinc chloride.7

P h C H =  N C H s

CH;

C H P h

\ N /

C H s

O

IX

w

CH s
X

C H P h

The fourth product X  isolated from the base- 
catalyzed condensation of benzaldehyde with the 
piperidone I is the result of the condensation of

T a b l e  I
B a s e -C a t a l y z e d  R e a c t io n  o f  B e n z a l d e h y d e  w it h  

1 -M e t h y l -4-p ip e r id o n e  (I)
Yield

of

two moles of the piperidone with one of the alde­
hyde. The yields of X  vary with the ratio of re­
actants as may be seen from Table I, which sum­
marizes the results of typical runs in a 4% po­
tassium hydroxide solution in various solvents.

The condensation of benzaldehyde with the 
piperidone (I) may also be effected by acid cataly­
sis. This reaction was carried out in absolute 
ethanol saturated with hydrogen chloride and the 
sole product was the hydrochloride of VIII, which 
precipitated in 86% yield over a period of three 
days. In this case it seems certain that the carbi­
nols III or VI are not intermediates in the forma­
tion of VIII, because the mixtures (A and B from 
the base-catalyzed reaction) containing these car­
binols remain unchanged in the medium used for 
the acid-catalyzed reaction. The reaction mech­
anism, therefore, cannot permit the formation of a 
carbinol. The simultaneous coupling and loss of 
water between the enolic form8 of the piperidone 
and the carbonium ion (XI) to produce the car-

P h C H = 0  -j- H + -

P hC H O /I,
moles Solvent

Yield
of

V III,
%

mix­
tures 

A +  B,
%

Yield
of

IV, %

Yield
of

X , %

1 .0 40% EtÓH 44® 36 8

2 . 0 40% EtOH 6 6 28 0 .3
1 .0 60% EtOH 61b
0 . 1 2 12% EtOH 45 16 1 1

1 .0 Water0 25 30 19

C H SN  > — 0 \ )''—6 A
P h C H — O H

0
H

P h C H = O H

h 2o  +  CH3N 

H

P h C H —-O H

X I

= o

® Precipitated in fifteen m inutes; the weaker base,
sodium bicarbonate, gave similar yields but required 
several days to produce them. b About five days required 
for this amount of IV to precipitate. c Benzaldehyde 
added dropwise over a period of 2.5 hours to an aqueous 
solution of potassium hydroxide and the piperidone.

(7) Dalgliesh and M ann, J. Chem. Soc,, 910 (1945).

H CHPh
©

X II

___________ _ H +  IV-HC1 — >  etc. to  V III H C l
(8) Although the am ount of the enolic form of the ketone as well 

as the rate  of its formation may be increased by the acidic m edium  
[cf. Hauser and Breslow, T his Journal, 62, 2391 (1940)]; Schwar- 
zenbach and W ittwer, Helv. Chim. Acta , 30, 659 (1947); H am m ett, 
“ Physical Organic Chem istry,” McGraw-Hill Book Co., Inc., New 
York, 1940, p. 237], the concentration of the enolic form m ay well be 
the lim iting factor th a t determines the over-all ra te  of reaction.
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bonium ion XII, which then passes into a benzal 
derivative, would seem to rationalize the acid- 
catalyzed condensation of benzaldehyde with I.

The solubilities of the hydrochlorides of IV and 
VIII in absolute ethanol are the reverse of those of 
IV and VIII in the 60% ethanol-water medium 
used in the base-catalyzed reaction. The hydro­
chloride of IV is soluble in absolute ethanol while 
the hydrochloride of VIII is quite insoluble. If a 
solvent in which the hydrochloride of I is soluble 
and the hydrochloride of IV is insoluble could be 
found, it might be possible to prepare IV by an 
acid-catalyzed reaction; as yet such a solvent has 
not been found.

Condensation of Other Aldehydes with L—
The study of the condensation of benzaldehyde 
with I was intended to serve as a model for the 
determination of the proper conditions for the 
condensation of other aldehydes, particularly the 
quinoline aldehydes, with this piperidone. Actu­
ally the benzaldehyde condensation proved to 
be the most complex from the standpoint of the 
number of reaction products. With the other alde­
hydes only those products corresponding to the 
mono- and dibenzal derivatives IV and VIII were 
obtained; none of the carbinols or the bispiperi- 
dylarylmethanes, corresponding to X, were found.

The course of the condensation of quinoline-2 
and 4-aldehydes with I showed a curious depend­
ence on the amount of alkali used to catalyze the 
reaction. In a 4% solution of potassium hy­
droxide in ethanol-water, in which the molar ratio 
of alkali to I was 3.5 :1, the 2-aldehyde gave a dark 
oil from which only a 9% yield of the diquinolinal 
derivative could be isolated. However, when a
0.25% solution of the alkali, containing an alkali 
to piperidone ratio of 0.54 was used, a 39% yield 
of the diquinolinol derivative and a trace of the 
monoquinolinol derivative were obtained. The 
quinoline-4-aldehyde yielded either the mono- or 
diquinolinol derivative depending on the amount 
of alkali used. Both of these quinoline aldehydes 
gave useless brown tars when hydrogen chloride in 
absolute ethanol was used as the reaction medium.

T a b l e  II
C o n d e n s a t io n  o f  C e r t a in  A l d e h y d e s , ArCHO, w it h  

1 -M e t h y l -4 -p ip e r id o n e  ( I )

Ar is
ArCH O /

Ii
moles

K O H /I,
moles

Yield of 
mono—al,

%
Yield of 
di—al, 

%*
2-Quinolyl 2 3 .5 5 0 9
2 -Quinolyl 2 0 .54 Some® 39
4-Quinolyl 1 1.37 95
4-Quinolyl 2 0 .73 Some® 79
«-Naphthyl 1 1.78 Some® 80
«-Naphthyl 1 0 .27 Some® 8 8

£?-Chlorophenyl 1 1.42 Some® 74
o-Chlor ophenyl 2 1.78 0 90
0 -Chlorophenyl 1 0 .2 7 Some® 82

* Percentage yield not given since this product was not 
obtained pure; analyses indicated it to be mainly the 
mono—al derivative. h Yield based on amount ©f alde­
hyde used»'

Neither benzaldehyde, 0-chlorobenzaldehyde or 
a-naphthaldehyde showed any variations in re­
action products with variations in the amount of 
alkali used to effect the condensations.

The condensations of these aldehydes with Lin 
the presence of varying amounts of potassium 
hydroxide are summarized in Table II. In each 
case water containing sufficient ethanol to make 
the initial reaction mixture homogenous was used 
as the solvent.

Experimental
Methyl-di-(jff-carbethoxyethyl)-amine.—A cooled one- 

liter reaction bomb was filled with 432 ml. (400 g.) of 
ethyl acrylate (containing 0.25% hydroquinone inhibitor) 
and 8 6  ml. (62 g.) of liquefied methylamine. Crystalliza­
tion occurred upon stirring these chilled reactants. The 
cover was quickly secured since the temperature rose 
to around 80° within five minutes. The reaction vessel 
was heated in a water-bath at 60-70° for one hour. The 
bomb was cooled, opened, and the reaction mixture dis­
tilled. The fraction boiling at 110-119° (mainly at 118- 
119°) at 0.5 mm. was methyl-di(/3-carbethoxyethyl) - 
amine; it weighed 367 g.

1  -Methyl-3-carbethoxy-4-piperidone Hydrochloride.—  
Although this compound could be prepared in good yields 
(80%) by the cyclization of m ethyl-di-(ft-carbethoxy- 
ethyl)-amine with sodium ethoxide , 9  the following pro­
cedure using sodium hydride was found more satisfactory.

Into a three-liter, three-necked flask equipped with a 
Hershberg stirrer, dropping funnel, and a reflux condenser, 
were placed 800 ml. of dry thiophene-free benzene and 54 
g. of sodium hydride. After flushing the apparatus with 
nitrogen, 30 g. of me thy 1 -di-(/?-carbethoxyethyl) -amine 
was added to the vigorously stirred suspension of sodium 
hydride in benzene.

Five minutes after adding two milliliters of absolute 
ethanol the reaction started as evidenced by the evolution 
of hydrogen. When, after five minutes more, the reaction 
mixture was noticeably warm, 2 0 1  g. of methyl-di-(/3 - 
carbethoxyethyl) -amine was added at such a rate as to  
keep the mixture refluxing briskly. During this addition 
of the di-ester the appearance of the reaction mixture 
gradually changed from a dark-gray fluid to an almost 
white paste. To facilitate stirring an additional 250 ml. 
of benzene was added after addition of the di-ester was 
completed. The mixture then was stirred and refluxed 
with external heating until no more hydrogen was evolved.

A crock of crushed ice was placed under the reaction 
flask to cool the mixture while 135 g. of glacial acetic acid 
was added. To this very slightly acid solution, cooled 
to 5°, 123 ml. of water was added to precipitate sodium 
acetate trihydrate. This salt was filtered off and washed 
with 350 ml. of benzene.

The combined filtrates were distilled to remove ethanol 
and water. After 600 ml. of distillate had been collected, 
a refractive index showed that pure benzene was distilling 
over. The residual solution of 1 -methyl-3-carbethoxy-
4-piperidone in benzene was diluted with 500 ml. of ab­
solute ether. This solution then was cooled in an ice- 
salt-bath and treated with dry hydrogen chloride until 
the 1-methyl-3-carbethoxy-4-piperidone hydrochloride 
had precipitated. The yield of product softening at 115°, 
melting at 125-128°, was 201 g. (91%).

1 -Methyl-4 -piperidone (I).—To a one-liter flask con­
taining 350 ml. of 20% hydrochloric acid was added 86.0 
g. of 1 -methyl-3-carbethoxy-4-piperidone hydrochloride. 
After refluxing for one hour, the ferric chloride reagent 
gave no coloration. The solution was evaporated to 
dryness on a steam-bath at 10 mm. pressure. The solid 
product, heated at 1 0 0 ° for four hours at 0 . 1  mm. and 
further dried over solid potassium hydroxide for twenty- 
four hours, weighed 57.7 g ., m . p. 80-120°. Although this

(9) Prill and McElvain, This Journal, 55, 1233 (1933)*
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melting range goes above that of the pure compound, 
0.45 g. of crude material dissolved in 90 ml. of hot acetone 
gave 0.40 g. of pure compound melting at 93-95°. Other 
samples of the crude piperidone hydrochloride showed even 
higher upper limits of the melting-points than that men­
tioned above, yet this apparently impure material always 
gave good yields of sharp melting product when recrystal­
lized. Thus the crude material can be used successfully for 
further work without recrystallization.

To 37.0 g. of crude 1-methyl-4-piperidone hydrochloride 
dissolved in 50 ml. water was added 14 g. of solid potassium 
hydroxide. Then 20 g. of potassium carbonate was added 
to salt out the free amine. This basic solution was ex­
tracted with seven 100-ml. portions of ether. The ethereal 
solution was dried overnight with anhydrous sodium 
sulfate and the ether distilled. The higher boiling residue 
was distilled at 19 mm. pressure. A forerun weighing
l .  7 g. was collected to 67°. The 1-methyl-4-piperidone 
fraction boiled from 67-69° and weighed 18.7 g.

The phenylhydrazone of this piperidone melted at 100- 
104°.10

The semicarbazone, prepared in the usual manner, did 
not precipitate from the reaction medium until salted out 
with potassium carbonate. After filtering and washing 
with a small amount of ice water it melted at 182-184°; 
recrystallization from ethyl acetate did not raise this
m. p.

Anal. Calcd. for C7H 1 4 N 4 O : C, 49.39; H , 8.29.
Found: C, 48.85; H , 8.04.

The 2,4-dinitrophenylhydrazone hydrochloride was also 
made, m .p . 249° d. The free base was obtained by dis­
solving 1.0 g. of the hydrochloride in 75 ml. water, neu­
tralizing with sodium bicarbonate, filtering, and recrystal­
lizing from ethyl acetate. The orange prisms melted
172.0-173.5°.

Anal. Calcd. for C1 2H 1 5 N 5 O4 : N , 23.88. Found: N,
24.0.

The Condensation of Benzaldehyde with the Piperidone 
(I) in 40% Ethanol.—To a solution of 7.5 g. of 1 -methyl~
4-piperidone and 7.0 g. of freshly distilled benzaldehyde 
in 69 ml. of 40% ethanol was added 3.0 g. of potassium 
hydroxide. The flask was then stoppered and shaken for 
fifteen minutes. The yellow solid that precipitated then 
was filtered off and the filtrate diluted with 75 ml. water. 
The white precipitate from the diluted reaction medium 
was labeled mixture A. It weighed 1.31 g. and melted 
at 115-150° dec.

Anal. Found: C, 76.42; H , 7.15; N , 6.59.
These analytical data indicate mixture A to be composed 

of the carbinol (III) and the monobenzal derivative (IV) 
(see below for the elemental content of these compounds).

The yellow solid which had been filtered from the 40% 
ethanol solution was dissolved in 250 ml. of hot 5% hydro­
chloric acid. Upon cooling 4.93 g. of fine yellow needles 
of 1-methyl-3,5-dibenzal-4-piperidone hydrochloride, m. 
p. 243.5-244.5°, was obtained. This compound has been 
reported to melt at 240-241 ° . 3

Anal. Calcd. for C2 0 H 2 0 C1 NO: Cl, 10.9. Found: Cl,
10.8 .

The 1 -methyl-3,5 -dibenzal -4 -piperidone was obtained 
in quantitative yield from its hydrochloride by dissolving 
the salt in hot 50% ethanol, adding sufficient sodium bi­
carbonate solution to neutralize the hydrogen chloride, 
cooling and filtering. After two recrystallizations from 
dilute alcohol, the canary-yellow 1-methyl-3,5-dibenzal- 
4-piperidone melted at 116.5-117.5°.

Anal. Calcd. for C20H19NO: C, 83.01; H , 6.62; N , 
4.84. Found: C, 83.04; H , 6.39; N , 4.76.

This compound has been previously reported by How- 
ton 3 * 1 1  to melt 117.2-118.2°.

The acidic filtrate from which the dibenzal piperidone
(10) Cf. Cook and Reed, J . Chem. Soc., 401 (1945).
(11) Although Howton reported correct nitrogen and hydrogen

analyses for his l-methyl-3,5-dibenzal-4-piperidone, the carbon
Values were consistently 2%  lower than  the theoretical value.

hydrochloride had been obtained was neutralized with 
sodium bicarbonate to precipitate 2.92 g. of the white 
mixture B, m. p. 115-160° dec.

Anal. Found: C, 75.16; H , 6.93; N , 5.85.
These analytical data indicate mixture B to be com­

posed of IV (see below) and the dicarbinol (VI) (calcd. 
C, 73.9%; H , 7.1% ; N , 4.3%) or of the carbinol (III) 
(see below) and the benzalcarbinol (VII) (calcd. C, 78.3%; 
H , 6 .8 8 %; N , 4.53% ).

The dilute alkaline reaction mixture from which mix­
ture A had been obtained deposited massive white rosettes 
on standing three days . 1 2  * The amount increased until 
after two weeks 0.82 g. of phenyl-bis-3-(1-methyl-4-keto- 
piperidyl)-methane, m. p. 221-225°, was filtered off. 
After two recrystallizations from dilute ethanol an an­
alytical sample melted 233-234°.

Anal. Calcd. for Ci9 H 2 6 N 2 0 2: C, 72.58; H , 8.34.
Found: C, 72.23; H , 7.95.

Phenyl-3 - ( 1  -methyl-4-keto-piperidyl) -carbinol (III).—- 
One of the first reactions carried out as described above 
yielded a product the analysis of which corresponded to  
phenyl-3 - (1 -methyl-4-keto-piperfiyl) -carbinol. Instead
of mixture A, 1.90 g. of white solid, m. p. 115-126°, 
was obtained. On attempted recrystallization from dilute 
ethanol, it repeatedly precipitated as an oil.

Anal. Calcd. for C1 3 H 1 7 N 0 2: C, 71.20; H , 7.82.
Found: C, 71.03; H , 7.42.

The hydrochloride of this compound was made by dis­
solving it in a small quantity of absolute ethanol, diluting 
with absolute ether, and treating the solution with hydro­
gen chloride. After decanting the supernatant liquid 
from the precipitated salt, it was redissolved in ethanol 
and reprecipitated with ether. This was repeated twice 
to obtain an analytical sample melting at 230-235° 
dec.

Anal. Calcd. for Ci3Hi8ClN02: Cl, 13.9. Found:
Cl, 14.1.

At the place where mixture B was obtained in the 
previously described reaction, 3.09 g. of a product melting 
at 90-120° d. precipitated. The hydrochloride, made as 
described above, melted at 243-245° dec.

Anal. Calcd. for Ci3 H ï8 C1N02: C, 61.05; H , 7.09; 
Cl, 13.9. Found: C, 60.80; H , 7.14; Cl, 14.0.

The melting point of a mixture of the carbinol hydro­
chloride melting at 243-245° with that melting at 230- 
235° was 110-160° dec. It was cpncluded that these 
carbinols are the two racemic forms, each contaminated 
with a small amount of the other.

None of the later experiments yielded either of these 
carbinols; only the mixtures A and B, with analyses ap­
proximating those given above, were obtained.

Neither of these carbinols were affected when allowed 
to  stand in solution in absolute ethanol saturated with 
hydrogen chloride. Both yielded the same product, m .p .  
187-189° d ., with acetic anhydride as that obtained in 
the following experiment with mixture B.

A solution of 4.83 g. of mixture B in 32 ml. of pyridine 
and 35 ml. of acetic anhydride was refluxed five hours. 
The brown solution then was poured into 400 ml. of ice- 
water to hydrolyze the acetic anhydride. Upon neutral­
ization with sodium bicarbonate a dark, tacky oil precipi­
tated. After standing four days, the oil solidified so 
that it could be filtered off. The crystalline material 
weighed 1.07 g. It was recrystallized four times from di­
lute ethanol to give 0.81 g. of a white solid, m. p. 187- 
189° dec. This compound rapidly darkened on exposure 
to  light and air.

The elemental content and molecular weight of this 
product approximated that of the cyclic dehydration 
trimer (IX ) of the benzalpiperidone.

(12) On the two occasions th a t a very small am ount of l-m ethyl-3- 
benzal-4-piperidone was obtained from such a reaction, i t  crystallized 
from the dilute alkaline reaction medium one day after filtering off 
mixture A. The monobenzal derivative was thus removed before 
the dipiperidyl methane sta rted  to  precipitate.
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Anal. Calcd. for C39H39N3: C, 85.21; H , 7.15; mol. 
w t., 550. Found: C, 84.87; H , 6.72; mol. w t., 504 
(R ast).

Mixture A, when refluxed with acetic anhydride and 
pyridine as described above, gave a 15% yield, of this 
product, m. p. 187-189° dec.

The Condensation of Benzaldehyde with the Piperidone 
(I) in 60% Ethanol. 1-Methyl 3 benza!-4-piperidone
(IV).—To a solution of 1.06 g. (0.01 mole) of benzalde­
hyde and 1.13 g. (0.01 mole) of 1-methyl-4-piperidone 
in 45 ml. of 60% ethanol was added 0.3 g. of potassium 
hydroxide. The solution became yellow almost at once. 
After standing one day a very small quantity of oil ap­
peared. The solution was heated slightly to dissolve this 
oil which did not reappear on cooling. No further 
visible reaction occurred until a seed of 1-methyl-3- 
benzal-4-piperidone was added. Two days after adding 
this seed 0.78 g. of 1-m ethyl-3-benzal-4-piperidone, m. p. 
213-215°, was filtered off. On successive days three 
additional crops totaling 0.27 g., and melting at 214- 
217° were obtained. The mother liquor then was diluted 
with 18 ml. of water and decanted from 0.16 g. of oil. 
This oil, when it solidified, melted at 85-105° and could 
not be recrystallized from dilute ethanol. One day after 
the oil had been removed from the diluted reaction mixture 
another 0.17 g. of product, m. p. 216-219° was obtained. 
The total yield of crystalline product was 1.32 g. (61%). 
An analytical sample, twice recrystallized from water- 
ethanol solvent, m . p. 224-225°, had a faint yellow 
color.

Anal. Calcd. for Ci*Hi*NO: C, 77.58: H , 7.51.
Found: C, 77.30; H , 7.38.

The benzalpiperidone (IV) was also obtained from 
mixtures A and B, and from the dibenzalpiperidone (VIII) 
in the following manner.

To 0.36 g. of mixture A in 17.5 ml. of 54% ethanol was 
added 0.2 g. of potassium hydroxide. Within one day 
crystals began to deposit. After standing for two weeks 
at room temperature 0.18 g. (53%) of IV, m. p. 215- 
218°, was obtained.

A solution of 0.50 g. of mixture B and 0.2 g. of potassium 
hydroxide in 17.5 ml. 60% ethanol stood for one week at 
room temperature without precipitating the monobenzal 
piperidone. The solution was then heated at reflux for 
ten minutes and allowed to stand at room temperature 
again. A week after heating the mixture, crystals of IV 
began to separate. After one month 0.13 g. (28%) of 
monobenzalpiperidone, m. p. 214-216°, was obtained.

A solution of 0.48 g. of pure 1-methyl-3,5-dibenzal-4- 
piperidone (V III), 0.19 g. of 1-methyl-4-piperidone and
1.0 g. of potassium hydroxide in 26 ml. of 60% ethanol 
was prepared. After standing for three days the solution 
was refluxed for five minutes while 4.0 ml. of hot water was 
added. After seventeen days of standing at room tem ­
perature 0.23 g. of IV, m. p. 211-215°, was filtered off. 
A second crop weighing 0.07 g. was obtained eighteen 
days after the first crop was filtered off. The total yield 
was 45% of that theoretically possible from the di­
benzalpiperidone and the added 1-methyl-4-piperidone. 
However, the yield is 78% of theoretical, if based on the 
decomposition of dibenzalpiperidone only.

The Condensation of Benzaldehyde with the Piperidone 
I with Ethanolic Hydrogen Chloride.—Benzaldehyde (1.06 
g.) and 1-methyl-4-piperidone (1.13 g.) were dissolved in 
15 ml. of absolute alcohol. Anhydrous hydrogen chloride 
was passed in until the solution was saturated. The flask 
was allowed to stand at room temperature for two days 
during which time a crystalline deposit slowly formed. 
The hydrochloride of the dibenzal derivative so obtained 
melted 234-240° and weighed 1.40 g. (86%) (see above 
for analytical data of this sa lt).

l-M ethyl-3,5-dibenzyl-4-piperidone.—In an apparatus 
for hydrogenation at atmospheric pressure13 5.14 g. of 1- 
m ethyl-3,5-dibenzal-4-piperidone hydrochloride in 60 
m l. of ethanol was hydrogenated over 0.48 g. of Adams

(13) Fieser and Hershberg, T h is  J o u r n a l , 60, 944 (1938).

platinum oxide catalyst. Although the dibenzalpiperi­
done was not completely soluble in the ethanol, the 
hydrogenated product was and, consequently, the in­
soluble material disappeared, as the hydrogenation pro­
ceeded. After the theoretical amount of hydrogen was 
taken up (fifteen minutes), the catalyst was filtered off, 
the solvent evaporated, and the product neutralized with 
sodium bicarbonate. The brown, oily product did not 
crystallize and was dissolved in petroleum ether (b. p. 
60-68°)-benzene solution (three volumes of benzene to 
two volumes of petroleum ether) and filtered through a 
twenty-five centimeter column of activated aluminum 
oxide. Upon evaporation of the filtrate 2.45 g. of oily, 
white crystals was obtained. Since these crystals were 
soluble at room temperature in all common organic 
solvents, they were triturated with 10 ml. of ice-cold 
petroleum ether (b. p. 40-60°) to give 1.31 g. of product 
m. p. 76-79°. An analytical sample was obtained by 
dissolving the crystals in a minimum amount of petroleum 
ether (b. p. 40-60°), then cooling the solution to —10°. 
After three such recrystallizations the melting point of 
1-methyl-3,5-dibenzyl-4-piperidone was 84.0-85.5°.

Anal. Calcd. for C20H23NO: C, 81.87; H , 7.90.
Found: C, 82.12; H , 7.62.

The Condensation of Other Aldehydes with I. Quino- 
line-2-aldehyde.—To 1.58 g. (0.01 mole) of quinoline-2- 
aldehyde14 and 0.56 g. (0.005 mole) of 1 -methyl-4-piperi- 
done dissolved in 51 ml. of 30% aqueous ethanol, 0.15 g. 
(0.002 mole) of potassium hydroxide was added. The 
solution became yellow immediately and a precipitate 
appeared within one minute. After shaking the solution 
for twenty-five minutes, a single lump of semi-solid prod­
uct was removed. When dried this yellow material 
weighed 1.87 g. and melted at 143-147°. The residual 
reaction liquid was diluted with 60 ml. of water to obtain 
a second crop (0,04 g.) of yellow solid, m . p. 140-146°. 
This reaction product was recrystallized from 80 ml. of 
95% ethanol to give 0.72 g .15 of long slender yellow needles 
of 1-methyl-3,5-di-(2-quinolinal) -4-piperidone, m. p. 
153-154°. A thrice recrystallized sample, m. p. 158- 
159°, was used for analyses.

Anal. Calcd. for C26H2iN 30 :  C, 79.77; H , 5.41.
Found: C, 79.72; H , 5.24.

The filtrate from this recrystallization was evaporated 
to dryness and the residue redissolved in 30 ml. of benzene. 
Hot petroleum ether (b. p. 60-68°) was added to the boil­
ing benzene and the solution was cooled. In this manner 
0.54 g. of tan powder, m. p. 150-160°, was obtained. 
The purity of this product was not improved by recrystal­
lization, since the contaminant seemed to be as soluble 
in various solvents as the main portion. Furthermore, 
recrystallization was discouraged by the heat-sensitivity 
of the product. An elemental analysis suggested that it 
was mainly a mono-quinolinal piperidone.

Anal. Calcd. for Ci6Hi6N 20 : C, 76.16; H , 6.39.
Found: C, 76.32; H , 5.28.

Quinoline-4-aldehyde.—To 5.73 g. (0.03 mole) of 
quinoline-4-aldehyde hydrate16 and 3.70 (0.03 mole) of 
1-methyl-4-piperidone, dissolved in 75 ml. of 67% aqueous 
ethanol, 2.5 g. (0.05 mole) of solid potassium hydroxide 
was added. This solution was shaken for fifteen minutes, 
diluted with 200 ml. of water, then shaken for twenty  
minutes and diluted with another 200 ml. of water. 
After a final ten minutes of shaking the light-tan solid 
was filtered and dried. It weighed 7.36 g. (95%) and 
melted at 190-203°. A 6.05-g. sample of this crude 
product was triturated with a few ml. of cold benzene,

(14) Kaplan, ibid., 63, 2654 (1941).
(15) This large loss on recrystallization is due partly  to  decomposi­

tion. For example, when 0.58 g. of pure l-methyl-4,5-di-(2-quino- 
linal)-4-piperidone was recrystallized from 45 ml. of 95% ethanol only 
0.46 g. was recovered. The filtrate, when evaporated to  dryness, 
gave 0.09 g. of a brown powder which was much more ethanol-soluble 
and higher-melting than  the di-quinolinalpiperidone.

(16) Kwartier and Lindwall, T h is  J o u r n a l , 59, 524 (1937).
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filtered, and dried. The l-methyl-3-(4-quinolinal)-4-
piperidone thus obtained weighed 5.96 g. and melted 222- 
225° dec. For an analytical sample this triturated prod­
uct was recrystallized from 95% ethanol. It melted at 
250-252° dec. when heated from room temperature; 
when introduced at a bath temperature of 240°, however, 
it melted at 252-253 °.

Anal. Calcd. for Ci6H i6N 20 :  C, 76.16; H , 6.39.
Found: C, 76.06; H , 6.04.

A mixture of 0.42 g. (0.0037 mole) of 1-methyl-4- 
piperidone, 1.30 g. (0.0074 mole) of quinoline-4-aldehyde, 
and 0.15 g. (0.002 mole) of potassium hydroxide in 50 
ml. of 30% aqueous ethanol was shaken for twenty 
minutes. The yellow solid which formed was filtered 
off and recrystallized from hot methanol. The first 
crop of long yellow needles of 1 -methyl -3,5 -di- (4 -quinol - 
inal)-4-piperidone weighed 0.94 g ., m. p. 198-200°. 
A second crop (0.20 g.) of this same product, m. p. 
193-196°, was obtained by diluting the ethanol filtrate 
with a few ml. of water. On further dilution a third 
crop of crystals weighing 0.09 g. was obtained. The 
latter product softened at 190° but the major portion 
did not melt until 245°. This behavior indicates this 
product to be mainly the mono-4-quinolinal derivative 
described above.

An analytical sample of l-methyl-3,5-di-(4-quinolinal)-
4-piperidone, m .p . 199-200°, was obtained by recrystal­
lization from methanol.

Anal. Calcd. for C26H2iN 30 :  C, 79.77; H , 5.41.
Found: C, 79.85; H , 5.41.

ö-Chlorobenzaldehyde.—To 1.75 g. (0.01 mole) of 
freshly distilled <?-chlorobenzaldehyde and 1.40 g. (0.012 
mole) of 1-methyl-4-piperidone in 26 ml. of 62% aqueous 
ethanol was added 1.0 g. of solid potassium hydroxide. 
After shaking for fifteen minutes the crude, yellow 1- 
methyl-3 ,5 -di-(0-chlorobenzal) -4-piperidone was filtered 
off. Recrystallization from ethanol gave 1.63 g. (73%) 
of yellow needles, m .p . 152-155°. A thrice recrystallized 
sample, m .p . 152-154°, was used for analytical purposes.

Anal. Calcd. for C2oH i7C12NO: C, 67.04; H , 4.78. 
Found: C, 67.25; H , 4.73.

The hydrochloride of 1-methyl-3,5-di-(0 -chlorobenzal)-
4-piperidone, after recrystallization from an ethanol- 
ether mixture, melted at 227-229° d.

Anal. Calcd. for C2oH 17C12NOHC1: ionic Cl, 9.0.
Found: ionic Cl, 9.0.

The reaction mixture from which the dibenzal derivative 
had been filtered was diluted with 60 ml. of water to pre­
cipitate 0.764 g. of an almost white powder, m. p. 120- 
135°. After five recrystallizations from ethanol-water, 
this product melted at 150-155°. An elemental analysis 
indicated that this somewhat impure sample was mainly
1 -methyl-3-(0-chlorobenzal)-4-piperidone.

Anal. Calcd. for C1 3H 1 4 CINO: C, 66.24; H , 5.99.
Found: C, 65.93; H , 5.34.

a.-Naphthaldehyde.— The condensation of this aldehyde 
with the piperidone I was carried out in a manner similar 
to that of o-chlorobenzaldehyde. The crude, yellow  
dinaphthal derivative, m. p. 160-170°, was obtained in 
80% yield. Recrystallization from ethanol gave an 
analytical sample of 1 -m ethyl -3,5 - di - (a -naphthal) -4 - 
piperidone, m. p. 173-175°.

Anal. Calcd. for C28H23NO: C, 86.34; H , 6.09.
Found: C, 86.74; H , 6.22.

A small amount of an ivory-colored powder, m . p .  
177-181 °, the analyses of which indicated it to  be an 
impure mononaphthal derivative, also was obtained. 
Variations in the relative amounts of potassium hydroxide 
used in the condensations of o-chlorobenzaldehyde and 
a -naphthaldehyde did not materially affect the nature 
of the reaction products (see Table I I ) .

Summary
The base-catalyzed condensation of benzalde­

hyde with 1 -methyl-4-piperidone has been found 
to yield either the mono or the dibenzal derivative 
depending on the nature of the solvent used for 
the reaction. In addition to these products, other 
materials corresponding to the phenylpiperidyl 
carbinols and mixtures of these types with the 
benzal derivative, as well as bis-dipiperidylphenyl- 
methane, have been isolated.

The base-catalyzed condensation is shown to be 
reversible by the conversion of the carbinol-con- 
taining mixtures, as well as the dibenzal deriva­
tive, into the monobenzal derivative.

The acid-catalyzed condensation of benzalde­
hyde and the piperidone yields only the dibenzal 
derivative. The carbinol is shown not to be an 
intermediate in this condensation.

Quinoline-4-aldehyde yields either the mono- or 
diquinolinal derivative of the piperidone depend­
ing on the amount of alkali used to effect the con­
densation. 0-Chlorobenzaldehyde and a-naph- 
thaldehyde yields only the dibenzal derivative re­
gardless of the amount of alkali used. Similarly 
quinoline-2-aldehyde yields mainly a rather un­
stable diquinolinal derivative.
M a d i s o n , W i s c o n s i n  R e c e i v e d  J a n u a r y  2 ,  1 9 4 8
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Piperidine Derivatives. XIX. Esters of Substituted 4-Piperidinols
B y  S . M . M cE l v a in  a n d  K u r t  R o r ig 1

In the seventh paper of this series the benzoates 
and p -aminobenzoates of a series of 1-alky 1-4- 
piperidinols (II, R' =  H) were described.2 The 
piperidinols were not isolated but were directly 
acylated in the form of their hydrochlorides, which 
were obtained by the hydrogenation of the corre­
sponding 1 -alkyl-4-piperidone hydrochlorides over 
Adams platinum oxide catalyst. In the present 
paper the preparation of 1-methyl-, 1-isopropyl- 
and 1 -#-butyl-4-piperidinol and the three inactive

zene nuclei are hydrogenated. The separation of 
these hydrogenation products was difficult and re­
crystallization losses were high. The proportion 
of products from any one hydrogenation varied 
with the temperature, but in no case was the yield 
of any one more than 68% of the theoretical. The 
melting points and analyses of these piperidinols 
together with the catalysts and conditions under 
which they were produced are summarized in 
Table I.

T a ble  I
H y dro g en ation  P roducts of 1 - M b t h y l - 3 ,5 - d i b e n z a l - 4 - p i p e r i d o n b  ( I )

Calcd. Found
Compound M. p .f °C. Formula C H C H Catalyst

l-Methyl-3,5- 155-157 C2 0 H 2 5 NO 81.31 8.33 81.30 8.60 Ni,“ CuCrOs6

dibenzyl 183-184 C2 0H 2 5 NO 81.31 8.33 81.21 8.12 P t , c Ni*
4-piperidinol

1-Methyl-3,5-di- (hexahydrobenzyl) -
177-178 C20H 25N 0 81.31 8.33 80.97 8.35 CuCrO/

4-piperidinol 176-178 C2oH37NO 78.11 12.13 78.36 12.03 N i/
a At 80 ° under 160 atmospheres of hydrogen for 5 hours. b At 200° under 160 atmospheres for 2.5 hours . “ A t  20-25 0

under 1 atmosphere for 1.5 hours. d At 60° under 105 atmospheres for 1 hour. • At 215° under 145 atmospheres for 5 
hours, j  At 80° under 160 atmospheres for 5 hours, followed by 180° for 3.5 hours.

stereoisomeric 1 -methyl-3,5-dibenzyl-4-piperidi-
nols and certain of their esters are described.

The l-alkyl-4-piperidinols were obtained in ex­
cellent yields by the hydrogenation of the corre­
sponding piperidones over Raney nickel. These 
piperidinols were converted to the diphenylace- 
tates and l-methyl-4-piperidinol to the N-phenyl- 
carbamate for pharmacological testing. The 
benzilic esters could not be prepared either by the 
direct interaction of benzilic acid with the piperi- 
dinol or with the corresponding 4-chloropiperidine 
according to the procedure of Horenstein and 
Pahlicke.3

O OH
A ^ c h c 6h 5

r A r

■INK1 u1
CHa

1
R

I II

There are four theoretically possible stereoiso­
meric 1-methyl-3,5-dibenzyl-4-piperidinols (II, R 
=  CH3; R' =  C6H5CH2) : d , l, and two meso
forms. The hydrogenation of l-methyl-3,5-di- 
benzal-4-piperidone4 (I) under various conditions 
with platinum, nickel and copper chromite cata­
lysts has yielded three different dibenzylpiperi- 
dinols, corresponding to the racemic and the two 
meso forms, as well as a product in which both ben-

(1) Eli Lilly and Company Fellow, 1945-1947.
(2) Bolyard and McElvain, T his J o u r n a l , 51, 922 (1929).
(3) Horenstein and Pahlicke, Ber., 71, 1644 (1938).
(4) M cElvain and Rorig, T his Journal, 70, 1820 (1948).

With the platinum catalyst the carbon to car­
bon double bonds were hydrogenated in ten to 
fifteen minutes; the carbonyl group required an 
additional one to two hours. Hydrogenation over 
platinum was never very satisfactory, however, 
because a colored, oily product resulted and from 
this oily material pure crystalline compounds were 
obtained only with considerable difficulty. The 
nickel and copper chromite catalysts, on the other 
hand, gave white products that readily crystal­
lized.

The diphenylacetate was prepared from the 
most abundant l-methyl-3,5-dibenzyl-4-piperidi- 
nol (m. p. 177-178°). The salts of this ester are 
remarkably insoluble in water; in fact, none were 
found with sufficient solubility to permit pharma­
cological testing.

The properties and analyses of the hydrochlo­
rides of the substituted piperidinol esters prepared 
in this work are summarized in Table II.

The 1-methyl-, 1-isopropyl- and l-w-butyl-4- 
piperidyl diphenylacetate hydrochlorides were 
tested for antispasmodic activity by Dr. K. K. 
Chen and associates of the Lilly Research Labo­
ratories, Eli Lilly and Company, Indianapolis, 
Indiana. On the isolated guinea pig ileum, the 
1 -methyl-4-piperidy 1 ester showed about 50% of 
the activity of atropine sulfate; the higher homo­
logs showed only about 1% of this activity.

Experimental
Alkyl-di- ( /?-carbethoxy ethyl) -am ines.—These tertiary 

amines were prepared by the addition of the appropriate 
primary amine to ethyl acrylate. Methylamine adds to
the acrylate in six hours a t 65° to give an 80% yield of the
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T a b l e  I I

H y d r o c h l o r i d e s  of S u b s t i t u t e d - 4 - P i p e r i d i n o l  E s t e r s  

RNCH 2 CHR'CHOCOR'/CHR'CH 2

Ris R ' is R " is Form ula . M. p .s °C.
A nalyses, % Cl 

Calcd. F oui
CHS H (C6H5)2CH C2 0H 2 4 C1N 0 2 115-120® 1 0 . 2 1 0 .3
(CH3)2CH H (C«H5)2CH C2 2H 2 8 C1N 0 2 174-176 9 .5 9 .8
W-C4H 9 H (C6H5)2CH C2 3H 3 0  Gl 1ST 0 2 181-184 9 .2 9 .3
CHS H CsHsNH C1 3H 1 9 CIN2 O2 228-229 13.1 1 3 .5
GH, C6H 6 CH2b (CeH6)2CH C3 4H 3 6 CINO 205-207 6 . 8 6 . 8

° Burtner and Cusic, T h is  J o u r n a l , 65, 263 (1943), report this compound to be too hygroscopic for a m elting point 
determination. b The piperidinol isomer melting at 177-178 ° was used to prepare this ester.

T a b l e  III
X -A l k y l - 4 - p i p b r i d o n e s

Alkyl Form ula
B. p.,

°C. Mm. n
Methyl4 67-69 19
Isopropyl C8 H15NO 100-101 27 1.4627
n-Butyl C w H riN O 106-108 2 2 1.4595

----1------- Analyses, % ----------------
Calcd. F ou n d

d2H C . H c H

0.9495 68.04 10.71 67.98 10.83
0.9292 69.63 11.04 69.37 11.04

Alkyl Form ula
Methyl . . . . . .
Isopropyl C8 H i7NO
w-Butyl C9H19NO

T a b l e  IV

I - A l k y l - 4 - p i p e r i d i n o l s

B. p.,
°C. Mm.

95-98 16® . . . .
113-114 23 1.4750 0.9529
127-129 22 1.4734 0.9411

------------Analyses, % ------- -----
Calcd. F o u n d

- c H C H

67.09 11.97 67.14 12.11
68.72 12.18 68.42 12.00

a M. p. 24-27°; this compound has been prepared from chelidonic acid and reported to melt at 28° [M ills, Parkin and  
Ward, J. Chem. Soc., 2622 (1927)]; its preparation from chelidonic acid also has been reported by Em m ert, German  
Patent 292,871 [Chem. Zentr., 87, I I ,  116 (1916)]; Riegel and Reinhard, T his J o u r n a l , 48, 1344 (1926); Burtner and
Cusic, ibid., 65, 266 (1943).

tertiary amine4; isopropylamine requires ten hours at 
175° to produce a 56% yield5; and ^-butylamine requires 
ten hours at 125° to give a 73% yield of the tertiary amine. 
The properties of these tertiary amines corresponds to  
those previously reported . 6

1-Alky!- 4 -piperidones.—These piperidones were ob­
tained by decarboxylation of the 1 -alkyl-3-carbethoxy-4- 
piperidones, resulting from the Dieckmann cyclization of 
the above tertiary amino-esters, in the same manner as 
described for 1-methyl-4-piperidone . 4  The properties 
of these piperidones are listed in Table III.

1 -Alkyl-4-piperidinols .-—These compounds were ob­
tained in 80-95% yields by the hydrogenation of the 1- 
alkyl-4-piperidones over Raney nickel at 140 atmos­
pheres and 125° for two hours. The properties and 
analyses of these piperidinols are summarized in Table
IV.

Hydrogenation of I to the 1 -Methyl-3,5-dibenzyl-4- 
piperidinols. (a) Adams Platinum Oxide Catalyst.—A
2.00-g. sample of 1 -m ethyl-3,5-dibenzal-4-piperidone 
hydrochloride in 33 ml. of 95% ethanol was hydrogenated 
over 0.20 g. of Adams platinum oxide catalyst. The 
amount of hydrogen necessary for saturation of the olefinic 
bonds was taken up in ten minutes. However, hydro­
genation of the carbonyl group was so much slower that 
ninety-two minutes were required for completion. The 
free basic product was obtained by neutralization and 
crystallized from an aqueous ethanolic medium. The 
first crop of crystals, weighing 0.29 g., melted at 176.5- 
178.0°. Three lower-melting crops, totaling  ̂ 0.20 g., 
were obtained by diluting the ethanolic mother liquors.

(5) Ziering, Berger, Heine man and Lee, J . Org. Chem., 12, 901 
(1947), recently reported the preparation of this tertiary amine by  
allowing the reactants to  stand in alcohol solution for one week a t 
room temperature.

(6) M cElvain, T h is  Journal , 46, 1721 (1924); 48, 2.179 (1926).

The first crop was recrystallized once from aqueous 
ethanol and twice from benzene-petroleum ether (b . p . 
60-68°) solvent to give an analytical sam ple m elting  
at 183.5-184.0°.

(b) Raney Nickel Catalyst.—The 183 .5-184° isomer 
was also obtained by high pressure hydrogenation over 
Raney nickel. To 2.57 g. of l-m ethyl-3,5-d ibenzal-4«  
piperidone and 40 ml. of ethanol in a 270-m l. steel hydro­
genation bomb was added 0.4 g. of R aney nickel catalyst 
prepared according to the directions of Pavlic and A dkins . 7  

The bomb was filled with hydrogen to  an initial pressure 
of 105 atmospheres and hydrogenated at 60° for fifty  
minutes. After filtering off the catalyst and rem oving  
the ethanol, the residue was taken up in hot petroleum  
ether (b. p. 60-68°). On cooling this solution 0.30 g. of 
material melting at 160-167° was obtained. Three re­
crystallizations from benzene-petroleum ether m ixture 
raised the melting point to 182-183°. There was no de­
pression of melting point when this sam ple was mixed  
with the one previously obtained, by hydrogenation over 
Adams platinum oxide catalyst.

The above hydrogenation was repeated w ith 7 g. of I 
in 25 ml. of ethanol over 3 g. of the nickel catalyst a t 80°  
and 160 atmospheres for five hours. After rem oval of 
the catalyst and solvent, the product was crystallized from 
a mixture of two volumes petroleum ether (b . p. 6 0 -68°)  
and one volume benzene to give 2.4 g. of crude product 
melting 153-159°. This was recrystallized three tim es 
from the benzene-petroleum ether solvent to rem ove a 
higher melting impurity. The analytical sam ple thus 
obtained melted 155.0-156.0°.

(c) Copper-Chromite Catalyst .— T he lower m elting  
1  -m ethyl-3,5-dibenzyl~4 -piperidinol was also obtained by  
the hydrogenation of a 2 .0 -g. sam ple_ of the dibenzal­
piperidone over 1 . 0  go of copper-chromite catalyst which

(7) Adkins and Pavlic, ibid, 68, 1471 (1946).
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was prepared according to Adkins9 directions.8 The 
bom b was filled initially to a hydrogen pressure of 160 
atm ospheres, and the hydrogenation run at 200° for two 
and one-half hours. The recrystallized product (1.36 g.) 
m elted 155-157°. A mixture of this product with that 
obtained from the Raney nickel hydrogenation melted 
at 154.5-157 A

W hen 5.0 g. of 1-m ethyl-3,5-dibenzal-4-piperidone in 
ethanol and 2.0 g. of copper chromite catalyst in a bomb 
containing 145 atmospheres of hydrogen were heated for 
five hours at 215°, 1.76 g. of white crystals melting at 
175-177° was obtained by allowing the hydrogenation 
product to crystallize from a benzene-petroleum ether 
(b . p . 60-68°) mixture. This product then was recrystal­
lized from the same solvent mixture to give an analytical 
sam ple of 1-methyl-3,5-dibenzyl-4-piperidinol melting, at
177 .0-178 .5°. A mixture of a sample of this material 
w ith  the 1-methyl-3 ,5-dibenzyl-4-piperidinol, m. p.
183 .5-184 .0°, was 153-170°.

1-M ethyl-3,5-di-(hexahydrobenzyl) -4-piperidinol.— 
When the 1-methyl-3,5-dibenzyl-4-piperidinol, melting 
at 155-157°, was prepared by hydrogenation over Raney 
nickel the yields were low. A substantial portion of the 
crude product was much more soluble in petroleum ether 
(b . p . 60-68°) than the 155-157° melting product. The 
solubility  suggested that the benzene rings had been hy­
drogenated in the reaction. However, no such product 
could be isolated from the crude mixture. Accordingly 
this petroleum ether soluble residue (4.20 g.) was re­
hydrogenated over fresh Raney nickel (4 g.) for three and 
one-half hours at 180° and 165 atmospheres hydrogen 
pressure. After removal of catalyst and solvent, the

~  11 1— ,  ----JVLv l i j  i c o i u u c  w  c io  v - a u o c u .  l w  v.1  j f o t a i n ^ c  u y  i  u u u m g  V V H U  c t

few drops of petroleum ether. The resultant semi­
crystalline mass then was dissolved in 25 ml. of petroleum 
ether (b . p. 60-68°) and cooled to —10° to precipitate 
a crop (1.08 g.) of white, fluffy needles melting 160-167°. 
These were recrystallized from 50 ml. of petroleum ether to 
give 0.80 g. of analytically pure product melting at 176.5- 
178.0°.

T he analytical data for these 3,5-substituted N-methyl- 
piperidinols are listed in Table I.

1 -M ethyl-4-chloropiperidine.—A solution of 7.0 g. of 
thionyl chloride in 25 ml. of dry benzene was added slowly 
to  4 .15 g. of 1-methyl-4-piperidinol in 25 ml. of dry ben­
zene. An oily precipitate formed almost immediately. 
T his mixture was refluxed for one hour and cooled over­
night. The solid, when filtered and dried, weighed 5.5 
g ., m elted at 145-155°, and contained 42.7% chlorine 
(calcd. for CeHisChN: Cl, 41.7). When this salt was
tw ice recrystallized from isopropanol and ether, the melting 
point was raised to 163-165°.

A  solution of 4.65 g. of 1-methyl-4-chloropiperidine 
hydrochloride in 15 ml. of water was neutralized with an 
excess of potassium carbonate to salt out the free base.

(8) Adkins, “ Reactions of Hydrogen,” The University of Wiscon­
sin Press, Madison, Wis., 1937, p. 13.

This was taken up in ether, dried, and distilled to give 
2.81 g. of a liquid with a pungent, ammoniacal odor, b. p. 
160-162° (733 m m .). Elementary analyses gave con­
sistent but slightly high results for carbon and hydrogen. 
This may well be due to the presence of a small amount of 
the tetrahydropyridine, formed by dehydrohalogenation 
of the chloropiperidine during distillation. Accordingly 
the 1-methyl-4-chloropiperidine was redistilled at reduced 
pressure and three fractions collected. The middle cut. 
on analysis was found to contain less carbon and hydrogen 
than before but more than required by theory. There 
was insufficient material to redistil further.

Anal. Calcd. for C6H i2C1N: C, 53.93; H , 9.06.
Found: C, 54.87; H , 9.18.

After several days of standing, a brown gum began to  
deposit from this redistilled 1-methyl-4-chloropiperidine.

Hydrochlorides of Certain 1-Alkyl-4-piperidinol Esters. 
—The hydrochlorides of the various piperidyl diphenyl- 
acetates were obtained from the reaction of diphenylacetyl 
chloride with the piperidinol in refluxing benzene solution. 
On cooling the salt separated and was further purified by 
recrystallization from benzene. 1-Methyl-4-piperidyl N - 
phenylcarbamate was prepared from the piperidinol 
and phenyl isocyanate. The free base melted at 125- 
126 °9; the hydrochloride was prepared by treatment of 
an ether solution of the free base with hydrogen chloride. 
The melting points and analyses of these hydrochlorides 
are listed in Table II.

In an attempt to prepare 1-methyl-4-piperidylbenzilate 
by the method of Horenstein and Pahlicke,3 1.13 g. of 
freshly distilled 1-methyl-4-chloropiperidine was added 
to 1.94 g. of benzilic acid in 20 ml. of anhydrous isopro­
panol. After refluxing for thirteen hours, the solvent 
was removed by distillation in vacuo, and the residue was 
extracted with ether. From this ethereal extract 1.10 g. 
of benzilic acid was recovered. The ether-insoluble resi­
due, which should have contained the 1-methyl-4-piperi- 
dyl-benzilate hydrochloride, was a water insoluble, brown 
gum from which no pure product could be isolated.

Summary
All of the possible inactive stereoisomeric 1- 

methyl-3,5-dibenzyl-4-piperidinols and one of the 
1 - methyl - 3,5 - dihexahydrobenzyl - 4 - piperi­
dinols have been isolated from the hydrogenation 
of l-methyl-3,5-dibenzal-4-piperidone.

1-Methyl-, 1-isopropyl- and l-w-butyl-4-piperi- 
dinol have been prepared by the hydrogenation of 
the corresponding 4-piperidones.

Certain esters of these piperidinols have been 
prepared for pharmacological testing.
M a d is o n , W is c o n s in  R e c e iv e d  J a n u a r y  2, 1948

(9) Emmert, German P aten t 292,871 [Chem. Z e n t r 87, II, 116 
(1916)] reported this compound to  melt a t  120°.
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Synthesis of Products Related to Vitamin A. VIII. The Synthesis of 
l^Cyclohexen-l^y^-S-methyl-S-epoxybutyne-l and Related Products1

B y  N ic h o l a s  A. M i l a s , N o rm an  S. M a c D o n a l d 2  a n d  D o n a l d  M . B l a c k 3

The availability of a reliable method for the 
synthesis of biologically active vitamin A prod­
ucts4 made it desirable to investigate the effect of 
various substituents in the cyclohexene ring on the 
biological activity of the final products. For ex­
ample, one could synthesize a vitamin A analog 
without any substituents in the cyclohexene ring, 
or even substitute a benzene ring for the latter. 
In order to effect these changes, several new key 
intermediates have been synthesized and are 
herein reported.

In the synthesis of the epoxides (VI) and (VII) 
four different series were studied. In the first 
series cyclohexanone was acetylenated in liquid 
ammonia with sodium acetylide and the 1-ethy.- 
nylcyclohexanol-1 (II, Ri == R2 = Rs =  H) 
formed dehydrated at 290-300° using aluminum 
phosphate as the dehydrating catalyst. This de­
hydration has been previously studied using alu­
mina5 and aluminum sulfate6 catalysts but no ana­
lytical data beyond a series of widely different 
physical constants have been reported. The same 
holds true with the results of other investigators 
who prepared this enyne by other procedures.7»8 
The lack of chemical evidence for the existence of 
the pure enyne is perhaps significant, since even in 
our case all low boiling fractions were found to pos­
sess values for active hydrogen ranging from less 
than 0.1 to 0.9, in spite of the fact that hydro­
genation values and other properties were almost 
identical to those of the pure enyne.

In the second series, 2-methyl-1-ethynylcyclo- 
hexanol-1 was prepared in liquid ammonia from
2-methylcyclohexanone and sodium acetylide. 
When this ethynylcyclohexanol was allowed to 
stand at 0° for sixteen hours, it separated into two 
forms: a solid and a liquid form of approximately 
equal weight. Since the addition of acetylene to 
the carbonyl group of the 2-methylcyclohexanone 
introduces a second asymmetric carbon atom, one 
would expect two pairs of enantiomorphs, a fact 
which has been overlooked by earlier investiga-

(1) Paper No. V II, “ Vitamins and Hormones,” 5, 1 (1947), Aca­
demic Press, Inc., New York, N. Y.

(2) Research Associate, 1942-1943. Present address: Occiden­
tal College, Los Angeles, Cal.

(3) Present address: M onsanto Chemical Company, Everett,
Mass.

(4) (a) Milas, U. S. Patents, 2,369,156-2,369,168 inclusive, Feb. 
13 (1945); 2,382,085-2,382,086, Aug, 14 (1945); Science, 103, 581 
(1946); (b) Milas, ei al., T h is  J o u r n a l , 70, 1597 (1948); (c) Isler, 
Koffer, Huber and Ronco, Experimentia, 2, 31 (1946); Jubilee Vol­
ume to Emil C. Bareli, Hoffman-LaRoche and Co., Basle, 1946, p. 31.

(5) Friedr. Farbenfab. von Baeyer and Co., German Patent 
290,558; Chem. Zentr., 87, I, 644 (1916).

(6) Carothers and Coffman, T h is  J o u r n a l , 54, 4071 (1932).
(7) Mousseron, Compt. rend., 217, 155 (1943).
(8) Azerbaev, J . Gen. Chem. (U. S. S. R .), 15, 412 (1945).

tors910 although Wang and Hu11 reported both the 
solid and the liquid forms. Dehydration of both 
the liquid and the solid forms over aluminum 
phosphate at 290-295° produced the same ethy- 
nylcyclohexene in yields of 52 and 27%, respec­
tively. Ozonization of the enyne, produced from 
either the solid or the liquid form, yielded the same 
keto acid, namely, 6-ketoheptoic acid. The 2,4- 
dinitrophenylhydrazone of this acid from either 
ozonization product had the same m. p., and mixed 
m. p. showed no depression. Furthermore, the 
semicarbazone of the keto-acid from either ozoni­
zation product had essentially the same m. p„ 
which was identical with the m. p. of the semi­
carbazone of 6-ketoheptoic acid reported by Wall­
ach.12 Therefore, we are forced to conclude that 
both enynes must have essentially the same struc­
ture.

That the solid carbinol presumably corresponds 
to the cis form and the liquid to the trans form may 
be deduced from the tendency of each to dehy­
drate. It is well known13 that trans elimination 
of water or halogen acids proceeds more smoothly 
than the corresponding cis elimination, and the low 
yields of the enyne obtained from the solid carbi­
nol are in accord with these facts.

In the third series 2,6,6-trimethyl-1-ethynyl­
cyclohexanol-1 was prepared in liquid ammonia 
from 2,6,6-trimethylcyelohexanone and sodium 
acetylide. Although two pairs of enantiomorphs 
were also expected in this case, only one product 
was obtained and attempts to separate it into two 
forms were not successful. The dehydration of 
this acetylene carbinol to produce the corre­
sponding enyne in good yields was difficult to ac­
complish.14 Methods which were known to yield 
good results with other acetylene carbinols were 
either too drastic or too ineffective in producing 
the proper dehydration. Small yields of the de­
sired enyne were obtained when the acetylene car­
binol was dehydrated at 270-290° using aluminum 
phosphate on pumice as catalyst or when heated 
with either succinic anhydride in dibutyl phthalate 
or with a mixture of succinic anhydride and small 
amounts of glacial metaphosphoric acid. Perhaps

(9) Cook and Lawrence, J . Chem. Soc., 58 (1938).
(10) Marvel, Mozingo and W hite, T in s J o u r n a l , 62, 1880 (1940).
(11) Wang and Hu, J . Chine sp Chem. Soc., 10, 1 (1943).
(12) Wallach [Ann., 329, 376 (1903) ] reports the m. p. of the semi­

carbazone of 6-ketoheptoic acid as 144-145°.
(13) (a) Michael, J . prakt. Chem., 46, 210 (1892); (b) B artle tt and 

Rosenwald, T h is  J o u r n a l , 56, 1990 (1934); (c) Winstein, Press­
man and Young, ibid., 61, 1645 (1939); (d) Huckel, Tappe and 
Legutke, A nn., 543, 191 (1940).

(14) Since this enyne is an im portant intermediate in the synthesis 
of vitam in A itself, work is being continued to  study the mechanism 
of its formation.
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Rs R2 r'tr
\ /  OH S' 113
/ \ L _ C = C — C---- CHS
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VI

I, Ri = R 2  .= R 3 = H 
II, Ri = R 2  = H; Rs = CHa 

III, Ri = R 2 = Rs = CH3

IV, Rj = R 2  = R 3 H;

Ri R 2 CHS

C = C — C-----CH2

N d/

VII

the reason for our difficulty in obtaining good 
yields of the enyne in this case is due to the possi­
bility of the hydroxyl group being hindered by the 
methyl groups. A similar case has been reported 
recently15 with 1 - (2,4-dimethy lphenyl) -2,6-di-
methylcyclohexanol which could not be dehydra­
ted with potassium acid sulfate at 190-200°, or 
with boiling acetic anhydride. However, when 
it was refluxed with anhydrous oxalic acid at 200- 
220°, a yield of 81% of the corresponding cyclo­
hexene derivative was obtained.10 When this 
method was applied to our acetylene carbinol only 
small amounts (3%) of the pure enyne were ob­
tained.

In the subsequent step of the synthesis of the 
epoxides either the enynes (III) or the carbinols
(II) were allowed to react via their Grignard re­
agents with chloroacetone to form the corre­
sponding chlorohydrins (V or VI).17 In this step 
phenylacetylene was added to the list to afford, 
comparison of the benzene ring with the cyclo­
hexene ring.

Dehydrochlorination of the chlorohydrins was 
effected with powdered potassium hydroxide in 
quantities two to three times that of the theo­
retical. Sodamide was found equally effective, 
but an organic base such as triethylamine was 
completely ineffective. All the epoxides prepared

(15) Carlin, T h is  J o u r n a l , 67, 928 (1945).
(16) Carlin and Constantine, ibid., 69, 50 (1947).
(17) (a) Lespieau, Compt. rend., 180, 442, 557 (1925); Bull, soc. 

chim., 43, 199, 657 (1928); (b) Favorsky and Tikhomolov, Compt. 
tend., 203, 726 (1936); J . Gen. Chem. (U. S. S. R .), 10, 1501 (1940); 
(c) Herschstein, ibid., 12, 132 (1942).

in this investigation responded slowly to the 
fuchsin-aldehyde test, and in acid solution they 
yielded crystalline 2,4-dinitrophenylhydrazones.

In the vitamin A synthesis cited in the early part 
of this paper, 1- [2',6',6'-trimethylcyclohexen-1 
yl]-3-methylbuten-l-al-4 was the key inter­
mediate. This was either acetylenated in liquid 
ammonia or allowed to react with a Grignard of an 
ethynyl compound of the proper structure. Both 
of these reactions were tested with some of our 
epoxides. For example, when 1 - (cyclohexen-1 
yl) -3-methyl~3-epoxybutyne-1 was allowed to 
react in liquid ammonia with lithium acetylide,
1-(cyclohexen-1 '-yl)-3-methyl-3-hydroxy hexa-
diyne-1,5 (VIII) was formed. Similarly, when 1- 
phenyl-3-methyl-3-epoxybutyne-1 was treated 
with ethylmagnesium bromide the carbinol (IX) 
was presumably formed, since it is well known18

CH$

-C = C — C— CH2— G esCH

(18) (a.) Fourneau. and Tiffeneau, Bull. soc. chim., 33, 741 (1905); 
Compt. rend., 145, 437 (1907); (b) Henry, Bull. acad. roy. Belg., 
162 (1907); Compt. rend., 145, 21 (1907); (c) Hess, Ber., 46, 3117
(1913).
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that a Grignard reagent reacts with an unsym- 
metrically substituted epoxide to form secondary 
rather than tertiary alcohols. The structure of
(VIII) and (IX) are only provisionally proposed 
and further work is being done to establish the 
structure of this type of compounds.

It is therefore seen that the success of the syn­
thesis of vitamin A itself or its analogs, in which 
the methyl groups of the cyclohexene ring may be 
changed or left out entirely, can be achieved by 
by-passing /3-ionone.

Experimental
1- Ethynylcyclohexanol-1.— Five hundred grams of pure 

cyclohexanone was added dropwise with stirring to a mix­
ture of sodium acetylide (from 117 g. of sodium) and 
liquid ammonia (3 1.) at —50° in the course of three 
hours. Stirring was continued overnight while a slow 
stream of dry acetylene was allowed to pass through the 
solution. The ammonia was then allowed to evaporate 
and the residue acidified with 200 g. of tartaric acid in 500 
cc. of water and extracted with ether. After the ether 
solution was dried and the ether removed, the residue was 
fractionated through a four-foot packed column and the 
fraction (518 g., 82%) boiling at 74-77° (15 mm.) or 
79-81° (21 mm.) collected and analyzed. The super­
cooled liquid had an n2Qd 1.4823. On standing the liquid 
solidified completely; m . p . 31-32°. Marvel, et al.,19 
gave a m. p. of 31-32°.

Anal. Calcd. for C8Hi20 : active hydrogen, 2.00.
Found: A. H . (Zerewitinoff), 1.97, 2.02.

2- M ethyl-1 -ethynylcyclohexanol-1.—-This acetylene car­
binol was prepared in exactly the same way as the previous 
one in liquid ammonia from 560 g. of 2 -methylcyclohexa- 
none (b. p. 160.5-161°, n25D 1.4465) and sodium acetylide 
(from 130 g. of sodium). The product was fractionated 
through a four-foot packed column and the fraction (464 
g., 67%) boiling at 98-105 ° (45 mm.) collected and allowed 
to stand at 0° for sixteen hours, whereby it separated into 
two fractions: a solid fraction (227 g.) and a liquid por­
tion (225 g .). The solid was recrystallized from petroleum 
ether, m. p. 61.0-61.5° (cor.). The liquid portion was 
redistilled; b. p. 84° (17 m m .). Further attempts to 
obtain crystals from the liquid portion were unsuccessful. 
Wang and Hu20 21 gave 60 and 85° (18 m m .), respectively.

Anal. Calcd. for C9Hi40 :  A. H ., 2.00. Found
(crystalline): A. H . (Zerewitinoff), 2.0, 1.97. Found
(liquid): A. H . (Zerewitinoff), 2.0, 2.0.

2,6,6-Trimethyl-l-ethynylcyclohexanol-1.—In a similar 
manner this acetylene carbinol was prepared in liquid 
ammonia from 560 g. of 2 ,6 ,6 -trimethylcyclohexanone 
[b. p. 177-178.5° (758 m m .), or 69-71.5° (20 m m .); 
nnd 1.4465]21 and sodium acetylide (from 92 g. of sodium). 
The final product was fractionated through a four-foot 
packed column and the fraction (524 g., 79%) boiling 
at 212-212.4° (760 mm.) or. 88-90° (20 mm.) collected 
and analyzed; n25d 1.4740; d254 0.9300; MRd (calcd.), 
50.32; MRd (obsd.), 50.25.

Anal. Calcd. for CuH180 : C, 79.46; H, 10.91;
unsaturation, 2.0 | ; A. H . (Zerewitinoff), 2.0. Found:
C, 79.51, 79.45, 79.31; H , 10.86, 11.23, 11.21; unsatura­
tion, 2.11 (P t), 2.02 (Pd) f* ;  A. H . (Zerewitinoff),
2.0, 2.04.

1 -E th y n y lcy c lo h ex en e-1 1 -Ethynylcyclohexanol-1 was 
dehydrated by passing it upwards at the rate of 75 g. per 
hour under a slightly reduced pressure (175-180 mm.) 
through a glass tube 2.5 X 24 cm. packed with a 5:1  
mixture of pumice and aluminum phosphate and main-

(19) Marvel, Pinkney, N esty and Wiley, T h is  J o u r n a l , 58, 972 
(1936).

(20) Wang and Hu, J . Chinese Chem. Soc., 10, 1 (1943).
(21) The preparation of this cyclohexanone from m-xylene and

from 2-methylcyclohexanone will be described elsewhere.

tained at a temperature of 290-300°. The vapors were 
condensed and fractionated through a four-foot packed 
column and the fraction (52% per pass) boiling at 47°  
(13 m m .) was collected and analyzed. Although this 
product showed the correct hydrogenation value, its  
Zerewitinoff value was between 0.6 and 0 .8 . I t was 
therefore purified further via its silver derivative which 
was decomposed either with hydrogen sulfide or ammonium  
thiocyanate and the pure enyne recovered. For example, 
from 9 g. of crude 1 -ethynylcyclohexene-1 6 g. of pure 
enyne was obtained boiling at 52-53° (30 m m .) or 63-64°  
(52 m m .) or 137-138° (760 m m .); n25d 1.4934; d2\
0.8843; M Rd (calcd.), 34.48; M Rd (obsd.), 34.90. 
It also showed a maximum in the ultraviolet at 224 mja, 
log €moi. 4.13.

Anal. Calcd. for C8H io: C, 90.50; H , 9.50; un­
saturation, 3.0 | ; A. H .^ 1 .0 . Found: C, 90.44; H , 
9.52; unsaturation, 3.19 r ;  A . H . (Zerewitinoff), 1.01,
1 .0 .  1.03.

2-M ethyl-1 -ethynylcyclohexene-1.— (a) From liquid 
2-m ethyl-l-ethynylcyclohexanol-1. When 250 g. of this 
ethynylcarbinol was dehydrated under the same condi­
tions as in the previous case and the crude product frac­
tionated, a fraction (103 g ., 47% per pass) was obtained 
which boiled at 55° (20 mm.) and had a Zerewitinoff 
value of 0 .9 . This was further purified through its silver 
derivative and the recovered enyne had a b. p. of 63-65°  
(30 m m .) and gave correct analytical values; n2SD 1.4895; 
d2\  0.8827; M Rd (calcd.), 39.09; M Rd (obsd.), 39.41. 
It also showed a maximum in the ultraviolet at 229 mju, 
log emoi. 4.0.

Anal. Calcd. for C9H12: C, 89.93; H , 10.07; A . H .,
1.0. Found: C, 89.71; H , 10.16; A. H . (Zerewitinoff),
1.0. 0.97.

(b) From solid 2-m ethyl-l-ethynylcyclohexanol-1: 
From 180 g. of solid 2-m ethyl-l-ethynylcyclohexanol-1, 
84 g. of an enyne was obtained which had a b. p . of 57° 
(30 mm .) and a Zerewitinoff value of 0 .5 . This cor­
responds to a 27% yield per pass. This crude enyne was 
purified through its silver derivative and the pure product 
had a b. p . of 63.5-64° (30 mm .) and gave correct an­
alytical values; n25D 1.4883; d25̂  0.8820; M Rd (calcd.), 
39.09; M Rd (obsd.), 39.26. It also showed a maximum  
in the ultraviolet at 229 mn, log emoi. 4.06.

Anal. Calcd. for C9Hi2: C, 89.93; H , 10.07; A . H .,
1.0. Found:. C, 89.75; H , 10.20; A. H . (Zerewitinoff) ,
1.0.

Ozonization of the Two 2-M ethyl-1-ethynylcyclohex- 
enes.— Using the method developed by Strain,22 2 g. of 
each anyne was ozonized and the 2,4-dinitrophenyl- 
hydrazones precipitated and recrystallized from aqueous 
acetic acid solution.

From the enyne obtained by the dehydration of the 
solid 2 -methyl-1-ethynylcyclohexanol-1, a pure 2 ,4 - 
dinitrophenylhydrazone was obtained, m . p. 132.6- 
133.1° (cor.).

Anal. Calcd. for C13H160 6N 4: C, 48.14; H , 4.97; N , 
17.28; neut. equiv., 324. Found: C, 47.97; H , 4.89; 
N, 16.96; neut. equiv., 327.

From the enyne obtained from the liquid 2 -m ethyl-1- 
ethynylcyclohexanol-1, the pure 2,4-dinitrophenylhy­
drazone melted at 132.6-133° (cor.) and mixed m . p. 
with the previous sample showed no depression. A neu­
tralization equivalent was taken and gave a value of 326.

Since the 2,4-dinitrophenylhydrazone of 2-ketoheptoic 
acid was not known, the acid was prepared by the method 
of Wallach23 and this derivative prepared from it and 
purified; m .p . 132.5° (cor.). Mixed m .p .  with the two 
derivatives mentioned above showed no depression.

The semicarbazone was also prepared from each ozonized 
product and found to have a m. p. of 145-146° (cor.) 
from the enyne obtained from the solid acetylene carbinol 
and 144-145° (cor.) from the enyne obtained from the

(22) S train, J . Biol. Chem-., 102, 137 (1933).
(23) Wallach, A nn., 329, 376 (1903).
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liquid acetylene carbinol. Mixed m . p. of the two 
showed no depression. Wallach2 3  gives a  m. p. of 144- 
145° for this derivative.

2 ,6 ,6 -Trimethyl-l -ethynylcyclohexene-1.—This enyne 
was made by the dehydration of 2 ,6 , 6 -trim ethyl-l-ethyn­
ylcyclohexanol-1. The following dehydrating agents 
were tried usually at temperatures above the b. p. of the 
carbinol and in an atmosphere of nitrogen: fused potas­
sium hydrogen sulfate, aluminum oxide on pumice, cal­
cined ammonium axiiiix on punii.ce, a ou ou mixture of 
aluminum oxide-aluminum sulfate on pumice, thorium 
oxide on pumice, barium oxide, p -toluenesulfonic acid, 
molten succinic anhydride, succinic anhydride and sul­
furic acid, succinic anhydride and glacial metaphosphoric 
acid, succinic anhydride in dibutyl phthalate, anhydrous 
oxalic acid, aluminum phosphate on pumice and anhy­
drous magnesium sulfate. Acidic dehydrating agents 
gave small amounts of the enyne while basic dehydrating 
agents gave mostly decomposition products. Of all the 
combinations tried, aluminum phosphate ( 2 0  g.) on pumice 
(30 g.) at 270-290° gave yields of 18-20%  of the enyne 
per pass with only 50-60% of the carbinol recovered 
unchanged. When 22.6 g. of the acetylenecarbinol was 
added dropwise to a molten mixture of succinic anhydride 
(25 g.) and glacial metaphosphoric acid (0.4 g.) at 240- 
260 ° and under a slightly reduced nitrogen pressure (400 
m m .), a product was obtained which when fractionated 
gave a fraction (6.7 g.) b. p. 60-80° (18 m m .). On the 
basis of its Zerewitinoff value, a yield of 26% of the enyne 
was obtained. However, on account of a large amount of 
tar formation, very little or no unchanged carbinol 
was recovered. When a similar dehydration was done in 
dibutyl phthalate (150 cc.) containing succinic anhydride 
(16 g.) under similar pressure and temperature condi­
tions, yields of 12-15% of the enyne were obtained with 
slightly over 80% of the carbinol recovered unchanged. 
Similarly when 80 g. of the carbinol was heated with 61 g. 
of anhydrous oxalic acid 1 6  at 170° under a slightly reduced 
pressure a product was obtained which when fractionated 
gave a fraction (26 g.) b. p. 75° (30 m m .). The Zere- 
wininoff value was only 0.3 corresponding to a yield of 
1 0 % of the enyne.

Since the silver derivative of this enyne precipitates 
instantly from an alcoholic ammoniacal silver nitrate solu­
tion, and the acetylene carbinol fails to  give a precipitate 
even after one to two hours, the enyne was purified by 
this method as in the previous cases. The recovered pure 
enyne was found to boil at 56-57° (18 mm.) or 72-74° 
(30 mm.) and to give good analytical values; n 25D 
1.4745; d25D 0.8574; M Rd (calcd.) 48.33; MRd 
(obsd.), 48.55.

Anal. Calcd. for CuH i6: C, 89.11; H , 10.89; un­
saturation, 3.0 | ; A. H ., 1.0. Found: 0 ,  89.20,89.10;
H, 10.82, 10.75; unsaturation, 3.28 (P t); A. H . (Zere­
witinoff), 0.90, 1.01.

Phenylacetylene.—This acetylene was prepared by 
the dehydrobromination of styrene dibromide (m. p. 
74-75°) with sodamide in liquid ammonia . 2 4  A product 
was obtained which had a b. p. of 139.5-140.5° and an 
m25d  1.5459.

l-[Cyclohexan-l '-ol-yl] -3-methyl-3-hydroxy-4-chloro- 
butyne-1.—Using the usual Grignard technique, 372 g. 
of 1 -ethynylcyclohexanol- 1  was converted to the cor­
responding magnesio salt acetylene Grignard by allowing 
it to react in 3 1. of anhydrous ether with ethylmagnesium 
bromide prepared from 146 g. of magnesium and 719 g. 
of ethyl bromide. The acetylene Grignard was then 
allowed to react with 277.5 g. of freshly distilled chloro­
acetone. The mixture was then hydrolyzed with an ice- 
ammonium chloride solution and the product obtained 
fractionated under a reduced pressure; b. p., 155-157° 
(4-5 mm .) or 115-116° (10 “ 3  m m .); yield 400 g. (62% ). 
When this was allowed to stand at 0° overnight, it solidi­
fied and was recrystallized from petroleum ether into 
colorless prisms; m .p .,  58-60°.

(24) Nieuwland, Vaughn and Vogt, T h is  J o u r n a l , 56, 2121

Anal. Calcd. for CuH itOjCI: C, 60.95; H , 7.90; Cl, 
16.32; unsaturation, 2.0 f= ; A. H ., 2.0. Found: C, 
59.90,60.13; H , 7.76, 7.38; Cl, 16.99, 17.16; unsatura­
tion, 3.55 (P t), 3.5 (Pd) ]“ ; A . H . (Zerewitinoff), 1.88, 
2.03.

1 -[2 ',6 ',6 '-Trimethylcyclohexan-1 '-ol-yl] -3-methyl-4- 
chioro-1 -but -1 -yn ol -3.—A Grignard was prepared from 
30 g. of magnesium and 138 g. of ethyl bromide in 1500 
cc. of anhydrous ether. To this was added in the course 
of two hours 1 0 0  g. of 2 ,6 ,6 -trimethyl-l-ethynylcyclo- 
hexanol-1 . After the Grignard of the acetylene carbinol 
was formed, 55.7 g. of chloroacetone was added slowly at 
0 ° then the mixture stirred overnight at room tempera­
ture. The mixture was then hydrolyzed with an ice-  
ammonium chloride solution and the product obtained 
fractionated; b. p. 65-67° (10 “ 4  m m .). The highly 
viscous distillate (69 g.) was allowed to stand at 0° for 
three weeks whereby it solidified. This was recrystallized 
from petroleum ether into colorless needles; m .p ., 41-42°.

Anal. Calcd. for C1 4 H 2 3 O2 CI: Cl, 13.72; unsaturation,
2.0 I ; A. H ., 2 .0 . Found: Cl, 14.04, 14.13; unsatura­
tion, 3.47 (P t), 2.1 (Pd) f= ; A. H . (Zerewitinoff), 2.24.

l-[ Cyclohexen-1 '-yl] -3 -methyl -4 -chloro - 1  -but - 1  -yn -ol -
3.—Ethylmagnesium bromide (0.5 mol) was made in 500 
cc . of anhydrous ether and cooled in nitrogen with an ice-  
salt mixture. To this was added dropwise with stirring 
in the course of two hours 60 g. of 1 -ethynylcyclohexene - 1  

(A. H ., 0.9) in 200 cc. of ether. The mixture was stirred 
in nitrogen at room temperature for twenty-four hours, 
then cooled with an ice-salt mixture and to it added 47.2  
g. of chloroacetone in 200 cc. of ether. The solution 
was stirred at room temperature for six hours then h y ­
drolyzed with 2 0 0  cc. of cold saturated ammonium chloride 
solution. A product was obtained which when fraction­
ated yielded 40 g. (40% yield) of a light orange colored 
liquid; b. p. 110-116° (4 mm.) or 60-63° (10 ~ 3  m m .); 
n2*D 1.5259; d2h 1.1090; M Rd (calcd.), 54.72; M Rd 
(obsd.), 54.96.

Anal. Calcd. for CnHlfiOCl: C, 66.4; H , 7.56; Cl, 
17.9; unsaturation, 3.0 A. H ., 1.0. Found: C, 
66.15; H , 7.61; Cl, 18.2; unsaturation, 3.3 (Pt) | ;
A. H . (Zerewitinoff), 1.0.

1 -[2 '-Methylcyclohexen-1 '-yl] -3 -methyl -4 -chloro -1 - 
but-l-yn-ol-3.—Using a similar technique as in the 
previous case, a chlorohydrin was obtained in 54% yield 
from 2 -m ethyl-l-ethynylcyclohexene - 1  and chloroacetone. 
The product obtained had a b . p. of 115-130° (4 mm.) 
and gave good analytical results; n25d 1.5360; d2 5 4

1.111; MRd (calcd.), 59.34; M Rd (obsd.), 59.63. It 
also had an absorption band in the ultraviolet at 2270 
A ., log €moi. 4.072.

Anal. Calcd. for Ci2 H 1 7 OC1: C, 67.75; H , 8.06; Cl, 
16.77; unsaturation, 3.0 |===; A. H ., 1.0. Found: C, 
67.98; H , 8.04; Cl, 16.81; unsaturation, 3.3 (Pt)
A. H . (Zerewitinoff), 1.0.

3-Methyl-1 -phenyl-4-chloro-1 -but-1 -yn-ol-3.—In a 
similar manner a chlorohydrin was obtained in a yield of 
52.5% from phenylacetylene and chloroacetone. This 
chlorohydrin was found to  boil at 94-96° (1 m m .); n u D 
1.5624.

Anal. Calcd. for CnHnOCl: C, 67.86; H , 5.70; Cl, 
18.22. Found: C, 66.91; H , 5.92; Cl, 19.86.

The purification of this chlorohydrin was found to be 
more difficult than that of the others in view of the presence 
of small quantities of diphenyldiacetylene which was 
isolated and identified . 2 5

l-[Cyclohexan-l '-ol-yl-] -3-methyl-3-epoxybutyne-l .■— 
A solution of 181 g. of l-[cyclohexan-l '-ol-yl] -3 -methyl- 4  ~ 
chloro-1 -but - 1  -y n-ol-3 in 500 cc. of dry ether was added 
dropwise in the course of two hours to a well-stirred sus­
pension in nitrogen of 1 0 0  g. of freshly powdered potassium  
hydroxide in 750 cc. of ether. The mixture turned brick- 
red. Stirring was continued for two hours longer than 
the mixture treated with 500 cc. of cold water. A product

(25) Black,  P h .D .  Thes is , M . I. T. ,  July , 1947.
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was isolated from the ethereal layer which was fraction­
ated and the fraction (120 g.) boiling at 90-94° (10~3 
mm.) collected. When allowed to stand at 0° overnight, 
this product solidified and was recrystallized from petro­
leum ether; m .p . 47-48°.

Anal. Calcd. for CnH160 2: C, 73.33; H, 8.89; un­
saturation, 2.0 f= ; A. H ., 1.0. Found: C, 73.03 , 73.07; 
H, 8.89, 8.67; unsaturation, 4.4 (P t), 3.9 (Pd) | ; A. H.
(Zerewitinoff), 0.93.

This epoxide gave a positive test with the fuchsin 
aldehyde reagent and formed a 2,4-dinitrophenylhydra­
zone in dilute hydrochloric acid solution; m. p ., 160- 
164°. It exhibited no band in the ultraviolet; only end 
absorption.

1 -[2 ',6 ',6 ' -Trimethylcyclohexan -1 '-ol-yl] -3-methyl-3 - 
epoxybutyne-1.—This epoxide was made from the cor­
responding chlorohydrin by the usual dehydrochlorina ion 
technique using powdered potassium hydroxide. A 
product was obtained which was fractionated under a high 
vacuum; b. p. 55-58° (10~4 m m .). This product was 
induced to crystallize, then was recrystallized from 
petroleum ether; m .p ., 81-82°.

Anal. Calcd. for Ci4H220 2: C, 75.63; H, 9.97; un­
saturation, 2.0 t ; A. H ., 1.0. Found: C, 75.36,
75.62; H, 10.14, 10.17; unsaturation, 3.3 (P t), 2.4 (Pd) 

A. H. (Zerewitinoff), 1.04.
Although this epoxide gave a negative fuchsin-aldehyde 

test, it formed a 2,4-dinitrophenyldhydrazone with 
Lund’s reagent; m. p ., 185-187°. This phenylhydrazone 
had an ultraviolet absorption spectrum (alcohol) with a 
well-defined maximum at 400 m/x, log €moi. 4.70. This 
epoxide also showed an end absorption.

1 -[ Cyclohexen-1 '-yl] -3-methyl-3-epoxybutyne-1.— 
Employing the usual technique this epoxide was prepared 
by the dehydrochlorination of the corresponding chloro­
hydrin with powdered potassium hydroxide or sodamide. 
Purification of this epoxide was rendered more difficult 
by its instability toward air oxidation, and frequently 
several fractionations were essential before a pure product 
was obtained. Physical constants and other analytical 
data had to be obtained immediately upon final fractiona­
tion. A yield of 33.5% of the pure epoxide was obtained; 
b. p. 64-64.5° (1 m m .); n2bD 1.5145; d2\  0.9960; M Rd 
(calcd.), 47.77; M Rd (obsd.), 49.01. It showed a 
maximum in the ultraviolet at 232 m^, log €moi. 4.32.

Anal. C alcd.Jor CnHi40 :  C, 81.44; H, 8.70; un­
saturation, 3.0 Found: C, 80.81; H, 8.63; unsatu­
ration, 3.3 (Pt) | .

This epoxide gave a positive test (slow) with the 
fuchsin-aldehyde reagent and formed an orange 2,4- 
dinitrophenylhydrazone with Lund’s reagent (h o t); 
m. p ., 157-158° (cor.).

Anal. Calcd. for Ci7H180 4N4: C, 59.61; H, 5.30; N, 
16.37. Found: C, 59.49; H, 5.99; N, 16.28.

Its absorption spectrum (alcohol) showed two well- 
defined maxima at 369 m/x (log emoi. 4.53) and 258 m/x 
(log €m0L 4.44), respectively.

1 - [ 2 ' -Methylcyclohexen -1' -yl ] -3 -methyl -3 -epoxy - 
butyne-1.—Similarly this epoxide was prepared in 31% 
yield by the technique given above, and was found to 
have similar properties as the previous epoxide; b. p., 
64-66° (1m m .); w25d 1.5058; d2\  0.9942; MRd (calcd.), 
52.39; MRd (obsd.), 52.70. It also showed a maximum 
in the ultraviolet at 232 m/x, log emoi. 4.19.

Anal. Calcd.Jor C12HlflO: C, 81.76; H, 9.15; un­
saturation, 3.0 t . Found: C, 81.33; H, 9.24; un­
saturation, 3.2 (Pt) | .

This epoxide gave a positive test (slow) with the 
fuchsin-aldehyde reagent and formed an orange 2,4- 
dinitrophenylhydrazone; m. p ., 158-159° (cor.).

Anal. Calcd. for Q 0H 2 OO4 N 4 : C, 60.66; H , 6.65.
Found: C, 60.52; H, 6.34.

The absorption spectrum (alcohol) of this phenylhydra- 
zoue showed also two well-defined maxima at 377 m/x (log 
fn,oi. -1.85) and 260 in/x (log emoi. 4.38), respectively.

3-Methyl-1 -phenyl-3-epoxybutyne-1.— This epoxide was 
also prepared by the usual technique in 43.5%  yield  
(using powdered potassium hydroxide) or 40% yield  
(using sodamide). It boiled at 65-67° (1 m m .); n2bd 
1.5570; d2\  0.9968; M Rd (calcd.), 46.84; M Rd (obsd.), 
51.02. It also showed a maximum in the ultraviolet at 
243 m/x, log cmoi. 4.29.

Anal. Calcd.Jor ChH joO: C, 83.50; H , 6.37; un­
saturation, 5.0 I . Found: C, 82.84; H , 6.42; un­
saturation, 5.2 (Pt) j .

A reddish-orange 2,4-dinitrophenylhydrazone was also 
prepared, m. p ., 96-97° (cor.).

Anal. Calcd. for C1 7H 1 8 0 4 N 4: C, 60.17; H , 4.46; N , 
16.52. Found: C, 60.10; H , 4.34; N , 15.65.

l-[C yclohexen-l'-yl-]-3-m ethyl-l,5-hexadiyn-3-ol 
(VIII).— Using lithium acetylide (from 0.8 g. lithium) in 
liquid ammonia (1.5 liters), 16.4 g. of l-[cyclohexen -l'- 
yL] -3-m ethyl-3-epoxybutyne-1 was converted into the 
crude carbinol (V III). The product was fractionated 
from a pot molecular still and the fraction (7 g.) boiling 
at bath temperature 100° (10-4 mm.) collected and crys­
tallized from petroleum ether; m. p. 63-67°. This prod­
uct is rather unstable and after a few days it turns dark 
yellow. With alcoholic ammoniacal silver nitrate it 
gives a yellowish-white precipitate showing the presence 
of an acetylene group.

Anal. Calcd. for Ci3H 160 :  unsaturation, 5 |“ ; A . H .,
2.0. Found: unsaturation, 4.76 | ; A . H . (Zerewitin­
off), 1.93.

3 -M ethyl-1-phenyl-1-hexyn-4-ol (IX).— A Grignard re­
agent was prepared from 3.2 g. of magnesium and 14.6 
g. of ethyl bromide in 100 cc. of anhydrous ether. The 
solution was cooled to  0° and to it was added dropwise
17.5 g. of 3 -methyl-1-phenyl-3-epoxybutyne-1 in 40 cc. 
of ether. The mixture was then stirred in nitrogen at 
room temperature for three hours then hydrolyzed at 0°  
with 8 g. of ammonium chloride in 50 cc. of water. A 
product was obtained which was fractionated and the 
fraction (12 g ., 57.7% yield) boiling at 90-94° (1 mm.) 
collected and analyzed; n25D 1.5458; d254 0.9865; M Rd 
(calcd.), 58.16; M Rd (obsd.), 60.34.

Anal. Calcd. for C1 3 H 1 6 O: C, 82.93; H , 8.57; un­
saturation, 5.0 f= . Found: C, 82.95; H , 8.55; un­
saturation 5.0 (Pt) A . H . (Zerewitinoff), 1.0.

3 -Methyl-1-phenylhexanol-4.—Seven and a half
grams of the foregoing unsaturated carbinol was partially 
hydrogenated in a mixture of 100 cc. of absolute ethanol 
and 2 cc. of glacial acetic acid using platinum oxide as 
catalyst. A product was obtained which was fraction­
ated under a reduced pressure and the fraction (4.3 g ., 
54.7% yield) boiling at 90-92° (1 mm .) collected and 
analyzed; n25d 1.5020; d2\  0.9522; MRd (calcd.),
60.16; M Rd (obsd.), 61.66.

Anal. Calcd. for C13H2oO: C, 81.24; H , 10.49; un­
saturation, 3.0 I ; A. H ., 1.0. Found: C, 81.20; H , 
10.82; unsaturation, 3.0 (Pt) Y~~; A. H . (Zerewitinoff),
1 .0 .
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Summary
1. Several intermediates for the synthesis of 

vitamin A and vitamin A analogs have been syn­
thesized and characterized.

2. 1 - [Cyclohexen-1 '-yl] - 3-methyl - 3 - epoxybu -

tyne-1 and related epoxides have been synthe­
sized and their physical and chemical properties 
studied.
C a m b r i d g e  3 9 ,  M a s s a c h u s e t t s

R e c e i v e d  D e c e m b e r  2 7 ,  1 9 4 7
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Sterols. V. The f-Cholesterylamines
B y  P e r c y  L. J u l i a n , A r t h u r  M a g n a n i , E d w in  W . M e y e r  a n d  W a y n e  C o le

In connection with transformations involving 
replacement reactions at the C3 position of A56 
unsaturated steroids, it was decided to explore 
carefully the possible role of /-steroids as inter­
mediates in such conversions. The formation of 
an Z-steroid has been shown to take place readily 
when the 3-^-toluenesulfonate of a A5 6-steroid is 
treated with an appropriate reagent in the pres­
ence of a proton acceptor1; however, in the ab­
sence of the latter a simple replacement seems to 
occur.

Our attempts to replace the 3-^-toluenesulfo- 
nate group by amino groups resulted in varying 
yields of 3-amino steroids, the relative basicity of 
the reagent employed strongly influencing the 
course of the reaction. It seemed logical to as­
sume that we might be encountering the hitherto 
unknown -/-steroid amines.

The unexpected ether solubility of the hydro­
chlorides of the Z-steroid amines obscured at first 
their presence among the reaction products. 
Advantage was taken, however, of this property 
for their separation and characterization. This 
communication reports a study of certain Z-choles- 
terylamines.

When cholesteryl ^-toluenesulfonate (I) was

CH3
/ \ [

c h 3

CsHi7

c 7h 7s o ;/

I la
lib

I l ia
Illb

(R -  H)
(R -  C6H5CH2)

(R = H)
(R -  C«H5CH2)

heated with ammonia at about 98°, there was ob­
tained not only cholesterylamine (Ila)2 but an iso-

(1) (a) Stoll, Z. physiol. Chem., 207, 147 (1932); (b) Beynon, 
Heilbron and Spring, J . Chem. Soc., 907 (1936); (c) Wallis, Fernholz 
and Gephardt, T h is  J o u r n a l , 59, 137 (1937).

(2) W indaus and Adamla, Ber., 44, 3051 (1911).

meric amine, /-cholesterylamine (Ilia), which was 
the predominant product. The separation of the 
isomeric cholesterylamines was greatly facilitated 
by the ether solubility of /-cholesterylamine hy­
drochloride. This hydrochloride, which melted 
at 212-214°, gave the crystalline Z-cholesteryt- 
amine (Ilia), m. p. 77-79°. Both the /-amine and 
its hydrochloride were dextrorotatory, possessing 
specific rotations of + 34° and +20°, respectively, 
in contrast to the negative rotation of cholesteryl­
amine and its hydrochloride.

The reaction of cholesteryl ^-toluenesulfonate
(I) and benzylamine was found to proceed in an 
analogous fashion. Here again two isomeric 
amines were formed. The reaction mixture was 
separated into two fractions on the basis of the 
ether solubilities of the amine hydrochlorides. 
From the ether-insoluble hydrochloride, there was 
isolated benzylcholesterylamine (lib), a levo- 
rotatory crystalline solid which melted at 115- 
117°. The purified ether-soluble hydrochloride 
which melted at 217-218° and possessed a specific 
rotation of —27° gave benzyl-Z-cholesterylamine 
(Illb), a viscous liquid which could not be crystal­
lized. Unlike the hydrochloride, the free base was 
dextrorotatory, [ck]d  +  12°.

In order to prove the constitution of benzyl­
cholesterylamine, benzyl-Z-cholesterylamine 
and /-cholesterylamine, these amines were de­
graded by alkaline decomposition of the respec­
tive chloroamines followed by acid hydrolysis.3 
Upon treatment with an ethereal solution 
of hypochlorous acid, benzylcholesterylamine 
formed an N-chloro derivative which when de­
composed with sodium ethoxide followed by 
acid hydrolysis gave cholesterylamine, identi­
fied as the acetyl derivative.2 In a similar 
fashion benzyl-Z-cholesterylamine was de­
graded. The product of this degradation, Z- 
cholesterylamine, was identified as the crystal­
line hydrochloride. Further degradation of 
this hydrochloride via the N-chloro derivative 
gave a neutral product which, in spite of the 
inability to crystallize it, was Z-cholestenone

(IV), for upon treatment with hydrochloric acid 
in acetic acid in the known way,4 it readily yielded 
3(/3)-chlorocholestane-6-one. Thus the position

(3)
(4)

Cf. Hellermau and Sanders, T h is  J o u r n a l , 49, 1742 (1927). 
Ford, Chakravorty and Wallis, ibid., 60, 413 (1938).
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I l lb I l ia  ■

CsH17

of the substituent amino group is adequately 
demonstrated in each instance.

During the investigation of the formation of 
benzylcholesterylamine and benzyl-Z-cholesteryl­
amine it was noted that as the reaction time in­
creased the yield of benzyl-Z-cholesterylamine 
decreased while that of benzylcholesterylamine in­
creased. This suggested that the Z-steroid amine 
was either the precursor of the C3 substituted 
amine or the source of a common intermediate. 
The validity of this hypothesis was proved by the 
conversion of benzyl-Z-cholesterylamine into ben­
zylcholesterylamine with benzylamine in the pres­
ence of benzylammonium ^-toluenesulf onate. 
Furthermore, reaction of benzyl-Z-cholesteryl­
amine hydrochloride with aniline gave cholesteryl- 
aniline (VII). Both of these transformations 
failed to proceed in the absence of an ammonium 
salt. This type of acid catalysis is in harmony 
with the conditions necessary for the “rearrange­
ment” of Z-steroid ethers.5 The analogy of the Z- 
steroid amines to the Z-steroid ethers is 
strengthened by the nature of the reaction of Z- 
cholesteryl methyl ether (VI) with benzylamine or 
aniline. In the presence of an ammonium salt, 
these reagents gave benzylcholesterylamine (lib) 
and cholesterylaniline (VII), respectively. The 
attempted conversions failed in the absence of the 
ammonium salt. It is important to note that 
benzyl-Z-cholesterylamine and Z-cholesteryl methyl

(5) Wagner-Jauregg and Werner, Z. physiol. Chem., 213, 119 
(1932).

ether, in the presence of the proton donor, react 
more sluggishly with benzylamine than with ani­
line, an amine with a smaller basic dissociation 
constant. This may be explained through con­
sideration of the following equilibria
R N H 3+ +  i-CholNH CH 2CeH8 :Z ± :

H  +
R N H 2 +  Z-CholNHCH2C6H 5 

H  +
R N H 3+ +  Z-CholOCH3 R N H 2 +  Z-CholOCH3

As the basic strength of RNH2 decreases, the con­
centration of the steroid ammonium and steroid 
oxonium ions should increase. Thus if these ions 
underwent conversion to the C3 substituted 
amines, which appears plausible, the “rearrange­
ment” should be more readily effected with amines 
of low basic strength. In any given instance, the 
equilibrium may be shifted to the right by an in­
crease in concentration of RNH$. This fact has 
been of value in effecting the reactions of benzyl-Z- 
cholesterylamine and Z-cholesteryl methyl ether 
with benzylamine.

Experimental6
Cholesterylamine (Ila) and Z-Cholesterylamine (I lia ).

—A mixture of 15.0 g. of cholesteryl ^-toluenesulfonate 
and 18.0 g. of liquid ammonia was placed in a glass- 
lined steel bomb and heated with steam at about 98° for 
fifteen hours. After cooling the bomb to  room tempera­
ture, the excess ammonia was allowed to  evaporate and 
the residue was shaken with ether and 10% sodium h y­
droxide solution. Upon shaking the ethereal layer with 
excess 5% hydrochloric acid there separated a white, 
gelatinous hydrochloride which was centrifuged, washed 
with ether and dried. (The ether layer and washings 
which contained the Z-amine hydrochloride was saved.) 
The crude, insoluble hydrochloride (4.0 g.) was shaken 
with 10% sodium hydroxide and ether. The water- 
washed ether layer gave, upon removal of solvent, 2.6 g. 
(23%) of white, waxy crystals of cholesterylamine which 
melted at 89-94°; [ ck] 29d  —26° (115 mg. made up to 10 
ml. with chloroform, ex —0.30°, /, 1 dm .). For identi­
fication, a sample was converted to  N-cholesterylacet- 
amide,3 m . p . 238-242°.

The ether solution which was separated from the in­
soluble cholesterylamine hydrochloride was washed with 
5% hydrochloric acid and with water, and then concen­
trated to about 25 ml. After dilution with 50 ml. of ace­
tone, the Z-cholesterylamine hydrochloride slowly crystal­
lized. The acetone-washed and dried hydrochloride 
weighed 7.6 g. (64% ), m . p. 176-182°. Two crystalliza­
tions from ether-acetone raised the melting point to 212- 
214°; [ a ] 29D  + 2 0 °  (151.9 mg. made up to 5.1 ml. with 
chloroform, a. + 0 .6 0 ° , l, 1 dm .).

Anal. Calcd. for C27H47N-HC1: N , 3.32; Cl, 8.40. 
Found: N , 3.20; Cl, 8.13.

This hydrochloride was soluble in ether, benzene or 
methanol, but relatively insoluble in water or acetone.

The free amine was prepared from the salt by shaking a 
mixture of 1.0 g. of Z-cholesterylamine hydrochloride, 100 
ml. of ether and 10 ml. of 10% sodium carbonate solution. 
The clear ether layer was washed twice with sodium 
carbonate solution, four times with distilled water and 
then dried and concentrated to a white wax which could 
be crystallized directly from pentane or sublimed in 
vacuo. A t about 1 X 10“ 2 mm., the amine vaporized

(6) Analyses by M r. R. Schroeder of this Laboratory, Dr. T. S. M a 
of the University of Chicago and M r. C. W. Beazley of M icro-Tech 
Laboratories, Skokie, Illinois.



P e r c y  L . J u l i a n , A r t h u r  M a g n a n i , E d w in  W . M e y e r  a n d  W a y n e  C o l e Vol. 70

from a bath held at 115° and crystallized in the receiver 
as white rosettes, m. p. 77-79°. Recrystallization from 
pentane did not change the melting point; [ck]30d  + 3 4 °  
(371 mg. made up to 3.64 ml. with chloroform, a + 3 .42°, 
l , 1 dm .).

Anal. Calcd. for C27H47 N : C, 84.08; H , 12.28; N , 
3.63. Found: C, 84.10; H , 12.00: N , 3.44.

A sample of the Z-cholesterylamine was reconverted to  
the hydrochloride, m .p .  212-214°. The amine failed to  
give a crystalline derivative with benzaldehyde, but with 
acetic anhydride in pyridine it gave N-Z-cholesterylacet- 
amide which crystallized from ether as white prisms, m .p . 
142-143°.

Anal. Calcd. for C29H49ON: C, 81.43; H , 11.55; N , 
3.27. Found: C, 81.35; H , 10.87; N , 3.16.

Benzy cholesterylamine (lib) and Benzyl-Z-cholesteryl­
amine (Illb).—A solution of 100 g. of cholesteryl 
toluenesulfonate in 200 ml. of benzylamine was refluxed 
for two hours, chilled and poured into ether. The benzyl- 
ammonium ^-toluenesulf onate (48.7 g.) was filtered and 
washed with ether. The combined ethereal filtrate was 
concentrated, steam distilled and the residue was dissolved 
in ether. The white, gelatinous precipitate which 
formed upon shaking the water-washed ether solution 
with 10% hydrochloric acid was separated by centrifuga­
tion. The hydrochloride, after dissolving in a small vol­
ume of ethanol, was decomposed with 10% sodium hy­
droxide solution. The free base was then extracted with 
ether, washed free of alkali and dried. The solid remain­
ing after removal of ether crystallized from acetone yield­
ing 19.6 g. of crude benzylcholesterylamine melting at 
110-115°. Several recrystallizations from acetone gave 
colorless prisms melting at 115.5-117°; [ a ] 33D —25°
(164.2 mg. made up to 5 ml. with chloroform, a —0.83°, 
/, 1 dm .).

Anal. Calcd. for C34H53N : C, 85.83; H, 11.22.
Found: C, 86.02; H, 10.88.

The amine formed an acetyl derivative melting at 153- 
154°, a picrate melting at 195-198° (dec.) and a benzene- 
sulfonamide melting at 151-153°.

The ether solution and washings separated from the 
gelatinous hydrochloride were washed with water, dried 
and concentrated to a solid residue (40.9 g .) . The residue 
when crystallized from chloroform-acetone gave 34.5 g. 
(40%) of benzyl-Z-cholesterylamine hydrochloride melting 
at 217-218° (dec.), [a ]d —27° (126 mg. made up to 5 
ml. with chloroform, «d —0.68°, /, 1 dm .).

Anal. Calcd. for C34H53N : C, 85.83; H, 11.23.
Found: C, 85.42, 85.51; H , 11.34, 10.98.

Upon refluxing the solution of cholesteryl ^-toluene- 
sulfonate in benzylamine for twenty-two hours, the yield 
of benzylcholesterylamine was increased to 52%; how­
ever, the yield of benzyl-Z-cholesterylamine was decreased 
to 10%. A further increase in reflux time (forty-six 
hours) complicated matters with the formation of con­
siderable tribenzylamine,7 an amine which also forms an 
ether and water insoluble hydrochloride.

Degradation of Benzylcholesterylamine.—A 4.75-g. 
sample of benzylcholesterylamine was dissolved in 100 
ml. of dry ether, cooled to —5° and treated with 50 ml. 
of an ethereal solution of hypochlorous acid8 (0.0152 
g ./m l.) . The amine which had separated from solution 
on chilling, dissolved and soon a solid separated. After 
five minutes at room temperature (solid dissolved on 
warming) the ether solution was washed with 20 ml. of 
cold 8% aqueous sulfuric acid, 20 ml. of cold 5% sodium 
hydroxide solution and finally water until free of alkali. 
(A small quantity of the N-chloramine was separated as 
a white solid, m . p .  119-124°.) The dried ether solution 
was treated with a solution of 1.0 g. of sodium in 100 ml. 
of ethanol. Sodium chloride separated. The ether was 
removed by distillation and the remaining solution was 
refluxed for thirty minutes. The mixture was then steam

(7) Cf. Nozaki, T his Journal, 64, 2920 (1942).
(8) Goldschmidt, Ber., 46, 2728 (1913).

distilled after the addition of 60 ml. of 1:5 hydrochloric 
acid. Benzaldehyde was evident in the distillate (gave
1.62 g. of the 2,4-dinitrophenylhydrazone, m. p. 237- 
238°). The residue was made basic with 50 ml. of 10% 
sodium hydroxide and extracted with ether. The water- 
washed ether layer was shaken with an aqueous solution 
of p -toluenesulfonic acid and the resulting precipitate 
was filtered, washed with ether and dried. The dry 
cholesterylammonium ^-toluenesulf onate weighed 4.4 g. 
and melted at 276-278°.

One gram of this salt was decomposed in ethanol with 
dilute sodium hydroxide. The amine was taken up in 
ether, washed with water, dried and concentrated. It 
was then treated with 1 ml. of acetic anhydride in 20 ml. 
of ether to yield 0.7 g. of once-recrystallized (ethanol) 
N-cholesterylacetamide, m. p. 238-240° which gave no 
depression with that previously described.

Degradation of Benzyl-Z-cholesterylaniine.--A solution 
of 5.12 g. of benzyl-Z-cholesterylamine hydrochloride in 
100 ml. of ether was shaken with 10% sodium hydroxide, 
washed with water and dried. This solution was then 
treated with 50 ml. of hypochlorous acid solution as de­
scribed above. After treatment with sodium ethoxide, 
the ethanol solution was refluxed for seventy-five minutes 
(it no longer liberated iodine from an acidified potassium 
iodide solution). After the addition of 60 ml. of 1:5 
hydrochloric acid, the mixture was refluxed for forty-five 
minutes and steam distilled (benzaldehyde). The residue, 
a brown gum, was taken up in ether and washed with 10% 
sodium hydroxide solution, 10% hydrochloric acid and 
water. The gum remaining after removal of solvent from 
the dried ether solution was crystallized from acetone;
2.7 g. of white solid. A 2.2-g. sample recrystallized from 
chloroform-acetone gave 2.0 g. of material melting at 
201-205°. Several recrystallizations from the same sol­
vent mixture and one from ether-acetone raised the 
melting point to 212-215°. This substance gave no de­
pression in melting point when mixed with a sample of 
Z -cholesterylamine hydrochloride.

Degradation of ^Cholesterylamine.—A solution of
1.05 g. of Z-cholesterylamine hydrochloride (material 
prepared from the Z-benzyl compound as described above) 
in ether was shaken with 10% sodium hydroxide solution, 
washed with water and dried. It was then treated at 
— 10° with 6.2 ml. of an ether solution of hypochlorous 
acid (0.021 g ./m l.) . After five minutes, the solution 
was washed with 5% sodium hydroxide solution, water 
and dried. Titration of the iodine liberated by 1.0 ml. 
of the ether solution from acidified potassium iodide in­
dicated that the conversion to the N-chloramine had taken 
place in 84% yield. The ether solution was then poured 
into a solution of 0.5 g. of sodium in 25 ml. of ethanol, 
the ether removed by distillation, and the remainder 
refluxed for thirty minutes. The mixture was then 
diluted with 100 ml. of cold water and acidified with dilute 
hydrochloric acid. After standing overnight, the mixture 
was extracted with ether. The residue remaining after 
removal of ether from the washed and dried solution 
could not be crystallized from methanol or acetone even 
after seeding with Z-eholestenone. Thus it was taken up 
in 10 ml. of warm glacial acetic acid, chilled and treated 
with 2 ml. of concentrated hydrochloric acid. The solid 
which crystallized upon scratching was filtered, washed 
with methanol and dried; 0.5 g., m. p. 126-131°. R e­
crystallization from methanol raised the melting point to 
130-133°. A mixture of this material with an authentic 
specimen of 3 (ft)-chlorocholestane-6-one9 showed no de­
pression in melting point.

Rearrangement of Benzyl-Z-cholesterylamine to Benzyl­
cholesterylamine.—A solution of 7.5 g. of benzyl-Z- 
cholesterylamine and 5.0 g. of benzylammonium p- 
toluenesulfonate in 20 ml. of benzylamine was refluxed 
for twenty-three hours. The golden-yellow solution was 
poured into ether and the benzylammonium ^-toluene- 
sulfonate (5.0 g.) was separated and washed with ether. 
The ether filtrate was concentrated and steam distilled.

(9) Windaus and Daimer, ibid., 52, 162 (1919).
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Upon shaking an ethereal solution of the residue with 10% 
hydrochloric acid, a gelatinous precipitate formed. The 
hydrochloride was separated by centrifugation, washed 
three times with ether and decomposed in ethanol solution 
with 10% sodium hydroxide solution. The amine was 
extracted with ether and washed with water. The residue 
remaining after removal of solvent from the dried solution 
was crystallized from acetone yielding 3.4 g. (56.5%) of 
fine, white crystals melting at 115-117°. These gave no 
depression in melting point when mixed with a sample 
of benzylcholesterylamine.

The ether washings of the gelatinous hydrochloride gave
1.5 g. of unchanged benzyl-Z-cholesterylamine hydro­
chloride melting at 216-218 ° (dec.).

Reaction of Benzyl-Z-cholesterylamine Hydrochloride 
with Aniline.—A solution of 3.0 g. of benzyl-Z-cholesteryl­
amine hydrochloride in 15 nil. of aniline was refluxed for 
four hours. Upon cooling, the mixture set to a semi-solid 
mass. It was then digested with ethanol and chilled. 
The solid was separated, washed with ethanol and dried. 
The dry material, 2.3 g. (85%) of white plates, melted 
at 189-191°. A sample of the compound gave no de­
pression in melting point when mixed with cholesteryl- 
aniline.10

In a similar experiment in which the free amine, benzyl- 
Z-cholesterylamine, was employed, the amine was re­
covered unchanged.

Reaction of Z-Cholesteryl Methyl Ether with Benzyl­
amine.—A solution of 3.0 g. of Z-cholesteryl methyl 
etherla and 3.0 g. of benzylammonium £ -toluenesulf onate 
in 20 ml. of benzylamine was refluxed for twenty-two hours. 
The solution was poured into water and extracted with 
ether. Upon shaking the ethereal layer with dilute 
hydrochloric acid an insoluble hydrochloride separated. 
The hydrochloride was centrifuged, washed three times 
with ether and then decomposed in ethanol with 10% 
sodium hydroxide. An ether extract of the free amine was 
washed with water, dried and concentrated. Upon 
crystallization from acetone, the yellow residue yielded
1.5 g. of white prisms melting at 115-118°. This ma-

(10) Lieb, Winkelmann and Koeppl, Ann., 509, 214 (1934).

terial showed no depression in melting point when mixed 
with a sample of benzylcholesterylamine.

Upon heating a 1.0-g. sample of the Z-ether with 5 ml. 
of benzylamine in a closed tube at 240 ° for eighteen 
hours, the Z-ether was recovered unchanged.

Reaction of Z-Cholesteryl Methyl Ether with Aniline. 
—A mixture of 0.6 g. of carefully purified Z-cholesteryl 
methyl ether and 5 ml. of freshly distilled aniline contain­
ing a few mg. of />-toluenesulfonic acid was refluxed from 
an oil-bath at 190° for two hours and then allowed to cool. 
The semi-solid mass was slurried with 10 ml. of methanol, 
filtered, washed with methanol and dried. The resulting 
eholesterylaniline, 0.65 g. of white flakes, melted at 
190°. This gave no depression in melting point when 
mixed with a sample of cholesterylaniline prepared in 
the known manner.10

In a similar experiment, in which the ^-toluenesulfonic 
acid was omitted, the Z-ether was recovered unchanged.

Summary
1 . Cholesteryl toluenesulf onate reacts with 

ammonia and with primary aliphatic amines to 
give 6-amino-Z-cholestenes accompanied by some
3-amino~5-cholestenes.

2. Z-Cholesterylamine and benzyl-Z-choles­
terylamine are described and their structures 
proved by stepwise degradation to the known 
3(0) -chlorocholestan-6-oné.

3. Benzyl-Z-cholesterylamine can be trans­
formed into benzylcholesterylamine by treatment 
with benzylamine and benzylammonium toluene- 
sulfonate. The necessity of the presence of the 
salt in this reaction points to an ionic mechanism 
for the conversion of the Z-steroid into the normal 
steroid and further corroborates the known acid- 
catalyzed reactivity of the Z-steroids.
C h ic a g o , I l l in o i s  R e c e iv e d  N o v e m b e r  28, 1947

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  B io c h e m is t r y  o f  t h e  U n i v e r s i t y  o f  C h ic a g o ]

Preparation of 17-Ketosteroids from Enol Acetates of 20-Ketosteroidsla
By C h a r l e s  W. M a r s h a l l , T h eodore  H. K r it c h e v s k y , S e y m o u r  L ie b e r m a n 15 a n d

T . F . G a l l a g h e r 15

The 20-ketosteroids are obtainable in good yield 
from accessible natural products. I t appeared to 
us that oxidation of the enol acetates might offer a 
promising procedure for the preparation of 17- 
ketosteroids from these substances and we have 
accordingly investigated this problem using four 
different 20-ketosteroids. The general reactions 
are summarized in the partial formulations of 
Fig. 1. The enol acetates were prepared by the 
method of Bedoukian2 and from the three preg­
nane derivatives studied, only one enol acetate

(l.a) The work described in this paper was supported in part by a 
grant from the American Cancer Society on the recommendation of 
the Committee on Growth of the National Research Council and in 
part by grants from the Dr. Wallace C. and Clara A. Abbott Memo­
rial Fund of the University of Chicago. Presented before the Mid­
west Regional Meeting of the American Chemical Society, June, 
1947;

(lb) Present address: Sloan-Kettering Institute for Cancer
Research, New York 21, N. Y.

(2) Bedoukian, T his J o u r n a l , 67, 1430 (1945).

was obtained. The structure of the product was 
proved by ozonolysis to the corresponding 17- 
ketosteroid. From 3 (0)-hydroxy-20-ketoallopreg- 
nane, two stereoisomeric enol acetates were ob­
tained which must be regarded as cis and trans 
isomers about the double bond from C-17 to C-20, 
since both compounds upon ozonolysis followed by 
saponification yielded isoandrosterone. The com­
pound with higher melting point has been arbi­
trarily designated as the trans-form. For pre­
parative purposes, isolation of the enol acetate is

C H S

Fig. l.
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T able I

No

1
2
3
4
5
6

E nol A cetates of 20-K etosteroids
---------- Composition, %

Cryst. M. p.° Calcd. Found Calcd. Found
Derivatives of A17-pregnene form °C. [<x]d & Formula C C H H

3 (a) ,20-Diacetoxy Prisms 141.5-142 +  60 C25H38O4 74.59 74.56 9.51 9.44
3(a),11(a) ,20-Triacetoxy Needles 218 -220 — 19 C27K40O6 70.40 70.65 8.75 8.61
3 (a),12(a) ,20-Triacetoxy Prisms 174 -175.5 +  165c C27H40O6 70.40 70.47 8.75 8.73
3(a). 12(a); 20-Tr iacetoxy-21 -benzal Prisms 261 —263" +  118 C34H4406 74.42 74.41 8.08 8.07
3 ( ft) ,20-Diacetoxy- Aw~allopregnene (cis^ Plates 121.5-122.5 +  21 C25H380 4 74.59 74.45 9.51 9.56
3 (ft) ,20-Diacetoxy- A17-allopregnene (trans) Ndls. 172.5-173.5 +  12 C25H38O4 74.59 74.53 9.51 9 .4 7

All melting points are corrected. 6 In CHCfi. 0 +173° in acetone. d Sinter 257°.

unnecessary and the sirupy enol acetate can be 
directly ozonized without further purification.

Ozonolysis of the enol acetate proceeded 
smoothly and in satisfactory yield except with 
3(a),12(a) - 20 - triacetoxy - A17 - pregnene. When 
this compound was ozonized in the same manner 
used for the other four substances, two products 
were obtained in approximately equal amounts. 
One was the anticipated 17-keto derivative and the 
other was a crystalline substance of melting point 
217-218.5° and [ a ] 25D +40° (CHC13) which will 
be reported in detail a t a later time. None of the 
other compounds investigated yielded a compar­
able by-product.

The enol acetate of 3(a),12(a)-dihydroxy-20- 
keto-21-benzalpregnane was prepared and the 
ultraviolet absorption spectrum of this compound 
is shown in Fig. 2. When this enol acetate was 
oxidized with 0 3 or with Cr03, no recognizable 
product was obtained. This experience is similar 
to that of Koechlin and Reichstein,3 who oxidized

2200 2400 2600 2800 3000 3200 3400 
Wave length in A.

Fig. 2.—Absorption spectrum of the enol acetate of 
3(a),12(a)-diacetoxy-20-keto-21-benzalpregnane in 95% 
ethanol.

(3) Koechlin and Reichstein, Helv. Chim. Acta, 27, 549 (1944).

the enol chloride of 3(a), 12(a)-diacetoxy-20-keto- 
21-benzalpregnane without obtaining any detec­
table amount of the 17-keto derivative, although 
3 (0) -acetoxy-20-keto-21 -benzalallopregnane was 
converted to isoandrosterone in 45% yield by the 
same reactions. Since the preparation of 17-keto- 
steroids over the benzal derivatives appeared to be 
less advantageous than the method already de­
scribed, further work on these compounds was 
abandoned.

Experimental
Preparation of Enol Acetates of 20-Ketopregnane 

Derivatives.—A solution of 2 millimoles of the ketone and
2 millimoles of p -toluenesulfonic acid in 75 cc. of acetic 
anhydride was distilled slowly through a short unpacked 
column until most of the acetic anhydride had been re­
moved (four to five hours). The residual solution was 
chilled, water was added, and after a short interval the 
product was extracted with ether, which was in turn washed 
with sodium hydroxide solution and with water, dried over 
sodium sulfate and the ether removed. The dark residue 
was dissolved in petroleum ether and purified by passage 
through a column of aluminum oxide. The colorless 
enol acetates were recovered in the petroluem ether eluates 
and were recrystallized from this solvent. The charac­
teristics of the products are recorded in Table I. The 
yield of crystalline enol acetate was between 60 and 70%. 
The isomers 5 and 6 required extensive chromatography 
to effect separation, and for this reason the yield was much 
lower.

Ozonolysis of the Enol Acetates.—The preparation of
3 (a) , 11 (a) -diacetoxy-17-ketoetiocholane is typical. A 
solution of 490 mg. of the enol acetate in 400 cc. of a 1:1 
mixture of anhydrous methanol and ethyl acetate was 
chilled to —40° and five mole equivalents of ozone in a 
6% stream were passed through the solution. A 5% 
palladium-calcium carbonate catalyst (2.5 g.) was 
added and the mixture was shaken in an atmosphere of 
hydrogen until there was no further uptake (less than fif­
teen minutes). After removal of the catalyst and sol­
vent, the product was purified by chromatographic 
fractionation on aluminum oxide. The yield of analyti­
cally pure material based on the enol acetate was 51%. 
The characteristics of the products are recorded in Table 
II.

Hydrolysis of Acetylated 17-Ketosteroids.—Partial 
hydrolysis of compounds number 8 and 11 was accom­
plished at room temperature with 0.15 N sodium hydroxide 
in 85% ethanol. The monoacetate from 11 was amor­
phous.4 The monoacetates obtained from the ozonolysis 
of compounds number 1, 5 and 6 were also hydrolyzed in 
this manner. Complete hydrolysis of the diacetate no. 
8 was accomplished by heating under a reflux in an atmos­
phere of nitrogen with 0.5 N  sodium hydroxide in 75% 
ethanol for one-half hour; the diacetate no. 11 required 
heating with 1.0 N  sodium hydroxide in 75% ethanol for 
one hour. The constants are recorded in Table II.

(4) Reich, Helv. Chim. Acta, 28, 863 (1945).
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T able II
17-K etosteroids from the Ozonization of 20-E nol A cetates

Derivatives of Obt. Cryst. M .>«
r— VoUJLUpUSlUUU, 70------ --'

Carbon Hydrogen
No. 17-ketoetiocholane from form Solvent °C. [a]D* Formula Calcd. Found Calcd. Found

7 3 (a) -Hydroxy® 1 Needles CöHe-lig. 151 —152̂ +  Ï09 C19H30O2 i
8 3 (a), 11 (a)-Diacetoxy 2 Needles Ligroin 170.5-172 +  43 C23H34O5 70.74 70.47 8.78 8.80
9 3 (ot) -Hydroxy-11 (a)-acetoxy 8 Prisms Ligroin 147 -148 +  25 C21H32O4 72.38 72.17 9.26 9.63

10 3 (a), 11 ( a) - Dihy droxy 8,9 Prisms Et acet. 170.5-171 +  80 C19H30O3 74.47 74.43 9.87 9.55
11 3(a),12(a)-Diacetoxy5 6 3 Prisms Acetone-lig. 156 -157 +  193* C23H34O5 70.74 70.71 8.78 8:75
12 3(a) ,12(ot)-Dihydroxyc 11 Needles Et acet. 164.5-165 +  167 C19H30O3 74.47 74.50 9.87 9 54
13 3 (0) -Hydroxy-allod 5,6 Prisms Et acet.-lig. 174 -175 +  97 CwHsoOs i

a Reported values,5 m. p. 150-151 °;6 m.p. 151-152°, transition point, 140-142°; [ « ] d  +100°; [a ]  m u  + 130° (ethanol). 
6 Reported values,7 m. p. 162-162.5°; [ « ] d  +176°; [ ckJmsi +214° (acetone);8 m. p. 157-158.5°; [ qt]d  + 179° (ace­
tone). e Reported values,4 m. p. 165.5-168°; m. p. 164-165°.8 No rotation reported. d Reported values,9 m. p. 
174-174.5°; [a]o +87° (methanol). • All melting points are corrected. t  Softens at 140°. 0 In CHC1S. h +177° in 
acetone. * Identified by melting point of a mixture and comparison of the infrared spectrum with an authentic speci­
men. The infrared spectra were determined and compared by Dr. Konrad Dobriner, Sloan-Kettering Institute, New 
York 21, N. Y., to whom we extend our thanks.

Enol Acetate of 3 (a), 12 (a) -Diacetoxy-20-keto-21 -ben- 
zalpregnane.—This substance is obtained as one of the 
reaction products from the acetylation of the dihydroxy 
benzal derivative by heating twenty-four hours with 
acetic anhydride and pyridine. It is also obtained in 
small amounts from the acetylation catalyzed with per­
chloric acid according to the method of Whitman and 
Schwenk,10 especially if the reaction mixture is permitted 
to stand at room temperature for forty-five minutes. It 
is most readily separated by chromatography upon alu­
minum oxide or by fractional crystallization of the acetyla­
tion product from acetone. It was recrystallized from 
glacial acetic acid, and its characteristics are recorded in 
Table I.

3 (a) -Acetoxy-12 (a) -hydroxy-20-keto-21 -benzalpreg- 
nane.-—When 3 (a), 12 (a) -dihydroxy-20-keto-21 -benzal -
pregnane is acetylated using milder conditions (pyridine- 
acetic anhydride at room temperature; acetic anhydride 
in the presence of low concentrations of perchloric acid 
at 5° for ten minutes), the 3-monoacetoxy derivative is 
obtained in good yield. The product was recrystallized

(5) Ruzicka, Goldberg, Meyer, Brüngger and Eichenberger, 
Helv. Chim. Acta, 17, 1395 (1934).

(6) Callow, Biochem. J ., 33, 559 (1939).
(7) Reich and Reichstein, Helv. Chim. Acta, 26, 2102 (1943).
(8) Ettlinger and Fieser, J. Biol. Chem., 164, 451 (1946).
(9) Ruzicka, Goldberg and Brüngger, Helv. Chim. Acta, 17, 1389 

(1934).
(10) Whitman and Schwenk, T h is  J o u r n a l , 68, 1865 (1946).

from acetone as plates, m. p. 210-211°; [ck]21d +177°  
(ethanol).

Anal. Calcd. for C30H40O4: C, 77.25; H ,8 .69 . Found: 
C, 77.57; H, 8.68.

Upon more vigorous acetylation with either pyridine 
and acetic anhydride or with acetic anhydride and sodium 
acetate, the monoacetate is converted to the known di­
acetate,3 m. p. 123-126°.

Summary
1. The conversion of 20-ketosteroids to 17- 

ketosteroids was accomplished by preparation of 
the enol acetates followed by ozonolysis.

2. 3(a) -Hydroxy-17-ketoetiocholane, 3 (0) -hy­
droxy - 17 - ketoetioallocholane, 3(a), 12(a) - di- 
hydroxy- 17-ketoetiocholane, and 3 (a ) ,ll (a)-di- 
hydroxy-17-ketoetiocholane were prepared in this 
way.

3. The enol acetate of 3(0) -hydroxy-20-keto- 
allopregnane was obtained in two forms which 
were shown to be geometric isomers by ozonolysis 
to isoandrosterone.

4. The enol acetate of 3(a),12(a)-diacetoxy- 
20-keto-21 -benzalpregnane was prepared and its 
ultraviolet absorption spectrum is described.

R eceived  N ovem ber  12, 1947

[C o n t r i b u t io n  f r o m  t h e  N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y ]1

4,4'-Dichlorodibutyl Ether and its Derivatives from Tetrahydrofuran
B y  K l ie m  A l e x a n d e r  a n d  L. E. S c h n ie p p

Cleavage of the tetrahydrofuran ring by acyl 
halides to give halogen-substituted butyl esters 
has been reported by Goldfarb and Smorgonskii,2 
Cloke and Pilgrim3 and Manchen and Schmidt.4 
The reaction of tetrahydrofuran with acetyl chlo­
ride, catalyzed with a small amount of anhydrous 
zinc chloride, gives a good yield of 5-chlorobutyl

(1) One of the laboratories of the Bureau of Agricultural and In­
dustrial Chemistry, Agricultural Research Administration, U. S. 
Department of Agriculture.

(2) Y. L. Goldfarb and L. M. Smorgonskii, J. Gen. Chem. (USSR), 
8, 1516-1522 (1938).

(3) J. B. Cloke and F. J. Pilgrim, T h is  J o u r n a l , 61, 2667 (1939).
(4) F. Manchen and W. Schmidt, U. S. Patent 2,314,454 (1943).

acetate plus small amounts of compounds of the 
formulas: CH3C0 0 (CH2)40(CH2)4C1 and CHa- 
C00(CH 2)40(CH2)40(CH2)4C1.3

Because of the apparent ease with which acyl 
halides cleave the hydrogenated furan ring, an in­
vestigation was undertaken to determine whether 
or not inorganic acid chlorides react similarly. 
Preliminary experiments showed tha t phosphorus 
oxychloride, thionyl chloride and silicon tetra­
chloride, when catalyzed with zinc or zinc chloride, 
reacted vigorously with tetrahydrofuran. In no 
case was it found possible to isolate the phosphate, 
sulfite, or silicate esters; however, decomposition
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of the reaction mixtures with water, followed by 
vacuum distillation of the water-insoluble prod­
ucts, gave a fair yield of 4,4'-dichlorodibutyl ether, 
a high boiling liquid which has been previously 
prepared from 4-chlorobutanol by Trieschmann.5

During these investigations a number of reports 
on German technical developments became avail­
able through the Office of Technical Services. 
Several of these reports dealt directly with 
the reactions under investigation. Delfs6 
in his discussion of the polymerization of 
alkylene oxides shows that tetrahydrofuran 
is readily converted to polyalkylene ethers, 
with chlorine end-groups, by the action 
of thionyl chloride catalyzed with ferric 
chloride. Technical development of this 
reaction led to the production of synthetic 
lubricants.7

A report by Krzikalla and Maier8 dis­
cusses the cleavage of cyclic ethers with 
thionyl chloride. The type of catalyst used 
was found to be of considerable import­
ance. Zinc chloride favored the formation

functional compounds. The halogens are readily 
replaced by cyano, alkoxy, acyloxy and similar 
groups. Oxydivaleric acid and its esters, 5,5'-di- 
aminodiamyl ether, 4,4'-dihydroxydlbutyl ether 
and 5,5 '-dihydroxydiamyl ether have been pre­
pared from such derivatives.

Derivation of these products may be illustrated 
as follows

/(C H 2)4CN h 2o /(CH2)4COOH
o<  — ► 0<(

\ C H 2)4CN x (CH2)4COOH
II III

j,ROH  
(CH2)4COOR

(CH2)4COOR 
VI

[(H )  
(CH2)6OH

(CH2)6OH 
IX

,(CH2),NH2 (h )

x (CH2)6NH2
I

,(CH2)4OR

\ c ii2)4o r
IV

/(C H 2)4OH
° <

\C H 2)4OH
VII

RONa 
< --------

h 2o

I  NaCN  

/(C H 2)4C1

\(C H 2)4C1
V
j  RCOONa

y  (CH2) 4c o o r

\ c h 2)4COOR
VIII

°<
of 1,4-dichlorobutane from tetrahydro­
furan, whereas with sulfuric acid as the catalyst 
high yields of 4,4 '-dichlorodibutyl ether were ob­
tained. The type of product was also found to be a 
direct function of the molar ratio of thionyl chloride 
to tetrahydrofuran. By varying that ratio, greater 
or lesser amounts of 1,4-dichlorobutane, 4,4'- 
dichlorodibutyl ether, and a trimeric ether of the 
formula Cl (CH2) 40  (CH2) 40  (CH2)4C1 were obtained.

The superiority of sulfuric acid as a catalyst for 
the cleavage of tetrahydrofuran by phosphorus oxy­
chloride was established in our subsequent inves­
tigations, and yields of 4,4'-dichlorodibutyl ether 
were improved up to 65-70% of the theoretical.

The conversion of tetrahydrofuran to 4,4'-di- 
chlorodibutyl ether takes place by one of several 
possible mechanisms. Our failure to isolate 
chlorobutyl phosphate esters which might convert 
to the ether on heating, and the observed polymer 
formation when tetrahydrofuran was treated with 
thionyl chloride and ferric chloride at room tem­
perature, indicate that the reaction is one of poly­
merization and depolymerization as discussed by 
Delfs.6 This route of formation is also favored by 
the facts (1) that the high boiling residues from di- 
chloroether distillations can be further converted 
to dichlorodibutyl ether by retreatment with phos­
phorus oxychloride, and (2) by the formation of 
the trimeric ether Cl (CH2) 40  (CH2) 40  (CH2) 4C1 
when less than one-third mole of phosphorus oxy­
chloride per mole of tetrahydrofuran is used in the 
reaction.

4,4'-Dichlorodibutyl ether is an interesting 
intermediate for the preparation of a variety of di­

es) H. G. Trieschmann, U. S. Patent 2,245,509 (1941).
(6) Delfs, P. B. 717, O. T. S., U. S. Department of Commerce.
(7) F. H. Roberts, P. B. 898, O. T. S., U. S. Department of Com­

m erce.
(8) Krzikalla and Maier, P. B. 631, O. T. S-, U. S- Department of 

Commerce.

Attempts to apply the same ring cleavage re­
action to tetrahydropyran and tetrahydromethyl­
furan gave much lower yields of the expected di- 
chlorodiamyl ethers. Tetrahydropyran appar­
ently underwent side reactions involving dehydro­
halogenation of the cleavage products and yielded 
a complex reaction product from which only a 
small yield of 5,5 '-dichlorodiamyl ether could be 
isolated.

Experimental
4 ,4 '-Dichlorodibutyl Ether (V).—A mixture of 72 g. 

(1.0 mole) of tetrahydrofuran and 51.2 g. (0.33 mole) 
of phosphorus oxychloride was placed in a 1 -liter, three­
necked flask equipped with stirrer, reflux condenser, 
and thermometer. The mixture was cooled in a water 
bath, and 1 0  cc. of concentrated sulfuric acid added 
gradually with stirring. The temperature was then 
slowly raised by heating in a bath. At about 80° a 
vigorous exothermic reaction occurred and cooling was 
necessary to keep the reaction under control. The tem ­
perature was controlled at 80-100° until the exothermic 
reaction subsided. This period usually lasted about 
forty minutes and was accompanied by refluxing, some 
evolution of hydrogen chloride, and the precipitation of 
a gelatinous, phosphorus-containing material. The re­
action mixture was then held at 90-100 ° for an additional 
ten minutes after which 1 0 0  cc. of water was added and 
heating to reflux continued for thirty minutes longer.

The unchanged tetrahydrofuran and the by-product 1,4- 
dichlorobutane were removed by distilling their water 
azeotropes. The water and oil layers were separated after 
the residue from this distillation had cooled. The aqueous 
layer was extracted twice with ether, the ether and oil 
layers combined and water-washed. The ether was 
evaporated and the residue distilled under reduced pres­
sure. The main fraction of distillate boiling at 83-87° 
(0.4-0.6 mm.) weighed 64.5 g. and was essentially pure 
4 ,4 '-dichlorodibutyl ether. The yield, based on tetra­
hydrofuran of which 5.5 g. was recovered, was 70% of 
the theoretical. Three grams of 1,4-dichlorobutane was 
isolated from the azeotropic distillates.

Refractionation of a composite of 250 g. of 4 ,4 '-dichloro­
dibutyl ether gave'245 g. of a colorless, water-insoluble 
product having the following properties: b. p. 84-86°
(0.5 m m .), d™ 4 1-069, n2bd 1.4567. Anal. Calcd. for
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C8 H 1 6 OCl2: C, 48.2; H , 8.09; Cl, 35.6. Found: C, 
48.6; H , 7.88; Cl, 35.5. Calcd. for Cl(CH 2 )4 0 (CH 2 ) 4 C1 : 
M b  50.52; M b  found 50.70.

The same product was obtained in lower yields by 
treating tetrahydrofuran with phosphorus trichloride, 
thionyl chloride, phosgene, and silicon tetrachloride, all 
catalyzed by sulfuric acid; and with phosphorus oxy­
chloride catalyzed by zinc, zinc chloride, aluminum chlo­
ride, ferric chloride, chlorosulfonic acid and metaphos­
phoric acid.

The reaction was also run in solvents such as benzene, 
toluene and carbon tetrachloride, but in all cases the yield 
was lower than by the method described.

Polymerization of Tetrahydrofuran.—Tetrahydrofuran 
was polymerized by the method of Delfs6  to determine 
whether such a polymeric material could be converted to 
4 ,4 '-dichlorodibutyl ether.

Tetrahydrofuran was mixed with thionyl chloride and 
anhydrous ferric chloride in a molar ratio of 85.5:12:2.5  
and allowed to stand for eleven days at room temperature, 
in a flask protected against entry of atmospheric mois­
ture. Water was then added and the unchanged tetra­
hydrofuran recovered by distillation. The water-insoluble 
oil layer was separated, washed with water, and heated to 
140° under vacuum (0.35 m m .). No distillate other 
than water was collected. From 92.5 g. of original re­
action mixture 46.5 g. of a brown, oily liquid was obtained. 
This material solidified to a waxy solid when cooled below 
0 °.

Anal. Found: C, 61.4; H , 10.26; Cl, 9.60.
The chlorine value indicates a molecular weight of 

739 and x equal 8.5 for a polymer of the assumed structure 
C1[(CH2 ) 4 0]*-(C H 2 ) 4 C1.

Anhydrous aluminum chloride used in place of ferric 
chloride gave a comparable product in lower yield.

A 27.4 g. sample of this polymer was heated for two and 
one-half hours with 14.3 g. of phosphorus oxychloride and 
0.25 g. of concentrated sulfuric acid. The reaction was 
only mildly exothermic at about 1 0 0  ° and the temperature 
of the reaction mixture was not allowed to exceed 125°. 
Addition of water, separation of the water-insoluble 
products, and distillation gave 14 g. (40%) of 4 ,4 '-di­
chlorodibutyl ether, showing that partial depolymeriza­
tion occurred on heating with inorganic acid halides.

Based on this observation, 157 g. of high-boiling and 
polymeric residues from earlier dichlorodibutyl ether 
preparations was heated with 71 g. of phosphorus oxy­
chloride and 3 cc. of concentrated sulfuric acid. Workup 
and distillation of this reaction mixture gave 28 g. of 1,4- 
dichlorobutane, 35.4 g. of 4 ,4 '-dichlorodibutyl ether, 
and 6.5 g. of a higher boiling [91-155° (0.5 m m .)] ma­
terial.

4 ,4 '-Dichlorodibutyl ether is partially destroyed, under 
such reaction conditions, 50-75% being recovered, de­
pending upon the severity of the conditions used.

1,4-Di-(5-chlorobutoxy) -butane.—Tetrahydrofuran, 162 
g. (2.25 moles), reacted with 77 g. (0.5 mole) of phos­
phorus oxychloride and 3 cc. of concentrated sulfuric 
acid. Distillation of the water-insoluble products of the 
reaction gave 85 g. (42.7%) of 4 ,4 '-dichlorodibutyl 
ether, 39.4 g. of a distillate collected over the range of 
120-160° at 1 mm., and 18.5 g. of a viscous liquid residue. 
Redistillation of the higher-boiling product gave a liquid 
having the following properties: b. p. 133° (0.6 m m .), 
n 23B  1.4535, d 2h  1.0444.

Anal. Calcd. for Ci2 H 2 4 0 2 C12: Cl, 26.15. Found:
Cl, 25.9.

This product is probably C1(CH2 ) 4 0(C H 2 )4 0(C H 2 ) 4 C1. 8

5,5'-Dichlorodiamyl Ether.—Tetrahydropyran, 8 6  g. 
(1 m ole), was mixed with 51.2 g. (0.33 mole) of phosphorus 
oxychloride and 2.5 cc. of concentrated sulfuric acid and 
the mixture stirred and heated to reflux for twelve hours. 
There was no evidence of an exothermic reaction such as 
was observed with tetrahydrofuran. Only a very gradual 
increase in boiling temperature, from 80 to 1 1 2 °, occurred 
during the heating period. Hydrogen chloride was evolved 
throughout the refluxing period, the amount increasing

with the increase in temperature. At the end of the 
heating period 1 0 0  cc. of water was added to the mixture 
and refluxing continued for one hour. Distillation of 
the water-insoluble reaction products gave 18 g. of 1 ,5 - 
dichloropentane, 25 g. of a yellow liquid, b. p. 96-125° 
(0 .5-0 . 8  m m .), and 26 g. of residue. Refractionation of 
the yellow liquid fraction gave 8 . 8  g. of a colorless liquid, 
b. p . 65-70° (3-4 m); n27d 1.4580; d 2 7 4 1.0349; Mb
calcd. for C1(CH2 ) 5 0 (C H 2 ) 5 C1, 59.76; M b  found 60.05.

Anal. Calcd. for CioH 2 0 OC12: Cl, 31.25. Found: Cl, 
31.2.

N o conditions were found whereby this compound 
could be prepared in better than 10-15% yields.

4 ,4 '-Dichlorodiamyl Ether.:—2-Methyltetrahydrofuran, 
172 g. (2.0 moles) was mixed with 102.3 g. (0.67 mole) 
of phosphorus oxychloride and 1.3 g. of anhydrous zinc 
chloride. The mixture was heated to reflux for five hours 
during which the temperature gradually increased from 84 
to 108°. The reaction mixture was diluted with water 
and heated to reflux for thirty minutes. The aqueous and 
oil layers were separated, the oil layer washed with water, 
and distilled. In addition to unchanged tetrahydro­
methylfuran, 1,4-dichloropentane and undistillable resi­
due, 54 g. (23.8% yield) of 4,4 '-dichlorodiamyl ether boiling 
at 69-75° (0.3 mm.) was obtained. Redistillation of 
this product yielded 38 g. of material having the following 
properties: b. p. 94-95° (0.88 m m .); n25d 1.4533; d2 5 4  

1.0191. M b  calcd., 59.76; found, 60.28.
Anal. Calcd. for Ci0 H 2 0 OCl2: C, 52.80; H , 8.87;

Cl, 31.25. Found: C, 53.1; H, 8.85; Cl, 30.3.
No attempt was made to determine whether this prod­

uct was a single compound or a mixture of the three pos­
sible isomeric 4 ,4 '-dichlorodiamyl ethers.

Derivatives of 4 ,4 '-Dichlorodibutyl Ether
4 ,4 '-Dicyanodibutyl Ether (Oxydivaleronitrile) (II).—

A mixture of 99.5 g. (0.5 mole) of 4 ,4 '-dichlorodibutyl 
ether, 58 g. (1.18 moles) of pulverized sodium cyanide 
and 190 cc. of anhydrous methanol was charged into a 
steel hydrogenation bomb, shaken and heated to  150° 
for six hours. After the bomb had cooled, the reaction 
mixture was removed, filtered free of precipitated salt, 
and the methanol removed by evaporation on a steam-bath. 
The dark-colored residue was dissolved in ether, the solu­
tion filtered, and the filtrate washed with water. The 
ether was removed by evaporation and the residue heated 
to 200° at 0.7 mm. pressure. The small amount of dis­
tillate, 8  g ., gave analytical and refractivity values for
4-m ethoxy-4' -cyanodibutyl ether.

Anal. Calcd. for Ci0 H i9 O2 N : OCH3, 16.74; N , 7.57; 
M b  51.4. Found: OCH3, 15.75; N , 7.78; M b  51.6.

The undistilled material weighed 73 g ., an 81% yield 
of oxydivaleronitrile. A sample of this dark-colored prod­
uct was purified by distillation under high vacuum and 
had the following properties: b. p. 75-80° (10" 4  m m .); 
n29B 1.4453; d2\  0.9627; M d calcd. 49.54; found, 49.70.

Anal. Calcd. for Ci0 Hi6 ON2: C, 6 6 .6 ; H , 8.95; N , 
15.55. Found: C, 66.55; H , 8.82; N , 15.29.

4,4'-Dicarboxydibutyl Ether (Oxydivaleric Acid) (III). 
—Oxydivaleronitrile, 45 g. (0.25 mole), was hydrolyzed 
by refluxing for five hours with a mixture consisting of 
150 cc. of alcohol, 150 cc. of water, and 40 g. of sodium 
hydroxide. The alcohol was removed by distillation and 
the aqueous alkaline solution acidified with 9 N  sulfuric 
acid. The product separated as a brown, crystalline solid. 
The yield was 49 g. or 90% of the theoretical. This 
crude product was dissolved in hot water, the solution 
treated with activated carbon, and filtered. The product 
crystallized as white leaflets, m .p . 88.5-89.5°.

Anal. Calcd. for CioH iS0 5: C, 55.03; H , 8.31; neut. 
equiv., 109.1. Found: C, 55.15; H, 8.13; neut. equiv., 
110.4.

Both the crude and the distilled oxydivaleronitrile 
gave high yields of the desired acid.

A sample of this acid when heated with hydriodic acid
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T able I

E sters of Oxydivaleric A cid, ROOC— (CH2 )4 —O— (CH2)4— COOR
Saponification

B. p., Pres., Yield, equivalentR ®C.’ mm. % %25D d2 h Formula Calcd. Found
Ethyl 117-118 0.3 90 1.4356 0.9719 C14H26O5 137.2 136.2
ra-Butyl 172—174 1 AX . u 75 1.4405 0.9622 UisHmOs 165.2 166.1
Tetrahydrofurfuryl 220-221 0.66 67 1.4680 1.0883 c 2 0 h 3 4 o 7 193.2 195.2

Table II
4,4'-Dialkoxydibtjtyl Ethers, R—0 —(CH2)4—■O— (CH2)4—■O—R

Analyses, %
B,P;> Pres., Yield, Md c HR mm. % n 25d d2H Calcd. Found Formula Calcd. Found Calcd; Found

M ethyl 67 0.55 86 1.4219 0.8972 53.32 53.88 C10H22O3 63.1 62.4 11.66 11.3
Ethyl 76-77 .45 70 1.4230 .8761 62.56 63.46 Ci2H2603 66.01 65.3 12.00 11.65
rc-Butyl 114-116 .45 60 1.4304 .8687 81.04 81.17 Ci6H340 3 70.02 69.8 12.49 12.3
Isoamyl 125-126 .4 75 1.4322 .8609 90.28 91.14 C18H3803 71.47 71.4 12.66 12.30

was converted in high yield to 5-iodovaleric acid, m. p. 
56-57°.

Esterification with ethyl, w-butyl, and tetrahydrofur­
furyl alcohols gave good yields of the normal oxydi- 
valerates (V I). The properties of these are listed in 
Table I.

5.5 '-Dihydroxydiamyl Ether (IX ).— Diethyl oxydivaler-
ate, 41.2 g. (0.15 m ole), was reduced with sodium and 
alcohol by the procedure described by Manske9  for the 
reduction of diethyl sebacate. The product, 20.3 g. 
(71% yield), had the following properties: m. p. 16-
18°, b. p. 141-142° (0.5 m m .); » « d  1.4570; d2h  0.9727; 
M b  calcd., 53.08; found, 53.26; soluble in water and 
ether, insoluble in benzene.

Anal. Calcd. for Ci0 H 2 2 O3: C, 63.18; H, 11.66.
Found: C, 62.3; H , 11.8.

5.5 '-Diaminodiamyl Ether (I).— Oxydivaleronitrile, 30 
g. (0.166 mole), was dissolved in 350 cc. of absolute 
ethanol and the solution heated to boiling. Sodium, 31 g., 
was added in small pieces to the boiling solution over a 
period of forty-five minutes. Boiling was continued until 
all of the sodium had reacted. M ost of the alcohol was 
then removed by distillation and the residue acidified with 
hydrochloric acid. The acidified mixture was evaporated 
to dryness and the amine hydrochloride extracted from 
the sodium chloride with anhydrous ethanol. Addition 
of ether to the alcoholic extract precipitated the diamine 
dihydrochloride as a white crystalline solid; yield 30.5 g., 
70% of theoretical.

Anal. Calcd. for Ci0 H 2 4 ON 2 -2HCl: Cl, 27.1. Found: 
Cl, 27.6.

A portion of this dihydrochloride was mixed with an 
excess of 50% potassium hydroxide and the insoluble oil 
separated by extraction with ether. Evaporation of the 
ether left a colorless, strongly basic liquid which absorbed 
carbon dioxide from the air to form a stable carbonate. 
The free diamine had the following properties: n 22B
1.4602; d22D 0.907.

Anal. Calcd. for CioH 2 4 ON2: N , 14.87. Found:
N , 14.57.

Dibenzoyl derivative, m . p. 84°. (Anal. Calcd.: 
N , 7.07. Found: N , 6.99.)

(9) “Organic Syntheses,” Coll. Vol. II, John Wiley and Sons, 
Inc., New York, N. Y., 1943, p. 154.

4,4'-Diacetoxydibutyl Ether (VHI).— 4,4'-Dichlorodi­
butyl ether, 60 g. (0.3 m ole), was mixed with 98 g. (1 
mole) of fused potassium acetate and 60 cc. of glacial 
acetic acid. The mixture was refluxed for fifteen hours 
with occasional stirring to break up incrustations of in­
soluble salts. The reaction mixture was then cooled, 
diluted with 600 cc. of water, and the product separated 
by extraction with ether. Distillation of the residue from 
ether evaporation gave 60 g. (81% yield) of a colorless 
liquid, b. p. 115-118° (0.6 m m .); n2%d 1.4330; d2\
1.018.

Anal. Calcd. for C1 2H 2 2 O5 : C, 58.5; H , 9.00; acetyl, 
34.94; sapn. equiv., 123.1. Found: C, 58.6; H , 8.93; 
acetyl, 34.92; sapn. equiv., 122.7.

4,4'-Dihydroxydibutyl Ether (VII).—Methyl alcoholy­
sis of 4,4'-diacetoxydibutyl ether gave a quantitative 
yield of 4,4'-dihydroxydibutyl ether, b. p. 115-116° (0.3 
mm .); n 26D  1.4544; d 264 0.9999; M b  calcd., 43.82;
found, 43.93. Di-a-naphthylurethan, m. p. 124-125° 
(Anal. Calcd.: N , 5.60. Found: N , 5.56).

4,4 '-Dialkoxy dibutyl Ethers (IV).—4 ,4 '-Dichlorodi­
butyl ether was converted to dialkoxydibutyl ethers by 
refluxing for eight hours with the sodium alkoxides in 
solutions of the respective alcohols. These dialkoxy 
products were obtained in yields of 70-80% as colorless 
mobile liquids (see Table I I ) .

Acknowledgment.—The tetrahydrofuran used 
in this investigation was generously supplied 
by the Electrochemicals Department, E. I. 
du Pont de Nemours and Company. C. H. 
Van Etten of this Laboratory performed the 
analyses.

Summary
A method is described for the conversion of 

tetrahydrofuran to 4,4'-dichlorodibutyl ether in 
65-70% yields. Application of the method to 
tetrahydropyran and tetrahydromethylfuran gave 
poor yields of the expected dichlorodiamyl ethers.

A number of derivatives of 4,4'-dichlorodibutyl 
ether, not previously reported, are described. 
Peoria, Illinois R eceived  September  19, 1947
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The Benzenesulfonyl Derivatives of 1-Amino-2 ,3-dibromopropane and 2-Amino-l,3-
dibromopropane

B y  W alter  J. G e n sl e r

I t  was reported recently1 that the action of ben­
zenesulfonyl chloride with 1 -amino-2,3-dibromo- 
propane hydrobromide (I) in sodium hydroxide 
solution resulted in the formation of an alkali in­
soluble material which furnished analytical figures 
agreeing not with those calculated for 1-benzene- 
sulfonamido-2,3-dibromopropane (III) but for

III minus a molecule of hydrogen bromide. The 
structure of 1 -benzenesulfonyl-2-bromomethyl- 
ethyleneimine (II) was proposed for this com­
pound. The present report is concerned with the 
reactions involved in the formation of II, and the 
demonstration of its structure.

I t  was found that III, the normal benzenesul­
fonyl derivative, could be obtained from the reac­
tion of I and benzenesulfonyl chloride by the use 
of sodium bicarbonate, or better sodium carbon­
ate, in place of sodium hydroxide. The same 
compound was formed on the addition of bromine 
to N-(benzenesulfonyl)-allylamine. Compound
III was insoluble in carbonate or bicarbonate solu­
tion and could be recovered unchanged after ex­
posure to these reagents. However, when III 
was treated with dilute sodium hydroxide, a 
clear solution resulted, which after a few seconds 
suddenly became milky and deposited a crystal­
line solid. This solid was identical with the prod­
uct (II) obtained directly from l-amino-2,3-di- 
bromopropane.2

The facts that 1-benzenesulfonamido-2,3-dibro- 
mopropane could be obtained from l-amino-2,3- 
dibromopropane under conditions milder than 
those used in the direct conversion of 1-amino-2,3- 
dibromopropane to II, and that 1-benzenesulfon- 
amido-2,3-dibromopropane could be converted to 
II under the same conditions as those in the di­
rect conversion, constituted permissive evidence

(1) Gensler, T h is  J o u r n a l , 69, 1966 (1947).
(2) Similar reactions have been reported before. Adams and 

Cairns, T h is  J o u r n a l , 61, 2464 (1939), converted 1- -̂bromoben- 
zenesulfonamido-2-methyl-2-chloropropane to 1- -̂bromobenzenesul- 
fony 1-2,2-dimethylethyleneimine; and Kharasch and Priestley, ibid., 
p. 3425, obtained N-( -̂toluenesulfonyl)-styreneimine from 1-p- 
tol uenesulf ona mido-1 -phenyl-2-bromoethane.

in favor of the probable course of the reaction, 
I —> [III] —> II. I t  was necessary, however, to 
consider an alternate course in which 1-amino-2,3- 
dibromopropane could first cyclize to form 2-bro- 
momethylethyleneimine (VII), which would then 
react with benzenesulfonyl chloride to yield the 
product II. To test this possibility l-amino-2,3- 

dibromopropane hydrobromide was added 
to an excess of sodium hydroxide solu­
tion. The mixture was allowed to stand 
for a period equal to the reaction time 
allowed in the direct formation of II, and 
under the same conditions. Benzoyl chlo­
ride was then added to effect a benzoyla- 
tion of either the cyclized molecule, VII, 
or the unchanged starting material. I t  
was found that the product was the deriva­
tive of the starting material, 1-benz- 
amido-2,3-dibromopropane, VIII (96% 
yield, m. p. 125-127°; 66% yield after 

purification, m. p. 129-129.5°) and not the cy­
clized form IX. Since no cyclization occurred in 
the benzoylation experiment, no cyclization to VII 
was possible in the benzenesulfonation reaction; 
and therefore in the direct formation of II from
l-amino-2,3-dibromopropane, the reaction path, 
I —» [VII] —> II, could be eliminated.

Br

s o 2c6h 5
CH2Br
I/C H —C H2

CfiH5S 0 2N " ^ ^ N S 0 2C6H5 VI
\ c h 2—c h /

I
CH2Br

CH2—CH—CH2 CH2—CH—CH2
I \ /  I I I

VII Br NH Br Br NHCOC6H5 VIII
CH2—CH—c h 2
I \ /

Br N IX
I

COC6H5

Assignment of the structure of 1-benzenesul- 
fonyl-2-bromomethylethyleneimine (II) for the 
alkali insoluble compound required proof since a t 
least two other structures, V and VI, could be re­
garded as reasonably possible. The bimolecular 
piperazine derivative, VI, was eliminated on the 
basis of a molecular weight determination, while

III

c 6h 5so 2ci
CH2—CH—CH2 NaOH CH2—CH—CH2
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CH2—CH—CH2 /  CH2— CH—c h 2
I I I  X  I I IBr Br NHS02C6H5 Br

f  Br2
CH^CH—CH2—NHS02CeH6

I Br
NHS02C6H6
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the choice of II over V rested on the following two 
lines of evidence.

Rupture of the ring in the symmetrical tri- 
methyleneimine V with the addition of hydrogen 
bromide can lead to only one product, 1-benzene- 
sulfoiiamido-2,3-dibromopropane (III). The un­
symmetrical ethyleneimine structure II on the 
other hand can yield either III  or the isomeric 
compound j 2-benzenesulf onamido-1,3-dibromo-
propane (IV). On carrying out the experiment 
using 48% hydrobromic acid there was obtained 
only one addition product (68% yield) which 
proved to be not III but IV. The unsymmetrical 
structure for II was therefore indicated. The 
structure assigned to IV was supported by its 
smooth reconversion to II on treatment with al­
kali.

Conclusive proof was furnished by ah unequivo­
cal synthesis of II as well as IV. Hydrogenation 
of 2-nitro-1, 3-dihydroxypropane according to 
Schmidt and Wilkendorff3 yielded 2-amino-l,3- 
dihydroxypropane. Treatment with strong hy­
drobromic acid at 165-175° converted the amino- 
glycol to 2-amino-l,3-dibromopropane hydrobro­
mide (X) which was isomeric with compound I. 
From the reaction of X  and benzenesulfonyl chlo­
ride in the presence of sodium hydroxide it was 
possible to obtain a product II identical with the 
alkali insoluble compound derived from I. The

II

use of sodium carbonate in place of sodium hydrox­
ide resulted in the formation of 2-benzenesulfon- 
amido-l,3-dibromopropane (IV) identical with 
the addition product of II and hydrogen bromide. 
These identities constitute a demonstration of 
structure, since it is possible to write only the 
structures of 1 -benzenesulfonyl-2-bromomethyl~ 
ethyleneimine (II) and 2-benzenesulf onamido-1,3- 
dibromopropane (IV ) for the compounds derived 
from 2-amino- 1,3-dibromopropane X.

Discussion
The reaction of 1-benzenesulfonamido-2,3-di- 

bromopropane, or 2-benzenesulfonamido-l,3-di- 
bromopropane with alkali to form 1-benzenesul- 
fonyl-2-bromomethylethyleneimine is interpreted 
on the basis of a nucleophilic attack of the sulfon­
amide anion on a beta carbon atom with the elimi­
nation of bromide ion. The dibromo compounds 
are stable in acidic or weakly alkaline medium 
since the unshared electron pair on the nitrogen 
of the undissociated sulfonamide grouping is un­
available for the displacement. At higher £H*s a

(3) Soli in id l am i'W ilk en d orff, B e r . ,  52, 381) (1911)).

proton is removed from the sulfonamide group, 
and the strongly nucleophilic nitrogen reacts rap­
idly.

The formation of II rather than V from 1-ben- 
zenesulfonamido-2,3-dibromopropane shows that 
the attack of the sulfonamide anion on the number 
two carbon is much more rapid than on the num­
ber three. Freundlich and Kroepelin4 have found 
that the first order rate constants for the cycliza­
tion of jS-bromoethylamine and 7-bromopropyl- 
amine are 0.036 and 0.0005, respectively. If these 
figures give some measure of the relative tendency 
of a free unshared electron pair on nitrogen to dis­
place bromide ion from the two- and from the 
three-positions, then only 1- 2% of the four-mem- 
ered ring compound, V, would be expected in the 
product from l-benzenesulfonamido-2,3-dibromo- 
propane. This small amount would be lost in the 
purification procedure.

In the addition of hydrogen bromide to 1-ben- 
zenesulfonyl-2-bromomethylethyleneimine to 
form 2-benzenesulfonamido-1,3-dibromopropane a 
solvolysis mechanism is unlikely since it would in­
volve the formation of a primary carbonium ion. 
On the other hand, by analogy with the behavior 
of related three-membered ring systems,5 it is 
reasonable to regard the reaction as a bimolecular 
displacement of the sulfonamido group by bromide 
ion. The electron attracting properties of the 

sulfonamido group polarize the 
bond between the nitrogen and 
carbon of the ring placing the 
positive end of a dipole at the 
carbon atom. The resulting 
low electron density at the 
carbon together with the nor­
mal strain in the three-mem­
bered ring would allow a 

ready attack by bromide ion.
In analogy with related cases the displacement 

occurs at the methylene rather than at the 
methine carbon.6 In this connection it should be 
pointed out that this mode of ring cleavage is by 
no means the rule, and that a number of examples

(4) F reu n d lich  an d  K roep elin , Z .  p h y s i k .  C h e m . ,  122, 39 (1926).
(5) In  th e  form ation  of l-ch loro-2-h ydroxy~3-h a lop rop ane from  

aq ueous h yd rogen  h a lid e  and  ep ich loroh ydrin , an  oxygen  an a log , 
B rön sted , K ilp a tr ick  and K ilp a tr ick  [T h is  J o u r n a l , 51, 428  (1929) | 
h ave show n  th a t  th e  ra te  of reaction  is d ep en d en t on th e h alid e io n -  
epichlorohydrin. con cen tra tion  p rod uct and also on the h a lid e  ion  - 
ep ich loroh yd rin -h yd ron iu m  ion  con cen tration  p roduct. F reu n d ­
lich  an d  N eu m a n n  \Z. p h y s i k .  C h e m . ,  87, 69 (1914 )] h a v e  fou n d  th a t  
in  th e  reaction  o f eth y len e im in e  w ith  excess h ydrobrom ic acid  to  
form  /3 -brom oethylam ine, th e  ra te  dep en ds on  th e  p rod uct of th e  bro­
m id e ion  an d  eth y len e im in e  (eth y len e im m on iu m  ?) con cen tration s. 
In  th ese  cases a n u c leop h ilic  d isp lacem en t m ech an ism  of h a lid e  ion  
on a carbon  a to m  is  in  agreem en t w ith  th e  ob served  k in etics. F u r ­
th er, a d isp lacem en t process b y  various donor groups on th e  ring- 
carbon s of an  in term ed ia te  quatern ary  eth y len e im m on iu m  s a lt  has 
been u sed  sa tis fa cto r ily  to  in terpret th e  reaction  k in etics of th e  n itro ­
gen  m u stards (P h .D . th ese s , H arvard  U n iv ers ity , 1944, b y  C. G ardi­
ner S w a in  an d  b y  S id n ey  D . R o ss).

(6) F or exam p le , in  th e  ad d ition  of h ydrogen  b rom ide [G abriel and  
O hle, B e r . ,  5 0 ,  815 (1 9 1 7 )] and  of h ydrogen  ch lor id e  [S m ith  and  
P la ton , i b i d . ,  55, 3143  (1 9 2 2 )] to  p ro p y len e im in e; an d  in  th e  a d d i­
tion  of th e  h a logen  acid s  to  th e  o xygen  an a logs, ep ichlorohydrin  
and ep ib rom oh yd rin  [“ B e ils te in ,” 4 th  ed ., V ol. X V I I , pp. 7 8 .]

CHj—CH—CH, H2—Pd CH2—CH—CH2 HBr CH2—CH—CH2
! I I ---------- ► I I I ------ >  I I I -HBr X

OH NO, OH OH NH2 OH Br NH2 Br

c6h ,so2cl
NaOH

C8Hr,S02CI
Na2COg
CaHsSC^Cl
Na2COg

T
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are known in which the process occurs at the more 
highly, rather than the less highly, substituted 
carbon atom of the ethyleneimine ring.7

Experimental
l-Benzenesulfonamido-2,3-dibromopropane (III) from 

1 -Amino-2,3-dibromopropane (I) —To a vigorously stirred 
solution of 1.20 g. of 1-amino-2,3-dibromopropane hydro­
bromide8 (0.0040 mole) in 10 ml. of water was added 0.6 
ml. of benzenesulfonyl chloride (0.0047 mole) followed 
immediately by a solution of 1.2 g. of sodium carbonate 
(0.011 mole) in 10 ml. of water. After the mixture had 
been stirred for forty-five minutes at room temperature 
it was filtered, and the solids washed and pressed on the 
funnel. This material, dried in the air, weighed 1.33 g. 
(92%) and had m. p. 91-97° (sintering at 85°). It was 
crystallized from 8 ml. of carbon tetrachloride to yield
1.05 g. (73%) of 1-benzenesulfonamido-2,3-dibromo­
propane in the form of fine needle-like crystals, m. p. 
97-99°.

Two further crystallizations from alcohol brought the 
melting point to 98-100°.

Anal. Calcd. for C9HnNS02Br2: C, 30.3; H, 3.1.
Found: C, 30.6; H, 3.2.

l-Benzenesulfonamido-2,3-dibromopropane (III) from 
N-(Benzenesulfonyl) -allylamine.—The product of the 
reaction of benzenesulfonyl chloride and allylamine in 
aqueous alkali was readily purified by distillation. The 
fraction which boiled at 156-158° (2 mm.) and solidified 
to a white solid, m .p . 39.5-41.5°, was taken as N-(ben­
zenesulf onyl ) -allylamine.9

Twenty-five milliliters of chloroform containing 4.05 g. 
of bromine (0.025 mole) was added over a period of one 
and three-quarters hours to a cold (10°) vigorously 
stirred solution of 5.00 g. of N-(benzenesulfonyl)-allyl­
amine (0.025 mole) in 50 ml. of chloroform. After the 
addition was complete the reaction mixture, from which 
crystals of the product had separated, was allowed to stand 
at 10-15° for one hour. The solvent was then removed, 
with only slight warming, by distillation under reduced 
pressure. To the residue was added 15 ml. of alcohol 
and again all volatile material was removed with suction. 
Crystallization of the crude product from alcohol yielded 
7.48 g. (83%) of white crystals, m. p. 97.5-101.5°, which 
showed no depression in mixed melting point with the 
1-benzenesulfonamido-2,3-dibromopropane from 1-amino-
2,3-dibromopropane. Further crystallizations did not 
improve the melting point.

1 -Benzenesulf onyl-2 -bromomethylethyleneimine (II)
from 1-Amino-2,3-dibromopropane (I).—A solution of 
1.20 g. of 1-amino-2,3-dibromopropane hydrobromide 
(0.0040 mole) in 5 ml. of water was mixed with 0.70 
ml. of benzenesulfonyl chloride (0.0054 mole). Five 
milliliters of sodium hydroxide solution, containing 0.97 
g. or 0.024 mole of sodium hydroxide, was added without 
delay and with vigorous stirring. Immediately after 
the addition of the alkali the mixture became almost 
entirely clear, but after a few seconds a heavy turbidity 
suddenly developed which soon gave way to a precipitate. 
After the mixture had been stirred at room temperature 
for thirty-five minutes, the solids were collected, washed 
with water, and finally air-dried. The crude product, 
which weighed 0.95 g. (86%) and melted at 86-88.5°, 
was purified by crystallization from ethyl alcohol, and

(7) This is the case in the formation of l-jf>-toluenesulfonamido-2- 
phenyl-2-bromoethane from N-( -̂toluenesulfonyl)-styreneimine 
and hydrobromic acid [Kharasch and Priestley, T h is  J o u r n a l , 61, 
3425 (1939)]; in the formation of l-amino-2-methylpropanol-2 
from isobutyleneimine and dilute sulfuric acid [Cairns, ibid., 63, 
871 (1941) ]; and in the action of hydrogen chloride with isobutylene­
imine and with 2,2-diphenylethyleneimine to form the tertiary chlo­
rides [Campbell and Campbell, reported at the New York Meeting 
of the American Chemical Society, September, 1947].

(8) Paal and Hermann, Ber., 22, 3076 (1889).
(9) Gitizberg, Ber., 36, 2703 (1903), reported in. p. 40.5 41° for N-

(I > e ii 7, e 11 e.s 111 f o n y1) - a T7 yl a m  i n e.

furnished 0.82 g. (74%) of 1 -benzenesulfonyl-2-bromo­
methylethyleneimine , m. p. 89-90° (faint sintering at 
86 °). This material gave no depression in mixed melting 
point with the analytical sample of the material previously 
prepared,1 while the mixed melting point with 1-benzene­
sulf onamido-2,3-dibromopropane was 76-91°.

A Rast molecular weight determination gave values 
lying between 272 and 281. The calculated molecular 
weight for II is 276.

1-Benzenesulfonyl-2-bromomethylethyleneimine (II)
from 2-Amino-1,3-dibromopropane (X).—The procedure 
employed was the same as that described above for the 
reaction with 1-amino-2,3-dibromopropane. The same 
product was obtained (melting point and mixed melting 
point, 89-90°) in 76% yield.

1 -Benzenesulfonyl-2 -bromomethylethyleneimine (II) 
from l-Benzenesulfonamido-2,3-dibromopropane (III).— 
A solution of 1.4064 g. of 1-benzenesulf onamido-2,3- 
dibromopropane (0.00394 mole) in 10 ml. of alcohol was 
added in one portion to 50.00 ml. of 0.099 N  sodium hy­
droxide (0.00495 equivalent). The addition was made 
as complete as possible by rinsing the flask with two 5-ml. 
portions of alcohol. The stirred solution remained per­
fectly clear for about fifteen seconds and then suddenly 
became milky. After the addition of 25 ml. of water the 
mixture was cooled in an ice-bath and filtered. The time 
which elapsed between the addition and the filtration was 
no longer than fifteen minutes. The solids, washed 
thoroughly on the funnel with approximately 50 ml; of 
water, pressed, and air-dried, weighed 1.02 g. (94%) 
and showed m. p. 88.5-90° (sintering at 85°). One 
crystallization from alcohol afforded 0.76 g. (70%) 
of pure 1-benzenesulfonyl-2-bromomethylethyleneimine, 
with melting point and mixed melting point, 89-90°.

The aqueous alkaline filtrate, together with the wash 
water, was titrated with 9.50 ml. of 0.100 N  hydrochloric 
acid to the disappearance of the red color of phenol- 
phthalein. This revealed that the amount of sodium 
hydroxide consumed in the cyclization process was 0.0040 
equivalents, in good agreement with the theoretical value 
of 0.00394.

1 -Benzenesulfonyl-2 -bromomethylethyleneimine (II) 
from 2-Benzenesulfonamido-1,3-dibromopropane (IV).—
The cyclization of IV followed essentially the directions 
given for the cyclization of III. However, it was noted 
in this case that the addition of the alcoholic solution of 
the 1,3-dibromide to the aqueous alkali did not result in 
a clear solution, but in an immediate turbidity. The 
crude air-dried product (m. p. 87-89°; 99% yield) was 
crystallized from alcohol, and furnished pure 1-benzene­
sulf onyl-2-bromomethylethyleneimine, m. p. 89-89.5°, 
in 81% yield. Mixed melting point determinations with 
II, III, and IV established the identity of the product.

l-Benzamido-2,3-dibromopropane (VIII).—The ben- 
zoylation of 1-amino-2,3-dibromopropane was carried out 
by following essentially the directions for the preparation of 
1 -benzenesulfonyl -2 -bromomethylethyleneimine from 1 - 
amino-2,3-dibromopropane. From the reaction of 1.20 
g. of the amino-dibromide hydrobromide (0.0040 mole), 
0.62 ml. of benzoyl chloride (0.0054 mole), and a solution 
of 0.98 g. of sodium hydroxide, there was obtained 1.18 
g. (91%) of washed and air-dried product, m. p. 128- 
129°. One crystallization of this material from alcohol 
yielded 0.79 g. (61%) of l-benzamido-2,3-dibromopro­
pane, m. p. 129-129.5°. Two further crystallizations 
were carried out to obtain the analytical sample, m. p.
129.5-130 °.10

Anal. Calcd. for C10HiiNOBr2: C, 37.4; H, 3.5.
Found: C, 37.5; H, 3.4.

Repetition of this experiment with the one difference 
of stirring the mixture of amino-dibromide hydrobromide 
in the sodium hydroxide solution for thirty-five minutes 
at room temperature before the addition of the benzoyl

(10) Bergmann, Dreyer and Radt, Ber., 54, 2139 (1921), reported 
m. p. 135° for this compound. Abderhalden and Paquin, ibid., 53, 
1125 (1920), who prepared the compound without recognizing its 
structure, found m. p. 130°.
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chloride gave practically the same results. There was 
obtained 1.24 g. (96%) of dry unpurified product, m. p. 
125-127°, and after crystallization, 0.85 g. (66%) of 
white crystals, m. p. 129-129.5°. There was no depres­
sion in the mixed melting point with 1 -benzamido-2,3 - 
dibromopropane.

2-Benzenesulfonamido-1,3-dibromopropane (IV) from
1 -Benzenesulfonyl-2 -bromomethylethyleneimine (II).—A
c+ :~ ~ oA  « o  ~v,1 ~F AO O f oo iB  a r idO LAX A X̂KJL XXiiAtUl V* VX UV JLXXX • VX iU  /  (J XXJT UX UMX VXXXXV UiVXU mIxU

3.40 g. of 1-benzenesulf onyl-2-bromomethylethyleneimine 
(0.012 mole) was heated on the steam-bath under a con­
denser for three and one-half hours. After the addition 
of 100 ml. of water, the reaction mixture was cooled in an 
ice-bath and the solids collected, washed with cold water, 
and finally air-dried. This material (3.38 g. melting at 
91-94.5°) was crystallized from carbon tetrachloride 
(decolorizing carbon used) to yield 3.0 g. (68%) of well- 
formed pure white crystals of 2-benzenesulfonyl-l,3- 
dibromopropane, m. p. 93-93.5°. The melting point 
was not raised by further recrystallization.

Anal. Calcd. for CgHnNC^SB^: C, 30.3; H, 3.1. 
Found: C, 30.2; H, 3.0.

The mixed melting point with 1 -benzenesulfonamido-
2,3-dibromopropane was 70-80°; the mixed melting point 
with the starting material was 66-78°.

2-Benzenesulfonamido-1,3-dibromopropane (IV) from
2 -Amino-1,3-dibromopropane (X).—The directions for 
the preparation of 1-benzenesulfonamido-2,3-dibromo­
propane from the corresponding amino-dibromide were 
followed. However, in this case the water-insoluble ma­
terial formed in the reaction mixture was only semi-solid 
after forty-five minutes of stirring. The material was 
taken up in ether, the ethereal solution washed with 
water and dried over magnesium sulfate. Removal of 
all solvent left a colorless mobile oil possessing a strong 
odor of benzenesulfonyl chloride. The oil crystallized 
partially on standing; it was found that the addition of 
low-boiling petroleum ether containing a small amount of 
ether dissolved only the oily portion and allowed the 
solids to be collected. There was obtained white crystals, 
m. p. 87-94.5° (sintering at 65°) in 14% yield. Two 
crystallizations of this material from carbon tetrachloride 
yielded pure 2 -benzenesulfonamido-1,3 -dibromopropane 
(10%), which melted alone or mixed with the material 
prepared from 1-benzenesulfonyl-2-bromomethylethylene- 
imine at 93-93.5°. The mixed melting points with 1- 
benzenesulf onamido-2,3-dibromopropane and with 1- 
benzenesulf onyl-2-bromomethylethyleneimine were de­
pressed 17° and 23°, respectively.

Attempts at improving the yield by allowing a longer 
period for reaction resulted in an oily mixture from which 
only a small amount of 1-benzenesulfonyl-2-bromomethyl­
ethyleneimine could be isolated. A longer reaction 
period, using bicarbonate instead of carbonate to preclude 
ring closure, yielded an oil from which no solid product 
could be obtained.

2 -Amino-1,3 -dibromopropane Hydrobromide (X).—A
warm solution of 5.0 g. of barium hydroxide octahydrate 
(0.016 mole) in 40 ml. of water was added with stirring 
to a warm solution of 4.0 g. of 2-amino-1,3-dihydroxy- 
propane oxalate3 (containing 0.0294 mole of the amino- 
glycol) in 30 ml. of water. The mixture was filtered and 
the barium oxalate rinsed thoroughly with water. To 
remove the excess barium the combined filtrate and wash­
ings were saturated with carbon dioxide, then boiled for

ten minutes to decompose bicarbonate, and filtered. 
After acidification of the filtrate with 5 ml. of 48% hydro­
bromic acid, all the solvent was removed by distillation 
under reduced pressure. More hydrobromic acid was 
added and again removed. The residual material dis­
solved in 23 ml. of hydrobromic acid was saturated at 
0 ° with gaseous hydrogen bromide, and heated in a Carius 
tube for three hours at 165-175°.

The resulting dark-colored mixture, in which some car­
bonized material was present, was diluted with 200 ml. 
of water and treated with decolorizing carbon (Nuchar) 
to obtain a water-white solution. This was taken to 
dryness under reduced pressures on the steam-bath, 
absolute alcohol was added to the crystalline residue, 
and the volatile matter again removed. The crude 
product was dissolved in absolute alcohol, and after a 
small amount of insoluble ammonium bromide was re­
moved, the solution was concentrated to the first appear­
ance of solid and diluted with an excess of ethyl acetate. 
The white crystalline product was removed from the 
cooled mixture, washed with ethyl acetate and dried on 
the steam-bath. 2-Amino-1,3-dibromopropane hydro­
bromide, m. p. 152-157°, was obtained in a yield of 6.55 
g. (75%). One crystallization from absolute alcohol- 
ethyl acetate (1 to 5) furnished 4.57 g. (52%) of crystals 
melting at 154-158° (preliminary sintering); a second 
crystallization gave 3.4 g. (39%) with m. p. 158-162° 
(preliminary sintering). The material in the mother liq­
uors could be recovered and reworked.

A number of further recrystallizations, involving much 
loss of material, was necessary before constant melting 
point of 162-162.5° was reached.

Anal. Calcd. for C3H8NBr3: C, 12.1; H, 2.7. Found 
C, 12.4; H, 2.9.

2-Amino-l ,3-dibromopropane hydrobromide differed 
from the isomeric 1-amino-2,3-dibromopropane hydro­
bromide (m. p. 167-169.5°) in the crystal form and in 
solubility behavior (the former was very soluble in ab­
solute alcohol, while the latter could be recrystallized 
from this solvent); the mixed melting point was depressed 
30°.

The attempts at forming 2-amino-l,3-dibromopropane 
by boiling the amino-glycol with 48% hydrobromic acid 
and concentrated sulfuric acid, or with hydrobromic acid 
according to the directions for the conversion of ethanol­
amine to ft -br omoe thylamine hydrobromide,11 failed.

Summary
1-Amino-2,3-dibromopropane and 2-amino-l,3- 

dibromopropane react with benzenesulfonyl chlo­
ride in the presence of aqueous sodium carbonate 
to form the normal derivatives, 1-benzenesulfona- 
mido-2,3-dibromopropane and 2-benzenesulfona- 
mido-1,3-dibromopropane, respectively. With free 
alkali the product from either amino-dibromide 
and benzenesulfonyl chloride, or from either nor­
mal benzenesulfonyl derivative is 1-benzenesul- 
fonyl-2-bromomethylethyleneimine.
Cambridge, M ass. R eceived  September  9, 1947

(11) Cortese, “Org. Syn. ” Coll. Vol. II (1943), p. 91.
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[Contribution from the William  G. K erckhoff Laboratories of Biology, C alifornia  I nstitute  of T echnology]

Synthesis of a Biologically Active Nicotinic Acid Precursor: 
2-Amino-3-hydroxybenzoic Acid

B y  J o se ph  F . N yc a n d  H e r sc h e l  K . M it c h el l

Recent investigations1»2 in this Laboratory have 
provided evidence that the mold Neurospora syn­
thesizes nicotinic acid from tryptophan through 
the intermediates kynurenine and hydroxyanthra- 
nilic acid (2-amino-3-hydroxybenzoic acid). Al­
though it has also been established that higher 
animals have the capacity for converting trypto­
phan to nicotinic acid3 4 it is not yet known 
whether or not the mechanism is similar to that in 
Neurospora. In order to provide material for fur­
ther investigations along these lines, it has been 
necessary to develop methods for synthesis of 2- 
amino-3-hydroxybenzoic acid. Since this com­
pound has evidently not been previously synthe­
sized, two independent methods of preparation 
have been devised in order to establish the struc­
ture of the products.

A purported preparation of 2-amino-3-hydroxy- 
benzoic acid by degradation of the alkaloid dam- 
ascenine was reported by Keller in 1908.5 I t  is 
quite evident, however, that the product described 
by Keller is actually 2-amino-3-methoxybenzoic 
acid. The data in Table I are in accord with this 
conclusion.

T a b le  I

M elting  T em peratures of 2-A m ino-3-hydroxybenzoic 
A cid , 2-A mino-3-methoxybenzoic  A cid , the Compound 
of K eller  and  the  Corresponding  H ydrochlorides 

Compound M. p., °C.
1 2-Amino-3-hydroxybenzoic acida
2 2-Amino-3-methoxybenzoic acid8
3 Compound of Keller
4 Hydrochloride of 1*
5 Hydrochloride of 2®
6 Hydrochloride of 3

® Synthesized in this Laboratory.

254-255 (cor.) 
171 (cor.)
164
227 (cor.)
205-206 (cor.) 
199-200

In addition to the data in Table I, Keller stated 
that he did not report a carbon analysis because it 
was too high. He did report a halogen analysis on 
the hydrochloride but miscalculated the theo­
retical value and his analysis actually checks very 
well with the theoretical figure for the hydro­
chloride of 2-amino-3-methoxybenzoic acid.

The first method for synthesis of 2-amino-3- 
hydroxybenzoic acid that has been utilized in this 
Laboratory involves reduction of 2-nitro-3-meth- 
oxybenzoic acid followed by demethylation. The 
nitro compound was previously prepared from 3- 
methoxybenzoic acid by Ewins6 and its reduction

(1) Beadle, Mitchell and Nyc, Proc. Nat. Acad. Sci., 33, 155 
(1947).

(2) Mitchell and Nyc, Proc. Nat. Acad. Sci., 34, 1 (1948).
(3) Krehl, Tepley, Sarma and Elvehjem, Sci., 101, 489 (1945).
(4) Sarett and Goldsmith, J. Biol. Chem., 167, 293 (1947).
(5) Keller, Arch, der Pharm., 246, 1 (1908).
(6) Ewins, J. Chem. Soc., 101, 549 (1912).

by chemical means has been reported by several 
workers.6»7»8

In the present work, the reduction was carried 
out by catalytic hydrogenation and the final de­
methylation step by treatment of 2-amino-3- 
methoxybenzoic acid with hydriodic acid.

The second method of synthesis that is de­
scribed in this paper involves oxidation of 8-meth- 
oxyquinoline to give 2-(N-methyl-N-formyl)- 
amino-3-methoxybenzoic acid.9 By appropriate 
treatment of this product with hydriodic acid 2- 
amino-3-hydroxybenzoic acid was obtained. The 
products from t ie  two methods of synthesis pos­
sessed identical physical properties and the same 
biological activity for Neurospora,2

Experimental
2-Nitro-3-me thoxybenzoic Acid.—This compound was 

prepared by a modification of the method of Ewins.6 
A mixture of 10 g. of 3-methoxybenzoic acid and 40 ml. 
of nitric acid (sp. gr. 1.4) was heated gently in a 250 ml. 
flask. After the beginning of the exothermic reaction the 
mixture was maintained at 55° by occasional immersions 
in cold water. A voluminous precipitate of nitration 
products appeared as the reaction progressed. After 
standing three hours at room temperature the precipitate 
was filtered off, washed with water and treated with 
three times its weight of boiling ethyl alcohol. The 
esulting suspension was filtered hot and the undissolved 

material was crystallized from a minimum amount of 
boiling ethanol; yield, 0.85 g., 2-nitro-3-methoxybenzoic 
acid, m. p. 260-263° (cor.). An additional 0.15 g. of 
the desired product was obtained by two recrystallizations 
of the material precipitated after cooling of the filtrate of 
the first hot alcohol extraction.

2-Amino~3-methoxybenzoic Acid.—One-half gram of 2- 
nitro-3-methoxybenzoic acid was dissolved in 50 ml. of 
absolute ethanol and hydrogenated at 1 atmosphere pres­
sure and at room temperature, in the presence of 100 mg. 
of 5% palladium-on-charcoal. Following filtration the 
solution was evaporated to dryness and the product was 
crystallized from boiling benzene, yield, 0.4 g., m. p. 
170-171° (cor.).

Anal. Calcd. for C8H9N 0 3: C, 57.48; H, 5.43; N, 
8.38. Found: C, 57.73; H, 5.49; N, 8.54. Absorption 
spectrum Fig. 1, curve B. The hydrochloride of this 
compound crystallized from concentrated aqueous hydro­
chloric acid, m .p . 205-206° (cor.).

2-Amino-3-hydroxybenzoic Acid. Method I.—A mix­
ture of 200 mg. of 2-amino-3-methoxybenzoic acid, 50 
mg. of red phosphorus and 4 ml. of hydriodic acid (sp. 
gr. 1.7) was heated in a sealed tube at 100° for eight hours. 
The hydriodic acid salt of 2-amino-3-hydroxybenzoic acid 
crystallized on cooling. After filtration this product, 
containing phosphorus, was dissolved in 15 ml. of water 
and again filtered. Solid sodium carbonate was care­
fully added to the filtrate until the acid reaction to Congo 
red just disappeared. The crude product was obtained 
as a crystalline powder, m. p. 238-242°. Recrystalliza­
tion from ethanol yielded 124 mg. of compound, m. p. 
254-255° (cor.); absorption spectrum, Fig. 1, curve A.

(7) Pschorr, Ann., 391, 27 (1912).
(8) Froelicher and Cohn, J. Chem. Soc., 119, 1425 (1921).
(9) Kaufmann and Rothlen, Ber., 49, 578 (1916).
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Wave length, m/i.
Fig. 1.—Absorption spectra in 0.1 M  hydrochloric acid: 

A, 2-amino-3-hydroxybenzoic acid; B, 2-amino-3-meth- 
oxybenzoic acid; C, 2-(N-methyl-N-formyl)-amino-3- 
methoxybenzoic acid.

Anal. Calcd. for C7H7NO3: C, 54.90; H, 4.61; N, 
9.15. Found: C, 55.00; H, 4.83; N, 9.13.

2-Amino-3-hydroxybenzoic Acid Hydrochloride.—This 
compound crystallized from a hot solution of 2-amino-
3-hydroxybenzoic acid in concentrated aqueous hydro­
chloric acid, m .p . 227° (cor.). Anal. Calcd. for C7H8- 
NOsCl: N, 7.39; Cl, 18.70. Found: N, 7.68; Cl,
18.59.

2-Amino-3-hydroxybenzoic Acid. Method II.—2-(N- 
Methyl-N-formyl)-amino-3-methoxybenzoic acid was pre­
pared according to the procedure of Kaufmann and 
Rothlen.9 A mixture of 200 mg. of this compound, 50 
mg. of red phosphorus and 4 ml. of hydriodic acid (sp. 
gr. 1.7) was heated in a sealed tube at 135° for twelve

hours. The product was isolated and purified by the 
procedure described under Method I, yield 57 mg., m .p . 
254-255° (cor.), hydrochloride m. p. 227° '(cor.).

The products from both methods I and II possessed 
identical absorption spectra and biological activity on a 
nicotinic acid requiring mutant of Neurospora.2

Discussion
Hydroxyanthranilic acid (2 amino-3-hydroxy­

benzoic acid) has been synthesized by two inde­
pendent methods each providing in itself nearly 
conclusive evidence for the structure of the prod­
uct. I t  is evident from a consideration of the 
properties of these products and from the facts 
given by Keller that the latter investigator did not 
prepare hydroxyanthranilic acid as reported. 
No evidence has been found for a synthesis of the 
compound prior to the present work.

I t is to be noted from Fig. 1 that the absorption 
spectra of some methyl and formyl substituted 2- 
amino-3-hydroxybenzoic acids are quite similar to 
that of the parent compound. This is true also 
for damascenine and damasceninic acid. In the 
case of the unsubstituted acid considerable varia­
tions in spectrum have been observed at wave 
lengths below 260 m/x. This is evidently due to 
traces of impurities derived from oxidation of the 
compound ni mildly acid or alkaline solutions. 
A pure white product can be obtained only from 
acidic solutions since oxidation is rapid even at 
neutrality.

Summary
1 r£wo independent methods have been de­

scribed for the synthesis of 2-amino-3Thydroxy- 
benzoic acid.

2. Data have been presented to show that the 
product previously obtained by Keller and re­
ported to be 2-amino-3-hydroxybenzoic acid was 
actually 2-amino-3-methoxybenzoic acid.
Pasadena 4, C alifornia  R eceived  D ecember  9, 1947

[Contribution  No. 638 from the  D epartments of Chemistry and Physics, U n iver sity  of P ittsburgh]

X-Ray Investigation of Glycerides. VII. Diffraction Analyses of Synthetic 1,3-
Dielaidin1

B y B . F . D aubert

In a recent publication by Carter and Malkin,2 
X-ray diffraction data were reported for a series of 
unsaturated symmetrical 1,3-diglycerides, includ­
ing 1,3-diolein, 1,3-dierucin, and their trans iso­
mers, 1,3-dielaidin and 1,3-dibrassidin.

In our study of the physical properties of syn­
thetic glycerides, an X-ray diffraction study of
1,3-dielaidin had been completed but not reported 
prior to the publication by Carter and Malkin,2 
although X-ray diffraction data for 1,3-diolein,

(1) The generous financial assistance of the Buhl Foundation in 
support of this investigation is gratefully acknowledged.

(2) Carter aud Malkin, J .  Chem. S o c . ,  554 (1947).

and S. S . S id h u

1,3-dilinolein, and 1,3-dilinolenin were recently 
reported by Daubert and Lutton.3

The purpose, therefore, of the present communi­
cation is to report the X-ray data on 1,3-dielaidin 
prepared both by direct synthesis and elaidiniza- 
tion of 1,3-diolein.

Experimental
Preparation of 1,3-Dielaidin.—1-Monotrityl glycerol 

(10 g.) (m. p. 109.5-110.0°) was dissolved, with slight 
warming, in a mixture of quinoline (15 ml.) and dry 
chloroform (40 m l.). To this mixture elaidyl chloride 
(18.0 g.) was added slowly. The mixture, after standing

(3) Daubert and Lutton, T h is  J o u r n a l , 69, 1449 (1947).
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at room temperature for one hour, was refluxed on a 
steam-bath for a similar period of time. The mixture, 
after cooling, was dissolved in ether and the ether solution 
washed successively with cold 0.5 N  sulfuric acid, 5% 
potassium carbonate solution, distilled water, and finally 
dried over anhydrous sodium sulfate. The ether was 
removed in vacuo and the sirupy liquid remaining was 
dissolved in a 1:1 mixture of ether and ethyl alcohol. 
The solution was cooled to —20° for twenty-four hours. 
The crystalline mass was suction-filtered, recrystallized 
several times from ethyl ether, and dried over phosphorus 
pentoxide. The 1 -trityl-2,3-dielaidin melted at 36.5- 
37.0°; mol. wt. 857 (calcd. 863); iodine value 58.5 
(calcd. 58.8); yield, 20.2 g., 75.6%.

Anal. Calcd. for CsgHgeOs: C, 80.69; H, 10.04.
Found: C, 80.37, 80.46; H, 10.02, 10.08.

The 1-trityl-2,3-dielaidin (10 g.) was hydrolyzed to
1.3- dielaidin after the method of Verkade, et al.* The
1.3- dielaidin on slow crystallization from petroleum ether 
had the following constants: m. p. 54.0-54.5°; mol. wt. 
619 (calcd. 621); iodine value 81.6 (calcd. 81.8), yield, 
5.3 g., 73.6%. Slow crystallization was accomplished 
by slowly cooling to room temperature (approximately 
25°) a petroleum ether solution of the 1,3-dielaidin satu­
rated at 30-35°. Rapid crystallization, on the other 
hand, was accomplished by quickly chilling a subsatu­
rated solution of the compound to —20°. Carter and Mal­
kin2 reported a melting point of 55° for the ft form of this 
diglyceride when prepared by the direct reaction of elaidyl 
chloride with 1-monoelaidin.

The 1,3-dielaidin was also prepared by the elaidiniza- 
tion of 1,3-diolein3 (m. p. 21.5°) as follows: 1,3-diolein 
(2 g.) was floated on 100 ml. of 30% nitric acid at room 
temperature. Small additions (ca. 250 mg.) of sodium 
nitrite were made, with stirring, until solidification 
occurred. A total of 1.0 g. of sodium nitrite was required 
over a period of thirty minutes. The 1,3-dielaidin was 
suction-filtered and washed with water until free of min­
eral acid. Slow crystallization from petroleum ether 
yielded 0.5 g. of a product melting at 55°. Mixed melting 
point with 1,3-dielaidin obtained by hydrolysis of the trityl 
derivative showed no depression.

The dielaidins prepared by the two different methods 
were hydrogenated to 1,3-distearin (m. p. 79.0°) by the 
method of Daubert, et al.4 5

X-Ray Diffraction Analysis.—The X-ray diffraction 
patterns of the different polymorphic forms were obtained 
by the same procedure as described by Sidhu and Daubert6 
for symmetrical diacid diglycerides.

In view of the comments of Malkin2 in a recent publica­
tion criticising the X-ray procedure used in the first paper 
of this series, it is perhaps appropriate to emphasize again 
that filtered radiation has been used exclusively in the 
diffraction analyses of all of the glycerides thus far re­
ported from this laboratory.

With reference to the mounting of specimens in nylon 
tubes, the standard procedure in X-ray diffraction work 
was followed. The diffraction pattern of the tube was 
taken with and without the specimens, exposing the tube 
to the same X-ray beam for the same length of time. 
This procedure has been followed in obtaining all of the 
data we have published so far on glycerides. The dif­
fraction patterns of the nylon capillary tubes were taken 
and the lines thus obtained were carefully noted for struc­
ture, intensity, and position of the pattern. The effect 
on the intensities of the diffraction lines originating from 
the specimen due to superimposition of the nylon tube 
lines was ascertained by obtaining diffraction patterns of 
a few of the specimens without the use of nylon capillary 
tubes. Knowing the number of diffraction lines originat­
ing from the nylon tube, their position on the pattern, 
their intensities, and their effect on the intensities of the 
lines originating from the specimen, d values of the speci­

(4) Verkade and van der Lee, Rec. trav. chim., 55, 267 (1936).
(5) Daubert, Fricke, and Longeneeker, T his Journal, 65, 2142

(1943).
(0) Sidhu and Daubert, i b i d . ,  68, 2603 (1910).

men were determined and intensities of the lines esti­
mated. The diffraction data on all glycerides reported by 
us contain lines obtained from the specimens only.

Discussion
In confirmation of the observations of Carter 

and Malkin,2 it was noted that slow crystalliza­
tion of 1,3-dielaidin from solvent invariably 
yielded the beta form.

The beta prime form in the present investigation 
was obtained by rapid crystallization from solvent. 
Previous observations in our laboratory on the 
crystallization of diacid diglycerides6 demon­
strated that under similar crystallization con­
ditions beta (beta-a) was obtained for some com­
pounds, beta prime (beta-b) for others. Malkin 
obtained the beta prime form for 1,3-dielaidin from 
melted layers and rods. I t  will be seen from the 
data in Table I that the side spacings for the form 
obtained by rapid crystallization of dielaidin from 
solvent are in good agreement with those reported 
by Malkin for the beta prime form. No X-ray 
evidence could be found for an alpha form.

T ab le  I
C omparison of X -R ay  D iffr action  D ata  for  1,3- 

D ielaid in

Malkin2
M. p. °C. ft ft' «

Long spacing, 55 53 49
A. 52.6 49.8

Side spacing, A. 4.6 (S) 4.61 (S)
3.9 (S) 3.95 (W)
3 .7  (S) 3 .7 5  (vS)

3 .6  (W)
S = strong. W — weak.

This study 
ft ft'

5 4 .5 -5 5 .0  5 2 .5
5 2 .4  5 0 .0

4 .6 3  (S) 4 .6 2  (S)
3 .8 8  (S) 3 .9 1  (W)
3 .7 3  (S) 3 .7 4  (S)

3 .6 6  (W)

In contrast to the data obtained for 1,3-di­
elaidin, Daubert and Lutton3 found no X-ray or 
melting evidence for other than one form of 1,3- 
diolein. The complexity of the side-spacing data 
for that diglyceride was not conducive to char­
acterization of the form as beta prime or beta. 
Although Carter and Malkin2 reported a melting 
point (18°) based on cooling curve data for a sup­
posed alpha form of diolein, they were not able to 
confirm the existence of the form by X-ray evi­
dence.

In agreement with Malkin, it seems that the 
side-spacing data for the beta and beta prime forms 
correspond to those of the saturated diglycerides 
originally called beta-a and beta-b, respectively, by 
Malkin, et al.7

Summary
The preparation of 1,3-dielaidin by (1) direct 

synthesis from 1 -trityl-2,3-dielaidin, a new com­
pound, and (2) elaidinization of 1,3-diolein is re­
ported.

The X-ray and melting point data confirm the 
observations of Malkin relative to the existence of 
two crystalline forms called by him beta and beta 
prime.
Pittsburgh, P ennsylvania
________ _ R eceived  N ovem ber  10, 1947

(7) Malkin, vShurbagy and Meara, J .  C h e m .  S o c . ,  1409 (1937).
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[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  B i o l o g y ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ]

Regeneration of Insulin from Insulin Fibrils by the Action of Alkali
B y  D a vid

Insulin may be converted into highly asymmet­
ric fibrils having lengths up to tens of thousands 
of angstrom units and widths averaging about 150 
A.1 Aggregation of these fibrils into spherites 
and the further clumping of spherites accounts for 
the visible heat precipitate of insulin.2 Several 
investigations in which fibrils are produced by the 
unfolding of globular proteins and the aligning of 
polypeptide chains thus produced have been re­
ported.3 Evidence from monolayers, which 
showed that films of native insulin and fibrous in­
sulin had the same properties4 and the fact that 
mild treatment with alkali would greatly decrease 
the high viscosity of a suspension of fibrils indi­
cated the possibility that the insulin particle (mol­
ecule) was not unfolded to any extent during fibril 
formation. This implies the linkage of corpuscu­
lar or globular units, a circumstance to be demon­
strated in this publication. The reversible link­
age of corpuscular units, along with the relative 
stability of the fibril, place insulin in a rather 
unique position of considerable importance.

Additional indications of reversion came from 
early studies of the “heat precipitate” of in­
sulin.5’6’7’8 In these it was claimed that the heat 
precipitate, inactive in itself, could be treated with 
alkali to give a product having at least 80% of the 
original activity. Greenstein, however, indicates 
that insulin may be opened up to expose disulfide 
groupings without loss of biological activity9 and 
Rothen, et al., report that surface films of insulin 
are active.10 Thus reversion to the native state 
cannot be assumed on the basis of biological ac­
tivity alone.

The present communication considers the rever­
sion of insulin fibrils by alkali and compares the 
reversion product with native insulin. During the 
process of reversion of fibrils (or regeneration of 
insulin) the system contains fibrils and a reversion

(1) D. F. Waugh, T h is  J o u r n a l , 66, 663 (1944); Am. J. Physiol., 
133, 484 (1941).

(2) D. F. Waugh, ibid., 68, 247 (1946).
(3) H. P. Lundgren, Silk J., 23, No. 269, 48 and No. 270, 32 

J1946); Textile Research J., 15, 335 (1945); T h is  J o u r n a l , 63,
2854 (1941); G. C. Nutting, M. Halwer, M. J. Copley and F. R. 
Senti, Textile Research J., 16, 599 (1946); G. C. Nutting, F. R. Senti 
and M. J. Copley, Science, 99, 328 (1944); F. R. Senti, C. R. Eddy 
and G. C. Nutting, T h is  J o u r n a l , 65, 2473 (1943); K. J. Palmer 
and J. A. Galvin, ibid., 65, 2187 (1943).

(4) I. Langmuir and D. F. Waugh, ibid., 62, 2771 (1940).
(5) N. R. Blatherwick, F. Bischoff, L. C. Maxwell, J. Berger and 

M. Sahyun, J. Biol. Chem., 72, 57 (1927).
(6) V. du Vigneaud, E. M. K. Geiling and C. A. Eddy, J. Pharma- . 

col., 33 497 (1928).
(7) To D. Gerloügh and R. W. Bates, ibid., 45, 19 (1932).
(8) V. du Vigneaud, R. H. Sifferd and R. R. Sealock, J. Biol. 

Chem., 102, 521 (1933).
(9) H. Neurath, J. P. Greenstein, F. W. Putnam and J. O. Erick­

son, Chem. Revs., 34, 157 (1944), p. 185.
(10) A. Rothen, B. F. Chow, R. O. Greep and H. B. Van Dyke, 

Cold Spring Harbor Symposia Quant. Biol., 9, 272 (1941).

F . W a u g h

product which will be referred to as r-insulin.
Native insulin will be referred to as n-insulin, in­
sulin treated with alkali as a-insulin, and fibrous 
insulin as f-insulin.

Preparation of Fibrous Insulin
Quantitative knowledge concerning r-insulin and the 

process of reversion of f-insulin necessitated finding meth­
ods by which insulin could be converted completely into 
freely suspended insulin fibrils.

The following method is satisfactory. Crystalline zinc 
insulin 2% by weight in 0.035 to 0.05 N  hydrochloric acid 
(pH about 1.8) is sealed in acid washed glass ampules, 2 
cc. per ampule. The ampules are immersed for about 
five to twelve minutes in a water-bath at 100°. During 
this period weak flow double refraction and, in some 
cases, incipient flocculation appear.11 At this time the 
ampule is cooled in tap water, dried, and frozen by im­
mersion in solid carbon dioxide and acetone. After two 
minutes the tube is withdrawn, thawed, and reimmersed 
in water at 100° for five to eight minutes.

The initial heating period produces small numbers of 
relatively long fibrils. The effect of the freezing-thawing 
is to break such elongated fibrils into short segments. 
Each of these acts as a new center for elongation. Since 
fibril elongation is quite rapid at 100 012 lateral alignment 
and spherite formation2 do not take place. The tube gels 
within a few seconds and may remain clear except for 
light scattering associated with highly asymmetric par­
ticles. After orienting the fibrils (initially oriented at 
random) the tube shows intense interference colors when 
viewed between crossed polaroids. Gels prepared in this 
way will be referred to as standard fibrous gels.

Extent of Fibril Formation in Standard Gel.—The 
amount of n-insulin and material incapable of forming 
fibrils present in a standard fibrous gel may be estimated 
from the following.

1. Filtration through no. 50 Whatman paper removed 
over 95% of the nitrogen (fibrils) from the original gel. 
An ultra-fine Buchner funnel removes 99% of the nitrogen 
even after repeated washings. The great lengths of 
insulin fibrils may be appreciated from their inability to 
pass through such a filter paper.

2. It has been shown that insulin fibrils, once formed, 
will elongate rapidly at room temperature.12 After mixing 
2 ml. of 2% n-insulin and 0.8 ml. 2% fibrous insulin at 
25° 86% of the n-insulin was converted into fibrils in 
forty-six hours. The reaction, which is pseudo mono­
molecular, has a Qio (temperature coefficient) of about 4.0. 
If this material had been heated at 100° for six minutes, 
assuming a temperature coefficient of 4 over the range 
between 25 and 100 °, less than 0.02% would have remained 
in the n-insulin form.

Under the conditions given for preparing a standard 
gel it is therefore estimated that conversion to fibrils is 
better than 99% and that unconverted n-insulin may be 
neglected. The possibility that n-insulin is adsorbed to 
fibrils is treated in the discussion.

Crystallization Procedure
A modification of the final crystallization of Romans, 

Scott and Fisher13 was used. The preparation to be
(11) Flow double refraction is observed by tilting the vial between 

crossed polaroids. The flow thus produced aligns only the longer
fibrils.

(12) D. F. Waugh, Proceedings of Federation of Societies for 
Experimental Biology, 5, No. 1, 111 (1946).

(13) R. G. Romans, D. A. Scott and A. M. Fisher, Ind. Eng. Chem., 
32, 908 (1940).
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crystallized is brought to pH  5.3-5.5 with 0.3 N  acetic 
acid and centrifuged for fifteen to twenty minutes with 
a clinical centrifuge (ca. 400 g.). The precipitate is 
dissolved in sufficient 0.327 N  acetic acid to give a theo­
retical insulin concentration of 0 .2  to 0.4%. A volume 
of 0.31 N  ammonium hydroxide equal to the volume of 
acetic acid is added and the pH  adjusted to 8.0. For 
each 10 ml. solution is then added 0.15 ml. of zinc acetate 
in 0.3 N  ammonium acetate buffer at pH  6.0-6.3 contain­
ing 0.25 mg. of zinc per ml. The pH  is then adjusted to 
5.9-6.1 with 0.31 N  ammonium hydroxide and crystal­
lization is allowed to proceed for six days, after which the 
crystals are assayed.

Slight variations, mainly concerned with protein con­
centration, will be indicated in the text.

Assay of Crystals.—Amounts of crystals were obtained 
directly by washing in distilled water, drying and weighing. 
In most instances, however, samples of 10 mg. or less were 
used. Rapid and effective assays of such crystalline ma­
terials were obtained by transferring from the crystalliz­
ing vial to an assay tube consisting of a 10 ml. test-tube 
with a heavy-walled capillary 4 cm. long and 1.3 mm. in 
internal diameter sealed on the end. The assay tube was 
centrifuged on a clinical centrifuge for two to three min­
utes after which the length of capillary tube occupied by 
the crystals was measured. Insulin crystals, having a 
density considerably higher than any other materials 
present, pack first and the upper boundary of the crystal­
line material may be seen quite easily. The lengths of 
capillary occupied by the crystals may be converted to 
mg. of n-insulin in the crystallizing vial or to final mg. 
crystals with some degree of accuracy as shown in Table I 
and Table II. In Table I the first column gives the mg. 
of initial n-insulin crystallized in a final volume of 
about 10 ml.

T able  I
T h e  Capillary  A ssay  of Crystallized I nsu lin

w-Insulin,
mg.

Crystal
size

Capillary
assay,
mm.

Calculated 
capillary assay, 

mm./10 mg.
1 Small 1 .5 15
2 Medium 3.0 15
3 Large 4 .0 13.5
4 Large 5.5 13.7
5 Large 6.5 13.0

10 Large 13.5 13.5
10 Large 13.5 13.5
10 Small 13.5 13.5
10 Medium 13.5 13.5
10 Large 12.8 12.8
10 Large 13,5 13.5

Av. 13.4 ± 0 .1
Crystals from last six determinations weighed 38 mg. 

after careful washing which reduced the 80.3 mm. re­
corded above to 79.8 mm.

T a ble  II
R elatio nsh ips b etw een  W eight  and  Capillary A ssay

Insulin
type

Crystal
size

Capillary
assay
mm.

crystals

Crystal
weight,

mg.
M. crystals 
mm. assay

n-Insulin Mixed 79.8 38.0 0.48
a-Insulin Mixed 109.5 53.5 .49
a-Insulin Small 49.5 25.0 .50
r-Insulin Large 82.5 47.0 .57
r-Insulin Mixed 126.5 64.5 .51
a-Insulin Small 55.5 27.0 .49

Av. .51 ±  0.2
Medium crystals are between 30 and 80 fi. Large and 

small are on either side of this range.

The second column indicates crystal size, the third mm. 
crystals as measured in the assay capillary and the last 
column calculated mm. assay column for 10 mg. n-insulin. 
The first two values in the last column are probably too 
high due to the fact that small amounts were being as­
sayed in a capillary which had a somewhat rounded end. 
The remaining figures average 13.4 mm. for each 10 mg. 
of n-insulin dissolved and crystallized.

Table II shows the relationship between total length in 
the capillary and the weights of these same crystals. In 
these, crystals from similar experiments were pooled. 
The first row of Table II represents the pooling of the 
last six samples of Table I. In column 1, Table II, a- 
insulin is insulin which has been first treated with alkali 
and r-insulin is material obtained after the reversion of 
fibrils. The second column gives crystal size, the third 
and fourth mm. in assay tubes and mg. dry weight of the 
same crystals and the last column the ratio, f, of mg. 
weight and mm. in assay tubes. The last column aver­
ages f ~  0.5.

Effects of Alkali on Insulin
Sufficiently strong alkali irreversibly inactivates 

insulin. At the same time crystallizing potency is 
lost. These effects, for a given reagent, may be 
minimized by working a t low temperature. Thus, 
a t 36°, 0.033 N  sodium hydroxide not only inac­
tivates in three hours but, after twenty-five hours,
0.5% hydrogen sulfide appears.14 At 0-4° the 
molecule is not appreciably affected after ten 
hours. According to Jensen and Geiling15 insulin 
may be treated with 0.01 N  alkali a t 0° for forty- 
eight hours without noticeable loss in physiologi­
cal activity.

The effects of alkali on the crystallizing ability 
of n-insulin have been examined. Figure 1 and 
Table III summarize the results. In all cases 10 
mg. of n-insulin dissolved in 0.5 ml. of 0.035 N  
hydrochloric acid were added to 5.0 ml. of alkali 
of appropriate concentration a t 0°. After the 
times indicated, the alkali was neutralized to pH 
5.35 with 0.3 N  acetic acid and the precipitate 
centrifuged and crystallized. The crystals within 
certain groups shown in Table III  were pooled,

T a ble  III
T h e  E ffect  of 0.03 N  S odium  H y droxide  on  N ative  

I n su l in  at  0 °
Time,
min.

Crystal
size

Crystal assay, 
mm. Group

0 Large 11.25
60 Small 14.35

105 Small 14.2 I
180 Small 12.0
300 Medium 6.0

1380 Mixed 10.2
14 Small 14.5
19 Small 14.4 II
30 Small 14.5
45 Small 15.5

Group I, total mm. 49.5; total weight, 25.0 mg.;
ƒ  =  0.50. Group II, total mm. 55.5; total weight,
27.0  m g .; ƒ  =  0 .49 .

(14) K. Freudenberg and A. Mtinch, Z. physiol. Chem., 263, 1 
(1940).

(15) H. Jensen and E. M. K. Geiling, J. Pharmacol., 35, 511 
(1928).
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Fig. 1.—The effect of sodium hydroxide treatment on the 
crystallizing ability of w-insulin: O, 345 min.; €), 405 m in.; 
•  , 1380 min.

washed with distilled water, dried in vacuo and 
weighed. The total mm. crystals and mg. dry 
weight are given at the base of the table for each 
group.

The data for 345, 405 and 1380 minutes are rep­
resented in Fig. 1. Recovery of crystals in mm. 
is plotted as ordinate against the normality of the 
alkali used. I t  seems that the shorter treatment 
times with alkali concentrations near 0.03 N  
“condition” the insulin so that a larger yield of 
crystals is obtained. Thus, although a yield of
13.5 mm. crystals is obtained with no alkaline 
treatment (see Table I), treatment with 0.03 N  
sodium hydroxide may increase this value to as 
much as 16 mm. as shown by the double circle of 
Fig. 1, the maximum for 405 minutes. However, 
the “conditioning” effect of alkali is not reproduci­
ble as seen by comparing the data for 0.03 N  al­
kali a t 300 and 180 min. in Table III with the 
values for 0.03 N  alkali in Fig. I .16

The longest time used, 1380 minutes, indicates a 
gradual destruction of insulin over the entire al­
kali range used. Thus one may assume that 
“conditioning” effects have been maximal at 
some previous time and that the expected slow 
destruction of insulin is taking place. Figure 2 
represents a plot of the data for 1380 minutes us­
ing mm. recovery versus minus log normality. A 
small but undetermined displacement of the curve 
to higher abscissas and subtraction from 14 
would bring these latter values in close correspond­
ence with the pH's of the solutions. The alkaline 
destruction of insulin appears as a linear function 
of pH, thus indicating proton dissociation as 
being an important step. Extrapolation indicates 
first, tha t 0.141 N  sodium hydroxide would re­
duce crystallization to 0 mm. in 1380 minutes, and 
second, that 0.0085 N  sodium hydroxide is the 
highest concentration of alkali which will exert no

(16) The yield of crystals is a function of the crystallizing proce­
dure as well as the alkaline pretreatment. Thus the “conditioning 
effect” of alkali might be expected to disappear under those condi­
tions where a quantitative yield of crystallizable protein is obtained. 
One would expect 20 mm. crystals per 10 mg. insulin. This indi­
cates that the crystallizing technique used recovers about 70 to 80% 
of the potentially crystallizable protein. It is probable that short 
alkaline treatments cause a more rapid crystallization, thus increas­
ing relative yields. This is under investigation.

Fig. 2.—Recovery of insulin after 1380 minutes of treat­
ment with sodium hydroxide of different concentrations. 
The intercept at 0 mm. indicates that 0.141 N  alkali will 
abolish crystallization in this time. The abscissa corre­
sponding to 20 mm. recovery indicates that 0.0085 N  
alkali is the maximum concentration which will have no 
effect in 1380 minutes (twenty-three hours).

effect on crystallization (recovery of 20 mm.) in 
the same length of time. Isolated values in the 
literature are in agreement with those predicted 
in this way.

The data of Fig. 1 and Table III indicate that
0.03 N  sodium hydroxide is best for regeneration 
purposes. Table III, which shows slow destruc­
tion with times greater than one to two hours, 
suggests that regeneration be accomplished within 
sixty minutes. All recoveries are dependent upon 
crystallizing procedure.16 I t  is felt that improve­
ments in this technique will not appreciably alter 
these conclusions.
Alkaline Regeneration of Insulin from Fibrils

General Effects of Alkali on Spherites and 
Fibrils.—As indicated previously: alkali will 
disperse spherites into their constituent fibrils 
at pH’s between 11.0 and 11.5. Above a pH of
11.5 the fibrils disappear, more rapidly as the pH 
increases. Thus a t pH  12 to 14, fibrils disappear 
within a few hours to a few minutes. To minimize 
the inactivating effects of alkali experiments were 
performed at 0°. pH  values as such were not 
measured but, as in the case of alkali-treated n- 
insulin, a standard procedure for treating insulin 
fibrils was used. Thus 0.5 ml. (containing 10 mg. 
protein) of the fibril preparation was mixed with
5.0 ml. of carbonate free alkali previously cooled 
to 0°. After standing the solution was brought 
to pH 5.35 with 0.3 N  acetic acid, centrifuged, and 
the precipitate crystallized as described.

Initial Treatments of Standard Fibrous Gel.— 
As a preliminary, portions of standard gel were 
treated with 0.02, 0.25 and 0.03 N  sodium 
hydroxide for eighteen and sixty-six hours. 
Even after sixty-six hours flow double refraction 
was present which decreased in the order 0.02,
0.025, 0.03 N  alkali. Table IV shows typical re­
sults of crystallization. The first column shows
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alkali concentration, the second time in hours and 
the third mm. crystals per 10 mg. of fibrils. With 
the exception of 0.02 N  sodium hydroxide the 
longer treatment times destroy part of the r-in­
sulin for the recovery falls. The low yields of r- 
insulin with 0.02 N  sodium hydroxide indicated 
that longer treatment times would not be partic­
ularly effective. Methods were sought by which 
the rate of liberation of r-insulin could be in­
creased.

T able  IV
R egeneration  of t-Insulin  from Standard F ibrous 

G el  with  A lk ali a t  0°

Alkali
Time in 

alkali
Mm. crystals per 

10 mg. fibrils
normality hours mm.
0.02 18 2.2

.02 66 8.2

.025 18 9.9

.025 66 3.7

.03 18 7.7

.03 66 5.5

Further Treatments of Standard Gel.—Among 
others, it was considered that the reversion of 
fibrils by alkali might depend upon the number 
of available fibril ends rather than on the total 
fibril surface area. Thus, that fibrils disaggre­
gate in a sequence about the reverse of that in 
which they form. This was tested by freezing 
standard gel in solid carbon dioxide-acetone and 
thawing just before subjecting the fibrils to alka­
line treatment.

As indicated previously1 the effect of freezing 
and thawing is to break the longer fibrils into short 
segments. Such segments are quite active and 
will unite again in a matter of minutes at room 
temperature. Therefore the frozen-thawed ma­
terial is treated immediately. Standard gels have 
been subject to multiple freezing-thawing cycles 
and have been treated with a number of alkali 
concentrations in the range 0.025 to 0.05 N. The 
results with 0.03 N  sodium hydroxide are typical. 
With two freezing-thawing cycles and alkali ex­
posure times of 30, 60, 300 and 1380 minutes as­
says showed 12.0, 11.0, 10.0 and 8.2 mm. crystals 
indicating, as found previously, that exposure 
times of sixty minutes or less are most effective.

Table V shows a typical experiment using forty- 
five min. exposure times with 0.03 N  sodium hy­
droxide at 0°. The samples were frozen-thawed as

T able  V

F reezing- T hawing C ycles  and R egeneration  Y ields

These data were obtained with a modified crystalline 
technique

Freezing-thawing cycles 0 1 2 3 4
Calculated recovery, g. 0 5 .2  7 .2 7 .2 7.6

shown in the first row, the row below giving re­
coveries, in mg., calculated from mm. assay. The 
sudden rise in regeneration yield with the first 
cycle and the smaller but significant rise with the

second cycle are typical. Little is gained after 
two freezing-thawing treatments. This agrees 
with visual observation for, after two cycles, the 
insulin fibrils are clumped and are not further 
broken up.

Essentially the same results as those described 
have been obtained with mechanical methods for 
breaking fibrils (homogenization) thus eliminating 
any specific effects of freezing-thawing as increas­
ing regeneration yield and indicating tha t the 
numerical increase in fibril ends is the responsible 
factor.

Table VI shows typical recoveries for 2, 3 and 4 
freezing-thawing treatments using 0.3 N  sodium, 
hydroxide and times, a t 0°, of ten, twenty, thirty 
and forty-five minutes. The averages shown in 
the last row for thirty and forty-five minutes indi­
cate that about 12.0 mm. crystals may be realized 
from the reversion of 10 mg. fibrils. This figure . 
may be compared with a figure of 14.5 mm. ob­
tained after a similar alkaline treatment of native 
insulin (Table III and Fig. I, 0.03 N  alkali). If 
the crystallization properties of a-insulin and r- 
insulin are the same, 75 to 83% of the insulin in the 
fibrils may be recovered in crystalline form.

T ab le  VI
R egeneration  Y ields of t-Insulin  as A ffected  b y  
T im e and F reezing- T hawing Cycles  at  0° U sing 

0.03 N  Sodium H ydroxide

Mm. crystals per 10 mg.
Freezing- fibrils after treatment
thawing (time, min.)

cycles 10 20 30 45 Row
2 6 T O . 5 12.0 12.0 1
2 9.8 12.2 11.0 12.7 2
3 10.2 12.0 12.0 12.5 3
3 10.2 12.0 12.5 12.7 4
4 8.5 10.5 12.2 10.8 5
4 10.8 12.2 12.1 12.2 6

Average 9.2 11.6 12.0 12.1 7
Total crystals recovered from rows 2 and 3 weighed 

47 mg.; from rows 4, 5, and 6, 64.5 mg.

The treatments described do not transform all 
of the fibrous material. The unreverted fibrils, 
after the crystallization following the first alkali 
treatment, may be recovered, washed, and sub­
jected to another reversion treatment. In this 
way an additional 1-1.5 mm. of crystalline ma­
terial may be obtained bringing the total recovery 
to 13 to 13.5 mm. or about 85 to 90% of the orig­
inal protein. This is in good agreement with 
determinations of biological activity after alka­
line treatment of the heat precipitate5’6’7’8 in which 
reactivations of 80 to 100% have been claimed for 
biological activity and with our more recent re­
generations by a variety of reagents.

From the foregoing information it appears that 
crystalline recoveries of 85 to 90% may be ob­
tained by treating twice frozen-thawed fibrils 
with 0.03 N  sodium hydroxide at 0° for forty-five 
minutes with a ratio of 0,5 ml, of 2% fibrils to 5,0 
ml, alkali.
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The Effect of Sodium Chloride on Alkaline 
Reversion of Fibrils.—Reversion has been car­
ried out with the procedure described a t the 
end of the preceding section with the addition of 
sodium chloride to the alkali. The results are 
summarized in Fig. 3 which shows mg. of recovery 
of crystalline r-insulin (calculated from mm. of 
assay and using 10 mg. of starting fibrils) plotted 
against the normality of sodium chloride present in 
the alkali. The resulting curve, an average of 
several values, shows that inhibition of reversion 
starts with salt concentrations somewhat in ex­
cess of 0.01 N  and is marked a t 1.0 N. With 2.0 
N  sodium chloride complete inhibition is obtained. 
These results will be considered in the discussion.

Fig. 3.—Regeneration of insulin from fibrils when vari­
ous amounts of sodium chloride (abscissa) have been 
added to the regenerating alkali. Recoveries are calcu­
lated from mm. assay using ƒ == 0.5.

Properties of r-Insulin Regenerated from Fibrils 
by Alkali

Crystallizatiom.—In agreement with the prop­
erties of n-insulin, crystallization of r-insulin 
will not proceed in the absence of zinc. Other 
metal ions which may be substituted for zinc have 
not been tested. In these experiments relatively 
zinc free preparations were made by dialyzing an 
acid solution of r-insulin and by precipitating an 
acid solution with organic solvents according to 
Scott.17 Recrystallization of the same preparations 
in the presence of zinc produced typical crystals.

r-Insulin and n-insulin have the same crystal 
form although r-insulin generally gives somewhat 
larger crystals than n-insulin. A comparison of 
recrystallized n-insulin and r-insulin with a petro­
graphic microscope reveals the two types of crys­
tals described by Abel, Geiling, Rouiller, Bell and 
Wintersteiner.18 The type showing well-defined 
negative double refraction seemed more numerous 
in n-insulin samples, r-insulin containing propor­
tionately more crystals having well defined edges 
with little double refraction.

The recoveries of r-insulin and n-insulin were 
not significantly different on recrystallization.

Biological Activity.—Crystals of r-insulin and 
n-insulin were washed with distilled water and

(17) D. A. Scott, Biochem. J., 28, 1592 (1934).
(18) J. J. Abel, E. M. K. Geiling, C. A. Rouiller, F. K. Bell and O. 

Wintersteiner, J, Pharm,acol.t 31, 65 (1927).

dried in  vacuo . Biological assays arranged by 
Dr. R. E. Thompson19 gave

r-insulin, 20.2 units per mg. ±  5.9% 
n-insulin, 22.1 units per mg. ±  7.8%

The small difference between regenerated and 
native insulins is not considered significant and is 
probably due to inert protein, the drying proce­
dure, or some other uncontrolled factor.

Ultracentrifuge Determinations.—Recrystal­
lized n-insulin was converted to standard fibrous 
gel and r-insulin was regenerated. The resulting 
r-insulin crystals were carefully washed and a 
clear lot isolated. This amounted to 42.4% by 
weight of the initial insulin. Dr. J. L. Oncley20 
has compared the behavior of n-insulin and r-in­
sulin in the ultracentrifuge.

Dr. Oncley writes, “Solutions of insulin crystals 
obtained from r-insulin containing 1 and 2% of 
protein were studied in an air-driven ultracentri- 
fuge21*22 equipped with a modified Philpot 
schlieren optical system.23 The measurements 
were made in a cell 1.5 cm. high, 1.0 cm. thick, 
whose center was 6.5 cm. from the axis of rotation. 
A speed of 54,000 r.p.m., equivalent to centrifugal 
forces of from 200,000 to 240,000 times gravity, 
was used and the average temperature was about 
24°. Values of sedimentation constant have been 
reduced to the value in a solvent of the density and 
viscosity of water at 20°. A phosphate buffer of
0.1 ionic strength, p H  7.2, was used as a diluent. 
The protein solutions were made by dissolving 
dried insulin crystals in a small volume of dilute 
hydrochloric acid and neutralizing with a phos­
phate buffer calculated to yield a final ionic 
strength of 0.1 and p H  7.2. A solution made from 
ordinary crystalline insulin (from beef)24 was used 
for comparison. Sedimentation diagrams of un­
modified crystalline insulin and the crystals ob­
tained from r-insulin were compared and found to 
be practically identical. The sedimentation con­
stant usually assigned to crystalline insulin at this 
p H  was obtained, that is, about 3.3 to 3.6.25»26’27 
The diagrams from the r-insulin showed no more 
evidence of faster moving components than is 
usually obtained from commercial insulin crystals, 
and the ‘apparent diffusion constant' obtained by 
analysis of the sedimentation diagrams was only 
slightly larger than the observed diffusion con-

(19) The author is indebted to the Chemical Research and De­
velopment Laboratories of Armour and Company for these assays. 
Many others confirm the conclusions drawn here.

(20) Great appreciation is expressed to Dr. J. L. Oncley of the De­
partment of Physical Chemistry, Harvard Medical School, for this 
analysis.

(21) J. H. Bauer and E. G. Pickels, Exp. Med., 65, 565 (1937); 
also in T. Svedberg and K. O. Pedersen, “The Ultracentrifuge,” Ox­
ford Press, 1940.

(22) E. G. Pickels, Rev. Sci. Instruments, 9, 358 (1938); 13, 426 
(1942).

(23) J. St. L. Philpot, Nature, 141, 283 (1938).
(24) Obtained from Eli Lilly & Company.
(25) B. Sjogren and T. Svedberg, T h is  J o u r n a l , 53, 2657 (1931).
(26) G. L. Miller and K. J. I. Andersson, J. Biol. Chem., 144, 459 

(1942).
(27) H. Gutfreund and A. G. Ogston, Biochem. J., 40, 432 (1946).
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slant, again indicating the homogeneity of the 
materials.”

In addition the ultracentrifuge data suggest that 
r-insulin is able to go through the same cycle of 
reversible fragmentation as n-insulin.

Sensitivity to Alkali.—Crystallization of the 
isoelectric precipitate obtained after treating 0.5 
ml. of 2% crystalline r-insulin (10 mg.) with 5.0 
ml. of 0.03 N  sodium hydroxide at 0° for times 
of 0 to 400 minutes gave consistent yields of about 
95% =*= 5% up to times of 200 minutes after which 
the recovery fell to 86% and at 400 minutes 84%. 
Up to 200 minutes, therefore, r-insulin seems less 
sensitive to alkali treatment than n-insulin since 
treatment of n-insulin with 0.03 N  alkali usually 
gives yields of about 80% with times up to 200 
minutes (Table III). This difference, at present, 
cannot be interpreted as showing significant differ­
ences between the effects of alkali on r- and n- 
insulins but could be due to the crystallization pro­
cedure which may handle r-insulin somewhat bet­
ter than n-insulin.16

Labile Ammonia.—-It has been considered 
generally tha t liberation of ammonia accom­
panied the heat precipitation of insulin although 
du Vigneaud, Sifferd and Sealock8 found no rela­
tionship between amounts of ammonia liberated 
and heat precipitate formed. Insulin fibrils 
seeded into solutions of n-insulin will elongate at 
room temperature and transform the n-insulin into 
fibrils.12 One can therefore test for liberation of 
ammonia at 25°. n-Insulin and n-insulin seeded 
with short fibrils (80 mg. n-insulin, 20 mg. short 
fibrils) were dialyzed against 10 ml. 0.01 A  hydro­
chloric acid. All dialysis fluids, by Nesslerization, 
had the same nitrogen contents within the experi­
mental error. The liberation of 0.03% nitrogen 
could have been detected.

Disulfide and Sulfhydryl.—The nitroprusside 
reaction8 was used to test for free sulfhydryl 
groups. This has been shown to be negative in 
n-insulin and fibrous insulin.28 Free disulfides, 
as shown by the cyanide-nitroprusside reaction, 
do not increase on fibril formation. This test is 
not particularly indicative since n-insulin gives a 
strong cyanide-nitroprusside reaction equivalent 
to about 25-30% of the total sulfur present.

In agreement with others8 reduction with cya­
nide abolishes the heat precipitate and fibril forma­
tion. The status of the disulfide linkage will be 
treated in the discussion.

Fibril Formation with r-Insulin.—-When dis­
solved in 2% concentrated a t pH. 1.6-1.7 (0.05 
N  hydrochloric acid) n-insulin remains quite stable 
at 20° or below and shows evidence of fibril for­
mation only after many weeks, and, in instances, 
months.

Unpurified products of alkaline reversion pre­
cipitated a t pH 5.35 and taken up in acid show 
rapid fibril formation at room temperature or in

(28) M. L. Sackler, Chemical Modifications of Insulin and Their 
Relation to Fibril Formation, Master’s Thesis, 1945, Massachusetts 
Institute of Technology, Cambridge, Mass.

the ice chest. Treatment with alkali, however, 
usually does not revert quantitatively since the 
presence of unreverted fibrils may be demon­
strated by double refraction of flow or other meth­
ods. These act as active centers,12 elongate a t 
low temperatures, and under proper conditions 
give rise to products ranging from the heat pre­
cipitate to a clear fibrous gel. In order to com­
pare r-insulin and n-insulin these unreverted fi­
brils must be removed. Recrystallization has 
been used with success. The r-insulin after the 
first recrystallization differs from n-insulin in 
forming a fibrous gel having brilliant double re­
fraction in two to three minutes a t 100° and in 
showing slow but appreciable fibril formation at 
room temperature over a period of several days. 
The insulin was dissolved in 2% cone, in 0.05 N  
hydrochloric acid (pH 1.6-1.7). Under the same 
conditions twice recrystallized r-insulin, washed 
many times with distilled water, shows rapid fibril 
formation at 100° but a t room temperature very 
faint flow double refraction only was detected after 
several weeks. After a third recrystallization the 
product, representing 46% by weight of the initial 
fibrous insulin, showed no double refraction or 
alterations in other properties, such as viscosity 
and clarity, over a period of fourteen weeks. At 
100° the thrice-recrystallized r-insulin seems to 
show fibril formation slightly faster than commer­
cial, untreated n-insulin. However, fibril for­
mation is sensitive to a number of variables includ­
ing salt concentration, pH, anions, etc. Thus n- 
insulin will show varying rates of fibril formation, 
particularly at higher temperatures, after manipu­
lations such as recrystallization. The rates of 
fibril formation obtained with thrice recrystallized 
r-insulin at 100° are well within the normal range.

Repeated crystallization, therefore, leads to an 
r-insulin which approaches n-insulin in the char­
acteristics of fibril formation at low and high tem­
peratures.

Discussion
The physical, chemical and biological tests ap­

plied cannot thus far differentiate between r- 
insulin and n-insulin. These tests include crystal­
lization, ultracentrifuge analysis, biological ac­
tivity, changes in labile groups such as amino and 
disulfide, and fibril formation. Before an analysis 
is undertaken consideration should be given to the 
extent to which n-insulin enters into the basic fibril 
forming reaction. Thus, high yields of r-insulin of 
80-90% do not rule out the possibility that 10% 
of the n-insulin irreversibly unfolds and gives rise 
to a fiber “skeleton” while the remaining 90% is 
physically adsorbed to this skeleton as n-insulin. 
Several lines of evidence exclude this possibility. 
First, the adsorption of n-insulin onto fibrils has 
been examined in connection with reaction ki­
netics. Adsorption becomes important only at 
£H's well above 3.0. Second, fibrils form and 
elongate a t />H’s which render insulin highly sol­
uble and in which strong repulsive forces would be
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expected to occur between the molecules.2 Third, 
washing a fibrous gel with acid does not produce 
elution. Fourth, the fibril once initiated can 
elongate at room temperature or below.12 Insulin 
shows its maximal stability at £H ’s close to 2.0 at 
low temperatures and would not be expected to 
show spontaneous unfolding under these con­
ditions. Fifth, the fibril, in alkali, liberates r- 
insulin selectively from its ends and not uniformly 
over the entire surface as one might expect from a 
skeleton containing 4 to 9 times its weight of ad­
sorbed material. I t  seems reasonable to conclude 
that all of the n-insulin enters the basic fibril struc­
ture.

Native insulin may be defined on the basis of cer­
tain intrinsic properties such as crystallizability, 
biological activity and fibril forming capacity. 
Although there is evidence that these characteris­
tics may be dissociated to some extent (i . e., an in­
sulin which will form fibrils but will not crystal­
lize), certain series are recognized (ix., if an insulin 
crystallizes it also has biological activity and shows 
fibril formation). In this way, crystallization 
emerges as a delicate test for insulin, other prop­
erties requiring less precise structure.

A number of modifications of insulin have been 
reported. Such modifications may be divided into 
those involving mainly surface groups and those in 
which internal structure has been obviously 
altered. Examples of the first type are the acetyl­
ation of insulin with ketene29 reported by Stern 
and White and the linking of insulin with diazo­
nium salts reported by Reiner and Lang.30 In 
instances these “surface” modifications retain 
their biological activity and form crystals. A 
number of reagents, used primarily for surface 
group modification, are suspected of causing in­
ternal structural changes. In these cases both 
biological activity and crystal formation are ir­
reversibly lost. Directed changes in internal 
structure have been quantitatively studied thus 
far by reduction of some of the disulfide groups (of 
which seven or eight are usually available out of a 
total of 23). Reduction of an average of 1 or 2 
groups per molecule leads to a 50% loss in bio­
logical activity.31 On reoxidation the activity de­
creases to about 1 % of original. More drastic re­
duction8’28’32 causes a complete loss of crystalliza­
bility, biological activity and fibril formation. I t 
should be mentioned here that an extensive un­
folding of the protein would be expected to in­
volve the breaking of several disulfide linkages. 
On the basis of evidence mentioned a refolding 
with the formation of new disulfide linkages should 
lead to a product having none of the intrinsic char­
acteristics of insulin. Mild alkaline treatment28 
may lead to a simultaneous loss of biological ac­
tivity and crystallizability while treatment with 
concentrated solutions of guanidine and urea may

(29) K. G. Stern and A. White, J. Biol. Chem., 122, 371 (1938).
(30) L. Reiner and E. H. Lang, ibid., 139, 641 (1941).
(31) K. G. Stern and A. White, ibid., 117, 95 (1937),
(32) O. Wintersteiner, ibid., 102, 473 (1933),

produce a complete loss of crystallizing ability 
with only a slight diminution in fibril forming 
capacity.

Thus it would appear that demonstrable 
changes in internal structure lead to irreversible 
loss of one or more of the characteristic properties. 
r-Insulin retains these labile characteristics com­
pletely. From this and the fact that fibril elonga­
tion may proceed below 20° it is concluded that 
fibril formation involves the endwise linkage of 
globular (corpuscular) units which are not appre­
ciably unfolded in the process.

A Note on “Denaturation.”—According to 
most definitions the stable fibrous form of insulin 
would represent a denatured protein, for the 
fibrils retain few of the properties of n-insulin. 
Regeneration, however, shows that the insulin 
molecules have not lost these properties irrever­
sibly. I t  seems obvious that four general factors 
determine the over-all reversibility of this system. 
These are the strength of the intermolecular bond, 
the ability of a regenerating agent to overcome this 
bond, and the ability of the fibrils and reversion 
product to withstand the damaging action of the 
reverting (regenerating) agent. The rates of the 
several reactions enter as important variables. 
A somewhat stronger inter-insulin bond would re­
quire more drastic alkaline treatments. These 
would effect reversion but the r-insulin liberated 
would be inactivated and irreversibly altered dur­
ing the process. If the sequence of events were 
not clearly recognized, one might conclude that 
the n-insulin had suffered irreversible changes dur­
ing the process of fibril formation itself. Many 
coagulations have been considered irreversible. 
Evidence should be presented which shows that 
the structure of the protein has been irreversibly 
altered during the process of coagulation and not 
subsequently.

Mechanism of Reversion.—Calculations from 
amino acid analyses and titration data33*34 show 
that a molecule of insulin of molecular weight
40,000 contains about 80 free carboxyl groups, 40 
free amino groups, and 50 hydroxyl groups, some 
of which are available.9

Fibril formation and fibril aggregation or heat 
precipitation2 have been shown to be dependent 
to a marked degree on mechanisms which change 
the repulsive forces between the molecules. I t 
seems clear that acid ^H 's are necessary to pro­
duce a variety of insulin which can enter the fibril 
forming reactions. However, once this condition 
has been fulfilled the addition of neutral salt, such 
as sodium chloride, greatly increases the rate of 
fibril formation, presumably by causing a decrease 
in electrostatic repulsion. In acid solution, ^>H's 
below 3.0, one would expect the carboxyl groups 
to be largely un-ionized and thus a quantity of in­
sulin corresponding to mol. wt. 40,000 would have

(33) E. J. Cohn and J. T. Edsall, “Proteins, Amino Acids and Pep­
tides,” Reinhold Publ. Corp., New York, N. Y., 1943.

(34) C. R. Harrington and A. Neuberger, Biochem. J., 30, 809 
(1936).
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about 40 positive charges. The effect of salt 
would be to decrease the repulsive forces due to 
these charges and allow a greater proportion of the 
molecular collisions to be effective in bonding.

At the regenerating pH  of about 12.3 one would 
expect the amino groups to dose their charge while 
the carboxyl groups and some hydroxyl groups 
would now ionize and become charged. Thus the 
net charge would change from an average of 
roughly +40 to over —80. I t  seems clear that 
the great increase in net charge in going from acid 
to alkali would set up stronger repulsive forces 
which would aid in disrupting the inter-insulin 
bond. Evidence in support of this mechanism as 
being part of the process comes from the action of 
salt, which decreases reversion as shown in Fig. 3, 
and those experiments which indicate that rever­
sion proceeds at the ends of the fibrils where the 
inter-insulin bonds would be weakest since fewer 
insulin units would be engaged in their stabiliza­
tion. Reversion and the inter-insulin bond are 
receiving further attention.

Acknowledgment.—The author wishes to ac­
knowledge the generous support which Armour 
and Company has given to this and other re­
search.

Summary
Insulin fibrils may be reverted by treatment 

with alkali to give a crystalline product similar to 
native insulin: the alkali has therefore regener­
ated an insulin termed r-insulin. Limiting con­
ditions for regeneration procedure were deter­
mined by studying the effect of alkali on native

insulin. Using 0.5 ml. of 2% insulin (10 mg.) and
5.0 ml. of sodium hydroxide experiments indicated
0.03 N  alkali, 0°, and forty-five minute treatment 
time would be optimal. This was found to be the 
case. In addition reversion of fibrils is greatly ac­
celerated by increasing the number of available 
fibril ends suggesting that disaggregation occurs 
mainly a t these positions. Sodium chloride in the 
alkali inhibits reversion by 90% in 1.0 A  concen­
tration. Thus, the repulsive forces between simi­
larly charged groups may play a part in the mech­
anism of disaggregation.

The crystalline product from reverted fibrils is 
not significantly different from native insulin in 
certain intrinsic properties such as: crystalliza­
tion, in which r-insulin will not crystallize in the 
absence of zinc, and recrystallization recovery; 
biological activity (20 LU. per mg.); ultracentri­
fuge pattern (sedimentation constant 3.3-3.6); 
and fibril formation (at 20 and 100°). Tests for 
changes in labile groups, such as amino and di­
sulfide, have been negative.

The absence of changes in labile groups, the re­
tention by r-insulin of the characteristic properties 
of insulin, the known sensitivity of these character­
istic properties to structural changes, and the fact 
that fibril elongation may take place a t low tem­
peratures in the pH  region of maximum stability, 
are interpreted as showing that only small struc­
tural changes take place during fibril formation 
and that the process is therefore one in which glob­
ular or corpuscular units are linked endwise.
C ambridge 39, M assach usetts

R e ceiv ed  N o vem ber  18, 1947

[Contribution  from the N oyes Chemical Laboratory, U niversity  of Illin o is]

An Allylic Rearrangement in an Alkylation by a Quaternary Ammonium Salt
B y  H. R. S n y d e r  a n d  E r n e st  L. E l ie l

In a previous communication1 it was stated that 
the reaction of 1-methylgramine methiodide (I) 
with aqueous sodium cyanide produced not only
l-methyl-3-indoleacetonitrile (II) but also an iso­
mer of this nitrile. This isomer has now been 
identified as 1,3-dimethyt-2-cyanoindole (III). 
The pure isomer (III) was isolated from the re­
action mixture in 4.3% yield, but in view of the 
difficulties encountered in the purification it is be­
lieved to have been formed in an appreciably 
larger amount, perhaps to the extent of 10-15%.

Comparison of the infrared absorption spectra 
of (II) and its isomer revealed a shift of the CN- 
absorption band of 36 cm."1 toward smaller wave 
numbers in the case of the isomer (III) (see the 
figures), indicating conjugation of the cyano group 
with one of the double bonds of the rings. Alka­
line hydrolysis of the isomeric nitrile (III) yielded 
mainly the corresponding amide and only very

(1) Snyder and Eliel, T h is  Jo u r n a l , 70, 1703 (1948).

I I I
c h 3 c h 3 c h 3
III IV V

small amounts of the acid, probably because of 
steric hindrance of the nitrile function. The acid 
was finally obtained in poor yield by increasing the 
concentration of alkali and extending the reaction 
time in the hydrolysis.

The acid (V) was synthesized by a known
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Figs, la, b.—Infrared absorption spectra: 1, l-methyl-3-indoleacetonitrile; 2, l,3-dimethyl-2-cyanoindole; 3, 1,3- 
dimethyl-2-indolecarboxylic acid (two identical spectra); 4, 1,3-dimethylindole (two identical spectra). Curves 
1, 2 and 3 were obtained from Nujol suspensions. The absorption bands due to Nujol C-H frequencies occur

method2 from as-methylphenylhydrazine and a- 
ketobutyric acid obtained by hydrolysis of a- 
benzoylaminocrotonic azlactone.3’4
1,3 - Dimethyl - 2 - indolecarboxylic 
acid (V) thus obtained proved to be 
identical with the hydrolysis product 
of the nitrile (III). The acid (V) 
prepared by nuclear synthesis was 
converted into its amide by treat­
ment with phosphorus pentachlo­
ride in acetyl chloride solution fol­
lowed by reaction with concentrated 
aqueous ammonia. This amide was 
identical with the one from the par­
tial hydrolysis of the nitrile (III).
Formulas III  and IV must therefore 
be assigned to this nitrile and the 
corresponding amide.

I t has thus been proved that in the 
reaction of 1-methylgramine methiodide (I) with 
sodium cyanide rearrangement occurs along with

(2) Kermack, Perkin and Robinson, J. Chem. Soc., 119,1602 (1921).
(3) Carter, Handler and Melville, J. Biol. Chem., 129, 359 (1939).
(4) Carter and Stevens, ibid., 133, 117 (1940).

the normal reaction. The migration may be ex­
plained by the provisional assumption that the

;CH2CN

quaternary base (I) dissociates into trimethyl- 
amine and a carbonium ion which may rearrange, 
as shown in the accompanying diagram. An 
analogy exists in the reaction of furfuryl chloride 
with sodium cyanide to give 5-methyl-2-furo-
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at 2920, 2855, 1460 and 1375 cm."1. Sample no. 4 was seen in a liquid cell of 0.05 mm. thickness. The low 
transmission of the two nitriles in the high frequency regions is due to the light scattering of the crystals in the 
Nujol suspension.

nitrile.5 6 Simple a,0-unsaturated halides, on the 
other hand, do not seem to undergo rearrangement 
in reactions with sodium cyanide,5 but do so in re­
actions with sodium carbonate in water and with 
various metallic acetates in acetic acid solution.7-10

Experimental1112
2-Cyano-l,3-dimethylindole (III).1—The product of 

the reaction of 18.1 g. of 1-methylgramine methiodide with 
sodium cyanide1 was fractionated in vacuo through a short 
Vigreux column. The fraction collected at 96-109° (0.15 
mm.) and twice recrystallized from petroleum ether (b. p.
30-60°) formed large white prisms of m. p. 69.5-70.5°, 
weight 0.32 g. The next fraction, b. p. 109-120° (0.15 
mm.), was twice extracted with hot petroleum ether 
(b. p. 30-60°). After the waxy residue of this extraction 
had been freed of insoluble oils by pressing on a porous 
plate, it dissolved in the hot petroleum ether extract.
The crystals which separated from the cooled solution 5 6 7 8 9 10 11 12

(5) Reichstein, Ber., 63, 749 (1930).
(6) Runde, Scott and Johnson, T h is  J o u r n a l , 52, 1284 (1930).
(7) Young and Andrews, ibid., 66, 421 (1944).
(8) Claisen, J. prakt. Chem., [2] 105, 65 (1922-1923).
(9) Meisenheimer and Beutter, Ann., 508, 58 (1933).
(10) Roberts, Young and Winstein, T h is  J o u r n a l , 64, 2157 

(1942).
(11) All melting points are corrected.
(12) Microanalyses by Miss Theta Spoor and Miss Jane Wood.

were recrystallized five times from petroleum ether to 
yield 0.08 g. of material of m. p. 69-70.5° [total yield, 
0.40 g. (4.3%)].

1.3- Dim ethyl-2-in dole carboxamide (IV). From III.—A
solution of 0.39 g. of the above nitrile and 1 g. of potas­
sium hydroxide in 1 ml. of water and 9 ml. of ethanol 
was refluxed for twenty-two hours. After dilution of 
the mixture with 4 ml. of water most of the ethanol was 
distilled. Crystals of the amide (IV) which separated 
from the cooled solution were collected, washed and 
dried; yield, 0.30 g. (69.5%). The amide crystallized 
from benzene in fine white needles, m. p. 213-214°.

Anal. Calcd. for CnHi2N20 : C, 70.18; H, 6.43; N, 
14.89. Found: C, 70.18; H, 6.48; N, 14.70.

From the alkaline mother liquors of the hydrolysis of 
the nitrile, only 0.01 g. of acid could be isolated.

1.3- Dimethyl-2 -indolecarboxylic Acid. From the Amide. 
—A solution of 0.19 g. of the above amide and 1 g. of 
potassium hydroxide in 0.5 ml. of water and 4.5 ml. of 
ethanol was refluxed for fifty-six hours. After dilution 
of the mixture with 4.5 ml. of water the alcohol was dis­
tilled. The cooled solution was filtered to remove un­
changed amide. The filtrate was extracted with ether, 
boiled with charcoal, filtered, and acidified. The acid 
was collected, washed with water, and dried; yield, 
0.04 g. (21%). After recrystallization from benzene- 
petroleum ether (b. p. 30-60°), from benzene, and again 
from benzene-petroleum ether, the acid melted at 215- 
216° (dec.).
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Anal. Calcd. for CiiHnN 0 2: C, 69.81: H, 5.86.
Found: C, 69.97; H, 5.79.

From or-Benzoylaminocrotonic Azlactone.—Five grams 
of a mixture of the cis and trans forms of a-benzoylamino- 
erotonic azlactone13 of in. p. 118-122° was hydrolyzed 
by refluxing for three hours with 200 ml. of 1 A hydro­
chloric acid.3 After the solution had cooled, 3 g. of what 
was presumably a mixture of a-benzoylaminocrotonic 
and benzoic acids was removed by filtration. The filtrate 
was neutralized with 2 N  sodium hydroxide, and a solution 
of 3.4 g. of &s-methylphenylhydrazine in 10 ml. of water 
and 5 ml. of glacial acetic acid was added to it. After 
standing overnight the solution was chilled and the solid 
methylphenylhydrazone that had separated was collected 
and washed. It was suspended in a solution of 15 ml. 
of concentrated hydrochloric acid in 30 ml. of water, and 
the mixture was heated on the steam-bath with swirling 
for thirty minutes. The suspension was. cooled and 
filtered, and the solid was dissolved in aqueous sodium 
hydroxide. After removal of oily impurities by ether 
extraction, the aqueous solution was boiled with charcoal, 
filtered and acidified. The acid that separated was col­
lected, washed with water and dried at 60°; yield, 1.3 
g. (29.4% from the azlactone). After three recrystal­
lizations from benzene, the melting point of the acid (and 
of mixtures with the acid described in the preceding para­
graph) was 215-216° (dec., lit.,2 213°). The infrared 
absorption spectra14 * of the samples obtained by the two 
different methods were identical (see the figures). Both 
samples separated from benzene solution as needles which 
in contact with the mother liquor soon changed into 
crystals of granular texture.

Decarboxylation of the above acid at 225 ° followed by 
distillation at 15 mm. (bath temperature 130-160°)

(13) The azlactone was kindly put at the authors’ disposal by 
Dr. H. E. Carter.

(14) The authors are indebted to Mrs. Agatha Roberts Johnson for
the absorption studies.

yielded 1,3-dimethylindole, identified by its refractive 
index (n20D 1.5929), infrared absorption spectrum (see the 
figure), and the melting point and mixed melting point 
(142.5-143°) of the picrate. The sample used for com­
parison had been obtained by hydrolysis and decarboxyla­
tion of 1-methyl-3-indoleacetonitrile (II).1

1,3-Dimethyl-2-indolecarboxamide. From the Acid.— 
A suspension of 0.32 g. of the above acid (V) in 3.2 ml. 
of redistilled acetyl chloride was cooled in an ice-bath 
and 0.42 g. of phosphorus pentachloride was added. The 
mixture was swirled until homogeneous and then allowed 
to stand at room temperature for two and three-fourths 
hours. The solvent was removed in vacuo with the bath 
temperature not exceeding 45°. The solid residue was 
chilled and 10 ml. of ice-cold concentrated aqueous am­
monia solution was added to it. The temperature was 
slowly raised to 72° over a period of thirty minutes with 
constant stirring. The suspension of the amide was then 
cooled and the solid was collected, washed with concen­
trated aqueous ammonia followed by water, and dried 
at 60°; yield, 0.28 g. (87.5%). After two recrystal­
lizations from benzene-absolute alcohol the product 
melted at 213.5-214°. The mixed melting point with the 
amide obtained by hydrolysis of 1,3-dimethyl-2-cyano - 
indole (III) was 213-214°.

Summary
The reaction of the methiodide of l-methyl-3- 

dimethylaminomethylindole with aqueous sodium 
cyanide affords, in addition to the normal alkyla­
tion product, a small amount of l,3-dimethyl-2- 
cyanoindole. The structure of this product has 
been proved by conversion to the corresponding 
amide and acid which were identical with com­
pounds obtained by independent syntheses.
U rban a , I llino is  R eceived  January  2, 1948

[Contribution  from D epartment of Physical Chem istry , H arvard M edical School]

Studies on Double Refraction of Flow. IV. Human Serum 7 -Globulin and
Crystallized Bovine Serum Albumin1

B y  J o h n  T . E dsall  a n d  J o se ph  F . F o st e r 2

In previous papers of this series, the molecular 
dimensions of zein3 and of fibrinogen4 have been 
studied by the method of double refraction of 
flow, the results being interpreted in the light of 
viscosity, sedimentation and other measurements. 
In the present study, we report results of similar 
investigations on human serum 7-globulin5 and 
crystallized bovine albumin.6 The orientation of

(1) This paper is Number 68 in the series “Studies on the Plasma 
Proteins” from Harvard Medical School, Boston, Massachusetts, 
on products developed by the Department of Physical Chemistry, 
and Number XVII in the series “ Preparation and Properties of 
Serum and Plasma Proteins” from the same laboratory.

The preparations of serum globulin employed were prepared from 
blood collected by the American Red Cross, under a contract recom­
mended by the Committee on Medical Research, between the Office 
of Scientific Research and Development and Harvard University.

(2) Present address, Department of Chemistry, Iowa State Col­
lege, Ames, Iowa.

(3) J. K. Foster and J. T. Edsall, T his J o u r n a l , 67, 617 (1945).
(4) J. T. Edsall, J. F. Foster and H. Scheinberg, ibid., 69, 2731 

(1947).
(5) J. L. Oncley, M. Melin, D. A. Richer!, J. W. Cameron and P. 

M. Gross, Jr., in preparation.
(6) E. J. Cohn, W. L. Hughes, Jr., and J. H. Weare, ibid., 69, 

1753 ( 1947).

these molecules, by means of a velocity gradient, 
to an extent sufficient for accurate double refrac­
tion measurements, required the use of solvents 
of high viscosity, in order to diminish the rotary 
Brownian movement. Whereas fibrinogen, with a 
molecular length near 700 A., could be readily 
studied in 40% glycerol, 7-globulin required 60 - 
76% glycerol, and serum albumin approximately 
90% glycerol.

Experimental Methods
The apparatus used7 and the methods of measurement3'4 

have already been described in detail.
The great majority of the measurements on y-globulin 

were made on a single preparation (IIG1-L371) prepared 
from Fraction II +  III of human plasma8 by method 3c 
as described by Oncley, et a l 5 Electrophoretically, this 
preparation contained 97% y-globulin, 2% albumin, and 
1% ft-globulin. Such preparations, however, have been

(7) J. T. Edsall, C. G. Gordon, J. W. Mehl, H. Scheinberg and 
D. W. Mann, Rev. Sci. Instruments, 15, 243 (1944).

(8) E. J. Cohn, L. E. Strong, W. L. Hughes, Jr., D. J. Mulford, 
J. N. Ashworth, M. Melin and II. L.  Taylor, Tins J o u r n a l , 68 , 459 
(1940).
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shown by Oncley, Scatchard and Brown9 to be hetero­
geneous in the ultracentrifuge. The implications of this 
heterogeneity are further discussed later in this paper. 
One run not reported in detail here was made on prepara­
tion IIG1-120, with results essentially indistinguishable 
from others in the series.

The crystallized bovine albumin was from lot 27-315, 
prepared at the Armour Laboratories according to methods 
developed by Cohn and Hughes.6

The glycerol-water mixtures used as solvents were 
prepared by the method previously described for the 
studies on fibrinogen. The y-globulin preparations con­
tained a small amount of sodium chloride in addition to the 
glycerol-water used as solvent. No salt was added to 
the albumin preparations. At the very high glycerol 
concentrations employed in the studies of albumin (88.5- 
94.5% by weight) the viscosity varies rapidly with slight 
changes in the composition of the solvent. Therefore, 
great care was taken in the control of glycerol concentra­
tion. Both y-globulin and albumin gave clear and stable 
solutions in the glycerol-water mixtures employed.

Experimental Results
7-Globulin.—A series of measurements on 7- 

globulin preparation IIG1-L371 was made at 
protein concentrations varying from 1.25 to 5 
g. per 100 cc., and at glycerol concentrations 
varying from 60 to 76%. In almost all of these 
experiments, studies were made at two different 
temperatures; one set near 6° and the other at 18 
to 19°. The results of one experiment are given 
in detail in Table I, together with the calculated 
values of the rotary diffusion constants (0) de­
rived from the measurements. The values of 0 
are not reported as such, but are multiplied by the 
ratio of the viscosity of the solvent (rj) to the ab­
solute temperature (T), since these tjO/T values 
should be independent of the particular solvent

T able I
M easurem ents of % and  A on  H uman y-GLOBUHN

P reparation  HG1-L371
Protein concentration 1.25%. Solvent: glycerol 76%,
water 24% by weight. Viscosity of solvent (7?) 0.93 at
6°, 0.49 at 18.7 °.
Temp.,

°C.
Speed, 

R. P. M. Gv X cc
ve
T

6.3 300 2850 44.3 =±=0.78 0.147 (70)
6.0 360 3500 43.0 =1= .52 0.42 (30)
6.0 450 4400 41.5 db .56 0.635 25
6.0 720 7000 38.8 =*= .18 1.30 25.5
6.0 900 8800 38.1 d= .24 1.45 22
6.0 1028 10000 37.2 =t= .39 1.64 22

18.5 720 3700 42.6 rfc .49 0.50 25.3
18.7 900 4100 41.9 =±= .45 0.65 21.5
19.0 1200 6100 40.4 **= .23 0.98 21.2

A Values at t — 6.4 °, n = 0.91
A Values for 
X = 546 m Gv A/Gvc

20.6 2900 0.0057
24.8 3450 .0057
30.5 4300 .0057
39.3 5700 .0055
45.4 6900 .0053
53.9 8600 .0050

(9) J. L Oncley, G. Scatchard and A. Brn>\vn, J. Phys. Colloid
( 'he m., 51, 18 4 ( KM7).

and temperature employed, as long as the mole­
cules retain their shape. The values of the extinc­
tion angle, x> in two experiments were so . close to 
45° that the probable error in the calculations is 
very large, and the resulting values of rjQ/T are 
given no weight. These values are enclosed in 
parentheses in the final column of Table I. The 
other values are all reasonably consistent, and 
lead to an over-all estimated tjQ/T  of 22 poise per 
sec. per degree (see Table II). The double re­
fraction measurements are reported in the second 
half of Table I. The measured phase differences 
are a linear function of the product (Gr?) of the 
velocity gradient and viscosity, a t Grj values up to 
4000 or above. The increase of phase difference 
at higher velocity gradients is slightly less than 
linear, as would be expected from theoretical con­
siderations.

From the measured value of rjQ/T the length of 
the molecule may be calculated if it is assumed for 
simplicity to be an ellipsoid of revolution. An 
approximate estimate of the axial ratio, derived 
for instance from viscosity measurements, must be 
employed in making this calculation, but the 
value of the derived length is very insensitive to 
the exact value. The length, l, assuming the 
molecule to be an elongated ellipsoid of revolu­
tion, is given by the equation

< ■ - 1 .5 * 2  ( f ) -  (1)

where k is Boltzmann’s constant and Q = — 1 +. 
2 In 2a/b. For a/b we have taken the value 5.35 
given by Oncley, Scatchard and Brown9 and de­
rived from viscosity and sedimentation data. 
This gives for 7 -globulin a Q value of 3.74, so that 
the length (2a) in A. becomes / =  627(^0/2") “1/s. 
Thus, the calculated length from the experiments 
in Table I is 224 A., slightly below the value of 235 
reported by Oncley, Scatchard and Brown.9

In Table II the results of these and other ex­
periments on 7 -globulin are summarized, and 
some of the data are reported also in Figs. 1, 2 and
3. I t is immediately apparent that there is a 
marked downward trend in rfd/T as the concen-

T able II
Summary of R esults on ^-G lobulin  (P r e f . IIG1-L371)

Protein
concn.,

c ,
g./100

cc.
Temp., 

°C.

wt. % 
glyc­
erol 
in 

sol­
vent

Vis­
cosity

of
sol­
vent

V

Range 
of Gv 

X 10“* V&/T ( A/Gvc)i
1.25 6 .0 - 6.3 76.0 0.93 2.85-10.0 22 0.0057
1.25 18.5-19.0 76.0 .49 3.7 -  6.1 22
2.5 6 .1 - 6.5 76.0 .94 2.9 -  9.1 14 .0071
2.5 19.0-19.8 76.0 .48 1.8 -  5.9 18 .0062
2.5° 6 .2 - 6.7 76.0 .90 2.8 -  8.4 19 .0070
2 .5a 18.0-18.6 76.0 .49 2.3 -  6.2 21 .0055
3.3 6 .1 - 6.6 68.7 .42 0.6 -  4.0 9 .0100
3.3 19.5-19.9 68.7 .22 0.7 -  3.4 11 .0080
3.4 6 .0 - 6.5 60.5 .19 0.6 -  3.0 8 .0120
5.0 6.0 76.0 .91 1.1 -  6.9 7 .0100
5.0 18.0-19.2 76.0 .48 1.0 -  4.5 8 .0080
n Solution in acetate  buffer, pH 3.93 before addition of 

glycerol. All oilier solutions studied a t pH near 7.
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Or) (in thousands).
j .—Value of x as a function of Gr) for solutions of 

human 7-globulin. Curves I, II, III, and IV are calcu­
lated as discussed in the text. Curve I is for the pure 
monomer, 235 X 44 A. Curve IV is for the pure dimer, 
470 X 44 A. Curve II is for a mixture of 95% monomer 
and 5% dimer. Curve III is for a mixture of 85% mono­
mer and 15% dimer. Points are experimental values de­
rived under the conditions indicated in the figure.

Gr) (in thousands).
Fig. 2.—x Values for human 7-globulin solutions as a 

function of Grj at various temperatures and glycerol con­
centrations. Protein concentration in all experiments 
indicated between 2.5 and 3.3 g./100 cc. Points are ex­
perimental values; the curve is calculated for a single 
molecule, for which r)Q/T = 1 3 .

tration of protein increases. This trend is similar 
to that already observed in the case of zein (con­
centration range 1 to 3%) and fibrinogen (con­
centration range 0.12 to 0.5%). Clearly it must 
be attributed to interactions between the pro­
tein molecules. As is to be expected, the influ­
ence of increasing concentration becomes apparent 
at relatively high dilutions in the case of fibrinogen 
solutions, where the molecules are very long. In 
the case of zein and 7-globulin, the concentration 
effects are marked only at concentrations consid­
erably above 1%.

The effect of variation in glycerol concentration 
(Fig. 2) is rather less striking than that of varia­
tion in protein concentration. The observed % 
values, at a given value of Gr), deviate somewhat 
more from 45° in the solvents of low glycerol con-

0 2 4 6 8
Gr) (in thousands).

Fig. 3.—Double refraction of 7-globulin as a function of 
Grj for three different concentrations and two different 
temperatures. Ordinates are expressed as measured 
phase differences divided by concentration; these may be 
converted to double refraction values (ne — no) by the 
conversion factor given in the footnote to Table IV.

tent and therefore of low viscosity. The effects, 
however, are relatively small and it is probably 
premature to attempt to interpret them at this 
time.

The effects of temperature are indicated in 
Figs. 1, 2, and 3 by plotting the results a t low 
temperature using shaded symbols, and those at 
the higher temperature using open symbols. The 
X values, plotted as functions of Gr1, appear very 
little affected by temperature. What small effects 
are discernible are in the direction that would be 
expected on the basis of decreased Brownian 
movement and increased protein-protein interac­
tion at the lower temperature.

The specific double refraction values (A/c), 
when plotted as a function of Grj (see Fig. 3 and 
Table II) show a definite upward trend with in­
creasing protein concentration and a slight down­
ward trend with increasing temperature at con­
stant concentration. Both these effects are in the 
direction that would be expected from the effects 
of concentration and temperature on protein- 
protein interaction.

In two experiments, indicated by asterisks in 
the first column of Table II, the pH  of the 7- 
globulin solution was adjusted to 3.93 before glyc­
erol was added. The results obtained in these 
runs were indistinguishable from others in the 
series, indicating that the size and shape of the
7-globulin molecules were unaltered in the more 
acid solution.

Calculations for a Two-Component System.—
7-Globulin preparations, of the type studied here, 
although electrophoretically homogeneous, show 
at least two major components in the ultracentri­
fuge. The sedimentation constant, s20, is near 7.2 
S  for the major component (75-85% of the total) 
and approximately 10 S  for the chief secondary 
component. Oncley, Scatchard and Brown,9 who 
reported these data, tentatively interpreted them 
on the assumption that the 5 = 10 component
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was a dimer, made up of two molecules of the s — 
7 component associated end to end. The viscosity 
data were entirely compatible with this view. We 
have, therefore, examined the applicability of the 
same hypothesis to the double refraction of flow 
measurements.

For simplicity, we have assumed both monomer 
and dimer to be ellipsoids, the former being 235 A. 
long, as assumed by Oncley, Scatchard and 
Brown,9 and the latter 470 A. long. The principal 
axis of the ocross-section of both ellipsoids was 
taken as 44 A. Such a model is certainly oversim­
plified, but the available evidence at this time 
scarcely warrants a more refined treatment. On 
calculating rotary diffusion constants for the el­
lipsoidal molecules, we find for the large molecule 
(component 1) that rjQi/T = 3.26 and for the 
small molecule (component 2) that r)Q2/T  = 18.2.

The fundamental equations for double refrac­
tion of flow in a polydisperse system have been 
given by Sadron10 (see also Peterlin and Stuart11). 
The equations and figures in the papers of Peterlin 
and Stuart11-12 give values of % and of the relative 
double refraction,/, as a function of a = G/0, in a 
form which may be applied to each individual com­
ponent with a given 0 value. In evaluating the 
double refraction given by the system composed 
of monomer and dimer, we have assumed that 
both components would give the same amount of 
double refraction at the same weight fraction in 
solution, if all the molecules in both solutions 
could be oriented with their major axes parallel.13

Values of % were calculated for the two compo­
nent system for two cases, assuming the weight 
fraction of dimer to be 0.15 in the first case and
0.05 in the second. The resulting curves for x 
as a function of Grj, for both these systems, are 
shown in Fig. 1, together with the corresponding 
curves for the monomer and dimer alone. Experi­
mental data at several concentrations are indi­
cated by the points in the figure. I t  is apparent 
that, at the two lowest concentrations studied, the 
experimental data approximate very closely to 
the calculated curve for the small component and 
show no evidence of the presence of the dimer. At 
the highest concentration of protein (5%), the 
data, for the most part, lie in the region between 
the two calculated curves for the polydispersed 
system. I t  is, therefore, possible to interpret the 
increased molecular interaction which is manifest 
at the higher protein concentrations, either as 
being due to an orienting influence exerted by each 
protein molecule on its neighbors in its field of 
flow, or to an actual association of some of the 
molecules into longer units.

(10) C. Sadron, J. Phys. Radium, [7] 9, 381 (1938).
(11) A. Peterlin and H. A. Stuart, “Hand- und Jahrbuch der 

chemischen Physik,” Band 8, Abschnitt IB, 1943, especially pages 
88-91, inclusive.

(12) A. Peterlin, Z. Physik, 111, 232 (1938); A. Peterlin and H. A. 
Stuart, ibid., 112, 1, 129 (1939).

(13) Details of the method of calculation for polydisperse systems 
will be given in a separate note by H. A. Scheraga and the present 
authors.

These results are obviously different from those 
of Oncley, Scatchard and Brown9 who observed a 
considerable amount of the s = 10 component 
even at the lowest concentrations studied, and 
did not observe any great change in the ultracen­
trifuge diagram with change in protein concen­
tration. However, their studies were carried out 
in aqueous solution, whereas ours were made in 
60-76% glycerol. I t is possible that the addition 
of glycerol causes a dissociation of the dimer 
molecules into the smaller units, and tha t under 
these conditions it is necessary to go to consid­
erably higher protein concentrations before asso­
ciation occurs. The most striking conclusion 
from our own observations, however, is the re­
markably good agreement at low protein concen­
trations between the experiments and the calcu­
lated values for a molecule approximately 235 A. 
long, postulated as the main component by 
Oncley, Scatchard and Brown.9

We have based our calculation of a length of 
220-230 A. on the values obtained a t the lowest 
protein concentration studied, and have not a t­
tempted to extrapolate the data to infinite dilu­
tion. If such an extrapolation were made on the 
basis of the data in Table II, using a linear plot of 
7)0/ T  against concentration, we should obtain a 
still lower value for the length than tha t reported 
above, and the agreement with the other data 
would be less good. However, the basis for such 
an extrapolation is still uncertain and we have 
preferred, for the present, to use the experimental 
values a t the lowest concentration studied.

Bovine Serum Albumin.—Only three experi­
ments on serum albumin were carried out, and 
two of these gave rather fragmentary results, on 
account of the great technical difficulty of mak­
ing observations in media of such extremely high 
viscosity. The results of the most extensive and 
satisfactory experiment are listed in Table III. 
In such experiments, the large amount of energy 
dissipation in the liquid during the maintenance of 
a velocity gradient leads to heating of the liquid 
to an extent which is difficult to compensate for 
by the circulation of water at constant tempera­
ture through the jacket of the outer cylinder. The 
dissipation of energy in the liquid per second is 
equal to G2r) per unit volume.14 Even more serious 
than the rise of temperature produced is the fact 
that thermal gradients are produced in the liquid, 
which can distort the path of the light beam and 
falsify the optical measurements. These difficul­
ties have been discussed in detail by Björnstahl,16 
but ^re have not attempted to apply his quantita­
tive calculations to our data, since the boundary 
conditions which Björnstahl assumed a t the inner 
and outer cylinders do not correspond to the con­
ditions existing in our apparatus. All these 
difficulties indicate that the results of the meas-

(14) See for instance, J. R. Robinson, Proc. Roy. Soc. (London), 
A170, 519 (1939), especially pages 540 ff.

(15) Y. Björnst&hl, Z. Physik, 119, 245 (1942).
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urements on serum albumin solution are to be re­
garded with great caution.

T able  III
D ouble  R efraction  of F low  of B ovine Serum A lbu­

min (Lot 27-315)
Solvent: 88.45% glycerol; v at 5°, 4.5; at 21 1.76.

Protein concentration: 4.48 g ./l0 0  cc.

t,
°c.

Speed, 
R. P. M. Gn X a vQ/T

Ap­
parent
length,

A.
5 .0 132 6250 41.5 0.74 30 190
4 .5 212 10200 38.3 1.42 26 200
5.2 300 14000 35.6 1.92 26 200
5.0 360 17000 36.2 1.85 33 184
5.0 450 21300 34.2 2.3 33 184

20.6 450 8500 40.1 1.04 28 195
20.8 600 11300 40.0 1.06 36 179
21.0 720 13300 35.4 2.02 25 202
21.5 900 16100 34.4 2.22 25 202

A values at t = 4.5° A values at t = 21.5°
R. P. M. A A/Gvc R. P. M. A A/Gvc

100 8.9° 0.00040 360 8.5° 0.00029
152 13.0 .00039 450 10.1 .00028
240 18.8 .00035 600 12.9 .00027
300 21.1 .00032 720 14.8 .00025
360 23.3 .00029 900 16.8 .00023
450 25.5 .00026

Our values for v)0/T are of the order of magni­
tude of 30 for serum albumin. For horse serum 
albumin (carbohydrate free) Oncley16 has found 
from dielectric dispersion measurements two crit­
ical frequencies (0.44 and 2.1 megacycles, re­
ferred to solutions in water a t 25°) corresponding 
to i)Q/T values of 41 and 195, respectively. The 
higher value would not be detectable in our appa­
ratus, but the lower one is remarkably close to our 
own measurements, particularly in view of the 
great difference—200 to 500 fold—in the vis­
cosities of the solvents employed in the two series 
of measurements. Recent dielectric dispersion 
studies on human and bovine serum albumin give 
rotary diffusion constants very close to those of 
horse serum albumin.17 On the other hand, the 
molecular model assumed by Oncley, Scatchard 
and Brown9—namely, an elongated ellipsoid of 
revolution with a major axis of 150 A. and a minor 
axis of 38 A.—gives a calculated value of rjB/T of 
61. The length calculated from our own data is 
only about 30% greater than that of the model of 
Oncley, Scatchard and Brown. On the whole, in 
view of the difficult conditions under which our 
measurements were made, it may be concluded 
tha t the agreement is remarkably good, and our 
results may be taken as an approximate confirma­
tion of those deduced9 from ultracentrifuge, dif­
fusion, viscosity and dielectric dispersion meas­
urements.

(16) J. D. Ferry and J. L. Oncley, T h is  J o u r n a l , 60, 1123 (1938); 
J. L. Oncley, J. Phys. Chem., 44, 1103 (1940).

(17) J. L. Oncley, personal communication.

Interpretation of Double Refraction Measure­
ments (Phase Differences) for Protein Solu­
tions.—Measurements of the magnitude of the 
double refraction in solutions of zein, fibrinogen, 
7-globulin and serum albumin have been tabu­
lated in this and preceding papers of this series. 
The data, when expressed as double refraction, 
tie, *— no, divided by 6V, show a difference of more 
than 600-fold between fibrinogen and serum al­
bumin. The values for 7-globulin and zein are 
roughly twenty times as large as those for albu­
min, and of the order of one-thirtieth of those for 
fibrinogen.

These differences, however, are largely a re­
flection of the very different degrees of orientation 
obtained, at the same Grj value, for protein mole­
cules of various lengths. To compare the bire­
fringence of the different proteins in solution, the 
ideal arrangement would be to obtain completely 
parallel orientation of the axes of all the protein 
molecules in each solution, and measure the bire­
fringence under these conditions, which is obvi­
ously the maximum attainable for the given 
system. Such a direct measurement is of course 
impossible in practice, owing to the Brownian 
movement of the protein molecules, but the re­
sults that would be so obtained can be derived by 
calculation from the actual experimental data, 
employing the theoretical treatment of Peterlin 
and Stuart.u*12 They have expressed the observed 
double refraction, ne — n0, at any given velocity 
gradient, as the product of an optical factor, gx — 
g2, and an orientation factor/(a, a/b),

2ir$
we ~  no =  (gi — g2) ƒ(«, a/b) (2)

Here is the volume fraction of protein in the 
system, n is the refractive index of the solvent, and 
a/b is the axial ratio of the ellipsoidal molecule.

The function ƒ is the same orientation function 
previously mentioned in connection with the cal­
culation for the two component system. At low 
velocity gradients (low a values) ƒ reduces to the 
form

r a a2 — b2
j T ( /  _  1 5 « 2 +  ft2 (3)

When all the molecules of any given species 
are oriented with their axes parallel, ƒ becomes 
equal to unity.18 Hence, from the observed val­
ues of the two quantities, (ne — no) /Grjc and rjO/ 
T  = Grj/aT, it is possible to evaluate the amount 
of double refraction for any of the proteins studied 
at the degree of orientation attained when a = j . 
One may then calculate the maximum double re­
fraction, ne — no, for a 1% solution at complete ori­
entation. These values are given in the next to the 
last column of Table IV. The final column con­
tains the optical anisotropy factor, gx — g2i for 
each protein as calculated from equation 3.

I t should be clearly recognized that even the
(18) See the definition of ƒ given by Peterlin and Stuart, ref. 11

page 52, equation 51a.
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T able IV
D ouble R efraction of F ibrinogen, Zein, y -Globulin  and Serum  A lbum in  in Solution

/  ne — no \ / Me ~ no')1
Protein

c in
g./100 cc. Solvent W20D t,  ° c .

V G v c  Jo 
X lOio ve/T V c Jx 10* <- -  « s t . £1 ~ g 2

Fibrinogen 0.32 Gl, 38.7% 1.3823 20.5 89 1.2 315 4.7  X 10"5 0.00143
Fibrinogen 0.12 Gl, 53.6% 1.4035 18.0 72 1.0 210 3 .2  X IO"5 .00100
Y-Globulin 3.3 Gl, 68.7% 1.4259 19.7 3 .4 11 110 1.8 X 10"8 .00055
Y-Globulin 1.25 Gl, 76.0% 1.4368 6.0 2.4 22 150 2.4  X IO"8 .00074
Zein 1.0 P. G. 1.4331 20.5 3.3 8 75 1.2 X 10~8 .00036
Serum albumin 4.48 Gl, 88.5% 1.4561 20.5 0.12 30 11 1.9 X 10"« .00006

Gl, followed by a percentage figure, denotes a glycerol-water mixture containing the indicated percentage glycerol; 
P. G. is propylene glycol. The zein preparation was laboratory zein (Foster and Edsall). Values for refractive index 
(w20d), for glycerol-water mixtures, from L. F. Hoyt, Ind. and Eng. Chem., 26,329 (1934); for proyplene glycol, from A. G. 
Pukirev, Trans. Inst. Pure Chem. Reagents (Moscow), 15, 45 (1937), as reported in Chem. Abstracts, 32, 5378 (1938). 
Other symbols are explained in text, or previous tables. It should be noted that the double refraction values are given 
for X =  546 mju, although the available data for the refractive indices of the solvents are given for the sodium D line. 
The differences in refractive index for the two wave lengths, however, represent only second order effects in the phe­
nomena considered here. For our apparatus (length of cylinder 7 cm.) and for light of wave length 546 m/x, ne — no 
is related to the observed phase difference A, by the equation: ne — no =  4.24 X 10"8 A.

values of gi — g2 so calculated are not inherent 
characteristics of the protein molecules them­
selves. Actually gi — g2 is a function of two terms, 
the intrinsic birefringence of the protein itself and 
the form birefringence which depends upon the 
differences in refractive index between the pro­
tein molecule and the solvent. The refractive in­
dex of most protein molecules for light of the wave 
lengths here considered is in the range 1.57 to 
1.61.19 For serum albumin, Armstrong, Budka, 
Morrison and Hasson20 have calculated a value 
(nx>) of 1.598, and for 7-globulin a value of 1.618. 
These values are for the anhydrous protein, how­
ever, and take no account of solvation. We have 
attempted to calculate the intrinsic birefringence 
of the proteins studied here, employing the value 
1.60 as the mean refractive index of the protein, 
and using the values for the refractive index for 
the solvent given in Table IV.21 Our calculations 
yielded negative values for the intrinsic birefring­
ence of all the proteins studied; in other words, if 
these calculations are to be trusted, the axis of 
maximum polarizability in these proteins is per­
pendicular to the long axis of the molecules. We 
are not yet confident, however, that this conclu­
sion is correct, since the effects of solvation may 
be important, and may vary from one solvent to 
another. To draw definite conclusions, it would 
be necessary to study these proteins in a variety 
of solvents with a much wider range of refractive 
index than we have yet employed.22 I t would

(19) M . P. Putzeys and Mile. J. Brosteaux, Bull. soc. chim. biol., 
18, 1681 (1936). Values close to  1.57 are also ob ta in ed  from  m eas­
u rem ents of th e  double refraction of protein fibers determ ined in  
media of varying refractive index; see lor in stan ce H . H . W eber, 
Arch. ges. Physiol., 235, 205 (1 9 3 4 -1 9 3 5 ).

(20) S. H. Armstrong, Jr., M. J. E. B u d ka, K. C. M orrison and  
M. Hasson, T h is  J o u r n a l , 69, 1747 (1947).

(21) The equation for resolving observed birefringence into form  
and intrinsic birefringences are given by Peterlin and Stuart, ref. 12, 
pages 13 and 135. There is a  misprint in the formulas as given on  
page 13; the term L 1L 2 should read L i  — L%.

(22) The streaming birefringence of tobacco m osaic virus in  
glycerol-aniline-water mixtures was studied by M . A. Lauffer, J. 
Phys. Chem., 42, 935 (1938). The observed birefringence fell prac­
t ic a lly  to zero in  a so lv en t of refractive in d ex  near 1 .5 7 ; hence th is  
virus protein  appears to  p ossess lit t le  or no in trinsic  birefringence.

appear, however, that fibrinogen is not only the 
most geometrically asymmetrical of all the mole­
cules, but optically the most anisotropic, while 
serum albumin is the least. 7-Globulin, while less 
geometrically asymmetrical than zein, shows a 
higher degree of optic anisotropy. Both 7-globulin 
and zein were studied in solvents of very nearly 
the same refractive index; hence this conclusion 
should apply directly to the intrinsic birefringence 
of these molecules.

Discussion
The only previous study of double refraction of 

flow in serum albumin and globulin, of which we 
are aware, is by Sadron, Bonot and Mosimann.23 
The plasma fractions which they studied were ob­
tained by ammonium sulfate fractionation, and 
the globulin fractions are not directly compar­
able to ours.24 Their serum globulin prepara­
tions contained considerable lipid which, in glyc­
erol-water mixtures, became detached from the 
protein and gave rise to birefringence of opposite 
sign from that produced by the protein. The 7 - 
globulin preparations studied by us, on the other 
hand, were practically lipid-free, so that this 
complication did not arise. From the curves for 
extinction angle given by Sadron, Bonot and 
Mosimann23 for their serum globulin, it is appar­
ent that rjO/T was of the order of unity but some­
what less; and hence only about one-twentieth of 
the value found for our 7-globulin. Their figure 
would correspond closely to that to be expected 
for a very elongated molecule of the order of 900 
A. in length, of the sort observed in sera of high 
antibody titer in several species of animals.25

(23) Ch. Sadron, A. Bonot and H. Mosimann, J .  C h i m .  P h y s . ,  36, 
78 (1939).

(24) The species of animal from which their plasma was taken 
is not explicitly stated, but it would appear from the context that 
it was horse plasma.

(25) See for instance E. A. Kabat, J .  I m m u n o l . ,  47, 513 (1943). 
It is not necessary to assume that the lipoprotein in the globulin 
preparations of Sadron, e t a l . ,  was identical with the elongated com­
ponent giving rise to double refraction of flow. It seems probable 
that the preparation contained several components and that the lipo­
protein was a less elongated protein molecule than some of the ot hers.
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Sadron, et ah , could obtain no evidence of double 
refraction of flow in their crystallized serum albu­
min preparations. This is in qualitative accord 
with our own results, since the albumin prepara­
tion studied by us gave no detectible double re­
fraction in 70% glycerol, and it was only when the 
concentration of glycerol approached 90% that a 
measurable degree of orientation was obtained. 
Some of the other albumin fractions studied in 
Sadron’s work did show appreciable double re­
fraction, with values of (ne — no) X 1010/Grjc 
ranging from 0 .2  to 1 .1 , as compared with 0 . 1 2  
for our preparation. Corresponding values for 
Sadron’s globulin fractions G\ and G2 were 3.1 and 
5 , respectively, very close to those for human 7 - 
globulin as reported in Table IV. Thus, the 
double refraction values of Sadron’s preparations 
are quite similar to ours, although the rotary dif­
fusion constants differ considerably.

Oncley16 has studied the dielectric dispersion of 
7 -pseudoglobulin from horse plasma. The two 
frequencies obtained by him correspond to rjQ /T  
values of 6  and 53, respectively. The former value 
is not far from that obtained by us for human 7 - 
globulin in the highest concentrations studied; 
but, as already indicated, our values under these 
conditions are greatly influenced by association 
or molecular interactions, or both. It is probable 
that the horse 7 -pseudoglobulin is a more elon­
gated molecule than the main component of the 
human 7 -globulin. The latter preparation con­
tains a considerable amount of euglobulin, which 
precipitates at p H  near 7 at very low ionic 
strength. Dielectric dispersion measurements on 
this preparation can be made, therefore, only on 
the pseudoglobulin component, and are not yet 
available for comparison.

In the previous study of fibrinogen, 4 we have 
given a detailed analysis of several possible molec­
ular models, in light of all the available experi­
mental evidence. In the case of albumin and 7 - 
globulin, we have little to add to the discussion 
already given by Oncley, Scatchard and Brown.9 

The 7 -globulin preparations certainly contain 
more than one component, and therefore a de­
tailed analysis based on a model containing only a 
single component would hardly be profitable to

carry out. 26 The results on serum albumin pre­
sented in Table III represent measurements made 
under extremely difficult conditions, on account of 
the high viscosity of the liquid and the small 
amount of double refraction observed. Under the 
circumstances, we consider it remarkable that 
the agreement between our data and those ob­
tained from the ultracentrifuge, viscosity and 
diffusion measurements is as good as it is. Oncley, 
Scatchard and Brown9o calculated a length for 
serum albumin of 150 A., whereaso our estimates 
would lead to a value of 190-200 A. We believe 
that our value deserves far less weight than theirs, 
and present it simply as confirmatory evidence for 
the general consistency of our results and those 
obtained by other methods.

Summary
1. Double refraction of flow measurements 

have been made on purified human serum 7 - 
globulin and crystalline bovine serum albumin, 
employing as solvents glycerol-water mixtures of 
high viscosity.

2. The measurements of 7 -globulin lead to an 
estimated molecular length near 230 A., in excellent 
agreement with the value deduced from ultra­
centrifuge, viscosity and diffusion measurements 
by Oncley, Scatchard and Brown.9 The 7 -globu­
lin preparations, at least in dilute solution, be­
haved as if the protein molecules were uniform 
with respect to molecular length.

3. The measurements of serum albumin lead 
to an estimated length of 190-200 A., but this 
value is considered less reliable than the figure of 
150 A. previously reported by Oncley, Scatchard 
and Brown.9

4. Critical comparison has been given of the 
amount of double refraction given by four differ­
ent proteins under comparable conditions.
B oston, M ass. R eceived  January  2, 1948

(26) It should be remembered in this connection, that Oncley, 
Scatchard and Brown give dimensions for the hydrated protein mole­
cule. Since their measurements were carried out in aqueous solu­
tion and ours in glycerol-water mixtures, the degree of solvation 
of the protein cannot be expected to be identical in these different 
media. Obviously some change in the frictional coefficient must oc­
cur when the protein is transferred from one solvent medium to the 
other. We have no basis at present for calculating what this change 
is likely to be, although it seems probable that it is small.
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Methane Formation in the Photolysis of Acetone at 13001

B y  W allace  D a v is , J r .2

The quantum yield of carbon monoxide forma­
tion during the photochemical decomposition of 
acetone has been found to be unity at tempera­
tures slightly above 100°,3 thus permitting this re­
action to be used as an actinometer. Ethane has 
been reported as the main hydrocarbon produced 
under the experimental conditions used by most 
authors, although small amounts of methane have 
usually been found. The work of Spence and 
Wild4 indicates that under certain experimental 
conditions the amount of methane formed may be 
quite large. Hence in using the photochemical de­
composition of acetone as an actinometer the frac­
tion of the products uncondensed by liquid nitro­
gen must be analyzed for both carbon monoxide 
and methane (as well as for traces of ethane) to 
ensure accurate results.

This paper presents results of a study of meth­
ane formation during the photochemical decom­
position of acetone at temperatures ranging from 
126 to 138°. While certain statements concern­
ing the reaction mechanism are permissible at the 
present time, details will be left for later presenta­
tion after further information is available.

Experimental
The methods of purifying the acetone and of analyzing 

the reaction products have already been described.6 
The light source and filter solutions used for isolation of 
the 3130 A. line of mercury have also been described.6 
The basic equations used for calculation of light absorbed7 
have been expanded5 and need not be repeated here.

Some of the experiments (6A-18A in Table I) were made 
using the AH-6 General Electric Company high pressure 
arc, the beam diameter being 10 mm. The remaining 
experiments (19A-21A in Table d) were performed with 
a UA30A2 Hanovia medium pressure arc with a beam 
diameter of 15 mm.

The values of I& (the “absorbed intensity’’) given in 
Table I have been obtained by dividing the number of 
quanta absorbed per second by the acetone by the volume 
of the light beam. Since the cell was 200 mm. in length 
the latter has the values 15.7 and 35.4 cm.3, respectively, 
for the two light beams referred to in the preceding para­
graph. The light absorbed per unit path length is not 
constant and moreover the intensity is undoubtedly not 
uniform over a given cross section of the beam. Never­
theless the quantity given is the average number of 
quanta absorbed per cc. per second in the light beam and 
it is believed that this figure represents most nearly the 
one which should be used in rate equations for those cases 
in which any activated molecules and free atoms or radi­
cals do not diffuse appreciably out of the light beam.

(1) This work was supported by Contract N6-onr-241, Task I 
with the Office of Naval Research, United States Navy.

(2) Present address: Carbide and Carbon Chemicals Corporation, 
Oak Ridge, Tennessee.

(3) J. A. Leermakers, T h is  J o u r n a l , 56, 1899 (1934); C. A. 
Winkler, Trans. Faraday Soc., 31, 761 (1935); D. S. Herr and W. A. 
Noyes, Jr., T h is  J o u r n a l , 62, 2052 (1940).

(4) R. Spence and W. Wild, J. Chem. Soc., 352 (1937).
(5) W. Davis, Jr. and W. A. Noyes, Jr., ibid., 69, 2153 (1947).
(6) R. E. Hunt and W. Davis, Jr., T h is  J o u r n a l , 69, 1415 (1947).
(7) R. E. Hunt and T. L, Hill, J. Chem. Phys., 15, 111 (1947).

T ab le  I
T he Quantum  Y ield  of M ethane  F ormation from  

A cetone

Wave length =  3130 A.; quantum yield of carbon mon­
oxide formation = 1 (assumed)

Run
Temp.,

°C.

Acetone
pressure,

mm.

/a X 10-13 
quanta/sec./ 

cm.» 4»CH4
6A 126 194 1.64 0.40
7A 120 205 0.22 .91
8A 120 233 .23 .97
9A 127 152 .24 .60

10A 122 95 .27 .62
11A 126.5 109 .21 .63
12A 138 148.2 .29 .73
13A 137 111.1 .23 .56
14A 134.5 226.0 .21 .96
15A 137 191 .17 1.04
16A 134.5 145.2 .12 0.93
17A 131.5 199.6 .14 0.99
18A 138 184.4 .14 1.06
19A 133 189.6 .042 1.27
20A 136 137.6 .039 1.14
21A 136 101.3 .027 1.15

Results and Discussion
Table I presents the data on quantum yield of 

methane formation from the photochemical de­
composition of acetone a t temperatures ranging 
from 120 to 138°. Since it has been shown previ­
ously that the quantum yield of carbon monoxide 
formation is very close to unity at these tempera­
tures,3 the values are based on that assumption 
and should be taken, in reality, as relative values.

Since the carbon monoxide yield is certainly 
very close to unity, any acetyl radicals produced in 
the primary process must decompose almost im­
mediately either thermally or due to energy re­
tained from the primary process. Hence for this 
case of high temperatures one may write

CH3COCH3 +  hv =  2 CH3 +  CO ( 1 )
Methane is almost certainly produced by the re­
action

CH3 +  CH3COCHs =  CH4 +  CH2COCH3 (2 )
Methyl radicals can disappear by reaction (2) as 
well as by reactions (3) and (4)

CH3 +  CHa =  C2H6 (3 )
CH3 +  CH2COCH3 «  CH3CH2COCH38 (4) 

The acetonyl radicals can also form biacetonyl 
2 CH2COCH3 =  (CH2COCH3)2 (5 )

If reactions (1) to (5), inclusive, are all that can 
occur and it is assumed that they are all homo­
geneous gas phase reactions, some kinetic expres­
sions could be derived providing analyses could be

(8) A, Q. Allen, This J o u r n a l , 63, 708 (1941).
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made for all of the products. If C2H6, CH4, and 
CO were all known certain conclusions would be 
possible.

The pressures are high enough in the present ex­
periments to ensure that the majority of the bi- 
molecular reactions will occur homogeneously. 
Consequently the derived expression for the quan­
tum yield becomes so complex that it cannot be 
applied to the data without making assumptions. 
I t seems best to defer a detailed theoretical treat­
ment until a later date. I t  may be stated, how­
ever, that if the energy of activation for (3) is low,9 
the energy of activation of (2) must also be low.

(9) Cf. E. W. R. Steacie, “Atomic and Free Radical Reactions,” 
The Reinhold Publishing Corporation, New York, N. Y., 1946, p. 520.

Summary
1. The quantum yield of methane formation 

during the photochemical decomposition of ace­
tone in the temperature range 120 to 138° has 
been determined.

2. In a general way the yield of methane in­
creases with increase in acetone pressure and with 
decrease in intensity, but a detailed discussion of 
theory is postponed until a later date.

3. The energy of activation of the reaction 
CH3 +  CH3COCH3 = CH4 +  CH3COCH2 must 
be low.
R ochester, N ew  Y ork R ec eiv ed10 February  13, 1948

(10) Original manuscript received September 18, 1947.

[ Contribution  from  the  D epartment of Chem istry , U niv er sity  of R ochester]

o
The Photochemical Decomposition of Diethyl Ketone at 3130 A.1

B y W allace  D a v is , J r .2

Previous work3 has indicated some ethylene and 
ethane to be produced along with carbon monoxide 
and butane during the photochemical decomposi­
tion of diethyl ketone at wave lengths below 2000 
A. These same products in different proportions 
have been reported at longer wave lengths.3»4 
Bamford and Norrish4 suggested that the Type 
III decomposition directly into ethylene and pro- 
pionaldehyde proposed by Norrish and Apple- 
yard5 would account for the ethylene formed, al­
though these authors did not identify propion- 
aldehyde positively. Disproportionation of ethyl 
radicals to ethylene and ethane has also been sug­
gested.3

This paper presents determinations of the quan­
tum yield of various products during the photo­
chemical decomposition of diethyl ketone.

Experimental
The diethyl ketone used in this work was purified by Dr. 

A. B. F. Duncan for spectroscopic experiments. C. p. di­
ethyl ketone, b. p. range 5°, was washed with potassium 
carbonate and sodium bisulfite to remove acids and per­
oxides. After drying over anhydrous calcium chloride 
the ketone was fractionally distilled in a column, a portion 
with a boiling range of 0.1° being kept. This product 
was further fractionated several times at low pressure.

The determination of carbon monoxide was accom­
plished by removing that portion of the products not con­
densed by liquid nitrogen. For short runs combustion 
of this fraction over CuO at 200-240° indicated pure 
carbon monoxide within experimental error. For longer 
runs leading to a larger amount of product, duplicate

(1) This work was supported by Contract N6-onr-241, Task I 
with the Office of Naval Research, United States Navy.

(2) Present address: Carbide and Carbon Chemicals Corporation, 
Oak Ridge, Tennessee.

(3) V. R. Ells and W. A. Noyes, Jr., This J o u r n a l , 61, 2492 
(1939).

(4) C. H. Bamford and R. G. W. Norrish, J. Chem. Soc., 1931 
(1938).

(5) R» G, W. Norrish and M, E. S. Appleyard, ibid., 874 (1934),

oxygen combustion analyses indicated that as much as 
5% of this fraction was a C2 hydrocarbon.

The C2 hydrocarbons (C2H4 and C2H6) were separated 
from other products, after removal of carbon monoxide by 
being removed at —165° using a Ward apparatus6 with a 
Toepler pump. In some experiments only the quantity of 
C2 hydrocarbons was determined; in others this fraction 
was burned with oxygen on a platinum filament at about 
600°. The combustions were all carried out with a trap 
immersed in dry ice between the filament and any source 
of mercury vapor to minimize oxidation of the latter.

After removal of the C2 hydrocarbons, another fraction 
was removed at about —120°. This fraction was shown 
to be butane either by vapor pressure measurements or by 
combustion.

Other experimental details have already been pub­
lished.7"9

Results and Discussion
The quantum yields of carbon monoxide and of 

C2 hydrocarbons from diethyl ketone at several 
temperatures and intensities are presented in 
Table I. I t will be noted that the variation in 
pressure is small. Experiments 1D-12D were 
made with a A-H6 General Electric Company 
high pressure mercury arc, while runs 13D-16D 
were made with the Hanovia UA30 A2 Uviarc.

I t is seen that <3>co = 1.0 within a 13% experi­
mental error in runs 1D-7D and 11D. For the 
uviarc runs <Fco = 1.03 =*= 0.05, assuming a cali­
bration error of not to exceed 1.6%. Therefore 
the quantum yield of the primary process

C2H5COC2H6 +  hv =  2C2H5 +  CO (1)

must be close to unity unless some secondary re­
action gives rise to carbon monoxide formation. 
The absence of any real increase of carbon mon-

(6) E. C. Ward, Ind. Eng. Chem., Anal. Ed., 10, 169 (1938).
(7) R. E. Hunt and W. Davis, Jr., T his J o u r n a l , 69, 1415 (1947).
(8) R. E. Hunt and T. L. Hill, J. Chem. Phys., 16, 111 (1947).
(9) W. Davis, Jr., and W„ A. Noyes, Jr., This J o u r n a l , 69, 2153 

(1947).
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oxide yield with temperature indicates that prob­
ably the latter is not the case.

Values of $co for experiments 8D-T0D should 
not be considered as valid since recalibration of the 
photo-cell galvanometer system showed a changed 
sensitivity.

T a b l e  I
Q u a n t u m  Y ie l d s  o f  CO a n d  o f  C2  H y d r o c a r b o n s  d u r ­
in g  P h o t o c h e m ic a l  D e c o m p o s it io n  o f  D ie t h y l  K e t o n e

Run
Temp.,

°C.

Ketone
pres­
sure,
mm.

X 10“ i* 
q u an ta / 

sec./ 
ccm. $co $C2

Analysis 
of C2 

fraction
ID 28 41 0.22 1.03 *  0 .14
2D 28 40 .19 0.99 * .13
3D 27 37 .17 1.05 ± .14
4D 27 38 .16 0.93 =«= .13
5D 27 38 .17 0.93 * .13
6D 25 34.5 .14 0.99 * .13
7D 26 22,0 .084 1.05 =•= .14
8D 86 38.2 .20 0.74 *b .10
9D 86.4 38.0 .21 0.83 =*= .10 0.44 V. P.

10D 86.2 37.9 .24 0.83 .10 0.41 V. P.
11D 26 38.0 .15 0.97 * .13 0.28 V. P.
12D 26 38 ( .11) (1.00) 0.68
13D 136 36.8 .017 1.05 * .05 1.48 C2.04H 5.92

14D 137.5 41.0 .019 1.02 =fe .05 1.38 C2.o9H 0.76

15D 136 38 .017 (1.035)® 1.47 C2.00H6.02

C2.0 1H 5.92

16D 26.8 39.6 .014 1.03 =b .05 0.86 C2.02H5.40

a 4>co for Run 15D taken as the average of 4>co from
Runs 13 D and 14D.

In view of the fact that ethane exceeds ethylene 
considerably under the conditions of these experi­
ments, these two gases cannot be formed mainly 
by a disproportionation reaction and the ethane 
can arise from a reaction of the type

C2H 5 +  C2H5COC2H6 =  C2H 6 +  C2H4COC2H5 (2)
This reaction would be analogous to that of meth­
ane formation in acetone.10 One of the main com­
peting reactions for ethyl radicals will certainly be 
that of butane formation

C2H 5 +  C2H 5 = C4H ie
Some ethyl radicals may disappear in forming the 
compound C2H5COC4H9, but a complete analysis 
of all products would be necessary before a de­
tailed mechanism could be developed.

From equations (2) and (3) the quantum yields 
of ethane and of butane formation are found to be

(10) W. Davis, Jr., ibid., 70, 1868 (1948).

given by the following expressions
3 >C2H6 =  ^2(C 2H 5) (C 2H 5C O C 2H 5) / / a  (4 )

$C4Hio -  &3(C2H 5) 2/ i a  (5)
where the subscripts of the k’s correspond to the 
equation numbers. Hence one may write

4 >c2H6/<£ c4Hio ~  ^22(C 2H 5CO C 2H 5) 2A 3/ a (6)

If it is assumed that butane is formed by all 
ethyl radicals which do not form ethane, one can 
apply equation (6) to the data in Table I. Un­
fortunately the data are not extensive enough to 
warrant many conclusions, particularly since the 
fates of all ethyl radicals are undoubtedly not 
given by equations (2) and (3) alone. However, 
equation (6) is at least approximately obeyed.

If one writes k2 — a2 exp (— E2/RT ) and ks —
exp (— Ez/RT) the data at about 136° and at 

about 26° may be used to calculate 2E2 —- Es =  
5000 cal. with an uncertainty of about 1500 cal. 
While an exact value of Ez is not known, the figure 
is considered to be small.11 Thus E 2 may be as 
little as 2500 cal. and probably is less than 5000 
cal.

It is evident that the amount of ethane de­
pends markedly on light intensity, as well as on 
temperature, and that at high intensities butane 
should be formed relatively more than at low in­
tensities. If ethylene is formed solely by a dis­
proportionation reaction its yield also would be 
expected to increase at high intensities. More 
work is necessary before details of the mechanism 
can be stated, but complete analysis for all pos­
sible products will be difficult.

Summary
1 . The quantum yields of CO and of C2 hydro­

carbons during the photochemical decomposition 
of diethyl ketone have been determined at several 
temperatures ranging from 26 to 138°.

2. The C2 hydrocarbons produced during the 
reaction consist almost solely of C2H6.

3. The energy of activation of the reaction 
c2h 5 +  C2H5COC2H5 =  C2H6 +  C2H4COC2H6 . 
may be as low as 2500 cal. and is almost certainly 
below 5000 cal.
R o c h e s t e r , N e w  Y o r k  R e c e i v e d 12 F e b r u a r y  13, 1948

(11) Cf. E . W . R . S tea c ie , “ A tom ic  an d  Free R a d ica l R e a c t io n s ,”  
The Reinhold P u b lish in g  C orp oration , N ew  York, N . Y ., 1946, p. 520»

(12) O riginal m an uscrip t received  Sep tem b er 18 1947.
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Ionic Hydration and Activity in Electrolyte Solutions
By R. H. STOKESla an d  R. A. R o b in s o n lb

General Introduction
There are two useful lines of approach to the 

problem of explaining activity data in electrolyte 
solutions. The first is to extend the treatment of 
Debye and Hückel (which was developed for di­
lute sdlutions) to moderately high concentrations 
hy  applying relevant “corrections.” This method 
has received a great deal of attention in the past 
twenty years or so. The other is to examine data 
for very concentrated solutions, where the Debye- 
Hückel treatment is certainly not applicable, seek­
ing relationships which may throw light on the 
general problem. In this paper it is shown that 
the concept of ion-solvent interaction, or ionic hy­
dration, is capable of explaining quantitatively a 
large body of experimental observations in both 
cases. Part I discusses a modified form of the 
Debye-Hückel equation, introducing the effect 
of ion-solvent interaction in terms of “hydration,” 
which is applicable up to ionic strengths of about
4. In Part II the effect of the solvent at concen­
trations above about 12 M  is approached in an­
other way, similar to that of the Brunauer- 
Emmett-Teller adsorption isotherm.

I. A One-parameter Equation for Activity 
Coefficients.—The evaluation by Debye and 
HückelAc of the free energy change due to the cou­
lomb forces between ions led to a tremendous ex­
pansion of our understanding of the behavior of 
electrolyte solutions. There is now no doubt that 
the familiar Debye-Hückel expression

lo g /  =  “  1 +  i f& v c  (1)

gives an adequate representation of the activity 
coefficients of normally dissociated salts of 1 : 1  and 
2 :1  valence types in sufficiently dilute solutions, 
in terms of the single arbitrary parameter a (the 
mean distance of “closest approach” of the ions), 
and the volume concentration c. Equation (1) 
however predicts an activity coefficient which is 
always a decreasing function of the concentration, 
whereas experimentally a minimum usually occurs, 
followed by a more or less rapid rise of the activity 
coefficient at high concentrations. Hückel2 ex­
plained this effect in terms of the change in dielec­
tric constant of the solvent near the ions, which 
led to a second arbitrary constant D in the equa­
tion

_________ ___ lo g jf  =  ~  1 +  B d V c  +  D c

(la) Present address: Physical Chemistry Laboratories, Free
School Lane, Cambridge, England.

(lb) Present address: Chemistry Departm ent, Raffles College,
Singapore.

(lc) P. Debye and E . Hückel, P hysik . Z .t 24, 185 (1923)*
(2) E. Hückel, ib id .. 26, 93 (1925)*

Equation (2) has been of great practical value, 
and has been extensively employed for the extra­
polation of standard potentials and for the repre­
sentation of activity coefficient data.3 Its theo­
retical foundations have, however, been frequently 
criticized. Furthermore, it usually fails to give a 
reasonably accurate representation of observed 
activity coefficients at ionic strengths much 
greater than unity. To overcome this, further 
arbitrary terms in c2 and even higher powers are 
sometimes introduced, but such equations are of 
no theoretical value.

In recent years our knowledge of activity coeffi­
cients in concentrated solutions has been greatly 
extended, mainly through the application of the 
isopiestic vapor pressure technique. It has be­
come increasingly clear, especially in the case of 
2:1 electrolytes, that any treatment of the prop­
erties of concentrated solutions must take spe­
cific account of the hydration of the ions. There 
seems to be no adequate alternative explanation 
of the fantastically high activity coefficients often 
encountered at high concentrations. For in­
stance, a 5 M  solution of magnesium iodide at 25° 
has a stoichiometric activity coefficient of over 
100, while that of 5 M  sodium chloride is only
0.874. The first formally correct treatment of 
the effect of hydration on the activity coefficient 
appears to have been given by Bjerrum,4 a few 
years before the appearance of the Debye-Hückel 
theory. Apart from recognition by Scatchard5 in 
connection with hydrochloric acid, and an impor­
tant discussion of a “hydration-association” 
model for electrolytes by Frank,6 the subject does 
not appear to have been accorded the attention 
which its importance warrants in this connection. 
It will now be shown that by allowing for the ion- 
solvent interaction in terms of a simple hydration 
model it is possible to obtain as a first step a two- 
parameter equation, and by a slight elaboration of 
the model a one-parameter equation, which will 
represent the experimental activity coefficients up 
to remarkably high concentrations. These equa­
tions are derived and tested for a large number of 
salts in aqueous solution at 25°.

The “Hydration Correction” to the Activity 
Coefficient.7—The concentrations, activities,
etc., of the hydrated solute will be distinguished 
by primed symbols, the corresponding “appar­
ent” quantities (computed with neglect of hy-

(3) See, e. g., R . A. Robinson and H. S. Harned, Chem. Rev., 28, 
420 (1941).

(4) N. Bjerrum, Medd. Vetenskapsakad. Nobelinst., 6, 1 (1919).
(5) G. Scatchard, T h is  J o u r n a l , 47, 2098 (1925).
(6) H. S. F rank, ibid., 63, 1789 (1941).
(7) This treatm ent leads to  a result equivalent to  th a t of Bjer­

rum, though by a somewhat different route.
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dration) being denoted by the usual unprimed 
symbols. Let 1 molecule of solute give rise in 
solution to v ions. We shall now assume that the 
total interaction between these v ions and the sur­
rounding solvent, in all cases where this interaction 
is significantly large compared to kTf can be allowed 
for as a “binding” of n molecules of water in their 
“hydration shells.” We need not at this stage 
discuss the manner in which this “bound” water is 
shared between anions and cations.

Then in a solution of molality, m, there are nm 
molecules of “bound” water to (55.51 — nm) mole­
cules of “free” water. The “true” molality mf 
(moles of hydrated solute per 1000 g. of “free” 
water) is therefore

' — 5 5 .5 1  m __ m .
m  5 5 .5 1  — nm ~~ 1 — 0 .0 1 8  nm *

Then if a ' be the activity of the hydrated solute, 
and a that of the water, the Gibbs-Duhem relation 
becomes

d  In a* =  — ( 5 5 .5 1 /m ')  d  In

This is equally as valid as the ordinary form using 
the stoichiometric molality and activity, com­
puted with disregard of hydration

d  In  a =  — (5 5 .5 1  /m) d  In a w

Hence, introducing the mean molal activity co­
efficients 7 ' and 7 , we have

d  In 7 ' =  — (5 5 .5 1  /v m )  d  In a w — d  In mf (4 )

and
d  In y  =  — (5 5 .5 1 /V ra ) d  In — d  In m (5 )

from which by substituting for m' from (3) we ob­
tain

d In 7 ' =  — (5 5 .5 1  /vm) ( 1  — 0 .1 0 8 nm) d  In aw 
— d  In m +  d  In ( 1  — 0 . 0 1 8nm)

— d  In y  +  (n/v) d  In a w - f  d  In ( 1  — 0 . 0 1 8nm).

Upon integrating between molalities zero and m 
we obtain, remembering that both 7  and 7 ' must 
approach unity at zero concentration

In y ' =  In y  +  (n/v) In  -j- In  ( 1  — 0 . 0 1 8 nm) (6 )

We shall, however, be concerned rather with the 
mean rational activity coefficient of the hydrated 
solute, ƒ'. This is clearly related to 7 ' by the 
equation

In  f  =  In  y ' +  In  (1  +  0 . 0 1 8 ^ 9  (7 )

which is the analog of the familiar (unprimed) 
equation established by Scatchard5 for the un­
hydrated case. Combining (7) with (6), and 
simplifying with the aid of (3) we obtain
In y ~  In ƒ' ~  (n/ v)  In aw — In [ 1  — 0 .0 1 8 ( «  — v) m ) (8 )

This gives a relation between the observed stoi­
chiometric activity coefficient and the rational 
activity coefficient of the hydrated solute, in terms 
of the “hydration parameter” n?

(8) If we allow for a possible variation of n with concentration,
J ^ m n

-  d In a w .

Q *

Application of Equation (8) to the Debye- 
Hückel Theory.—In order to fit equations (1) 
or (2) to observed activity coefficients, it is in 
general necessary to use values of the “mean 
distance of closest approach of the ions,” d, which 
are substantially larger than the known crystallo­
graphic radius sums of the ions. This is very rea­
sonably attributed to hydration of the ions. Con­
sequently we should surely regard the Debye- 
Hückel treatment as predicting the activity co­
efficient of the hydrated ions, i. e., the f  of equation
(8). If the hydration effect is alone responsible 
for the observed increase in the activity coefficient, 
activity coefficients in water at 25° should be 
capable of representation by the equation
t  0 .5 0 9 2 3 1 0 2  n  11°S y — 1 +  0.32864 log

log [1 -  0.018(# -  v)m] (9)
where we have replaced the term log ƒ' by the 
Debye-Hückel expression (1), using the modern 
values9 of the physical constants involved. Here 
Zi and 02 are the valencies, /x is the ionic strength in 
volume units, and d is to be expressed in Angstrom 
units. The three terms on the right of (9) may 
conveniently be called the “D -H  term,” the “sol­
vent term,” and the “scale term,” respectively. 
The D -H  term is always negative, and the solvent 
term is always positive since aw <  1. The scale 
term is positive, zero, or negative according as 
n >  v, n =  v, or n <  v. The importance of the sol­
vent term has often been overlooked in discussion 
of hydration effects. In point of fact the scale 
term and the solvent term are usually of the same 
order of magnitude.

Equation (9) still contains two adjustable pa­
rameters, a and n. In this form it proves to be ca­
pable of representing observed activity coefficients 
with an accuracy about as good as that of equa­
tion (2), but over a much wider range of concen­
tration, extending in many cases to an ionic 
strength of 5. Its superiority to equation (2) is 
especially evident in the case of 2:1  halides, where 
equation (2) generally fails at an ionic strength of 
about 1 (i. e., about 0.3 M). In Table I are listed 
the n and d values giving the best fits to the experi­
mental 7  values, with the range of validity and 
the average and maximum deviations. The con­
centrations at which the comparisons are made are 
those listed in Tables II and III in connection 
with the one-parameter equation. The experi­
mental activity coefficients with which the com­
parisons are made are mainly values which we 
have recently recomputed from our isopiestic 
measurements, using the most recent standard 
data for the reference solutions.10*11 These ac­
tivity coefficients are also listed in Tables II and
III. Those of hydrochloric and hydrobromic 
acids are from the compilation by Harned and

(9) G. G. Manov, et al., T h is  J o u r n a l , 65, 1765 (1943).
(10) R. A. Robinson, Trans. Roy. Soc., New Zealand, 75 [II], 

203 (1945).
(11) R . H„ Stokes, Trans. Faraday Soc., 44, in  press (1948).
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Owen.12 These activity coefficients are listed in 
Tables II and III in connection with the one- 
parameter equation now to be developed. The 
solvent term —n/v log aw can in principle be com­
puted from the values of f  for a given n and d, but 
such a procedure would be extremely arduous from 
the computational point of view. This term has 
therefore been evaluated from the experimental 
osmotic coefficients <fiy since for aqueous solutions, 
by definition

— \ j v  log aw =  0.007824m<f>

The One-parameter Equation.—Examination 
of the n and d values of Table I shows that the d 
values are much the same as those normally 
needed in equation (2). The n values, however, 
are substantially greater than the values we might 
expect to find on current ideas of hydration, which 
are largely based on the treatment by Bernal and 
Fowler13 of the apparent molal volumes in dilute 
solutions. Furthermore they do not depend only 
on the cation as we should at first sight expect if 
we accept those authors’ view that the large anions 
Cl~, Br~ and I~ are unhydrated.

We are inclined to accept the idea that it is the 
cations rather than the anions which are hydrated, 
especially as it has been shown13a by comparing 
the activity coefficients of the pairs: calcium chlo­
ride-sodium sulfate, lanthanum chloride-potas­
sium ferricyanide and thorium nitrate-potassium 
ferrocyanide, that polyvalent cations lead to high 
activity coefficients and polyvalent anions to low 
coefficients. We wish to emphasize, however, 
that our n is not the same thing as the conven­
tional number of water molecules in the first layer 
round the ion. It is rather a number introduced 
to allow for the average effect of all ion-solvent 
interactions where these are large compared to 
k T , and may therefore very well contain contribu­
tions from solvent molecules outside the first 
layer. The feature of Table I which does seem 
difficult to explain is the increase of n with increas­
ing anion size, for a given cation. Even this is, 
however, not necessarily impossible, when we con­
sider that in the concentration range considered 
the water molecules are not bound simply by the 
fields of isolated ions, but rather by the resultant 
field of an ion and its neighbors, which of course 
depends on their dimensions.

It is clear from Table I that there is some sort of 
connection between the n and d values, which in 
general increase together, d is to be interpreted 
as the closest distance to which the center of the 
(unhydrated) anion can approach that of the 
(hydrated) cation. We may estimate the size of 
the cation from the n value as follows: From the 
density of pure water, we know that a “normal” 
water molecule occupies at 25° an effective volume

(12) H. S. H arned and B. B. Owen, “ The Physical Chemistry of 
Electrolytic Solutions,’* Reinhold Publishing Corp., New York, 
N. Y., 1943.

(13) J. D. Bernal and R. H. Fowler, J . Chem. Phys., 1, 515 (1933).
(13a) R. A. Robinson and B* J, Levien, Trans. Roy. Soc. N. Z., '76,

295(1947).

of 30.0 cubic angstrom units. Round the smaller 
cations, however, there is, as Bernal and Fowler13 
have shown, a closer-packing effect which in many 
cases actually makes the apparent ionic volume of 
the cation negative. We can allow for this close­
packing effect, as well as for the volume occupied 
by the cation itself, by putting the volume of the 
^-hydrated cation equal to (30n +  F+), where F+ 
is the apparent ionic volume of the cation (in cubic 
A. per ion). In most cases V+ is only a small frac­
tion of 30n, so that it need not be determined with 
great accuracy, and any variation of V+ with con­
centration can be ignored. To estimate V+ from 
the observed apparent molal volumes, we have fol-

T able  I
Constants of the  T wo-parameter  E quation (9), 
Giving B est F its to the E xperim ental A ctivity 

Coefficients

Salt n

a
(ang­

stroms)

Range
fitted

(molality)
Average 

difference 
in 7

Maxi­
mum 

differ­
ence 
in 7

HCl 8 .0 4 .4 7 0 . 01 - 1 . 0 0.001 0 .0025
HBr 8 .6 5 .1 8 .1 - 1 .0 .001 .002
HI 10 .6 5 .6 9 .1 -0 .7 .002 .002
HC104 7 .4 5 .0 9 .1 - 2 .0 .001 .003

LiCl 7 .1 4 .3 2 .1 - 1 .0 .001 .002
LiBr 7 .6 4 .5 6 .1 - 1 .5 .001 .002
Lil 9 .0 5 .6 0 .1 - 1 .0 .003 .008
LiC104 8 .7 5 .6 3 .2 - 1 .0 .003 .007

NaCl 3 .5 3 .9 7 .1 - 5 .0 .002 .003
NaBr 4 .2 4 .2 4 .1 - 4 .0 .001 .002
Nal 5 .5 4 .4 7 .1 - 1 .5 .002 .004
NaCICh 2 .1 4 .0 4 .2 - 4 .0 .0015 .003

KC1 1 .9 3 .6 3 .1 - 4 .0 .002 .003
KBr 2 .1 3 .8 5 .1 - 4 .0 .0025 .004
K l 2 .5 4 .1 6 .1 - 4 .0 .001 .002

RbCl 1 .2 3 .4 9 .1 - 1 .5 .001 .002
RbBr 0 .9 3 .4 8 .1 - 1 .5 .001 .001
R bl 0 .6 3 .5 6 .1 - 1 .5 .005 .003
MgCl2 1 3 .7 5 .0 2 .1 - 1 .4 .001 .002
MgBr2 1 7 .0 5 .4 6 .1 - 1 .0 .002 .004
MgLj 1 9 .0 6 .1 8 .1 - 0 .7 .001 .002

CaCl2 12 .0 4 .7 3 .0 1 -1 .4 .001 .002
CaBr2 14 .6 5 .0 2 .1 - 1 .0 .0005 .001
CaX2 17 .0 5 .6 9 .1 - 0 .7 .0005 .002

SrCl2 1 0 .7 4 .6 1 .1 -1 .8 .001 .002
SrBr2 1 2 .7 4 .8 9 .1 -1 .4 .OOI5 .002
Srl2 15 .5 5 .5 8 .1 - 1 .0 .001 .002

BaCl2 7 .7 4 .4 5 .1 - 1 .8 .001 .003
BaBr2 1 0 .7 4 .6 8 .1 - 1 .5 .001 . 002
Bal2 1 5 .0 5 .4 4 .1 - 1 .0 .0025 . 005
MnCl2 11 .0 4 .7 4 . 1 -1 .4 .001 . 004
FeCl, 12 .0 4 .8 0 .1 - 1 .4 .002 . 003
C0 CI2 13 .0 4 .8 1 .1 - 1 .0 .001 .001
NiCl2 13 .0 4 .8 6 .1 - 1 .4 .OOI5 .003
Zn(C104 ) 2 2 0 .0 6 .1 8 .1 - 0 .7 .001 .003

The data of J. H. Jones, J .  P h y s .  C h em ., 51, 516 (1947),
have been used for lithium and sodium perehlorate*
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lowed the procedure of Bernal and Fowler with 
slight modifications. The apparent molal vol­
umes at 1M  were computed from the density data 
of “International Critical Tables.” It turns out 
that the values for cesium and rubidium chloride, 
bromide and iodide can be represented within a 
few per cent, by Fapp = 6.47(r+8 +  r_3) cu. A. 
per molecule, where r+ and r_ are Pauling’s14 
crystallographic radii (in A.). The molal volumes 
in the solid state are also fairly close to this. 
Since these salts have anions and cations of not 
greatly differing sizes, it is reasonable to attribute 
to the anions in other salts a contribution of 6.47 
f- 3 cu; A./ion toward the apparent molal volume. 
The contribution of the cation, including the 
closer-packing effect on the water, is then calcu­
lated as F+ = (Fapp — 6.470ir_3) where zx is the 
cation valence.

We can now calculate a kind of “idealized” 
radius rx for the w-hydrated cation, given by 
4/ 37iTi3 = 30n +  F+ . Upon adding rx to the crys­
tallographic radius of the anion, we obtain an 
“idealized” distance of closest approach. When 
this calculation is carried out, we find a clear con­
nection between these “idealized” distances and 
the a values actually needed (Table I) for the best 
fit. oThe stlm (rx +  rJ) exceeds d by aomatter of
0.7 A. for the alkali halides and 1.3 A. for the 
alkaline-earth halides. The variation in this 
difference from salt to salt is scarcely more than 
can be accounted for by the usual elasticity of a 
two-parameter equation. We can interpret this 
difference in two ways: as a penetration of the 
hydration shell of the cation by the anion (follow­
ing a suggestion of Frank6) or as a distortion of the 
ions by the field. Either explanation will also 
cover the fact that the difference is nearly twice as 
great for doubly charged as for singly charged 
cations. It is to be noted that the three halide 
anions considered have radii varying only from 
1.81 to 2.16 A. so that we should expect them all 
to penetrate to much the same extent.

This admittedly empirical relation between n 
and d turns out to be of sufficient accuracy to make 
possible the evaluation of d from n, the densities of 
the solutions, and the known crystallographic 
radii of the ions. We therefore have the activity 
coefficient in terms of the single parameter ny as 
follows 
log 7  =
_________ _________ 0.50920102 V m______ _________

1 +  0.3296 ^  (30» +  7 + )J Vs +  -  a |
— (n j v ) log a w — log [1 — 0.018(w — v )m ] . . .  (10)

where A =  0.7 A. for the univalent halides and
1.3 A. for the bivalent metal halides.

By choosing the appropriate value of n by a 
trial-and-error process, equation (10) will give a 
satisfactory representation of the observed ac­
tivity coefficients (over a usefully wide range of

(14) L. Pauling, “The Nature of the Chemical Bond/’ Cornell 
University Press, Ithaca, New York, 1944,

concentrations) as shown in Tables II and III and 
Fig. 1.

It is noteworthy that in the majority of cases the 
equation breaks down when the product of n 
and the molality exceeds about 10 or 15. This is 
to be expected, as there are only 55.51 moles of 
water altogether for m moles of salt, and the effects 
of “competition” between neighboring ions of the 
same sign must become noticeable. To proceed 
to higher concentrations we would have to use an 
n which was a suitably decreasing function of con­
centration. It is important to note that when 
equation (10) begins to fail by more than 1% or 
so, the predicted y  values are higher than the ex­
perimental values, as a natural consequence of the 
use of too large an n value. The only exceptions 
to this last statement occur in the case of the rubid­
ium halides, where the predicted y  values become 
too low above 2 M. Here of course the relation 
between n and d is being stretched to rather ab­
surd lengths, in treating the ions as spherical with 
such small n values as are needed. The activity 
coefficients of the cesium halides cannot be recon­
ciled with equation (10); they are equally difficult 
to fit with the conventional equation (2), requiring 
d values substantially less than the radius sums.

One cannot claim that the accuracy of fit obtain­
able with the one-parameter equation (10) is quite 
as good as can be done with equation (9) using 
two parameters; but it is at least able to predict 
activity coefficients within about twice the experi­
mental error, and with an accuracy nearly always 
better than 1% up to remarkably high concentra­
tions.

The simplicity of the physical model makes its 
success the more striking. Though there are 
many obvious criticisms which can be made, the 
empirical value of the one-parameter equation is 
clear from the figures, and is sufficient to justify 
the decidedly ad hoc arguments used in its de­
velopment.

II. Water Activities in Very Concentrated 
Electrolyte Solutions.—In the course of iso- 
piestic measurements on very concentrated 
calcium nitrate solutions it was found that, 
while the solution is saturated at 8.4 M  at 25°15 it 
readily supersaturates. These supersaturated so­
lutions, on further concentration (by isothermal 
evaporation at 25°) pass into semi-solid gels. . The 
transition from a freely flowing solution to a trans­
parent, rigid gel is marked by no visible discon­
tinuity, and the vapor pressure-concentration 
curve is also continuous. The measurements were 
extended to 21 M, at which concentration the clear 
homogeneous gel broke down into a striated form. 
Vapor pressure measurements were not made on 
these striated gels, because equilibrium was not 
reached sufficiently rapidly. These phenomena 
suggested the possibility that at high concentra­
tions the system could be treated as an adsorbent 
(calcium nitrate)-adsorbate (water) system.

(15) M> Bassett aud  H. 3, Taylor, J , Chem. Soc., W%9 576 (1919).
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T able II
Comparison of E xperim ental  A ctivity Coefficients of U n i-univalent  H alides at 2 5 ° w ith  those Calculated

by  the  On e -parameter E quation (10)
The value of n is given below the formula of each salt. In all cases the “penetration distance” is taken as 0.7 A.

m

HCl 
n -  7.3 

(4.84)
Obs. Calcd.

H Br 
n = 8.6 

(5.18)
Obs. Calcd.

H I
n = 10.6 

(5.69)
Obs. Calcd.

LiCl
» *= 6.5 

(4.66)
Obs. Calcd.

LiBr 
n = 7.1 

(4.92)
Obs. Calcd.

L il
n — 10.C 

(5.59)
Obs. Calcd.

NaCl^
» — 3.5 

(3.97)
Obs. Calcd.

N aBr 
n — 4.15 

(4.30)
Obs. Calcd.

0 .1 U.796 Ö.799 Ü.S05 0.807 0.818 0.820 0.790 0.795 0.796 0.800 0.815 0.817 0.778 0.776 0.782 0.783
.2 .767 .770 .782 .784 .807 .806 .757 .762 .766 .770 .802 .800 .735 .731 .741 .742
.3 .778 .778 .811 .809 .744 .748 .756 .759 .804 .801 .710 .707 .719 .720
.5 .757 .758 .789 .789 .839 .838 .739 .741 .753 .759 .824 .824 .681 .679 .697 .698
.7 .815 .815 .883 .881 .748 .749 .767 .772 .852 .863 .667 .666 .689 .690

1.0 .809 .807 .871 .870 .963 .976 .774 .773 .803 .805 .657 .657 .687 .689
1.5 .896 .895 .838 .838 ' .895 .890 .656 .659 .703 .703
2 .0 1.009 1.018 .921 .926 1.015 1.009 .668 .671 .731 .730
2 .5 1.161 1.164 .688 .691 .768 .769
3 .0 .714 .716 .812 .810
4 .0 .783 .781 .929 .924
5 .0 .874 .870

m

N al
n = 5.05 

(4.73)
Obs. Calcd.

KC1 
n — 1.9 

(3.63)
Obs. Calcd.

K Br
n =  2.05 

(3.84)
Obs. Calcd.

K I
n «  2.45 

(4.20)
Obs. Calcd.

RbCl 
n =* 1.25 

(3.47)
Obs. Calcd.

RbBr 
n =  0.9 
(3.48)

Obs. Calcd.

R b l 
n  =  0.6 

(3.56)
Obs. Calcd.

0.1 0.787 0.791 0.770 0.767 0.772 .770 0.778 0.777 0.764 0.762 0.763 0.762 0.762 0.762
.2 .751 .755 .718 .716 .722 .721 .733 .731 .709 .708 .706 .707 .705 .708
.3 .735 .738 .688 .686 .693 .692 .707 .708 .675 .676 .673 .674 .671 .674
.5 .723 .725 .649 .649 .657 .658 .676 .675 .634 .635 .632 .632 .629 .632
.7 .724 .725 .626 .626 .636 .638 .660 .659 .608 .609 .605 .606 .602 .605

1.0 .736 .734 .604 .606 .617 .619 .645 .645 .583 .584 .578 .579 .575 .577
1.5 771 768 . 583 .586 ar\f\ • uuv .603 .637 .636 .559 CEO«ooo er er t k pn .OUX mOO& .547 .547
2 .0 .820 .819 .573 .576 .593 .596 .637 .636 .546 .542 .536 .531 .533 .526 *
2 .5 .883 .883 .569 .571 .593 .594 .644 .6.41
3 .0 .963 .962 .569 .571 .595 .596 .652 .650
4 .0 .577 .575 .608 .606 .673 .673

The a  values given in parentheses for comparison with Table I are not parameters bu t are computed from n  and the
apparent ionic volumes.

T able  III
Comparison of E x perim ental  A ctivity Coefficients for B i -univalent  H alides at 2 5 ° with those Calculated

by  the On e-parameter E quation  (10)
The value of n  is given below the formula of each salt. In all cases the “penetration distance” is taken as 1.3 A.

m

MgCla (4.99) 
n =  13.9 

Obs. Calcd.

MgBr* 
n — 

Obs.

(5.48)
17.0
Calcd.

Mgl* (5.96) 
n — 20.0 

Obs. Calcd.

CaCla (4.75) 
n =  11.9 

Obs. Calcd.

CaBr* (5.17) 
n — 14.0 

Obs. Calcd.

Cal* (5.68) 
n =  17.0 

Obs. Calcd.
SrCl* (4.60) 

n =  10.8 
Obs. Calcd.

SrBr* (4.99) 
n =  12.4 

Obs. Calcd.
0 .1 0.529 0.530 0.550 0.552 0.580 0.574 0.518 0.519 0.532 0.536 0.560 0.559 0.511 0.511 0.526 0.528

.2 .489 .489 .518 .523 .558 .555 .472 .472 .492 .497 .531 .531 .462 .461 .483 .485

.3 .477 .477 .517 .519 .567 .562 .455 .454 .482 .486 .531 .530 .442 .441 .468 .469

.5 .481 .481 .545 .546 .614 .613 .448 .448 .491 .494 .561 .560 .430 .430 .467 .469

.7 .506 .506 .599 .599 .698 .703 .460 .460 .522 .521 .614 .614 .434 .436 .484 .486
1.0 .570 .572 .723 .727 .500 .499 .597 .603 .741 .748 .461 .462 .535 .535
1.4 .709 .714 .587 .586 .524 .524 .643 .648
1.8 .712 .720 .614 .619

m

Sri* (5.55) 
n =  15.5 

Obs. Calcd.

BaCl* (4.29) 
n =  8.4 

Obs. Calcd.

BaBra (4.77) 
n -  10.3 

Obs. Calcd.

Bala (5.51) 
n =  14.7 

Obs. Calcd.

MnCla 
n = 

Obs.

(4.65)
11.4
Calcd.

FeCl* (4.75) 
n =  12.1 

Obs. Calcd.

CoCl* (4.83) 
n =  13.0 

Obs. Calcd.
NiCl* (4.83) 

n = 13.1 
Obs. Calcd.

0 .1 0.553 0.552 0.500 0.496 0.513 0.516 0.542 0.548 0.516 0.514 0.518 0.518 0.522 0.523 0.522 0.523
.2 .520 .519 .444 .440 .465 .468 .509 .515 .469 .466 .473 .472 .479 .479 .479 .479
.3 .517 .514 .419 .415 .446 .448 .502 .508 .450 .446 .454 .454 .463 .464 .463 .464
.5 .536 .534 .397 .393 .435 .437 .523 .524 .440 .438 .450 .449 .462 .463 .464 .463
.7 .578 .577 .391 .388 .442 .443 .562 .561 .448 .447 .463 .462 .479 .481 .482 .482

1.0 .680 .680 .395 .395 .469 .469 .649 .650 .479 .479 .506 .504 .531 .533 .536 .535
1.4 .419 .420 .529 .528 .542 .550 .596 .594 .634 .644 .647 .650
1 .8 .449 .458 .609 .615 .719 .731

As in Table II the & values in parentheses are not parameters but are computed from n  and the apparent ionic volumes.

Experimental
Calcium nitrate from British Drug Houses, 

Limited, was recrystallized twice from water. 
Solutions, analyzed for calcium as carbonate, were 
equilibrated against sulfuric acid by the isopiestic

method.16 From the experimental results, given 
in Table IV, the osmotic and activity coefficients 
were evaluated (Table V) with the aid of the data

(16) R. A. Robinson and D. A. Sinclair, T his Journal, 56, 1830
(1934).



Fig. 1.—Comparison of experimental activity coefficients with those predicted by the one-parameter equation (10). 
The full curves are calculated from equation (10), using the value for the “hydration parameter” n following the formula 
of each salt. The circles give the experimental values. Diameter of circles equals 0.004 in y .
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for sulfuric acid.17-18 Previous values19 at concen­
trations up to 3 AT have been recalculated to con­
form to more recent standards. Compared with 
such salts as calcium chloride low y  values are ob­
tained for calcium nitrate over the whole concen­
tration range. Thus at 6 M  we. find 7ca(No3)2 =
n  —  1 1  1 1  '  I 'Vi t  c\ i o

l  CaCl2 ----  J U J L .A J L . X  A AlvJ AvJ W J U O i O U W t  V» A CJL1

the general behavior of bivalent metal nitrates, 
and is probably to be explained in terms of 
Bjerruill’s ideas of ion-pair formation. It seems 
quite likely that at high concentrations the salt 
would be better formulated as (CaN03) + N03“.

Table I V

I sopiESTic Solutions of Calcium Nitrate and Sulfuric

JSI
A c id  a t  25 °

6 6 o o oo & o & oGO CD 02 m”cSo W 03Ö w ao W o W
% S 3 S *

3 .070 3.184 3.784 3.823 4.535 4.494 5.505 5.346
7.038 6.675 7.208 6.815 7.426 7.000 7.860 7.386
8.110 7.615 9.148 8.530 10.44 9.610 11.35 10.31

11.88 10.73 12.07 10.87 14.28 12.50 15.67 13.39
16.34
19.67

13.89
15.79

17.00
21.58

14.35
16.80

17.94 14.92 18.96 15.45

T a b l e  V

O s m o t ic  and Activity Coefficients o f  Calcium 
N itrate at 25 °

M <p y M <p y
0.1 0 .8 2 7 0 .4 8 5 4 .0 1 .1 5 7 0 .4 3 5

.2 .819 .426 4 .5 1 .2 1 0 .469

. 3 .818 .395 5 .0 1 .2 6 3 .507

.4 .821 .376 6 .0 1 .361 .592

.5 .825 .363 7 .0 1 .4 5 2 .690

.6 .831 .354 8 .0 1 .5 3 5 .801

.7 .837 .347 9 .0 1 .6 2 2 .935

.8 .843 .342 1 0 .0 1 .683 1.065

.9 .850 .338 1 1 .0 1 .7 2 2 1 .184
1 .0 .859 .336 1 2 .0 1 .7 5 9 1.311
1 .2 .879 .335 1 3 .0 1 .7 8 0 1.425
1 .4 .898 .335 1 4 .0 1 .7 9 8 1 .538
1 .6 .917 .337 1 5 .0 1 .8 0 3 1.633
1.8 .934 .340 1 6 .0 1 .8 0 5 1 .724
2 .0 .953 .345 1 7 .0 1 .8 2 0 1 .838
2 .5 1.001 .360 1 8 .0 1 .8 1 5 1.917
3 .0 1.051 .380 1 9 .0 1 .7 9 5 1.961
3 ,5 1 .103 .405 2 0 .0 1 .7 7 8 2 .0 0 8

In the case of calcium nitrate and other highly 
soluble salts it would be futile to attempt any form 
of extension of the Debye-Hückel treatment, into 
the very concentrated solutions. We have only to 
note that in an 18 molal solution there are only 
about 3 molecules of water per molecule of solute, 
to realize the hopelessness of such an approach. 
Another important point is that at these concen­
trations there can be little left of the normal co- 
ordinated structure of water; for in a solution 
with say 5 moles of a 2:1 electrolyte per liter, there 
are (15 X 6.023 X 1020) ions per cc., so that the

(17) S. Shankman and A. R. Gordon, T h is  J o u r n a l , 61, 2370 
(1939).

(18) R. H, Stokes, ibid., 69, 1291 (1947).
(19) R . A. Robinson, ibid., 62,3130 (1940).

average distance between an ion and its nearest 
neighbors can be only about 5 A. Clearly there 
can be in such a solution no water molecules which 
are not subject to quite large electrical forces from 
the ionic field. It is in fact rather surprising that 
the Debye-Hückel treatment as extended in Part 
I of this paper gives such reasonable results as it 
does in the case of say 5 M  sodium chloride. In 
very dilute solutions the ion-ion forces are domi­
nant, and the simple Debye-Hückel treatment is 
applicable. In moderate concentrations, the ion- 
ion and ion-solvent forces become of comparable 
importance, and the method of Part I provides a 
satisfactory treatment. We believe that at very 
high concentrations the ion-solvent forces are the 
dominant factor, and shall therefore develop as a 
first approximation a treatment which ignores the 
ion-ion forces, or rather assumes that they are 
little affected by concentration in the range to be 
discussed. There is some justification for this: (a) 
the Debye-Hückel function [A \/c /( l  +  aB\/c)] 
flattens out with rising concentration, approach­
ing the limit A /dB. (b) From an entirely differ­
ent viewpoint, we might treat the solution as a 
somewhat irregular ionic lattice with interspersed 
water molecules, a view supported by the X-ray 
data of Beck,20 for example, on concentrated solu­
tions of lithium chloride and bromide and rubid­
ium bromide. The ion-ion energy on this pic­
ture might reasonably be expected to be propor­
tional to the inverse cube root of the volume-con­
centration, so that again it should vary rather 
slowly with concentration.

The behavior of concentrated calcium nitrate 
“solutions,” described above, raised the question 
of whether we could obtain a relation between mo­
lality and water activity by the application of an 
adsorption isotherm. Though calcium nitrate is 
the only electrolyte which we have found to form 
gels, we have obtained vapor pressure data for a 
number of other electrolytes at equally high con­
centrations, and there would seem to be nothing to 
prevent the application of the same idea to these 
also. We may picture a concentrated solution as 
containing ions in various stages of hydration, 
some with a complete hydration shell forming a 
monomolecular layer round the ion, others with in­
complete shells, and others with more than one 
layer, the second and higher layers being of course 
much less strongly bound. All these would be in 
equilibrium, the relative amounts of each varying 
with concentration. Now this model bears a 
strong resemblance to that from which the adsorp­
tion isotherm derived by Brunauer, Emmett and 
Teller21 was derived. Modifying the notation of 
these authors to suit the present case, we may 
write their equation as

m a w
55.51(1 ..  57)

c -  1 
cr

Uyv (ID

(20) Beck, Physik. Z ., 40, 474 (1939).
(21) S. Brunauer, P. H. Em m ett and E. Teller, T h is  J o u r n a l , 60, 

309 (1938).
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where: aw is the water activity of the solution; 
m  its molality; r  is the number of molecules of 
water in the monomolecular hydration layer when 
complete; and c is a constant related to the heat of 
adsorption E of the molecules in the layer by the 
approximate relation c =  exp (E — EL) /i?r,E L 
being the heat of liquefaction of pure water. 
Equation (11) may be tested by plotting the left- 
hand side (determined from the experimental m 
and aw) against aw. We find that good straight 
lines are obtained from the following electrolytes 
in the concentration range where &w <  0.3: cal­
cium nitrate, calcium chloride,11 calcium bro­
mide,22 lithium chloride,23 lithium bromide,22 zinc 
chloride,11 zinc bromide,11 perchloric acid,24 hydro­
chloric acid,25 and sodium hydroxide.26 Table VI 
gives the best values of the parameters c and r for 
these electrolytes, obtained by a least-squaring 
process. Also recorded are the average deviations 
of the water activity observed from that required 
to reproduce the experimental molality with equa­
tion (11) rewritten in the form

m
55.51(1 -  gw)

ö’W
(Ha)

The accuracy of fit is on the whole surprisingly 
good; it should be remembered that the experi­
mental accuracy of vapor pressure measurements 
at these high concentrations is in the majority of 
cases not much better than 0.0010 in aw. It is 
immediately noticeable that the r values for the 
1:1 electrolytes are between 3 and 4, while those 
of calcium chloride and calcium bromide are about 
twice as large. Zinc chloride and bromide have r 
values similar to those of 1 :1  electrolytes, which 
is to be explained on the grounds that concen­
trated solutions of these salts should really be for­
mulated as Zn (ZnCfi) and Zn (Zn Br4)27 so that 
only half the zinc is in the form of ions free to 
undergo hydration. The free zinc ions then have 
r values similar to those of calcium in calcium 
chloride and bromide. In the case of calcium ni­
trate if we adopt the formulation CaN03+*N03~ 
it is reasonable that the r value should be in the 
range characteristic of 1:1 electrolytes. The 
values of the parameter c are also reasonable, cor­
responding to E  — El =  1 to 3 kcal. per mole of 
water adsorbed. An unsatisfactory feature of 
equation (11) is that it demands the nqn-integral 
r values of Table VI. These can scarcely corre­
spond to any physical reality, and have more likely 
arisen as a result of approximations in the B-E-T. 
theory and its application to this case. The most 
drastic of these approximations is that of treating 
all water molecules beyond the first layer as held 
by ordinary liquid forces, with a heat of liquefac-

(22) R. A. Robinson and H. J. McCoach, T his J o u r n a l , 69, 2244 
(1947).

(23) R. A. Robinson, Trans. Faraday Soc., 41, 756 (1945).
(24) R. A. Robinson and O. J. Baker, Trans. Roy. Soc. New 

Zealand, 76, 250 (1946).
(25) G. Akerlöf and J . W. Teare, T h is  J o u r n a l , 59, 1855 (1937).
(26) R. H. Stokes, ibid., 67, 1689 (1945).
(27) R. H. Stokes, Trans. Faraday Soc., 44, in press (1948).

tion El. Anderson28 has deduced a modification 
of the B -E -T  equation in which the subsequent 
layers (up to about the tenth) have a heat of ad­
sorption less than that of water by d. This has 
the effect of multiplying aw, wherever it occurs in
(11), by a factor K  =  e~d/RT leading to the equa­
tion

m a w 1 . g -  1
55.51(1 -  K a w) c K r  ^  c r  w

We shall now investigate whether this equation, 
with r fixed at 4.000 or 8.000 according to the salt 
considered, will represent the observed relation 
between m and aw by an appropriate choice of the 
two constants c and K . To make the test we re­
write (12) in the form

c =  j- g  -  a ) j  j 55.5 1(1 _W Kaw) ~  a " \

and find by trial a value of K  which lends to a rea­
sonably constant c over the widest possible range 
of molality. The c and K  values found for the 
nine electrolytes are listed in Table VII, The 
range of validity of equation (12) is somewhat 
wider than that of equation (11), extending in 
most cases up to aw =  0.5. The average devia­
tions are on the whole slightly greater, though 
there would be little difference if equation (12) 
were restricted to the same range of water activi­
ties as equation (11).

T a b l e  V I

C o n s t a n t s  o f  E q u a t io n  (11)
Aver­
age

devia-
Elec- tion

trolyte r c Range fitted in aw
LiCl 3.64 17.2 1 2 M -2 9 M 0.0008
LiBr 3.82 43.0 1 1 M -2 0 M .0015
HCl 3.50 19.1 1 2 M - 1 6 M .0009
HC104 3.93 59.0 1 0 M -1 6 M .0017
Ca(NOa)2 3.86 9.40 1 2 M -2 0 M .0007
ZnCl2 3.69 22.6 1 2 M - 2 2 M .0017
ZnBr2 4.01 19.8 1 1 M -2 Q M .0008
CaCl2 6.73 9.50 7 M - 1 0 .5 M .0004
CaBr2 7.06 42.6 6 M - 9 M .0031
NaOH 3.20 19.3 1 4 M - 2 9 M .0011

The c parameter of equation (12) ranges from
9.04 to 58.2, corresponding to values of E  — E l of
1.3 to 2.4 kilocalories per mole of water. These 
magnitudes seem reasonable enough. The K  
parameter range corresponds to d =  0 to 150 cal./ 
mole of water in the second and subsequent layers. 
This relatively small energy might easily corre­
spond to a weak ordering effect on the water 
molecules concerned. It would however clearly 
be unwise to go too far in attempting to attach an 
exact physical meaning to K  in terms of the model. 
It is sufficient to have shown that with an integral 
r value of 4 or 8, and a c corresponding to a reason­
able “energy of adsorption,” equation (12) is 
applicable over the remarkably wide ranges of con-

(28) R. B. Anderson, T h is  J o u r n a l , 68, 686 (1946).
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centration given in Table VII. The K  parameter 
can then be regarded as a convenient carry-all for 
such effects as ordering in the second and higher 
layers and the otherwise neglected variation in the 
ion-ion energy with concentration. In view of 
the approximate nature of the treatment, the accu­
racy with which the molality can be related to the 
water activity by equations (11) and (12) is more 
than satisfactory.

T a b l e  V I I

C o n s t a n t s  o f  E q u a t io n  (12)
Aver­
age

devia-
Elec­

tro ly te r c K Range fitted
tion 

in aw

LiCl 4 .0 0 1 5 .8 4 0 .8 6 0 8 M - 2 0 M 0.0006
LiBr 4 .0 0 4 2 .0 0 .8 9 0 8 M - 2 0 M .0018
HCl 4 .0 0 1 4 .3 8 0 .8 5 0 7 M - 1 6 M .0019
HC1Ü4 4 .0 0 5 8 .2 0 .9 5 0 9 M - 1 6 M .0024
Ca(N 03) 2 4 .0 0 9 .0 4 0 .9 6 0 9 M - 2 0 M .0010
ZnCl2 4 .0 0 2 0 .5 0 .8 8 0 1 Q M -2 2 M .0025
ZnBr2 4 .0 0 2 0 .0 1 .0 0 0 1 1 M -2 0 M .0009
CaCl2 8 .0 0 9 .2 4 0 .7 7 5 4 M - 1 0 .5 M .0016
CaBr2 8 .0 0 3 4 .1 0 .7 7 0 4 . 5 M - 9 M .0007

In the case of hydrochloric acid, the data avail­
able24 cover the temperature range 0-50°, so that 
an interesting test of these ideas is possible. 
Table VIII gives the values of the K  and C pa­
rameters, taking r = 4, for hydrochloric acid at va­
rious temperatures. The variation in C is con­
siderable, but corresponds to a practically con­
stant value of E  *— Ej, in the equation

C  =  exp ( E  -  E h) / R T

This is consistent with the idea of strong electro­
static forces causing the “adsorption.” The K  
values on the other hand do not correspond to a 
constant value of d; but the various effects 
covered by the introduction of K  are not clearly 
enough defined to justify the expectation that it 
would be constant.

T a ble  V III
Constants of E quation  (12) for  H ydrochloric A cid 

a t  V arious T em peratures

r — 4.00 in each case, c =  exp ( E  — E l) / R  T . Range 
fitted 10 M - 16 M  at each temperature

Tem p.,
°C. K c

(E  -  e l ),
kcal.

Average 
deviation 

in aw.
0 0 .8 7 0 18 .2 8 1 .5 8 0 .0010

10 .861 16 .52 1 .5 8 .0020
20 .852 1 4 .9 8 1 .6 8 .0020
25 .850 1 4 .3 8 1 .5 8 .0019
30 .843 1 3 .68 1 .5 8 .0016
40 .834 1 2 .4 5 1 .5 7 .0016
50 .825 11 .29 1 .5 6 .0013

We consider that the ideas put forward in this 
section are worth developing further, perhaps by 
an attempt to evaluate the ion-ion energies in the 
quasi-lattice of the concentrated solution. If 
these energies could be included the treatment 
should find a firmer theoretical basis. The ideas 
put forward in the two sections of this paper are 
not self-contradictory. In Part I we have shown 
that the introduction into the Debye-Hückel 
equation of the concept of ion-solvent molecule 
interaction will account for observed activity co­
efficients up to a total ionic strength of about 4. 
In part II we have accounted for vapor pressure 
data at concentrations above about 12 M  by as­
suming that ion-solvent molecule interaction oc­
curs by a mechanism similar to that of the Brun- 
auer-Emmett-Teller theory. Between these con­
centrations the hydration number, n, is diminish­
ing and the ions are tending to a quasi-crystalline 
structure with some of the water molecules im­
bedded in the remnants of the crystal lattice (ad­
sorbed water) and some present as “free” solvent. 
There is nothing contradictory in these two meth­
ods of approach; rather do we regard them as 
limiting cases of a more general theory which 
would cover the entire concentration range.

Summary
Part I : By superimposing on the Debye-

Hückel treatment an allowance for the ion-solvent 
interaction in terms of a hydration model, a two 
parameter equation for activity coefficients is ob­
tained. This has a range of validity greater than 
that of the usual Hückel equation. When dealing 
with the class of the chlorides, bromides and 
iodides of hydrogen and the alkali metals, the 
two-parameter form can be reduced to a one- 
parameter equation by the assumption that the 
anion can penetrate a distance of 0.7 A. into the 
hydration sheath of the cation. A closely similar 
one-parameter equation holds for the alkaline- 
earth halides and other normally dissociated bi­
valent metal halides, the “penetration distance” 
for this class being 1.3 A. Within each class only 
the single parameter n, the effective hydration 
number of the cation, is required to represent the 
observed activity coefficients, usually up to an 
ionic strength of about 4.

Part I I : An approximate treatment of the water 
activity of very concentrated electrolyte solutions 
is based on the application of the adsorption iso­
therms of Brunauer, Emmett and Teller and of 
Anderson. The resulting equations apply with 
surprising accuracy to nine electrolytes which have 
recently been studied at very high concentrations. 
The parameters of the equations are listed and 
their physical significance discussed.
N edlands, W ester n  A ustralia
N ew  H a v en , Co n n . R eceived  Ju n e  24, 1947
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Polarographic Behavior of Phenolphthalein
B y  I. M. K o lth o ff  and  D. J. L e h m ic k e 1 - 2

In the course of a polarographic study of the 
reduction of various acid-base indicators, phenol­
phthalein was found to exhibit such unusual char­
acteristics that a thorough investigation was made 
of its polarographic behavior under conditions of 
varying pH, solvent and temperature. A unique 
current-voltage curve was found in 2 5 %  alcohol 
at a pH of about 7, the curve showing a typical 
diffusion current plateau, the diffusion current 
then decreasing to a minimum value close to 
zero at a potential about half a volt more nega­
tive than the half-wave potential. The normal 
diffusion current in 25% ethanol was found to de­
crease almost to zero when the water in the solvent 
was being replaced by ethanol. An interpretation 
of the observed phenomena is given in the discus­
sion section.

In a subsequent paper it will be shown that the 
polarograph is very suitable, not only to follow the 
fading of phenolphthalein in alkaline medium, but 
also to determine the rate of reaction of the color ­
less carbinol form with hydrogen ions in acid me­
dium, which is not easily followed colorimetri- 
cally.

Experimental
Apparatus.—Unless otherwise stated the current-volt­

age curves were determined using a type VIII Heyrovsky 
polarograph. Exact data of diffusion currents and some­
times of half wave potentials were obtained with a manual 
apparatus. The galvanometer had a unit sensitivity of
3.19 X 10 “ 3 microamperes per millimeter.3 Two capil­
laries were used with the following characteristics. Capil­
lary 1: droptime, t =  3.55  sec., m = 2.93 m g./sec., 
m/nt1/* — 2 .52 . Capillary 2 : t — 2 .96 , m =  1.427 and 

—  1 .52. Unless otherwise noted capillary 2 was
used.

The electrolysis cells consisted of 50-ml. Erlenmeyer 
flasks with side-arms for the admission of nitrogen and for 
connection with the saturated calomel electrode, which as 
a rule served as a reference electrode. All the potentials 
are referred to the saturated calomel electrode (S.C .E .). 
Several runs were made with a pool of mercury on the 
bottom of the electrolysis cell as anode. In these instances 
the anode potential was measured against the S.C.E. All 
diffusion currents as measured from the polarographic 
records were corrected for the residual current. In case 
two diffusion currents were found, their relative values were 
referred to the same value of m2/W «.4 *

The electrolysis experiments were carried out in a ther­
mostat at 25 =*= 0.01 °.

Materials. Phenolphthalein.—A National Aniline Com­
pany product with a melting point of 262-264° (cor.) 
(Beilstein, XVIII, 143 reports 254° uncor.).

Phenolphthalin.—This substance was prepared by
(1) Present address: E. I. du Pont de Nemours & Company, 

Wilmington, Delaware.
(2) From  a thesis subm itted by D. J. Lehmicke to the G raduate 

School of the University of M innesota in partial fulfillment of the 
requirements for th e  degree of Doctor of Philosophy, June, 1946.

(3) I. M. Kolthoff and J. J. Lingane, “ Polarography,” Interscience 
Publishers, Inc., New York, N. Y., 1941, p. 227.

(4) I. M. Kolthoff and E. F. Orlemann, T h is  J o u r n a l , 63, 2085
(1941).

reduction of phenolphthalein with zinc dust in 2 N  sodium 
hydroxide according to the directions of Baeyer.6

Basic Fuchsine.—A National Aniline product; a 
0 .1 % solution of the dye in water was prepared which 
served to eliminate maxima.

Nitrogen.—Tank nitrogen, purified by passing through 
a train consisting of acid chromous chloride solution, so­
dium hydroxide solution, mercuric chloride solution and 
water. In all polarographic experiments air was replaced 
with nitrogen.

Other chemicals were reagent grade. Standard acid and 
base solutions were prepared and standardized by con­
ventional methods.

Buffer Solutions.—In the range of pH  between 1 and 10 
Clark and Lubs buffer solutions were used. The pH  was 
checked with the aid of a glass electrode. The pH  data 
refer to water as a solvent and not to solvents containing 
alcohol. Solutions with a pH  higher than 10 were pre­
pared using 0.1 N  sodium carbonate (pH 11), 0.01 N  so­
dium hydroxide (pH 12) and 0.1 N sodium hydroxide (pH 
13).

Medium."—Except where the alcohol content was varied 
25% ethanol by volume was present. In other instances 
the ethanol content is also expressed in percent, by volume. 
In general, the concentration of phenolphthalein was 
0.001 M, In order to work at this concentration it was 
necessary to have 25% ethanol in the solvent.

The test solutions contained 50% by volume of buffer 
solution and 0.001% of basic fuchsine. In the absence 
of the dye pronounced maxima in current-voltage curves 
were usually found. In addition, the solutions were usu­
ally 0.1 N  in potassium chloride.

Results
Experiments in 25% Ethanol. Effect of pH —

Polarograms were run of 0.001 M  solutions of 
phenolphthalein in 25% ethanol over the pH  
range between —0.6 and 13. Four different types 
of curves were obtained as shown in Figs. 1 and 2.

In solutions with a pH  less than about 3.5 a 
single wave of the normal type was observed (Fig. 
1). In the pH  range between 4 and 8.5 one step 
reduction waves were observed, with well defined 
diffusion currents. The polarogram at a pH  of 7.4 
has quite an abnormal appearance (Fig. 1). The 
diffusion current remains practically constant in 
a potential range between about — 1 and —1.2 
volt, it decreases very slightly between —1.2 and 
— 1.4 volt and then drops suddenly to attain a 
minimum value at a potential of about —1.6 volt. 
The minimum value remains constant to a poten­
tial of about —1.75 volt, whereupon the wave 
yielded by the supporting electrolyte appears. 
At a pH  of 4.7 the decrease in the diffusion current 
starts at a potential of about —1.1 volt; how­
ever, before a flat minimum as at a pH  of 7.4 is 
attained the wave of the supporting electrolyte 
appears. In still more acid medium (pH <  3.5) 
no decrease of the diffusion current is observed, as 
the hydrogen wave appears before the decrease of 
the diffusion current occurs. In the pH  range 
corresponding roughly to the color-change inter­

es) A. Baeyer, A nn., 202, 80 (1880).
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o *—0.4 - 0 .8  - 1 .2  - 1 .6  -2 .0
Applied potential, volts.

Fig, 1.—-Current-voltage curves of millimolar phenol­
phthalein in 25% ethanol: I, solution is 3.8 N in HCl and 
0.001% in basic fuchsine; II, biphthalate buffer, pH . 
4.73; III , phosphate buffer, p H  7.40. Abscissa scales 
for curves II  and I I I  s ta rt 0.1 and 0.2 volts, respectively, 
to the right of curve I.

Fig. 2.—Current-voltage curves of millimolar phenol­
phthalein in 25% ethanol solution: I, in borate buffer, 
pH  9.55; II, in borate buffer, pH  10.25. Abscissa scale 
for curve II  starts 0.4 volt to  the right of curve I.

val of phenolphthalein two waves are observed. 
At a pH of about 9 the first diffusion current is 
almost equal to the total diffusion current found 
at lower pH, the second wave comprising only a 
few per cent, of the total current. In more alkaline 
medium the second wave increases at the cost of 
the first one (Fig. 2), the total current remaining 
the same. At a pH of 10.25 (Fig. 2) and at higher 
pH two waves of equal height are found. It is 
interesting to note that no decrease of the total 
diffusion current with increasing negative poten­
tial is found at a pH greater than 9.

The “apparent” diffusion currents (constant 
value before the dip) found at a pH of 7 and in 
more acid medium, and the total diffusion currents 
in alkaline medium are all of about the same 
value, indicating that these currents represent 
true diffusion currents. The polarograms in 
strongly alkaline medium must be taken immedi­
ately after preparation of the solutions, as the 
diffusion currents decrease slowly as a result of 
carbinol formation.

In order to provide further evidence that the 
apparent diffusion currents at a pH of 7 or smaller 
are true diffusion currents, their variation with 
concentration was determined* It was found that 
the diffusion current is proportional to the con­
centration. A few values of K  =  id/c in a phos­
phate buffer of pH 7 in the presence of 0.1 N  po­
tassium chloride are: 0.50 X 10~3 M  phenol­
phthalein, K  =  3.94; 0.001 M , K  -  3.90; 0.0015 
M, K  =  3.90.

In the phosphate buffer of pH 7 the apparent 
diffusion current is hardly affected by the concen­
tration of electrolyte. However, the decrease in 
the current and the appearance of the well-defined 
minimum (Fig. 1) depend on the total electrolyte 
content of the solution. Experiments were car­
ried out in which the polarograms were determined 
in a buffer solution of pyridine and pyridinium 
hydrochloride, the total chloride concentration 
being 2.4 X 10“ 4 M, the pyridine concentration 
2 X 10“ 3 M  and the phenolphthalein concentra­
tion 1 X 10""3 M  (pH 6.85). The polarogram 
had a normal appearance, and the diffusion cur­
rent did not decrease at more negative potentials. 
It remained constant until the wave of the sup­
porting electrolyte appeared. When the solution 
was made 2.8 X 10-4 M  in potassium chloride the 
dip came into evidence, and it became more pro­
nounced as more potassium chloride was added. 
The non-appearance of the minimum in the pyri­
dine buffer without salt, therefore, cannot be at­
tributed to an increasing pH  at the surface of the 
dropping mercury during the reduction (two hy­
drogen ions are consumed in the reduction), as 
the pH  would change in a similar way in the pres­
ence of the potassium chloride. The effect of the 
potassium chloride must be a typical “electrolyte 
effect.”

The appearance of the dip at pH  values between 
4 and 8 is a matter of practical consequence, 
when dealing with a mixture of phenolphthalein 
and a substance which is reduced at more nega­
tive potentials. This is demonstrated in Fig. 3, 
giving the polarogram of a 0.0015 M  phenolphthal­
ein and 0.001 M  cobalt solution in 26% ethanol 
containing ammonium acetate as a buffer and 
fuchsine as an eliminator of maxima. First the 
diffusion current of phenolphthalein is observed; 
however, just before the diffusion current of co­
balt is attained the dip in the phenolphthalein 
manifests itself and the current decreases to a 
fairly constant value, this value being equal to the 
sum of the diffusion current of cobalt and the 
small minimum current of phenolphthalein.

Fig. 3.—Current-voltage curve of millimolar cobalt 
acetate in the presence of 1.5 X 1CF8 molar phenol­
phthalein in 26% ethanol. Solution is 0.2 M  in ammonium 
acetate and contains 0.001% basic fuchsine.

When the solution contains in addition to 
phenolphthalein a substance which is reduced at 
more positive values than phenolphthalein the
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polarogram is simply interpreted, the phenol­
phthalein wave being superimposed upon the 
previous wave. This was shown to be true in the 
electrolysis of a mixture of benzoquinone and 
phenolphthalein.

Two-step Reduction in Alkaline Medium.—
Apparently the red form of phenolphthalein 
(Fig. 2) gives a two-step reduction, whereas the 
colorless forms give only a single wave. In 
Table I are given the values of idx fe) and id2 fe) 
at varying pH  obtained with a 0.001 M  phenol­
phthalein solution in 25% ethanol. In all in­
stances the values of idt  have been corrected to 
the same value of as prevailed at the po­
tential at which it was measured f e 2 = it — 
idxoow.). The pH  in the mixture was measured 
with the glass electrode.

T a b l e  I
V a l u e s  o f  idx a n d  id 2 in  M ic r o a m p e r e s  o f  P h e n o l ­

p h t h a l e in  in  A l k a l in e  M e d iu m  
i t  =  total diffusion current uncorrected for m 2/ ‘4 1/*
pH it (uncor.) h «2 L /1/ 2 it
9 .1 8 2 .9 9 3 .0 5 0 .1 3 0 .0 8
9 .5 5 2 .9 1 3 .1 5 .33 .21
9 .7 9 2 .5 9 3 .1 4 .61 .39
9 .9 6 2 .2 8 3 .1 1 .90 .58

10 .18 2 .0 9 3 .2 2 1 .18 .73
10 .25 1 .7 0 3 .1 1 1 .45 .93

(13 .0 1 .3 3 2 .5 1 1 .2 0 .96)
(13 .3 1 .3 4 2 .6 1 1 .29 .99)

I t  is seen that the total diffusion current
found reasonably constant, except in the last two 
solutions which were 0.1 and 0.2 N  in sodium hy­
droxide, respectively. In these solutions part of 
the red form was transformed into the carbinol 
form which does not give a reduction wave under 
the above conditions. At a pH  of 10.3 the two 
waves become of equal height and remain of equal 
height with increasing pH.

When the ratio of i2l xl 2it is plotted against pH, 
a curve is obtained which has the appearance of a 
dissociation curve of an acid. The curve is almost 
identical with the curve obtained on plotting the 
fraction of phenolphthalein in the red form against 
pH, as determined by Michaelis and Gyemont.6 
The fact that the two curves practically superim­
pose indicates that the rate of transformation of 
the red form into the colorless reducible one is 
relatively small. If the dissociation equilibrium 
of the phenolphthalein in buffer solutions with pH 
between 9 and 10.5 were established very rapidly 
only one wave corresponding to that of the color­
less form would have been observed.

Half-wave Potentials.—The half-wave poten­
tials in 25% ethanol at varying pH are summa­
rized in Table II.

Reduction of Phenolphthalin.—Solutions of
phenolphthalin in 25% ethanol were electrolyzed 
at the dropping electrode in a pH  range between 
0 and 13. No reduction waves were observed.

(0) L. Michaelis and A. Gyemont, Biochem. Z., 109, 165 (1920).

T a b l e  II
H a l f -w a v e  P o t e n t ia l s  a s  F u n c t io n  o f  p H

m - 0 .0 6  0 1 2 .5 3 .5  4 .7  5 .8 6 .9
- O r 1/*), 0 .49 0 .53 0.60 0.67 0.71 0 .75  0 .80 0.86

PH 7 .4  8 .2 9 .6 10.06 12 13 13.3
- 0 r ‘/*)i 0 .89 0 .93 0.98 1.01 (.84) (.82) (.81)
— Or1/*), 1.35 1.33 1.33 1.23 1.24

Effect of Ethanol Concentration on Current- 
Voltage Curves in Neutral Medium.—The ex­
periments were carried out with a 0.001 M  
phenolphthalein solution, except in 10% ethanol. 
The concentration in this medium was 0.0005 M, 
as a 0.001 M  solution was supersaturated. All 
solutions contained a phosphate buffer of pH  7, 
and were 0.001% in fuchsine and 0.1 M  in potas­
sium chloride. Column II of Table III lists the 
diffusion currents. The value of id0 in water was 
found by graphical extrapolation.

Abnormally small values of the diffusion current 
were found at alcohol concentrations greater 
than 40%. In order to be quite sure that these 
small values of the diffusion current were typical 
for phenolphthalein and not due to a general effect 
of the solvent, diffusion currents of benzoquinone 
were determined at the same ethanol concentra­
tions. Column III of Table III lists for phenol­
phthalein the ratio of the value of id in solutions of 
varying alcohol content to the (extrapolated) 
value in water (id)- Column IV lists the same 
values for quinone, and Column V the ratio of the 
values in Columns II and IV;

T a b l e  I I I
E f f e c t  o f  E t h a n o l  C o n c e n t r a t io n  o n  D if f u s io n

Ethanol
concn.,% Llphpht (id/i do) phpht (id/t’do) quinone

Column
III

Column
IV

0 (4 .1 7 ) (1 .0 0 ) 1 .0 0 1 .0 0
10 3 .9 7 0 .9 5 0 .9 0 1 .0 5
20 .7 5
25 3 .2 9 .7 9 .69 1 .1 4
30 2 .6 6 .6 4 .6 5 0 .9 9
35 1 .8 4 .4 4 .62 .71
40 0 .9 7 .2 3 .6 0 .3 8
50 0 .2 4 .0 6 ,5 9 .10
70 0 .0 4 .0 2 ,63 .03

As an illustration Fig. 4 shows the current-volt­
age curve at an ethanol concentration of 40%.

From the last column in Table III it is seen that 
up to an alcohol concéntration of 30% the diffu­
sion currents of phenolphthalein and quinone are 
affected in about the same way. At higher alcohol 
concentrations the diffusion current of phenol­
phthalein is decreased much more than that of 
quinone. At an ethanol concentration of 70% 
the phenolphthalein diffusion current has become 
vanishingly small.

Assuming that the electroreduction of phenol­
phthalein involves two electrons it is possible to 
calculate its diffusion coefficient in water from the
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Fig. 4.—Current-voltage curve of millimolar phenol­
phthalein in 40% ethanol. Solution contains phosphate 
buffer; p H  7.

extrapolated value of the diffusion current with 
the aid of the Ilkovic equation

id — öOöw-DVamVa/1/#
The value of at —1.0 volt, at which id was
measured was 1.51 mg.2/a sec.~l/2 and id in 0.001 
M  solution was 4.17 microamperes. This yields 
a value of D =  5.2 X 10“ 6 sq. cm./sec. at 25°. 
For benzoquinone a diffusion coefficient of 8.6 =*=
0.2 X 10“ 6 was calculated at 25°.7 The values for 
phenolphthalein and benzoquinone are of the 
same order of magnitude, showing conclusively 
that the reduction of phenolphthalein at the drop­
ping electrode involves two electrons.

Effect of the Temperature on the Current- 
Voltage Curves in 25% Ethanol in Neutral 
Medium.—All experiments were carried out with 
the same solution which was 0,001 M  in phenol­
phthalein, 25% in ethanol, 0.1 AT in potassium 
chloride, 0.001% in basic fuchsine and which con­
tained 50% of a phosphate buffer of pH 7. Ex­
periments at 0° were carried out in an ice-bath, 
and at temperatures above 25° in a water-bath, 
the temperature of which was controlled manu­
ally. In these experiments the temperature was 
constant within 2°.

The diffusion current was found to increase 
with increasing temperature in a predictable fash­
ion, but the current at the minimum of the c.-v. 
curve showed a relative increase at temperatures 
above 25°, which was many times greater than 
that of the diffusion current. This is demon­
strated in Table IV in which imin denotes the cur­
rent at the minimum in the c.-v. curve.

T a b l e  IV
E f f e c t  o f  T e m p e r a t u r e  o n  C u r r e n t - V o lt a g b  C u r v e s  
o f  0.001 M  P h e n o l p h t h a l e in  i n  25%  E t h a n o l  in

Temp.,
P resen c e  o f  P hosphate B u f f e r

*d, *min.
*min/Id°C. microamperes microamperes

0 2 .0 0 0 .1 4 0 .0 6
25 3 .2 9 0 .2 4 .07
50 4 .7 7 1 .1 5 .24
75 6 .4 1 3 .4 9 .56

Figure 5 illustrates the c.-v. curve at 75°.
A run was also made at 85°, within two degrees

(7) I. M. Kolthoff and E. F. Orleraann, T his Journal, 63, 664 
(1941).

of the boiling point of the 25% ethanol solution. 
At this temperature the diffusion current varied 
somewhat irregularly (about 7.2 microamperes), 
but the current-voltage curve did not show a dip.
Hence the minimum had practically disappeared.

Fig. 5.—Current-voltage curve of millimolar phenol­
phthalein in 25% ethanol a t 75°. Solution contains 
phosphate buffer; p H  7 .

Discussion
1. Phenolphthalein in solution can exist in 

different forms, which are in equilibrium. Rep­
resenting the various forms by the classical formu­
las we have

OH OH

I, Lactone II, Colorless
O

IV, Red V, Carbinol, colorless

At a pH  smaller than 8 practically all of the 
phenolphthalein is present in the lactone form I. 
It is estimated that the concentration of II is
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less than 0.01% of that of I .8 For reasons men­
tioned below it is concluded that form II is reduc­
ible at the dropping electrode, but form I is not, 
at least at potentials more positive than that at 
which the wave of the supporting electrolyte used 
appears. Both forms II and III give a single re­
duction wave. The red form IV gives a two step 
reduction, both waves being of equal height. The 
colorless carbinol form V formed in strongly alka­
line medium does not give a reduction wave, at 
least not at potentials more positive than that at 
which the sodium wave appears. When a strongly 
alkaline solution of phenolphthalein is permitted 
to stand the color fades and a corresponding reduc­
tion of the diffusion current is observed.

In the region of pH  between 0 and about 10 the 
half wave potential varies according to

xi A =  -0 .5 4  -  0.046£H

The reduction which is irreversible can be rep­
resented by the equation

OH OH

This mechanism is supported by the following 
facts.

The diffusion current corresponds to a transfer 
of two electrons as shown in the experimental part. 
It also has been shown that phenolphthalin does 
not yield a reduction wave at the dropping elec­
trode.

The reduction of form III can be represented by 
a similar equation as that of form II. The reduc­
tion of the red form IV, however, occurs in two 
steps. The first wave could correspond to the 
formation of the trivalent anion of phenolphthalin. 
As shown in the experimental part, the first wave 
of the red form is identical with the wave of form
III. It does not seem plausible that the quinone 
form would be reduced at the same potentials 
as form III. However, it is peculiar that the half 
wave potential of form III varies with pH, whereas 
the half wave potentials of both waves of form IV 
appear to be independent of pH  (Table II). Ac­
cepting the dipolar structure9 of forms III and IV 
the coincidence of the reduction wave of III and of 
the first wave of IV becomes more reasonable.

Although the final reduction product is Vila, 
form VII is formed intermediately at the surface of 
the electrode. The reduction of the colorless form 
III is found at higher hydrogen ion concentrations

(8) I. M. Kolthoff and C. Rosenblum, teAcid-Base Indicators,” 
The Macmillan Company, New York, N. Y., 1937, p. 223.

(9) H . TLuné, J . Chem. Soc., 1844 (1930).
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V II
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than that of form IV. The reduction of III can 
be represented by
o-

V III IX

The first steps in the reductions of IVa and I lia  
are comparable, but the form corresponding to VII 
is not formed in the reduction of VIII or if it would 
be formed it would react instantaneously with hy~
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drogen ions with formation of IX. The potential 
of reduction of VIII to IX  becomes dependent 
upon the hydrogen ion concentration, and the 
second wave coincides with the first one.

2, From Table II it is seen that up to 30% 
ethanol the diffusion currents of phenolphthalein 
(pH 7) and benzoquinone are affected in the same 
way by the alcohol. This is mainly a viscosity 
effect. When the ethanol concentration becomes 
greater than 30% the diffusion current of phenol­
phthalein decreases much more than that of the 
quinone and in 70% ethanol the diffusion current 
of phenolphthalein becomes almost vanishingly 
small. This can be explained if it is assumed that 
form II, but not form I, is reducible. In the trans­
formation of I into II the concentration of water 
becomes rate-determining. The experimental re­
sults indicate that at concentrations of less than 
25% ethanol the rate of formation of II is so large 
that it is reformed from I immediately at the sur­
face of the electrode when it is reduced. There­
fore, at ethanol concentrations of 25% or less the 
apparent diffusion current corresponds to the true 
diffusion current of phenolphthalein. When the 
alcohol concentration increases the concentration 
oi water decreases and the rate of transformation 
of I into II decreases. The apparent diffusion cur­
rent now decreases and becomes partly diffu­
sion and partly rate controlled. At alcohol con­
centrations greater than 50% the current becomes 
so small that it is practically entirely rate con­
trolled. Under these circumstances the current 
should become independent of the height of the 
mercury in the reservoir.10

At the higher alcohol concentrations the polaro­
graphic behavior of phenolphthalein becomes com­
parable to that of some reducing sugars, like glu­
cose and lactose in aqueous medium. As shown 
by Wiesner11 the small “apparent” diffusion cur­
rents of these sugars are determined entirely by

0 10 20 30 40 50 60 70 80
Temperature, °C.

Fig. 6.—Diffusion current of phenolphthalein (curve I), 
minimum current (curve II) and ratio of minimum cur­
rent to diffusion current (curve III) ve rsu s  temperature.

(10) Comp. K. Wiesner, Z. E le k tro c h e m 49, 164 (1943); R. 
Brdicka and K. Wiesner, ColL Czechoslov. Chem, Cammun., 12, 138
(1947).

(U )  K. Wiesmsr, ibid., 12* 64 (1947).

the rate of transformation of the non-reducible 
form of the sugars into the reducible form.

3. In 25% ethanol and in the presence of a 
phosphate buffer (pH 7) the diffusion current 
varies with the temperature in a normal way (see 
Fig. 6). From the slope of curve I in Fig. 6 it is 
calculated that the diffusion current increases by 
about 1 .8% per one degree increase of tempera­
ture. This value is of the same order of magni­
tude as that of normal diffusion currents.12 How­
ever, the effect of temperature on the minimum 
value of the current is quite different. Curve III 
in Fig. 6 gives the change of the ratio of iminjid 
with the temperature. At temperatures between 0 
and 30° id and imin. vary in about the same way, 
but at temperatures higher than 30° imin. increases 
much more than id-

First, we tried to explain the occurrence of the 
unprecedented minimum (see Fig. 1) by assuming 
that phenolphthalein is reduced only in the ad­
sorbed state and that at potentials corresponding 
to that of the minimum current the phenolphthal­
ein is desorbed. However, several phenomena are 
contrary to this interpretation. In general, the 
adsorption at the surface of the mercury decreases 
with increasing temperature. If phenolphthalein 
were reduced only in the adsorbed state the mini­
mum current should decrease rather than increase 
with increasing temperature. The opposite is 
found. Another fact of significance is that at a pH 
of 9 a normal polarogram is observed. At this pH 
the second wave is negligibly small, and the (first) 
diffusion current retains its normal value until 
the wave of the supporting electrolyte occurs. 
At a pH  of 9 little of the non-reducible form I is 
present, most of the phenolphthalein being in 
form III, and there is no indication that this form 
is being reduced in the adsorbed state. If it were 
reduced in the adsorbed state a desorption would 
be expected at more negative potentials, before 
the sodium wave (of the supporting electrolyte) 
appears. This would be accompanied by a de­
crease of the diffusion current, which has not been 
observed.

We attribute the occurrence of the minimum to 
a decreased rate of transformation of I into II at 
the surface of the electrode. The very large effect 
of the temperature upon i mm. strongly suggests 
that we are dealing with a process which is rate 
controlled. If our interpretation is correct the 
rate of tranformation of I into II at the interface 
mercury-water should decrease with increasing 
potential. This is not strange, if it is realized that 
the structure of the double layer at the interface 
mercury-water varies in a complicated manner 
with the potential, and the type and concentra­
tion of electrolyte in the solution. Quite gener­
ally, strongly adsorbable organic compounds are 
being completely desorbed in the presence of elec­
trolyte at negative potentials of the order of —1,5

(12) C om p. X. M . KoltUojfï a»d  J, J, L in gaae, Chem, Rev., 24, 37
(1939),
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volt. Similarly the orientation of water molecules 
at and in the interface changes with the potential 
of the mercury, thus affecting the rate of hydra­
tion of I. When the electrolyte content in the 
solution is small, as was the case in our experiment 
with a very dilute pyridine-pyridinium hydrochlo­
ride buffer, the structure of the double layer, espe­
cially at more negative potentials, is quite differ­
ent from that in 0.1 M  potassium chloride solu­
tion, which was the normal salt content in our ex­
periments. In the very dilute buffer no dip in the 
current-voltage curve and no minimum were ob­
served. Although the exact mechanism of the 
decreasing rate of the reaction I +  H20  —» II 
with increasing negative potential needs further 
study, there is no doubt that the occurrence of the 
minimum, as in Fig. 1 (curve III), must be attrib­
uted to a decreasing rate of the above reaction at 
the electrode surface with increasing negative po­
tential.

Summary
1. The polarographic behavior of phenolpthal- 

ein has been investigated under widely varying 
conditions. In 25% ethanol phenolphthalein 
gives a one-step reduction wave in a pH range be­
tween 0 and 9. In this range the half-wave poten­
tial changes according to tt1/ 2 (vs. S.C.E.) =
0.54 — 0.046 pH. The red form of phenolphthal­
ein yields two waves of equal height, each wave 
giving a well-defined diffusion current. The sum 
of the two diffusion currents is equal to that of the

single wave observed at lower pH. The polaro­
graphic reduction of phenolphthalein to phenol­
phthalin is accompanied by a transfer of two elec­
trons.

2. In the presence of a phosphate buffer of a 
pH of 7 the diffusion current decreases abnormally 
when the ethanol concentration is increased. In 
60% ethanol the “apparent” diffusion current be­
comes extremely small at 25°. It is concluded that 
the lactone form of phenolphthalein is not reduced, 
but its hydrated form is. At alcohol concentra­
tions of 25% or less the rate of hydration at the 
surface of the electrode is so large that a normal 
diffusion current is observed. At high alcohol 
concentrations the “apparent diffusion current” 
becomes entirely rate- and not diffusion-con­
trolled. Experiments carried out at various tem­
peratures substantiate this interpretation.

3. In 25% ethanol iri the presence of a buffer 
of pH 7 the diffusion current remains constant in a 
potential range between —1.0 and —1.2 volt; it 
decreases slightly between —1.2 and —1.4 volt 
and then drops suddenly to attain a small mini­
mum value at a potential of about —1.6 volt. 
Experimental evidence has been given substanti­
ating the interpretation that the occurrence of the 
minimum is to be attributed to a decreased rate 
of transformation of the lactone form into the 
reducible hydrated form at the surface of the 
dropping electrode.
M in n e a p o l is , M in n e s o t a  R e c e iv e d  N o v e m b e r  10,1947

[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y , U n iv e r s it y  o f  M in n e s o t a ]

Polarographic Behavior of Nitrosophenylhydroxylamine1
By I. M. Kolthoff and A. Liberti2

The ammonium salt of nitrosophenylhydroxyl­
amine, called cupferron, is a well-known analytical 
reagent, which precipitates a great number of 
metal ions in acid medium. In connection with a 
study of the use of cupferron as a reagent in am- 
perometric titrations, the polarographic behavior 
of nitrosophenylhydroxylamine has been investi­
gated over a wide range of pH.

Experimental
Materials Used: Cupferron.—Eastman Kodak Co.

and G. F. Smith Chemical Co. products were recrystallized 
from ethanol. The crystals had the appearance of silver- 
white leaflets (m .p . 163-164°). The solid productw as 
stored in a dark bottle over solid ammonium carbonate to 
prevent decomposition. A stock solution (0.02 M )  in 
water was found to  be stable for more than two weeks when 
kept in the dark in a cool place. The solution is not stable 
in acid medium, as the phenylnitrosohydroxylamine de­
composes. The rate of decomposition increases with de­
creasing p H .  When polarograms were determined in acid

(1) From  a M aster’s thesis (1947) of A. Liberti, subm itted to  the 
G raduate School of the University of Minnesota.

(2) Present address: In stitu te  Chimieo, University di Roma,
Italy,

medium a t a p H  smaller than 3, a measured volume of an 
air-free stock solution of cupferron was added to  a suitable 
volume of air-free buffer solution in the cell and the cu r­
rent-voltage curve was determined soon after mixing. In  
some experiments the lithium salt of nitrosophenylhy­
droxylamine was used, which was prepared from cupferron 
and lithium hydroxide.

Buffer Solutions.—In the p H  range between 1 and 5.6 
Clark and Lubs buffers served to  adjust the p H .  In  the 
range between p H  3 and 10 the universal buffers of Britton 
and Robinson3 were used. The buffer mixtures were pre­
pared by addition of lithium hydroxide to  a solution which 
was 0.04 M  in phosphoric, 0.04 M  in acetic and 0.04 M  in 
boric acids. In  addition, Clark and Lubs buffers, p re­
pared from boric acid and lithium hydroxide and lithium 
chloride, were used in the p H  range between 8 and 10.

Tetramethylammonium Hydroxide Solution.—An E ast­
man Kodak Co. product of the bromide of this base was 
purified by repeated recrystallizations from ethanol-water 
mixtures. A stock solution of the hydroxide was prepared 
from the purified bromide with silver hydroxide as de­
scribed by Peracchio and Meloche.4 Buffer solutions p re­
pared from tetramethylammonium hydroxide and phos-

(3) H. T . S. B ritton and R . A. Robinson, J . Chem. Soc., 1456 
(1931).

(4) E. S. Peracchio and V. W, Meloche, T h is  J ournal, 60, 1770 
(1938),
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Fig. 1.—Polarograms of cupferron (8 X 10“ 4 M )  in buffer solutions a t the following p H  values: A 1.2, B 2.1, C 3.1,
D 4.4, E  5.2, F  5.9, G 6.6, H 7.2, I 7.9, L 8.8, M  12.5.

phoric acid or boric acid were prepared. Polarograms ob­
tained with these buffers gave poorly reproducible and ir­
regular currents near the potentials a t  which the cupferron 
waves appeared. For this reason these buffers could not 
be used in the present polarographic work. On the other 
hand, well defined waves were obtained in tetramethylam- 
moriium hydroxide solutions.

Gelatin Solution.—A 0.1%  gelatin solution in water was 
stored under a layer of toluene to  prevent decomposition. 
When used in a concentration of the order of 0.01%, gela­
tin  was found to eliminate maxima in the polarograms a t 
a p H  smaller than 3. At a. p H  greater than 3 no .. axima 
were observed even in the absence of gelatin.

Determination of Polarograms,—Both the manual po­
larograph5 and the automatic Heyrovsky instrument, 
Model X I, have been used in this work. In all the ex­
periments an outside saturated calomel electrode (S.C.E.) 
served as the reference electrode. All the potentials refer 
to  the S.C.E.

Under the experimental conditions the capillary had a 
drop time t  of 3.00 seconds a t zero applied e.m.f. and the 
mass of mercury m  flowing out per second was 2.37 mg. 
The values of m  and t  were determined in the potential 
range between 0 and 2 volts. The values of the diffusion 
current could thus be referred to  the same value of mV»/1 A. 
The reported values of diffusion or limiting currents are 
corrected for the residual current and refer to a A 
value a t a potential of 0.5 volt.

The electrolysis cell was provided a t the bottom with an 
inlet tube for purified nitrogen. Another inlet tube 
through the stopper of the cell served for the introduction 
of nitrogen to the gas phase above the solution during the 
measurements. All the experiments were carried out in 
a therm ostat a t 25.0 =*= 0.1°.

Experimental Results
As an illustration some representative polaro­

grams in the pH range between 1 and 12.5 are 
given in Pig. 1. Without correction for the resid­
ual current many of the limiting currents appear 
poorly defined. For this reason the polarograms 
represented in Fig. 1 give the currents found with

(5) J. J. *»4 L Kolthoff, Tas® J ournal, 63L, 825
(1989).

the manual apparatus, corrected for the residual 
current and referred to a constant value of m2/‘~ 
t1/*. Since at a pH  between 1 and 3 the decom­
position of phenylnitrosohydroxylamine is rapid, 
24 ml. of the supporting buffer solution was made 
air-free in the cell, 1 ml. of standard air-free cup­
ferron solution was added and the current-voltage 
curve determined immediately after mixing. The 
determinations were well reproducible.

Only one wave was found in acid medium, up 
to a pH  of 6.6. The apparent diffusion or limit­
ing current decreased with increasing pH, the 
change becoming very pronounced when the pH 
became greater than 6. At pH values between 3 
and 6 the limiting current was found to be pro­
portional to the concentration of cupferron 
added to the buffers. This is illustrated in Fig. 2.

Fig, 2,-^Limiting current as a function of concentration a t; 
1, p H  2 ,9 ;  2, p H  5 .2 ;  3, p H ,  6,6,
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A plot of the values of log 7/ fe  — i) versus the 
potential at a pH  of 1 yields a straight line with a 
slope of 182 mv. This indicates that the reduction 
is irreversible; as it seems impossible that a re­
versible reduction would involve three electrons.

In the pH  range between 7 and 9 two waves 
were observed. The first wave was poorly defined 
(see Fig. 1 and 3); its limiting value was esti­
mated by the tangent method (see Fig. 3). The 
second wave appeared to attain a constant value 
at a pH greater than 8.

Only one wave due to reduction of the cupfer- 
ronate was observed at a pH  greater than 9, its 
height remaining unchanged when the pH  was 
raised to 12.5.

Some of the experimental data are summarized 
in Table I.

T a b l e  I

W a v e  H e ig h t s  a n d  H a l f  W a v e  P o t e n t ia l s  in  8  X  1 0 " 4 
M  S o l u t io n s  o f  C u p f e r r o n  a t  V a r y in g  p H  a t  2 5 °

Height Height
first second

wave wave
in in

■(X1/*)spH Supporting electrolyte M A j«A ~
1.1 Clark and Lubs; HC1-KC1 18.5 0.672
1.4 Clark and Lubs; HC1-KC1 18.4 .71
2.1 Clark and Lubs; P h thalate 18.3 .785
3 .0 Clark and Lubs; Phthalate 17.8 .89
4 .4 Clark and Lubs; P h thalate 16.6 1.10
5.2 Clark and Lubs; Phthalate 15.5 1.22
5.9 Britton and Robinson 14.6 1.32
6 .6 Britton and Robinson 13.2 1.405
7.2 Britton and Robinson 9 .0 1.46 6 1.79
7.9 Britton and Robinson 3 .8 1.53 11.2 1.81
8.3 Britton and Robinson 2 .8 1.56 12.2 1.81
8 .8 Britton and Robinson 1.0 1.57 12.2 1.82

10.0 Boric acid-lithium  hydroxide 12.2 1.85
12.5 Tetram ethylam m onium

hydroxide 12.2 1.86

The half wave potential of the first wave was 
found to depend greatly upon the pH. The plot 
of the half wave potential against the pH  yields a 
straight line with a slope of 128 mv. per pH  unit. 
Thus, the half wave potential — 7n/2 is found to vary 
with the pH  according to — 7n/2 = — tt?/2 — 0.128 
pH  in which tt?/2 — —0.58 v. (versus the S.C.E.) 
at 25°.

This relation expresses that the half wave po­
tential varies with the square of the hydrogen ion 
concentration, which is a very unusual relation. 
The half wave potential of the second wave ap­
pears to be practically independent of the pH. 
Its value was found to be —1.80 v.

For reasons given in the discussion section the 
height of the first and of the second waves at a pH 
of 8.25 were determined as a function of the height, 
hf of the mercury in the reservoir. In these ex­
periments the lithium salt of nitrosophenylhydrox­
ylamine was used instead of cupferron in order 
to eliminate the ammonium wave. The experi­
ments were carried out in boric acid-lithium hy­
droxide buffers. The measured values of the lim­
iting currents were corrected again for the residual

— 1.2 —1.4 —1 .6 —1.8 [Curve A]
[Curve B] - 1 .4  - 1 .6  - 1 .8  - 2 .0  - 2 .2  

■TTd.e. v e r su s  S. C. E.
Fig. 3 . —Polarograms of 8 X 10"4 M  cupferron a t p H  7.2 

(curve A) and p H  7.9 (curve B).

current and referred to a constant value of 
m2/atx/ \  The results are given in Table II.

T a b l e  I I
V a l u e s  o f  t h e  F ir s t  i i )  a n d  t h e  S e c o n d  ( i2) L im it in g  
C u r r e n t s  a t  p H  8 . 2 5  a s  F u n c t io n  o f  t h e  H e i g h t  o f  

M e r c u r y  in  t h e  R e s e r v o ir

Height h of 
mercury

Drop 
t i m e  
t i n

s e c o n d s
in reservoir 

in cm. h h h / h 1/*

9 4 2 . 4 2 . 8 0 1 3 . 5 5 1 . 4 0

7 5 3 . 0 2 . 8 0 12.20 1 . 4 1

5 6 4 . 2 2 . 7 6 1 0 . 6 4 1 . 4 2

3 9 6 . 3 2 . 7 0 8 . 6 0 1 . 3 7

It is seen that the height of the first wave is not 
affected by the height of the mercury in the reser-
voir, while that of the second wave is propor­
tional to the square root of the height of the mer­
cury. Therefore, the height of the second wave is 
diffusion controlled, like that of an ordinary dif­
fusion current.

Discussion
(1) From the fact that in the pH  range between 

7 and 9 two reduction waves are observed it is 
evident that the acid form of nitrosophenylhy­
droxylamine and its anion are reduced at differ­
ent potentials. However, in the acid range at a 
pH  greater than 3 the height of the wave of the 
acid form is much greater than corresponds to the 
concentration of the undissociated acid in the 
bulk of the solution. Only at a pH  smaller than 2 
does the limiting current correspond to the true 
diffusion current of the undissociated acid. From 
the work of Hantzsch6 and of Pyatnitokii7 it is 
estimated that the ionization constant K & of phen- 
ylnitrosohydroxylamine at 25° is equal to 5.3 X 
10~5. Assuming that the limiting value of the 
current of 18.5 /x in 8 X 10 ~4 M  cupferron solu­
tion at pH  1 is the true diffusion current of the

(6) A. Hantzsch, Ber., 35, 265 (1902).
(7) V. Pyatnitokii, Zhur. Anal. Khim ., 1, 135 (1946); Chem. Abs,, 

43., 725 (1947).
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Fig. 4.— Curve 1, dissociation curve of nitrosophenyl­
hydroxylamine ; curve 2, change of the limiting current 
of the acid form of nitrosophenylhydroxylamine.

acid, the values of id at higher pH  can be calcu­
lated. Plotting the calculated values against pH  
yields curve 1 in Fig. 4. Curve 2 represents the 
limiting currents due to the acid form observed at 
varying pH. It is seen that the mid-way point is 
shifted 3 units to a higher pH. The reason for this 
shift is that upon reduction of the free acid at the 
surface of the electrode, more acid is formed as a 
result of the association of hydrogen ions with 
th e anions A “ of the acid

H + -f A” — -> HA (1)
From Fig. 4 it is seen that at a pH  greater than 6 
the current due to the equilibrium concentration 
of HA is negligibly small and that the limiting cur­
rent is determined entirely by the rate of forma­
tion of HA at the surface of the electrode. This 
current may be called the kinetic current. The 
polarographic behavior of nitrosophenylhydroxyl­
amine in acid medium is very similar to that of 
pyruvic acid and of phenylglyoxalic acid discussed 
by Brdicka and Wiesner.8 These authors derived 
the following expression for the limiting value of 
the kinetic current fe)i

y k [ H + \ a c K %________ _ m
W i (K& +  [H +])(m£[H +] +  a-W/nFyq)

in which k is the rate constant of reaction (1), \x 
is the thickness of the layer around the electrode 
where the association takes place, a is the constant 
in the Ilkovié equation id =  ac, c is the total con­
centration (dissociated plus undissociated) of the 
acid with ionization constant K a, n is the number 
of electrons involved in the reduction, Fy the fara- 
day, and q the average surface of mercury pèr 
drop.

When the concentration of HA in the bulk of 
the solution is not negligibly small the total cur­
rent it due to the reduction of the acid form be­
comes

H =  (^d) ha +  A  (3)

in which f e ) H A is the diffusion current of the acid
(8) R. Brdiëka and K. Wiesner, Coll. Czechoslov. Chem. Commun,,

IS, 138 (1947).

corresponding to the reduction of the undisso­
ciated acid present in the bulk of the solution. 
It can be shown8 that when i t is equal to one half 
of the maximum value of f e ) H A (i*1 our case found 
at pH  of 1)

u k K * -  [ H +] a -1 0 3
nr _i_ rTj+nrxj+i *  „„ J7̂\ i  l-lj- j/L-1"*- j

(4)
Under our experimental conditions, a had a value 
of 0.0230 and q of 0.0189. Using these figures in 
equation (3) a value of \xk of 3.34 X 104 is found. 
Brdiëka and. Wiesner estimate that m is of the 
order of 10 “ 7 cm. Using this value, a rate con­
stant k (equation 1) of the order of 3.3 X 1011 is 
found. This value is only an approximation,' be­
cause equation (2) has been derived on the basis 
of some simplifying assumptions. A highly 
mathematical and more exact treatment is given 
by Koutecky and Brdicka.9

Using the above value of jik it is possible to cal­
culate the limiting kinetic currents at various pH. 
The values thus obtained are plotted in Fig. 5 and 
are compared with the experimental values found 
by subtracting the calculated values of fe )HA from 
it (equation 3). Considering that equation (2) 
is only approximately valid the agreement be­
tween the calculated and experimental values is 
satisfactory.

p H .

Fig. 5.—Change of the kinetic current a t varying p H .  
The dotted curve shows the experimental values and the 
drawn curve the calculated values.

The correctness of the interpretation of the 
polarograms in acid medium is supported by the 
effect of the height of mercury in the reservoir 
upon the first and the second waves at a pH  of
8.25. At this pH  f e ) i i A  1S e q u a l  to zero and the 
height of the first wave is equal to fe)p More­
over, at this pH, aA0z/nFyq is much greater than 
fik [H+]. Hence, at this pH

, .  N ix k [H +]a c n F y q  
H -  W i -  (ira +  [H+])a-10s (5)

It is seen that a cancels in equation (5) and that 
the height of the first wave becomes proportional

(9) J. Koutecky and R. Brdiëka,-Colh Czechoslov, Chem. Commun 
39,337 (1947).
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to q. Since the surface of the mercury is propor­
tional to m2/zf^  the height of the mercury in the 
reservoir should not have any effect on ix at a pH of
8.25. Indeed, it is seen from Table II that the pres­
sure of the mercury does not affect ix. On the other 
hand i2 is diffusion controlled; therefore, i2 varies 
with the square root of the height of the mercury 
in the reservoir.

(2) It has been mentioned that the limiting cur­
rent measured at a pH  of 1 corresponds to the true 
diffusion current of the nitrosophenylhydroxyl­
amine. Assuming that the diffusion coefficient of 
this acid is equal to that of the benzoate ion, it is 
possible to calculate the number of electrons n 
involved in the reduction. From the Ilkovic 
equation it is found that

^  ____________ id___________

n  0.605 c D 'h n f h >i‘/«
In 8 X 10~4 M  cupferron solution at a pH of 1, 
id was found equal to 18.5 microamperes, while 
m2n i/a was 2.14. Taking D  equal to 8.81 X 
10~6 yields a value of 6.0 for n. Hence six elec­
trons are involved in the reduction of nitroso­
phenylhydroxylamine .

On the other hand in alkaline medium where we 
are dealing with the reduction of the anion the 
diffusion current was found to be equal to two 
thirds of that at a pH  of 1. Hence the reduction 
of the anion involves four electrons.

Various structures have been suggested for 
nitrosophenylhydroxylamine. Angeli10 proposed 
the structure C6H6—N=NOH, while Hantzsch11

II
O

prefers C6H5—N—NO. Diehl12 suggested that
OH

the two forms are in tautomeric equilibrium. 
Considering the relatively strong acid character 
of nitrosophenylhydroxylamine G. Fieser and M. 
Fieser13 assume that there is an equilibrium be­
tween the nitrosohydroxy form, a, and the more 
strongly acid amine oxide form, b

C6H5—N—N = 0 C6H5—N+=NOH
I IOH Cr

a b
The reduction of nitro- and nitroso- compounds 

occurs in steps. In acid medium, in which the re­
duction at the dropping electrode involves six

(10) A. Angeli, Gazz. chim. ital., 60, 352 (1931).
(11) A. Hantzsch, Ber., 64, 695 (1931).
(12) H. Diehl, Chem. Rev., 21, 751 (1937).
(13) G. Fieser and M. Fieser, “ Organic Chemistry,” D. C. 

H eath Co., Boston, 1944.

electrons the final reaction product must be the 
phenylhydrazine
CeHsN— OH +  2H+ +  2e C6H5N-----OH 1

k>  i < H !
X O H  I

+  2H+ +  2e ---- >  C6H6N-----OH I
I /H  j

\ H  1

+  2H+ +  2e--- ^ C6H5N---- -H

NH2

In alkaline medium the reduction involves four 
electrons and the anion c 6H5N— C r (Hantzsch)

N— O
or C6H5“ ”N +===NO"* (Fieser and Fieser) apparently

cr
is reduced to CeH5— N— O".

I
n h 2

Summary
1 . Nitrosophenylhydroxylamine solutions at a 

pH of 1 yield a diffusion current corresponding to a 
reduction which involves 6 electrons. At a pH  
greater than 9 the anion of the acid gives a 
diffusion current corresponding to an electron 
transfer of 4. The half wave potential of the acid 
wave varied with the p H : ti/2 =  —0.58 — 0.128 
pH vs. S.C.E.; the half wave potential of the 
alkaline wave is —1.80 v. and does not vary with 
the pH.

2. Only one wave is found in acid medium up 
to a pH  of about 6.6, two waves are found in the 
pH  range between 6.6 and 9.0; at higher pH  only 
one wave is found.

3. In the acid range at a pH  greater than 3 
the height of the wave is much greater than corre­
sponds to the concentration of the undissociated 
acid in the bulk of the solution. This is explained 
by the fact that the current is partly controlled by 
the rate of formation of acid at the surface of the 
electrode: H + +  A~ —> HA. Using Brdicka and 
Wiesner’s8 formulation a rate constant of the 
order of 3.3 X 1011 is calculated. When the ki­
netic current is very small with regard to the 
diffusion current the former becomes independent 
of the height of the mercury in the reservoir. This 
is found to be true at a pH  of 8.25, where the 
height of the first wave (kinetic current) is inde­
pendent of the height of mercury in the reservoir, 
while the second wave is diffusion controlled. 
M inn ea po lis , M innesota  R eceived  D ecem ber  12, 1947
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Diketene: Infrared Spectrum and Structure
B y  F o il  A . M il l e r * an d  St a n l e y  D . K och , jR . f

The structure of the ketene dimer, (CH2= C =
0 )2, has been in question ever since its discovery 
in 1908. Five possible forms have been seriously 
considered at various times:

CH3—C—CH—C= 0  CH2= C —CH2

O
I

Acetylketene
CHs—C—CH

O — c — o
I II

/3-Crotonolactone

O — C = 0  
II

Vinylaceto- ft-lac ton e 
0 = C —CH2

1 1
h2c—c= o

IV
Cyclobutanedione-1,3

HOC=CH

H 2i — C = 0
V

Mono-enol of IV
The present status of the problem has been well 
summarized bv Boese1 and by Hanford and 
Sauer.2 Chemical reactions appear to have been 
of little help in elucidating the structure, for some 
indicate one form and some another. It is very 
difficult to evaluate such evidence critically be­
cause of the considerable possibility of rearrange­
ments. Since the problem is to establish the 
structure of the ground electronic state of di­
ketene, it seems undesirable to argue from evi­
dence that involves also an unknown activated 
state. One is therefore inclined to discount such 
evidence and to rely on physical measurements 
made only on the ground state if possible. These, 
however, have also led to contradictions. The 
non-zero dipole moment3-4 eliminates the possi­
bility that the structure may be symmetrical form 
IV alone. The Raman spectrum has been ob­
tained for the liquid,5-67 and the infrared spec­
trum for both liquid and solutions.8 The absence 
of any O-H stretching frequency eliminates V, 
and the many coincidences between the Raman 
and infrared spectra eliminate again the existence 
of form IV alone. A further decision between the 
remaining forms I, II, and III has not yet been 
made from the data. It is noteworthy that five

* Present address: Mellon Institu te  of Industrial Research,
Pittsburgh 13, Pa.

t  Present address: D epartm ent of Chemistry, Cornell University,
Ithaca, N. Y.

(1) Boese, Ind. Eng. Chem., 32, 16 (1940).
(2) Hanford and Sauer, “ Organic Reactions,” Vol. 3, John Wiley 

and Sons, Inc., New York, N. Y., 1947, pp. 127 ff.
(3) Oesper and Sm yth, T h is  J o u r n a l , 64, 768 (1942).
(4) H urdis and Sm yth, ibid., 65, 89 (1943).
(5) Angus, Leckie, LeFevre, LeFevre and Wassermaan, J . Chem. 

Soc., 1751 (1935).
(6) Kohlrausch and Skrabal, Proc. Indian Acad. Sci., 8A, 424 

(1938).
(7) Taufen and M urray, T h is  J o u r n a l , 67, 754 (1945).
(8) W fciffen and Thompson, J . Chem. Soc., 1005 (1946).

strong bands are found in the double bond stretch­
ing region (1500-2000 cm.-1), whereas each of the 
postulated forms would have only two funda­
mentals there. (Form I may be an exception, 
with only one band in this region. The ketene 
group in this molecule probably would give one 
band above this range and one below it.) The re­
maining three (or four) bands must then be ex­
plained either as combination tones, or as due to 
the presence of more than one form. The ultra­
violet absorption maximum at 3130 A (e = 2) 
would seem to favor III.9 (This too involves an 
upper electronic state, however.) Electron dif­
fraction studies are said to be compatible with 
II or III, incompatible with I and IV.10 Unfor­
tunately none of these data provide unambiguous 
proof for any one of the possible structures. Be­
cause of this it has been suggested several times2-8 
that there may be two (or more) forms in equi­
librium.

It occurred to us that the existence of such an 
equilibrium, Form A Form B, might possibly 
be demonstrated by measuring the infrared spec­
trum as a function of temperature. The van’t 
Hoff equation, d In K /d T  =  AH/RT2, indicates 
that if AH is sufficiently large the equilibrium con­
stant will change appreciably with temperature. 
The resulting alteration in the composition of the 
equilibrium mixture may then be evidenced in the 
infrared spectrum. Conversely, however, a spec­
trum which changes with temperature does not 
indicate the existence of an equilibrium unless 
other temperature effects are excluded. Two 
such effects come to mind immediately, (a) An 
irreversible chemical change. This possibility 
can be eliminated if the changes in the spectrum 
are found to be reversed when the sample is 
brought back to its original temperature, (b) Al­
tered population of the energy levels in accordance 
with the Boltzmann factor. For a moderate rise 
in temperature the increased population of the 
higher vibrational levels will increase the intensity 
of difference bands, but should not appreciably 
affect the relative intensities of fundamentals. 
Hence a very few weak bands may become 
markedly intensified at higher temperatures, but 
they should be calculable as difference tones. 
The effect of increased temperature on the ro­
tational fine structure is one of broadening and 
flattening the rotational branches. If the width 
of a vibration-rotation band of an asymmetric 
rotator is defined as the separation of points on the

(9) Calvin, Magel and H urd, T h is  J o u r n a l , 63, 2174 (1941).
(10) Private communication from Bauer, Bregman and W rightson 

to  Hanford and Sauer, as reported in reference 2, p. 218, footnote. 
See also Abstracts of Papers, 109th meeting of American Chemical 
Society, April, 1946.
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band envelope where the intensity has a given 
value, then the width of the band is proportional 
to the square root of the absolute temperature.11 
Thus in going from 30 to 180° the band width will 
increase by a factor of about 1.2. This should not 
be a confusing effect, as we shall be looking for 
more marked changes in the spectrum.

Experimental
Diketene was prepared by the dimerization of ketene 

according to the method of Williams and Krynitsky.12»13 
The spectrum was measured from 3 to 15 i* with a Model 
12-B Perkin-Elmer infrared spectrometer equipped with 
rocksalt optics, a  General Motors breaker-type amplifier, 
and a Brown recorder. A 5-cm. Pyrex cell was used for 
the vapor. The rocksalt windows were sealed on with 
glyptal resin, which was found to  hold well a t tempera­
tures up to  180 ° if one heats or cgols rather slowly to avoid 
cracking the seal. The cell was heated in a small oven 
consisting of a sheet metal cylinder closed with endplates 
of transite th a t were held together by four tie rods. A 
window was cut in each piece of transite and closed by 
clamping over it  a polished rocksalt plate. A suitably 
insulated electrical heating element was wrapped around 
the metal cylinder. The cell was connected by glass 
tubing to an external sample reservoir immersed in a water 
bath. The connecting tube had a small U-type mercury 
manometer sealed to  it so th a t pressures in the range 0-20 
mm. could be read. The primary purpose of the m a­
nometer was to indicate any failure in the glyptal seals. 
The connecting tube and manometer were wrapped with a 
spiral of resistance wire and heated electrically to a temper­
ature sufficiently high so th a t no condensation occurred in 
them. In this manner the reservoir was made the coolest 
part of the system. The pressure of the vapor was thus 
determined by the temperature of the liquid reservoir, 
whereas the tem perature of the vapor in the beam was 
determined by th a t of the oven.

Spectra were measured a t vapor temperatures of ap ­
proximately 30, 60, 100, 140 and 180°. Experimental 
conditions for the various determinations were

No.
Temp, of 

reservoir, °C.
Temp, of 
cell, °C.

1 28 60
2 29 100 ± 2
3 34 141 ± 2
4 35 182 ±  1
5 <  - 5 0 183 *  2
6 29 102 ±  3
7 28 31 ±  1
8 <  - 5 0 30

In runs 5 and 8 the vapor was condensed into the liquid 
reservoir by cooling with a Dry Ice-bath. These runs 
thus served as blanks to  give the transmission through the 
empty cell, and to  demonstrate th a t no deposit had formed 
on the windows. After completion of run 5 vapor was 
readmitted to the cell a t 180°, the cell was slowly cooled 
to 100°, and the spectrum was remeasured a t this tem ­
perature. The apparatus was then allowed to stand over­
night to reach temperature equilibrium with the room, and 
run 7 was made with the vapor a t 31°. The cell then 
stood overnight again while the sample reservoir was 
cooled with a Dry Ice-bath,, and blank run 8 was made. 
I t  was necessary to  wait this long because it was found 
during blank runs 5 and 8 th a t about 3 mm. of residual

(11) Badger and Zumwalt, J . Chem. Phys., 6, 711 (1938); see also 
Avery and Ellis, ibid., 10, 10 (1942).

(12) Williams and K rynitsky, “ Organic Syntheses/’ Vol. 21, John 
Wiley and Sons, Inc., New York, N. Y., 1941, p. 64.

(13) We are indebted to Mr. J. L. Anderson of the Organic M anu­
factures program of this D epartm ent for preparation of one of the 
two samples used.

permanent gas was present in the system. This impeded 
the diffusion of vapor back into the reservoir. We believe 
tha t this gas was air which degassed from the system d u r­
ing heating, for it gave no infrared absorption.

Another experiment was performed for the purpose of 
locating very weak bands. In  this case a dish of liquid 
diketene was placed within the smaller or source housing 
of the spectrometer. This provided a path  length of 40 
cm. a t a vapor pressure of about 13 mm.

Finally, the spectra of solutions of diketene in carbon 
tetrachloride and carbon disulfide were obtained to  get a 
comparison between our samples and those used by Whif- 
fen and Thompson.

Results
In brief, the spectrum was found to change 

markedly with temperature, and these changes 
were reversed on cooling.

Table I summarizes our results at 30°, and gives 
for comparison the data reported by Whiffen and 
Thompson8 for the pure liquid and for solutions. 
The agreement is reasonably satisfactory. We 
observed the same change in the relative intensi­
ties of certain bands in the 1700-1900 cm.”"1 region 
upon change of solvent that was noted by these 
authors. Our bands in the 3000 cm .""1 region are 
accurate to only about =*= 15 cm.""1 because of poor 
dispersion, but the spectrum was scanned to 3600 
cm. " 1 to confirm the absence of hydroxyl groups 
in the vapor. It is noteworthy that the very in­
tense band of ketene monomer at 2153 cm. ~1 is not 
present in any of our spectra at any temperature.

It is necessary to point out at this time that the 
intensities reported in this paper are only quali­
tatively correct for the following two reasons. 
First, our procedure was to record a radiation 
curve through an empty cell, and then to use this 
in calculating transmission for all the other deter­
minations. (Run 8 was used for this purpose.) 
Many of the experimental conditions varied 
slightly from run to run—amplifier gain, energy 
output from the globar, atmospheric water vapor 
in the air path, and so on—so the runs are not 
strictly comparable. Secondly, the concentration 
of the vapor molecules in the beam was not quite 
the same at the various temperatures. Assuming 
an ideal gas, the concentration is proportional to 
P /  T\ We hoped to measure the pressure with the 
little manometer, and to adjust it by changing the 
temperature of the reservoir in such a manner as 
to keep P /T  constant for the vapor. However, 
because of the permanent gas alluded to earlier, 
there was an error in all the pressure measure­
ments. Since the vapor pressure was of the order 
of 15 mm., a 3 mm. error was relatively large. 
Hence the amount of sample in the beam was not 
the same for the various runs. For these two 
reasons it is evident that we will not be justified in 
comparing absolute intensities. Nevertheless a 
comparison of the relative intensities of two bands 
in one spectrum with the relative intensities of the 
same two bands in another spectrum will be 
meaningful. In this connection it should be re­
membered that the intensity of a band is to be 
measured by the area under the band envelope
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T a b l e  I

T h e  I n f r a r e d  S p e c t r u m  o f  D ik e t e n e
Whiffen and 
Thompson* 
(liq., soln.)

Cm.-1 Ja
This work 
(solution) 

Cm. 1 Ia
This work 

(vapor, 30°) 
C m ."1 Ia
f 796

805 5 804 s < 803 m
[ 811

846 S 840 s 838 m
f 879

868 s 875 vs \  887 vs
[ 893

893 ? 893 vw
914 ? 914 vw
946 ?
957 m 958 vw
986

1009 s 1006 vs ƒ 1001
\ 1013 s

1055 w )
1106 rn 1095 w
1130 m 1125 m 1130 w

1209 b

1194 m 1199 w 1220 VW
1239 s 1238 s 1237 m

1250 Wr
1288 w 1292 w

1375 m 1367 m 1371 m
1393 m 1392 m
1417 m 1411 m
1685 s 1675 s 1676 s
1705 s 1709 ’ vs 1720 • VS
1745 s 1750 s 1776 ra
1865 s 1869 s 1875 s
1895 s 1899 vs 1922 vs

1960 vw 1970 vw
2 0 1 0 w 2007 w 2012 w
2040 w
2 1 1 0 w 2 1 1 2 vw 2124 w
2230 w
2420 vw
2480 vw
2560 w
2660 vw
2710 w

2846 b

2923 w
2970 m 2999 vw
3010 m 3007 h

3082 w
3370 w
3620 w

* vs =  very strong, s — strong, m =  medium, w — 
weak, vw — very weak. b Observed only for the 40 cm. 
absorbing path described in the text.

rather than by the position of maximum absorp­
tion, because a band will flatten and broaden as 
the temperature increases.

Figure 1 compares the two 100° spectra (runs 2 
and 6 ) . Although the two curves are not quanti­
tatively identical, the general agreement is good 
except for the two bands at 1133 and 1838 cm.-1.

The first of these will be discussed later. The 
second is apparently due to some extraneous ma­
terial such as the glyptal lacquer because it is most 
intense in the first run, weaker in the second, and 
missing in all the others. The two spectra are 
sufficiently similar to indicate that reversibility is 
established.

Figure 2 compares the spectrum at 60° with 
that at 180° (runs 1 and 4). Examination will 
reveal several significant differences. Consider 
first the region 1600-1820 cm.-1, which contains 
the four bands at 1676, 1720, 1776, and 1797 
cm.-1. At 60°, 1720 is much the strongest, 1776 
is very slightly more intense than 1676, and 1797 
is completely missing. At 180° the intensity is in 
the order 1776 ^  1720 >  1676, and 1797 has ap­
peared. Figure 3B shows that these changes oc­
cur gradually as the temperature is increased. A 
comparison of 1676 and 1776, for example, shows 
that the intensity of the 1776 cm.-1 band changes 
from less than that of 1676 at 30° to much more 
at 180°. The changes are reversible, as indicated 
by the rerun at 100°, and by the fact that the 30° 
run (which was made last of all) fits the general 
trend. This group of four bands thus shows a 
very definite and reversible change with tempera­
ture. The 1797 cm.-1 band cannot be explained 
as any reasonable difference tone.

Similar changes are found in the 1100-1300 
cm.-1 region, as shown in Fig. 3A. The band at 
1133 cm.-1 is most intense in the first spectrum 
measured (60°), and is completely gone at 180°. 
On cooling back to 100° it reappears, but not as 
intensely as in the first 100° run. On further 
cooling to 30° it is still present, but with rather 
low intensity. Hence this band seems to indicate 
an irreversible change. Since there is little other 
evidence for irreversibility in the spectrum, one 
might attribute the band to some impurity. It is 
reported by Whiffen and Thompson, but by none 
of the Raman investigators. On the other hand 
it does reappear, even though weakly, at the lower 
temperatures. We have no explanation for the 
behavior. The band at about 1185 cm.-1 comes 
in as temperature increases and goes out again on 
cooling. It may be the difference tones 1683 
-  504(R) =  1179 and 1722 -  531(R) = 1181 
(R = Raman band). On the other hand, the 
1237-1250 doublet shows the converse behavior, 
disappearing as the temperature increases. An­
other band at 1292 cm.-1 is present only at the 
lower temperatures. This band is not reported in 
any earlier work, and so it may be due to an im­
purity. Other characteristic changes in the spec­
trum are noticeable too. For example, as the 
temperature increases, the intensity of the 1919 
cm.-1 band relative to that of the 1676-1720-1776 
group becomes markedly less. This change is also 
reversible with temperature.

There can be no doubt, then, that there are 
real changes in the spectrum as the temperature 
is increased. We feel that they cannot be due to
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600 700 800 900 1000 1100 1200 1300 1400

Fig. 1.—Infrared spectrum of diketene vapor a t 100° (runs 2 and 6). Bands marked with an asterisk are of questionable
origin. See discussion in text.

an irreversible chemical reaction because the orig­
inal features of the spectrum are recovered on 
cooling. (The 1133 cm.-1 band is an exception to 
this.) Also the changes are much too marked to 
be attributed entirely to changes in the population 
of the vibrational and rotational levels. Hence we 
feel that the results indicate the existence of an 
equilibrium between two forms of diketene which 
co-exist at room temperature.

Discussion
If one accepts the existence of such an equilib­

rium, it becomes much easier to understand the

anomalous behavior of diketene which has been 
so puzzling heretofore. For example, one chemi­
cal reaction may proceed through one form, and 
another reaction through the other form. It is 
also now reasonable to find five strong bands in 
the double bond stretching region. Four (or 
three) fundamentals are to be expected, leaving 
only one (or two) to be explained as a combina­
tion tone.

The question as to which forms comprise the 
equilibrium mixture now presents itself. The 
spectroscopic evidence has been thoroughly dis­
cussed by Whiffen and Thompson.8 We feel that

600 700 800 900 1000 1100 1200 1300 1400

Fig. 2.—Infrared spectrum of diketene vapor a t 60° and 180° (runs 1 and 4). Bands marked with an asterisk are of
questionable origin. See discussion in text.
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1100 1200 1300 1600 1700 1800
C m .-1.

Fig. 3.—Detailed comparison of selected bands a t the 
various temperatures. The curves have been displaced 
vertically.

their reason for eliminating the acetylketene struc­
ture (I)—the lack of a ketene group band near 
2150 cm.”1—is very compelling. It is our opinion 
that if as much as 2-4% of the material were in 
Form I, a band would have been observed in the 
region 2100-2200 cm.-1. This elimination of 
Form I receives further support from the electron 
diffraction results cited earlier.10 Forms II and 
III seem to be adequate to explain all the observa­
tions on diketene—chemical reactions, electron 
diffraction, ultraviolet absorption, vibrational 
spectrum, dipole moment. There remains the 
possibility that Form IV (cyclobutanedione-1,3) 
may be one of the components of the mixture. It 
has been amply proved that this structure alone 
cannot represent diketene, but it is not so easy to 
prove that it is not present in the equilibrium 
mixture. However, if there are only two compo­
nents, it seems probable that they would be II and 
III rather than either one of these with IV. The 
conversion between II and III is accomplished by 
transfer of a proton and the shift of a double bond. 
Changes of this type are fairly common. On the 
other hand the conversion of IV into either II or

III involves breaking and reforming the four- 
membered ring, and one would expect the activa­
tion energy to be higher for this process than for 
the former one. Some chemical evidence can also 
be adduced to support the elimination of IV. It 
has been shown that diketene does not react with 
sodium metal, with acetyl chloride, nor with 
phenyl isocyanate.14 These reagents are sensitive 
to the presence of hydroxyl groups, and so it is 
apparent that diketene contains neither hydroxyl 
groups nor a potential enolic structure. Judging 
by analogy with other compounds, Form IV 
would be expected to enolize sufficiently to show 
some reaction with these reagents. The fact that 
no such reaction has been detected indicates that 
Form IV is not present. This argument is not 
by itself convincing, because of its speculative na­
ture, but it does add some support to the conclu­
sion reached above.

To summarize, then, it seems that diketene is 
probably an equilibrium mixture of Forms II and 
III (vinylaceto-/3-lactone and /3-crotonolactone).

We have been unable to decide which form is 
favored by increasing the temperature. One can 
say, however, that certain of the vibrational bands 
belong to the high temperature form and certain 
others to the low temperature form. One thus has 
an experimental method for following the separa­
tion of the two forms.

Summary
1. The infrared spectrum of diketene vapor 

has been measured at five temperatures ranging 
from 30 to 180°.

2. The spectrum changes with temperature in 
such a manner as to indicate an equilibrium mix­
ture of two (or more) kinds of molecules.

3. The equilibrium is probably between two of 
the three structures: vinylaceto-/3-lactone, 0-cro- 
tonolactone, and cyclobutanedione-1,3. The first 
two seem most likely; they are capable of ac­
counting for all the experimental observations on 
diketene.
U r b a n a , I l l in o is  R e c e iv e d  J a n u a r y  2 t 1948

(14) Chick and Wilsmore» J . Chem. Soc., 97, 1981 (1910); H urd 
and Williams, T h is  J o u r n a l , 68 , 964 (1936).
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o-Methoxy-, p-Benzyl», o-Fluoro-, and o-Cyano-styrenes. Further Examples of 
the Disproportionation of Phenylmethylcarbinols to Ethylbenzenes1

By C .  S .  Marvel and D .  W .  Hein

In connection with the study of a variety of 
substituted styrenes as substitutes for styrene in 
G R - S ,  the syntheses of 0-methoxy-, ^-benzyl-,
0-fluoro-, and ö-cyano-styrenes have been accom­
plished by routes not previously described.

0  -M ethoxy styrene
0- Methoxystyrene has been prepared by a number of 

mèthods2 which need not be enum erated. We first applied 
the hot tube cracking process of Mo wry, Renoll and Huber3 
to 1-(ö-methoxyphenyl) -ethanol which was prepared both 
from o -iiiethoxybenzaldehyde and methylmagnesium io­
dide and from 0 -methoxyphenylmagnesium bromide and 
acetaldehyde. In  the first of these processes there was 
obtained along with the carbinol, a considerable amount of 
bis - [ 1 - (o-methoxyphenyl) -ethyl ] e ther. This ether cleaved 
readily over hot alumina to  give the  desired 0 -methoxy- 
styrene in 75% yields.

The 0-methoxystyrene produced by catalytic dehydra­
tion of 1-(o-methoxyphenyl)-ethanol or its ether did not 
copolymerize well in standard GR-S recipes. Examina­
tion of the styrene showed th a t it contained about 10% of 
o-ethylphenol and a lesser proportion of o-ethylanisole. 
Presumably the o-ethylanisole was produced by a dis­
proportionation reaction similar to the one observed in the 
attem pted dehydration of m-N-methylaminophenyl- 
methylcarbinol.4 The o-ethylphenol was undoubtedly 
produced by cleavage of the ether group of o-ethylanisole. 
The other fragment of the disproportionation reaction is 
undoubtedly the substituted acetophenone since Hunter 
and Groombridge5 have observed the formation of aceto­
phenone during the dehydration of phenylmethylcarbinol 
over alumina.

Even after the removal of the phenolic impurities the 
sample of o-methoxystyrene prepared from the a-aryl - 
carbinol was not satisfactory for polymerization studies. 
A very good sample of o-methoxystyrene was obtained by 
the conversion of o -methoxyphenylmagnesium bromide to 
2 - (o-methoxyphenyl) -ethanol by the action of ethylene 
oxide and the dehydration of this alcohol over hot potas­
sium hydroxide. The styrene was obtained in good yield 
and the polymerization rates were satisfactory but the 
starting material was somewhat difficult to obtain.

Finally o-methoxystyrene was prepared by the method 
of Walling and W olfstirn.2® After the o-methoxystyrene 
thus prepared had been washed with alkali it copolymer­
ized satisfactorily. The yields are less satisfactory than 
in the preceding preparation bu t o-methoxybenzaldehyde 
is a more readily available starting material than o-bromo- 
anisole.

1- (o-Methoxyphenyl) -ethanol.—This alcohol was pre­
pared by the reaction of methylmagnesium iodide with o- 
methoxybenzaldehyde by procedures which have been de­

(1) The work described in this m anuscript was carried out under 
the  sponsorship of the  Office of Rubber Reserve, Reconstruction 
Finance Corporation, in connection with the Government Synthetic 
Rubber Program.

(2) (a) Perkin, Ber., 11, 515 (1878); (b) Klages and Eppelsheim,
ibid., 36, 3584 (1903); (c) Pschorr and Einbeck, ibid., 38, 2077
(1905); (d) v. Auwers, Ann., 413, 297 (1916); (e) Shorygin and 
Shorygina, J. Gen. Chem. (U SSR), 9, 845 (1939); C. A ., 34, 389 
(1940); (f) Quelet and Golse, Compt. rend., 223, 159 (1946); (g) 
Walling and Wolfstirn, T h is  J o u r n a l , 69, 853 (1947).

(3) Mowry, Renoll and Huber, ibid., 68, 1105 (1946).
(4) Marvel and Overberger, ibid., 68, 185 (1946).
(5) H unter and Groombridge, British P aten t 589,015; C. A ., 41,

6897d (1947).

scribed.6 We obtained in every run a by-product boiling 
a t 109° a t  0.05 m m ., m . p . 93.5°, which appears to  be the 
ether formed by dehydration of the carbinol.

A n a l 7 Calcd. for Ci8H220 3: C, 75.44; H , 7.75.
Found: C, 75.37; H , 7.58.

This by-product was not described in the earlier reports. 
In one experiment a yield of crude carbinol amounting to  
82% was obtained, b u t on distillation it wa.s found to  con­
tain about 30% of the ether.

From o -methoxyphenylmagnesium bromide (from 187 
g. of o-bromoanisole) and acetaldehyde, a  70% yield of the 
above alcohol was obtained. No ether was isolated in 
this run.

2-(o-Methoxyphenyl)-ethanol.—To an ether solution 
of ö-methoxyphenylmagnesium bromide (from 100 g. of 
o-bromoanisole) was added an ether solution of 44 g. of 
ethylene oxide and the reaction was carried out in the usual 
manner. The product am ounted to 54.5 g. (67%) and 
boiled a t 79-80° a t 0.26 mm. pressure, w20d 1.5391, d 204 
1.0889.

A n a l . Calcd. for C9H i20 2: C, 71.03; H , 7.95. Found: 
C, 70.61; H , 7.64.

The phenylurethan was prepared in the usual manner 
and after recrystallization from ethanol melted a t 76 °.

A n a l .  Calcd. for C16Hi70 3N : C, 70.83; H , 6.32; N, 
5.16. Found: C, 71.05; H , 6.42; N, 5.11.

o -Methoxystyrene.—Dehydration of 150 g. of l-(o - 
methoxyphenyl) -ethanol over (Alorco) activated alumina 
at 310° a t 30-40 mm. pressure gave 102 g. of product boil­
ing a t 73-75° a t 10 mm., w20d 1.5530. This refractive 
index is lower than most of the values recorded previously 
for this styrene. In  a redistillation it was observed th a t 
there was considerable variation in the refractive index a t 
different stages of distillation although the boiling point 
was unchanged.

By-products in o-M ethoxy styrene from l-(ö-M  ethoxy- 
phenyl)-ethanol.—A solution of 153 g. of o-methoxy­
styrene made as above in 1 liter of low boiling petroleum 
ether was repeatedly washed with 500-cc. portions of 2%  
aqueous sodium hydroxide. The alkaline extracts were 
combined and acidified with hydrochloric acid and ex­
tracted with ether. After evaporation of the ether, the 
residual oil was distilled under reduced pressure. Re- 
distillation of the main fraction gave about 11 g. of m a­
terial, b. p . 48° a t 0.05 m m ., n 20d 1.5367, <Z204 1.0283.

A n a l . C alcd .forC 8H ioO: C ,7 8 .6 5 ;  H ,8.25. Found: 
C, 78.71; H , 7.91.

This material had a  strong creosote-like odor, absorbed 
bromine in carbon tetrachloride, decolorized 1% aqueous 
potassium permanganate solution and gave a  violet blue 
color with ferric chloride in alcohol. These properties 
agree with those of o-ethylphenol as reported by Behai 
and Choay.8 To confirm the identification the phenol 
was converted to  o-ethylphenoxyacetic acid which is re ­
ported to  melt a t 141 °.9 The product we obtained melted 
at 134° and a sample made from an authentic specimen of 
o-ethylphenol (n20D 1.5335) melted a t 137-138°. A 
mixture of the two materials melted a t 136-137°.

Careful distillation of the o-methoxystyrene which had
(6) Klages and Eppelsheim, Ber., 36, 3584 (1903); Pschorr and 

Einbeck, ibid., 38, 2077 (1905); Stedm an and Stedm an, J . Chem. 
Soc., 609 (1929).

(7) All microanalyses reported are by H. S. Clark of the Illinois 
S tate Geological Survey.

(8) Behai and Choay, Bull. soc. chim., [3] 11, 210 (1894).
(9) Steinkopf and Hopner, J . p r a k t .  Chem., [2] 113, 140, 153 

(1926).
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been washed with alkali to  remove phenol showed tha t it 
also was not a  homogeneous material. The material was 
divided into five fractions as follows: (1) 9 g., b. p. 33- 
35° a t 0.6 mm., n 20d 1.5282.; (2) 21.6 g., b . p. 32-35° a t 
0.4-0.55 mm., n ™d 1.5390; (3) 26.7 g., b. p. 33-36° a t 
0.35 m m ., w20d 1.5500; (4) 47.6 g., b. p . 34° at 0.3 mm., 
n ™d 1.5582; (5) 20.3 g., b . p. 34° a t 0.25 mm., rc20D 
1.5592.

Fractions 1 and 2 were combined and redistilled a t a re- 
JJLÜ.X ia u u  Oi o lu x. About 1.5 g. of distillate boiling a t 
72° and 13 mm. was collected, w20d 1.5169. The residue 
was heated in the distillation apparatus under total reflux 
for two hours to  polymerize any o-methoxystyrene and 
then distillation was continued. Seven grams of product 
boiling a t 73° under 14 mm. pressure, « 20d 1.5142 were 
obtained.

A n a l .  Calcd. for C 9H i2 0 :  C, 79.37; H , 8 .8 8 . Found: 
C, 79.58; H , 8.67.

Klages and Eppelsheim2b have reported a  boiling point 
of 70-71° a t 11 m m ., and n 20D 1.512 for o-ethylanisole.

Further confirmation th a t this product was o-ethylani­
sole was obtained by conversion to  a tribromide by bro­
mination with excess bromine in carbon disulfide with a 
trace of iodine as a catalyst. The product was recrystal­
lized to  a constant melting point from 95% alcohol and 
melted a t  108-109°.

An authentic specimen of o-ethylanisole was similarly 
brominated to  give a product which melted a t 109°. A 
mixture of the two tribromo derivatives melted a t 108- 
109°.

A n a l .  Calcd. for C 9H 9OBr3: C, 28.99; H, 2.43; Br,
64.29. Found: C, 28.81; H , 2.28; Br, 64.24.

The dinitro derivative was prepared from the o-ethyi- 
anisole isolated from the o-methoxystyrene and also from 
authentic o-ethylanisole. After recrystallization from 
9 5 % alcohol the sample from the o-ethylanisole isolated 
from the styrene preparation melted a t 67°, the authentic 
specimen a t 67.5° and the mixture of the two a t 67°.

A n a l .  Calcd. for C 9H 1 0O6N2: C, 47.79; H, 4.46; N, 
12.39. Found: C, 47.98; H , 4.58; N, 12.37.

0 -M ethoxystyrene from 2  - (o-Methoxyphenyl) -ethanol. 
—In a 500-cc. round-bottomed flask fitted with a dropping 
funnel and a distilling tube with receiver, was placed 150 
g. of U .S.P. potassium hydroxide pellets. A very small 
am ount of picric acid was introduced to act as a polymer­
ization inhibitor. The apparatus was pumped out to 
about 1 2  mm. pressure, the reaction flask heated to 225° 
and after the water had distilled out of the potassium hy­
droxide, 5 4 . 5  g. of 2 - (o-methoxyphenyl) -ethanol was added 
dropwise a t the rate of 15-20 drops per minute. To the 
distillate was added 1 0 0  cc. of low boiling petroleum ether, 
the water separated and the solvent distilled. The residue 
was distilled to  yield 33.3 g. (69.4%) of quite pure 0 - 
methoxystyrene boiling a t 35° under 0.20 mm. pressure, 
w20d 1.5595.

o-M ethoxystyrene from t r a n s  -o -M ethoxy cinnamic Acid. 
—The procedure was th a t of Walling and Wolfstirn2® ex­
cept th a t it was found necessary to wash the substituted 
styrene with sodium hydroxide solution to  remove traces of 
phenolic compounds and unchanged acid. The major 
portion of this product boiled a t 36-37° under 0.2 mm., 
n2°D 1.5600.

^-Benzylstyrene
The synthesis of ^-benzylstyrene from diphenylmethane 

was effected by the usual methods of acetylation, reduc­
tion and dehydration. The general procedure of Mowry, 
Renoll and H uber3 for the preparation of alkylacetophe- 
nones was followed for the acetylation of diphenylmethane 
and as a by-product some bis-feacetylphenyl) -methane 
was obtained. This was converted to the new bis-(/>- 
vinylphenyl)-methane which was characterized.

The ^-benzylstyrene which resulted from the dehydra­
tion of l-(^-benzylphenyl) -ethanol was found to contain 
small amounts of £-benzylethylbenzene. This is further 
evidence tha t the disproportionation of phenylmethylcar­
binols over alumina4 *8 is a general reaction.

^-Benzylacetophenone.—When the general procedure 
of Mowry, Renoll and Huber3 was followed, 425 g. of di­
phenylmethane gave 413 g. of />-benzylacetophenone, 
m. p. 39° (lit.10, 39°), and 60 g. of higher boiling residue.

Bis-(^-acetylphenyl) -methane.—Three hundred and 
five grams of high boiling residues from the above prepara­
tion was distilled a t 180° and 0.05 mm. and the distillate 
was recrystallized from 95% alcohol. The yield of dike­
tone was 210 g ., m . p . 90-92 0. Duval10 reported a melting 
point of 93 °,

l-(£-Benzylphenyl)-ethanol.—A solution of 170 g. of p -  
benzylacetophenone in enough absolute alcohol to make 
510 cc. of solution was treated with Raney nickel catalyst 
a t the boiling point for two hours; the nickel was removed 
by filtration; fresh catalyst was added and reduction with 
hydrogen was carried out a t  75° and 1600 p.s.i. The 
catalyst was removed by centrifuging, the alcohol was dis­
tilled and the product purified by distillation. The yield 
was 147.5 g . ,b .p .  125-130° a t 0.1 m m .,m .p . 43-45°. A 
small sample was redistilled and it  boiled a t 114° a t 0.06 
mm. and melted a t 46 °.

A n a l .  Calcd. for CisHieO: C ,84.86; H, 7.60. Found: 
C, 84.69; H , 7.88.

^-Benzylstyrene.—Dehydration of 150 g. of l-Q>-ben- 
zylphenyl) -ethanol over (Alorco) activated alumina a t 
310° a t 30-40 mm. pressure gave 114 g. (83.3%) of p -  
benzylstyrene, b . p. 76-78° a t 0.06 mm., n 20d 1.5949; 
J 204 1 .0 0 1 1 .

A n a l .  Calcd. for Q 5H 1 4 : C, 92.74; H , 7.26. Found: 
C, 92.88; H , 7.28.

One cubic centimeter of the above styrene was treated 
with bromine in glacial acetic acid until the color of bro­
mine persisted. I t  was then warmed on a steam cone a 
few minutes and diluted with water. The solid which 
separated on cooling was recrystallized from methanol. 
The product melted a t 92-93°.

A n a l .  Calcd. for C15Hi4Br2: C, 50.87; H , 3.99.
Found: C, 51.17; H, 3.96.

A sample of 58 g. of the crude p  -benzylstyrene was 
heated under to tal reflux for two hours and distilled to 
give 30 g. of product b. p. 83-90° a t 0.2 mm., n 20d 1.5806. 
This product was treated with bromine in glacial acetic 
acid until no more bromine was absorbed and then diluted 
with water. The oil was collected in ether and the solvent 
evaporated. The residue was crystallized from alcohol to 
remove most of the ^-benzylstyrene dibromide. The a l­
coholic mother liquors were then distilled under reduced 
pressure to  yield 2 g. of a product which boiled a t 89-96° 
a t 0.08 mm. pressure, w20d 1.5622. Another distillation 
gave a purer product, n 20d 1.5620.

A n a l .  Calcd. for C15H 1 6 : C, 91.78; H , 8.22. Found: 
C, 91.57; H , 8.19.

Walker11 reported th a t ^-benzylethylbenzene boils at 
294-295° a t 754 mm. but gave no refractive index. A 
small sample of p  -benzylstyrene was reduced over Raney 
nickel catalyst to give ^-benzylethylbenzene which boiled 
a t 85° a t 0.2 mm., w20d 1.5616.

B is-[£-(l -hydroxyethyl) -phenyl] -methane.—A solu -
tion of 210 g. of bis-(£-acetylphenyl)-methane in 1500 cc. 
of alcohol was first treated with Raney nickel catalyst and 
then reduced with hydrogen over fresh catalyst a t 75 ° and 
1600 p.s.i. The catalyst was removed by filtration, the 
solution evaporated and a crude residue of 2 0 0  g. was ob­
tained. Most of this material was used directly for dehy­
dration. Five grams of the crude product was purified by 
twice recrystallizing from a 1 : 2  mixture of low boiling 
petroleum ether and benzene to yield a p ro d u c t,m .p .85- 
86°.

A n a l .  Calcd.forC 17H 2 0O2 : C ,79.65; H ,7.87. Found: 
C, 79.85; H , 7.81.

The diphenylurethan prepared by the usual procedure 
was washed with carbon tetrachloride and low boiling

(10) Duval, Compt. rend.. 146, 341. (1908); Bull. soc. chim., [4] 7, 
796 (1910).

(11) Walker, Ber., 5, 686 (1872).
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petroleum ether and then recrystallized from 95% alcohol. 
The product melted a t 149-150°.

A n a l .  Calcd. for C3iH3o04N2: C, 75.28; H , 6.11; N, 
5.67. Found: C, 75.37; H, 6.27; N, 5.73.

Bis-(£-vinylph enyl) -methane.—The crude dicarbinol 
(134 g.) obtained above, dehydrated as described under 
p -benzylstyrene a t 310° and 12 mm., gave 89 g. of crude 
product. Attempts to distil part of the product produced 
polymer in the distilling flask even when an inhibitor such 
as picric acid was added. By dissolving the product in 
ethyl alcohol a t room temperature and cooling in a Dry Ice- 
bath and filtering a t low temperature, pure hydrocarbon 
melting a t 32 ° was obtained.

A n a l . Calcd. for CnHie: C, 92.62; H, 7.32. Found: 
C, 92.80; H, 7.18.

The tetrabromide was made by adding bromine in glacial 
acetic acid to glacial acetic acid solution of 2 g. of the hy­
drocarbon. The product was precipitated with water and 
recrystallized from a mixture of 20 cc. of methanol and 10 
cc. of benzene; m. p. 146°.

A n a l . Calcd. for C17H16Br4: C, 37.81; H* 2.99.
Found: C, 38.09; H , 2.97.

o-Fluorostyrene
o -Fluorostyrene has been prepared by Brooks.12 We 

have applied the general styrene synthesis of Walling and 
Wolfstirn2® to o -fluorobenzaldehyde and found the method 
very satisfactory.

o -Fluorotoluene.—When the general procedure de­
scribed for the preparation of fluorobenzene13 was used, 
574 g. of o-toluidine hydrochloride gave 207 g. of o-fluoro­
toluene.

o -Fluorobenzaldehyde.—When the general procedure 
described for the preparation of ^-bromobenzaldehyde14 
was followed, 127.6 g. of o -fluorotoluene gave 100 g. 
(71.3 %) of o-fluorobenzaldehyde. Brooks12 used chlorina­
tion ifi place of bromination in this preparation and ob­
tained a 48% yield.

o -Fluorocinnamic Acid.—When the general procedure 
of Walling and Wolfstirn2® was used, 100 g. of o -fluorobenz­
aldehyde gave 101 g. of the corresponding cinnamic acid, 
m . p .  177-178°. Kindler,15 who prepared this acid by a 
different route reports it as melting a t 175°.

o-Fluorostyrene.—The general procedure of Walling 
and Wolfstirn2® was used for the decarboxylation and from 
95 g. of the cinnamic acid 45.6 g. (65.6%) of o-fluorosty- 
rene, boiling a t 46° a t 32 mm., w20d  1.5201, was obtained. 
Brooks12 reports n 20d  1.5197.

o-Cyanostyrene
o -Cyanostyrene was prepared from o-tolunitrile by oxi­

dation to 0 -cyanobenzaldehyde, followed by condensation 
with malonic acid and subsequent decarboxylation of the 
substituted cinnamic acid. The polymerization of this 
substituted styrene has not been studied.

o-Cyanobenzaldehyde Diacetate.—The procedure de­
scribed for the conversion of £ -nitrotoluene to />-nitrobenz- 
aldehyde diacetate16 was used. From 84.2 g. of o - 
toluonitrile there was obtained 58.2 g. (34.6%) of the o -  
cyanobenzaldehyde diacetate, m. p. 94-95° after recrys­
tallization from 95% alcohol.

A n a l .  Calcd. for Ci2Hu0 4N : C, 61.79; H, 4.76.
Found: C, 61.95; H , 4.69.

o-Cyanobenzaldehyde.—Hydrolysis of the above diace­
ta te  was carried out as described for the corresponding p -  
nitro compound.16 From 58.2 g. of diacetate there was 
obtained 26.7 g. (81.6%) of 0 -cyanobenzaldehyde which 
melted a t 103-104° after recrystallization from alcohol.

(12) Brooks, T h is  J o u r n a l , 66, 1295 (1944).
(13) Flood, “ O rganic S y n th eses ,” C oll. Vol. I I , John  Wiley and 

Sons, In c ., N ew  Y ork , N . Y ., 1943, p. 295.
(14) C olem an and H o n ey w ell, ibid., p. 89.
(15) Kindler, Ann.,  464, 278 (1928).
(16) L ieberm an and C onnor, “ Organic S yn th eses” Coll. Vol. I I ,

|ohn  W ile y  and Sons. Inc., New Vork*. N . V., 1943 p. 441.

Blicke and Pobelski17 prepared this aldehyde from the cor­
responding benzal dibromide and reported the melting 
point a t 108-109°.

0-Cyanocinnamic Acid.—The 0 -cyanobenzaldehyde, 
m.p .  103-104°, was converted to  the cinnamic acid by the 
procedure of Walling and Wolfstirn2® except the reaction 
mixture was heated for five hours. From 48.5 g. of alde­
hyde there was obtained 39.5 g. (61.7%) of 0 -cyanocin- 
namic acid, m . p . 253-254 °. This agrees with the melting 
point (255°) reported in the Bayer Company paten t.18

A n a l .  Calcd. for CioH 70 2N : C, 69.36; H , 4.07; N, 
8.09. Found: C, 69.42; H , 3.80; N, 8.07.

0-Cyanostyrene .—The general method of Walling and 
Wolfstirn2® was modified for the decarboxylation of 0 - 
cyanocinnamic acid by using more quinoline and distill­
ing more slowly than they recommend. Twenty-three 
grams of the cinnamic acid, 5 g. of copper bronze powder 
and 275 g. of quinoline were used. About five-sixths of 
the material distilled in ninety minutes. Redistillation 
gave 5 g. (28.9%) of product, b. p. 53° a t 0.15 mm., n 20d 
1.57-56.

A n a l .  Calcd. for C9H 7N : C, 83.69; H, 5.46. F ound : 
C, 84.55; H, 5.61.

0 -Cyanostyrene has been described as boiling a t 96- 
100° a t 9 mm., <Z2915 1.012.19

0 -Cyanostyrene Dibromide.—Addition of excess bro­
mine to a glacial acetic acid solution of 0 -cyanostyrene 
followed by dilution with water gave a solid dibromide.

After recrystallization from alcohol it melted a t 86- 
86.5°.

A n a l .  Calcd. for C9H7NBr2: C, 37.40; H , 2.44;
Br, 55.31. Found: C, 37.65; H, 2.51; Br, 55.15.

Polymers of the New Styrene Derivatives.—Two cubic 
centimeters of monomer was placed in a quartz tube and 
placed under a 500-watt ultraviolet lamp until a solid 
polymer had formed. The time varied from two to  four 
days for different monomers. The polymer was dissolved 
in 50 cc. of benzene and precipitated by dropping the solu­
tion into 500 cc. of vigorously stirred methanol. The 
powder thus obtained was dried in a vacuum desiccator a t 
0.03 mm. pressure.

Poly-^-benzylstyrene softened in a melting point tube 
a t 105 ° and shrunk to  a soft mass a t 110 °. I t  was slightly 
soluble in benzene, [77] 0.91.

A n a l .  Calcd. for C15H 14: C, 92.74; H , 7.26. Found: 
C, 91.84; H , 7.51.

Poly -bis - (£ -vinylphenyltne thane) did not soften visibly 
below 250°. I t was insoluble in benzene, chloroform, 
nitromethane, carbon disulfide and other common solvents.

A n a l .  Calcd. for Ci7H 16: C, 92.68; H, 7.32. Found: 
C, 91.65; H, 7.74.

Poly- 0-methoxystyrene softened a t 125° and turned to  a 
soft mass a t 130°. I t  was very soluble in benzene, [77] 
0.57.

A n a l .  Calcd. for C9HioO: C, 80.56; H , 7.51. Found: 
C, 80.45; H , 7.40.

Poly-0 -fluorostyrene softened a t 105° and shrunk to a
soft mass a t 110°. I t  was very soluble in benzene, [77] 
0.36.

A n a l .  Calcd. for C8H 7F : C, 78.86; H , 5.78. Found: 
C, 77.88; H, 6.07.

The copolymerization of these styrenes with butadiene 
will be described later.

Summary
^-Benzylstyrene and bis- (p-vinylphenyl) -meth­

ane and their polymers are described for the first
(17) Blicke and Pobelski, T h is  J o u r n a l , 58, 559 (1936).
(18) Bayer and Company, German P aten t 116,123; Chem. Zentr 

72, I, 69 (1901); see also Drory, Ber., 24, 2574 (1891); W erner and 
Piquet, ibid., 37, 4310 (1904).

(19) Wingfoot. Corporation, British P atent 571,829 (1945); C. A.. 
41, 3323 (1947).
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time. New procedures for preparing 0-fluorosty- 
rene, 0-methoxystyrene and 0-cyanostyrene are de­
scribed.

Two more examples of the disproportionation of 
phenylmethylcarbinols to ethylbenzenes under

the influence of activated alumina have been ob­
served in the dehydration of ^-benzylphenyl- 
methylcarbinol and 0-methoxyphenylmethylcar- 
binol.
U r ban a , Illino is R eceived  January  9, 1948

[Contribution  from the  Chemistry D epartment of the U niversity  of M isso u r i]

The Hydrogenation of Phenolic Acids
B y  H e r b e r t  E. U n g n a d e  a n d  F r a n c is  V. M o r r is s

The catalytic reduction of phenolic acids has 
been investigated in the hope of obtaining a rea­
sonably simple method for the preparation of acids 
of the type (I).

ROXIX CHR'COOH

Previous attempts to prepare the methoxy 
acid (I, R — CH3, R' =  H) by catalytic reduction 
of the corresponding aromatic acid with platinum 
catalyst have been unsuccessful.1 In numerous 
other investigations the catalytic reduction of 
phenolic acids has been reported to give low yields 
of hydroxycyclohexane acids due to side reactions. 
Low pressure hydrogenation, particularly in acid 
medium, causes considerable hydrogenolysis of 
the carbon-oxygen linkage with resultant loss of 
the hydroxyl group2*3»4 whereas high pressure 
hydrogenation with nickel catalyst leads largely to 
decarboxylation5 regardless of whether the acids 
or their sodium salts are reduced.4 The hydrogen­
olysis reaction in the low pressure hydrogenation 
with platinum can be repressed by reducing in 
the presence of alkali. Good yields of 4-hydroxy- 
cyclohexanecarboxylic acid have thus far been re­
ported only for the hydrogenation of ^-hydroxy- 
benzoic acid in ethyl acetate over palladium-on- 
strontium carbonate under high pressure.4

It has been shown in the present investigation 
that phenolic acids can be reduced smoothly to 
the hexahydro compounds by high pressure hy­
drogenation of their esters in alcoholic solution 
with W-2 Raney nickel catalyst6 in the presence of 
approximately 0.3 mole % of the sodium salts of 
these compounds. The reduction products are 
pure substances which consist of mixtures of cis- 
and trans-isomexs and which are formed in nearly 
quantitative yield. A direct separation of the

(1) Ruggli, Leupin and Businger, Helv. Chim. Acta, 24, 339 (1941).
(2) Balas and Kosik, Casopis Öescoslov. Lékdrnictva, 7, 105 (1927); 

Balas and Srol, Coll. Czescoslov. Chem. Commun., 1, 658 (1929); 
Edson, J . Soc. Chem. Ind ., 53, 138T (1934); Long and Burger, J . 
Org. Chem., 6, 852 (1941); P r ic e , Enos and Kaplan, T h is  J o u r ­
n a l , 69, 2261 (1947).

(3) Hardegger, P la ttner and Blank, Helv. Chim. Acta, 27, 793 
(1944).

(4) Levin and Pendergrass, T h is  J o u r n a l , 69, 2436 (1947).
(5) Ipatiew  and Razuvajew, Ber., 58B, 306 (1926); Mitsuii,

M em . Coll. Sci. Kyoto Im p. U n i v A 18, 329 (1935); M artin and 
Robinson, J . Chem. Soc., 491 (1943). '

(6) Adkins and Pavlic, T h is  J ournal, 69, 3040 (1947).

isomers is rather difficult. A partial separation 
can be effected by adsorption of the esters on alu­
mina. The /raws-isomer is more strongly adsorbed.

The best method for the preparation of the pure 
cis- and £nms-isomers consists in the reduction 
of the keto acids by specific reduction methods. 
Sodium and alcohol or sodium amalgam gives 
fairly pure trans-dlcohols while the catalytic reduc­
tion with Raney nickel at room temperature 
yields predominantly cis-isomers.3

Experimental7-8
The phenolic acids used in this investigation were com­

mercial products with the exception of «-(^-hydroxy- 
phenyl) -butyric acid which was prepared according to 
Wilds and Biggerstaff.9*10

The ethyl esters of the phenolic acids were prepared by 
esterification of the acids with ethyl alcohol and sulfuric 
acid or by the method of Thielepape.11 They were dis­
tilled under reduced pressure prior to reduction.

Hydrogenation of the Phenolic Esters.—The phenolic 
esters (0.2-1.0 mole) were dissolved in 100 cc. of absolute 
ethyl alcohol containing 0.3 mole % (on the basis of phe­
nolic ester) of sodium ethoxide. Raney nickel (3-6 g.) 
was added and the mixture was immediately hydrogenated 
a t between 160-220° (240-270 atm .) until the pressure 
remained constant. The catalyst was filtered off, the sol­
vent was removed and the residue was distilled under re­
duced pressure. The constants of the products are given 
in Table I.

Preparation of the Keto Acids.—The hydroxycyclo­
hexane esters described above were hydrolyzed by re­
fluxing for two hours with four volumes of 10-20% aqueous 
sodium hydroxide solution and one volume of ethyl alcohol. 
The resultant solution was acidified with hydrochloric acid 
and extracted continuously with benzene. Most of the 
water and benzene were removed by distillation from a 
water-bath, the last traces under reduced pressure. The 
residual acids were used for the preparation of the keto 
acids without further purification. The mixtures of the 
isomeric acids were oxidized with chromic anhydride in 
aqueous acetic acid below 15°. Ethyl 4-hydroxycyclo- 
hexanecarboxylate was oxidized without previous hydroly­
sis. The resulting keto ester was purified through its 
bisulfite addition compound and was hydrolyzed on re­
generation. The experimental data are given in Table 
II.

The keto acids were isolated by dilution of the reaction 
mixture with water and continuous extraction of the re­
sultant solution with ether. The ether was removed by 7 8 9 10 11

(7) All tem peratures uncorrected.
(8) Analyses by Karl Zilch.
(9) Wilds and Biggerstaff, T h is  J o u r n a l , 67, 789 (1945).
(10) The authors are indebted to  Dr. V. H. Wallingford of the 

M allinckrodt Chemical Works for a generous supply of diethyl ethyl - 
phenylmalonate from which this acid was prepared.

(11) Thielepape, Ber., 66, 1454 (1933).



May, 1948 T he  H ydrogenation of P h en o lic  A cids 1899

T a b l e  I

H y d r o g e n a t io n  P r o d u c t s  o f  t h e  P h e n o l ic  A c id s

E thyl ester
B. p. 

°C .a Mm.
Yield, &

% m20d Calcd. Found
2-Hydroxycyclohexanecarboxylate 98.5-100 7 85 1.4625 1.0505 44.74 45.11
3-Hydroxycyclohexanecarboxylate 133-138 9 75c 1.4665 1.0564 44.74 45.22
4-Hydroxycyclohexanecarboxylate 136 8 87 1.4698 1.0667 44.74 44.96
4-Hydroxycyclohexaneacetated 138-142 7 89 1.4705 1.0533 49.36 49.38
«- (4-Hydroxycyclohexane) -butyrate* 147 6 83 1.4710 1.0083 58.58 59.50

° The products boiled without forerun. 6 On the basis of purified products. e The low yield in this case was due to 
mechanical losses. d A n a l .  Calcd. for Ci0H 18O3: C, 64.50; H, 9.72. Found: C, 64.41; H, 9.91. 8 A n a l .  Calcd. for
C12H 2 2O3 : C, 67.26; H, 10.35. Found: C, 67.29; H, 10.24.

T a b l e  I I
C h r o m ic  A c id  O x id a t io n  o f  t h e  H y d r o x y  A c id s

Hydroxy CrOg, HOAc, H20, Yield, M. p.,
compound G. g. cc. cc. % a °C.

Ethyl 4-hydroxy-
cyclohexane-
carboxylate 8 .0 4.0 400 1 0 45.7 6 6 - 6 8

4-Hydroxycyclo- 
hexaneacetic acid 

a -  (4-Hydroxycyclo­
17.0 4 .0 50 3 34.4 67-68

hexane) -butyric 
acid 5.8 2 .4 38 2 55 73-75
0  The yields are based on crystallized products.

distillation, the residual acids were dried by removing the 
benzene-water azeotrope and were crystallized from Skel- 
lysolve B. The purification of the acids proved tedious 
since several weeks were required for the crystallization of 
the reaction products. Analyses of the acids and their 
semicarbazones are given in Table I II .

acetate. The mixture with the c i s - a d d  melted a t 110-
120°.

A n a l .  Calcd. for C 8H 140 3: C, 60.74; H , 9.09. Found: 
C, 60.48; H, 9.08.

c is  -a. -  (4 -Hydroxy cyclohexane) -butyric Acid.—The ca ta ­
lytic reduction of the keto acid (0.4 g.) was carried out as 
described for cw-4-hydroxycyclohexaneacetic acid. The 
crude product (0.4 g., m. p. 102-107°) was crystallized 
from ethyl acetate. The pure hydroxy acid melted a t
110.5-111°.

A n a l .  Calcd. for C10H 1 8 O3: C, 64.50; H , 9.72.
Found: C, 64.47; H , 9.95.

tr a n s  -a  - (4-Hydroxycyclohexane) -butyric Acid.—The
mixture of isomeric hydroxy esters (3.73 g.) from the high 
pressure hydrogenation of ethyl «-(^-hydroxyphenyl)- 
butyrate was adsorbed on alumina from Skellysolve A solu­
tion. The less strongly adsorbed c i s -isomer was eluted 
with the same solvent, the t r a n s  -compound was eluted 
with benzene. A portion of the benzene eluate (0.82 g.) 
was refluxed for three hours with 25 cc. of 10% aqueous 
sodium hydroxide solution and 1 0  cc. of ethyl alcohol.

T a b l e  I I I  

K e t o  A c id s
4-Ketocyclo- Calcd. Found Semicarbazones Calcd. Found
h e x a n e  a c i d

R — C O O H

%c ‘ % H %C
12

% H M. p„ °C. 
196 (dec.)

% C %H
1 2

% c % H

R — C H 2— C O O H 61.52 7.76 61.29 8.07 175-176 (dec.) 50.69 7.09 50.33 7.12
R — C H — C O O H 65.20 8.76 65.54 9.06 208-210 (dec.) 54.75 7.94 55.00 8.03

C2H 5

m-4-Hydroxycyclohexaneacetic Acid.—The keto acid 
(0.45 g.), dissolved in 11 cc. of 1 A  aqueous sodium hy­
droxide solution, was reduced with 1.5 g. of Raney nickel 
under 50 mm. of hydrogen. The calculated amount of 
hydrogen was taken up in thirty-five minutes. The solu­
tion was filtered from the catalyst, acidified with concen­
trated hydrochloric acid and extracted continuously with 
ether for fourteen hours. The residue obtained after re­
moving the solvent was dried by distillation with benzene. 
The remaining solid material (0.46 g.), m. p. 115-123°, 
was purified by crystallization from ethyl acetate. The 
pure acid melted a t 133.5-134°.

A n a l .  Calcd. for C 8Hi40 3: C, 60.47; H, 9.09. Found: 
C, 60.64; H, 9.14.

Jra»s-4-Hydroxycyclohexaneacetic Acid.—Sodium amal­
gam (75 g., 4%) was added in small pieces over a period of 
two hours with stirring to  a solution of 2.3 g. of 4-ketocy- 
clohexaneacetic acid ih  140 cc. of 2 A  aqueous sodium car­
bonate solution. The mixture was allowed to stand for 
fifteen hours. Sodium bicarbonate (10 g.) was then added 
to the mixture with stirring and stirring was continued for 
six hours. The mercury was removed by decantation and 
the aqueous solution was acidified with hydrochloric acid. 
Continuous extraction of the water solution with ether 
gave 2.4 g. of crude acid, m . p .  134-136°, which melted at
139.5-140° after repeated crystallization from ethyl 12

The solution was acidified with hydrochloric acid and ex­
tracted with ether in a continuous extractor. The ether 
was displaced with benzene, the la tter removed by distilla­
tion, the last traces under reduced pressure. The residue 
(0.62 g.) solidified on standing and melted a t 93-107°. 
Three crystallizations from benzene-Skellysolve B mix­
tures raised the melting point to  123.5-124°. The sub­
stance depressed the melting point of the c i s -isomer.

A n a l .  Calcd. for Ci0H18O3: C, 64.50; H , 9.72. 
Found: C, 64.35; H , 9.75.

Summary
The ethyl esters of the three hydroxybenzoic 

acids, ^-hydroxyphenylacetic acid and a - ( p -  
hydroxyphènyl)-butyric acid, have been reduced 
in good yield to the hexahydro compounds by 
high pressure hydrogenation over Raney nickel 
catalyst in alcoholic solution containing 0.3 mole 
%  of sodium ethoxide. A method has been de­
scribed for the conversion of these reduction 
products to the corresponding keto acids. The 
cis- and /raws-isomers of 4-hydroxycyclohexane- 
acetic acid and a-(4-hydroxycyclohexane)-butyric 
acid have been prepared.
C o l u m b ia , Mo.(12) Perkins, J . Chem. Soc., 85, 427 (1964). R e c e iv e d  F e b r u a r y  2, 1948
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[Contribution from the Noyes Chemical Laboratory, University of Illinois]

The Succinoylation of l-Acetylamino-7-methoxynaphthalene
By Leonard E. Miller and Edwin F. Morello1

The reaction of l~acetylamino-7-methoxynaph - 
thalene with succinic anhydride in nitrobenzene in 
the presence of aluminum chloride has been found 
to give ft-(l -acetylamino-7 -methoxy-3-naph-
thoyl) -propionic acid (I).

NHCOCH*

I

The structure of (I) was established by hydro­
chloric acid hydrolysis, diazotization and deami­
nation using hypophosphorous acid to give the 
known ft- (2-methoxy-6-naphthoyl) -propionic acid
(II).2 The melting points of this acid and its 
methyl ester were in agreement with those re­
ported. In addition, an alkaline hypochlorite 
oxidation of (II) produced the known 2-methoxy- 
G~naphthoic acid (III). Demcthylation of (III) 
with hydrobromic acid in acetic acid gave the 
known 2-hydroxy-6-naphthoic acid.

Since under similar conditions of reaction the 6- 
position of 2-methoxynaphthalene is the most re­
active one,2 it may be concluded that the directive 
influence of the methoxyl group plays the pre­
dominant role in the succinoylation of 1-acetyl­
amino-7 -methoxynaphthalene in nitrobenzene.

Experimental3
1 -Acetylamino-7-methoxynaphthalene.—Using Cleve’s 

acid-1,7, this material was prepared by the method of 
Bachmann and Horton.4 The procedure used was similar 
to th a t given in detail by Wilds and Close5 for the 1,6- 
isomer. After distillation a t 147° (0.05 mm.), the m a­
terial crystallized from methanol (Norite) as fine colorless 
needles, m. p. 160-161°.4

ft - (1 -Acetylamino -7 -methoxy -3 -naphthoyl) -propionic 
Acid.—A mixture of 37.6 g. (0.175 mole) of 1-acetylamino -
7-methoxynaphthalene and 17.0 g. (0.170 mole) of succinic 
anhydride was added in small portions to a mechanically 
stirred, ice-cold solution of 80 g. (0.595 mole) of powdered, 
anhydrous aluminum chloride in 200 ml. of nitrobenzene. 
This addition required approximately one hour. After 
stirring for seventeen hours a t 0 °, the mixture was poured 
on 200 g. of ice containing 3 ml. of concentrated hydro­
chloric acid. The nitrobenzene was distilled off with 
water vapor a t 37° (22 m m .). The solid residue was 
separated on a filter. The filtrate was heated under re­
duced pressure once more to  remove the residual nitroben­
zene. The combined solid residues were treated then with 
aqueous sodium carbonate. The insoluble material, con­
sisting of starting material and aluminum hydroxide, was 
removed on a filter. I t  was treated further with a mixture 
of ether and aqueous sodium carbonate and was separated

(1) Present address: University of M innesota, Minneapolis,
M inn.

(2) Short, Strom berg and Wiles, J.  Chem. Soc., 319-322 (1936).
(3) All melting points are uncorrected.
(4) Bachm ann and H orton, T h is J o u r n a l , 69, 58 (1947).
(5) Wilds and Close, ibid., 69, 3080 (1947).

on a filter. The combined alkaline filtrates were washed 
with ether. On acidification with dilute hydrochloric acid, 
the solid which separated was collected on a filter and per­
m itted to dry in air. I t  was crystallized from 40% acetic 
acid to give small colorless needles, m . p .  202-203°; the 
yield was 45.1 g. (84% ). From the ether extracts 1.8 g. 
of pure starting material was isolated. The yield calcu­
lated on the basis of 1-acetylamino-7-methoxynaphthalene 
consumed was 86%.

A n a l . Calcd. for Ci7H 17OöN : C, 64.8; H , 5.4; N,
4.4. Found: C, 64.7; H , 5.7; N, 4.6.

(2-Methoxy-6-naphthoyl) -propionic Acid.—A mixture 
of 43.5 g. of /3-(l-acetylamino-7-methoxy-3-naphthoyl) - 
propionic acid, 150 ml. of water and 300 ml. of concen­
trated hydrochloric acid was heated under reflux for one 
hour. On cooling in an ice-bath, the hydrochloride crys­
tallized and was collected on a filter. After one recrys­
tallization from dilute hydrochloric acid, it was used 
without further purification in the following reaction. 
The yield was 40.4 g. (94.5% ).

A n a l .  Calcd. for C15H i60 4NC1: N, 4.5. Found: N,
4.6.

A mechanically stirred mixture of 10.9 g. (0.035 mole) of 
the hydrochloride, 100 ml. of glacial acetic acid and 75 ml. 
of concentrated hydrochloric acid was cooled in an ice- 
water-bath to  0°. To this suspension of the hydro­
chloride, 2.9 g. of sodium nitrite in 14 ml. of water was 
added dropwise very slowly (two hours). At this time 
0.5 g. of urea in 5 ml. of water was added to destroy the 
excess nitrous acid; the mixture was stirred for an addi­
tional hour. To the stirred solution a t 0°, 87 ml. of ice- 
cold 50% hypophosphorous acid was added over a fifteen 
minute period. After being stirred for an additional two 
hours, the mixture was placed in a refrigerator for th irty - 
eight hours. After heating on a steam cone for ten min­
utes, the liquids were removed a t 32 ° (22 m m .). The solid 
residue was dissolved in aqueous sodium carbonate, filtered 
and then acidified with dilute hydrochloric acid. After 
collection on a filter, it was treated with an ethereal solu­
tion of diazomethane for a short time (five minutes). 
The ether solution was washed with cold 2% sodium hy­
droxide and was dried over magnesium sulfate. After re­
moval of the ether, the residue was evaporatively distilled 
a t 190-195° (0.02 m m .). I t  crystallized from methanol 
in long needles, m. p. 97-97.5°.2

A solution of 1.8 g. of the methyl ester of /3-(2-methoxy -
6-naphthoyl)-propionic acid and 4.0 ml. of 10% sodium 
hydroxide in 100 ml. of methanol was heated under re­
flux for two hours. On evaporation of the methanol, the 
solid residue was dissolved in 100 ml. of water. Upon 
acidification with dilute hydrochloric acid, the free acid 
precipitated. I t  crystallized from methanol in shiny 
colorless plates, m. p. 149.5-150.5°.2 The yield was 1.6 g. 
(17.7% based on amine hydrochloride).

2-M ethoxy-6-naphthoic acid was prepared from (II) 
according to Short, Stromberg and Wiles.2 After five 
recrystallizations from ethyl acetate colorless needles were 
isolated, m. p. 200-202° (reported, 205°).

2-Hydroxy-6-naphthoic acid was prepared by the method 
of Knowles, Kuck and Elderfield6 from 110 mg. of the 
methoxynaphthoic acid after heating under reflux for two 
and one-half hours with 1 ml. of acetic acid, 1 ml. of 48% 
hydrobromic acid and 1 ml. of acetic acid saturated with 
hydrogen bromide. I t  was recrystallized from water 
(Norite) three tim es; m. p . 240-242° (reported, 240- 
241 °,7 242-244 °,8 24S-2487) .

(6) Knowles, Kuck and Elderfield, J . Org. Chem., 7, 380 (1942).
(7) Butler and Royle, J . Chem. Soc., 123, 1649 (1923).
(8) Cason, T h is  J o u r n a l , 63, 828 (1941).
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Summary

The reaction of 1 -acetylamino-7-methoxynaph- 
thalene with succinic anhydride in the presence of 
aluminum chloride using nitrobenzene as a solvent

proceeds smoothly to give /L (1 -acetylamino-7- 
methoxy-3-naphthoyl) -propionic acid in 86% 
yield. The structure of the reaction product has 
been established.
U r b a n a , I l l in o is  R e c e iv e d  F e b r u a r y  4, 1948

[C o m m u n ic a t io n  N o . 1141 f r o m  t h e  K o d a k  R e s e a r c h  L a b o r a t o r ie s ]

The So-Called ‘‘Anthraquinonediimines,,; Symmetrical Trisubstituted Triazines
B y  C. V. W il so n

Some years ago Brown and Robinson1 treated
3,4-methylenedioxybenzonitrile with chlorosul­
fonic acid in chloroform and obtained a substance 
that was sparingly soluble in the usual solvents, 
but dissolved in sulfuric acid to give a deep crim­
son solution. The color of the solution resembled 
those which are obtained with methoxyanthra- 
quinones and sulfuric acid. On reduction with 
hydriodic acid followed by zinc dust distillation 
and subsequent oxidation a product was obtained 
which gave a positive color test in the oxanthranol 
reaction. This was interpreted as indicating the 
presence of anthracene. From these properties 
and the analysis of the compound, and despite the 
recorded fact that the substance was unchanged 
by boiling hydrochloric acid, Brown and Robinson 
assigned to it the structure 1 .

NH NR

NH NR
I II

Later Keffler2 attempted a molecular weight 
determination on the substance but found it so in­
soluble that he was unable to accomplish his pur­
pose. However, he synthesized two elosely re­
lated products from veratronitrile and 3-methoxy-
4-ethoxybenzonitrile and found them sufficiently 
soluble in ^thymol to make possible molecular 
weight determinations by the cryoscopic method. 
On the basis of the results he concluded that the 
products were dimerides of the related nitriles and 
that the Brown and Robinson formulation was 
correct.

However, the properties recorded for these sub­
stances dp not resemble those of 9,10-diiminoan- 
thracene (II, R = H). The latter is prepared 
from the corresponding diamino compound with 
silver oxide, is soluble in ether, and is easily 
changed to anthraquinone with aqueous acids.3 
The latter property is also observed for the sub­
stituted diiminoanthracenes (II, R = CeHg,

(1) Brown and Robinson, J .  C h e m .  S o c . ,  I l l ,  957 (1917).
(2) Keffler, J . C h e m .  S o c . ,  119, 1476 (1921).
(3) German Patent 590,366 [F r d l ., 19, 1908 (1934)].

CH3C6H4, etc.).4 The great stability of the com­
pounds reported by Keffler2 toward concentrated 
hydrochloric acid is not compatible with the prop­
erties of the simple, unsubstituted 9,10-diimino- 
anthracene (II, R =  H). I t  is difficult to believe 
that the substituents would alter this property of 
the diimine so markedly.

Since substituted anthraquinones that should 
be obtainable from these diiminoanthracenes were 
required in connection with another problem in 
these Laboratories, they were investigated further. 
A Zerewitinoff determination on the ‘ ‘piperonitrile 
dimer/' prepared as described by Keffler,2 showed 
no active hydrogen. This is not in agreement 
with the proposed structure, which should show 
two active hydrogens.

I t  is possible for the nitriles to polymerize in 
other ways. Thus they may dimerize by the di­
ene synthesis to give phthalazines (III) or quina- 
zolines (IV), or they may trimerize to triazines of 
structure V. Unlike the diiminoanthracene struc­
ture (I) these compounds would have no active 
hydrogen.

R

X

Y

/ \ / \
N
I
N

% / \ /

x / \ / %  
^  N

'— R

N N

R
III IV V

^ N = C H R  
R—CH

%Ss‘N =C H R
VI

—C \
where X - Y  -  OCH*, or X +  Y — >CH2

A literature survey revealed that the triazine 
(V, X +  Y = —OCH2O—) has been prepared by 
two different methods, and, surprisingly enough, 
the melting points recorded were the same as those 
given by Robinson1 and Keffler2 for the so- 
called dimer. In one of these methods5 nitro-

(4) German Patent 529,484 [F r d l . ,  19, 1907 (1934)].
(5) Davis, J .  C h e m .  S o c . ,  87, 1835 (1905),
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gen tetrasulfide (N4S4) was digested with piperonal 
for forty-six hours and the triazine (m. p. 266°) was 
obtained, along with the sulfate of 3,4-methylene- 
dioxybenzamidine. In the other method6 “piper- 
hydramide” (VI, X +  Y -  O—CH2—O—) was 
prepared7 and oxidized wi th iodine and sodium 
carbonate to form the triazine (m. p. 265°). In 
this work the t r ia z in e  was prepared by the latter 
method and, after recrystallization from pyridine, 
melted a t 270°, and showed no depression of the 
melting point when mixed with the compound 
obtained by Robinson’s procedure.

This established the identity of the two com­
pounds. There still remained the question of 
molecular weight which led Keffler to report the 
compounds as dimers. As the author pointed out, 
molecular weight determinations were made diffi­
cult because of the insolubility of the substances 
in most solvents. Since the methoxy derivative 
is the most soluble of the compounds under con­
sideration, it was used in this work for molecular 
weight determinations. Use of the cryoscopic 
method proved unreliable so attention was turned 
to the ebullioscopic method.

The molecular weight of a closely related prod­
uct obtained by the action of nitrogen sulfide on 
p-methoxybenzonitriie has been determined by the 
ebullioscopic method and the results are in agree­
ment with the trimeric formula.8 This method 
was applied to the compound in question using 
pyridine as a solvent. The values obtained for 
the molecular weight show that the compound is 
trimeric. There ean be little doubt, therefore, 
that the so-called “anthraquinonediimines” of 
Keffler and Robinson are in reality trisubstituted 
triazines.

Since Keffler’s molecular weight determinations 
had indicated that the compounds were dimeric, 
two possible dimeric substances were synthesized 
prior to investigating a trimeric form : the phthal- 
azine (III, X +  Y = —O—CH2—O—) and the 
quinazoline (IV, X  +  Y = —O—CH2—0 ~ ) . 
The phthalazine was synthesized by condensing 
piperonoylhydrazine9 with piperonal followed by 
ring closure with hydrogen chloride in amyl alco­
hol.10 The quinazoline was prepared by treating 
the product from 6-aminopiperonal11 and pipero- 
noyl chloride with ammonia under pressure. An 
attempt to cyclize the Schiff base from piperonal 
and 6-aminopiperonitrile was abandoned when the 
quinazoline was obtained by the method described 
above.

The mechanism of the formation of a triazine 
is doubtful, but it can be accounted for by an ex­
tension of the ideas of Alder12 and Kilpatrick.13

(6) Bougault and Robin, Compt. rend., 169, 978 (1919); Robin, 
Ann. chim., [9] 16, 120 (1921).

(7) Wallach, B e r . ,  14, 792 (1881).
(8) Francis and Davis, J .  Chem. Soc., 85, 1537 (1904).
(9) McFadyen and Stevens, ibid., 584 (1936).
(10) Aggarival, Darbari and Ray, ibid., 1941 (1929).
(11) Marr and Bogert, T h is  J o u r n a l , 57, 1329 (1935).
(12) Alder, Die Chemie, 55, 55 (1942).
(13) Kilpatrick, T h is  J o u r n a l , 69, 42 (1947).

Experimental
1.3.5- Tri-(3 ',4 '-methylenedioxyphenyl) -5-triazine (V,

X + Y  =  — O— CH2—O—) .—The so-called "2,3,6,7- 
dimethylenetetraoxyanthraquinonediimine” was pre­
pared by the procedure described previously.1»2 On re- 
crystallization from pyridine it melted at 270°.

The triazine was also prepared by oxidizing “piper- 
hydramide’’ (VI, X  +  Y =  — O—CH2—O—) ,7 with 
iodine and potassium carbonate, as described by Robin.6 
The product obtained was recrystallized from pyridine, 
melted at 270°, and showed no depression of the melting 
point when mixed with the substance obtained by Robin­
son’s procedure.

1.3.5- Tri-(3 ',4'-dimethoxyphenyl) -s-triazine was pre­
pared by Keffler’s procedure.2 It melted, when recrystal­
lized from pyridine, at 263°. A molecular weight deter­
mination by the cryoscopic method with ^-bromophenol 
as a solvent gave the following results: 0.2 g. of the poly­
meric nitrile in 10 g. of ^-bromophenol gave a depression 
of 0.68°, from which the molecular weight is 329 (calcd. 
for a dimer 326), the constant for p -bromophenol being 
11.2. However, the substance gave a deep yellow solu­
tion in p  -bromophenol indicating that some change had 
occurred. As a result other solvents were investigated. 
Cyclopentadecanone has a fairly high constant (21.3),14 
but the triazine crystallized from it above the setting point 
at a dilution of 1.4 parts per 100. With 2-aminopyridine 
the same difficulty was experienced. It is entirely pos­
sible that this crystallization above the setting point may 
be taking place also with the phenolic solvents, thymol 
and p -bromophenol. With camphor as a solvent it was 
found difficult to obtain consistent results.

When the ebullioscopic method was applied, pyridine 
was used as the solvent. The constant (Kiooo) was deter­
mined using acetanilide, p -amino-N-ethylacetanilide, and 
^-nitrophenylacetonitrile as reference compounds. The 
average of the values thus obtained, 2.65, 2.68 and 2.63, 
respectively, was used as the constant. With this value 
0.5115 g. of the methoxy derivative in 44.8380 g. of pyri­
dine gave a boiling point elevation of 0.070° from which 
the molecular weight is 488; similarly, 1.0027 g. of the 
methoxy derivative in 46.7087 g. of pyridine gave a boiling 
point elevation of 0.115° from which the molecular weight 
is 494. Since the calculated value for a trimer is 489 the 
conclusion that the compounds are triazines is inevitable.

Piperonal-/?-(3,4-methylenedioxybenzoyl)-hydrazone 
was made by condensing piperonal with piperonoyl­
hydrazine,9 as described for an analogous compound10; 
5.4 g. of piperonal and 6 g. of the hydrazine were refluxed 
for two hours in 60 ml. of alcohol containing 1 ml. of 40% 
sodium hydroxide (later it was found that the alkali was 
unnecessary). The solid that separated on cooling was 
collected and washed with alcohol. The yield was 9.7 g .; 
m. p. at about 210-220°, with preliminary darkening at 
about 205°. A sample recrystallized from alcohol melted 
at 193-196°, but if the melting-point tube was inserted 
in a bath preheated to 150°, there appeared to be decom­
position. The substance reacted similarly when recrystal­
lized from propanol, acetic acid, or ethyleneglycolmono- 
methyl ether. For analysis, the material recrystallized 
from alcohol was dried in a vacuum oven at 110°.

Anal. Calcd. for C16H12N20 5: C, 61.5; H, 3.8; N, 
8.9. Found: C, 61.3; H, 3.9; N, 8.8.

l-(3  ',4 '-Methylenedioxyphenyl) -6,7-methylenedioxy- 
phthalazine.—The hydrazone (4 g.) was added to 50 ml. of 
amyl alcohol which had been saturated at 10-15° with 
hydrogen chloride. The mixture was heated for one hour 
on the steam-bath and a further hour with a free flame. 
The resulting mixture was transferred to a beaker and the 
solvent allowed to evaporate spontaneously. When al­
most dry, the residue was digested with benzene and 
filtered. The remaining solid was shaken with 50 ml. 
of 10% sodium hydroxide, filtered, washed with water, 
and dried. One crystallization from alcohol gave 0.5 g.

(14) Giral, Andies soc. espan. fis. quim., 33, 438 (1935) [C. A ,, 29,
6489 (1935)},
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of a buff-colored product melting at 203-204°. It was 
recrystallized from a small volume of ethyl acetate.

Anal. Calcd. for C16Hi0N2O4: C, 65.3; H, 3.4; N,
9.5. Found: C, 64.6, 64.9; H, 3.4, 3.8; N, 9.5.

When the reaction was run in chloroform with phos-
phoryl chloride as the condensing agent, an imidchloride, 
which is probably an intermediate, was obtained. It 
melted at 166-167° after recrystallization from benzene.

Anal. Calcd. for C16H11C1N20 4: C, 58.2; H, 3.3; N,
8.5. Found: C, 58.0; H, 3.2; N, 8.6.

Veratroylhydrazine.—A mixture of 10 g. of methyl 
veratrate, 12 ml. of ethyl alcohol, and 10 ml. of 80% 
hydrazine hydrate was refluxed for two hours. The 
product was isolated by dilution with water and cooling; 
it was collected and recrystallized from alcohol. The yield 
was 6.7 g., m. p. 145°.

Anal. Calcd. for C9H12N2O3: N, 14.3. Found: N,
14.5.

Veratral j8-(3,4-Dimethoxybenzoyl) -hydrazone.—A so­
lution of 6.7 g. of veratroylhydrazine and 6 g. of vera­
tral in 50 ml. of alcohol was treated with 1 ml. of 40% 
sodium hydroxide and refluxed for two hours. The clear, 
colored solution was allowed to cool (overnight) and the 
solid that formed collected on a filter. The solid was 
digested with 200 ml. of alcohol and again filtered. The 
yield was 6.5 g.; m. p. 198-205°. Recrystallization of 
the material from acetic acid or ethyleneglycolmono- 
methyl ether gave products that still showed indefinite 
melting points. The crude material was analyzed.

Anal. Calcd. for C18H20N2O5: C, 62.7; H, 5.8; N,
8.1. Found: C, 61.5; H, 5.8; N, 8.1.

1- (3 ',4 '-Dimethoxyphenyl) -6,7-dimethoxyphthalazine. 
—The hydrazone (5 g.) was placed in 50 ml. of amyl 
alcohol saturated with hydrogen chloride and heated under 
reflux for one hour on the steam-bath and for one hour at 
the boiling point. The cooled mixture was filtered and the 
solid shaken with 50 ml. of 10% sodium hydroxide. The 
solid was separated by filtration, washed with water, and 
recrystallized from alcohol. The yield of yellow crystals 
was 1.6 g.; m. p. 193-194°.

Anal. Calcd. for Ci8Hi8N20 4: C, 66.3; H, 5.5; N,
8.6. Found: C, 66.2; H, 5.9; N, 8.2.

6-Piperonoylaminopiperonal.—A mixture of 3.3 g. of 
6-aminopiperonal,11 3.7 g. of piperonoyl chloride, 1.6 g. 
of pyridine, and 75 ml. of xylene was refluxed for one hour. 
The solution was filtered from a small amount of gummy 
material and the required product separated from the 
filtrate. The yield was 3.2 g .; m. p. 221 °.

Anal. Calcd. for Ci6Hi2N 0 6: C, 61.3; H, 3.5; N,
4.5. Found: C, 61.6; H, 4.0; N, 4.6.

This material was also prepared from the aminoaldehyde 
and the acid chloride in acetic acid containing sodium 
acetate. The yield was not as good.

2- (3 ',4 '-Methylenedioxyphenyl) -6,7-methylenedioxy- 
quinazoline.—6 -Piperonoylaminopiperonal (3 g.) was 
placed in a small pressure bottle, 125 ml. of ethanol added,

and the mixture saturated with ammonia. The bottle 
was sealed and shaken for two and one-half hours at 80- 
85°. The mixture was cooled and filtered to recover the 
solid that separated. The yield was 2.5 g.; m. p. 248- 
249°. The solid was dissolved in xylene; the solution was 
decolorized and filtered. On cooling, yellow crystals of 
melting point 248-2490 were obtained.

Anal. Calcd. for Ci6HioN20 4: C, 65.3; H, 3.4: N,
9.5. Found: C, 65.7; H ,3 .8 ; N, 9.8.

6-Aminopiperonitrile.—6-Nitropiperonitrile2 (20 g.) was
added in portions to a solution of 100 g. of stannous chlo­
ride dihydrate in 100 ml. of hydrochloric acid. The tem­
perature was maintained between 40-50° by cooling 
when necessary. When complete solution had resulted, 
the mixture was chilled in ice and treated slowly with 
sodium hydroxide solution until an excess had been added. 
During the addition, the temperature was maintained 
below 40°. The solid was collected on a filter, dried, and 
extracted with boiling methanol. On dilution with water, 
the methanol filtrate deposited, on cooling, 14 g. of pale 
yellow crystals; m. p. 142°.

Anal. Calcd. for C8H6N20 2: C, 59.3; H, 3.7; N , 
17.3. Found: C, 59.2; H, 3.6; N, 17.0.

Schiff Base from 6-Aminopiperonitrile and Piperonal.— 
A solution of 8.7 g. of 6-aminopiperonitrile and 8.5 g. of 
piperonal in 170 ml. of alcohol was refluxed for one hour. 
The addition of a drop of sulfuric acid caused immediate 
formation of a precipitate. The mixture was allowed to 
reflux for one hour and then cooled. The solid was col­
lected, washed with alcohol, and ether. The yield was 
14 g., 88%. A small sample was recrystallized from al­
cohol; m. p. 184°.

Anal. Calcd. for C16Hi0N2O4: C, 65.3; H, 3.4; N,
9.5. Found: C, 65.9; H, 3.5; N, 9.4.

6 -Aminoveratronitrile was prepared by a procedure 
very similar to that just described for 6-aminopipero­
nitrile. It was obtained in 82% yield and melted at 99- 
100°. McKee, McKee and Bost15 record a melting point 
of 92-93.5° for the compound.

Summary
1. I t  has been shown that the so-called “an- 

thraquinonediimines,, obtained from certain ni­
triles are in reality triazine derivatives; the re­
action is a trimerization rather than a dimeriza­
tion, as originally reported.

2. The synthesis of certain quinazolines and 
phthalazines is described.

3. A procedure for the preparation of 6-amino- 
piperonitrile isfgiven.
R o c h e s t e r  4, N e w  Y o r k  R e c e iv e d  J a n u a r y  14, 1948

(15) M c K ee , M c K ee  an d  Bost, T h is  J o u r n a l , 68 , 1903 (1946).
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much more rapidly with aromatic nitriles thanThe 4-acyl quinolines required for a variety of 
syntheses are usually prepared by Claisen-type 
condensations of ethyl cinchoninate or its deriva­
tives with the appropriate aliphatic esters. Since 
cinchoninic acid is most conveniently obtained 
by the hydrolysis of 4-cyanoquinoline it seemed 
likely that a more economical synthesis would be 
provided by a Ziegler type condensation of 4-cyan­
oquinoline itself with the desired nitrile using 
lithium or halomagnesium dialkylamides as the 
condensing agents. This expectation was realized 
in a model experiment, phenylacetonitrile and 4- 
cyano quinoline reacting in the presence of bromo- 
magnesium dibutylamide to give in 66% yield of 
a-phenyl- ft- (4- quinolyl) - /3-imidopropionitrile from 
which 4-phenacetylquinoline was obtained by re­
fluxing with sulfuric acid (50% by volume). The 
course of these reactions is shown by equation 1.

C h a r t  I

Q s= 4-quinolyl 
TP =  4-tetrahydropyranyl

When, however, 4-tetrahydropyranacetonitrile 
was used in place of phenylacetonitrile the princi­
pal product obtained was a basic substance that 
survived refluxing with 50% sulfuric acid and 
which was eventually shown to be N,N-di-n-butyl- 
quinoline-4-carboxamidine. This substance had 
evidently been produced by an addition of the 
bromomagnesium dibutylamide to 4-cyanoquino­
line, a reaction that was not anticipated since 
Ziegler and Ohlinger1 reported that the metal 
derivatives of secondary amines did not add to 
nitriles. Ziegler operated exclusively with ali­
phatic nitriles and it would appear from examina­
tion of his procedures and comparison with our 
own that the addition reaction must proceed

(1) Ziegler and Ohlinger, A nn., 495, 84 (1932),

with aliphatic. Addition does take place with 
aliphatic nitriles, however, since in a later experi­
ment using bromomagnesium di-w-amylamide, 4- 
cyanoquinoline and tetrahydropyranacetonitrile, 
a small amount of N,N-di-w-amyltetrahydro- 
pyran-4-acetamidine was obtained. Since the 
properties of this type of amidine are unfavorable 
for isolation it is to be presumed that homologous 
substances were formed in traces in other experi­
ments also. A recent paper by Hullin, Miller and 
Short2 on the synthesis of amidines by the addi­
tion of magnesium amides to nitriles lends sup­
port to this belief as these authors report the 
formation of N,N-diethylvaleramidine in 26% 
yield by the reaction of bromomagnesium diethyl­
amide with valeronitrile.

Further investigation showed that under suit­
able conditions, 40-50% yields of 
a-tetf aliydropyranyl-^- (4-quinolyl) - 
/3-imidopropionitrile could be ob­
tained but that 4-quinoline-N,N- 
dialkylcarboxamidines were also 
formed in comparable amounts. 
This finding and subsequent trans­
formations of the imidonitrile are 
represented by equation 2. This 
picture was not significantly altered 
by the use of lithium dialkylamides 
and, after this was ascertained, the 
more convenient magnesium com­
pounds were used exclusively. Since 
amidines were being obtained in any 
case, a number of preparations of 
the imidonitrile were made using 
available secondary amines in the 
condensation, the corresponding 
amidines being isolated as by­
products.

The amidines XII, XIV, XVI and XVII were 
tested for anti-plasmodial action, of which they 
proved to be devoid. General pharmacological 
screening, however, showed the presence of local 
anesthetic activity. When the antimalarial pro­
gram was suspended it appeared advisable to in­
vestigate the addition of halomagnesium dialkyl 
amides to nitriles as a preparative method and a 
program was initiated with the object of learning 
the limitations and utility of the method and also 
of studying the pharmacology of the amidines 
produced. This report is concerned primarily 
with the first part of the program.

During the preparation of this paper the publi­
cation of Hullin, Miller and Short2 appeared. It

(2) H ullin, M iller and Short, J . Chem. Soc., 394 (1947).

R2NMgBr
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deals largely with the same subject, but while our 
findings are in general agreement with theirs we 
are able to augment and extend their experiments 
in some respects.

Hullin, Miller and Short found this amidine 
preparation to be most useful when an aromatic 
nitrile reacted with a magnesium dialkylamide. 
The yield was somewhat less when the magnesium 
amide was derived from methylaniline and the 
reaction failed with bromomagnesium diphenyl- 
amide. This is in agreement with our own experi­
ments. It would appear that the metal-nitrogen 
bond acquires more of a salt-like character as the 
acidity of the amine increases and that this sets a 
limit on the ability of the metal amide to behave 
as a nitrogen—Grignard reagent. The British 
authors also. found the magnesium amides ob­
tained from aniline and benzylamine to add less 
readily to aromatic nitriles than bromomagnesium 
diethylamide. This seems inconsistent with the 
work of Ziegler and Ohlinger in which amidine 
formation was prominent when bromomagnesium 
ethylamide reacted with dialkyl acetonitriles but 
was absent when bromomagnesium diethylamide 
was used. Each group of workers operated with 
nitriles of restricted variety, however, and it is 
probable that further investigation will resolve 
this inconsistency.

While we are in agreement with Hullin, Miller 
and Short that the addition of halomagnesium di­
alkylamides to aliphatic nitriles is of small pre­
parative value, we have had somewhat more favor­
able experience with aromatic nitriles, the yields 
in such cases being generally good. In one re­
spect this reaction is considerably superior to the 
classical Pinner3 method. As might be predicted 
from Kadesch’s4 discussion of steric hindrance in 
aromatic ketones, this addition is little subject to 
hindrance. Wliereas the Pinner method is re­
ported to fail with 0-tolunitrile and a-naphthoni- 
trile5 amidines have been prepared from both by 
the present procedure in satisfactory yield. Fur­
thermore, both 2-methoxyl-1 -naphthonitrile and 
cyanomesitylene react with bromomagnesium di- 
w-butylamide with no apparent difficulty.

If halomagnesium dialkylamides be supposed to 
act in essentially the same manner as a Grignard 
reagent, they should add to some at least of the 
functions characteristically vulnerable to ordinary 
Grignard reagents. Most of the products to be 
expected from such reactions, however, would be 
either unstable or more readily accessible by other 
methods. It did seem possible that the reaction 
R'R2NMgBr +  RX -> RR'R2N +  MgBrX 
would be of value in the preparation of tertiary 
amines. This possibility was explored by reflux­
ing w-butyl bromide in ethereal solution with 
bromomagnesium benzyl-^-butylamide. After 
three hours less than 10% of tertiary amine had

(3) Pinner, “ D ie Im idoather und ihre D erivate,” Berlin, Germany, 
1890.

(4) Kadesch, T his J o u r n a l , 66, 1207 (1944).
(5) Pinner, B e r . ,  23, 161 (1890).

been formed showing that reaction in the expected 
fashion was not rapid and that consequently se­
lective alkylation was improbable.

Experimental
Physical and analytical data on the amidines prepared 

are shown in Table I. All melting points are corrected.
General Procedure for the Addition Reactions.—To a 

solution of ethylmagnesium bromide containing about 50% 
excess Grignard reagent (on the basis of the nitrile to be 
used) was added gradually a slight excess of the secondary 
amine. Evolution of ethane generally continued for 
about thirty minutes.1 The solution was then refluxed 
fifteen to twenty minutes further and the nitrile was added, 
usually in ethereal solution, but in some cases dissolved in 
benzene (for reasons of solubility). After the solutions 
had been refluxed for two to three hours or occasionally 
longer (as indicated in Table I ) , the reaction mixtures were 
decomposed with ice and ammonium chloride solution 
and worked up further according to three general pro­
cedures.

Method A.—The total material from the hydrolysis of the 
reaction mixture was made strongly alkaline. The ami­
dine base and remaining secondary amine were taken into 
ether, dried, and separated by distillation in vacuo. This 
procedure was preferred for the more volatile amidines.

Method B.—The material from the hydrolysis of the 
reaction mixture was steam distilled, thereby removing 
unreacted nitrile and secondary amine. It was usually 
necessary to add some strong alkali in order to ensure 
volatilization of secondary amine. The residual material 
was then made strongly alkaline and the remaining bases 
were taken into ether. When quite in volatile secondary 
amines were employed (di-octylamine) it was advanta­
geous to extract the ethereal layer with successive inade­
quate amounts of dilute hydrochloric acid, a separation 
being thus obtained of stronger from weaker bases. The 
aqueous extracts were made acid to congo paper, evapo­
rated separately in vacuo and the residues were crystal­
lized from suitable solvents.

Method C.—In certain cases, the amidine base precipi­
tated during the hydrolysis of the reaction mixture with 
ammonium chloride solution. The bulk of the product 
could thus be filtered off at this stage. It was usually 
necessary to partition it between dilute sodium hydroxide 
solution and benzene in order to free the base of small 
amounts of magnesium salts. The bases could then be 
acidified with ethanolic hydrogen chloride solution and 
crystallized as the hydrochlorides.

All the amidines here reported crystallized readily as 
the hydrochlorides though seldom in characteristic form. 
Most of the crystals appeared to be stubby prisms or 
rhombs. The acridine derivative (XI) and the dibenzyl- 
benzamidine (XIII) were crystallized from absolute 
ethanol; the piperazine derivative XXIV, was crystal­
lized from 95% ethanol. All the others were purified by 
crystallization from ethanol-ether mixtures.

a -Phenyl - ft - (4 -quinolyl) - ft -imidopropionitrile.—Pre - 
liminary experiments using benzonitrile and benzyl cyanide 
had indicated that the best conditions for condensation 
were obtained when the two nitriles were added simul­
taneously.

To a solution of ethylmagnesium bromide prepared from
3.7 g. of magnesium and 16.5 g. (0.15 mole) of ethyl 
bromide in 200 cc. of ether was added 20 g. (0.155 mole) 
of di -n -butylamine. The solution was refluxed fifteen 
minutes after addition and a solution of 12 g. (0.1 mole) 
of benzyl cyanide and 15.5 g. (0.1 mole) of 4-cyanoquino- 
line dissolved in a mixture of benzene and anisole was 
added gradually. There was considerable heat of reaction 
and a red color appeared followed by precipitation of an 
orange solid. The mixture was refluxed for five hours and 
allowed to stand overnight. The orange precipitate was 
filtered off and washed with benzene. The filtrate and 
precipitate were hydrolyzed separately with ammonium 
chloride solution, the former eventually yielding 1.5 g. of 
the condensation product. The precipitate on hydrolysis
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T a b l e  I
NH2-C1

N ,N - D ia l k y l a m id in e  H y d r o c h l o r id e s , R — Ci— N R '2

M ethod 
of iso­ Yield,

N o. R R ' lation %
I Phenyl «-Butyl A 82“
II V * * «-Butyl A 70“
III 0-Methoxyphenyl «-Butyl B 45<*,«
IV 0-Chlor ophenyl «-Butyl B 83®
V m-Chlorophenyl «-Butyl B 70®
VI p- Chlorophenyl «-Butyl B 80®
VII ^-Dimethylaminophenyl «-Butyl B 74®
VIII Styryl «-Butyl C 55f
IX 1-Naphthyl «-Butyl B 72®
X 2-Methoxy-1 -naphthyl «-Butyl C 63d‘/
XI 9-Acridyl «-Butyl B 69d»®
XII 4-Tetrahydropyranyl-

methyl
«-Amyl s

XIII Phenyl Benzyl C 66/
XIV 4-Quinolyl 

Base of XIV
Ethyl a

h

XV 4-Quinolyl «-Propyl B 80®
XVI 4-Quinolyl «-Butyl o,i

XVII 4-Quinolyl «-Amyl a
XVIII 4-Quinolyl «-Hexyl B 69®
X IX A x «-Keptyl TJ 70®
X X 4-Quinolyl «-Octyl B 60®
X X I Mesityl «-Butyl B 72e'1
X X II N-Phenyl-N-«-butyl benzamidine 

hydrochloride
A 50“

X X III 1 -Phenyl carbimido-1,2,3,4-tetra­
hydroquinoline hydrochloride

B 45®

XXIV N-Benzyl-N'-phenylcarbimido 
piperazine dihydrochloride

C 52/

Analyses, %
M .P . , Empirical Calcd. Foundc. formula C H C H

174& C1sH26C1N, 67.02 9.37 67.07 9.29
192* CssHrClNs 67.94 9 62 68.19 9,80
161 C«H27C1N20 64.30 9.11 64.14 9.13
234 C] 5H24C12N2 59.40 7.98 59.50 8.15
170 C16H24C12N2 59.40 7.98 59.40 7.90
149 C76H24C12N2 59.40 7.98 59.37 8.04
197 Ci,HS0C1N» 65.46 9.70 65.70 9.82
204 Ci7H«ClN2 69.24 9.23 69.06 9.24
211 c I9h 27c in 2 71.53 8.54 71.38 8.48
196 c 20h 22c in 2o 68.84 8.38 68.83 8.45
285 (dec.) C22H28C1Ns 71.42 7.63 71.33 7.49
128 c ,7h 36c in 2o 64.02 11.06 63.76 11.12

228 CüiHaClNü 74.87 6.28 74.55 6.44
213.5 (dec.) ChH18C1N3 63.75 6.88 63.92 7.00
I l l C14Hi7Ns 73.97 7.54 74.16 7.20
266 (dec.) Ci6H22C1Nj 65.85 7.60 65.87 7.58
214 c 18h 26c in 3 67.57 8.20 67.66 8.47
151 (dec.) c 20h 30c in 3 69.11 8.72 69.00 8.80
159 C^HmCIN, 70.28 9.12 70.35 9.09
154-155 r>. . w . - n i x T .x— ‘  * . .  w . x  . ,1 71.34 9.48 71.42 9.30
149 C26H42C1N3 72.27 9.80 72.21 9.64
254-255 c 78h 31c in 2 69.54 10.05 69.54 10.30
214 Ci7HnClN2 70.69 7.33 70.55 7.37

229 (dec.) C16H17C1N2 70.45 6.28 70.45 6.27

267 (dec.) C18H23C12N3 61.36 6.58 61.22 6.59

* Yield calcd. on weight of distilled base. 6 B. p. of base, 120-121° (1 mm.). c B. p. of base, 140° (1 mm.). d The 
nitrile was dissolved in benzene for addition to the bromomagnesium dialkylamide. e Yield calcd. on weight of purified 
hydrochloride. f Yield calcd. on weight of crude base precipitated during hydrolysis of reaction mixture. 9 Obtained 
as byproduct in condensation. h Crystallized from ethyl acetate-ether mixture. j B. p. of base, 180-190° (1 mm.). 
k B. p. of base, 172° (1 mm.). 1 After addition of the nitrile the solution was allowed to stand for sixteen hours at
room temperature and refluxed five hours longer. Allowing for recovered cyanomesitylene, the yield was 93%.

changed to a sandy solid which was washed successively 
with methanol and ether, wt. 16.5 g. This substance 
after crystallization from alcohol formed cream-colored 
prisms, m .p . 189-190°.

Anal. Calcd. for Ci8 H 1 3 N 3: C, 79.67; H, 4.83,
Found: C, 79.80; H , 5.15.

4 -Phenacetylquinoline.—On addition of 5.5 g. of the 
imidonitrile to a solution of 25 cc. of coned, sulfuric acid 
and 25 cc. of water an orange-red solid (presumably a sul­
fate) precipitated. The mixture was heated cautiously 
at first as there was considerable frothing. The red color 
faded gradually being succeeded by a deep yellow. After 
four hours of refluxing the solution was cooled and basified 
with sodium carbonate. A yellow oil separated which 
solidified and was recrystallized first from dilute methanol, 
then from ether-hexane mixture. It then formed colorless 
rectangular plates melting at 89-89.5 °.

Anal. Calcd. for C17H13ON: C, 82.53; H, 5.30.
Found: C, 82.62; H, 5.50.

«-(4 '-Tetrahydropyranyi) -0 -(4-quinolyl) -fi-imidopro- 
pionitrile.—To a solution in 200 cc. of ether of ethylmagne­
sium bromide prepared from 10 g. of magnesium and 43.6 
g. (0.4 mole) of ethyl bromide was added 51.6 g. (0.4 mole) 
of di-n -butylamine „ The solution was refluxed for one- 
half hour and a solution in 400 cc. of 50% anisole-benzene 
of 30.8 g. (0.2 mole) of 4-cyanoquinoline and 25.2 g. 
(0.203 mole) o f tetrahydropyran-4-acetonitrile was added

rapidly. The reaction mixture was refluxed one-half 
hour (longer reaction times affected the yield adversely) 
and poured into a solution of 40 g. of ammonium chloride 
in 200 cc. of ice water. At this stage a faint but definite 
odor of hydrogen cyanide could be noted. A considerable 
amount of solid (the imidonitrile) separated at this point 
and was filtered off and washed with water and ether. 
The combined filtrates and washings were steam-distilled 
and the residue was extracted with ether. A further por­
tion of imidonitrile separated during this extraction and was 
added to the earlier crop. The ethereal extract was dried 
over potassium carbonate and yielded, on acidification 
with ethanolic hydrogen chloride, 20 g. of crude N,N-di-«- 
butyl cinchoninamidine hydrochloride (XVI).

The imidonitrile obtained from the hydrolysis of the re­
action mixture (weight, 28.6 g.) was not free of magne­
sium, was very high-melting and virtually insoluble in or­
ganic solvents. When dissolved in iced 3 A  hydrochloric 
acid and cautiously basified it could be obtained substan­
tially pure.

Anal. Calcd. for CJ7H,7N30 :  C, 73.07; H, 6.14.
Found: C, 72.79; H, 6.43.

«-(4 '-Tetrahydropyranyi) -fi-(4-quinolyl) -/3-oxopro- 
pionamide.—Five grams of the imidonitrile was allowed to 
stand overnight at room temperature with 8 cc. of coned, 
sulfuric acid and 2 cc. of water. In the morning the re­
sultant solution was poured onto ice. A light yellow pre­
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cipitate formed which was collected and crystallized from 
absolute ethanol, m. p. 211° (dec.).

Anal. Calcd. for Ci7H19N20 8 H2S 04: C, 51.36; H, 5.33; 
N, 7.06. Found: C, 51.30; H, 5.19; N (Dumas), 6.99.

4-Quinolyl-4'-tetrahydropyranylmethyl Ketone.— 
Twenty-eight grams of the crude imidonitrile was allowed 
to stand for two days with 100 cc. of coned, sulfuric acid. 
The solution was then diluted with 100 cc. of water and 
the whole was refluxed five hours. The mixture was 
cooled, diluted and basified with sodium carbonate. The 
precipitated oil was taken into ether, dried over potassium 
carbonate and acidified with 48% hydrobromic acid. 
The hydrobromide crystallized from absolute ethanol as 
yellow plates melting at 214° (dec.).

Anal. Calcd. for C16H18N 02-HBr: C, 56.97; H, 5.68. 
Found: C, 56.75; H, 5.73.

In our hands the bromination of both 4-phenacetyl 
quinoline and the corresponding tetrahydropyranyi ketone 
proved quite unsatisfactory. A number of products were 
isolated but their identity was dubious and they proved 
valueless for synthetic purposes.

Acknowledgment.—The authors wish to ex­
press their gratitude to Messrs. Walter S. Ide

and Samuel W. Blackman for the micro-analyses 
here recorded.

Summary
1. The condensations of 4-cyanoquinoline 

with benzyl cyanide and tetrahydropyrane-4- 
acetonitrile using halomagnesium dialkylamides 
as condensing agents have been studied. While 
feasible, these condensations appear inferior to 
the more usual ester condensations, a marked 
complication being amidine formation between the 
condensing agent and the aromatic nitrile.

2. The additions of halomagnesium dialkyl or 
alkyl aryl amides to aromatic nitriles proceed 
readily and with good yields, thus constituting a 
useful synthesis of N,N-disubstituted amidines. 
A particular advantage of the reaction is its rela­
tive independence of steric hindrance.
T uckahoe 7, N ew  Y ork  R eceived  A ug u st  27, 1947

[C o n t r ib u t io n  fr o m  t h e  R e s e a r c h  D iv is io n , T h e  U p j o h n  C o m p a n y ]

Steroid Acids and Their Transformation Products. II. Desulfurization of Thiol
Esters of Desoxycholic Acidla

B y  G eo r g e  B. S pero , A. V e r n  M cIn t o sh , Jr ., a n d  R o be r t  H. L e v in

The preparation of a number of thiol esters of 
steroid acids, including ethyl 3 (a), 12 (a) -diform- 
oxythiolcholanate (Ia),lb was reported recently.2 
According to the literature desulfurization of thiol 
esters with Raney nickel catalyst may yield alco­
hols3 or aldehydes.4 In our laboratory the course 
of the desulfurization of I was found to be depend­
ent on the character of the Raney nickel cata­
lyst. Using freshly prepared standard Raney 
nickel5 the ethyl thiol ester (la) was converted to 
the cholane alcohol (III) and traces of the cholanic 
aldehyde (II). These results were obtained with 
60 to 90% alcohol as a solvent, reflux times of one 
to five hours, and a ratio of 5 to 20 g. of catalyst 
per gram of thiol ester. When the more active 
W-4 Raney catalyst6 was used, the thiol ester 
(la) was rapidly and quantitatively reduced and 
desulfurized to the alcohol (III). Karabinos7 has 
suggested that if the reaction is interrupted imme-

(la) Presented before the Division of Medicinal Chemistry a t the 
112th A. C. S. Meeting, New York, September, 1947.

(lb ) Formulation of desoxycholic acid as 3(a), 12(a) is according 
to  the latest stereochemical evidence. For a discussion see the re­
view article by Reichstein and Reich, Ann. Rev. Biochem., 15, 162 
(1946).

(2) Levin, M cIntosh, Spero, Raym an and Meinzer, T h is  J o u r n a l , 
70, 511 (1948).

(3) (a) Prelog, Norymberski and Jeger, Helv. Chim. Acta, 29,
360 (1946); (b) Jeger, Norymberski, Szpilfogel and Prelog, ibid., 29, 
684 (1946); (c) Ruzicka, Szilfogel and Jeger, ibid., 29, 1520 (1946).

(4) Wolfrom and Karabinos, T h is  J o u r n a l , 68, 1455 (1946).
(5) Adkins, “ Reactions of Hydrogen with Organic Compounds 

over Copper-Chromium Oxide and Nickel Catalysts,” The Uni­
versity of Wisconsin Press, Madison, Wis., 1937, p. 20.

(6) Pavlic and Adkins, T h is  J o u r n a l , 6B, 1471 (1946).
(7) Private communication.

diately after the thiol ester has disappeared (as 
tested by odor after acidification) a good yield of

la, R =  R' =  C—H; R 2 -  C2H6 
O

b, R =  R' -  C—H ; R2 -  CH2C«H5 

CHa

OR' CH—CHa
I

c h 2

c = o
H

Ila, R »  R' =  CH

b, R ^ H ; R' = CH
c. R -  R' -  H
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CHS
I

O
II

Ilia , R =  R 3 =  H; R' =  C—H
b, R =  R' =  R 3 =  H

O

c, R =  R ' =  R 3 =  C—CHs

aldehyde may be obtained. This method was not 
practical for us, apparently because even our 
standard Raney Nickel5 was more active than the 
catalyst used by Wolfrom and Karabinos,4»8 and 
also because of the small quantities of high molecu­
lar weight esters with which we were working.

However, we have been able to produce the cho- 
lanic aldehyde (II) in good yields by partially de­
activating the standard Raney nickel. Two de­
activation procedures were tried. Heating the 
catalyst with an inert solvent while passing a 
stream of nitrogen through for twenty-four hours 
did not give sufficient deactivation. Refluxing 
with acetone for two hours under standardized 
conditions was found to give reproducible results, 
and the aldehyde could then be obtained by add­
ing the thiol ester in acetone-water and refluxing 
for an additional hour. The aldehyde (II) from 
ethyl 3 ( a), 12 (a) -dif ormoxy thiolcholanate (la) was 
isolated in 60—80% yields as the crude semicarba­
zone, apparently a mixture of the mono- and di- 
formoxy compounds. Separation of the pure di­
formyl compound as the semicarbazone by re­
crystallization could only be accomplished in low 
yield. The 2,4-dinitrophenylhydrazone of the 
crude aldehyde (II) was also prepared. The hy­
drochloric acid used in the dinitrophenylhydra- 
zone preparation apparently caused the hydroly­
sis of both formyl groups. Benzyl 3(a),12(a)-di- 
formoxythiolcholanate, (lb) prepared by the pre­
viously described methods2 but not crystallized, 
was similarly desulfurized to give the C-24 alde­
hyde. The free aldehyde was isolated from the 
crude reaction mixture via its bisulfite addition 
complex according to the procedure developed in 
this laboratory for the 3-substituted bisnor-A5- 
cholenic aldehyde.9 Hydrolysis of the formyl 
groups occurred during the process. Crystalliza-

(8) In  a check experiment we reduced ethyl thiol benzoate with 
standard  Raney nickel catalyst following the directions of Wolfrom 
and Karabinos4 and obtained ju st a trace of benzaldehyde. I t  is 
possible th a t the aldehyde is not even an interm ediate in the forma­
tion of the alcohol from the  thiol ester. Thus, in desulfurization 
experiments with ethyl 3(a) ,12 (ot) -diacetoxy-wor-thiolcholanate (to 
be reported shortly) we were able to  obtain a good yield of alcohol, 
recovery of most of the remaining m aterial as thiol ester, and just 
a trace of aldehyde, isolated as the semicarbazone.

(9) CentoleJla, Heyl and Herr, to  be published shortly.

tion from dilute acetic acid and chloroform-hex­
ane gave 3(a), 12(a)-dihydroxycholan-24-al (lie). 
The experimental data indicate that the desul­
furization to produce the aldehyde takes place to 
the extent of 60—80%, but that the choice of a di­
formyl derivative has made the isolation of pure 
products difficult in this instance.

As previously noted,2 the formoxy groups at po 
sitions 3 and 12 are not firmly bound. During the 
refluxing of ethyl 3 (a), 12 (a)-dif ormoxy thiolcho­
lanate with W-4 Raney nickel in 80% ethanol 
there was complete deformylation at position 3 
and partial deformylation at position 12, giving a 
mixture of 3(a),24-dihydroxy-12(a)-formoxycho- 
lane (Ilia), m. p. 185—186.5°, and 3(a), 12(a),24- 
cholanetriol (Illb), m. p. 90-125°, which, could be 
separated by fractional crystallization. A better 
method of separation was chromatography over 
alumina which gave 60% of the triol monoformate 
(Ilia), and 40% of the triol (Illb). When the 
monoformate (Ilia) was rechromatographed it 
was recovered unchanged, further indicating that 
deformylation at position 12 was not due to the 
alumina. Saponification of I lia  gave the triol
(ll lb )  ; however, the compound was difficult to 
purify to constant m. p. because it formed various 
hydrates. Acetylation with acetic anhydride and 
pyridine gave 3(a),12(a),24-triacetoxycholane
(lllc) , which crystallized beautifully and gave 
good analyses. Saponification of the triacetate 
(IIIc) again gave a triol of unsharp m.p. and vari­
ously hydrated.

The structure of the monoformoxy triol (Ilia) 
was postulated as 3(a)-hydroxy, 12(a)-formoxy be­
cause of the well-known greater ease of hydrolysis 
of 3-esters as compared to 12-esters in desoxycho­
lic acid. To prove the correctness of this struc­
ture, the monoformate (Ilia) was oxidized with 
chromic acid in acetic acid at room temperature. 
The resulting 3-keto acid (IV) was not crystal­
lized, but on hydrolysis followed by esterification 
gave a good yield of the known methyl 3-keto-12-
(a)-hydroxycholanate (V).10

This series of reactions was repeated on the 
crude aldehyde (II) to give a 55% yield of methyl
3-keto- 12(a) -hydroxycholanate (V). There re­
mained the possibility that our conditions of oxi­
dation might have caused deformylation and then 
a partial oxidation of the 3,12-dihydroxy com­
pound to the 3-keto-12-hydroxycholanic acid. 
Accordingly, using the same experimental con­
ditions, the cholantriol (Illb) was oxidized to de- 
hydrodesoxycholic acid and methyl diformyldes- 
oxycholate (VI) was recovered substantially un­
changed. Methyl diformyldesoxycholate, which 
apparently has not been recorded previously in the 
literature, was prepared by direct formylation of 
methyl desoxycholate. The diformyl compound 
(VI) was selectively deformylated in the 3-position 
using the chromatographic technique previously 
developed,2 and the resulting 3-hydroxy com-

(10) Yamasaki and Kyogoku, Z„ physiol. Chem., 233, 29 (1935).
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pound (VII) was converted to methyl 3-keto-12-
(a) -hydroxycholanate (V).

AI2O3— .--:— ---->.
Chromatogram

H  C H 3 

C = 0  I
O  C H — C H 2

C H 2

I
C02Me

V

Experimental11»12 13 *
Desulfurization of Ethyl 3 (a ),12(a)-Diformoxythiol- 

cholanate (Ia) with Deactivated Raney Nickel. Aldehyde 
Formation.—Standard Raney nickel5 (20 g.) was added 
to 60 ml. of acetone and heated under reflux with mechani­
cal stirring for two hours. A solution of 2 g. (0.004 mole) 
of the thiol ester (Ia) in 40 ml. of acetone and 40 ml. of 
water was then added and refluxing was continued for an 
additional hour. The catalyst was separated by filtration 
and the filtrate concentrated in vacuo to a volume of 50 ml., 
then extracted with 100 ml. of ether. The ether was 
washed in portions with 100 ml. of cold 1% sodium hy­
droxide, 100 ml, of 1 2V hydrochloric acid and 300 ml. of 
water. After drying over anhydrous sodium sulfate and 
evaporating to dryness in vacuo, 1.8 g. of crude aldehyde 
was obtained as a colorless oil.

Anal. Calcd. for the diformoxy aldehyde (Ila) 
C26H40O5: C, 72.19; H, 9.32. Calcd. for the monoformoxy 
aldehyde (lib ) C24H40O4: C ,  74.21; H, 9.97. Calcd. for 
the dihydroxy aldehyde (He) C 24H 4o 0 3 : C ,  76.54; H, 
10.71. Found: C, 72.94, 73.06; H, 9.39, 9.59.

The semicarbazone was prepared from the crude alde­
hyde from the desulfurization of 2 g. of thiol ester. This 
was dissolved in 80 ml. of 3A alcohol18 and a solution of 2 g. 
of semicarbazide hydrochloride and 3 g. of sodium acetate 
in 20 ml. of water was added. The resulting solution was 
heated under reflux for two hours, cooled, and the product 
precipitated by the addition of 200 ml. of water; yield 1.8

(11) All analyses and rotations by the Upjohn microanalytical
group.

(12) All m. p .’s are corrected unless otherwise indicated.
(13) 3A alcohol is commercial 9 5 %  alcohol denatured by the ad­

dition of 5 %  methanol.

g., m . p . 170-185 °. Several crystallizations from methanol 
gave a product melting at 217-220 °.

Anal. Calcd. for the diformoxy semicarbazone C27H43- 
0 6N3: C, 66.23; H, 8.85; N, 8.58. Calcd. for monoform­
oxy semicarbazone C26H430 4N3: C, 67.64; H, 9.39, N, 
9.10,. Calcd. for diol semicarbazone C25H480 3N3: C,
69.24; H, 10.00; N ,  9.68. Found: C, 66.44, 66.39; H ,

8.49, 8.48; N ,  8.36, 8.30.
The 2,4-dinitrophenylhydrazone was prepared by dis­

solving 860 mg. of the crude aldehyde in 70 ml. of 3A 
alcohol and adding 560 mg. of 2 ,4-dinitrophenylhydrazine. 
The solution was heated to boiling and 1 ml. of hydro­
chloric acid added. After refluxing for twenty-five min­
utes the solution was concentrated to half volume and 
allowed to cool, giving 520 mg. of product, m. p. 105-140 °. 
An additional 120 mg. of product was obtained by con­
centrating the mother liquor. These fractions were com­
bined and recrystallized from methanol to give pure 2,4- 
dinitrophenylhydrazone , m. p. 157-158°.

Anal. Calcd. for the diformoxy derivative C32H4408N4: 
C, 62.72; H ,  7.24; N ,  9.15. Calcd. for the monoform­
oxy derivative C3iH4407N4: C, 63.68; H, 7.59; N, 9.58. 
Calcd. for the dihydroxy derivative C3oH44OfiN4: C,
64.72; H, 7.97; N, 10.06. Found: C, 64.32, 64.48; 
H ,  8.22, 8.23; N, 10.22, 10.29.

3(a),12(ar)-dihydroxycholan-24-al (lie) was obtained 
by treating the crude reaction product from the desulfuri­
zation of 3 g. of ethyl thiol ester (Ia) with sodium bisulfite 
and subsequent decomposition of the aldehyde bisulfite 
complex with sodium carbonate.9 The yield of aldehyde 
material was 1.12 g. (49%). Saponification of the formyl 
groups occurs during this decomposition. The aldehyde 
was crystallized from 50 ml. of dilute acetic acid and then 
repeatedly from chloroform-hexane, giving 0.27 g. (12%), 
m. p. 155.5-156.6°.

Anal. Calcd. for C 24H 4o 0 3- H 2 0 : C, 7 3 . 0 5 ;  H ,  1 0 . 7 3 .  

Found: C ,  7 3 . 3 8 ;  H ,  10.22.
Benzyl 3 (a),12(a)-diformoxythiolcholenate ( lb ), pre­

pared from 4.5 g. (0.01 mole) of 3,12-diformoxydesoxy- 
cholic acid and 2.4 g. of lead benzyl mercaptide, but not 
crystallized, was similarly desulfurized using 40 g. of de­
activated nickel in 160 ml. of acetone and 80 ml. of water 
to yield 3.72 g. of aldehyde fraction. Portions of this 
crude aldehyde were converted to the identical semicarba­
zone and 2,4-dinitrophenylhydrazone derivatives de­
scribed above.

Treatment of Ethyl 3 (a), 12(a)-diformoxythiolcholanate 
(Ia) with W-4 Raney Nickel. Alcohol formation.—To
2.0 g. (0.004 mole) of the thiol ester (Ia) in 40 ml. of 3A 
alcohol was added 10 g. of W-4 Raney nickel catalyst6 and 
10 ml. of water. The mixture was heated under reflux for 
one hour and the catalyst was separated by filtration and 
washed with 20 ml. of 3A alcohol. The filtrate was di­
luted with 200 ml. Of water and extracted with 3 100 ml. 
portions of ether. The ether phase was washed with 100 
ml. of 0.15 N  sodium hydroxide, 300 ml. of water, dried 
over anhydrous sodium sulfate, and evaporated to dryness. 
The residue, which weighed 1.7 g., was dissolved in warm 
alcohol and water added to incipient cloudiness. On 
cooling, 0.7 g. of oil settled out and was separated by de­
cantation . The mother liquor was diluted with water 
and cooled, giving 0.47 g. of crystalline material, m. p. 
143 160°. Three crystallizations from alcohol--water
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gave pure 3 (a) ,24 -dihy droxy -12 (<x) -formoxycholane
( l i la ) ,  m. p. 185-186.5°; [a]25o -f  86.6° (100.5 mg. in 
10 cc. chloroform; 1 dcm. tube; a , +0 .87°).

Anal. Calcd. for CuHaC^: C, 73.84; H, 10.41.
Found: C, 73.91; H, 10.46.

Further dilution of the mother liquor, after separation of 
(I lia ) , yielded 0.37 g. of 3(a),12(a),24-trihydroxycholane 
( I llb ) , m. p. 90-110°. We were unsuccessful in purifying 
this compound to  a sharp m .p . because of its tendency to 
solvate. It crystallized nicely from acetone-benzene, 
m .p . 105-125°, and from alcohol-water, m .p . 106-118°. 
However, it formed a beautiful triacetoxy compound, m. p.
79.5- 80.5°, which will be described below.

Although I lia  and I llb  could be separated by frac­
tional crystallization, chromatography over alumina14 
proved to be a much better method. A portion of the 
crude reaction product (850 mg.) was dissolved in 150 ml. 
of benzene and the solution was run through 39 g. of alu­
mina contained in a column 2 cm. in diameter. The 
column was eluted with three 33-ml. portions each of ben­
zene, benzene and 0.4% methanol, benzene and 1% meth­
anol, benzene and 2% methanol, benzene and 4% meth~ 
anol, and benzene and 8% methanol. Two separate frac­
tions were obtained. In the benzene and 4% methanol 
there was 538 mg. of compound I lia , m .p . 182-186°, and 
in the benzene and 8% methanol there was 232 mg. of the 
triol (I llb ), m. p. 90-120°.

The monoformoxy compound (Ilia) (115 mg.) was dis­
solved in 30 ml. of benzene and chromatographed over 9.7 
g. of alumina in a column 1.2 cm. in diameter. The 
column was eluted with 7 ml. portions of solvent as out­
lined above. The benzene and 4% methanol fraction 
contained 107 mg. of unchanged 3 (a) ,24-dihydroxy~12(a) - 
formoxycholane, m .p . 185-186.5.

Saponification of 3 (a) ,24-Dihydroxy-12 (a) -formoxy­
cholane (Ilia ). The monoformoxy compound (Ilia) 
(300 mg.) was dissolved in 10 ml. of 5% methanolic so­
dium hydroxide solution and heated under reflux for ninety 
minutes. After cooling the solution was diluted with 30 
ml. of water and extracted with ether. The ether extract 
was washed until neutral, dried over anhydrous sodium 
sulfate and evaporated to dryness. Crystallization of the 
residue from 3A alcohol and water gave 290 mg. of 3 (a),- 
12(a ) ,24-cholantriol (I llb ), m. p. 90-102°.

3(a),12(a),24-triacetoxycholane (IIIc) was formed by 
acetylating 1 g. of the triol (Illb ) with 15 ml. of acetic 
anhydride and 15 ml. of pyridine under reflux for two and 
one-half hours. After three recrystallizations from 3A 
alcohol and water 640 mg. of product was obtained, m .p .
79.5- 80.5°; [ a ] 25D  +93.6° (99.4mg. in 10ml.chloroform; 
Idem , tube; a, +0 .93°).

Anal. Calcd. for C3oH470 6: C, 71.39; H, 9.59; CH3- 
CO, 25.59. Found: C, 71.43; H, 9.46; CH3CO, 26.96.

Saponification of 500 mg. of pure 3 (ex), 12 (a) ,24-tri - 
acetoxycholane (IIIc), m. p. 79.5-80.5°, yielded 350 mg. 
of triol, m. p. 100-110°, after repeated crystallizations.

Conversion of 3 (a) ,24-Dihydroxy-12 (a)-formoxycholane 
(Ilia) to Methyl 3-Keto-I2(ex)-hydroxycholanate (V). 
—To 100 mg. of I lia  was added 8 ml. of a solution of 1% 
chromic acid in 95% acetic acid and the resulting solution 
was allowed to stand at room temperature for thirty min­
utes. It was then diluted to 40 ml. with water and ex­
tracted with 50-ml. of ether, in portions. The ether phase

(ID  The alumina used in our chromatographic work was “ Fisher 
Adsorption Alumina” obtained from the Fisher Scientific Company 
and  used without further treatm ent.

was washed with water and was extracted with 80 ml. of 
1% sodium hydroxide solution. The basic extract was 
acidified with 10% hydrochloric acid and was extracted 
with 50 ml. of ether. After washing with water and drying 
over anhydrous sodium sulfate, the ether was removed by 
evaporation to yield 103 mg. of 3-keto-12(a) -formoxychol- 
anic acid as an oil which was not crystallized.

The oil was dissolved in 20 ml. of 2% ethanolic sodium 
hydroxide and the solution was refluxed for thirty minutes, 
cooled, acidified with 10% hydrochloric acid, diluted to 
four times its volume with water and extracted with 70 ml. 
of ether. The ether extract was washed with water, dried 
and evaporated to dryness. The residue, 84 mg., was 
dissolved in 10 ml. of methanol and 0.2 ml. of acetyl chlo­
ride was added. After standing for sixteen hours at room 
temperature, the solution was diluted to four times its 
volume with water and extracted with 50 ml. of ether. 
The ether phase was washed with 30 ml. of 1% sodium 
hydroxide solution and with water, dried and evaporated 
to dryness. The residue crystallized on scratching. The 
yield of methyl 3-keto-12 (a) -hydroxycholanate (V) was 
72 mg., m .p . 124-139°. Recrystallization from acetone 
and water, and from acetone and petroleum ether, gave a 
pure product, m .p . 142-145°. The mixture melting point 
with an authentic sample showed no depression.

Using the above series of reactions, the following addi­
tional conversions to known compounds were made: 
100 mg. of the crude aldehyde (probably a mixture of Ila  
and Hb) gave 59 mg. of V. 221 mg. of methyl 3(a)- 
hydroxy-12( a ) -formoxycholanate (VII) gave 163 mg. of
V. 100 mg. of 3 ( a ) , 12( a )  ,24-trihydroxycholane (Illb) 
was oxidized as above to yield 86 mg. of dehydrodesoxy- 
cholic acid, m. p. 170-178°. Recrystallized twice from 
alcohol and water, m .p. 180-184 °. An admixture with an 
authentic sample showed no m. p. depression.

Methyl 3 ( a ) ,  12 ( a )  -Diformoxycholanate.—A solution 
of 5.0 g. of methyl desoxycholate was heated with 50 ml. 
of 87% formic acid at 55° for five hours. After diluting 
with water and working up as usual, crystallization from 
170 ml. of 80% alcohol gave 2.8 g. of product, m .p. 78-81 °. 
Two additional crystallizations from the same solvent 
yielded 2.0 g. of methyl diformyldesoxycholate, m. p.
81.5-82.5°; [ a ] 25D  + 99° (100 mg. in 10 ml. chloroform, 
a D ,  +0.99).

Anal. Calcd. for C^H^Og: C, 70.10; H, 9.15.
Found: C, 70.03; H, 9.15.

A 250-mg. sample of methyl dif ormoxycholanate was 
dissolved in benzene and passed over alumina. The main 
fraction, consisting of 221 mg. of material, was eluted with 
benzene +4%  methanol and gave an [ a ] 25D  of +74°. It 
was used directly for the oxidation described above.

Summary
1. The Raney nickel desulfurization of thiol 

esters of desoxycholic acid can be controlled to 
produce either the corresponding aldehy de or alco­
hol in good yield.

2. The structures of the resulting products 
were confirmed by their conversion into known 
keto derivatives of desoxycholic acid.

3. 3(a),12(a)-Dihydroxycholan-24-al, 3(a),- 
12(a), 24-trihydroxycholane, and various deriva­
tives have been characterized.
K a la m a zo o , M ic h ig a n  R e c e iv e d  D e c e m b e r  31, 1947
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The Preparation and Dienone-Fhenol Rearrangement of 2-Bromo-1,4-androstadiën-
17-ol-3-one 17-Hexahydrobenzoate

B y  C arl  D je r a ssi and  C a e sa r  R . S cholz

In 1944, Huang-Minlon and co-workers1 de­
scribed the dienone—phenol rearrangement of 
bromosantonin to bromodesmotroposantonin. 
In connection with our work on such rearrange­
ments in the steroid series,2»3 we have studied the 
preparation and rearrangement of a brominated 
dienone, 2-bromo-1,4-androstadien-17-ol-3-one-
17-hexahydrobenzoate (IV).4 A recent report of 
such a rearrangement in the dihydronaphthalene 
series5 prompts us to record our results at this time.

The A1-2-bromo derivative II, required as 
starting material, has been prepared previously by 
dehydrobromination of the corresponding 2,2-di- 
bromo-3-ketosteroid.2»3»6 For comparison pur­
poses, and also as an alternate synthesis for com­
pounds of type II, we have studied the bromina­
tion of A ̂ testosterone hexahydrobenzoate (I). 
With either bromine or pyridine hydrobromide 
perbromide7 in glacial acetic acid, the ketone I 
took up one mole of bromine with the simultaneous 
evolution of hydrogen bromide. Since the reac­
tion product was the A1-2-bromo ketone II, it is 
evident that the primary phase was addition of 
bromine to the double bond, followed by spontane­
ous loss of hydrogen bromide. By comparison, 
the bromination of the A1-2-bromo-3-ketone II 
proceeded at a very much slower rate and resulted 
in the stable substitution product III. The 
structure of the A1-2,4-dibromo ketone III was 
proven by dehydrobromination with collidine, 
which led in 80% yield to the desired 2-bromo-1,4- 
androstadien- 17-ol-3-one 17-hexahydrobenzoate
(IV).8 In the bromination of II leading to III, 
the net result is one of substitution rather than 
addition, but the reaction may also have occurred 
through primary addition to the double bond to 
form a 1,2,2-tribromo-3-ketone which rearranged 
to the unstable 1,2,4-tribromo isomer, followed 
by spontaneous loss of hydrogen bromide to yield 
ultimately III.

(1) Huang-M inlon, Lo and Chu, T h is  J o u r n a l , 66, 1954 (1944).
(2) Wilds and Djerassi, ibid., 68, 1712, 1715, 2125 (1946).
(3) Djerassi and Scholz, ibid., 69, 2404 (1947).
(4) We are refraining a t  th is tim e from assigning a configuration 

to  the 17-hydroxyl group of the compounds described in this paper, 
which are all derived from dihydrotestosterone. In  our earlier 
papers (ref. 2 and 3), the (a) configuration was employed, bu t recent 
work summarized by Miescher (“ Recent Progress in Hormone Re­
search,” Vol. I l l ,  in press) seems to  indicate th a t the 17-hydroxyl 
group possesses th e  (ft) configuration (cis to the C-13 methyl group).

(5) Arnold, Buckley and R ichter, T h is  J o u r n a l , 69, 2322 (1947).
(6) Inhoffen and Zuehlsdorff, Ber., 76, 233 (1943).
(7) Djerassi and Scholz, T h is  J o u r n a l , 70, 417 (1948).
(8) An exam ination of the  ultraviolet absorption spectra of the 

three unsaturated ketones I I , I I I  and IV (Fig. 1) shows th a t in tro­
duction of a  bromine atom  in I I  shifts the maximum from 255 to 
261 m/i (III) , b u t th a t  this bathochromic shift is nullified in con­
verting III to  the dienone IV, which again shows a maximum around 
255 m/*.

The dienoner-phenol rearrangement of the bro­
minated dienone IV occurred readily in acetic an­
hydride-sulfuric acid solution with the formation 
of 1 -methyl-2-bromoestradiol (V),9 which was pu­
rified in the form of its diacetate (Vb). 1-Methyl- 
estradiol (VI),2 on monobromination should lead 
either to Va or the isomeric l-methyl-4-bromoes- 
tradiol. Bromination of VI with pyridine hydro­
bromide perbromide7 was found to proceed rap­
idly, resulting in a good yield of a monobromo- 
phenol, which was found to be identical with Va10 
prepared from IV by the dienone-phenol rear-

Va, R =  H 
Vb, R -  CHsCO

B r

II

Brx

IV

(9) On the basis of the  reaction conditions and considering the re­
action mechanism (ref. 5), i t  is unlikely th a t rearrangem ent of the 
2-bromo substituent to  the 4-position should have occurred during 
the migration of th e  angular m ethyl group. Our rearrangem ent 
product, therefore, very probably has the assigned structure V. I t  
should be noted, however, th a t  in  the two examples of the rearrange­
ment of an a-brom o dienone recorded in the litera ture (refs. 1 and 5), 
the alternate position corresponding to C-4 in IV  was blocked.

(10) The ultraviolet absorption spectra (Fig. 2) of Va and Vb 
showed the characteristic differences established previously (see 
ref. 3) for phenols and their acetates, bu t the presence of the bro­
mine atom  resulted in a bathochrom ic shift of 5 m ft for the acetate 
and 7 mjx for the phenol. F or comparison the spectra of 1-methyl- 
estradiol (VI) and its  diacetate are also reproduced.
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rangement, thus establishing a connecting link 
between the two series.

Experimental11
Bromination of Ai-Androsten-D-ol-S-one 17-Hexahy-

drobenzoate (I) (A-LXsstostsrons Hexahydrobenzoate).— 
A solution of 100 mg. of the ketone I 3»6 in 2 cc. of C. p . 
glacial acetic acid was treated with 80 mg. of pyridine 
hydrobromide perbromide and the reaction mixture was 
warmed slightly until all the reagent dissolved. Decolori- 
zation was almost instantaneous and was accompanied by 
evolution of hydrogen bromide. After standing at room 
temperature overnight, the crude product was precipitated 
with water. Although it showed a single maximum at
254.5 m/x, characteristic for the A1-2-bromo ketone II, the 
compound was seemingly contaminated by some dibromo 
derivative (Found: Br, 21.30). The crude product was 
purified readily by chromatographing over alumina, yield­
ing 50 mg. (42%) of A^-bromoandrosten-U-ol-S-one 17- 
hexahydrobenzoate (II), which was shown to be identical 
with authentic material2*3 by comparison of the melting 
points, rotations, absorption spectra and analysis (Calcd.: 
Br, 16.76, Found: Br, 16.37).

A1 -2,4-Dibromoandrosten -17 -ol-3 -one 17 -Hexahydro­
benzoate (III).—To a solution of 1.2 g. of the A1-2-bromo 
ketone II2*3*6 in 50 cc. of pure, fractionated glacial acetic 
acid (containing 13 mg. of water/10 cc. of acid; see ref. 3) 
was added 3 drops of 4 N  hydrogen bromide in acetic acid 
followed by 6.25 cc. of a standard solution of bromine in 
acetic acid (1.6 g. of bromine in 25 cc. of pure acetic acid) 
and the reaction mixture was allowed to stand overnight. 
Decolonzation was nearly complete after six hours. The 
solution was poured into cold water, the crude product 
was collected, washed well with water, dried and recrystal­
lized from ethanol to yield 1.08 g. (77%) of ALS^-dibromo 
ketone III of m. p. 143.5-146°, [ a ] 24D +  16.5°. The ana­
lytical sample crystallized from ethanol as colorless, pris­
matic needles with m. p. 147-148°, [ck]24d +  11.3 °, 
maximum at 261 m/x, log E  =  3.81, minimum at 230.5 m/x, 
log E =  3.27 (Fig. 1).

2.5

220 260 300 
X, m/x.

Fig. 1.—Ultraviolet absorption spectra (in 95% ethanol): 
curve 1, compound II; curve 2, compound III; curve 3, 
compound IV.

(11) All melting points are corrected. The optical rotations were 
determ ined on 5-10 mg. of sample in 1.2 cc. of chloroform using a 
1-dcm. tube of 1-cc. capacity. The ultraviolet absorption spectra 
measurements were carried out in 95% ethanol solution using a Beck­
man Quartz Photoelectric Spectrophotom eter; E 1/c log lo/J 
for a 1 cm. cell, where c is the  concentration in moles per liter.

Anal.12 Calcd. for C26H360 3Br2: C, 56.12; H, 6.52; 
Br, 28.73. Found: C, 56.14; H, 6.69; Br, 29.24.

Pyridine hydrobromide perbromide7 could be substi­
tuted for bromine to effect bromination in the 4-position.

2-Bromo-1,4 -an dro stadiën -17 -ol -3 -on e 17-Hexahydro­
benzoate (IV).—Dehydrobromination of the dibromo ke­
tone III was effected by refluxing 0 5 g of the ketone with
2.5 cc. of collidine13 for one-half hour. The amount of 
collidine hydrobromide (0.17 g .), isolated by dilution with 
ether, filtering and washing with the same solvent, corre­
sponded to 93% of the calculated quantity. The ether 
solution was washed several times with 5% hydrochloric 
acid solution, water, 5% sodium hydroxide solution, and 
again water, dried over sodium sulfate and the solvent was 
removed in a current of air.. Trituration of the residue 
with hexane gave 0.35 g. (82%) of nearly colorless dienone 
of m. p. ranging from 132-137° to 139-142° which was 
satisfactory for the next step (Found: Br, 16.76). The 
compound crystallized from hexane as rosets of colorless, 
prismatic needles which retained solvent very tenaciously. 
When dried at 55° and 30 mm., the material melted at ca. 
105-111° (turbid), resolidified and melted at 142-144°. 
The solvent was removed completely on drying at 130° 
and 0.1 mm. for five hours (m .p. 144°). The rotations of 
three different, dry samples were: [ a ] 25D + 7.4°, 8.1°, 
12.9°. The absorption spectrum is shown in Fig. 1, and 
exhibited a maximum at 254.5 m/x, log E  =  4.06, and a 
minimum at 218 m/x, log E  =  3.36.

Anal. Calcd. for C26H350 3Br: C, 65.68; H, 7.42; Br, 
16.81. Found: C,65.76,65.85; H ,7.73,7.60; Br, 16.49.

1 -Methyl-2-bromoestradiol-3,17-diacetate (Vb). (a) By 
Dienone-Phenol Rearrangement of 2 -Bromo -1 + -andro - 
stadiën -17 -ol -3 -one 17-Hexahydrobenzoate (Tv).—The

Fig. 2.—Ultraviolet absorption spectra (in 95% ethanol): 
curve 1, l-methyl-2-bromoestradiol (Va); curve 2, 1- 
methyl-2-bromoestradiol diacetate (Vb); curve 3, 1- 
methylestradiol (VI); curve 4 ,1-methylestradiol diacetate.

(12) All microanalyses were carried out by M r. Joseph Alicino, 
M etuchen. N. J., and Mr. George L. Stragand, Microchemical 
Laboratory, University of P ittsburgh.

(13) The 7-collidine used for the dehydrobrom ination was E ast­
man Kodak Co. white label product, which was fractionated before 
use.
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dienone-phenol rearrangement was carried out by treating 
0.26 g. of the 2-bromodienone IV in 5 cc. of acetic anhy­
dride with 0.09 g. of concentrated sulfuric acid and allow­
ing the solution to stand at room temperature for five 
hours. The mixture was poured into water, swirled to 
hydrolyze most of the acetic anhydride and the product 
was extracted with ether. After saponification by reflux­
ing with 5% methanolic potassium hydroxide for seventy- 
five minutes, the crude 1-methyl-2-bromoestradiol was 
acetylated by means of acetic anhydride and pyridine, and 
the diacetate was precipitated by dilution with 5% hydro­
chloric acid. After recrystallization from ethanol, the 
colorless crystals (0.13 g., 53%) melted at 185-191°, 
[a] 25d  +  126°. The analytical sample crystallized as 
colorless rosets of shiny needles and had the following con­
stants: m. p. 192.5-194°, [ a ] 25D 4- 1289, maximum at 
273 m/x, log E  =  2.67, minimum at 256.5 m/x, log E  ~  
2.44 (Fig. 2).

Anal. Calcdi for C23H29O4B1*: C, 61.47; H, 6.51; 
Br, 17.78. Found: C, 61.66; H, 6,58; Br, 18.10.

(b) By Bromination of X-Methylestradiol (VI).—When 
a solution of 55 mg. of 1-methylestradiol (VI)2 in 1.4 cc. of 
glacial acetic acid was warmed with 63 mg. of pyridine 
hydrobromide perbromide for ca. thirty seconds, decolori- 
zation resulted with evolution of hydrogen bromide. 
After standing for a few minutes, the product was pre­
cipitated by the addition of water, filtered, and acetylated 
as in (a) to give 60 mg. (70% over-all yield) of the diace­
tate of m. p. 188-192°. Further recrystallization led to 
crystals melting at 193-194.5°, [«]25d +  125°, which 
gave no depression in m. p. when mixed with a sample 
prepared according to (a). The ultraviolet absorption 
spectrum was also practically identical with that shown 
for the above sample (method a), maximum at 272.5 m/x, 
log E =  2.70, minimum at 257.5 m/x, log E — 2.54.

1 -Methyl-2-bromoestradiol (Va).—Sixty milligrams of 
the diacetate Vb on saponification with methanolic potas­
sium hydroxide gave 40 mg. of 1-methyl-2-bromoestradiol 
(Va) of m. p. 166-167.5°. Recrystallization from hexane 
or dilute ethanol raised the m. p. to 167.5-169°, [a ]24D +  
189°, 185°, maximum at 288.5 m/x, log E  — 3.42, minimum 
at 257 m/x, log E  =  2.70 (Fig. 2). The same material 
was obtained from samples of the diacetate prepared ac­
cording to (a) and (b) above.

Anal. Calcd. for C i^ O aB r: C, 62.47; H, 6.90;
Br, 21.88. Found: C, 62.81; H, 7.05; Br, 21.63.

The authors are greatly indebted to Jean Rog­
ers and Helen Dudek for assistance in the experi­
mental work.

Summary
I t  has been shown that while the bromination 

of A^androsten-17-ol-3-one 17-hexahydrobenzo- 
ate (I) proceeded rapidly with the formation of 
the corresponding A^-bromo-S-ketone II, the 
latter reacted only slowly with bromine to form 
A1-2,4-dibromoandrosten-17-ol~3-one 17-hexahy- 
drobenzoate (III). The dibromo compound was 
dehydrobrominated with collidine yielding a 2- 
bromo-1,4-dienone IV, which underwent the di- 
enone-phenol rearrangement to 1 -methyl-2-bro- 
moestradiol (V). The latter was also obtained on 
direct bromination of 1-methylestradiol (VI), thus 
establishing a link between the two series.
S u m m it , N e w  J e r s e y  R e c e iv e d  N o v e m b e r  24, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a to r y  o f  T h e  O h io  S t a t e  U n iv e r s it y ]

Optical Activity of the 4,5-Phenanthrene Type: 4-(l-Methylbenzo[c]phenanthryl)- 
acetic Acid and 1-Methylbenzotclphenanthrene1

B y  M e l v in  S . N ew m an  a n d  W illiam  B. W h e a t l e y 2

The theoretical considerations leading to the 
prediction of optical activity in compounds of the
4,5-dimethylphenanthrene type have been pre­
sented.3 The structural feature necessary for this 
type of optical isomerism (called optical activity 
of the 4,5-phenanthrene type) involves the substi­
tution in the 4 and 5 positions of phenanthrene of 
groups large enough to prevent their existence in 
the same plane as that of the aromatic rings. The 
preparation and resolution of one compound of 
this type, 4,5,8-trimethyl- 1-phenanthrylacetic 
acid, have been described.3130 In order to obtain 
an additional example of compounds exhibiting 
this type of optical activity we undertook the syn­
thesis and resolution of 4-(l-methylbenzo[c]phen- 
anthryl)-acetic acid, I. This has been successfully

(1) The material herein presented was taken from the Ph.D. 
Thesis of W. B. W .s The Ohio S tate  University, June, 1947, and was 
presented before the Division of Organic Chemistry of the ACS, 
New York, September, 1947.

(2) Present address, Bristol Laboratories, Inc., Syracuse, New 
York.

(3) (a) Newman, T h is  J o u r n a l , 62, 2295 (1940); (b) Newman
and Hussey, ibid.. 69, 978 (1947); (c) Newman and Hussey. 69,
3023 (1947).

accomplished and is herein reported. We have 
also synthesized 1-methylbenzo [c] phenanthrene, 
II, the last monof|iethyl derivative of the parent 
hydrocarbon which remained to be prepared.4 
This compound is to be tested for carcinogenic 
activity.

The optical activity in I is undoubtedly due to 
the fact that the methyl group is forced out of the 
plane of the aromatic rings.3c The hydrocarbon, 
II, should also be capable of resolution but no 
suitable resolving agent for hydrocarbons is 
known. We hope to prepare such a resolving agent 
in the future. We are also planning to synthe­
size compounds with larger interfering groups so 
that more accurate studies on the rates of racemi- 
zation can be made.

The synthetic methods used are outlined in the 
chart.

The mixture of unsaturated esters resulting 
from the Reformatsky reaction of ketone III  and 
ethyl a-bromopropionate was dehydrogenated

(4) 2-, 3- and 4-isomers, H ew ett, J . Chem. Soc., 1286 (1938); 
5 isomer. Héwett, ibid., 596 (1936); 6-isomer, H ew ett. ibid., 293 
(1940).
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.  CH3 
\

CHCOOH
1. Reformatsky
2. Dehydration  >

3. Dehydrogenation

over palladized charcoal to yield the acid, IV. 
As in the similar stage of the synthesis of 1,4,5- 
trimethylphenanthrene30 considerable cleavage to 
phenanthrene occurred during this step. The 
remaining steps occasioned no particular difficulty.

Two properties of the hydrocarbon, II, are of 
interest: its high melting point of 141.4-141.9° 
and its failure to yield a picrate. Since the melt­
ing point is higher than that of the parent benzo­
le] phenanthrene or the other five monomethyl 
derivatives, which range from 54 to 81°, it was

ƒ•
750 1000 1500

Fig. 1.—Ultraviolet absorption spectra: 1, 4-(1-methyl- 
benzo[c]phenanthryl)-acetic acid; 2, l-methylbenzo[c]- 
phenanthrene; 3, benzo[c]phenanthrene. Curves 2 and 
3 are dropped one and two log Em units, respectively, to 
avoid undue overlapping with Curve 1.

suspected that I might have been further cyclode- 
hydrogenated into 1,12-methylenebenzo [c]phen- 
anthrene, m. p. 134-135°, a compound pre­
viously synthesized from pyrene.5 However, a 
comparison of physical and chemical properties 
indicated that our compound was decidedly dif­
ferent from that reported by Vollmann,5 The 
failure to yield a picrate was surprizing in view of 
the fact that benzo [c]phenanthrene and the 2-,
3-, 4-, 5-, and 6-methylbenzo [c]phenanthrenes all 
give picrates. We were able to prepare a trinitro- 
fluorenone6 derivative.

The ultraviolet absorption spectra of I and II 
are given in Fig. 1 where they are compared to that 
of benzo [c] phenanthrene.7 I t is easily seen that 
they resemble the parent hydrocarbon but that 
there is some loss of fine structure.

The resolution of the acid I was not accom­
plished without much trouble. We were not able 
to find a suitable salt of I with an alkaloid. By 
treating the acid chloride of I with /-menthol we 
were able to obtain a quantity of d-acid which had 
evidently not been esterified.8 On recrystalliza­
tion this acid gave specific rotations which varied 
from +1.0 to +2.1°. On standing the rotation 
gradually disappeared. In this respect, this acid 
behaved quite the same as that previously re­
ported, 4,5,8 - trimethyl - 1 - phenanthrylacetic 
acid.30

We would like to take this opportunity to 
acknowledge a grant-in-aid from a special fund 
donated by the Ohio State University Research 
Foundation and administered by the Graduate 
School.

(5) Vollman, et al., A nn ., 631, 135 (1937).
(6) Orchin and Woolfolk, T h is  J o u r n a l , 68, 1727 (1946).
(7) The curve for benzo [cjphenanthrene is reproduced from an 

article by Mayneord and Roe, Proc. Roy. Soc. London, A 152, 299 
(1935). The curve for benzo [cjphenanthrene as given by Clar in 
“ Aromatische Kohlerwasserstoffe,” Springer Verlag, 1941, p. 112, 
is incorrect. The curve is apparently th a t of 1 ',2 '-naphtha-2,3- 
fluorene which is also given by M ayneord and Roe.

(8) Compare partial esterifications of Marckwald and McKenzie, 
Ber., 32, 2130 (1899).
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Experimental9
a.-4-Phenanthrylpropionic Acid, IV.—A solution of 70 

g. (0.357 mole) of ketone III10 and 75 g. (0.415 mole) 
of ethyl a -bromopropionate in 400 cc. of dry benzene was 
added dropwise with stirring to 27 g. (0.415 mole) of 
hydrochloric acid-washed granular zinc. The reaction 
started easily upon the addition of a few crystals of iodine, 
and portions of iodine were added three times during the 
course of the reaction. Refluxing was maintained by ex­
ternal heating during the addition of the ketone-ester 
solution, which required about an hour, and for an addi­
tional two hours. After cooling, the reaction mixture was 
hydrolyzed with ice and hydrochloric acid and the organic 
matter taken into benzene and washed with saturated 
sodium bicarbonate solution. On removal of the last of the 
benzene, spontaneous dehydration of the crude hydroxy- 
ester occurred. Distillation in vacuo yielded 86 g. of an 
orange-red oil, which was saponified by refluxing one hour 
with dilute methanolic potassium hydroxide and the re­
sulting mixture worked up into neutral and acidic frac­
tions. The neutral fraction yielded 22.4 g. (32%) of 
recovered ketone, III; the acidic fraction was esterified 
in the usual manner with methanol and dry hydrogen 
chloride. Distillation gave 55.7 g. (59%, or 86% based on 
ketone consumed) of ester, a yellow oil boiling at 163- 
165 (1 m m .). The ester crystallized in part and on crystal­
lization from low boiling petroleum ether, colorless stout 
needles, m .p . 67-72°, were obtained.

Anal, (d) Calcd. for Ci8H180 2: C, 81.2; H, 6.8.
Found: C, 80.7; H, 6.9.

The acid obtained from this ester was crystallized from 
benzene until it melted at 176.6-177.2° dec.

Anal, (c) Calcd. for CnHiöOg: C, 80.9; H, 6.4.
Found: C, 81.0, 81.1; H, 6.0, 6.2.

In the best of many experiments 160 g. (0.6 mole) of 
the above crude ester in four equal batches was dehydro­
genated by heating with 20% palladium-on-charcoal 
catalyst for forty-five minutes at 280-320°; 40% of the 
theoretical quantity of hydrogen was collected during this 
time. The reaction product was worked up into neutral 
and acidic fractions. The neutral fraction, which amounted 
to 11.3 g., (10.5%) was identified as phenanthrene. Re­
crystallization of the crude acid from benzene gave 63.9 
g. (43%) of acid melting above 215.8° and almost as much 
non-crystalline acid. By esterifying and further de­
hydrogenation more crystalline acid could be obtained from 
these non-crystalline fractions. A sample of acid recrys­
tallized several times melted at 218.1-218.6°. Anal.
(c) Calcd. for C17H14O2: C, 81.6; H, 5.6. Found: C, 
81.1; H , 5.8. Longer heating of the dihydroester with the 
catalyst caused more hydrogen to be evolved, but lower 
yields of crystalline acid were obtained, along with greater 
amounts of neutral material. Dehydrogenation with 
sulfur gave similar but inferior results.

ft-4-Phenanthrylbutyric Acid, V.*—A solution of 52.5 
g. (0.21 mole) of acid IV, 30 cc. of purified thionyl chlo­
ride and 5 drops of pyridine in 750 cc. of dry ether was 
stirred for three hours at room temperature. Removal of 
solvent and excess thionyl chloride under reduced pressure 
left a solid residue which on recrystallization from benzene 
gave 41.1 g. (73%) of acid chloride. A solution of 32.5 
g. (0.12 mole) of the above acid chloride in 400 cc. of dry 
ether was added dropwise over a period of three hours to 
a dry ethereal solution of diazomethane, prepared from 63 
g. of N-nitrosomethylurea,11 stirred vigorously and main­
tained at below 5° by an ice-bath.

After stirring overnight, during which time the solution 
came to room temperature, the ether was removed under 
reduced pressure. The solid yellow residue was suspended

(9) Analyses marked (a) by Arlington Laboratories, (b) by W. J. 
Polglase, (c) by S. Olsen, and (d) by D. Mowry. All melting points 
corrected unless otherwise noted.

(10) Bachmann and Edgerton, T h is  J o u r n a l , 62, 2970 (1940).
(11) Adams, “ Organic Reactions,” John Wiley and Sons, Inc., 

New York, N. Y., 1942, Vol. I, p. 50.

in 250 cc. of methanol and 75 cc. of dioxane and the sus­
pension heated to 55°. Portions of freshly prepared silver 
oxide were added at ten-minute intervals to this diazoke­
tone suspension and, after two hours of heating at 55°, the 
theoretical amount of nitrogen had been collected. After 
refluxing for an hour, the reaction mixture was filtered; 
the filtrate stripped and distilled in vacuo, yielding 27.3 g. 
of reddish oil which was saponified and worked up into 
neutral and acidic fractions. The neutral fraction, a 
dark red viscous oil, was discarded. The acidic fraction 
was recrystallized from benzene to give 16.3 g.* (51%) 
of acid V, m. p. 143-145°. An analytical sample crystal­
lized in colorless prisms, m .p . 145.8-146.5°.

Anal, (a) Calcd. for Ci8Hi60 2: C, 81.8; H, 6.1;
neut. equiv., 264. Found: C, 82.1, 81.9; H, 6.4, 6.5; 
neut. equiv., 263, 266.

y-4-Phenanthrylvaleric Acid, VI.—An Arndt-Eistert 
synthesis was carried out on acid V in a manner similar to 
that described above. In this case, the rearrangement of 
the diazoketone proceeded more rapidly so that the theo­
retical amount of nitrogen was evolved in forty-five 
minutes. There was obtained by crystallization of the acid 
fraction from benzene a first crop of crystalline acid VI, 
m. p. 136.0-137.8° (57%) and a second crop melting at
135.6-137.2° (6%). An analytical sample melted at
138.4- 139.0°.

Anal, (a) Calcd. for Ci9Hi80 2: C, 82.0; H, 6.5;
neut. equiv., 278. Found: C, 82.5, 82.1; H, 6.8, 6.4; 
neut. equiv., 280, 278.

4-Keto-l -methyl-1,2,3,4 -tetrahy drob enzo [ c]phenan- 
threne, VII.—To a well-stirred, ice-cold solution of the 
acid chloride of VI, prepared from 9.0 g. (0.00524 mole) 
of acid VI by treatment with thionyl chloride and pyri­
dine as described above, in 100 cc. of anhydrous sym- 
tetrachloroethane was added rapidly 10 cc. of fuming 
stannic chloride. A yellow complex separated almost im­
mediately. After thirty minutes the mixture was hydro­
lyzed with dilute hydrochloric acid and the solvent re­
moved by steam distillation.

After vacuum distillation there was obtained 7.9 g. 
(95%) of ketone VII as a viscous yellow oil which solidified 
on standing a few weeks. An analytical sample, recrystal­
lized from Skellysolve B, melted at 80.2-81.2°.

Anal, (b) Calcd. for C19H160 :  C, 87.7; H, 6.2.
Found: C, 87.6, 87.9; H, 6.3, 6.4.

The 2,4-dinitrophenylhydrazone of VII melted at 300- 
302° uncor. dec.

Anal, (b) Calcd. for C25HS.0O4N4: C, 68.2; H, 4.6; N ,
12.7. Found: C, 68.2, 68.1; H, 4.6, 4.7; N , 12.5, 12.6.

1 -Methylbenzofc]phenanthrene, I.—After aluminum 
isopropoxide-isopropyl alcohol reduction of 4.87 g. 
(0.019 mole) of VII, dehydration of the resulting carbinol 
by heating to 215°, and vacuum distillation there was ob­
tained 4.22 g. (92%) of a light yellow oil. A mixture of 
4.10 g. (0.017 mole) of this oil and 0.525 g. (0.016 mole) 
of sulfur was heated for one hour at 205-225°, then im­
mediately vacuum distilled, yielding 3.39 g. of light green 
oil. This oil was dissolved in petroleum ether b. p. 35-400 
(Skellysolve F) and absorbed on a column of —80 mesh 
alumina. Elution with petroleum ether, b. p. 95-100° 
(Skellysolve C), followed by several recrystallizations of 
the crystalline material so obtained, gave 0.81 g. (20%) 
of colorless 1 -methylbenzo[c]phenanthrene (I), m. p.
141.4- 141.9

Anal, (b) Calcd. for C19Hh : C, 94.2; H, 5.8. Found: 
C, 94.2, 94.2; H, 6.0, 6.1.

In contrast to the yellow hydrocarbon, m. p. 134— 
135° of Vollman,5 1 is colorless and gives a violet color in 
concentrated sulfuric acid rather than a yellow color with 
green fluorescence.5 Furthermore, on chromic acid oxida­
tion, no trace of the quinone mentioned by Vollman was 
obtained.

While several attempts to prepare the picrate I were 
unsuccessful, a derivative with 2,4,7-trinitrofluorenone was 
obtained in the following manner; equivalent amounts of
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the hydrocarbon and trinitrofluorenone were dissolved in 
hot benzene. On standing in an ice box overnight, the 
solution deposited light yellow crystals, apparently the 
hydrocarbon. After several weeks in the ice box, a num­
ber of bright red clusters were present. These were 
picked out, washed in turn with benzene, acetone, and 
Skellysolve C- then dried in vacuo: m„ p. 130.6-131.4°.

Anal, (b)’ Calcd. for C32Hi9o iN 3: ~C, 68.9; H, 3.4; 
N  7.5, Found! CL 68.7, 68.7: H. 3.5. 3.6: N, 7.6, 7.6.

4-(1 -Methylbenzo [c]phenanthryl) -acetic acid, II.—To 
a solution of 11.12 g. (0.043 mole) of ketone VII in 150 
cc. of dry benzene was added 6.0 g. (0.036 mole) of ethyl 
bromoacetate, 2.4 g. (0.036 mole) of granular zinc and a 
pinch of iodine. After fifteen minutes of refluxing, the 
reaction began. Five more like quantities of ester, zinc 
and iodine were added at half-hour intervals, during which 
time refluxing was maintained by external heating. Follow» 
ing hydrolysis with dilute hydrochloric acid, the benzene 
layer was separated and the aqueous layer washed twice 
with benzene. The combined benzene extracts were evap - 
orated, the residual oil heated ten minutes at 190-200° 
to effect dehydration, and then distilled in vacuo. The 
distillate was saponified and the resulting product worked 
up to give a neutral fraction of 1.60 g. (14%) of recovered 
ketone and an acid fraction which was esterified with 
methanol-hydrogen chloride, yielding 8.57 g. (63%) of 
distilled ester.

A mixture of 7.08 g. (0.022 mole) of the above ester and 
0.71 g. (0.022 mole) of sulfur was heated for one and one- 
half hours at 220°, then distilled in vacuo. The distillate 
was saponified, the acid fraction dissolved in acetone and 
passed through a column of charcoal (Norite A). There 
was obtained 3.86 g. (57%) of acid II melting above 208°. 
An analytical sample, colorless prisms from benzene- 
acetone, melted at 210.1-210.6°.

Anal, (b) Calcd. for C2iH160 2: C, 84.0; H, 5.4;
neut. equiv., 300. Found: C, 83.7, 83.8; H, 5.3, 5.5; 
neut. equiv., 297, 300.

The amide of II, recrystallized from benzene-acetone, 
melted at 234.5-235.5° uncor.

Anal, (b) Calcd. for C21H17ON: C, 84.3; H, 5.7; N,
4.7. Found: C, 84.4, 84.4; H, 6.1, 5.9; N, 4.7, 4.7.

Resolution of II.—A solution of the chloride of acid II, 
prepared by treatment of 1.54 g. (0.0041 mole) of II with 
thionyl chloride and pyridine, in 50 cc. of dry benzene was 
added dropwise to a well-stirred ice-cold solution of 0.80 
g. (0.0051 mole) of /-menthol ( [ a ] D  —49.8°, c, 2 in abso­
lute ethanol) in 25 cc. of dry benzene. After being stirred

for an hour, during which time it came to room tempera­
ture, the reaction mixture was hydrolyzed. The benzene 
layer was separated, washed in turn with dilute hydro­
chloric acid, water, saturated sodium bicarbonate solution 
and then dried. Evaporation of the benzene under re­
duced pressure left an orange oil, which gave 0.39 g. of 
crystalline material on trituration with Skellysolve F. 
This material, after five recrystallizations from chloroform- 
Skellysolve F, melted at 185.5-187.0° and showed a 
specific rotation of +1.4-=*= 0.2° (c, 1 in chloroform). 
Although it was at first believed that this material was the 
/-menthyl ester of II, the analysis indicated that it was 
impure.

Anal, (b) Calcd. for C3iH3402 (ester): C, 84.9; H, 7.8. 
Calcd. for C2iHi60 2 (acid): C, 84.0; 11,5.4. Found: C, 
84.9,84.9; H, 5.4, 5.4.

The five-times recrystallized material was shaken with 
alcoholic potassium hydroxide for ten minutes, the mix­
ture then diluted with a large quantity of water and ex­
tracted repeatedly with ether. Acidification of the aqueous 
layer precipitated the acid, which was extracted with ether. 
Evaporation of the ether from the combined extracts left 
light tan crystals of acid II, m. p. 208.8-209.6°, alone and 
when mixed with an authentic sample of II. A solution of 
0.1053 g. of this acid in 5 ec. of acetone gave an observed 
rotation of +0.09 =*= 0.02°; [ « ] 25d  + 2.1  =*= 0.4°. No 
rotation could be observed the following day. Two other 
resolutions were carried out in the manner described above, 
giving samples of acid with specific rotations of + 1 .6  and 
+ 1 .0°. The acetone solutions of both of these samples dis­
played no optical activity after standing for twelve hours at 
room temperature.

Summary
The synthesis of 1-methylbenzo [c] phenanthrene 

is described. This synthesis completes the series 
of methylbenzo [c]phenanthrenes, as the other five 
isomers have been previously described.

The synthesis of 4-(1-methylbenzo [c]phenan­
thryl)-acetic acid is described, and the dextrorota­
tory form of this acid has been isolated. The iso­
lation of this optically active acid provides another 
instance of optical activity of the 4,5-phenan- 
threne type.
C o l u m b u s  10, O h io  R e c e iv e d  F e b r u a r y  12, 1948

[C o n t r ib u t io n  f r o m  t h e  C e n t r a l  R e s e a r c h  L a b o r a t o r ie s , M o n s a n t o  C h e m ic a l  C o m p a n y ]

Vinyl Aromatic Compounds. V. Ortho-, Meta- and Para-Isopropenylbiphenyls1
B y  D a v id  T. M o w ry , J oachim  D azzi, M ary  R e n o l l 2 a n d  R o ber t  W. Sh o rtr idg e3

In a preceding paper4 the synthesis of ortho-, 
meta- and para-vinylbiphenyls from the corre­
sponding xenylmethylcarbinols has been de­
scribed. The present work deals with the prepara­
tion of the corresponding isopropenyl derivatives 
of biphenyl.

In general, the methods employed resembled
(1) Preceding paper in th is series, T h is  J o u r n a l , 69, 851 (1947).
(2) Present address: D epartm ent of Chemistry, The Ohio State 

University, Columbus, Ohio.
(3) Present address: M idwest Research Institu te , Kansas City, 

Missouri.
(4) Huber, Renoll, Rossow and Mowry, T h is  J o ur n a l , 68, 1109

cme+

those used in the earlier work. o-Aminobiphenyl 
was converted to tf-iodobiphenyl, which by means 
of its Grignard reagent with acetone gave di- 
methyl-0-xenylcarbinol. This was dehydrated 
catalytically in the vapor phase over alumina to 
give tf-isopropenylbiphenyl in 83% yield. I t is in­
teresting to note that under these conditions the 
reaction takes a different course from that re­
ported by Anchel and Blatt5 who dehydrated the 
same carbinol in the liquid phase with sulfuric 
acid or a mixture of acetic acid and hydrogen 
chloride to give nearly quantitative yields of 9,9-

(5) Anchel and B latt, ibid., 63, 1948-1952 (1941).
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dimethylfluorene. No dimethylfluorene was de­
tected in the product from the vapor phase de­
hydration, although it is possible that minor 
amounts may have been formed.

^-Acetylbiphenyl was treated with methylmag­
nesium bromide to give a 78-85% yield of di- 
methyl-/>-xenylcarbinol. This was dehydrated 
in a similar fashion to />~isopropenylbiphenyl.

m-Bromobiphenyl was prepared in four steps 
from 0-aminobiphenyl as previously described.4 
The Grignard reagent from the bromide was 
treated with acetone to give crude dimethyl-m- 
xenylcarbinol which could not be distilled without 
decomposition and could not be induced to crystal­
lize. This behavior was to be expected since sev­
eral previously described meta derivatives of bi­
phenyl are reported to freeze to non-crystalline 
glasses on cooling.4 Consequently the crude ma­
terial was dehydrated by refluxing with acetic an­
hydride to give w-isopropenylbiphenyl in 57% 
yield based on the m-bromobiphenyl.

Experimental
Dimethyl -o -xenylcarbinol.—o -Iodobiphenyl was pre - 

pared in 83% yield from o -aminobiplienyl by the Sand- 
meyer method according to the procedure of Gilman, 
Kirby and Kenney.6 Four hundred sixty-seven grams of 
this product, b. p. 145-147° (6 mm.), was converted to the 
Grignard reagent, using 44 g. of magnesium in 750 cc. of 
anhydrous ether. The solution was cooled to 5° and 97 
g. of dry acetone in 100 cc. of ether was added with stirring 
during ninety minutes, keeping the temperature below 20°. 
After standing overnight, a solution of 250 g. of ammonium 
chloride in 1200 cc. of water was added and the ether layer 
separated and evaporated. The crystalline residue was 
recrystallized twice from hexane to give 122 g. (34%) of 
fluffy needles, m .p . 69.5-70.5°; mixed melting point with 
biphenyl, 46-48 °. Anchel and Blatt5 report m . p . 73 ° for a 
sample prepared from the methyl Grignard reagent and 
methyl 0-phenylbenzoate.

o-Isopropenylbiphenyl.—A solution of 231 g. of di­
methyl-0-xenylcarbinol in 275 cc. of dioxane was passed 
over activated alumina at 275° and 90-100 mm. pressure 
using the technique and apparatus that has been described 
previously.7 Two distillations gave 176.5 g. (83%) of 
0-isopropenylbiphenyl, b. p. 107-109° (2 mm.), n2bd 
1.5925 which freezes to a glass at about —40°. A bromide- 
bromate analysis8 indicated that the material was 98.5% 
pure.

(6) Gilman, K irby and Kenney, T h is  J o u r n a l , 52, 2252 (1929).
(7) Mowry, Renoll and Huber, i b i d . ,  68, 1105 (1946).
(8) Mulliken and W akeman, Ind. Eng. Chem., Anal. Ed., 7, 59

(1935).

Anal.9 Calcd. for Ci5Hi4: C, 92.73; H, 7.26. Found: 
C, 92.59; H, 7.29.

Dimethyl-^-xenylcarbinol.—An ethereal solution of the 
Grignard reagent prepared in the usual manner from 48.6 
g. of magnesium (2.0 moles) and methyl bromide was 
treated with 371 g. (1.84 moles) of p -acetylbipheny 1 dis­
solved in 1.5 1. of benzene during the course of one hour. 
After standing overnight the material was hydrolyzed with 
dilute sulfuric acid. The organic layer was separated, 
washed with water and evaporated to give 330 g. (85%) 
of crude dimethyl-/)-xenylcarbinol. Another similar run 
gave a 78% yield. The material after recrystallization 
from a mixture of benzene and hexane melted at 92-93°.

Anal. Calcd. for C15H16O: C, 84.86; H, 7.60. Found: 
C, 85.22; H, 7.62.

/>-Isopropenylbiphenyl.—A 30% solution of dimethyl- 
/>-xenylcarbinol in dioxane was dehydrated in a manner 
similar to that described for the ortho isomer. A 79-84%  
yield of the hydrocarbon, b. p. 122-1240 (1 mm.) was 
obtained. After recrystallization from dilute ethanol, the 
material melted at 119.0-119.5°. When mixed with a 
sample of />-vinylbiphenyl4 (m .p . 120°) the melting point 
was markedly depressed. The material showed 100.1% 
unsaturation by the bromide-bromate titration.

Anal. Calcd. for Ci5H]4: C, 92.72; H, 7.26. Found: 
C, 92.60; H, 7.25.

m -Isoprop enylbiphenyl.—m -Bromobiphenyl was pre­
pared from 0-aminobiphenyl in 62% over-all yield by the 
four-step synthesis previously described.1 The improve­
ment in yield (51% was formerly reported) was due to a 
modification in the deamination step where the crude m- 
bromobiphenyl resulting from decomposition of the di­
azonium solution was extracted with benzene and washed 
free of sulfuric acid before distillation. The Grignard re­
agent was prepared from 150 g. of the bromide (0.64 mole) 
in the usual fashion and treated with a 20% excess of dry 
acetone in ether. After standing overnight, the material 
was hydrolyzed with dilute hydrochloric acid, separated, 
washed with water and evaporated to give 124 g. (92%) 
of crude oily dimethyl-m-xenylcarbinol which could not be 
purified by crystallization or distillation.

Two hundred forty-three grams of this crude product 
was refluxed with an excess (280 g.) of acetic anhydride 
for three hours. The acetic acid and excess anhydride were 
removed under vacuum and the product fractionated to 
give 29 g. of biphenyl and 141 g. of m-isopropenylbiphenyl, 
b. p. 160-161° (12 mm.); n2bt> 1.6128. A bromide- 
bromate titration indicated a purity of 99.6%.

Anal. Calcd. for Ci5Hi4: C, 92.72; H, 7.26. Found: 
C, 92.23; H, 7.50.

Summary
Ortho-, meta- and para-isopropenylbiphenyl 

have been synthesized by dehydration of the ap­
propriate dimethylxenylcarbinols.
D ayto n , Oh io R eceived  Ja nu a r y  23, 1948

(9) Ultimate analyses by the Oiakwold Laboratories, Alexandria, 
Virginia.
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[C o n t r i b u t i o n  f r o m  t h e  C h e m i s t r y  L a b o r a t o r y  o f  D r P a u w  U n iv e r s it y ]

1,4-Dimethyl-3-alkylcarbostyrils
B y  D .  J . C o ok  a n d  W il l ia m  C . L a w a l l 1

Recently the preparation of various 3-alkyl-4- 
m e t h y l rhostyrils has been reported.2 Since the 
preparation of several N-alkyl-4-methylcarbosty- 
rils has been described,3 it was of interest to pre­
pare a series of 1,4-dimethylcarbostyrils with al­
kyl substituents in the 3 position. As intermediate 
products the corresponding N-methyl-a-alkyl- 
acetoacetanilides have also been prepared. Ring 
closure of these compounds with concentrated 
sulfuric acid gave the corresponding 1,4-dimethyl-
3-alkylcarbostyril. The properties of the substi­
tuted acetoacetanilides are given in Table I and 
the data for the l,4-dimethyl-3-alkylcarbostyrils 
are recorded in Table II.

T a b l e  I
N-MBTHYL-a-ALKYLACETOACETANILIDES OF THE TYPE

CH3COCH(R)CON(CH3)C6H5
2,4-Di-
nitro-

phenyl-
hydra-

R —

B. p.
°C. a t
1 mm.

Yield,
% Form ula

N  Analyses, % 
Calcd. Found

zone,

M ethyl 136-137 41 CmHisNOa 6.83 7.14 134-135
E thy l 144-145 42 C13H17NO2 6.39 6.48 104-105
Propyl 160-163° 40 C14H10NO2 6 .00 6.33 73-74
Butyl 152-154 37 C15H21NO2 5.67 6.01
Allyl 142-144 37 C14H17NO2 6.03 6.38
Benzyl 184-187 47 C18H19NO2 4 .98 5.18 165-167

° Pressure was 3 mm.

T a b l e  II
1 , 4 - D i m e t h y l - 3 - a l k y l c a r b o s t y r i l  (ChHioNO)R

r—
M .p ., Yield, N Analyses, %

ÖC. % Form ula Calcd. Found

Methyl 106.5-107.5 96.5 Ci2Hi3NO 7.48 7.26 
Ethyl 99 -1 0 0 f  75 Ci3H i6NO 6.96 6.63
Propyl 79 -  80 85.5 Ci4Hi7NO 6.51 6.29
Butyl 6 2 .5 - 63 70.6 CiiHi.NO 6.11 5.81
Propanol-2 140 -140.5  60.0 Cj4H i7N 0 2 6.06 6.01

In treating N-methyl- ar-allylacetoacetanilide 
with concentrated sulfuric acid not only did the 
condensation take place to give the carbostyril, 
but also the sulfuric acid treatment hydrated the 
unsaturated bond in the allyl side chain to give 
the secondary alcohol l,4-dimethyl-3-(propanol- 
2)-carbostyril.

This alcohol was characterized by the prepara­
tion of the phenylurethan.

I t  is to be noted that even though the N-methyl- 
a-benzylacetoacetanilide could be prepared, ring 
closure of this compound to the corresponding 
carbostyril could not be accomplished.

(1) Present address: D epartm ent of Chemical Engineering, Pur­
due University, Lafayette, Indiana.

(2) Searles and Lindwall, T h is  J o u r n a l , 68, 98S (1946).
(3) Kaslow and Cook, ibid., 67, 1969 (1945).

Experimental4*5
N -Methylacetoacetanilide.—Tins starting material was 

prepared as described by Kaslow and Cook.3
The preparations of N  -methyl - ol -methylacetoacetanilid e 

and 1,3,4-trimethylcarbostyril can be used as general 
methods to describe the preparation of the series of N- 
methyl -a -alkylacetoace tanilides and 1,4 -dimethyl -3 -alkyl - 
carbostyrils.

N-M ethyl-a-methylacetoacetanilide.—To 300 ml. of 
absolute alcohol in a 3-necked, round-bottomed flask 
equipped with a reflux condenser, stirrer and dropping 
funnel was added slowly 4.6 g. (0.20 mole) of sodium 
metal. When the sodium had reacted completely, 38.2 g. 
(0.20 mole) of N-methylacetoacetanilide was added to the 
mixture and the solution then heated on the steam-bath 
with constant stirring. To the refluxing solution 28.4 g. 
(0.20 mole) of methyl iodide was added dropwise and the 
refluxing continued for twelve hours. The alcohol was 
then removed under vacuum and the residue extracted 
with 300-400 ml. of ethyl ether. The ether was removed 
and the product then recovered by distillation under 
vacuum. After a small forerun, the product distilled at 
136-137° (1 mm.) ; yield 16.8 g. (41%).

The other N-methyl- ol-alkylacetoacetanilides were pre­
pared in an analogous manner using ethyl, w-propyl, n- 
butyl and allyl bromides and benzyl chloride.

N -Methyl-a-alkylacetoacetanilide 2,4-Dinitrophenyl-
hydrazone.^—The 2,4-dinitrophenylhydrazones of the N- 
methyl-a-alkylacetoacetanilides were prepared according 
to the directions given by Shriner and Fuson.6 These de­
rivatives were purified by recrystallization from alcohol.

1.3.4- Trimethylcarbostyril.—To 50 ml. of concentrated 
sulfuric acid was added 12.8 g. (0.062 mole) of N-methyl- 
a-methylacetoacetanilide at such a rate as to maintain the 
temperature at 75°. During the addition the mixture was 
stirred continuously. After the addition was complete, 
the mixture was heated on a steam-bath for ten to fifteen 
minutes. The mixture was then cooled and poured with 
vigorous stirring into 500 ml. of a 50:50 mixture of ice and 
water. The solution was then neutralized with a solution 
of sodium hydroxide. After standing overnight, the white 
precipitate was recovered by filtration and dried at 70-75°. 
The crude product weighed 11.3 g. (96.5%) and melted 
at 100-101°. One gram of the product was recrystallized 
by dissolving it in 6-8 ml. of hot alcohol, filtering and 
adding water to faint turbidity. Upon cooling and 
scratching the inside of the flask, white needles formed, 
m. p. 106.5-107.5°.

The other 1,4-dimethyl-3-alkylcarbostyrils were pre­
pared in an analogous manner by ring closure of the 
corresponding N-methyl-« -alkylacetoacetanilide.

1.4- Dimethyl-3 - (propanol-2) -carbostyril.—This com­
pound was prepared in a manner analogous to the prepara­
tion of 1,3,4-trimethylcarbostyril by treating 12.0 g. 
(0.052 mole) of N -methyl- ol-allylacetoacetanilide with 50 
ml. of concentrated sulfuric acid. White needles were 
obtained upon dilution with water and subsequent neu­
tralization with sodium hydroxide. The yield was 6.7 g. 
(60%). The product when recrystallized from alcohol- 
water gave a m. p. of 140-140.5°. This compound did 
not change upon drying at 90° in a vacuum oven. It 
would not add bromine and gave no iodine number. The 
analysis as given in Table II corresponds to the alcohol 
and not the allyl substituted carbostyril. The prepara­

(4) All melting points were taken on a F isher-Johns melting 
block.

(5) Microanalyses were carried ou t by Mr. Lome M acBeth.
(6) Shriner and Fuson, “ Identification of Organic Compounds,’* 

2nd ed., John Wiley and Sons, Inc., New York, N. Y., 1943, p. 143.
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tion of the phenylurethan is proof of the secondary alcohol 
being the compound.

The Phenylurethan of 1,4-Dimethyl-3-(propanol-2) - 
carbostyril.—This derivative was prepared as described by 
Shriner and Fuson.7 The compound was recrystallized 
from carbon tetrachloride. The m .p . was 178-179°.

Anal. Calcd. for C21H22N2O3: N, 8.00. Found: N, 
8.28, 7.93.

Summary
1. Several N-methyl- a-alkylacetoacetanilides 

have been prepared by condensation of N-methyl-
(7) Ref. 6, p. 136.

acetoacetanilide with the corresponding alkyl 
halide.

2. Ring closure of the N-methyl- a-alkylaceto- 
acetanilides with concentrated sulfuric acid re­
sulted in the formation of the l,4-dimethyl-3- 
alkylcarbostyrils.

3. N-Methyl-a-allylacetoacetanilide when sub­
jected to the sulfuric acid treatment gave the hy­
drated product, l,4-dimethyl-3-(propanol-2) 'Car­
bostyril.
G r e e n c a s t l e , I n d ia n a  R e c e iv e d  J a n u a r y  23, 1948

[C o n t r ib u t io n  fr o m  S o u t h e r n  R e g io n a l  R e s e a r c h  L a b o r a t o r y 1]

Trimethylsilylcellulose
B y  H . A . Schuyten, J. W . Weaver, J. D avid R e id  and J. F . J u r g e n s

Silicon tetrachloride and aryl- and alkylhalo- 
silanes react easily and rapidly with organic hy­
droxyl groups,2*3 4 to yield hydrogen chloride and 
silicic esters. A  number of patents have been is­
sued dealing with the treatment of cellulose with 
organosilicon halides to impart water repel- 
lency.56*7 In one case5 a surface reaction either 
with adsorbed moisture or with hydroxyl groups 
of the cellulose was postulated. However, the 
amount of product formed was too small to be 
measured or analyzed. Jullander8 has studied the 
reaction of silicon tetrachloride with nitrocellulose 
and reports the formation of gels due to cross 
linkage. The present investigation concerns the 
reaction of some organo-silanes with cellulose, par­
ticularly to obtain trimethylsilylcellulose.

I t  was found that halosilanes will react with 
cellulose in the presence of pyridine to form rela-

T a b l e  I
R e a c t io n s  o f  A l k y l c h l o r o s il a n e s  w it h  C e l l u l o s e  

A c e t a t e
Mole
ratio

Acetyl groups Silane: Silyl groups
per glucose Cell- per glucose by Total

Reagent Before After OAc W eight %Si groups
(CH3)3SiCl 2.30 2.24 2.79 0.69 0.65 2.89-2.93
(C2H5)3SiCl 2.30 2.24® 4.08 . 66 . 58 2.82-2.90
(CH3)3SiCl 2.90 2.87 4.86 .16 .14 3.01-3.03

b Assumed. 1 2 3 4 5 6 7 8
(1) One of the laboratories of the Bureau of Agricultural and In ­

dustrial Chemistry, Agricultural Research Administration, U. S. 
D epartm ent of Agriculture. Article not copyrighted. Presented 
a t the Southwestern Regional Meeting, Houston, Texas, September, 
1947.

(2) J. J. Ebelman, Compt. rend., 18, 1202; 19, 398 (1844).
(3) M . N. Kalinin, Compt. rend. acad. sci. U RSS, 26, 365 (1940).
(4) G. M artin, J .  Chem. Soc., 105, 2860 (1914).
(5) W. I. Patnode, U. S. P aten t 2,306,222 (Dec. 22, 1942).
(6) British Thomson-Houston Co., British Paten t 575,696 (Feb. 

28, 1946).
(7) J. F. Hyde, U. S. P aten t 2,413,050 (Dec. 24, 1946).
(8) I. Jullander, “ Studies of Nitrocellulose,” Almqvist and Wik- 

sells Boktryckeri-A.-B., Stockholm, 1945, or H. K. Lewis and Co., 
Ltd., London, pp. 109-117.

tively stable compounds. The reaction will take 
place slowly at room temperature and rapidly at 
reflux temperatures. A group substitution as 
high as 2.75 trimethylsilyl groups per glucose unit 
was attained with cotton linters (Fig. 1). With 
partially substituted cellulose acetate, the total 
substitution approached 3.0 (Table I).

Fig. 1.—Change in trimethylsilyl substitution of cellu­
lose with change in mole ratio of reactants: O, calculated 
from gain in weight; • ,  calculated from silicon content.

Trimethylsilylcellulose is stable in dry air at 
room temperature but at elevated temperatures or 
in the presence of atmospheric moisture will de­
compose slowly. The compound is insoluble in the 
usual organic solvents and in mixtures of solvents 
such as are used in dissolving cellulose acetate and 
other cellulose derivatives.

Materials.—The trimethylchlorosilane used 
was commercial grade and the acetoxysilanes 
were prepared according to the method of



1920 H. A. S c h u y ten , J. W. W ea v er , J. D avid R e id  and J, F. J urgens VoL 70

Schuyten, Weaver and Reid.9 Other silanes were 
prepared by the usual methods.

Analyses.—All silicon analyses were carried 
out by fusion of the silylcellulose in a Parr 
bomb followed by the usual gravimetric pro­
cedure. Ashing before fusion was impractical 
because of loss of silicon as trimethylsilanol or 
similar compounds.

Fig. 2.—Deterioration of trimethylsilylcellulose: A,
desiccated (P20 5) ; B, heated (105°); C, conditioned 
(see text).

Experimental
Trimethylsilylcellulose.—Two grams of oven-dried, low- 

viscosity cotton linters was suspended in a small amount of 
anhydrous pyridine in a 500-ml., round-bottom flask 
provided with a reflux condenser and mercury -sealed 
stirrer. Trimethylchlorosilane was added from a stock 
solution in anhydrous pyridine containing 0.05 g. of silane 
per ml. of solution. The mole ratio of silane per glucose 
unit of cellulose was varied as indicated in Fig. 1 and the 
total volume of pyridine was adjusted to 250 ml. The 
mixture was refluxed and after about one hour the cellu­
lose assumed a dispersed and almost invisible condition. 
This was undoubtedly due to the nearly identical refrac­
tive indices of the compound and pyridine.

After three hours the mixture was cooled and filtered. 
Washing was done on different runs with both organic 
solvents and with water; no apparent difference in results 
were obtained. The samples were vacuum-dried and 
weighed. Trimethylsilyl group substitution was calcu­
lated from gain in weight by

_ Gain in wt. X 162.1
roups gampie wt. x  72.16

and from silicon content by
~  _  % Si X 162.1
Groups 2g06 _  (72-16 x  %  si)

Other monofunctional group substitutions may be calcu­
lated by inserting (group weight—1.008) in place of 72.16.

The correlation of results obtained by these two methods 
is reasonably good. The difference between results may be 
due to retention of solvent; it is difficult to remove the 
last traces of material of this type from cotton.

Other Silanes.—Various other silanes were employed 
with similar results as recorded in Table II.

Trimethylsilylcellulose Acetate .—Samples of cellulose 
acetate were dissolved in pyridine and treated as above. 
The products were soluble in the solvent and were pre­
cipitated by pouring into cold water. They were then 
filtered and washed with water, vacuum-dried, weighed 
and analyzed. The number of acetyl groups per glucose 
unit showed little change. The results are given in Table I .

Formation of Trimethylsilylcellulose at Room Tempera­
ture.—A sample of cotton linters was treated with tri-

(9) H. A. Schuyten, J. W. Weaver and J. David Reid, T his 
J o u r n a l , 69, 2110 (1947).

T a b l e  I I

R e a c t io n s  o f  V a r io u s  S u b s t it u t e d  S il a n e s  w it h  
C e l l u l o s e

Weight 
cellu­
lose, Mole 

Reagent g. ratio®
(C2H5)3SiCl 2.154 6.06  
(CH3)2SiCl2 1.786 5.84 
w-CsHnSiClj* 1.960 4.01 
CH3Si(OAc)3 1.904 3.95

Gain
in

weight,
Si, %

Silyl groups 
per glucose 

by
weight % - Si

2.007 11.55 1.32 1.27
0.202 C% A >-7A .-±/ b b

0.030 1.33 b b
0.080 1.16 b b

a Ratio of moles of silane to glucose unit. b Not calcu­
lated because of the possibility of cross linkage.
methylchlorosilane in a mole ratio of 5.58 for four-hundred 
hours at room temperature. The gain in weight of the 
cellulose was equivalent to 1.73 groups substitution as 
compared to 2.53 groups with a similar mole ratio when 
refluxed for three hours in the pyridine mixture.

Decomposition of Trimethylsilylcellulose.—Trimethyl­
silylcellulose may be decomposed by boiling with water or 
with dilute acid or base. No quantitative results were 
obtained but boiling with dilute acid yielded a volatile 
liquid product which burned and deposited silica and was 
assumed to be trimethylsilanol. Accordingly samples of 
trimethylsilylcellulose containing 2.6 trimethylsilyl groups 
per glucose unit were placed in open containers under three 
sets of conditions: (1) Desiccated over phosphorus pent­
oxide ; (2) dried in an oven at 105°; and (3) conditioned 
at 70 °F. (21.1 °) and 65% relative humidity. The samples 
were weighed at intervals and the per cent, retention of 
added weight was plotted against time. The results are 
shown in Fig. 2. The inflection at the beginning of the 
curve for the conditioned sample is due to increase in mois­
ture content at 65% relative humidity.

Solubility of Trimethylsilylcellulose.•—A 0.1-g. sample of 
trimethylsilylcellulose (2.42 groups per glucose unit) was 
placed in 5 ml. of solvent in a small tube and tumbled on a 
wheel for twenty-four hours at room temperature. When 
the major portion of the material remained undissolved as 
determined by visual inspection, it was considered in­
soluble. In some cases (designated below by “sw”) the 
sample particles showed a tendency to swell. No notice­
able amount dissolved in the following solvents: acetone, 
benzene, carbon tetrachloride, chloroform, diethylform- 
amide, ethyl acetate, ethyl alcohol, ethylene dichloride, 
ether (sw), methylene chloride, methyl ethyl ketone (sw), 
nitromethane, nitropropane, pyridine (sw), s-tetrachloro­
ethane and xylene. The material was not soluble in the 
following mixtures: acetone (80%), ethanol (15%),
ethyl acetate (5%) (sw ); toluene (80%), ethanol (20%) 
(sw); ethylene dichloride (90%), methyl alcohol (10%) ; 
and benzene (66%), ethylene dichloride (34%) (sw).

Summary
Trimethylchlorosilane and other chloro- and 

acetoxysilanes react with cellulose to yield prod­
ucts which by gain in weight and silicon content 
show a group substitution as high as 2.75 groups 
per glucose unit. Determination of change in 
weight of samples of trimethylsilylcellulose over a 
period of time indicates that it is stable in dry air 
at room temperature but decomposes at elevated 
temperatures or in the presence of atmospheric 
moisture. I t  may be readily hydrolyzed with 
boiling water or with dilute acids or alkalies.

The halosilanes react only with the unreacted 
hydroxyl groups in partially substituted cellulose 
acetate.

These data indicate the formation of definite 
compounds of cellulose with substituted silanes. 
N e w  O r l e a n s , L a . R e c e iv e d  F e b r u a r y  2, 1947
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[Contribution  from the F rick: Chem ical Laboratory]

Wall Effects in the Oxidation of Boron Triethyl Vapor, Ignition of n-Butane1
B y  R ic h a r d  S. B r o k a w , E l m e r  J. B a d in  a n d  R o b e r t  N. P e a s e

In a recent paper on the oxidation of zinc di­
methyl vapor at room temperature,2 it was shown 
that the reaction is autocatalytic, becoming ex­
plosive if the pressure of zinc dimethyl exceeds 
12-15 mm.; and that it will induce the ignition of 
^-butane. Somewhat similar data on boron tri­
ethyl vapor are presented here. Particular atten­
tion has been given to the effect of solid products 
and surface treatment on the oxidation.

Experimental
The apparatus was similar to that used for the oxidation 

studies of zinc dimethyl.2 Spherical reaction bulbs with 
inside diameters of 4.6, 6.6, 7.4, 9.8 and 12.7 cm. were 
used. Both the reaction bulb and the oxygen storage bulb 
were maintained at 0°. The tubing between them was 6 
mm. i.d. rather than capillary to permit rapid mixing of 
reacting gases. Pressures were measured on a direct 
reading manometer and small McLeod gage designed to 
read pressures over a range of 0.01-15.0 mm.

Reaction bulbs were cleaned by treatment with boiling 
concentrated nitric acid followed by rinsing with distilled 
water. Drying was carried out in an oven at 135°. Coat­
ings were applied after this standard cleaning procedure. 
Boron triethyl vapor was first admitted to the reaction 
bulb at the desired pressure. The reaction bulb was then 
closed off by its stopcock. Oxygen was admitted to the 
reservoir in an amount sufficient to give the desired final 
pressure when the connecting stopcock was opened and the 
gases allowed to mix. Experiments were carried out in a 
darkened room in order to make observation of faint 
flashes. Flashes occurred immediately on opening the 
stopcock, without measurable induction period.

Boron triethyl was prepared from the Grignard reagent 
and boron trichloride etherate. As a final purification 
step, 125 g. was fractionated in a helium atmosphere 
through a 20-plate column. A third fraction of 20 g. 
(b. p. 95.0°) was used for all experiments. Oxygen and 
n-butane (C. p .) were high purity tank gases.

Results and Discussion
Boron triethyl vapor ignites instantly on admis­

sion of oxygen a t substantially lower pressures 
than does zinc dimethyl. A series of runs in clean 
dry bulbs of diameters between 4.6 and 12.7 cm. 
diameter gave values as low as 0.10 mm. of boron 
triethyl in a 5 volume % mixture with oxygen 
(stoichiometric mixture for combustion to boron 
trioxide, carbon dioxide and water: 8.70 vol. %).
Data are presented in Table I and Fig. 1.

The product of pressure and bulb diameter was 
found to be approximately constant, as would be 
expected if reaction chains start in the gas phase 
and end on the wall.3

(1) The work described in this paper was done in connection with 
Contract NOrd 7920 with the United States Naval Bureau of Ord­
nance, as coordinated by the Applied Physics Laboratory, The 
Johns Hopkins University. Acknowledgment is also due Dean H. S. 
Taylor, who has general supervision of this project.

(2) E. J. Badin, D. R. Walters and R. N. Pease, T his Journal, 69, 
2586 (1947).

(3) C f .  C. N. Hinshelwood, “Kinetics of Chemical Change,” 
Oxford University Press, 1940, p. 15. Similar results have been ob­
tained for, e. g . , the phosphine-oxygen reaction, Dalton and Hinshel­
wood, Proc. R o y .  S o c . ( L o n d o n ) ,  125A, 294 (1929).

T a ble  I
M inim um  I gnition  L im its for 5 V olum e % B oron  

T r ieth yl  in  Ox yg en , T em pera tu re , 0 °,
Bulb Limit Partial

diameter, pressure, pressure
d, cm. p, mm. B (C2H5) 8, mm. P X d

Clean dry bulbs
4 .6 7 .5 0 .3 8 34
6.6 4 .3 .2 2 28
7 .4 4 .1 .21 30
9 .8 3 .1 .16 30

1 2 .7 2 .1 .11 27

Bulbs self-coated with products
4 .6 10,7 0.54 49
6 .6 9 .0 .45 59
7 .4 • 7 .3 .37 54
9 .8 4 .7 .24 46

1 2 .7 3 .6 .18 46

A coating of reaction products demands a 
higher limiting pressure (Table I and Fig. 1), 
indicating that the solid products are somewhat 
more effective than the clean Pyrex surface in 
breaking chains before branching (and ignition)

Bulb diameter, cm.
Fig. 1.—-Variation of explosion limit with bulb diameter 

for the oxidation of boron triethyl: A, surface self-coated 
with reaction products: O, clean “dry” Pyrex surface.

occurs. This would seem to suggest that other 
surface coatings might likewise be better chain- 
breakers than Pyrex. I t  was therefore somewhat 
puzzling to find that washing out the clean reac­
tion bulb with solutions of boric acid, potassium 
hydroxide, potassium chloride, hydrochloric acid 
or paraffin (1% in pentane) gave substantially the 
same lower limit as clean Pyrex (4.1—5.1 mm. in
6.5 cm. bulb).

No real evidence was obtained of an upper 
pressure limit such as might be expected of a 
branched-chain explosion. However, it was ob­
served that the bright green flash due to ignition 
was somewhat less intense at higher pressures
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(~100 mm.), especially with rich mixtures, 
though this probably only represents more ef­
fective quenching of chemi-luminescence. I t
was also noted that the radiation emitted by mix­
tures just above the lower limit was more bluish 
and much less intense. This recalls Frankland* s 
observation4 that a slow current of boron triethyl 
(or tiiiiielliyl) v a p o r  issuing in t o  air burned with a 
faint blue flame—'The temperature of which is so 
low that a finger may be held in it for some time 
without much inconvenience.” Evidently, cool 
flame phenomena are involved near the limit. I t 
was interesting to find that with the coated reac­
tion bulb this cool flame was no longer observed. 
The bright green flash was observed right down to 
the limit which, as already stated, was corre­
spondingly higher.

We have no evidence to present regarding the 
reaction below the low pressure limit, except that 
there was no pressure-change or detectable deposit 
in 1,000 seconds. Experiments of Bamford and 
Newitt5 on the oxidation of boron trimethyl and 
tri-77-propyl, by slowly admitting oxygen to the 
vapor at about 1 mm., indicate a very rapid ab­
sorption up to the equivalent of R3B : 0 2, with no 
separation of a condensed product. According to 
Frankland,4’6 the slow admission of oxygen or air 
to liquid boron triethyl produces ethane-boronic 
diethyl ester, C2H5B (OC2H5). In any event, there 
is no evidence of the separation of a solid at these 
low pressures until the ignition limit is passed.

(4) E. Frankland, J . Chem. Soc., 15, 363 (1862).
(5) C. H. Bamford and D. M. Newitt, ibid., 695 (1946).
(6) See also Krause, et al., Ber., 61, 271 (1928); 63, 934 (1930); 

a sim ilar observation on boron tri-w-butyl by Johnson and Van 
Cam pen, T h is  J o u r n a l , 60, 121 (1938).

This is in contrast to the oxidation of zinc di­
methyl vapor where a white mist begins to form 
immediately on mixing with oxygen.

Finally, a few experiments on the induced ig­
nition of 77-butane by means of boron tri-ethyl 
have been carried out, by admitting a stoichio­
metric mixture of oxygen and 77-butane (13.3 vol. 
%) to a bulb containing boron triethyl vapor, the 
total pressure being 100 mm. With 1 mm. of boron 
triethyl there was no reaction, but with 3 mm. of 
boron triethyl there was a violent explosion which 
travelled back through 6 mm. i. d. tubing to the 
reservoir flask. However, with 5 or 10 mm. of 
boron triethyl there was only a faint flash, which 
was much weaker than that in absence of 77- 
butane, and a negligible pressure change.7 There 
thus appear to be sharp pressure limits to this 
induced oxidation.

Summary
1. Boron triethyl vapor ignites spontaneously 

in oxygen at partial pressures below 1 mm. in a 
Pyrex bulb held at 0°.

2. The product of minimum pressure and bulb 
diameter is constant, indicating that chains start 
in the gas phase and end on the wall. When the 
glass surface is coated with reaction products, the 
minimum pressure is greater.

3. There is evidence of a cool flame phenome­
non.

4. Boron triethyl will ignite a 77-butane—oxy­
gen mixture within narrow pressure limits.

(7) The 3 mm. m ixture produced a large pressure decrease, pre­
sumably due to  condensation of water vapor formed by the combus­
tion.

P r in c e t o n , N e w  J e r s e y  R e c e iv e d  O c t o b e r  18, 1947

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  D e p a r t m e n t , C alco  C h e m ic a l  D iv is io n , A m e r ic a n  C y a n a m id  C o m p a n y ]

Analogs of Pteroylglutamic Acid. I. N10-Alkylpteroic Acid and Derivatives
By D onna B. Cosulich and James M. Smith, Jr.

The structure of pteroylglutamic acid1 has been 
demonstrated and several methods of synthesis 
have been described.1*2

This factor of the vitamin B complex is identical 
with the liver L. casei factor3 and apparently is 
related to a number of other substances4 isolated 
from natural sources. All are necessary for the 
normal growth and development of certain ani­
mals and microorganisms. The question immedi-

(1) (a) Angier, et al., Science, 103, 667 (1946); (b) Mowat, et al., 
T h is  J o u r n a l , 70, 14 (1948).

(2) (a) Waller, et al., ibid., 70, 19 (1948); (b) H ultquist, et a t,  
ibid., 70. 23 (1948): (c) Angier, et al., ibid., 70, 25 (1948); (d) Boothe, 
et al., ibid., 70, 27 (1948).

(3) S tokstad, Hutchings and SubbaRow, ibid., 70, 3 (1948).
(4) (a) Hutchings, Stokstad, Bohonos, Sloane and SubbaRow, 

ibid., 70, 1 (1948); (b) Snell and Peterson, J .  B ad ., 39, 273 (1940); 
(c) H utchings, Bohonos and Peterson, J . Biol. Chem., 141, 521 
(1941); (d) Mitchell, Snell and Williams, T h is  J o u r n a l , 63, 2284 
(1941); (e) Pfiffner, et al., Science, 97, 404 (1943).

ately arises as to what the biological effect will be 
when variations are introduced into the structure 
of the vitamin by chemical methods of synthesis. 
There is always the possibility of enhancing the 
desirable effects of the vitamin, and also of pro­
ducing new compounds which can be used in 
treating other syndromes. The use of pteroyl­
glutamic acid antagonists in the treatment of 
blood dyscrasias, leukemia for example, has been 
suggested by Franklin, Stokstad, Belt and Jukes.8a

Variations of the structure and study of the 
relationship between structure and biological ac­
tivity have already received the attention of 
workers in the field. Dibromobutyraldehyde has

(5) (a) F ranklin, Stokstad, Belt and Jukes, J . Biol. Chem., 169, 
427 (1947); (b) M artin , Tolm an and Moss, Archives o f Biochemistry, 
12, 318 (1947); Science, 106, 168 (1947); (c) Franklin, S tokstad 
and Jukes, Proc. Soc. Exptl. Biol. Med., 65, 368 (1947); (d) Welch. 
Heinle, Sharpe, George and Epstein, ibid., 65, 364 (1947).
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been substituted for dibromopropionaldehyde in 
the synthesis of pteroylglutamic acid2a to give a 
product which is an antagonist for pteroylglu­
tamic acid.5 The proof of structure of the active 
material has not been reported, but the crude has 
been designated as “7-methylfolic acid.”5b 
Pteroylaspartic acid has been synthesized in pure 
form and shows pteroylglutamic acid antagonist 
activity on a number of species.6 The derivative 
of pteroylglutamic acid in which the 4-hydroxyl 
group is replaced by an amino group has been re­
ported by Seeger, Smith and Hultquist.7a I t  is a 
powerful antagonist for pteroylglutamic acid.
2,4-Diaminopteridines having antagonist action 
have been investigated by other workers.70

The present paper describes the synthesis of a 
series of N 10-substituted derivatives of pteroyl­
glutamic acid which are antagonists, as for ex­
ample N- [4- {N- [ (2-amino-4-hydroxy-6-pteridyl) - 
methyl ]-N-methylamino} -benzoyl ]-glutamic acid, 
(I) hereafter designated as N 10-methylpteroylglu- 
tamic acid.

N—CH2— 6 5 
\

î Y Ï V - nh*
*n  '

N'
c h 3

T h
I, R is HOOCCH2CH2CH(COOH)NH— 

II, R is HO—
N 10-Methylpteroic acid (II) is the simplest mem­

ber of the series, and also one of the most active 
antagonists. I t  was prepared from dibromopro­
pionaldehyde, 2,4,5-triamino-6-hy droxypyrimi- 
dine, and p - methylaminobenzoic acid, and puri­
fied by the methods described for the synthesis and 
purification of pteroylglutamic acid.2a The other 
compounds reported in this series were all pre­
pared in a similar manner, only those showing sig­
nificant activity in the crude being purified.

Alkaline permanganate oxidation of N 10- 
methylpteroic acid yielded 2-amino-4-hydroxy- 
pteridine-6-carboxylic acid, which was identical 
with that obtained by the alkaline aerobic oxida­
tion of pteroylglutamic and pteroic acids.la This 
shows that the point of attachment of the side 
chain is the 6-position. However, alkaline aerobic 
oxidation of N 10-methylpteroic acid under con­
ditions which cleaved pteroylglutamic and pteroic 
acids yielded only the unchanged material.

I t  was necessary to obtain pure secondary 
amines to preclude the presence of pteroic and 
pteroylglutamic acids which would mask the 
growth inhibiting properties of the N10-alkylated 
derivatives. As a consequence, useful methods 
for the preparation of pure monoalkylated p -  
aminobenzoic and p - aminobenzoylglutamic acids 
were devised. These included the treatment of 
the corresponding iodo compounds with alkyl 
amines, methylation of aminobenzoic acid by the

(6) Hutchings, et a l . ,J .  Biol. Chem., 170, 323 (1947).
(7) (a) Seeger, Sm ith and H ultquist, T h is  J o u r n a l , 69, 2567 

(1947); (|b) M allette, Taylor and Cain, ibid., 69, 1814 (1947).

zinc-alkali reduction of the amino acid and form­
aldehyde, and the reaction of alkyl iodides with 
sodium ethyl ^-formamidobenzoate followed by 
hydrolysis of the formyl group.

The biological properties of the N 10-alkylpteroic 
acid derivatives have been examined by Dr. E. L. 
R. Stokstad and Dr. B. L, Hutchings of the 
Lederle Laboratories Division, American Cyana- 
mid Company, Pearl River, New York. For N 10- 
methylpteroylglutamic acid the inhibition ratio 
for half-maximum inhibition of the growth of 
Streptococcus faecalis R  was 2.0 a t a concentration 
of pteroylglutamic acid of 0.1 microgram per 10 
ml. See also Table I.

The details of the biological work will be pub­
lished elsewhere.

Experimental8’9
^-Methylaminobenzoic Acid.10—Sixty grams of p- 

aminobenzoic acid was dissolved in 90 ml. of water and
17.5 g. of sodium hydroxide. The resulting solution, and 
66 g. of 40% formaldehyde solution, were added simultane­
ously over a two to three-hour period to a slurry of 90 g. 
of zinc dust in 205 g. of 50% sodium hydroxide solution 
and 100 ml. of water. The temperature was maintained 
at 90-95°. Heating at this temperature was continued 
while 40 g. more of 40% formaldehyde was added. The 
total heating time was five to seven hours. Excess zinc 
was removed by filtration, and the filtrate was allowed to 
stand several days. The sodium salt of p-methylamino­
benzoic acid crystallized out. It was filtered off, dissolved 
in water, and the acid precipitated by adjusting the solu­
tion to pH  3. This was essentially pure ^-methylamino­
benzoic acid; m. p. 158-161.5°. A mixture melting point 
with a sample prepared by the method of Houben and 
Schottmüller10 gave no depression.

N-Methylanthranilic acid11 was prepared in a similar 
experiment.

N 10-Methylpteroic Acid.—This compound was synthe­
sized by the method of Waller, et a l.,2& except that p- 
methylaminobenzoic acid was substituted for £-amino- 
benzoylglutamic acid. A mixture of 12.6 g. of crude N 10- 
methylpteroic acid, 9 g. of lime, and 1750 ml. of water, was 
heated at 60° for forty minutes. After the addition of 
25 g. of Hyflo-Supercel the mixture was filtered and the 
cake washed with 750 mi. of water at 60°. The filtrate 
and washing were adjusted to pH  3 with hydrochloric acid 
and cooled to 20°. After the addition of 25 g. of Hyflo- 
Supercel, the mixture was filtered. The cake was washed 
with water and then slurried in 1 liter of water and sodium 
hydroxide was added to obtain pH  11-12. After heating 
at 80° for ten minutes, the pH  of the solution was ad­
justed to 7, and the mixture then cooled to 20 ° and filtered. 
The filtrate was treated with hydrochloric acid to pH 3-4. 
The precipitated material was separated by filtration with 
Hyffo, slurried in water to give 0.75 g./liter concentration 
and enough magnesium oxide to obtain about pH  9 at 80 °, 
and filtered hot with 0.5 g. of charcoal. The filtrate at 
80° was adjusted to pH  3-4 with hydrochloric acid and 
cooled to 20°. Yellow rosets of N 10-methylpteroic acid 
crystallized out and were purified for analysis by dissolving 
(at 0.25 g ./l.)  in hot dilute sodium hydroxide (pH 8-9), 
clarifying with Hyflo filter-aid, and adjusting the filtrate 
to pH  3-4 while at 90°. On cooling analytically pure 
yellow microcrystalline material was isolated which had 
an ultraviolet absorption curve quite similar to that pre­
dicted from consideration of data on the ultraviolet curves 
of pteroic acid, £ -methylaminobenzoic acid, and p-d\- 
methylaminobenzoic acid. See Table I and Fig. 1 for

(8) All melting points are corrected.
(9) Microanalyses were done by M r. O. Sundberg and assistants.
(10) Houben and Schottm üller, Ber., .42, 3739 (1909).
(11) Houben and Brassert, ibid., 39, 3234 (1906).
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T able I
o
II ----- X

N 10-Substituted  P teroic a nd  P teroylglutamic A cids RiC—Y )>—N—CH2—

/N y N s j _ NH2

N
w

K K.1 Purity

R OH
Ultra violet absorption

- -........spectra maxima, X rin 0.1 iV
in 0.1 N NaOH xlv-d

Antagonist, 
activity &

—CH, —OH Analytical 255 290 366 313 15.00
—CH, —OH Crude 2.00
—c 2h 6 —OH 91.2%c 254 297 366 314 1.076
—c2h , —OH Crude 0.075
—c 4h 9 —OH 85 %c 255 298 367 315 0.135
—c4h 9 —OH Crude ... • • .

0.022—CH2COOH —OH Crude ... •
—CHaCeHs —OH Crude

-CH,COC6H5 —OH Crude 0.01
—CH, —-l(-j-) glutamic acid Analytical 255 302 368 307 100.00

—CH2COC6H5 —l(+)glutam ic acid
Crude
Crude

22.50
0.01

B See footnote to Fig. 1. b An arbitrary value of 100 is assigned for the antagonist activity of N 10-methylpteroylgiu- 
tarnic acid, for half-maximum inhibition of the growth of Streptococcus faecalis R. Values for other compounds are re­
ported in terms of the standard. c Estimated by ultraviolet absorption.

biological and ultraviolet absorption data. The analytical 
sample was dried at 100° and 1 mm. for seven to eight 
hours.

Anal. Calcd. for C^H^NsOs: C, 55.2; H, 4.29; N, 
25.75. Found (corrected for 2.71% ash): C, 55.3; H, 
4.56; N, 25.4.

220 260 300 340 380 420
X, m/x.

Fig. 1.— Ultraviolet absorption spectra® of N10-methyl-
pteroic acid: ------ —;- in 0.1 N  sodium hydroxide; -—  -----
in 0.1 N  hydrochloric acid.

Permanganate Oxidation of N 10-Methylpteroic Acid. - 
A hot solution of 730 mg. of N 10-methylpteroic acid in 
250 ml. of 1 N  sodium hydroxide was treated with 2% po­
tassium permanganate solution until the solution main­
tained a dark green color. After adding sodium sulfite 
to destroy this color, manganese dioxide was filtered off 
and the filtrate adjusted to pH 3-4 with dilute hydrochloric 
acid. The mixture was cooled, and centrifuged. The 
crude moist product was purified by adding a few drops of 
5 N  sodium hydroxide to dissolve, and then 4.4 g. of so­
dium hydroxide pellets to the 22 ml. of solution to give a 5

N  caustic solution. On cooling, the disodium salt separated 
out, was filtered off, and precipitated as the free acid by 
dissolving in water and adjusting to pH 3-4. The diso- 
diuiri salt was isolated a second time to give material 
which was shown to be 2-amino-4-bydroxypteridine-6 - 
carboxylic acid by comparison of the ultraviolet absorption 
curve with that of an authentic sample.

220 260 300 340 380 420
X, m/u.

Fig. 2.—Ultraviolet absorption spectra'' of N 10-methyl-
pteroylglutamic acid monohydrate: --------- in 0.1 N
sodium hydroxide; ---------- in 0.1 N  hydrochloric acid.

a E  is the molecular extinction coefficient as defined by I  =* Jo 
10 -E el where c is the concentration in moles/liter and l is the cell 
length in centimeters. Transmittancy (I / I q) measurements of 10 
tng./h solutions were made in 1-cm. cells at 5m/x intervals on a 
Model DU Beckman spectrophotometer using a solvent filled cell 
in the reference position. Additional data .were, obtained at 2 m/x 
in te r v a ls  at maxima, minima and points o f inflection.
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for six hours with a rapid stream of oxygen bubbling 
through. After cooling and clarifying with 0.5 g. of char­
coal, the filtrate was adjusted to 5 A  by adding 4 g. of 
sodium hydroxide pellets. When cooled in the icebox over­
night, yellow crystals separated, which were filtered and 
dissolved in water. The yellow solution, after clarifying 
with 0.2 g. of charcoal, was adjusted to pH 3-4 with hy­
drochloric acid, whereupon an orange substance precipi­
tated. This was isolated by centrifugation and shown to 
be unchanged N 10-methylpteroic acid by comparison of 
its ultraviolet absorption curve with an authentic sample.

Sodium Ethyl ^-Formamidobenzoate.—A solution of 
82.54 g. of ethyl p-aminobenzoate in 578 ml. of ether was 
treated with 12.5 g. of sodium, added in small pieces. To 
this was added slowly 37 g. of ethyl formate and the mix­
ture was allowed to stand overnight. The product, iso­
lated as a fine yellow powder, had a neutralization equiva­
lent of 235.4 (theoretical for CioHioN03Na, 215). A 
sample was converted to ethyl p  -f ormamidobenzoate by 
neutralization of an aqueous solution with acetic acid; 
the melting point, 146-149°, agreed with the literature 
value.12

^-Ethylaminobenzoic Acid.13—A mixture of 21.5 g. of 
sodium ethyl p -formamidobenzoate, 15.6 g. of ethyl iodide, 
125 ml. of ethyl alcohol and 13.4 g. of potassium hydroxide 
(86%), was refluxed for one hour. Then 25 ml. of water 
was added and the solution was poured into cold water and 
neutralized with acetic acid. The crude material was 
easily purified by two reprecipitations from sodium hy­
droxide solution to give ^-ethylaminobenzoic acid. The 
melting point, 177.9-178.9°, agreed with that obtained by 
the method of Houben and Freund.13

^-Ethylaminobenzoic acid was also prepared from p- 
iodobenzoic acid14 and ethylamine in a sealed tube in a 
manner analogous to that described below for the prepara­
tion of ^-methylaminobenzoylglutamic acid.

N10-Ethylpt eroic Acid.—This compound was prepared 
according to the procedure described by Waller, et al.,2* 
except that ^-ethylaminobenzoic acid was substituted for 
£-aminobenzoylglutamic acid. It was purified by a proc­
ess similar to that described above for N 10-methylpteroic 
acid (see Table I ) .

N10-Butylpteroic Acid.—This was prepared from p -  
butylaminobenzoic acid15 and purified as indicated for the 
N 10-ethyl compound above (see Table I ) .

Ethyl N-(4-Carbethoxyphenyl) -glycinate.—A mixture 
of 12.25 g. of ethyl chloroacetate and 33 g. of ethyl p -  
aminobenzoate was heated at 130-140 ° for five to six hours. 
It was cooled, slurried in ether and filtered. The filtrate 
was freed of ether by evaporation and the residue was dis­
tilled at 215° at 8-11 mm. pressure. The distillate was 
dissolved in ether and extracted with a small amount of 
0.5 N  hydrochloric acid. Evaporation of the washed and 
dried ether layer gave the ester which was purified further 
by recrystallization from aqueous alcohol; m. p. 62.5- 
62.9°.

Anal. Calcd. for Ci3Hi7N 0 4: C, 62.1; H, 6.77;
N, 5.8. Found: C,62-.l; H ,6.87; N, 5.73.

This compound is soluble in acetone, ether, alcohol, 
isopropyl acetate, carbon tetrachloride and petroleum 
ether; insoluble in water and carbon disulfide.

N-(4-Carboxyphenyl) -glycine.—The ester above (8.8 g.) 
was boiled three to four hours in 5  N  sodium hydroxide 
solution. On diluting, cooling and acidifying, the pure 
acid separated out ; m. p. 245.7-247.1°, neut. equiv. 98.8 
(the theoretical value is 97.5 for C9H9Ö4N).

N 10-Carboxymethylpteroic Acid.—This was prepared 
as a crude as described for other N 10-pteroic acids, from 
N - (4-carboxyphenyl) -glycine.

Other N10 Derivatives of Pteroic Acid.—In similar ex­
periments N 10-phenacylpteroic acid and N 10-benzylpteroic

(12) Cairncross and Bogert, Coll. Czechoslov. Chem. Communica­
tions, 8, 63 (1936).

(13) Houben and Freund, Ber., 42, 4822 (1909).
(14) Willgerodt, ibid., 27, 2331 (1894).
(15) Fel’dman and Kopeliovrcb, J . Applied Ghent. ( U S S R ) ,

XT, 588 (1944),

acid were prepared as crudes from ^-phenacylaminobenzoic 
acid16 and ^-benzylaminobenzoic acid.lb

^-Iodobenzoylglutamic A cid—A solution of 26.5 g. of 
^-aminobenzoylglutamic acid in 50 g. of 35% hydrochloric 
acid and 150 ml. of water was cooled to 5-10° and 8.5 g. 
of sodium nitrite in 40 ml. of water was added, until the 
solution gave a blue spot on starch-iodide test paper. 
Then 25 g. of potassium iodide in 50 ml. of water was 
added and the mixture was allowed to stand overnight. 
It was warmed to 50°, cooled, washed by decantation, and 
filtered. The crude product was purified by recrystalliza­
tion from dilute alcohol; m .p . 173.7-176.1°; [<*]26d +  
16.32 (1 N sodium hydroxide).

Anal. Calcd. for Ci2H13N 0 5I: C, 38.1; H, 3.44; N , 
3.7; 1,33.6. Found: C,37.7; H ,3.21; N ,3 .93; 1 ,33.6.

p -Methylaminobenzoylglutamic Acid.—A solution of
7.6 g. of p-iodobenzoylglutamic acid in 8 ml. of water and 
sodium hydroxide to give pH  8-9 was treated with 8 ml. 
of aqueous methylamine (24.15 g./100 ml.) and 0.02 g. of 
fine copper powder in a sealed tube at 125° for three hours. 
The insolubles were removed by filtration and the excess 
methylamine was removed by evaporation under vacuum. 
The sirupy residue was diluted with alcohol to give the 
disodium p-methylaminobenzoylglutamate. The free acid 
was obtained as an oil by acidification of an aqueous solu­
tion of the sodium salt.

Diethyl ^-Methylaminobenzoylglutamate.—The diethyl 
ester was obtained by dissolving 3.5 g. of the disodium 
salt above in 60 ml. of alcoholic hydrogen chloride (20 g ./  
100 ml.) and allowing it to stand three days. After di­
luting with water and clarifying, the ester was precipitated 
by the addition of ammonium hydroxide to pH  7-8. 
The crude ester was purified by recrystallization from dilute 
alcohol; m. p. 89.8-91.0°; [«]25d - 2 1 °  (1 AHC1).

Anal. Calcd. for CnH24N20 5: C, 60.7; H, 7.14; N , 
8.33. Found: C, 60.3; H, 7.09; N, 8.48.

N 10-Methylpteroylglutamic Acid.—Synthesis was by the 
method of Waller, et al.2* The purification was accom­
plished as indicated above. The pure material was ob­
tained as yellow spherulites (see Table I ) . The material, 
dried at 100° and 1 mm. for eight hours, was a monohy­
drate.

Anal. Calcd. for C2oH21N706-H20 : C, 50.8; H, 4.86; 
N, 20.55. Found: C, 50.8; H, 5.06; N, 20.6.

^-Phenacylaminobenzoylglutamic Acid.—^-Aminoben- 
zoylglutamic acid (133 g.) was dissolved in water (500 
ml.) by the addition of sodium carbonate (60 g .). The 
solution was heated to 85° and 75 g. of phenacyl chloride 
was added in three portions of 25 g. of each fifteen minutes 
apart. Sodium carbonate was added as necessary to 
keep the solution slightly alkaline. Heating was con­
tinued at 90-95° for three hours. On acidification of the 
cooled solution the product precipitated out. It was puri­
fied by recrystallization from alcohol. The yield was 32 g. 
of material; m.p. 100-104°.

Anal. Calcd. for C2oH20N206: C, 62.5; H, 5.21;
N, 7.3. Found (corrected for 4.2% ash): C, 63.5; H, 
5.85; N, 7.35.

N 10-Phenacylpteroylglutamic Acid.—This compound 
was prepared in crude form by the method of Waller, et 
al.2h See Table I.

Acknowledgment.—We are indebted to Mr. 
Richard L. Shepard for technical assistance in 
the preparation of certain of these compounds, 
and to Miss Ruth Abbott for the ultraviolet ab­
sorption data.

Summary
1. N-[4-{N-[(2,-Amino-4-hydroxy-6-pteridyl)- 

methyl ]-N-methylamine} -benzoyl ]-glutamic acid 
and 4- {N- [ (2-amino-4-hydroxy-6-pteridyl) -meth­
yl ]-N-methylamino } -benzoic acid, called herein

(16) Scholtz, B er .,  51, 1653 (1918).



1926 Vol. 70D onald W. V is s e r , I rving  G oodman and K arl  D ittm er

N 8 9 10-methylpteroylglutamic acid and N10-methyl- 
pteroic acid, have been synthesized in pure crys­
talline form, and found to be antagonists for 
pteroylglutamic acid.

2. The purified N 10-ethyl- and butyl-, and 
crude N 10-carboxymethyl-, benzyl-, and phenacyl- 
pteroic acids and N 10-phenacylpteroylglutamic

acid have also been prepared. These have a 
lower order of antagonist activity.

3. Convenient methods of obtaining pure N- 
monosubstituted aminobenzoic and aminoben- 
zoylglutamic acids have been devised.
B o u n d  B r o o k , N e w  J e r s e y

R e c e iv e d  D e c e m b e r  5, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  C o l o r a d o ]

The Synthesis of Thymine Nucleosides1,2
By D onald W. Visser,® Irving Goodman and Karl D ittmer

A method for the synthesis of pyrimidine nu­
cleosides was described by Hilbert and Johnson4 
who prepared 1-glucosyluracil by the reaction of
2.4- diethoxypyrimidine with acetobromoglucose 
followed by hydrolysis. By this method these 
and other investigators prepared the uracil nucleo­
sides of D-ribose, 5 L-arabinose, 6 D-xylose, 6 d- 
glucose4 and D-galactose. 6 However, the litera­
ture contains no conclusive report of the synthesis 
of thymine nucleosides. The syntheses of the d- 
ribose, d- and L-arabinose, D-glucose and D-galac­
tose nucleosides of thymine by a modification of 
this procedure are reported in this paper.

When Schmidt-Nickles and Johnson7 treated
2.4- diethoxy-5-methylpyrimidine with D-aceto- 
bromoglucose at 50° for seven days, they obtained 
a small amount of a crystalline substance which 
melted at 316°. We repeated this reaction under 
similar conditions and isolated a small amount of 
material which, when crystallized from water, 
melted at 326° and proved to be thymine. Since 
no other product was isolated from this reaction 
mixture, various modifications of the original 
procedure were studied.

I t seemed desirable to provide conditions which 
would enhance the removal of ethyl bromide, a 
by-product, which might enter into undesirable 
side reactions.7 For this reason the reaction be­
tween the acetobromoglucose and 2,4-diethoxy-5- 
methylpyrimidine was carried out at a pressure of 
2 mm. for four days at 50°. Since ethyl bromide 
was collected in a Dry Ice trap, it was assumed 
that the desired product was formed, even though 
it could not be isolated. The complete reaction 
mixture was then hydrolyzed with dry hydrogen 
chloride in absolute methanol. After the solvents

(1) Presented in p a r t to  the  American Society of Biological 
.Chemists in M ay, 1947, a t  the  thirty-first annual meeting of the 
Federation of American Societies for Experimental Biology.

(2) This work was supported in p art by a contract with the Office 
of N aval Research.

(3) Present address: D epartm ent of Biochemistry and Nutrition, 
University of Southern California School of Medicine, Los Angeles, 
California.

(4) Hilbert and Johnson, T his Journal, 52, 4489 (1930).
(5) H ilbert and R ist, J . Biol. Chem., 117, 371 (1937).
(<V) H ilb ert, T h is  J o u r n a l , 59, 330 (1937).
(7) Schm idt-N ick les and Johnson, ibid., 52, 4511 (1930).

were removed in vacuo, glucosylthymine was crys­
tallized from absolute ethyl alcohol.

In a similar manner the other thymine nucleo­
sides were formed, although each behaved differ­
ently. The acetoarabinosylethoxythymine crys­
tallized directly in the reaction mixture. Ribosyl- 
thymine did not crystallize upon hydrolysis of the 
reaction mixture. Therefore, an impure inter­
mediate was isolated by fractional precipitation 
at low temperatures before hydrolysis. Hydroly­
sis of this intermediate yielded ribosylthymine.

Experimental
2,4-Diethoxy-5-methylpyrimidine.—The 2,4-diethoxy-

5-methylpyrimidine was prepared from thymine (commer­
cial source) according to the directions given by Schmidt- 
Nickles and Johnson.7

D-Acetobromoribose.—The directions of Levene and 
Tipson8 were followed for the preparation of D-acetobro- 
moribose except that petroleum ether was not used to 
facilitate crystallization of the product. The ether solu­
tion of the acetobromoribose, after treatment with Norite, 
was slowly concentrated in vacuo to about one-third of its 
original volume. The large colorless crystals were washed 
with a small amount of cold, dry ether, and dried over 
phosphorus pentoxide in a vacuum desiccator. Contact 
with moisture was avoided throughout the procedure. If 
the proper precautions were not taken, the acetobromcri- 
bose began to decompose within ten to fifteen minutes. 
Unless it was redissolved in dry ether, treated with Norite 
and recrystallized, complete decomposition took place 
within a few hours.

D-Acetobromoarabinose.—This compound was pre­
pared according to the directions of Anderson and Snell.9

D-Acetobromoglucose.—D-Acetobromoglucose was pre­
pared by a method similar to that described by Karjala 
and Link.10

D-Acetobromogalactose.—A modification of the method 
of Levene and Raymond11 was used for the synthesis of d -  
acetobromogalactose. One hundred grams of glacial 
acetic acid was saturated with dry hydrogen bromide and 
cooled to 0°. To this solution 25 g. of dry, finely-powdered 
D-galactosepentaacetate was added and anhydrous hy­
drogen bromide was passed through the suspension at 
0-10 ° with stirring until all the galactosepentaacetate had 
dissolved. The flask was loosely stoppered and allowed to 
stand for one hour at room temperature. The hydrogen 
bromide was removed under vacuum, and the product iso­
lated as described for the preparation of acetobromoribose.

(8) Levene and Tipson, J . Biol. Chem., 92, 109 (1931).
(9) Anderson and Snell, “ Organic Syntheses,” Vol. V III, John 

Wiley and Sons, New York, N. Y., 1926, p. 18.
(10) K arjala and Link, T h is  J o u r n a l , 62, 917 (1940).
(11) L even e an d  R aym on d , J. Biol. Chem., 90, 247 (1931).
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l-D-Ribosylthymine.—Eight grams (0.044 mole) of
2.4- diethoxy-5-methylpyrimidine was heated with 8.1 g.
(0.024 mole) of D-acetobromoribose in an oven at 50° for 
four days at 3-4 mm. pressure. To the cloudy, viscous 
sirup was added 50 ml. of anhydrous ether, and the solu­
tion was kept at —10° for three days. A white crystalline 
material (1.7 g.) was filtered and recrystallized from 50% 
aqueous ethanol, m. p. 126°. Hydrolysis of this com­
pound in anhydrous methanol and hydrogen chloride 
yielded thymine. This compound was believed to be 2 - d -  
acetoribosido-4-ethoxy-5-methylpyrimidine. The iso­
lation, purification and properties of this compound 
will be reported elsewhere. The filtrate was cooled in a 
Dry Ice-acetone-bath, and the material (3.0 g.) which 
separated was filtered in a funnel cooled with Dry Ice 
and acetone. The white amorphous material was hy­
drolyzed for three days with hydrogen chloride in meth­
anol, and the solvent completely removed in vacuo. The 
residue was dissolved in 10 ml. of absolute ethanol and 
cooled overnight. The 1-D-ribosylthymine, 0.5 g. (yield 
8.1%), was filtered and recrystallized from absolute alco­
hol, m. p. 252°. The specific rotation was [a]25o —110° 
(C, 2 in water).

Anal. Calcd.for Ci0H14O6N2: C, 46.52; H,5.46; N,
10.82. Found: C, 47.10; H, 5.78; N, 11.02.

l-D-Arabinosylthymine.—Ten grams (0.055 mole) of
2.4- diethoxy-5-methylpyrimidine was heated with 10.5 g. 
(0.031 mole) of D-acetobromoarabinose at 50° for four 
days at 3-4 mm. pressure. Crystals separated at the end 
of the first day and a solid cake was formed in the bottom 
of the reaction flask after the fourth day. Twenty milli­
liters of anhydrous ether was added and the mixture stirred 
thoroughly and cooled to 0°. The white needles were 
filtered and recrystallized from 50% aqueous ethanol. 
The yield of 1-D-acet oar abinosyl-4-ethoxy-5-methylpy- 
rimidine was 4.5 g. (43%), m. p. 181°. The specific rota­
tion was [q:]29d  —93.6° ( C, 3 in 95% ethanol).

The l-D-acetoarabinosyl-4-ethoxythymine was hy­
drolyzed with anhydrous hydrogen chloride in methanol. 
From 3.50 g. of the intermediate, 1.42 g. of 1-D-arabino- 
sylthymine was obtained, m. p. 250-251°. The specific 
rotation was [a]25D —69° (C, 3 in water).

Anal. Calcd. for CioH1406N2: C, 46.52; H, 5.46; N,
10.82. Found: C, 45.72; H, 5.93; N, 10.92.

1 -L-Arabinosylthymine.—According to the procedure 
just described the 1 -L-arabinosylthymine was prepared in 
yields identical with those obtained in the preparation of 
the 1 -D-arabinosy! thy mine. The 1-L-acetoarabinosyl- 
thymine, m. p. 181°, had a specific rotation, [<x] 29d  +  
93.5° ( C, 3 in 95% ethanol). When this intermediate 
was hydrolyzed, the 1-L-arabinosylthymine was obtained, 
m. p. 250-251°; [* ]« d +  69° (C, 3 in water).

Anal. Calcd. for C10Hi4O6N2: C, 46.52; H, 5.46; N,
10.82. Found: C, 46.75; H, 5.52; N, 10.80,

When equal amounts of 1 -L-arabinosylthymine and 
1 -D-arabinosylthymine were mixed and crystallized from 
water, 1-DL-arabinosylthymine was obtained, m. p. 238- 
239°; it did not rotate polarized light and was consider­
ably less soluble in water than the optical isomers.

1 -D-Glucosylthymine.—Fifteen grams (0.082 mole) of
2.4- diethoxy-5-methylpyrimidine was heated with 15 g. 
(0.037 mole) of recrystallized acetobromoglucose at 50° 
for seven days at 2-3 mm. pressure. The sirup was dis­
solved in 375 ml. of absolute methanol containing 13 g. of 
dry hydrogen chloride. The flask was stoppered and 
allowed to stand at room temperature. After three days 
the solvents were completely removed in vacuo, and the 
residue was dissolved in 50 ml. of hot absolute alcohol and 
placed in the cold overnight. The product was filtered 
and a second crop obtained from the filtrate. The com­
bined yield was recrystallized from an alcohol and water 
mixture giving 4.6 g. (43%) of 1-D-glucosylthymine, m. p. 
271°. The specific rotation was [a] 25d +  14.6° ( C, 2 in 
water).

Anal. Calcd. for CnH160 7N2: C, 45.83; H, 5.60; N, 
9.72. Found: C, 45.90; H, 5.69; N, 9.53.

1-D-Galactosylthymine.—Seventeen grams (0.041 mole) 
of D-acetobromogalactose was heated with 17 g. (0.093 
mole) of 2,4-diethoxy-5-methylpyrimidine as described 
for the synthesis of glucosy lthymine. The light yellow 
reaction mixture was hydrolyzed and the solvents re­
moved as previously described. The sirupy residue was 
taken up with an equal weight of hot absolute alcohol and 
3 volumes of hot chloroform were added. Upon cooling 
the solution, a white material was deposited which was 
collected by filtration and washed several times with 
chloroform before it was allowed to dry. The material 
collected on the funnel was dissolved in absolute alcohol 
and treated with Norite. To the hot filtrate was added 
3 volumes of chloroform. The material separating from 
the solution was filtered and washed first with chloroform 
and then with ether. The product, 5.7 g. (yield 48%) was 
a white powder having an indefinite melting point.

Anal. Calcd. for CnHi60 7N2: N, 9.72. Found: N,
8.74.

Ultraviolet Absorption Spectra of Thymine Nucleosides.
—The ultraviolet absorption spectra of the D-ribose, d- 
arabinose and D-glucose thymine nucleosides were deter­
mined with a Beckman spectrophotometer with a hydro­
gen discharge tube as the source of light. The concentra­
tion used for all the measurements was 25 mg. in a liter of 
distilled water. The maximum and minimum absorption 
values of the thymine nucleosides are recorded in Table 
I. The absorption spectrum of glucosylthymine is shown 
in Fig. 1.

Table I
The Maximum and M inimum Ultraviolet Absorption 

of Thymine N ucleosides
Maximum, Minimum,

A. A.
l-D-Ribosylthymine 2660 2340
l-D-Arabinosylthymine 2640 2320
1-D-Glucosyl thymine 2640 2340

Fig. 1.-—Ultraviolet absorption spectrum of 1-D- 
glucosylthymine. The wave length is plotted against the 
molecular extinction, c (e =  E  X mol. wt./cd) where E  =  
extinction, mol. wt. =* molecular weight of compound, c — 
concentration in g. per liter, and d =  cell thickness in cm.

Acknowledgment,—The authors are greatly 
indebted to Dr. J. A. Aeschlimann of the Hoff- 
mann-La Roche Company and to the Chemical
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D-ribose. The authors also wish to express 
their appreciation to Mr. Jack Fox for technical
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Summary
The synthesis o f  1 - D - r i b o s y l - ,  1 - D - a r a b i n o s y l - ,

l-L-arabinosyl-, 1-D-glucosyl- and 1-D-galactosyl- 
thymine nucleosides are described. These nucleo­
sides were prepared by reactions between 2,4-di- 
ethoxy-5-methylpyrimidine and the proper aceto- 
bromo sugar.
B oulder , Colorado R eceived  D ecember  12, 1947

[Contribution  from the  D epartm ent  of B iochemistry, College of Physicians and  Surgeons, Columbia
U n iv er sity ]

The Action of Periodic Acid on a Cyclohexose Osazone1
B y  B o ris  M ag asanik2 a n d  E r w in  C h ar g a ff

I t  has been shown in a preceding communica­
tion3 that the cyclohexose osazones isolated fol­
lowing the oxidation of l- and ^-inositol by Aceto- 
bacter suboxydans each consumed three moles of 
periodic acid per mole of substance. Structure Ia 
represents the osazone derived from /-inositol, 
lb that from <2-inositol.4

n n h c 6h 5

c 6h 5n h n =<

OH
H \ H

O H /O H
H

NNHCgHg

H

OH

OH II
H  —  \

) - N N H C 6H 5 
OH H /
H  OH

lb
When the oxidation with periodic acid was 

carried out in a slightly alkaline alcoholic solution, 
a compound (II) was isolated in a yield of almost 
80% whose analytical composition deviated from 
that of the 2,3-bis-phenylhydrazone of diketosuc- 
cinaldehyde, expected by analogy to the behavior 
of glucose phenylosazone,5 by the lack of the ele­
ments of one molecule of water. The same sub­
stance was obtained, though in a lower yield, 
when the oxidation took place in acidic alcohol. 
The compound gave the Schiff test and could be 
oxidized by silver oxide under alkaline conditions 
to a monocarboxylic acid (III). With semicarba- 
zide it yielded the corresponding semicarbazone.

Compound II appears, therefore, to be derived 
from the 2,3-bis-phenylhydrazone of diketosuc-

(1) This work was supported in p art by a grant from the Ameri­
can Cancer Society on the recommendation of the Committee on 
Growth of the N ational Research Council.

(2) This report is from a dissertation to  be submitted by Boris 
M agasanik in partial fulfilment of the  requirements for the degree 
of Doctor of Philosophy in the Facu lty  of Pure Science, Columbia 
University.

(3) E. Chargaff and B. M agasanik, J . Biol. Chem., 165, 379
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cinaldehyde by the removal of one molecule of 
water and the concomitant suppression of one 
aldehyde function. The cyclodehydration of an 
enolic intermediate would account for the forma­
tion of l-phenyl-4-phenylazo-3-pyrazolecarboxal- 
dehyde (II) from the cyclohexose osazones. This 
reaction is analogous to the well known formation 
of 1 -phenylpyrazoles from /3-diketones and phen­
ylhydrazine.6
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The oxidation of II results in the formation 
of l-phenyl-4-phenylazo-3-pyrazolecarboxylic acid 
(IH ).
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The investigation of the absorption spectra o f  

compounds II and III and of Ilia , the sodium 
salt of compound III, gave results favoring the 
structures discussed here (see Figure 1). The 
spectra of II and of the sodium salt I lia  were very 
similar, showing the low intensity “R band” (mo­
lecular extinction el060 and 940, at wave lengths 
of 425 and 435 m̂ u, respectively, obtained by 
graphical interpolation), and the high intensity 
“K band” in the ultraviolet, as found character­
istic of phenylazo compounds.7 The free acid III 
exhibited a slightly different spectrum, probably
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reflecting contributions by the various tautomeric 
forms.

The reasons for the readiness with which the 
pyrazole was formed in the course of the oxidation 
of the cyclic osazone are not certain. A previous 
study from this Laboratory5 has shown the action 
of periodic acid on the open-chain glucose phenyl- 
osazone to result in the production of the 1,2-bis- 
phenylhydrazone of mesoxalaldehyde; there, an 
aldehyde group vicinal to an osazone structure 
was stable. I t  is possible that the farther-reach­
ing transformation encountered in the present 
work had its origin in the cyclic nature of the 
osazone cleaved by periodic acid.

Experimental
1 -Phenyl-4-phenylazo-3-pyrazolecarboxaldehyde (II).

—A solution of 1.08 g. (3 millimoles) of compound I in 
400 cc. of absolute ethyl alcohol was cooled to room tem­
perature and treated with 2.06 g. (9 millimoles) of para- 
periodic acid in 300 cc. of 1% aqueous sodium bicarbonate. 
After one hour the mixture, diluted with one liter of water, 
was three times extracted with ether. The crystalline 
evaporation residue of the combined ethereal extracts was 
recrystallized from aqueous alcohol when compound I I  
was obtained as 650 mg. of long orange needles (78% of 
the theoretical yield). The substance melted8 at 131°; 
it gave the Schiff test, was insoluble in water, alkali, and 
acid, soluble in organic solvents.

Anal. Calcd. for Ci6Hi2ON4 (276.3): C, 69.5; H,
4.4; N , 20.3. Found: C, 69.2; H, 4.2; N (Dumas),
20.1.

When the oxidation with periodic acid was carried out 
in the absence of sodium bicarbonate, the pyrazole II was 
obtained in a yield of only 18%.

The semicarbazone of II, after several recrystallizations 
from ethanol-benzene and from ethanol, formed yellow 
needles, melting at 188-189° (dec.).

Anal. Calculated for C17H15ON7 (333.4): C, 61.2; H, 
4.5; N, 29.4. Found: C, 61.5; H ,4 .2 ; N, 29.5.

1 -Phenyl-4-phenylazo-3-pyrazolecarboxylic Acid (III). 
—To a mixture of 555 mg. of silver nitrate in 40 cc. of 
water and 415 mg. of compound II (1.5 millimoles) in 30 
cc. of ethanol, 5 cc. of N  potassium hydroxide was added 
dropwise with constant stirring in the course of ninety 
minutes.9 The acidification of the filtrate brought about 
the separation of 280 mg. of the crude acid (64% yield). 
Compound III ,  following recrystallization from absolute 
ethanol, formed orange needles, melting at 196-197° (dec.), 
insoluble in water, soluble in warm aqueous sodium bicar­
bonate.

Anal. Calculated for C16H12O2N4 (292.3): C, 65.7;
(8) The melting points, reported w ithout correction, were deter­

mined with an electrically heated stage (Fisher-Johns),
(9) 3VL Délépine and P, Bonnet, Compt. rend. Acad. Sci., 149, 39 

(1909).

X, m ju .

Fig. 1.—Absorption spectra (in absolute ethanol) of
compounds II, III and the sodium salt I l i a : ............ , I lia
Na salt; — ------- — III; ........................ II.

H, 4.1; N, 19.2; neut. equiv., 292. Found: C, 65.6; 
H ,3.8; N, 19.2; neut. equiv., 288.

Absorption Spectra (Fig. 1).—The spectra of compounds 
II and III and of the sodium salt I lia  (prepared by the 
exact neutralization of III) were measured by means of 
a Beckman photoelectric quartz spectrophotometer. 
About 0.5 and 0.05 millimolar solutions in absolute alcohol 
were used for visual and ultraviolet spectroscopy, respec­
tively.

The authors are grateful to Mr. W. Saschek 
and Miss R. Rother for the microanalyses.

Summary
The action of periodic acid on the cyclohexose 

osazones derived from l- and ^-inositol leads to 
the formation of l-phenyl-4-phenylazo~3-pyra- 
zolecarboxaldehyde. Derivatives of this sub­
stance (semicarbazone and carboxylic acid) are 
described. The results of a study of the absorp­
tion spectra of these compounds bear out the 
structures assigned to them.
N e w  Y o r k , N. Y„ R e c e iv e d  D e c e m b e r  17, 1947
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The Preparation of o-Hydroxyphenylacetic Acid
B y  J o se ph  L e v in e , T . E . E b le  a n d  H e n r y  F isch bach

A number of methods have been described for 
the preparation of p-hydroxypheny'lacetic acid.1 
In general, the procedures require expensive re­
agents and usually produce low yields.

The procedure of Czaplicki, et a l .2 entails simul­
taneous hydrolysis, reduction, and demethylation 
of 0-methoxybenzaldehyde cyanohydrin with hy­
driodic acid. Modification of this procedure for 
the preparation of the cyanohydrin has now in­
creased the yield from 44 to 95%. Conversion of 
the cyanohydrin to tf-methoxyphenylacetic acid 
was effected in 90% yield with stannous chloride- 
hydrochloric acid3 4 in the presence of a small 
amount of hydriodic acid. A 75% yield of the 
pure hydroxy acid was obtained by demethylation 
with acetic acid-hydrobromic acid mixture con­
taining a small amount of hydriodic acid. In each 
of the two final steps the use of hydriodic acid re­
sulted in a significant decrease in tar formation.

Methyl tf-hydroxyphenylacetate, prepared by 
esterification of the acid with methanol and sul­
furic acid, melted at 71°-72°. This compound 
was reported by Nozu, et al.tA as melting at 122- 
124°. From their method of preparation it is 
evident that their compound is actually the 
methyl ether, rather than the ester.

Experimental
o -M ethoxyb enzaldehyde was prepared in 92% yield 

from salicylaldehyde according to the procedure given in 
“ Organic Syntheses” for the preparation of veratralde- 
hyde.5 Recrystallized from petroleum ether, it melted 
sharply at 37°,6a as reported by Voswinckel.6

o-M ethoxyb enzaldehy de Cyanohydrin.—To 99 g. of 
melted o -methoxybenzaldehyde was added a saturated 
solution of 104 g. (1.5 equivalents) of sodium metabisul­
fite. Upon stirring heat was evolved and the entire mix­
ture solidified. Water was added to obtain a thick sus­
pension, which was covered with ether and cooled. An 
ice-cold saturated solution of 99 g. of sodium cyanide was 
added with stirring, and a further 10 g. of sodium bisulfite 
added, stirring until most of the product was dissolved in 
the ether. The aqueous layer was diluted with water, 
extracted with ether, and the combined ether solutions 
washed with bisulfite solution and then with water. The

(1) “ Beilstein,” 10, 187; 1 E rg ., 10, 81; Barnes and McElvain, 
T h is  J o u r n a l , 69, 2350 (1937); Niederl and Roth, ibid., 60, 2140 
(1938); King and McMillan, ibid., 68, 2335 (1946); O tt, M attano 
and Coleman, ibid., 68, 2633 (1946).

(2) Czaplicki, von Kostanecki and Lampe, Ber., 42, 827 (1909).
(3) Heller, ibid., 46, 288 (1913).
(4) Nozu, H am ada, Hosino and Kinosita, J . Chem. Soc. Japan, 60, 

1189 (1939); C. A ., 36, 6513 (1942).
(5) “ Organic Syntheses,”  Coll. Vol. I I , 1943, p. 619.
(6) Voswinckel, Ber., 16, 2025 (1882).
(6a) All m. p .’s determined on a  F isher-Johns apparatus.

ether was distilled off and the residue dissolved in benzene 
and dried azeotropically by refluxing with a water trap. 
Upon cooling, crystals of the cyanohydrin separated. 
Petroleum ether was added to effect complete separation. 
A yield of 113 g. (95%) of granular crystals, m .p. 71-72°, 
was obtained. Recrystallization from benzene gave a 
m. p. of 73-74° (Buck7 reported 73°).

tf-Methoxyphenylacetic Acid.—A hot solution of 50 g. 
of crystalline stannous chloride in 50 ml. of acetic acid, 50 
ml. of concentrated hydrochloric acid, and 5 ml. of hy­
driodic acid (sp. gr. 1.7) was added to 25 g. of ö-methoxy- 
benzaldehyde cyanohydrin, and the resultant solution 
heated three hours on a steam-bath. After cooling the 
solution was filtered to remove stannic chloride which 
separated during the reaction, diluted with water, and 
extracted to exhaustion with carbon tetrachloride. The 
combined extracts were washed with water and evaporated 
to dryness. A yield of 23 g. (90%) of o-methoxyphenyl - 
acetic acid was obtained. A portion recrystallized from 
benzene melted at 124°, the value reported by Pschorr, 
et a l.8

o-Hydroxyphenylacetic Acid.—Twenty-three grams of 
<?-methoxyphenylacetic acid (used directly as obtained 
above), 70 ml. of glacial acetic acid, 70 ml. of 48% hydro­
bromic acid, and 7 ml. of hydriodic acid (sp. gr. 1.7) were 
refluxed sixteen hours. The cooled solution, after dilu­
tion with water and addition of a small amount of sodium 
bisulfite, was extracted first with chloroform and then with 
ether. The ether extract was washed with water and 
evaporated; acetic acid in the residue was removed by 
evaporation with toluene on a steam-bath in a stream of 
air. The residue was dissolved in ether and sufficient 
petroleum ether (Skellysolve C) added to form a cloudy 
solution, from which a small amount of colored gummy 
material was deposited. The colorless supernatant liquid 
was decanted and additional petroleum ether added;
15.8 g. (75%) of large snow-white crystals of o-hydroxy- 
phenylacetic acid, m. p. 146°-147°, separated; upon re­
crystallization in the same manner, the m. p. was raised 
to 149-150° (Czaplicki, et al.,2 reported 147°).

Methyl <?-Hydroxyphenylacetate.—A solution of 2.0 g. 
of a-hydroxyphenylacetic acid in 20 ml. of methanol and 
2 ml. of concentrated sulfuric acid was refluxed for two 
hours. The cooled solution was diluted with water and 
extracted with ether. The ether solution, after extraction 
with sodium bicarbonate solution to remove unreacted 
acid, was evaporated to dryness. The ester crystallized 
from petroleum ether as plates (yield, 1.6 g .) ; upon re- 
crystallization, m. p. 71-72°.

Anal. Calcd. for C7H7OCOOCH3: OCH3, 18.65;
sapon. equiv., 166.2. Found: OCH3, 18.55; sapon.
equiv., 163.8.

Summary
tf-Hydroxyphenylacetic acid was prepared from

0-methoxybenzaldehyde (64% over-all yield), via 
the cyanohydrin and tf-methoxyphenylacetic acid. 
The methyl ester was prepared.
W a s h in g t o n , D. C. R e c e iv e d  J a n u a r y  7, 1948

(7) Buck, T h is  J o u r n a l , 55, 2593 (1933).
(8) Pschorr, Wolfes and Buckow, Ber., 33, 167 (1900).
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[Contribution  from the D epartment of B iochemistry, U n iv er sity  of W isc o n sin ]

p-Aminophenyldimethylsulfonium /3-Naphthalenesulfonate and Antibacterial
Activity1

By Philip E. Wilcox, 2 John H. Owen8 and Mark A. Stahmann

Kumler and Daniels4 have proposed that the 
anti-^-aminobenzoic acid activity of sulfonamides 
is essentially due to the contribution of the reso­
nant form

0 “
+ > = \  I H

H2N ~<^ ..N-...R

O
to the structure of these compounds. Accordingly 
it might be expected that a compound such as a 
£-aminophenyldimethylsulfonium salt would ex­
hibit activity of the sulfonamide type since the 
positive sulfur should readily accept an electron 
pair from the ring. This would result in the reso­
nant form

which would make a large contribution to the 
structure of the molecule. Furthermore, from the 
steric point of view, the ^-aminophenyldimethyl- 
sulfonium cation resembles ^-aminobenzoic acid 
and might possess anti-^-aminobenzoic acid activ­
ity in accordance with the general theory of meta­
bolic antagonists.

Another theory of sulfonamide activity, which 
has been proposed by Bell and Roblin,5 and Klotz,6 
correlates the activity of these compounds with 
their respective acid dissociation constants. From 
this point of view, it would not be expected that p- 
aminophenyldimethylsulfonium salts would show 
activity of the sulfonamide type.

In any case, sulfonium compounds are of in­
terest entirely apart from their possible relation 
to sulfonamides since certain sulfonium com­
pounds do have remarkable physiological activi­
ties.7*8

Although a great many variations of the sul­
fonamide structure have been studied, derivatives 
in which the sulfur appears in the form of a sul­
fonium group have not been reported. This com­
munication describes the preparation and prelim­
inary microbiological assay of such a compound, 
^-aminophenyldimethylsulfonium jS-naphthalene- 
sulfonate. The results furnish supplementary

(1) Published with the  approval of the Director of the Wisconsin 
Agricultural Experiment S tation and supported in part by the Re­
search Committee of the G raduate School from funds supplied by the 
Wisconsin Alumni Research Foundation, and by a grant from the 
Schenley Research Institu te.

(2) National Research Council Predoctoral Fellow.
(3) Research Assistant in P lant Pathology.
(4) Kumler and Daniels, T h is  J o u r n a l , 65, 2190 (1943).
(5) Bell and Roblin, ibid., 64, 2905 (1942).
(6) Klotz, ibid., 66, 459 (1944).
(7) Kuhn, Bielig and Dann, Ber., 73B, 1080 (1940),
(8) Gilman and P h ilips Science., 103, 409 (1946),

data on the question of the chemical structures 
which are essential for antibacterial activity of 
the sulfonamide type.

Many sulfonium compounds are unstable be­
cause of the ease with which they undergo dismu- 
tation and dealkylation or dearylation. There­
fore, it was decided that the synthesis would have 
the greatest chance for success if the final step was 
the catalytic reduction under mild conditions of a 
stable ^-nitrophenyldimethylsulfonium salt. Pre­
liminary experiments on the hydrogenation of p- 
nitrophenyldimethylsulfonium methyl sulfate with 
palladium on activated carbon showed that the 
compound must be reduced in acid solution in or­
der to prevent excessive reduction with the ab­
sorption of more than three molar equivalents of 
hydrogen. On the other hand, in acid solution 
never more than 80% of the theoretical amount of 
hydrogen was absorbed even though the catalyst 
was still active. This reduced solution proved to 
be quite unstable. The rather insoluble picrate 
could be isolated if picric acid was added imme­
diately, but attempts to isolate other salts more 
suitable for antibacterial testing gave only mix­
tures or oils.

I t was found, however, that a more stable solu­
tion could be obtained if the reduction was carried 
out in methanol-water in the presence of an excess 
of /3-naphthalenesulfonic acid. When ether was 
added to this solution, the desired p-aminophenyl- 
dimethylsulfonium /3-naphthalenesulfonate sepa­
rated as long needles. Since the /3-naphthalene- 
sulfonate anion proved to have no activity in the 
microbiological tests, this salt was satisfactory for 
testing.

The structure assigned to the product, namely, 
^-aminophenyldimethylsulfonium /3-naphthalene- 
sulfonate, is based on the elementary analysis, the 
method of synthesis, the fact that the compound 
is quite soluble in polar solvents, but insoluble in 
non-polar solvents, and the fact that it gives a 
strong positive test for a free, primary amino 
group with glutaconic aldehyde. The instability 
of some of the sulfonium salts and the greater sta­
bility of the same cation in other salts is in con­
formity with the observations of other investiga­
tors, particularly those of Ray and Levine.9

^-Aminophenyldimethylsulfonium /3-naphthal- 
enesulfonate was tested for anti-£-aminobenzoic 
acid activity against Staphylococcus aureus H in a 
medium which has been described by Mcllwain.10 
The compounds involved in the tests were dis­
solved in sterile water and added aseptically to 
the sterile medium just before inoculation. Each

(9) R ay  and Levine, J . Org. Chem., % 267 (1937).
(10) M cllw ain, Brit, J , Mxptl, Path,, £9, 95 (1942).
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tube was inoculated with one drop of a 24-hour 
culture which had been diluted thirty times. The 
pH  of the medium was 6.9 and, after twenty-four 
hours of incubation a t 37°, the growth was deter­
mined by measuring the turbidity with an Evelyn 
colorimeters For comparison, sulfanilamide was 
tested in parallel with the sulfonium salt. The ac­
tivity of each compound was also tested in the pres­
ence of ^-aminobenzoic acid a t concentrations of 
10 micrograms and 200 micrograms per milliliter.

T a b l e  I
T h e  A n t ib a c t e r ia l  A c t iv it y  o p  ^ -A m in o p h e n y l d i-
MBTHYLSULFONIUM jS-NAPHTHALENESULFONATE (I), SUL­
FANILAMIDE (II), a n d  t h e  E f f e c t  o f  ^ -A m in o b e n z o ic  

A c id
Compound

Amino- Bacterial growth, expresesd in Evelyn units 
benzoic in the presence of I or I I  at the following 

acid concentrations, and ^-aminobenzoic acid
I or II

micro-
grams/mL 1000 500

M icrograms per ml. 
250 125 62.5 31.7 0

I 0 0 0 5 11 25 28 30
I 10 0 4 13 15 22 24 32
I 200 0 13 18 25 25 26 29

II 0 0 0 0 1 1 12 30
II 10 8 12 19 23 26 28 29
II 200 8 15 22 25 26 28 30

The results of representative tests are presented 
in Table I. This table shows that sulfanilamide 
produced almost complete inhibition of growth at 
a concentration of 62.5 micrograms per ml., and 
that the addition of either 10 or 200 micrograms of 
p-aminobenzoic acid per ml. allowed almost full 
growth at 250 micrograms and only partial growth 
at 1000 micrograms of sulfanilamide per ml. p- 
Aminophenyldimethylsulfonium /3-naphthalene- 
sulfonate produced complete inhibition of growth 
at 500 micrograms per ml. and partial growth at 
125 micrograms per ml. The addition of p-amino­
benzoic acid allowed almost full growth at 125 
and partial growth a t 500 micrograms per ml. 
Sodium /3-naphthalenesulfonate showed no anti­
bacterial action a t a concentration of 2000 micro­
grams per ml.

These results show that the p-aminophenyldi­
methylsulfonium ion has a low order of antibac­
terial activity and that this activity is slightly re­
duced by ^-aminobenzoic acid. Since it is prob­
able that this ion possesses a resonant form with a 
quinoidal structure and a positive nitrogen, its 
low activity indicates that such a resonant form 
is not sufficient for high action of the sulfonamide 
type. Apparently, for high anti-^-aminobenzoic 
acid activity, it is necessary to have a negative 
group comparable to the carboxylate group in the 
position para to the amino group. However, it 
must be recognized that the cationic nature of 
the sulfonium ion may prevent the compound from 
reaching the points where it could act against a 
bacterium.

Although sulfonium compounds with a long 
alkyl chain have high antibacterial activity, the 
aryl sulfonium group in itself has but a low order

of antibacterial activity . 7 In this connection, 
Freedlander and French11 have recently shown 
that methyldiphenylsulfonium nitrate shows no 
antibacterial activity against E . coli, Staph, 
aureus, B . proteus, or the tubercle bacillus. Our 
results would suggest that the introduction of a 
para amino group into an aromatic sulfonium 
salt increases the antibacterial activity.

Experimental
T)i-p-nitrophenyl Disulfide.—This compound was pre­

pared according to the method described for the ortho 
analog by Bogert and Stull.12

p -Nitrophenylmethyl Sulfide.—The disulfide was con­
verted into p -nitrophenylmethyl sulfide, according to 
Brand,13 in a yield of 61% by the reduction of di-ƒ>-nitro- 
phenyl disulfide with alkaline sodium sulfide and subse­
quent direct methylation with methyl sulfate. The prod­
uct melted sharply at 72.0 to 72.5° in agreement with the 
literature.

p -Nitrophenyldimethylsulf onium Methyl Sulfate and 
Picrate.—p -Nitr ophenylmethy 1 sulfide was methylated 
with methyl sulfate according to the method of Brand and 
Stallmann.14 The product was recrystallized once from 
hot methanol and again by the addition of ethyl ether to a 
methanol solution to give a yield of 84%, m. p. 157.0 to 
158.5° (dec.). The picrate was produced in a yield of 
95% by the addition of a saturated solution of sodium 
picrate to an aqueous solution, m.p .  135° to 136° as com­
pared to 137° as reported by Baker and Moffett.15

^-Aminophenyldimethylsulfonium Picrate.-—Palladium 
catalyst on activated carbon, prepared according to Har- 
tung,16 was used for the hydrogenation of ^-nitrophenyl- 
dimethylsulfonium methyl sulfate (3.0 g., 10 millimoles) 
dissolved in 100 ml. of 90% methanol which contained 20 
millimoles of sulfuric acid. The hydrogenation stopped 
abruptly after 24 millimoles of hydrogen had been absorbed 
(80% of theory). When this solution is allowed to stand, 
it became yellow and no crystalline sulfonium salt could be 
isolated. However, when 3.0 g. (13 millimoles) of picric 
acid in 100 ml. of water was added immediately to the 
filtered solution, 3.2 g. (79% yield) of orange prisms sepa­
rated, m. p. 152 to 153°.

Anal. Calcd. for CgH^NS-Ce^NsCV^O: C, 42.0;
H, 4.0; N, 14.0; S, 8.0. Found: C, 42.3, 42.3; H, 3.8, 
3.7; N, 14.1,14.1; S, 7.9.

When a methanol solution of this picrate was refluxed 
for a few hours, long needles of some different, much less 
soluble picrate separated. This derived compound melted 
at 165.0 to 165.5° and had an elementary analysis (C, 
43.6; H, 3.1; N, 14.5) which indicated that the conversion 
may have been a reduction.

^-Aminophenyldimethylsulfonium /S-Naphthalenesulfo- 
nate.—^-Nitrophenyldimethylsulfonium methyl sulfate 
(4.25 g., 14 millimoles) and ft-naphthalenesulfonic acid 
(3.60 g., 17 millimoles) were dissolved in 75 ml. of meth­
anol containing 5% water, and the solution was hydro­
genated with palladium catalyst on activated carbon. 
A total of 30 millimoles of hydrogen was absorbed or 72% 
of theory. The slightly yellow solution was filtered and 
100 ml. of ethyl ether was added immediately. After 
cooling at 0° for two hours, 3.9 g. (68% yield) of nearly 
colorless needles of the monohydrate were collected. The 
product was recrystallized by dissolving it in 120 ml. of 
absolute methanol, removing the insoluble material by 
filtration, adding 250 ml. of 30-60° ligroin, and cooling at 
0°. The final yield of material was 3.1 g. or 54%, m. p.

(11) Freedlander and French, Proc„ Soc. Exptl. Biol. Med., 63, 319 
(1946).

(12) Bogert and Stull, “ Organic Syntheses,” Col. Vol. I , John 
Wiley and Sons, Inc,. New York, N. Y .t 1941, p. 220.

(13) Brand, Ber., 42, 3463 (1909).
(14) Brand and Stallm ann, ibid., 54, 1578 (1921).
(15) Baker and M offett, J . Chem. Soc., 1722 (1930).
(16) H artung, This J o u r n a l , 50, 3370 (1928).
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130° (dec.). The product was dried a t 80° for four hours 
for analysis.

A n a l .  Calcd. for C 8H i2 N S C ioH 7 0 3 S*H2 0 : C, 56.9;
H, 5.5; N, 3.7; S, 16.9. Found: C, 56.9, 56.7; H, 5.6, 
5.8; N, 3.6, 3.7; S, 16.7.

Further recrystallization did not raise the melting point, 
but seemed to cause deterioration. The salt was soluble 
in water, methanol, ethanol, and acetic acid, but was in- 
soluble in ether, chloroform, and benzene. Aqueous base 
causes the salt to  decompose with the formation of an 
orange color and water insoluble material.

Test for Free Primary Aromatic Amino Group.—Both 
the p -aminophenyldimethylsulfonium picrate and f t -  
naphthalenesulfonate yielded a color characteristic of 
substances containing a  primary aromatic amino group 
when treated with 4-pyridylpyridinium chloride hydro­
chloride.17 On the other hand, the second picrate derived

(17) Feigl, “ Qualitative Analysis by M eans of Spot Tests,” 
Nordemann Publishing Company, New York, N. Y., 1937, p. 283.

from the initial picrate by heating in m ethanol gave a com­
pletely negative test, indicating th a t the prim ary amino 
group had been destroyed.

Summary
A new compound, ^-aminophenyldimethylsul- 

fonium /3-naphthalenesulfonate, has been synthe­
sized. The picrate of the sulfonium cation has 
also been prepared.

Microbiological tests showed that the sulfonium 
sulfonate has a low order of antibacterial activ­
ity which is slightly reversed by ^-aminobenzoic 
acid.

The activity of the sulfonium salts has been re­
lated to the problem of the mode of action of sul­
fonamides.
M a d i s o n , W i s c o n s i n  R e c e i v e d  N o v e m b e r  3 ,  1 9 4 7

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  N o r t h w e s t e r n  U n iv e r s i t y ]

Mechanism of the Alkaline Cleavage of /3-Ketoalkylpyridinium Salts1
B y  R a l p h  G. P e a r so n  an d  R o b e r t  L. D il l o n

The alkaline hydrolysis of /3-ketoalkylpyridin- 
ium salts to give the corresponding acid and a 
simpler alkylpyridinium salt2 according to equa­
tion (1) was studied in some detail by Kröhnke.3

O H
II I v ------ x

R—C—C—-N y  +  OH” -— ►

v  s — ”” X
r _ _ _ C — O ”  +  R ' C H 2N  " >  ( 1 )

II +
He showed by kinetic methods that in the presence 
of excess alkali the reaction was first order and 
that the stronger the acid, II, formed by the re­
action, the greater the rate of hydrolysis. Fur­
thermore, he showed4 that the initial reaction of 
the cation, I, with alkali is a typical acid-base 
equilibrium in which the cation acts as an acid

III
He proposed the name “enol-betaine” for the 
isolable compound III, writing its structure with

(1) Based on the M.S. thesis of R obert L. Dillon.
(2) (a) Bamberger, Ber., 20, 3344 (1887); (b) Babcock, N akam ura

and Fuson, T his Journal, 54, 4407 (1932); (c) Babcock, and
Fuson, ibid., 55, 2946 (1933).

(3) Kröhnke, Ber., 70B , 864 (1937).
(4) Kröhnke, ibid., 66B, 604 (1933); 68B, 1177 (1935).

the double bond between the two carbon atoms. 
The enol-betaines in general are highly colored, 
soluble in organic solvents and not stable in air.

The mechanism that he assumed for the cleav­
age included the rapid establishment of equilib­
rium (2 ) and the subsequent rate-determining 
reaction of the enol-betaine with excess hydroxide 
ion and water. If reaction (2) goes well to the 
right then pseudo first order kinetics will be ob-

O
II -  S — X

R—C—C—N > +  H20 +  OH” — >
| ^ /
R'

R'CHj—N +  R—c f  +  OH- (3)
+x------- x  X > ~

tained since hydroxide ion is not used up in (3 ). 
However, Kröhnke worked with only one set of 
concentrations for all of the compounds which he 
investigated and it can readily be shown that 
there are several other mechanisms which will 
turn out to be first order in excess alkali.

For example in the formally similar hydrolysis 
of acetoacetic ester by dilute alkali, Goldschmidt 
and Oslan5 showed that the reaction was first order 
under a variety of conditions and the mechanism 
included an acid-base equilibrium and a rate-de­
termining reaction between hydroxide ion and the 
unneutralized acetoacetic ester

O
II .CHa—C—CH2—C f  +  OH” ±=Z

XOR
O

CH,—C—C—c / °  +  HsO (4)
_________  “ 'OR

(5) Goldschmidt and Oslan, ibid., 32, 3390 (1899); 33,1140 (1900).
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II
CHr—O—C H r-C C  +  OH”  >

XOR
O

CHr-(ü—CHf—C ^ ° +  ROH (5)
X r

Accordingly it seemed advisable to repeat part 
of Kröhnke’s work and to vary the ratios of re­
actants in such a way as to establish a unique 
mechanism for the hydrolysis. At the same time 
the effect of temperature on the rates was investi­
gated and the effect of substituents on the rate 
constants and the energies of activatioii deter­
mined. The salts selected for this work were 
phenacylpyridinium iodide and p-bromo- and m- 
nitrophenacylpyridinium iodides, all three of 
which Kröhnke had previously studied as the 
bromides. The solvent used was distilled water 
whereas Kröhnke used a mixture of alcohol and 
water to keep some of the enol-betaines in solution.

M ethods and M aterials.—The salts used were of high 
pu rity6 and were recrystallized from water-alcohol just 
before use. The melting points were determined as follows: 
phenacylpyridinium iodide, 218-219°; />-bromophen- 
acylpyridinium iodide, 233-235°; m -nitr ophenacylpy r i- 
dinium iodide, 202-203°. Stock solutions made up in 
distilled water were used within two or three days of 
preparation.

The extent of reaction was followed by titration of the 
excess alkali and unreacted enol-betaine. (The enol- 
betaine is strongly basic.) Selected volumes of solutions 
of the above salts and carbonate-free standard sodium 
hydroxide were mixed a t the reaction temperature and the 
zero tim e recorded. Temperature was controlled to 
±0 .02° over a range from 13 to 35°. From time to time 
samples were withdrawn, added to excess acid to stop the 
hydrolysis and back-titrated. Phenolphthalein indicator 
was used. A sample was titrated  after the reaction was 
completed also and it was verified th a t one mole of alkali 
was used up as in (1). The completion of the reaction 
could be seen by the disappearance of the intense green- 
yellow color of the enol-betaine.

As a check on the above method of analysis the kinetics 
were followed in a few cases with a Beckman photoelectric

spectrophotometer. At a wave length of 4400 A. the 
enol-betaines absorb strongly while the salts themselves 
and the products do not absorb at all. In this procedure 
samples were withdrawn from the thermostat into an 
absorption cell and the transmission measured within a few 
seconds after withdrawal. The amount of reaction occur­
ring during measurement was negligible.

Calculations and Results
It will be convenient to introduce a list of ab­

breviations at this point.
pp+ rs the phenacylpyridinium (substituted or unsub­

stituted) cation
PP * — the corresponding enol-betaine 

a = concentration of limiting reactant 
a  -j- b = concentration of reactant in excess 

x  = concentration of products 
k ' — experimental rate constant 

k  — corrected rate constant 
Kh. =  hydrolysis constant for reaction (2)
Fo — volume of base needed to back-titrate a sample at 

time t = 0
F  =  volume of base needed to back-titrate a sample 

at time t  — t
Fe — volume of base needed to back-titrate a sample 

at time t = co
If the acid strength of PP+ is great enough then

(2) goes to completion and [PP*"] — {a — x )  and 
in solutions where alkali is in excess [OH- ] = b 
and is constant. When P P + is in excess we must 
solve for [OH- ] from the equilibrium Kh =  
[PP+][OH-]/[PP*] so that [OH- ] = K h (a ~  
x ) / b y putting in the values of [PP^] = (a — x )  
and [PP+] = b.

In terms of experimental quantities, the vol­
umes of base needed to back-titrate given samples, 
a is proportional to (Ve — F0) and (a — x) is pro­
portional to (Ve — V). Accordingly plots of log 
( Ve — F) against the time were made and straight 
lines were obtained as shown in Fig. 1 with slopes 
equal to ¥/2.303. As Table I brings out the ex­
perimental rate constant ¥  varies with the excess 
hydroxyl ion concentration so that ¥ /b  is essen­
tially constant.

log (F e -  F).
Fig. 1.—O, plot of 0.00714 M  ^-bromophenacyl- and 

0.01013 M  NaOH 25.2°; O, 0.00380 M  m -nitrophenacyl- 
and 0.00482 M  NaOH 20.0°; O-, 0.00714 M  phenacyl- 
and 0.01015 M  NaOH 25.2°.

(6) K indly supplied by Dr. L. C. King and prepared by the
described by him, Tmm  JomAn.» W, i 04 (WM),  et

T a b l e  I

P h e n a c y l p y r id in iu m  I o d id e  +  E x c e s s  NaOH a t  31.5°

Excess [OH” 
mole/liter
0.00384

.00258

.00201

.00062°

k
(Slope) liters/mole- 

Slope (2 .3 /[OH“ ]> min.
0.01790 10.70 12.2

.01130 10.00 12.0

.00840 9.60 12.1

.00201 7.46 13.8
® Spectrophotometric.

In solutions where the salt was in excess 1/(F«. 
— F) was plotted against the time and the results 
showed a change to second order kinetics in these 
solutions. Figure 2 presents the type of curves

T a b l e  II
NaOH +  E x c e s s  P h e n a c y l p y r id in iu m  S a l t

Salt
Temp.,

°C.
(Slope)

(V . -  V ,)»/«) K h

Phenacyl- 31.5 5.40 X 10-* 5.40 X 10“ 4
w-Nitrophenacyl- 25.5 1.68 X 10“ * 2.83 X 10“®

25 „2 2,46 X 1Q-* V87 X
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that were obtained. Furthermore, the slopes mul­
tiplied by (Ve — Vo)(b/a) were constant for a 
given salt at constant temperature. Table II 
summarizes the results for solutions where PP+ 
was in excess.

Fig. 2.—O, 0.00882 M  m -n itrophenacyl- and 0.00373 M  
NaOH 25.5°; O, 0.00833 M  ^-bromophenacyl- and 
0.00529 M  NaOH 25.2°; O-» 0.00882 M  phenacyl- and 
0.00373 M  NaOH 31.5°.

The use of the spectrophotometer has been re­
ferred to as a means of following the rate. Here 
the optical density, D , is proportional to (a — 
x), the concentration of unreacted enol-betaine. 
So a plot of log D versus the time should be linear 
with a slope of ¥ /2 .3 . Figure 3 shows the results 
obtained.

i __nlOg JLS.

Fig. 3.—-0.00080 M  phenacylpyridinium iodide and 0.00142 
M  NaOH a t 25.2°.

Runs were made at least in duplicate at three 
different temperatures for all three salts. The 
plot of log k against the reciprocal of the absolute 
temperature gave good straight lines from which 
the Arrhenius activation energy was computed. 
Table III gives this information for the three

T a b l e  I I I

Salt*
Temp.,

°C.

k,b
liters/m ole-

min.
EArr.
kcal.

Phenacyl- 31.5 12.0 13.2
25.2 7.22
20.0 5.00

m-Nitrophenacyl- 34.0 155 19.7
25.5 61.2
20.0 26.7

^-Bromophenacyl 34.0 30.1 15.8
25.2 14.7
20.0 8.28

a The salt concentrations were 0.005 to  0.008 M ;  the 
excess alkali 0.001 to  0.003 M .  Similar concentrations 
were used for the same salt a t  different temperatures. 
6 A single value of the hydrolysis constant was used to  
correct k a t all three tem peratures. While the hydrolysis 
constant probably changes with temperature, it is used to  
make only a  minor correction and the error introduced is 
not large.

Discussion
There are two mechanisms consistent with the 

experimental results. The first is Kröhnke’s as 
shown in (2) and (3) which gives as a rate expres­
sion

d x / d t  =  M O H -H P P ^ ] (6)
=  k ib (a  — x )  excess alkali

— — (a  — x ) 2 excess salt (7)

The second is a reaction of the phenacylpyridinium 
ion with two hydroxyl ions7 so that

d x / d t  =  &2[O H -]2[PP+] (8)
=  k2K \J ) (a  — x )  excess alkali

— „  x y  excess salt (9)

Fig. 4.™-O, Phenacyl-; Q, ^-bromophenacyl*; O-, m -  
nitrophenaeyl-.

(7) The authors are indebted to one of the r e f e r s  for pointing 
this .possibility of ««plaining the data..
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Both of these predict correctly pseudo-first order 
kinetics in excess alkali with a slope varying with 
the excess alkali and a change to second order 
kinetics in solutions containing excess salt.

Since for both mechanisms the rate constants in 
excess alkali and in excess salt differ by a factor of 
Kh it is possible to evaluate the hydrolysis con-
c 4 - r ,  * -i4- A - f  ( 9 )  Kxr r ln n r lt t io f  ( ( V  —O ta u i, v/x x v-cxv.x.xx./xx J V q
Vo)(b/a) in Table II by kf/b obtained from alka­
line solutions at the same temperature. These 
values are listed in Table II also and it is possible 
to check the original assumption that [PP^] =  
(a — x). Actually it can be shown that [PP *] — 
(a — x)[OH~]/(Kh +  [OH- ]) which reduces to 
the assumed form when [OH- ] >  >  Kh- The 
rate constants can be corrected for the small 
amount of hydrolysis by multiplying them by 
(Kh +  [OH- ])/[O H - ]. This has been done for 
all of the rate constants finally recorded. The 
magnitude of the effect is seen in Table I where 
the column (slope) (2.3)/ [OH- ] gives the uncor­
rected rate constant and the last column gives the 
corrected value. This rate constant k is equal to 
either kx or k2Kh depending upon which mecha­
nism is correct.

It is interesting to compute the values of K ay

the acid ionization constant of the quaternary 
ammonium cation, from the values of Kh, the hy­
drolysis constant. Dividing into the ionization 
product of water at the temperatures indicated we 
obtain K a equal to 3.08 X 10-11, 5.94 X 10-11, 
and 39.6 X 10-u  for the phenacylpyridinium, p- 
bromophenacylpyridinium and m-nitrophenacyl- 
pyridintum cations, respectively. These values 
are in the same relative order as the correspond­
ing acidities of the substituted benzoic acids.

Summary
1. The alkaline cleavage of enolizable /3-keto- 

alkylpyridinium salts is shown to be pseudo-first 
order in excess alkali and second order in the pres­
ence of excess salt.

2. The mechanism involves either the reaction 
of a hydroxyl ion with the enol-betaine or the re­
action of two hydroxyl ions with the quaternary 
cation.

3. The rate constants have been determined 
for the m-nitro-, £>-bromo- and unsubstituted phen­
acylpyridinium iodides at several temperatures 
and the activation energies computed.
E v a n s t o n , I l l i n o i s  R e c e i v e d  D e c e m b e r  2 2 ,  1 9 4 7

[C o n t r ib u t io n  N o . 6 4 6  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  P it t s b u r g h ]

The Reaction of Metallic Copper with Titanium (IV) Chloride
By D onald E. Koontz and D ouglas G. N icholson

During the course of an investigation of the na­
ture of the reaction (s) taking place in the de- 
colorization of commercial titanium(IV) chloride 
by metallic copper, 1 it was observed that clean dry 
metallic copper would react with chemically pure 
titanium (IV) chloride at room temperature. Ac­
cordingly, a detailed study was conducted on the 
interaction of these substances.

Loose rolls of copper foil made from sheets ap­
proximately 4 X 6 X 0.0127 cm. were heated to re­
move carbonaceous matter, cooled, rinsed in di­
lute hydrochloric acid, then water, and dried. 
They were then inserted in Pyrex test-tubes con­
taining 5-8 ml. of titanium(IV) chloride, which 
were tightly closed with lead foil-covered corks.

The purplish-black scale which became evident 
after two or three hours could be shaken or jarred 
off, but on continued exposure the bright copper 
surface again became coated with the scale. 
After three to five weeks of exposure, the titanium- 
(IV) chloride had entire disappeared, and an ap­
preciable residue of dry, purplish-black material 
and flakes of unreacted copper remained. Using 
dry powdered (150 mesh) copper, the process was 
complete in twenty to thirty hours, but the residue

(1) From  a thesis subm itted to  the G raduate School of the Uni­
versity of P ittsburgh by  Donald E. Koontz in partial fulfillment of 
the requirements for the  M aster of Science degree, January, 1948.

tended to form a hard cake which, because of its 
expansion, sometimes cracked the tubes.

The rate of scale formation was not appreciably 
increased by heating the reaction tubes to approxi­
mately 10 0 °, unless the metal surface was re­
exposed. It appeared that the scale tended to 
protect the metal surface from further action.

Small samples of the dry scale, with adhering 
flakes of metallic copper, were subjected to the 
tests and analyses described below.

(a) Exposure to atmospheric oxygen showed 
a gradual color change, becoming progressively 
gray, tan, and greenish-blue. The material was 
hygroscopic.

(b) Treatment with distilled water produced 
an immediate white turbidity which gradually 
(five to ten minutes) became reddish-brown in 
color. The interior surface of the retaining vessel 
became coated with a very thin mirror-like copper- 
colored deposit. This coating was insoluble in 
dilute hydrochloric acid, but was readily soluble 
in nitric acid or ammonia water-hydrogen per­
oxide mixture, yielding solutions which gave posi­
tive tests for copper(II) ion but negative tests for 
titanium (IV). The initial water solution gave a 
positive test for titanium(III) ions.

(c) Treatment with 6  N  hydrochloric acid pro­
duced a clear purplish-pink solution containing
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suspended flakes of copper. This solution gave a 
positive test for titanium(III) ions. After filter­
ing to remove the suspended copper, samples of 
this solution were analyzed to determine the cop­
per : titanium ratio present. This was done as 
follows: (1 ) atmospheric oxidation for twenty- 
four hours; (2 ) titanium was determined by 
double precipitation by ammonia water followed 
by ignition of the precipitate to the dioxide; (3 ) 
after removal of ammonia from the combined ti­
tanium filtrates, copper present was precipitated 
by the addition of sodium hydroxide, followed by 
ignition to the oxide. Analyses of solutions of five 
different scale samples gave an average weight 
ratio of the elements copper: titanium of 1 .3 9 :1 .00. 
Theoretical weight ratio of these elements (based 
on one atom of each) is 1.33:1.00. It thus ap­
peared that the black residue was composed of 
compounds of copper and titanium whose metallic 
ratio contained one atom of each.

(d) Samples of the metal-free, 6  N  hydro­
chloric acid solution of the scale become a pale 
bluish-green color after exposure to atmospheric 
oxygen for approximately twenty hours.

A sample of freshly prepared copper (I) chloride 
was added to a solution of titanium(III) chloride, 
prepared by electrolytic reduction of aqueous ti- 
tanium(IV) chloride. A water-clear purplish- 
pink solution resulted. On standing several 
minutes after dilution with a 4-5 fold excess of 
distilled water, the initial color of the solution 
faded and an adherent copper-like deposit coated 
the interior surfaces of the vessel. This deposit 
exhibited the same characteristics as that pro­
duced when a sample of purplish-black residue 
was added to distilled water (b, above).

Discussion
Based on the above-described tests and observa­

tions, it appears that the purplish-black scale is a 
mixture and/or a compound containing a ratio of 
one atom each of titanium(III) and copper(I)

(1)

(2)

TiCl4 +  Cu — >  CuCl +  TiCla
4

black scale
f

TiCl4 +  Cu — *■ CuTiCU

chlorides. Either or both of the following re­
actions are postulated as the means by which the 
scale is produced.

The white precipitate produced immediately on 
addition of the scale to distilled water was prob­
ably copper (I) chloride (a product in reaction (1 ), 
or produced by aqueous decomposition of CuTiCl* 
formed in reaction (2 )) in a solution of titanium-
(III) chloride hexahydrate.

The gradual color change which took place 
(with passage of time) in the aqueous mixture of 
titanium(III) and copper(I) chlorides was prob­
ably due to either or both of the two reactions

(3) TiClj +  CuCl

(4) 2CuCl

>  Cu +  TiCU
4

copper deposit

► c i  +  CuCl2

Of these two equations, (3) and (4), reaction (3) 
appears to be more probable since reaction (4) 
indicates that one-half of the total copper initially 
present would be in solution after the reaction was 
complete. Tests conducted on the residue and 
filtrate indicated that only a very small fraction of 
the total copper initially present was soluble in 6 
N  hydrochloric acid.

It is interesting to note that reaction (3), in 
aqueous solution, is the reverse of reaction (1 ) in 
non-aqueous medium.

The solubility of the purplish-black scale in 6 N  
hydrochloric acid producing a clear purplish-pink 
solution can be explained by either or both of the 
following equations

(5) CuCl -j- TiCls +  HCl — ► HCuC12 +  TiCls 

black scale
t

(6) CuTiCl* +  HCl — ^  HCuC12 +  TiCl3

Conclusions
A detailed study of the reaction of metallic cop­

per with titanium (IV) chloride has been under­
taken. This reaction produces a purplish-black 
scale which contains copper (I) and titanium(III) 
ions.
P ittsburgh , P en nsy lva n ia

R ec eived  S eptem ber  25, 1947
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[Contribution  from the Gates and  Crbllin  Laboratories of Chem istry , California  I nstitute  of T echnology,
No. 1170]

A Comparative Study of the Three Stereoisomeric 1,4-Diphenylbutadienes
By J. H. Pinckard, B. Wille and L. Zechmeister

It was recently shown, in collaboration with A. 
Sandoval, 1 that the maximum extinction in the 
spectrum of ordinary trans-trans- 1,4-diphenylbu- 
tadiene, C6H5CH =CH CH =CH C 6H5, decreased 
to about half of the original value upon illumina­
tion under certain conditions. However, almost 
entire restoration of the original extinction curve 
by iodine catalysis proved that no irreversible de­
struction had taken place. Further experiments 
for the identification of the chromatographically 
homogeneous product were announced.

As is known, Straus2 prepared two stereoisomers 
of diphenylbutadiene by reduction methods; one 
was crystalline (m. p. 70.5°, compared to 152- 
153°, cor., of the trans-trans form) and the other 
was oily. We were able to confirm Straus’ data 
concerning the crystalline compound but have ob­
served by chromatography that the oily sample 
contains a number of impurities. After their elim­
ination on the Tswett column, this isomer was 
found to be identical with that obtained photo­
chemically. 1 Of course, illumination is a simpler 
method of preparing this oily isomer than the re­
duction of /raws-diphenylbutenine.2

It was observed in the field of the carotenoids3 
that a single trans —> cis rotation shifts the posi­
tion of Xmax. by about 7.5 m/x toward shorter wave 
lengths (e. g.t lycopene, in hexane, measured in the 
Beckman spectrophotometer). We noticed a 
similar shift when the extinction curves of the 
three diphenylbutadienes were compared in hex­
ane solution; however, in this case one trans —» cis 
step causes a wave length difference of 14-15 mfx:

trans-trans form (m. p. 152-153°), Amax. at 328 mp,
c is-tran s  form (oily), Xmax. at 313 mm
c is -c is  form (m. p. 70.5°), Xmax. at 299 mfi

These data compare well with those referring to 
trans- and c£s-stilbene (difference in Xmax., 15 m/x) 4 
and they also agree with the assignment of con­
figurations to stereoisomeric diphenylbutadienes 
as given by Straus. An absolute structure deter­
mination of cis-m-diphenylbutadiene is not yet 
available.221

The extinction curve of trans-trans-diphenyl­
butadiene shows definite fine structure while the 
two other isomers are characterized by smooth 
curves which are rather similar in this respect 
(Figs. 1-2).

(1) A. Sandoval and L. Zechmeister, T his Journal, 69, 553
(1947).

(2) F. Straus, A nn., 342, 190 (1905), cf. C. Kelber and A. Schwarz, 
Ber., 45, 1946 (1912); E. O tt and R. Schröter, ibid., 60, 624 (1927).

(2a) Dr. E. W. Hughes is carrying out a preliminary X-ray ex­
amination in these laboratories.

(3) Summary: L. Zechmeister, Chem. Rev., 34, 267 (1944).
(4) A. Smakula and A. W assermaan,physik, Chem., A155, 353

When petroleum ether is used as a developer, 
the chromatographic sequence on alumina from 
top to bottom is: trans-trans-, cis-trans-, and cis- 
CLS-diphenylbutadiene. The zone of the trans- 
trans form can be located by its intense bluish 
fluorescence in ultraviolet light. The presence of 
one or two cis double bonds, however, destroys 
this power to fluoresce, in adsorbate as well as in 
solution. On the other hand, zones of the cis- 
trans and cis-cis forms, when either is present in 
appreciable quantity, may be located on the col­
umn by the moderate quenching of the weak 
fluorescence of the alumina itself. Like cis- and 
tfnms-stilbene zones, 5 those of the three diphenyl­
butadienes are also detected by brushing with per­
manganate.

A sharp separation of the cis-trans and cis-cis  
forms can be accomplished by means of the liquid 
chromatogram procedure. The detection of either 
isomer in the successive fractions of the filtrate is 
carried out by treating small samples of each 
fraction with catalytic amounts of iodine fol­
lowed by a brief illumination. Thus, either of 
these two stereoisomers is converted into the trans- 
trans form, whereupon fluorescence appears in the 
solution when inspected in ultraviolet light. The 
limit of detection is 0.5-1.0 milligram per liter or 
a few micrograms in a 2-ml. test sample. The re­
covery of each of the three stereoisomers from ar­
tificial mixtures was practically quantitative in 
such resolutions.

Having chromatographically pure samples of 
all stereoisomeric diphenylbutadienes, a compari­
son of their behavior under various conditions was 
made; the result may be summarized as follows.

In petroleum ether, at 4°, and in the absence of 
light any of the three configurations can be pre­
served for several months. When hexane solutions 
are refluxed in all-glass apparatus, in darkness, for 
forty-five minutes, the three stereoisomers behave 
identically: their extinction curves were practi­
cally unchanged. The isomers showed only a lim­
ited difference when kept in the molten state at 
205° for ten minutes, with the exclusion of air and 
light. The trans-trans and cis-trans configurations 
were practically unaffected; cis-as-diphenylbu- 
tadiene underwent moderate isomerization 
whereby the amount of the trans-trans compound 
formed did not exceed 5%.

In order to test the relative photo-stabilities, 
we conducted two series of experiments under 
very different conditions: (a) illumination of the 
hexane solution (20 mg. per liter) in Pyrex flasks 
with a 250-watt light bulb for several hours, and

(5) L„ Zeefesaeister and W« H. -MeNeelyv This Journal, 64, 1919*
(1942).
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Fig. 1.—Molecular extinction curves of the three stereo­
isomeric diphenylbutadienes in hexane: —, t r a n s - tr a n s
com p o u n d ;----------- , c i s - t r a n s  compound; — — — —, c i s - c i s
compound; — 0 —0—•» after iodine catalysis of any of the 
foregoing solutions.

(b) insolation, i. e„f exposure of more dilute solu­
tions (3-4 mg. per liter) to intense sunshine, in 
transparent quartz tubes, for one to ten minutes.

In the (a) series it was found that the extinction 
curve of c£s-/ra#s-diphenylbutadiene was practi­
cally unchanged, even after seventeen hours of il­
lumination; the two other isomers underwent al­
most quantitative rearrangement, and at the end 
of the irradiation period also showed very nearly 
the spectral curve of the cis-trans form (Figs.
3-4). The trans-trans isomer required only one to 
two hours to reach this state but the cis-cis com­
pound as long as thirteen to fourteen hours.

During the insolation as shown by Fig. 5, the 
fine structure of the trans-trans curve had alm ost 
entirely disappeared after one minute and the ex­
tinction curve approached closely that of the cis- 
trans isomer after ten minutes. The cis-cis con­
figuration underwent a similar rearrangement es­
sentially to the cis-trans form (Fig. 6), while no 
appreciable change in the extinction curve was 
noticed after as-/raws-diphenylbutadiene had been 
insolated for ten minutes.

Whether or not irreversible processes also take 
place besides photo-isomerization, is revealed by

Fig. 2.—Molecular extinction curve of c is—cfs-diphenyl-
butadiene in benzene: — , fresh solution; -—-------, after
iodine catalysis.

subsequent iodine catalysis and brief illumination 
with a daylight lamp. If the molecular extinction 
coefficient at Xmax. is then found to be smaller than 
the value established earlier by a similar catalytic 
treatment of the trans-trans form, then the deficit 
is a fair measure of photochemical destruction. 
In the experiments with artificial light such losses 
were smaller than 1- 2% of the starting material; 
however, they amounted to about 8- 10 % after ten 
minutes of insolation.

Special experiments showed that upon iodine 
catalysis in light (like the carotenoids) the stereo­
isomeric diphenylbutadienes yield practically 
identical mixtures which in this case contain 
about 97% ali-trans form. However, if iodine is 
added in darkness to the solution, none of the di­
phenylbutadienes shows a detectable spectral 
change within half an hour. A subsequent expos­
ure of the cis-cis compound even for as little as 
twenty seconds to the daylight lamp caused no­
ticeable rearrangement. Figure 7 shows, both in 
the fundamental band and in the secondary maxi­
mum near 230 m/x, that the main process in the 
first stages is a stepwise conversion, cis-cis —» cis- 
trans —» trans-trans, If a direct cis-cis trans-
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Fig. 3.—Molecular extinction curve of cii-aVdiphenyl-
butadiene in hexane, and its gradual shift toward the curve 
of the cis-trans  form during illumination with a 250- 
w att bulb: —, fresh solution of the c is -c is  compound;
------------ after forty-five minutes; — — ----- , three hours
and forty-five m inutes; and — x — x —, seventeen hours
of illumination; ------------, after iodine catalysis a t the end
of seventeen hours of illumination.

trans rearrangement took place, one would ex­
pect the appearance of some fine structure in early 
stages of the illumination; even the presence of 
5% trans-trans form gives rise to recognizable 
bulges in the extinction curve, especially around 
328 m/x and 344 m/x (in hexane). On the other 
hand, after illumination for twenty-five minutes 
the curve in Fig. 7 is essentially that of trans-trans- 
diphenylbutadiene.

The height of £ max. also indicates that only a 
spatial change and no destruction took place. In 
contrast, when the addition of iodine is followed 
by excessive illumination, irreversible processes 
also occur, for example to the extent of 30% during 
a six-hour exposure to the 250-watt bulb. In the 
absence of iodine there is no destruction under 
the same conditions.

Finally, the stability of the three isomers in the 
absence of solvents was investigated. The oily 
cis-trans compound has the tendency, even in al­
most complete darkness, to rearrange and deposit

Fig. 4.—Molecular extinction curve of t r a n s - t r a n s - 
diphenylbutadiene in hexane, and its gradual shift toward 
the curve of the c i s - t r a n s  form during illumination with 
a 250-watt bulb (strictly parallel experiment to tha t repre­
sented in Fig. 3): —, fresh solution of the t r a n s - tr a n s
compound; ---------- , after fifteen m inutes; — ---- •, forty-
five minutes; — — — —, one hour and forty-five minutes; 
—- O — O -—, eight hours illumination; —0— 0 —, after 
iodine catalysis a t the end of seventeen hours of illumina­
tion.

crystals of the trans-trans isomer; in strong light 
such crystals appear within a minute.6»2 Although 
the oil was handled cautiously, its crystallization 
tendency was always found to be inferior to its 
inclination for the spatial change. So far we 
have failed to obtain aV/raws-diphenylbutadiene 
in crystalline form.

The present study should show that, from the 
viewpoint of the practical chemist, no one of the 
three configurations of diphenylbutadiene is the 
most stable under all conditions. While photo­
chemically the trans-trans and the cis-cis forms 
proved to be labile and changed their configura­
tion to cis-trans, the latter is much less stable than 
the others in the absence of solvents. Under none 
of the conditions tested was the cis-cis form the 
most stable. However, at room temperature the 
stability of its crystals compared well with the crys­
talline trans-trans compound, and these two forms 
show no great difference even at 205°.

(6) Reference 1, Fig. 8.
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Fig. 5.—/Molecular extinction curve of t r a n s - tr a n s - 
diphenylbutadiene in hexane, and its shift toward the 
curve of the c i s - t r a n s  form during exposure to sunshine: 
—, fresh solution; —- — — —, after one m inute; — — — ten
minutes of insolation; — ---- after iodine catalysis at
the end of ten minutes of insolation.

Some distinctly individual features of cis-trans- 
diphenylbutadiene as compared to its stereoiso­
mers are also revealed by an inspection of the 
three models. The dotted lines in Fig. 8 which 
connect the ends of each resonating system, dem­
onstrate the essentially linear shape of the trans- 
trans and cis-cis molecules while the cis-trans form 
shows the pattern of a widely open V. Compar­
able forms of carotenoids would be7: lycopene,
neolycopene A, and poly-cis-lycopene “IV” (or 
another poly-as-lycopene) .8 Neolycopene A is 
characterized by lability of its configuration in the 
absence of solvents, lack of crystallization tend­
ency (without rearrangement), and by its high 
cis-peak. Although no clearly differentiated cis- 
peak appears in the relatively compressed spectral 
curve of aV£r<ms-diphenylbutadiene, its extinction 
at 230 to 240 m/x is the highest of all three stereo­
isomers. Furthermore, its maximum is located at 
a 9 mjjl longer wave length than the corresponding 
maximum of the trans-trans compound. On the

(7) L. Zechmeister, A. L. LeRosen, W. A. Schroeder, A. Polgar 
and L. Pauling, T his Journal, 65, 1940 (1943).

(8) L.» Zechmeister and J. H. Pinckard, ibid., 69, 1930 (1947).

Fig. 6.—Molecular extinction curve of ris-ris-diphenyl- 
butadiene in hexane, and its shift toward the curve of the 
c i s - t r a n s  form during exposure to  sunshine: —, fresh solu­
tion; ---------, after ten minutes of in s o la t io n ;---------♦,
after iodine catalysis a t the end of ten minutes of insola­
tion.

other hand, c£s-c£s-diphenylbutadiene can be com­
pared with a poly-CLs-lycopene: both show a flat 
section of the extinction curve in the (potential) 
cis-peak region.

Although extinction areas are more character­
istic than the height of maxima, the following data 
show the very great decrease in F max. when several 
cis double bonds are formed by rearrangement ; 
and they also indicate that the first trans —» cis 
step is responsible for the major part of this effect: 
Relative heights of jEmax. in hexane (per cent.): 
all-£raws4ycopene, 100; neolycopene A (a central 
monocis lycopene), 6 6 ; poly-cfs-lycopene “IV,” 56; 
£ra?w-£r<ms-diphenylbutadiene, 100; cis-trans, 54;

j  ko
C t J L l U .  I s f r ö - O I / ö ,  Ü Ü .  .

The lack of fine structure in the extinction 
curve of cis-trans or ^-^-diphenylbutadiene 
parallels to a certain extent the recent observation 
that all poly-£is-lycopenes known at the present 
time show a very limited fine structure when com­
pared to that of the all-trans form.8

Acknowledgment.—The authors wish to thank 
Professor A. J. Haagen-Smit as well as Dr. G. 
Oppenheimer and Mr. G. Swinehart for micro-
analyses.
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250 300 350'
m jj..

Fig. 7.—Molecular extinction curves in hexane; in­
fluence of illumination on the stereoisomerization of c is— 
cw-diphenylbutadiene caused by iodine catalysis: —,
fresh solution with iodine, kept in darkness for th irty
minutes; — ■— , after eighty s e c o n d s ;------- —, one
hundred and forty seconds; — x  — x —, 200 seconds; 
-------- --------320 seconds; and — -  ■— —, 25 minutes il­
lumination.

Experimental
Adsorbents and Solvents.— “ Silicic acid”  means Merck 

reagent silicic acid plus 20% celite. Commercial alumina 
(Alorco, Grade F, ground to  —200 mesh) was used mixed 
with 25% celite. On such columns 0.5% permanganate 
is a suitable color reagent for the location of diphenyl­
butadiene zones by brushing.5 The petroleum ether was 
Skellysolve B, b. p. 60-70°. The hexane was prepared 
from Phillips commercial brand by repeated treatment 
with fuming sulfuric acid.

Light Sources and Conditions of Illumination.—Chro­
matograms were inspected in the light of a General Elec­
tric Purple X bulb using a moulded Corning light filter 
No. 5840, 0.25 inch thick; “ Mineralight Q31” was less 
satisfactory due to  its different light filter. The condi­
tions for the illumination of iodine catalyzed solutions 
with a Mazda daylight lamp were described in detail re­
cently,1 Under the same conditions benzene solutions 
should be illuminated for an hour. For artificial illumina­
tion of iodine-free solutions a 250-watt Mazda clear pro­
jection lamp bulb (Code —250 T  14/3 —120V) encased 
in a water jacket was used (distance from filament to 
center of Pyrex volumetric flask, 10 cm .). Transparent 
quartz test-tubes were found satisfactory for insolation ex­
periments (end temperature, 20-25°). The values for

Fig. 8.—Models of t r a n s - t r a n s -  (top), c i s - t r a n s -  (bot­
tom, left), and cis—ris-diphenylbutadiene (bottom, right). 
(Values: C = C , 1.33 A.; C—C, 1.46 A.; and C = C —C 
angle, 124° 20'. The dotted lines connect the ends of 
each resonating system.)

each extinction curve, taken in the Beckman photoelec­
tric spectrophotometer, are based on the average of a t 
least two independent determinations.

Thermal Treatm ent.—Refluxing of hexane solutions 
(5-20 mg. per liter) was carried out in darkness, in a slow 
stream of carbon dioxide. In  the melt experiments, 4-12 
mg. weighed samples, in evacuated and sealed capil­
lary tubes, were submerged in a dibutyl phthalate bath 
(205-210°), in darkness. After ten minutes the tubes 
were rapidly cooled in water and their contents examined 
without delay.

^rarcs-Diphenylbutenine, C6H5C H =CH C =C C6H 5, was 
prepared (in a crude state) from phenylacetylene-copper 
according to S traus.2 Purification: a solution of 8.5 g. 
of brownish, crude crystals in 100 ml. of petroleum ether 
was developed with the same solvent on a silicic acid 
column, 22 X 4.8 cm. (The figures on the left designate 
thickness of the zones in m m .; fl. means fluorescence or 
fluorescent in ultraviolet ligh t):

30 several brown zones (in daylight)
30 white fl. (1 g. oil)

7 brown (in daylight)
8 interzone, no fl.

50 white fl. (1 g. oil)
80 column-fl. quenched: main product
F iltra te : no fl.
The main zone was cut out, eluted with ethanol, trans­

ferred into petroleum ether, dried with sodium sulfate 
and completely evaporated in  v a c u o . A solution of the 
slightly colored crystals (5.5 g.) in 50 ml. of hot methanol 
deposited 3 g. of white needles in the cold room; m. p. 
96°, cor. An additional 1 g. can be obtained by chromato­
graphing the mother liquor as above.

cis-/raws-Diphenylbutadiene from £ra«s-Diphenylbu- 
tenine.—In an all-glass apparatus (with mercury-sealed 
stirrer) the solution of 3 g. of the butenine in 250 ml. of 
alcohol was refluxed in darkness with 2 g. of zinc-copper 
dust (from copper sulfate and zinc, washed with ethanol) 
and another 2 g.-portion of the metals was introduced 
after th irty  hours. The sharp extinction maximum (orig­
inally a t 306 m/x., in petroleum ether) gradually disap­
peared and, after one hundred and ten hours of refluxing, 
the smooth maximum of c i s - t r a n s  -diphenylbutadiene was 
observed in a small sample. Then 250 ml. of petroleum 
ether and 1 liter of water were added to the filtered liquid; 
the aqueous layer was re-extracted and the to tal petroleum 
ether solution was repeatedly washed and dried. The 
following chromatogram, obtained with the same solvent, 
on a 28 X 8 cm. alumina column, refers to  one third of the 
crude solution:

30 several, partly fl. zones
25 blue f l.: £ra»s-£raws-diphenylbutadiene

140 fl. of alumina quenched: crude c is - tr a n s
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When the bottom of the lowest zone was 7 cm. from the 
end of the column, the quenched section was cut out in two 
halves of which the upper one contained unchanged bute- 
nine (its extinction curve was not influenced by iodine). 
The bottom half of the quenched zone showed the spectro­
scopic character of cis-Jraws-diphenylbutadiene, and a 
sample yielded (after iodine catalysis in light) the fine 
structure of the tr a n s - tr a n s  form. This fraction was re- 
chromatographed as above.

In order to eliminate the last impurities, especially for 
optical observations, 3 mg. of the c is - tr a n s  compound (in 
3 ml. of petroleum ether) was adsorbed on a 20 X 1.9 cm. - 
column and washed with the same solvent. Each 10-ml. 
portion of the (non-fluorescing) filtrate was tested as 
follows: A few drops were catalyzed with one drop of io­
dine solution (0 . 3  m g./m l.) and the test-tube exposed to 
the 250-watt lamp from a 10 cm. distance for one to two 
minutes. If the sample showed fluorescence in ultraviolet 
light, the fraction was kept, otherwise rejected. This test 
was positive between the fractions 17-29. Fractions 18- 
28 were found spectroscopically to  contain pure c is - tr a n s  
compound; 3 g. of the butenine yielded 0.75 g. of the 
purest product.

The molecular extinction coefficients were given earlier . 9

A n a l .  Calcd. for C16H 1 4 : C, 93.16; H, 6.84. Found: 
C, 92.73, 92.89; H , 6.84, 6 .8 8 .

cw-cw-Diphenylbutadiene was prepared by catalytic 
reduction of diphenyldiacetylene, C6H 5 C =C C “ CC6H 5 , 
by Kelber and Schwarz as well as by O tt and Schröter2  in 
yields of 8-32%, depending on the catalyst. Although 
our yields remained between these limits (for example, 
24% ), we recommend the following isolation which is based 
on spectroscopic control of the reduction process and chro­
matographic purification of the product. During the re­
action the triple bonds are reduced not only to double, but 
in part also to single bonds. These competing processes 
can be followed by the changing extinction curve. The 
sharp and high peaks of diphenyldiacetylene a t 306 and 
326 m ix. (in hexane) gradually disappear and the much 
lower, smooth maximum of cis-cz’s-diphenylbutadiene at 
300 mfl.. then makes the main contribution to the curve. 
A satisfactory amount of the latter compound is clearly 
indicated if a small sample (diluted with hexane) is ex­
amined in the spectrophotometer before and after iodine 
catalysis (in light). The new maximum (now at 328 
mju.) should be at least 1.5 times higher than E max. was 
before this catalytic treatm ent.

Fig. 9.—-Crystals of cis-ris-diphenylbutadiene (from 
methanol).

(9) Reference 1, p. 555, Table I; the term  "chromatographically 
homogeneous cis form ” should now be replaced by “cis-trans- 
diphenylbutadiene. ” The “All-trans form ” in the same table refers 
to 2r«ws-fra#.9-diphenylbutadiene.

Fig. 10.—Extinction curves (main maxima only) of 
cis—c is -  and c i s - t r a n s -diphenylbutadiene in petroleum ether 
as obtained by the resolution of their mixture in a liquid
chromatogram e x p e r im e n t:--------—, c i s - c i s -  and — —,
m-Zraws-diphenylbutadiene.

The following operations should be carried out in dim 
light. A solution of 1  g. of diphenyldiacetylene in 100 
ml. of 95% ethanol was shaken with 0.25 g. of palladium - 
barium sulfate1 0  until roughly 350 ml. of hydrogen was 
taken up within one quarter to  one half hour. After 
filtration, the material was transferred with water into 
petroleum ether and the aqueous phase re-extracted. 
The combined petroleum ether solution, after washing, 
drying and concentrating to  50 ml., was developed on an 
alumina column (30 X 7.5 cm.) with about 2  liters of the 
same solvent:

6  dark (in uviol. light)
8  greenish fl.

2 0  blue f l.: /raws-Jraws-diphenylbutadiene
16 non-fl. interzone
60 column-fl. quenched: c i s - t r a n s -diphenylbutadiene
26 interzone (borders blurred)
50 column-fl. quenched: c is - c is -  diphenylbutadiene

1 1 0  empty section
The location of the c is -c is  compound possibly could be 

improved by using a strongly fluorescent column as pro­
posed by Sease . 1 1

The c is - c is  zone was cut out, eluted with ethanol, trans­
ferred into petroleum ether, washed, dried and completely 
evaporated i n  va cu o . The oily residue was then trans­
ferred into a  small centrifuge tube and dissolved in a mini­
mum amount of warm 95% ethanol. Crystallization was 
observed a t room temperature, whereupon the tube was 
kept a t 4° overnight. Yield, after recrystallization, was 
243 mg. of c/s-Gs-diphenylbutadiene which showed dis­
tinctly different crystal forms (Fig. 9) from those of the 
t r a n s - tr a n s  isomer . 1 2  The extinction coefficients are given 
in Table I.

(10) "‘Organic Syntheses,”  26, 77 (1946).
(11) J. H. Sease, T his Journal, 69, 2242 (1947); H. Brockmann 

and F. Volpers, Ber., 80, 77 (1947).
(12) Reference 1, Fig. 8.
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A n a l .  Calcd. for C16H14: C, 93.16; H , 6.84. Found: 
C, 93.13; H , 7.17.

T a b l e  I
M o l e c u l a r  E x t in c t io n  C o e f f ic ie n t s  o f  c is -c is -D i ­
p h e n y l b u t a d ie n e  a t  t h e  M a x im a  ( i ta lic iz e d )  a n d  

M in im a
M ixture of stereoisomers

Solvent

cis-cis form
£ 1 cm.

mu X 10"4

upon iodine catalysis 
E>mol. 
**1 cm.

tn/A X 10“ 4
Hexane 2 9 9 - 3 0 0 2.96 3 4 4 - 3 4 5 3.40

251 0.51 340 3.35
3 2 8 5.36
318-319 4.50
3 1 5 - 3 1 6 4.56
255 0.20
2 3 0 - 2 3 1 1.36

Benzene 3 0 6 2.67 3 5 2 - 3 5 3 3.17
3 4 7 2.95
3 3 4 - 3 3 5 4.85
325-326 4.00
3 2 1 - 3 2 2 4.05

Small-Scale Separation of the Three Stereoisomeric 
Diphenylbutadienes.—A solution which contained 1 mg. 
of each isomer in 10 ml. of petroleum ether was developed 
with the same solvent on alumina (20 X 2 cm .); the de­
veloper was forced through the column by nitrogen pres­

sure in order to  avoid partial evaporation of the filtrate. 
The fluorescent tr a n s - tr a n s  compound remained near the 
top. Small samples of each fraction collected from the 
filtrate were submitted to  the iodine-catalysis and fluores­
cence test as described. The first 120 ml. of the flow were 
found to be free of substance; subsequent 5-ml. fractions 
were tested with the following result ( “ c i s - c i s ”  or “ c is -  
t r a n s ”  refer to  the configuration before iodine catalysis):

No. 1—7, strong fl.: c is  - a s
8-9, weak f l.: c is - c is  

10-12, almost no f l.: traces 
13-21, very strong f l.: c is - tr a n s  
22-26, strong f l.: c is - t r a n s  
27-30, weak f l.: c is - t r a n s  

31, no fl.
The fractions were also tested spectroscopically; the ex­
tinction curves of fractions 3 and 16 are given in Fig. 10.

Summary
A comparative study of the trans-transcis- 

trans-, and cis-cis- forms of 1,4-diphenylbutadiene 
is presented. The relative stability of the respec­
tive configurations depends on the nature of the 
photochemical or thermal treatment. Data 
characterizing the spectroscopic and chromato­
graphic behavior are given, and the stereoisomeric 
diphenylbutadienes are compared with some spa­
tial types of the carotenoids.
P a s a d e n a , C a l if o r n ia  R e c e iv e d  D e c e m b e r  20. 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m is t r y  D e p a r t m e n t , U n iv e r s it y  o f  W e s t e r n  A u s t r a l ia ]

Isopiestic Measurements on the Primary Sodium and Potassium Salts of Malonic,
Succinic and Adipic Acids at 25°

B y  J e a n  M . St o k e s 1

The order of the activity coefficient curves for 
the alkali formates, acetates, and hydroxides is 
Li <  Na <  K, a reversal of the usual order K <  
Na <  Li which holds for the halides and many 
other salts. To account for this, Robinson and 
Harned13, have advanced an hypothesis of “lo­
calized hydrolysis,” according to which anion and 
cation are ‘ ‘associated” through interaction with a 
polarized water molecule, an effect which may be 
expected to depend on the proton-accepting power 
of the anion. In order to study this effect for 
salts of acids of different strengths, the primary 
sodium and potassium phosphates have been in­
vestigated.2 It was found, however, that these 
two salts had very low activity coefficients and 
ionic association probably occurred to a marked 
extent. Indeed, the primary phosphate ion seems 
to belong to what Scatchard3 has termed the sec­
ond class of anions, in which he included the ni­
trate, chlorate and perchlorate ions and to which 
recent measurements4 indicate the bromate ion 
should be added.

(1) Present address: c /o  R. H. Stokes, Physical Chemistry Labo­
ratories, Free School Lane, Cambridge, England.

(la ) R . A. Robinson and H. S. Harned, Chem. Rev., 28, 419 (1941).
(2) J. M . Stokes, Trans. Faraday Soc., 41, 685 (1945).
(3) G. Scatchard and S. S. Prentiss, T his J ournal, 56, 807 (1934).
(4) J. H . Jones, ibid., 65, 1353 (1943); 66, 1672 (1944).

Measurements are now reported on the salts of 
three acids of dissociation constant ranging from 
IO-3  to 1 0 -*.

Experimental
Solutions of the sodium and potassium salts of malonic, 

succinic and adipic acid were prepared by (a) half neu­
tralization of the purified acid with hydroxide in aqueous 
solution and (b) precipitation of solid salt from alcoholic 
solutions of acid and base, digestion with alcohol and sub­
sequent solution in water. The two methods gave similar 
results but the experimental points did not lie on a smooth 
isopiestic curve as well as other salts tha t have been in­
vestigated. This may be due to  sensitivity to  the exact 
composition of the alkali hydrogen salt or to  the pH . of the 
solution; high accuracy is not claimed for these results, 
but they are probably accurate to  1% and the order and 
position of the activity coefficient curves is therefore sig­
nificant. The molalities of isopiestic solutions are given 
in Table I and the osmotic and activity coefficients calcu­
lated with the aid of the data for the reference salt, sodium 
chloride,5 are given in Table II .

Discussion
The activity coefficient curve of sodium hydro­

gen adipate is close to that of potassium iodide 
while the potassium salt resembles potassium bro­
mide; sodium and potassium hydrogen succinate 
are comparable with rubidium chloride and cesium 
bromide, respectively; sodium hydrogen malo-

(5) R. H. Stokes and B. J. Levien, ib id ., 68, 333 (1946).
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nate also resembles cesium bromide but the po­
tassium salt exhibits very low activity coefficients 
comparable with those of sodium bromate.

T a b l e  I

I s o p ie s t ic  S o l u t io n s  o f  S o d iu m  C h l o r id e  a n d  S o d iu m  
a n d  P o ta ss iu m  H y d r o g e n  M a l o n a t e , S u c c in a t e  a n d  

A d ip a t e

I f  NaCl™ molality of sodium chloride. M x  ~  molality of 
other salt

Sodium hydrogen malonate
M x MNaCI M x AfNaCl M x M  NaCl

0.3995 0.3850 0.4305 0.4141 0.9282 0.8676
1.407 1.277 1.799 1.605 2.131 1.863
2.247 1.960 2.850 2.422 3.080 2.573
3.451 2.855 3.849 3.125 4.765 3.727

Potassium hydrogen malonate
0.2577 0.2498 0.2623 0.2534 0.3910 0.3734
0.6906 0.6322 1.643 1.388 1.697 1.432
1.996 1.655 2.747 2.183 3.741 2.812
4.156 3.044 4.206 3.080 4.996 3.506
5.035 3.530

Sodium hydrogen succinate
0.2345 0.2296 0.2831 0.2771 1.193 1.116
1.248 1.167 1.650 1.516 1.931 1.764
2.300 2.081 2.449 2.206 2.897 2.573
3.717 3.232 4.010 3.467 4.935 4.176

Potassium hydrogen succinate
0.2592 0.2512 0.3183 0.3062 0.5440 0.5X68
0.6900 0.6480 0.8451 0.7848 1.123 1.021
1.823 1.601 2.334 2.010 2.530 2.163
2.775 2.353 3.663 3.035 3.848 3.165
.4.398 3.553

Sodium hydrogen adipate
0.3132 0.3116 0.3441 0.3424 0.4253 0.4224
0.6600 0.6510 0.6863 0.6767

Potassium hydrogen adipate
0.2730 0.2690 0.3677 0.3622 0.4576 0.4490

.5700 .5546 .7173 .6950 .7875 .7645

.8451 .8173 .9310 .8970 .9380 .9050
.9730 .9355

If the reversal of order of the activity coefficient 
curves of the acetates, etc., is associated in any way 
with the strength of the acid from which the salt 
is derived, since the dissociation constants of mal­
onic, succinic and adipic acid are 1 .6  X 1 0 ~~3, 6.7 X 
10“ 5 and 3.6 X 10~5, respectively, a reversal of 
order might be expected with the succinates and 
adipates but not with the malonates. Figure 1 , 
in which the activity coefficients are plotted, along 
with those for the acetates, shows that there is no 
reversal of order with these salts, although the 
difference between the curves for sodium and po­
tassium hydrogen succinate and adipate is small 
compared with that found for the halides. This 
plot, however, does show that there is a difference

Fig. 1.—Comparison of activity coefficients of the 
sodium and potassium salts of some simple organic acids: 
NB, sodium butyrate; NP, sodium propionate; KA, 
potassium acetate; NA, sodium acetate; ND, sodium 
adipate; KD, potassium adipate; NC, sodium caproate; 
NS, sodium succinate; NM, sodium malonate; KS, 
potassium succinate; KM , potassium malonate.

T a b l e  I I

O sm o tic  a n d  A c t iv it y  C o e f f ic ie n t s  a t  25°
K i

—Malonates-
salt Na ;salt '—-------------- Succinates—-----

K salt Na :salt K salt
—Adipates-----—

Na isalt.
m 0 y y 0 7 0 y y 4> 7

0.1 0.920 0.759 0.923 0.764 0.922 0.762 0.924 0.765 0.928 0 ,772 0.931 0.776
.2 .903 .702 .907 .709 .904 ,705 .910 .712 .917 ,724 .921 .730
.3 .891 .665 .896 .674 .892 .668 .898 .677 .909 .693 .917 .703
,5 .866 .610 .880 .626 .875 ,619 .888 .635 .900 .654 .912 .670
.7 ,847 .570 .872 .595 ,867 .588 ,882 .607 .898 ,631 .911 .650

1.0 .829 .528 .863 .563 .856 .553 ,878 .579 .899 ,609
1.5 .807 .480 .857 .528 .846 .516 .879 .552
2.0 .799 .450 .856 .507 .845 .493 .887 .538
2.5 .792 .427 .855 .490 .848 .478 .895 .529
3.0 .785 .408 .855 .477 .854 .468 .907 .526
3.5 .778 .392 .855 .467 .865 .463 .917 .524
4.0 .771 .377 .856 .458 .870 .457 .929 .525
4.5 .764 .365 .857 .451 .876 ,453 .942 .528
5.. 0 .757 .353 .858 .445 ,958 ,534
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between salts of the type COOH(CH2)wCOONa 
and CH3 (CH2) «COONa, a difference which is 
marked in spite of the anomalous behavior of so­
dium caproate6 at high concentration (probably 
due to micelle formation). Along with this differ­
ence between the two types of salts are to be noted 
the very low values of the activity coefficients of 
the salts now under investigation, suggesting that 
the hydrogen malonate, succinate and adipate 
ions belong to the same category as the nitrate, 
chlorate and primary phosphate ions. Thus, al­
though “localized hydrolysis” may be a factor re­
sulting in decreasing dispersion of the curves of the 
sodium and potassium salts as we proceed from the 
malonate to the adipate, there must be another 
factor of larger magnitude which lowers the curves 
of both the sodium and the potassium salts. It is 
difficult to explain this effect for the nitrate ion 
and it is equally difficult to understand why it 
should occur with ions of the hydrogen malonate

(6) E. R. B. Sm ith and R. A. Robinson, T ra n s . F araday Soc., 38, 
70 (1942).

type; furthermore, it is difficult to find a common 
factor between nitrates and malonates apart from 
their low activity coefficients.

I wish to thank Professor N. S. Bayliss for his 
kind permission to use the facilities of his depart­
ment.

Summary
Isopiestic measurements have been made on 

solutions of the primary sodium and potassium 
salts of malonic, succinic and adipic acid and the 
osmotic and activity coefficients calculated.

Although these salts are derived from weak 
acids, their activity coefficient curves are in the 
order Na >  K; in this respect they differ from the 
sodium salts of monobasic fatty acids. More­
over, their activity coefficients are very low and 
have an unexpected resemblance in this respect to 
sodium and potassium nitrate and the primary 
phosphates.
N e d l a n d s ,  W e s t e r n  A u s t r a l i a

R e c e i v e d  F e b r u a r y  4, 1948

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y  a n d  C h e m i c a l  E n g i n e e r i n g  o f  t h e  U n i v e r s i t y  o f

P e n n s y l v a n i a ]

Effect of Structure on Reactivity,1 I. Ammonolysis of Esters with Special Reference 
to the Electron Release Effects of Alkyl and Aryl Groups

B y  M a x w e l l  G o r d o n ,2 J o h n  G . M il l e r  a n d  A l l a n  R .  D a y

In the interest of augmenting present knowledge 
of the effect of structure on reactivity, it was de­
cided to measure the rates of ammonolysis of sev­
eral homologous series of esters. Although sev­
eral reports have appeared in the literature on the 
effect of structural variations on the rate of am­
monolysis of esters, they have embraced only lim­
ited numbers of esters, the possibility of ester in­
terchange in working in alcoholic solution was of­
ten overlooked, no calculations of rate constants 
or activation energies were made in many cases, 
and the conclusions derived from these studies 
were, in some instances, conflicting. Most of the 
references in the literature on this subject have 
been discussed by Gorvin.3 Additionally it has 
been shown by Komatsu and Nakayama4 that 
ethyl phenylacetate reacts with ammonia fifteen 
times as rapidly as does ethyl benzoate.

The present study of the ammonolysis of esters 
was undertaken in an effort to show the effect of 
various R and R' groups in the ester RCOOR', 
with special emphasis on tracing the electron re­
lease effects in various homologous series. Most

(1) From  a thesis subm itted by M. Gordon to  the  Departm ent of 
Chemistry and Chemical Engineering of th e  University of Pennsyl­
vania, Dec. 1947, in partial fulfilment of the  requirements for the de­
gree of Doctor of Philosophy.

(2) N ational Institu te  of H ealth Predoctoral Research Fellow, 
1946-1948.

(3) Gorvin, J . Chem . S oc., 732 (1945).
(4) Komatsu and Nakayam a, J, Chem. Soc. (Japan), 54, 558-569 

(1933).

of the mechanisms which have been postulated 
for ammonolysis or hydrolysis of esters5 indicate 
that the reactivity of the ester depends on the 
polarization of the carbonyl group in the ester 
which then provides the center for nucleophilic 
attack at the carbon of the carboxyl group. From 
this representation it may be seen that the greater

R  d  o  R '
+

the electron release of the R or R' group, the 
slower should be the rate of ammonolysis of the es­
ter since the positive charge on the carbonyl car­
bon would be reduced in magnitude.

One may consider two possible mechanisms for 
the ammonolysis of esters

T O -
\  n

(1)5,6 r —c —O R' +  : NH3: 
+

r o -
i

R—C -»  OR' RCONH2 +  R 'OH

_ H —► NHj
Betts and Hammett7 suggested that both the am­

ts) H. Meyer, M on atsh ., 27, 31 (1906); Holmberg, B er., 45, 2997 
(1912); Ingold and Ingold, J .  Chem . Soc., 758 (1932); Polanyi 
and Szabo, T ran s. F arad . S oc ., 80, 508 (1934); Day and Ingold, ib id ., 
37, 689 (1941); W atson, ib id ., 37, 712 (1941).

(6) Chattaw ay, J .  Chem . S oc., 355 (1936).
(7) Betts and H am m ett, T his Journal, 89, 1568 (1937).
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monia amide ion and molecular ammonia are the 
attacking reagents in ammonolysis.

r  0 “
(II) Ml + -

R—C—O R' -f- H NH2
+

r  r o -  i
 ̂ i

R—C O R'  >- RCONHa +  R 'OH

NH2 _ +  H +

Both mechanisms involve the addition of a nucleo­
philic agent to the carbonyl carbon atom. The 
fact that the presence of a polar (ionizing) solvent 
is necessary for ammonolysis to occur readily sug­
gests that (II) is more probable than I. It is not 
necessary to postulate free amide ions (NH2)~ al­
though they may exist to some extent. It is pos­
sible that through hydrogen bonding the polariza­
tion of the H—NH 2 bond may be increased to the 
point that it simulates ionization.

Experimental
It was originally hoped to carry out the ammon­

olysis of esters in anhydrous media, but prelim­
inary experiments showed that ammonolysis of 
most esters will not proceed at a useful rate in an­
hydrous dioxane or methanol. This result confirms 
the work of Grant and Hinshelwood8 and others.9

As Gorvin3 has noted, aqueous ammonia is not 
suitable for accurate kinetic studies owing to the 
complicating factors introduced by the low solu­
bility of the ester. This difficulty may be over­
come by the use of suitable organic diluents in the 
reaction mixtures. The principal solvent em­
ployed in this study was 1,4-dioxane. This com­
pound was used for all series of esters except where 
all of the esters of a series contained the same alco­
hol component, in which case that alcohol was 
used as the diluent. Alcohol was used as a diluent 
where possible because ammonolysis proceeds 
roughly twice as rapidly in primary alcohols as in 
dioxane, provided water is present in each case. 
Dioxane was selected for use as a result of a proc­
ess of elimination. Alcohols, generally speaking, 
were unsatisfactory due to the possibility of ester 
interchange. There was no method immediately 
evident for ascertaining the extent of this side re­
action. Other solvents react with either the esters 
or ammonia, or interfere with the subsequent ti­
trations of the reaction mixtures, or are not sol­
uble in water.

In the establishment of conditions for this 
study three major experimental factors had to 
be considered: (1 ) the kinetics of the reaction, 
which involves making the rate of reaction great 
enough to minimize the experimental errors in­
volved in the measurements; (2) miscibility of the

(8) G rant and Hinshelwood, J . Chem. Soc., 1351 (1933).
(9) Very recent work in this laboratory indicates th a t by working 

in ethylene glycol and related compounds, amides can be obtained in 
good yield under anhydrous conditions. This material is part of the 
next paper of this series which will be ready for publication in the 
near future.

components, which means adjusting concentrations 
so that the entire series of reaction mixtures is kept 
homogeneous; (3) stability of ammonia solu­
tions, which involves addition of sufficient water 
to avoid loss of ammonia in the course of the ma­
nipulations of the study. Since the above three 
factors are more or less mutually exclusive, it 
was only on the basis of a great deal of trial and 
error that a satisfactory set of conditions was ar­
rived at that would hold for substantially all of 
the esters employed.

The dioxane used, a  product of Carbide and Carbon 
Chemicals Corp., was purified by distillation from sodium 
metal. Alcohols used were freed from w ater by the 
method of Lund and Bjerrum .10 Most of the esters used11 
were available commercially with the exception of methyl 
isobutyrate, methyl trim ethylacetate, «-propyl benzoate, 
/-butyl benzoate, /-butyl acetate, 0 -naphthyl acetate, and 
/-butyl lactate. These esters were synthesized by a variety 
of methods, all of which have been described in the litera­
ture. Of special interest is the method of R ichard12 for 
esterifying sterically hindered acids. This procedure is 
seldom encountered in contemporary chemical literature.

An azeotrope of methanol and methyl trim ethylacetate 
was encountered which is believed not to  have been hitherto 
described. Its composition was 12.8% of ester by weight; 
b. p . 65.0° a t 760 mm.

The esters, whether synthesized or obtained commer­
cially, were dried over magnesium sulfate and fractionated 
in all-glass apparatus using an efficient column. The high 
boiling esters were distilled under reduced pressure. R e­
fractive indices were used to ascertain final purity  of esters 
employed.

Boiling points or melting points and refractive indices 
(d line) of the esters used were as follows: methyl acetate, 
b. p. 57.1° a t 755 mm., «20d 1.3610; ethyl acetate, 77° a t 
760 m m ., 1.3728 a t 20°; «-propyl acetate, 101-101.5° 
a t 750 m m ., 1.3844, 20°; isopropyl acetate, 88.5-89.0° a t 
750 mm ., 1.3771,20°; «-butyl acetate, 126.5° a t 750 m m ., 
1.3938a t 20°; isobutyl acetate, 116.5-117.0° a t 750 mm., 
1.3900 a t 20°; 5 -butyl acetate, 112.0-112.5° a t 755 m m ., 
1.3885 a t 20°; /-butyl acetate, 97.5-98.0° a t 755 m m ., 
1.3860 a t 20°; «-amyl acetate, 148.0-148.5° a t  755 m m ., 
1.4025 a t 20°; benzyl acetate, 93° a t 7 m m ., 1.5020 a t 
20°; phenyl acetate, 78° a t 10 mm., 1.5033 a t 20°; vinyl 
acetate, 69-70° a t 755 mm., 1.3941 a t 20°; a-naphthyl 
acetate, m . p. 44-45°; /3-naphthyl acetate, m . p . 68°;
methyl benzoate, 85° a t 10 mm., 1.5170 a t 20°; ethyl 
benzoate, 90° a t 10 mm., 1.5058 a t 20°; «-propyl ben­
zoate, 101.0-101.5° a t 9 mm., 1.5000 a t 20°; isopropyl 
benzoate, 94° a t 10 mm., 1.4947 a t 20°; /-butyl benzoate, 
105° a t 16 mm., 1.4896 a t 25°; phenyl benzoate, m. p. 
70°; benzyl benzoate, 110° a t 0.5 m m ., 1.5685 a t 20°; 
methyl formate, 31.5° a t 760 mm., 1.3438 a t 20°; methyl 
propionate, 79° a t 750 mm., 1.3770 a t 20°; methyl iso­
butyrate, 92.0-92.5° a t 755 mm., 1.3840 a t  20°; methyl 
trimethylacetate, 99.5-100.5° a t 760 m m ., 1.3908 a t 20°; 
methyl crotonate, 119-120° a t 755 m m ., 1.4250 a t 20°; 
methyl phenylacetate, 79° a t 5 mm., 1.5090 a t 16°; 
methyl lactate, 50° a t 17 mm., 1.4140 a t 20°; ethyl lac­
tate, 54° a t 12 mm., 1.4131 a t 20°; «-propyl lactate, 71 ° 
at 20 m m ., 1.4170 a t 20°; isopropyl lactate, 51 ° a t  8 mm., 
1.4102 a t 20°; «-butyl lactate, 77° a t 13 m m ., 1.4215 
at 20°; isobutyl lactate, 58° a t 3*5 m m ., 1.4184 a t 20°;
5-butyl lactate, 42° a t 1 mm., 1.4168 a t 20°; /-butyl 
lactate, 40° a t 6 mm., 1.4085 a t 30°; «-amyl lactate, 66° 
at 1 m m ., 1.4261 a t 20°; allyl lactate, 55° a t 3 mm., 
1.4369 a t 20°; «-butyl hydracrylate, 69° a t 0.5 mm., 
1.4288 a t 20°.

(10) Lund and Bjerrum, Ber., 64, 210 (1931).
(11) We are indebted to Dr. C. H. Fisher of the  Eastern  Regional 

Laboratory, U. S. D epartm ent of Agriculture, for generous sample» of 
lactic acid esters.

(12) Richard. A nn. chim* phys., 81, 323-406 (IPIO),
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T a b l e  I

B im o l e c u l a r  R e a c t io n  R a t e s  f o r  A m m o n o l y sis  o f  A c e t ic  A c id  E s t e r s  a t  2 5  °
A m ­ A m ­ A m ­ A m ­ A m ­ A m ­

m on o­ m on o­ m ono­ m ono­ m on o­ m ono­
T im e , lysis , R ate lysis, R a te lysis, R ate lysis , R a te ly s is , R a te lysis , R a te

hr. % const. % con st. % const. % con st. % const. % con st.

A cetate ■—̂  M stliyl Ethyl «-Propyl Isopropyl fl -Butyl Isobutyl
100 33.0 0.00148 13.4 0.000530 12.1 0.000504 5.2 0.000231 7 .2 0.000273 5.1 0.000201
2UU 5 U .U .00142 22'. 0 . ÜÜÜ45Ü 1 9 . 2 .000436 7.5 .000202 11.3 .ÜÖÜ24Ö 7.Ö .000166
300 62.0 .00140 28.1 . 0 0 0 4 2 0 2 4 . 6 .000370 11.5 .000180 13.6 .000209 9.5 .000153
400 72.0 .00138 32.6 . 0 0 0 3 9 0 2 8 . 5 .000302 14.5 .000156 16.0 .000178 11.1 .000136
5 0 0 8 0 . 6 .00140 36.0 . 0 0 0 3 8 0 31.6 .000240 16.0 .000135 17.3 .000146 14.0 .000128

Acetate —» y-Butyl /-Butyl «-Amyl Benzyl «-Naphthyl jS-Naphthyl
100 5 . 0 0.000146 4 . 0 0 .0 0 0 1 1 1 7 . 0 0.000258 21.9 0.000960 1.6 0.000070 1.9 0.000082
200 5 . 5 .000122 4 . 0 .000100 11.0 .000230 36.3 .000950 2 .5 .000065 2 .8 .000070
300 5 . 9 .000101 4 . 5 .000090 13.0 .000205 48.0 .000950 3 .2 .000060 3.2 .000060
400 6.0 . 0 0 0 0 9 0 5 . 3 .000080 16.3 .000179 58.0 .000950 3 .8 .000054 3.7 .000050
5 0 0 6.2 .0 0 0 0 8 0 5 . 3 .000068 18.1 .000154 67.4 .000950 4 .2 .000049 4.1 .000046

Phenyl acetate,® 0 .5  hr., ammonalysis 86.6% , const. 2.02 
V inyl acetate,® 0 .5  hr., ammonalysis 75.3% , const. 1.34

a Ammonolysis was too rapid for a satisfactory rate study, time, 0.5 hour.

In  carrying out the ammonolyses, equivalent molar 
quantities of the various esters were measured into 10-ml. 
glass ampoules by means of a 1-ml. glass syringe graduated 
in 0.01 ml. subdivisions and fitted with a #16 gage 3-inch 
stainless steel needle. The use of the above device made 
possible the introduction of the esters into the ampoules 
w ithout wetting the necks of the containers. I t was found 
by a series of control experiments th a t the quantities of 
ester delivered by this method were reproducible with an 
error of less than one-tenth of one per cent. In the case of 
the volatile esters the opening of the ampoule was tightly 
closed by means of half a gelatin capsule of appropriate 
size, then the needle was pushed through the top of the 
capsule into the ampoule. In all cases the ampoules were 
closed off by means of intact capsules after the introduction 
of the esters and were then chilled in ice.

Reproducible results were obtained in the manipulation 
of the aqueous dioxane-ammonia solutions only by filling 
eight ampoules from each 100-ml. buretful of solution, 
using the first and last 10 ml. of each buretful as controls. 
These control portions of ammonia solution were run into 
4%  boric acid solution and titrated  directly with half­
normal hydrochloric acid using methyl red as the indicator. 
Following the introduction of both ester and ammonia 
the ampoules were again cooled in ice and then rapidly 
sealed off in a hot flame, first removing the gelatin closure. 
This chilling procedure cut down the loss of ammonia 
during the sealing operation and reduced the likelihood of 
leaks developing in the sealed ampoules. The ampoules 
were then shaken thoroughly and placed in a constant 
tem perature bath.

A series of duplicate reaction mixtures was started for 
each ester. A t intervals the ampoules were removed from 
the therm ostat and again chilled. The ampoules were then 
opened, rinsed into 4%  boric acid solution, and titrated 
directly with standard acid as in the case of the blank 
runs. The accuracy of the method was ascertained by 
setting up a series of reaction mixtures and titrating them 
a t  intervals as before, but omitting the ester. These blank 
runs showed th a t the error in the rest of the method was 
less than th a t involved in titrating the solutions.

The amount of competing hydrolysis occurring in the 
ammonolysis of the acetates was determined by the method 
of Pueher15 as modified by French.13 14 Results of this direct 
analytical method corroborated the results obtained in 
estimating ammonia consumed by difference.

(13) Pucher, Vickery and Leavenworth, Ind . Eng. Chem., Anal. 
E d .t 7, 152 (1935).

(14) French, Johnson and Ratekin, T h is  Journal, 58, 1346 
(1938).

Determination of activation energies for methyl acetate 
and the lactates was carried out by setting up parallel 
reaction mixtures of the various esters and running half of 
them at 25° and the rest a t 30 or 35°. Determination of 
the activation energies for the benzoates, for the methyl 
esters other than acetate and formate, and for the acetates 
above methyl, was omitted because their low reaction veloc­
ity made the accurate measurement of temperature coeffi­
cients impossible. The ammonolysis of methyl formate 
proceeded too rapidly for the determination of activation 
energies with any accuracy.

Sources of Error
A major consideration in working with aqueous 

ammonia solutions is the possibility of simultane­
ous hydrolysis and ammonolysis of the ester. This 
matter will be discussed after presentation of the 
data.

The possibility of reversibility of the reaction 
was eliminated when it was found that acetamide 
will not react with alcohols in aqueous dioxane- 
ammonia solutions at the temperatures of the ex­
periments. Other side reactions such as the 
formation of amines or double amides have been 
ruled out by various investigators. This aspect 
of the problem has been fully discussed by Betts 
and Hammett.7 The possibilitiès for manipula­
tive error were discussed in the description of the 
experimental method employed, and it is believed 
that the maximum error for any single determina­
tion is about 2%. The over-all errors persisting 
in any of the rate constants obtained graphically 
probably amount to less than 5%.

Results
The values found for the second order rate con­

stants in the ammonolysis of esters of acetic acid 
at 25° are listed in Table I. Also tabulated are 
the percentages of total reaction for the times in­
dicated. The amount of ester employed in all of 
the reaction mixtures of this investigation was
0.007 mole per 10  ml. reaction vessel, or 0 .7  mole 
per liter. The ammonia concentration in every
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T a b l e  I I
R e l a t iv e  R e a c t io n  R a t e s  f o r  A m m o n o l y s is  o f  A c e t ic  

A c id  E s t e r s  a t  25°
Ester 100 hr. 200 hr. 300 hr.

Phenyl acetate® 1365 1422 1443
Vinyl acetate® 909 944 957
Methyl acetate 1.00 1.00 1.00
Benzyl acetate 0.649 0.662 0.678
Ethyl acetate .358 .317 .300
«-Propyl acetate .341 .307 .264
«-Butyl acetate .185 .169 .149
«-Amyl acetate .174 .163 .148
Isopropyl acetate .156 .142 .128
Isobutyl acetate .136 .117 . 109
5-Butyl acetate .0986 .0859 .0721
/-Butyl acetate .0750 .0655 .0643
tj3~Naphthyl acetate .0554 .0493 .0429
«-Naphthyl acetate .0473 .0458 .0429

° Reaction has gone to  completion by the time 100 hours 
is reached, but this ester is included for purposes of com­
parison.

T a b l e  I II
B im o l e c u l a r  R e a c t io n  R a t e s  f o r  A m m o n o l y sis  o f  

B e n z o a t e s  a t  25°
Comparative

Ester R a te  constant rate
Phenyl benzoate® 0.0620 376
Methyl benzoate .000165 1.00
Benzyl benzoate6 .000087 0.527
Ethyl benzoate .000084 .509
«-Propyl benzoate .000065 .391
Isopropyl benzoate .000056 .341
/-Butyl benzoate .000019 .116

° Owing to the high molecular weight of this ester only 
0.467 mole/1. was used. Any greater amount led to separa­
tion of layers. Reaction time in this case was twenty-four 
hours. 6 0.467 mole/1. of this ester was used.

case was between 2.5 and 2.8 moles/liter. All of 
the reaction mixtures contained ten moles of wa- 
ter/liter. The diluent used for this series was 1,4- 
dioxane. The rate constants are bimolecular and 
are expressed in liters/mole/hour.

Table II lists the relative rate constants for the 
acetates. All of the rate constants have been divi­
ded through by the corresponding rate for methyl 
acetate so that the latter always has the value 
unity in the tabulation, and the comparative 
rates of the other esters may be seen accordingly.

The ammonolysis of benzoic acid esters pro­
ceeded so slowly that, in most cases, a satisfactory 
kinetic study was impractical. The differences in 
ammonia content found on successive titrations 
over a period of several days were often so small as 
to be within the limits of experimental error of the 
method. Accordingly, only one titration was car­
ried out on each ester after reacting with aqueous 
dioxane-ammonia for 618.5 hours. Dioxane was 
used as the diluent. Bimolecular rate constants 
and comparative rates of ammonolysis of the ben­
zoates are given in Table III.

Second order rate constants and percentages of 
total reaction in the ammonolysis of lactic acid es­
ters at 30° are listed in Table IV. The diluent 
for this series was dioxane.

The values found for the second order rate con­
stants and the percentages of total reaction in the 
ammonolysis of the methyl esters of various acids 
at 25° are listed in Table VI. The diluent used for 
this series was absolute methanol.

The compilation in Table VIII is taken from 
Tables II, III and V in an effort to determine what 
correlation may be found between structure and 
reactivity.

The extent of ammonolysis and hydrolysis of 
acetic acid esters is shown in Table IX.

From the temperature coefficients of ammonoly­
sis an approximate evaluation of the activation 
energies was possible using the integrated form of 
the Arrhenius equation. Calculations of PZ  fac­
tors from the equation k =  P Z e~A /R T  showed 
that errors in the values of activation energies were 
too great to permit the use of entropy changes to 
show the validity of structure-reactivity correla­
tions.

T a b l e  IV

B im o l e c u l a r  R e a c t io n  R a t e s  f o r  A m m o n o l y sis  o f  L a c t ic  A c id  E s t e r s  a t  30°
Am­ Am­ Am­ Am­ Am­ Am-

mono­ mono­ mono­ mono­ mono­ mono­
Time, lysis, R a te lysis, Rate lysis, R ate lysis, R ate lysis, R ate lysis, R a te

hr. % const. % const. % const. % const. % const. % const.
Lactate —> M ethyl Allyl Ethyl «-Propyl «-Butyl

10 55.0 0.0397 54.0 0.0370 25.9 0.0155 16.6 0.00780
20 78.0 .0372 77.5 .0370 37.0 .0135 26.1 .00760
on 88.0 .0363 88.0 .0302 45.2 .00950 33.6 .00740 34.0 .00740
50 94.0 .0361 57.8 .00800 45.0 .00710 46.0 .00710

100 78.5 .00780 6 6 .2 .00610 6 6 .1 .00608
150 75.1 .00470

«-Butyl
Lactate —» «-Amyl Isobutyl Isopropyl 5-Butyl /-Butyl hydracrylate®

30 32.5 0.00504 28.2 0.00493 11.1 0.00242 1 1 .0 0.00200 1.10 0.00042 8 .5 0.00167
50 42.0 .00500 38.3 .00483 16.0 .00188 16.1 .00184 1.79 .00040 12.0 .00140

100 60.9 .00497 57.5 .00460 25.2 .00137 21.0 .00132 18.4 .0 0 1 0 0
150 76.0 .00482 71.0 .00440 31.3 .00108 24.9 .00087 24.0 .00080

® Inserted for comparison with «-butyl lactate.
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T a b l e  V
R e l a t iv e  R e a c t io n  R a t e s  f o r  A m m o n o l y s is  o f  L a c t ic  

A c id  E s t e r s  a t  30 °
Ester 30 hr. 50 hr.

M ethyl lactate 1 .0 0 1.00
A 11,„1iijuJ a l a c t a t e q 9 9 7

Ethyl lactate .262 0.221
«-Propyl lactate .204 i rui-r . AÏ7I
«-Butyl lactate .204 .197
«-Amyl lactate .139 .139
Isobutyl lactate .136 .134
Isopropyl lactate .0667 .0521
5-Butyl lactate .0551 .0509
«-Butyl hydracrylate® .0460 .0398
/-Butyl lactate .0116 .0111

° Tabulated for comparison with «-butyl lactate.

methyl acetate and the lactates are listed in 
Table X.

Discussion
While the comparative rates for similar esters of 

different acids (Table VIII) show that the corre­
lation of structure and reactivity is still far from 
quantitative, they do show that the relative mag­
nitude of effects may be determined. The varia­
tions in reaction rates of most of the esters studied 
are at least qualitatively predictable from the 
known electronegativity of the groups attached. 
While it is true that probably both steric and 
polarization effects contribute to the variations in 
rate constants among the reactions of this study, 
the fact that, except for the case of the naphthyl

T a b l e  VI
B im o l e c u l a r  R e a c t io n  R a t e s  f o r  A m m o n o l y sis  o f  M e t h y l  E s t e r s  a t  25°

Time, Ammon- R ate Ammon­ R ate Ammon­ Rate Ammon­ R ate Ammon­ R ate
hr. olysis, % const. olysis, % const. olysis, % const. olysis, % const. olysis, % con st.

M ethyl - Formate Lactate Acetate Phenylacetate Crotonate
50 79.3® 1.54 94 .06 0.0361 45.0 0.00500 40.0 0.00469 29.0 0.00290

100 63.5 .00480 59.3 .00435 52.8 .00332
150 74.9 .00453 71.0 .00408 71.3 .00370
200 8 1 . 3 .00420 77.0 .00375 82.6 .00403
300 84.2 .00315

M ethyl - Propionate Benzoate Isobutyrate Trimethylacetate®
50 25.0 0.00282 16.0 0.00188 10.0 0.000880 0 0

100 36.8 .00233 18.3 .00110 13.3 .000725 0 0
150 46.0 .00196 20.8 .00075 16.6 .000600 0 0
200 54.0 .00173 23.1 .00058 20.0 .000500 0 0
300 67.4 .00160 27.7 .00043 25.0 .000390 1.43d .0000147

a Ammonolysis is too rapid for a satisfactory rate study; time, 0.5 hour. 6 This rate is for dioxane diluent. In 
methanol the rate is approximately twice this value. * Ammonolysis is too slow for a satisfactory rate study. 
d Time, 388 hours.

T a b l e  VII
R e l a t iv e  R e a c t io n  R a t e s  f o r  A m m o n o l y s is  o f  M e t h y l

E s t e r s  a t  25 °
Ester 50 hr. 100 hr. 200 hr.

M ethyl formate 308® 321® 367®
M ethyl lactate 7 .2 7 .5 6 7 .9 6
M ethyl acetate 
M ethyl phenyl­

1.00 1 .0 0 1.00

acetate 0.938 0.906 0.893
M ethyl crotonate® .580 .692 .881
M ethyl propionate .564 .485 .412
M ethyl benzoate .376 .239 .138
M ethyl isobutyrate 
M ethyl-trimethyl-

.176 .151 .119

acetate .00294* .00306* . 00350'
° This ratio is obtained from the rate constant after one- 

half hour and is used here for purposes of comparison. 
6 Taken from data for 50 hours. c The reaction of this 
ester results primarily in 1,4-addition of ammonia. 
d Taken from data for 388 hours.

Possible errors in activation energy calculations 
Were estimated by substituting probable maximum 
and minimum values of the various rate constants 
In the integral forth of the Arrhenius equation.

AetiV&tion energisi for % . aMteonolysis of

T a b l e  V III
C o m p a r a t iv e  R a t e s  o f  S im il a r  E s t e r s  o f  D i f f e r e n t

Alcohol
A c id s

Acetic Benzoic Lactic
component acid® acidb acidc
Methyl 1 .0 0 1.00 1.00
Ethyl 0.358 0.509 0.221
«-Propyl .341 .391 .197
Isopropyl .156 .341 .0521
/-Butyl .0750 .116 .0111

* This comparison is for a reaction time of 100 hours. 
6 Reaction time is 618.5 hours. c Reaction time is 50 hours.

esters to be discussed later, an explanation based 
on polarization effects has been found to be ade­
quate has led to the emphasis on the latter. The 
relative rates for the ammonolysis of the different 
esters agree in the main with published values ob­
tained in alkaline and acid hydrolysis of esters. 15

In all of the ester series where the acid compo­
nent was held constant, we noted that the reactiv­
ity of the ester toward ammonia decreased with 
increase of the molecular weight of the alcohol

(15) Skrabal, Monatsh., 45, 148 (1924), et seq.; Palomaa, Ber., 
71B, 480 (1938); Kindler, Bet., 69B, 2799 (1936);
/ .  Ghtm. 78, 467.(180®).
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T a b l e  IX
E x t e n t  o f  A m m o n o l y s is  a n d  H y d r o l y s is  o f  A c e t a t e s

Ester
%

Hydrolysis
% Am- 

monolysis Time, hr.
Methyl acetate 1.1 75.9 579.5
Methyl acetate 1.1 78.6 699.5
Methyl acetate 0 .7 83.9 792.5
Ethyl acetate 1.1 35.4 698.5
«-Propyl acetate 4 .3 26.0 862.5
Isopropyl acetate 3 .3 7.6 1127
«-Butyl acetate 3 .6 23.9 1127
Isobutyl acetate 4 .4 17.1 1127
s-Butyl acetate 2 .9 3 .6 1127
/-Butyl acetate 2 .9 2.9 1127
«-Amyl acetate 4 .3 20.3 1127

T a b l e  X
A c t iv a t io n  E n e r g ie s  f o r  A m m o n o l y sis

E ster Activation energy, cal./mole
Methyl acetate 
Methyl lactate 
Ethyl lactate 
«-Propyl lactate 
Isopropyl lactate 
«-Butyl lactate 
Isobutyl lactate 
s-Butyl lactate 
«-Amyl lactate 
Allyl lactate

12.700 ±  2000 
11,800 ±  1000 
10,500 ±  1000
10.700 =*= 1000
9,900 1000
9,400 =*= 1000

11,800 =*= 1000 
11,800 ±  1000 
10,200 =*= 1000 
11,100 =*= 1000

cotnponent, and, to an even greater extent, with 
increased branching of the alcohol. Generally 
speaking, esters of primary alcohols ammonolyze 
more readily than those of secondary alcohols, 
and the latter in turn react with ammonia more 
rapidly than the esters of tertiary alcohols: CHa 
> C2H5 > CH3CH2CH2 >  (CH3)2CH > (CH3)3C. 
These results are in accord with accepted electron 
release effects of alkyl groups.

In the acetate series we found that vinyl acetate 
had several hundred times the reactivity of ethyl 
acetate. Writing the resonance forms for vinyl 
acetate, we see that the positive charge on the 
oxygen tends to make the carbonyl carbon more

CH2=C H -~-0— ---- >  -C H 2—C H = 0 +—

electrophilic, which in turn greatly enhances the 
reactivity of this carbon toward a nucleophilic

O

“ CH2—CH==0+ C—CH*

attacking species. The latter, in this case, is prob­
ably either the ammonia amide ion or a hydrogen 
bonded water-ammonia complex.

The very great reactivity of phenyl acetate to­
ward ammonia, compared to the other acetates, is 
likewise attributable to resonance, in this case 
mainly between the benzene ring and the oxygen 
bound to it. Writing the various resonance forms 
we see that all of the charged structures have a 
positively charged center adjoining the carbonyl 
carbon. , The effect of this charge concentration

cr
y = = x  + 1

/  V - o = c —c h 3
o  o

~ I! / -------\  + II
___y — o — G -C H 3 >  </ — y = 0 —C—CH*

(3 forms)
on the reactivity of phenyl acetate is the same as 
that discussed above for vinyl acetate.

On the basis of resonance it might further be an­
ticipated that the naphthyl acetates would have 
similarly enhanced reactivities. However, these 
esters react very slowly with ammonia. This 
phenomenon can be partly attributed to the large 
size of the naphthyl groups. Atomic models in­
dicate the reduced susceptibility of the carbonyl 
carbon to attack due to steric hindrance. In the 
forms of phenyl acetate in which there is resonance 
with the benzene ring, there is the spatial require­
ment that the carbonyl carbon be coplanar with 
the ring. The decreased likelihood of this restric­
tion being complied with in the naphthyl acetates 
may further account for their low reactivity to­
ward ammonia.

It was noted that benzyl acetate ammonolyzed 
twice as rapidly as ethyl acetate and allyl lactate 
reacted with ammonia five times as rapidly as did 
«-propyl lactate. From these results it must be 
concluded that the benzyl group is less electron 
releasing than the ethyl, and the allyl less than 
the «-propyl. These relationships would seem to 
be at odds with the well-known behavior of the 
halides of these compounds. For example, benzyl 
chloride is known to be more reactive than ethyl 
chloride and this phenomenon is popularly attrib­
uted to the greater polarization of the carbon- 
halogen bond in the benzyl chloride, from which 
one would have to conclude that the benzyl group 
is more electron releasing than the ethyl. Simi­
larly the greater reactivity of allyl chloride over «- 
propyl chloride would lead one to believe that the 
allyl group is more electron releasing than the «- 
propyl.

However, reference to dipole moments shows 
that precisely the reverse is true. The relative 
dipole moments of ethyl bromide16 and benzyl 
bromide17 are 2 .1 2  (in benzene) and 1.85 (in ben­
zene), respectively, indicating that the carbon- 
halogen bond is less polarized in the latter, and 
that the electron release effect of the benzyl group 
must be less than that of the ethyl group. Simi­
larly the relative dipole moments of «-propyl bro­
mide16 and allyl bromide18 are 2.00  (in benzene) 
and 1.79 (in benzene), respectively, again leading 
to a conclusion supporting the results of this in­
vestigation, namely, that the allyl group is rela­
tively less electron releasing than the «-propyl.

The usual high reactivity attributed to allyl hal­
ides, alcohols, etc., in unimolecular displacements, 
when compared to the corresponding saturated

(16) Daily, Phys. Rev., (ii] 34, 548 (1929).
(17) Sm yth and Walls, T his Journal, 6 4 , 1854 (1933) „
am  pm*»» CAtm., bij, z n  am).
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alkyl compounds, is due to stabilization of the 
carbonium ion through resonance. However, 
only after ionization does this stabilizing influence 
c h 2= c h —c h 2—X — >  c h 2= c h —CH2+ +  X -

t
+c h 2—c h = c h 2

operate, so that while the ally! compound is in the 
un-ionized form it is perfectly consistent to say 
that the polarization of the carbon-halogen bond in 
allyl halides is lower than in «-propyl halides.

There is abundant evidence in the literature, 
well summarized by Branch and Calvin, 19 to show 
the great effect of resonance stabilization by cat­
ions such as allyl and benzyl groups in bimolecular 
(S n 2) displacements.

The fact that the reactivity of benzyl halides is 
greater than that of ethyl halides is due to the 
presence of the allylic system in the former. So 
we see that the influence on reactivity attributed 
to the allyl and benzyl groups in this investiga­
tion is not incompatible with the normal behavior 
of these compounds in displacement reactions, 
since in ammonolysis there is no cleavage of the 
alkyl-oxygen bond.

In the case of the saturated aliphatic esters of 
benzoic and lactic acids the same generalizations 
apply as in the case of the acetates. The high 
reactivity of allyl lactate, as compared to «-pro­
pyl lactate, was noted above. The rate for vinyl 
esters is much greater than that of allyl esters due 
to the absence of resonance in the un-ionized form 
of the latter. «-Butyl hydracylate is less than 
one-fourth as reactive as «-butyl lactate because 
the electron attracting hydroxyl group is farther 
removed, in «-butyl hydracrylate, from the reac­
tive center of the molecule. In general, all of the 
lactates have from ten to twenty times the reac­
tivity toward ammonia that is exhibited by the 
corresponding acetates. Here again the difference 
is due, in part, to the presence of an electron at­
tracting group in the lactic acid esters. Further­
more, to the extent that it occurs, hydrogen 
bonding in the lactates and hydracrylates could 
contribute to the electrophilic activity of the car­
bonyl carbon atom since it assists in the polariza­
tion of the carbonyl carbon-oxygen bond. How­
ever, hydrogen bonding of the hydroxyl hydrogen 
to the carbonyl oxygen probably reduces the in­
ductive effect of the hydroxyl group, so that the 
over-all contribution of hydrogen bonding to the

CHS—CH C -O R
t  IK
O — H - - c W

rate of ammonolysis of the lactates is open to 
question.

The methyl esters of the various acids show that 
the variation of R groups in the ester RCOOR' 
results in a change in reactivity analogous to that

(19) Branch and Calvin, “ Theory of Organic Chemistry.” 1941, 
p .  436.

obtained by varying the R' groups as discussed 
earlier. However, methyl trimethylacetate has a 
much lower rate, compared to methyl acetate, 
than /-butyl acetate has compared to methyl 
acetate. The greater retardation effect of the R3C 
grouping in methyl trimethylacetate can be at­
tributed to the closer proximity of that group to 
the carbonyl carbon than is the case in /-butyl ace­
tate. The oxygen, due to its unshared electrons, 
is probably an efficient conductor of inductive 
forces, but since the inductive effect falls off rap­
idly with distance, replacing a given R group in the 
ester RCOOR' by any given radical will have 
greater effect on the rate of ammonolysis of the 
ester than replacing the corresponding R' group 
by the same radical.

In methyl benzoate, unlike phenyl acetate, the 
conjugation of the carbonyl group with the ben­
zene ring decreases the reactivity toward am­
monia. It should be noted that the oxygen at­
tached to the methyl group of methyl benzoate is 
less positive than that of methyl acetate due to 
resonance with the ring in the former ester. Writ­
ing the resonance structures of methyl benzoate 
we can see the reasons for the reduced electro-

c r

—C =Q —CHs +  p>=c—O—CH8
b c  (3 forms)

philic nature of the carbonyl carbon atom. 
Methyl acetate has only the forms corresponding 
to a and b above and would therefore be expected 
to ammonolyze more rapidly than methyl benzo­
ate.

In the reaction of methyl crotonate Morsch20 
reported predominantly 1,4-addition of ammonia 
to give methyl 3-aminObutyrate, which he iso­
lated. In this laboratory these results were con­
firmed by titrating starting mixtures and reaction 
products by the bromate-bromide method, 
whereby about 96% of the product was found to 
be saturated. These results probably account for 
the rise in reaction rate constants observed with 
this ester, as compared with the downward drift 
in the purely ammonolytic reactions.

In the ammonolysis of methyl formate it was 
found that the competing hydrolytic reaction may 
account for as much as 40% of the ester con­
sumed, but nevertheless the ammonia reaction 
was still several hundred times as rapid as in the 
case of methyl acetate. Work which had been 
planned with other formic acid esters was dropped 
due to the great amount of competing hydrolysis. 
Another objection to the use of formates was the 
fact that reaction with ammonia was so rapid as to 
make accurate kinetic studies exceedingly diffi­
cult.

(20) Morsch, Monotsh., 60, 50 (1932):
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The amount of hydrolysis found in the case of 
esters of acetic acid has been given in Table IX. 
It should be appreciated that hydrolysis figures 
presented represent extreme upper limits in view 
of the length of reaction time. These extreme pe­
riods of time were specifically employed because 
the amounts of hydrolysis obtained over periods of 
time comparable to those used in the ammonolytic 
studies were of the same order of magnitude as the 
experimental error of the method and hence mean­
ingless. Since the extent of hydrolysis in all cases 
tabulated could not be evaluated for periods com­
parable to those used in the ammonolytic determin­
ations, we were unable to apply any correction 
to the calculations for the rates of ammonolysis in 
order to account for the side reaction. In view of 
the original objectives of this study, an additional 
expenditure of time on the further study of the 
hydrolysis of esters was considered unwarranted.21

The relative extent of hydrolysis in these ex­
periments, even for extreme periods of reaction 
time, is well below that encountered by other inves­
tigators14*22 owing to the lower concentrations of 
water (18%) employed in this Laboratory.

From the foregoing remarks it should be clear 
that, for the periods of time used in ammonolysis 
in this study, the amount of hydrolysis is within 
the limits of experimental error and hence not sig­
nificant in its effect on the structure-reactivity 
correlations.

The second order rate constants for the ammon­
olysis of esters have been found to drift downward 
with time. The only exception was the case of 
methyl crotonate, in which, as discussed earlier, 
the principal reaction was not ammonolysis. The 
downward drift of rate constants is attributable 
to two causes; first, to the accumulation of am­
monium ions from the competing hydrolytic re­
action, the ammonium ions acting to retard the

(21) Results of unpublished work show th a t the same qualitative 
structure-reactivity correlations are obtained by working in an­
hydrous ethylene glycol-ammonia, in which hydrolysis is im­
probable, as are reported in this paper for aqeuous solutions.

(22) French and W rightsman, T h is  J o u r n a l , 60, 50 (1938).

principal reaction and, second, to the fact that 
reactions were carried out in concentrated solu­
tions in which we would expect to find consider­
able deviation from ideality.

Summary
The rates of ammonolysis of several series of 

esters have been determined and have been found 
to be regulated by the electron release effects of 
both the R and R' groups in the ester RCOOR', 
with variations of R having the greater effect due 
to the rapid falling off of the inductive effect with 
distance.

A kinetic study has revealed the following order 
of reactivity of acetates with aqueous ammonia: 
phenyl > vinyl > methyl >  benzyl >  ethyl >  
«-propyl > «-butyl > «-amyl > isopropyl > iso­
butyl >  s-butyl > /-butyl > ^-naphthyl >  a- 
naphthyl.

A study of the reactivity of benzoates indicated 
the following order: phenyl > methyl > benzyl >  
ethyl > «-propyl > isopropyl >  /-butyl.

The following order of reactivity in the am­
monolysis of lactates was observed: methyl >  
allyl > ethyl > «-propyl >  «-butyl >  «-amyl >  
isobutyl > isopropyl >  5-butyl >  /-butyl.

By utilizing a series of methyl esters of different 
acids the effects of structural variations on the acid 
side of the ester molecule were observed. The 
following order of ammonolysis of methyl esters 
was obtained: formate >  lactate >  acetate >  
phenylacetate > propionate >  benzoate >  iso­
butyrate > trimethylacetate.

In general the relative rates of ammonolysis ob­
tained by varying the alcohol and acid components 
of the ester follow the anticipated electron release 
effects and confirm the results obtained by other 
investigators in the acid and alkaline hydrolysis 
of esters.

An azeotrope of methanol and methyl tri­
methylacetate has been described.
P h il a d e l p h ia , P e n n s y l v a n ia

R e c e iv e d  N o v e m b e r  14, 1947
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[C o n t r ib u t io n  from  t h e  L aboratory  of R a dio ch em istry , U n iv e r sit y  o f  C in c in n a t i]

9,9-Difiuorofluorene
B y  F r a n c is  E a r l  R a y  and  C l a r e n c e  E. A l b e r t s o n

Only the following fluorine derivatives of fiuo- 
rene have been prepared: 4-fluoro-5-nitro-1-
rnethylnuorene, 1 2 -fluorofluorenone and its 
oxime, 2*3 2-fluoro-9,9-dichlorofluorene and several
9,9- condensation products, aiid perfluorofluorane 
(C13F22) . 4

Since the 9-position in fluorene has aliphatic 
properties and has never been fluorinated inde­
pendently of the rest of the molecule, it seemed of 
interest to attempt the preparation of 9,9-di- 
fluorofluorene. The difluoro compound was se­
lected because it seemed doubtful if the allylic 
character of the 9-carbon5 would permit the prepa­
ration of 9-monofluorofluorene.

Little difficulty was expected in the preparation 
of 9,9-difluorofluorene because Henne and Lei­
cester6 had reported the preparation of diphenyl- 
difluoromethane in yields of 60%.

We treated 9,9-dichlorofiuorene with hydrogen 
fluoride in the presence of mercuric oxide. To re­
duce the violence of the reaction, toluene or chloro­
benzene was used as a diluent. The products that 
were obtained from the reaction were fluorenone, 
tolylmercuric chloride and mercuric chloride.

It is not clear whether the formation of fluore­
none is the primary reaction. It is possible that 
hydrogen fluoride reacted with mercuric oxide to 
produce water and that 9 ,9 -dichlorofluorene was 
subsequently hydrolyzed to fluorenone.

2HF +  HgO — >  H20  +  H gF2 
C 6H 4\  CeHA
| >CC12 +  HzO — >- | >CO +  2HC1

C6h /  CoH /
Other catalysts such as antimony tri- and pen- 

tafluoride and zinc fluoride also gave fluorenone 
or intractable tars as did the use of uncatalyzed 
hydrogen fluoride.

Impure 9,9-fluorochlorofluorene may have been 
present in some of these products. The monoflu- 
orochloro derivatives are generally less stable than 
the difluoro compounds.7

Despite the fact that hydrous mercuric fluoride 
was entirely unsuitable as a catalyst, Henne8 later 
found that it was not necessary to isolate mercu­
ric fluoride but simply passed a stream of hydro­
gen fluoride into the mixture of mercuric oxide and 
the substance. This was the first method tried 
and it led to the formation of fluorenone.

The inconvenient preparation of mercuric
(1) S toughton and Adams, T h is Journal , 54, 4426 (1932).
(2) Bergman, Hoffman and W inter, Ber., 66, 48 (1933).
(3) Balz and Schiemann, ibid., 60, 1186 (1927).
(4) McBee and Bechtol, In d . Eng. Chem., 39, 380 (1947).
(5) Weissgerber, Ber., 34, 1659 (1901); Sampey and Reid, T his 

Journal, 69, 234 (1947); Jaeger, U. S. P aten t 1,764,023 (1930).
(6) Henne and Leicester, ib id ., 60, 864 (1938).
(7) Henne and Midgley, Jr., ib id ., 68, 884 (1936).
Ci) Henne, ibid., 60, 1569 (193$).

fluoride from mercuric chloride and fluorine and 
the bad effects of mercuric oxide in the second 
method might both be avoided by passing hydro­
gen fluoride into a mixture of mercuric chloride 
and the substance to be fluorinated. Daudt and 
Youker, U. S. Patent 2,005,707, disclose the use of 
mercuric chloride in vapor phase hydrofluorina- 
tion at elevated temperatures but give no experi­
mental details.

On carrying out this experiment at 70°, we ob­
tained the desired 9,9-difluorofluorene in addition 
to some of the unstable material obtained previ­
ously and thought to be 9,9-fluorochlorofluorene.

An attempt to increase the yield by operating at 
100 pounds pressure produced a sponge-like rub­
bery hydrocarbon mass of approximately 2800 
molecular weight.

9.9- Difluorofluorene formed white crystals that 
melted at 47-48° and analyzed correctly for fluo­
rine and had the required molecular weight. After 
standing for two weeks in a desiccator evidence of 
decomposition was apparent.

It is thus seen that mercuric chloride and hy­
drogen fluoride form a fluorinating agent that is 
especially useful in the conversion of the less sta­
ble halides to fluorides or in the preparation of the 
less stable fluorides.

Experimental
9.9- Dichlorofluorene.—Fluorenone was prepared by 

the method of Huntress, Hershberger and Cliff9 except 
that the acetic acid was reduced from 20 moles to 13 moles. 
This makes the preparation of large amounts more con­
venient and slightly improves the yields. From 200 g. 
of fluorene there was obtained some 148 g., 68%, melting 
at 82.8 to  83.1°. Fluorenone was converted to 9,9- 
dichlorofluorene by the following modification of Smed- 
ley’s10 method.

To 15 g. (0.1 mole) of phosphorus oxychloride in 60 cc. 
of toluene are added 90 g. (0.5 mole) of fluorenone and 
114 g. (0.55 mole) of phosphorus pentachloride. The 
mixture was heated for three hours on the water-bath 
and agitated interm ittently. The phosphorus penta­
chloride had disappeared a t the end of the first hour and 
the mixture became dark brown in color. The reaction 
mass was subjected to  vacuum distillation (25 mm.) 
to remove most of the phosphorus compounds. The 
residue was dissolved in benzene, washed twice with ice 
water and dried over calcium chloride. The benzene 
was removed under reduced pressure and the residue 
recrystallized from glacial acetic acid. A 66% yield of 
almost colorless crystals melting a t 102.9 to 103.1° was 
obtained. Smedley10 gives m. p. 103°. The pure 
product is quite stable if protected from moisture. Samples 
of impure material decomposed within a week to give a 
sticky green-yellow mass with the sharp odor of hydrogen 
chloride.

9.9- Difluorofluorene.—M ost of the experiments were 
carried out in a stirred copper reactor with a thermometer 
well and a copper inlet tube. In  general runs using about 
0.5 mole of 9,9-dichlorofluorene were made. An excess

(9) Huntress, Hershberger and Cliff, ibid., 53, 2720 (1931),
(10) Smedley, J . Chem. Soc>3 OT, 1249 (1905),
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of 10-28% of mercury salt and 50-60% of hydrofluoric 
acid was used. Some runs employed 0.25 mole of the 
chloride and as much as 200% excess hydrofluoric acid. 
The successful preparation of 9,9-difluorofluorene is de­
scribed in detail below.

Five-tenths mole (117 g.) of 9,9-dichlorofluorene was 
dissolved in 200 cc. of chlorobenzene and 0.37 mole (100 
g.) of mercuric chloride was now added. Hydrogen fluo­
ride next was bubbled into the stirred solution a t a tem­
perature of 30°. After th irty  minutes no apparent reac­
tion had occurred so the temperature was raised. At 70° 
the solution turned a very dark green but in contrast to the 
large amount of heat liberated when mercuric oxide and 
hydrofluoric acid are used this reaction showed little 
evidence of heat evolution. The temperature did not 
exceed 81 ° and the time of reaction was one and one-half 
hours.

The solution was washed with water and sodium car­
bonate solution, treated with Darco and distilled a t 1-5 
mm. The first fraction 55-115° (5 m m .), weighed 6 g. 
and was chlorobenzene. The second fraction, 115-130° 
(3 m m .), weighed 20 g. I t  was a light yellow, viscous 
oil. The third fraction, 125-135° {3 mm.), weighed 
13 g. and came over as a yellow oil th a t solidified in the 
receiver. Ón standing overnight fraction 2 had changed 
to a thick tarry  mass with gas bubbles and yellow crystals 
held in suspension. Some pressure was evidenced and

fumes of hydrogen chloride and, hydrogen fluoride were 
evolved when the container was unstoppered. A some­
what similar but much less pronounced effect was observed 
in fraction 3.

Tli,e yellow crystals were separated and  reprystallized 
from ligroin, m. p . 47-48°. They contained fluorine 
but no chlorine.

A n a l . Calcd. for Ci3H 8F 2 : F , 18.8; mol. w t., 202.2. 
Found: F, 17.9; mol. w t., 195.

From the decomposed material, fluorenone was isolated. 
Probably unstable 9,9-fluorochlorofluorene was the prin ­
cipal product in fraction 2.

Summary
9,9-Difluorofluorene has been prepared by treat­

ing 9,9-dichlorofluorene with hydrogen fluoride in 
the presence of mercuric chloride. It is somewhat 
unstable. Evidence has been found for the transi­
tory existence of 9-chloro-9-fluorofluorene.

Mercuric chloride and hydrogen fluoride form a 
fluorinating agent that is especially useful in the 
preparation of the less stable fluorides,
C in c in n a t i  21, O h io  R e c e iv e d  D e c e m b e r  6 , 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  N o r t h w e s t e r n  U n iv e r s it y ]

Studies in the Thianaphthene Series.1 II. Aminothianaphthene-l-dioxides2
B y  F ,  G, B o r d w ell  and  C. J. A l b is e t t i , J r .3

In a previous paper4 the synthesis of a sulfanila­
mide vinylog in which the sulfamyl group was 
separated from the aromatic ring by a vinyl group 
was described. As an extension in our synthesis 
of molecules with chemical characteristics similar 
to sulfanilamide, but with different stereochemical 
relationships of the functional groups, the synthe­
sis of 3,5-diamino thianaphthene-1 -dioxide (I, R 
= H) was undertaken. This molecule is a vinylog 
of sulfanilamide in which the sulfonyl and amino 
portions of the sulfamyl group have been sepa­

rated by a vinyl group. It is also noteworthy be­
cause of its relationship to bis- (4-aminophenyl) sul­
fone, a compound which has aroused considerable 
interest because of its high bacteriostatic activity. 
Recently 2,8-diaminodibenzothiophene-5-dioxide 
and 2,8-diamino thiaxanthene-5-dioxide, which are

(1) For the first paper in this series see Bordwell and Albisetti, 
T h is Journal, 70, 1558 (1948).

(2) A preliminary account of this work was given a t the One Day 
Technical Meeting of the  Chicago Section of the American Chemical 
Society, January 24, 1947.

(3) Du Pont Predoctoral Fellow, 1946-1947. Present address: 
du Pont Experimental S tation, E. I. du Pont de Nemours and Com­
pany, Wilmington, Delaware. Abstracted from the Ph.D. disserta­
tion of C. J. Albisetti, Jr., August, 1947.

(4) Bordwell, Colbert and Alan, T h is  J o u r n a l , 68, 1778 (1946).

closely related to I, have been synthesized for 
pharmacological testing.5

The simplest approach to I appeared to be ni­
tration of 5-nitrothianaphthene, oxidation of the 
sulfur atom and reduction of the nitro groups.

The preparation of 5-nitrothianaphthene by 
decarboxylation of 5-nitro-2-thianaphthenecar- 
boxylic acid6 has been described by Fieser and 
Kennelly.7 Our yields of 5-nitro-2-thianaphthene- 
carboxylic acid from crude 2 -chloro-5 -nitrobenzal- 
dehyde were about 25%; which compares well 
with the 28% yield reported by Fieser and Ken­
nelly7 using pure 2-chloro-5-nitrobenzaldehyde, 
but is considerably lower than the maximum yield 
of 45% reported by Fries and his co-workers.6 
The decarboxylation was carried out by a slight 
modification of the method of Fieser and Ken­
nelly,7 which was found to be more convenient.

Nitration of 5-nitrothianaphthene to give a 
pure dinitrothianaphthene was not easy, since it 
was found that a third nitro group entered the 
molecule almost as readily as did the second nitro 
group. By carrying out the nitration with an 
equivalent amount of potassium nitrate in sulfuric 
acid at 0- 5 ° for one hour a dinitrothianaphthene, 
m. p. 171°, was isolated in 46% yield. This com­
pound is very probably 3 ,5-dinitrothianaphthene 
since the 3 -position is known to be the most active

(5) Neumoyer and Am stutz, ibid., 69, 1920, 1925 (1947).
(6) Hemmecke, Dissertation, Braunschweig, 1929; Fries, Heering, 

Hemmecke and Siebert, A nn., 527, 83 (1936).
(7) Fieser and Kennelly, T his J ournal , 57, 1611 (1935).
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position in the thianaphthene nucleus toward or­
dinary substitution.8

The sulfur atom in 3,5 -dinitrothianaphthene 
was not oxidized by either 30% hydrogen peroxide 
in acetic acid-acetic anhydride or by sodium di­
chromate and sulfuric acid. The electron with­
drawing effect of the 3 -nitro group is responsible 
for the resistance of the sulfur atom to oxidation, 
since 5 -nitrothianaphthene was readily oxidized 
to 5 -nitrothianaphthene-1 -dioxide by 30% hydro­
gen peroxide in acetic acid-acetic anhydride, but
3-nitrothianaphthene and 3,5,7-trinitrothianaph­
thene9 were not oxidized under similar conditions.

No difficulty should be experienced in oxidizing 
the sulfur atom in 3 ,5 -diacetamidothianaphthene, 
but attempts to obtain this compound were un­
successful. In reductions of 3,5-dinitrothianaph­
thene using palladium on charcoal in the presence 
of acid the requisite hydrogen was absorbed but no 
pure products could be isolated. Similar results 
were obtained in attempted reductive acetylations 
using hydrogen and palladium catalyst and acetic 
anhydride "in benzene solution. Reduction with 
tin and hydrochloric acid gave a crystalline tin 
salt, but attempts to liberate the amine from this 
salt or to acetylate it according to the method of 
Hemmecke6 gave impure materials. Hernrnecke6 
was unable to prepare 3 -aminothianaphthene in a 
pure state. Apparently the 3-aminothianaph- 
thenes, like the aminothiophenes, exist to a consid­
erable extent in the imino form, and are very sus­
ceptible to oxidation and hydrolysis.

No difficulty is encountered in isolating and 
purifying aminothianaphthenes in which the 
amino group is in the benzenoid ring.6 The nitro 
group in 5-nitrothianaphthene was reduced by the 
method of Fieser and Kennelly7 and the 5-amino- 
thianaphthene produced was converted to 5-(2- 
diethylaminoethylamino)-thianaphthene for phar­
macological testing. 10 In a similar manner 5- 
aminothianaphthene-l-dioxide was prepared from
5 -nitrothianaphthene-1 -dioxide.

Synthesis of molecules of type I was finally ac­
complished by an alternate route. The bromine 
atom in 3-bromo thianaphthene-1 -dioxide has been 
found to be readily replaced by alkylamino 
groups1; therefore, 5-nitrothianaphthene was bro­
minated to 3-bromo-5-nitrothianaphthene and the 
latter oxidized to 3-bromo-5-nitrothianaphthene-
1-dioxide. The bromination of 5-nitrothianaph­
thene required considerably more vigorous condi-

(8) Fries and co-workers (ref. 6) reported the isolation of a dinitro­
thianaphthene, m. p. 171°, and a trinitrothianaphthene, m. p. 196°, 
by n itra tion  of 3-nitrothianaphthene. At present we have under way 
an  investigation of the n itra tion  of thianaphthene, and we hope to 
be able to  isolate the compounds reported by Fries, et dl.t for com­
parison w ith those melting a t the same tem perature which were ob­
tained by  nitration  of 5-nitrothianaphthene.

(9) T he structure of th is compound was not established, bu t its 
preparation  by nitration of 5-nitrothianaphthene leaves little doubt 
as to  th e  orientation of th e  n itro  groups.

(10) Block, Lehr and Erlenmeyer, Helv. Chim. Acta., 28, 1406 
(1945), have recently reported 5-aminothianaphthene to be one of the 
m ost active of the thirty-seven compounds tested in vitro against 
th e  tubercle bacillus.

lions than are necessary for bromination of thia­
naphthene itself; a 64% yield of 3 -bromo-5-nitro­
thianaphthene was obtained by treating 5 -nitro­
thianaphthene with excess bromine in a refluxing 
carbon tetrachloride solution for seventy-two 
hours. The structure of the bromination product 
was proved by removal of the nitro group by re­
duction and deamination. The resulting bromo- 
thianaphthene was shown to be the 3 -derivative 
by oxidation to 3-bromothianaphthene-l-dioxide.

Refluxing 3-bromo-5-nitrothianaphthene-l-di- 
oxide in alcoholic solution with excess piperidine 
for thirty minutes gave a 94% yield of 3-(l-piperi- 
dino)-5-nitrothianaphthene- 1 -dioxide. A 94%
yield of 3-diethylamino-5-nitrothianaphthene-l- 
dioxide was obtained in a similar reaction using 
diethylamine instead of piperidine. Reduction of 
the nitro group in these compounds could not be 
accomplished in acid solution without hydrolysis 
of the 3-alkylamino group. 1 It was, therefore, 
found to be more convenient to prepare com­
pounds of type I by reduction of 3 -bromo-5 -nitro~ 
thianaphthene- 1 -dioxide to 3 -bromo-5 -aminothia- 
dianaphthene- 1 -dioxide, which was then coupled 
with the desired amine. By this procedure 3-di- 
ethylamino-5-aminothianaphthene-l-dioxide (I, R 
= Et) was obtained in good yield. The prepara­
tion of 3,5-diamino thianaphthene-1-dioxide I(R =  
H) could no doubt be accomplished by the reaction 
of 3-bromo-5-aminothianaphthene-l-dioxide with 
ammonia according to the procedure used for 3- 
aminothianaphthene- 1 -dioxide, 1 but it was felt 
that 3 -diethylamino-5 -aminothianaphthene- 1 -di­
oxide would serve as well for pharmaceutical test­
ing.

Acknowledgment.—We wish to express our ap­
preciation to the du Pont Company for the 
fellowship which supported this work. A gener­
ous supply of 0-chlorobenzaldehyde was fur­
nished by the Heyden Chemical Corporation; 
the 60% sodium sulfide was furnished by the 
Hooker Electrochemical Company; and the 
thianaphthene was donated by the Texas Com­
pany.

Experimental1112

5 -Nitrothianaphthene -2 -carboxylic Acid.—This com­
pound was prepared from 2 -chloro-5-nitrobenzaldehyde 11 12

(11) Microanalyses were by Mrs. M argaret Ledyard, Mrs. Nelda 
Mold and Miss Patric ia Craig.

(12) All melting points were taken on a Fisher melting point 
block and are uncorrected.
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essentially by the procedure described by Hemmecke6 and 
by Fries, e t a l . ,6 except th a t the sodium disulfide was pre­
pared and added in a 50% alcoholic solution.

5-Nitrothianaphthene.—A well-stirred mixture of 80 g. 
(0.36 mole) of 5-nitrothianaphthene-2-carboxylic acid, 
400 ml. of quinoline and 20 g. of copper powder was grad­
ually heated to the reflux temperature and the solution was 
stirred and allowed to  reflux for th irty  minutes. The mix­
ture was cooled, poured onto 2 kg. of crushed ice and acidi­
fied with 18% hydrochloric acid. The suspension was 
cooled overnight and filtered. The air-dried solids were 
extracted with one 1.5-liter portion and three 500-ml. 
portions of boiling acetone (in one experiment a soxhlet 
extraction apparatus was used). The acetone was clari­
fied with 5 g. of carbon (Norit A) and concentrated to 300 
ml. by distillation. On cooling 43 g. (66.7%) of 5-nitro­
thianaphthene separated from the solution as a light tan 
powder, m .p . 149-150°.

5 - (2 -Diethylaminoethylamino) -thianaphthene.—This 
compound was prepared from 5-aminothianaphthene7 
by a procedure similar to  th a t used by Gilman and Ava­
kian13 for the attachm ent of the y -diethylaminopropyl - 
amino side chain on 2-aminodibenzothiophene. The prod­
uct, obtained in 57% yield, was a yellow oil, b. p. 168- 
171° a t 0.5 mm., which darkened on exposure to air.

A n a l . Calcd. for Ci4H2oN2S: C, 67.70; H, 8.12.
Found: C, 67.87; H , 7.90.

5-Nitrothianaphthene-1 -dioxide.-—To a warm mixture 
of 18.0 g. (0.1 mole) of 5-nitrothianaphthene in 100 ml. of 
acetic acid, 70 ml. of 30% hydrogen peroxide was added at 
such a rate as to  keep the reaction from becoming too 
vigorous. A further 20 ml. of 30% hydrogen peroxide in 
100 ml. of acetic acid was then added and the reaction 
mixture heated on the steam -bath for three hours. The 
hot solution was diluted to  the point of turbidity and al­
lowed to cool. The product was separated by filtration 
and purified by crystallization from 300 ml. of alcohol. 
There was obtained 13.8 g. (65.5%) of material melting 
a t 164°. Further crystallization from alcohol raised the 
m. p. to 166°.

A n a l .  Calcd. for C8H6N 0 4vS: C, 45.48; H, 2.39.
Found: C, 45.71; H , 2.62.

5 -Aminothianaphthene -1 -dioxide.—This compound was 
prepared in 44% yield from 5-nitrothianaphthene-1 - 
dioxide by the procedure described by Fieser and Kennelly 
for reducing 5-nitrothianaphthene. After several crys­
tallizations from 60% alcohol the material melted a t 
178°.

A n a l .  Calcd. for C8H 7N 02S: C, 53.02; H, 3.90.
Found: C, 52.96; H, 4.12.

3,5-Dinitrothianaphthene.—To 120 ml. of coned, sul­
furic acid stirred a t 0 -5 ° was slowly added 10.8 g. (0.06 
mole) of carefully purified 5-nitrothianaphthene. To 
this was added, dropwise, a solution of 6.06 g. (0.06 mole) 
of potassium nitrate in 120 ml. of sulfuric acid. After 
being stirred for one hour a t 0-5°, the mixture was poured 
onto ice. Crystallization of the product from 11. of a 1:1 
benzene-Skellysolve C mixture gave 6.2 g. (46%) of 3,5- 
dinitrothianaphthene, m. p. 163-166°. Several crystal­
lizations from alcohol gave pale yellow needles, m. p. 
171°.

A n a l .  Calcd. for "C8H 4N 2O4S: C, 42.87; H, 1.80.
Found: C, 42.95; H, 1.89.

Unless carefully purified 5-nitrothianaphthene was used 
in the above method the conversion to 3,5-dinitrothia­
naphthene was low. 5-Nitrothianaphthene was essentially
unchanged when 9.0 g. in 60 ml. of acetic acid was treated 
with a mixture of 5 ml. of water and 5 ml. of fuming nitric 
acid (d. 1.49) and the solution boiled for twenty minutes 
and diluted. This method has been used by Fries and 
Hemmecke14 for the preparation of 3-nitrothianaphthene 
from thianaphthene. Similarly, treatm ent of a solution 
of 4.5 g. of 5-nitrothianaphthene in 40 ml. of acetic acid

(13) Gilman and Avakian, T h is  J o u r n a l , 68, 1514 09 4 6 ).
(1.4) Fries and Hemmecke, A nn., 470, 1 (1929).

(d. 1.47), stirring the mixture a t 40° for two hours and 
allowing to  stand a t room temperature for eighteen hours, 
did not bring about nitration. Except for the longer 
length of time and the more dilute reaction mixture used 
in the present experiment, these are the conditions used by 
Cullinane, Davies and Davies15 for the successful n itra ­
tion of dibenzothiophene.

3,5,7-Trinitrothianaphthene.— 1 1 1  another attem pt to 
prepare 3,5-dinitrothianaphthene 1.8 g. (0.01 mole) of 5- 
nitrothianaphthene was added slowly to  36 ml. of fuming 
nitric acid a t 0-5° over a period of th irty  minutes. The 
mixture was held a t this temperature and stirred for two 
hours and was then diluted. There was obtained 0.9 g. 
(33%) of material, m. p. 195-196°. After crystallization 
from 1-butanol the material melted a t 196°.

A n a l . Calcd. for CsHsNsOeS: C, 35.70; H , 1.12.
Found: C, 35.73; H , 1.29.

Dinitration of 5-nitrothianaphthene also occurred by 
reaction a t about 0 0  when 10 g. of material was added to a 
cold mixture of 100 ml. of coned, sulfuric acid and 100 ml. 
of fuming nitric acid (d. 1.49) and the mixture stirred 
while cold for two hours and diluted.

Attempted Oxidation of 3 -Nitrothianaphthenes.—An 
attem pt to  oxidize 3,5-dinitrothianaphthene with sodium 
dichromate in the presence of sulfuric acid in acetic acid 
solution, according to the method described for dibenzo­
thiophene16 was unsuccessful. Hydrogen peroxide (30%) 
in acetic acid had no effect on 3,5-dinitrothianaphthene, 
and a refluxing solution of 30% hydrogen peroxide, acetic 
acid and acetic anhydride was likewise ineffective in a t ­
tempts to  convert 3-nitro-14 and 3,5,7-trinitrothianaph- 
thenes to the corresponding 1-dioxides.

3-Bromo-5-nitrothianaphthene.—A mixture of 7.2 g. 
(0.04 mole) of carefully purified 5-nitrothianaphthene,
19.2 g. (0.12 mole) of bromine and 800 ml. of chloroform 
was refluxed for seventy-two hours. The cooled solution 
was washed with aqueous sodium carbonate, dried over 
anhydrous sodium carbonate and concentrated. A total 
of 7.8 g. of material was obtained in three crops. On 
purification from ethanol 6.6 g. (64%) of material melting 
at 170-1710  was obtained. A sample purified for analysis 
separated from ethanol in short, pale-yellow needles, m .p .
170.5-171°.

A n a l .  Calcd. for C8H4N 0 2SBr: C, 37.22; H, 1.56. 
Found: C, 37.41; H , 1.87.

5-Amino-3-bromothianaphthene.—Reduction of 5-nitro-
3-bromothianaphthene with stannous chloride and coned, 
hydrochloric acid was effected in 75% yield. The product 
was purified by crystallization from Skellysolve B, the 
last trace of pink color being removed with the aid of ac ti­
vated alumina. The compound was obtained as fine 
colorless needles, m. p. 84°.

A n a l .  Calcd. for C8H 6NSBr: N, 6.14. Found: N, 
6.18.

Proof of Structure of 5 -Amino-3 -bromothianaphthene. —
Deamination was accomplished by diazotization and 
treatm ent with ethanol in the presence of copper powder.17 
Steam distillation of the product from an alkaline solution 
gave a yellow oil, which was oxidized with 30% hydrogen 
peroxide in acetic acid-acetic anhydride solution to a 
yellow solid. The purified compound melted a t 181-182 °, 
and a mixed melting point with 3-bromothianaphthene-l - 
dioxide1 showed no depression.

3 -Bromo -5 -nitrothianaphthene -1 -dioxide.—Oxidation of
3-bromo-5-nitrothianaphthene was accomplished in 74% 
yield by the method used for the preparation of 3-bromo­
thianaphthene-l-dioxide.1 The product was a cream - 
colored solid, m. p. 185-187°. Crystallization from 
ethanol gave material melting a t 190-191 °.

A n a l .  Calcd. for C8H4N 04SBr: C, 33.12; H, 1.39. 
Found: C, 33.09; H, 1.53.

(15) Cullinane, Davies and Davies, J. Chem. Soc., 1435 (1936).
(16) Gilman, Jacoby and Pacevitz, J . Org. Chem., S, 120 (1938).
(17) Baker, Albisetti, Dodson, Lappin and Riegel, T h is  J o u r n a l , 

68, 1534 (1946).
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3 -(l -Piperidine) -5-nitrothianaphthene-1-dioxide.—A
94% yield of this compound was obtained within thirty  
minutes by the reaction of 3 -bromo -5 -nitrothianaphthene - 
1-dioxide with a two molar excess of piperidine in re­
fluxing ethanol solution. After crystallization from ethanol 
it melted a t 197-198° (with dec.).

A n a l .  Calcd. for C13H 140 4N2S: N, 9.53. Found: N,
9.29.

In  a similar manner a 94% yield of 3-diethylamino-5- 
nitrothianaphthene-1-dioxide, m. p. 21uc, was obtained.

A n a l .  Calcd. for C1 2H i4 0 4 N 2S: N, 9.92. Found: N,
9.74.

3 -Bromo-5 -aminofhianaphthene-1 -dioxide.—Reduction 
of 3-bromo-5-nitrothianaphthene-1-dioxide in ethanol 
solution was brought about in 81% yield using stannous 
chloride and coned, hydrochloric acid, according to the 
method of Fries, e t a l . 6 The product, m. p. 233°, was 
obtained as yellow needles by crystallization from ethanol.

A n a l .  Calcd. for CgH602NSBr: N , 5.38. Found: N, 
5.46.

3 -Diethylamino-5 -aminothianaphthene -1 -dioxide.—By 
refluxing a mixture of 0.65 g. (0.0025 mole) of 3-bromo-5- 
aminothianaphthene-1-dioxide, 0.55 g. (0.0075 mole) of 
diethylamine and 10 ml. of ethanol for one hour, there was 
obtained 0.44 g. (70%) of a cream-colored solid, m. p. 180-

184°. Purified four times by crystallization from ethanol, 
the material melted a t 194°.

A n a l .  Calcd. for Ci2Hi60 2N2S: C, 57.11; H , 6.39. 
Found: C, 56.65; H, 6.43.

Summary
1. 3-Bromo-5-nitro thianaphthene was ob­

tained in the bromination of 5-nitrothianaphthene. 
From the nitration of 5 -nitrothianaphthene a di- 
nitro- and trinitrothianaphthene were isolated, 
which are believed to be 3,5-dinitro- and 3,5,7-tri- 
nitrothianaphthene.

2. The electron attracting power of a nitro 
group in the 3 -position of several thianaphthenes 
was found to be strong enough to prevent oxida­
tion of the sulfur atom under the usual conditions.

3. 3 - Diethylamino - 5 - aminothianaphthene -1- 
dioxide, which is a vinylog of N,N-diethyl sulfa­
nilamide, and is closely related to bis-(4-amino- 
phenyl)-sulfone has been prepared.
E v a n s t o n , I l l in o is  R e c e iv e d  J a n u a r y  17, 1948

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  T o r o n t o ]

The Decomposition of Dibutylchloramine
B y  G eo rg e

It has recently been found that aliphatic second­
ary amines can be nitrated in organic acid an­
hydrides when a chloride catalyst is present1; 
further, that the formation of the nitramine pro­
ceeds via the chloramine. Unsatisfactory yields 
of certain nitramines have been attributed to the 
instability of this intermediate.2 It thus seemed 
worthwhile to re-investigate the stability of 
chloramines. Dibutylchloramine, which was cho­
sen for this study, has been found to decompose to 
complex mixtures. Partial identification of these 
mixtures indicates that extensive intramolecular 
chlorination has taken place.

Chlorine, which has been reported as a product 
when chloramines are treated with excess hydro­
gen chloride, 3 was obtained in 68% yield from di­
butylchloramine, I, in methanol. The expected 
dibutylammonium chloride, IV, was produced in 
55% yield. It is not unreasonable to assume that 
this decomposition proceeds by formation from I 
of dibutylchloramine hydrochloride, II, which de­
composes spontaneously in excess of hydrogen 
chloride to dibutylammonium chloride, IV.

The spontaneous decomposition of dibutylchlor­
amine yielded dibutylammonium chloride released 
by reaction I V. No chlorine was evolved. A 
liquid could be distilled out of the tar left when 
electropositive chlorine had disappeared, but this 
liquid showed a peculiar instability. Immediately

(1) W right, et al., Can. J . Res., 26B, 89, 257 (1948).
(2) K . K . Carroll and G. F  W right, ibid., 26B, 271 (1948).
(3) Houben, “ Die M ethoden der organischen Chemie,” 3rd ed., 

Vol. 4, Georg Thieme, Leipzig, 1941, p. 569.

F W r ig h t

after distillation a hydrochloride began to precipi­
tate, but ceased after a certain amount had ap­
peared. After redistillation the precipitation was 
resumed approximately to the same extent as before.

This distillate is considered to be a mixture of 
VI, VIII, X  and XI which is formed by the action 
of chlorine released by initial decomposition of I. 
It is thought that the mixture loses hydrogen 
chloride until the basicity is reduced by hydro­
chloride formation, and that this loss is resumed 
after removal from the hydrochloride by distilla­
tion. The aldimine structure of the mixture has 
been confirmed by alkaline decomposition in pres­
ence of ^-bromobenzenesulfonyl chloride to give 
the bromosulfonyl derivatives of monobutylamine.

Monobutylamine as its hydrochloride also was 
formed when the hydrochloride of the mixture was 
treated with methanol. The aldehydic fraction 
remaining after precipitation of the salt with ether 
was unstable, so it was treated with phenylhydra­
zine hydrochloride in ethanol. A distinctive 
blood-red color appeared which faded when the 
hydrochloride of ethylglyoxal precipitated. The 
color change is remindful of that which occurs 
when dichloroacetaldehyde is converted to glyoxal 
osazone.4 Since the color change does not occur 
when ethylglyoxal is treated with phenylhydra­
zine, this hydrochloride, which is convertible to 
the known osazone, 6 is probably formed from

(4) G. Oddo and G. Cusmano, Gazz. chim. ital., 41, [II), 246 
(1911).

(5) L. Wolff, A nn ., 288, 20 (1895); E. Kolshom, Ber., 87, 2476 
(1904).
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2 ,2 -dichlorobutanal. On this basis the mixture 
must consist largely of VIII, and its analysis ap­
proximated that expected for VIII.
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This analysis must, however, have been fortui­
tous, because in hot ethanol-hydrochloric acid a 
complex mixture of dinitrophenylhydrazones pre­
cipitated after a reproducible and characteristic 
induction period, presumed to involve alcoholysis. 
The least soluble compound in the complex mix­
ture from dinitrophenylhydrazine treatment was, 
according to its analysis, the dinitrophenylosazone 
of ethoxyethylglyoxal, XII (R =  Et, shown as its 
diethyl ketal). Substantiation for the constitu­
tion of XII was obtained when methanolic di­
nitrophenylhydrazine produced the homologous 
methyl ether (R = Me). Out of the remaining 
mixture only the most soluble compound could be 
identified by analysis; it was the 2,4-dinitro­
phenylhydrazone of 2-ethoxybutanal, VII. Thus 
evidence is at hand for three compounds in the 
postulated mixture, VI, VIII, X  and XI.

The reactions I —* IX seem to occur in one 
operation when dibutylchloramine is decomposed 
during fourteen hours in boiling ethanol. From 
the solution could be isolated (on the mole for 
mole basis) a 23% yield of monobutylamine, a 
48% yield of dibutylamine, a 9% yield tentatively 
identified as «-butyl-N-butyramide; and finally 
ethylglyoxal was identified as its osazone. The 
ethylglyoxal must have been present as such or as

its diethylketal, IX, since the red color was not 
observed during osazone formation.

The decomposition of dibutylchloramine in ace­
tic acid was very slow at 25° 
but could be accelerated to 
completion (negative test 
for electropositive chlorine) 
in one hour by reaction at 
90°. A 39% yield of di­
butylammonium chloride 
was formed, as well as two 
distillable fractions. Nei­
ther of these was N-«-butyl~ 
pyrrolidine.6 The lower 
boiling of the two fractions 
was undoubtedly dibutyl- 
acetamide. The other frac­
tion does not undergo the 
characteristic delayed pre­
cipitation with ethanolic di­
nitrophenylhydrazine .

The decomposition of di­
butylchloramine in acetic 
anhydride was even more 
extensive than in the sol­
vents recorded above. Re­
action in this anhydrous 
medium was much more 
rapid than in acetic acid or 
ethanol, and was violent at 
65°. A low yield of di­
butylammonium chloride 
was produced when one or 
two equivalents of the an­
hydride were employed, but 

none was found when three equivalents were used.
The distillate from the residue was unstable. 

Partial separation provided a 2 1 % yield of butyl 
butyramide, 2 at least 20% of dibutylacetamide, 
and two aldehydic fractions from which phenyl­
hydrazine derivatives of ethylglyoxal were ob­
tained.

Aid from the Canadian National Research 
Council is gratefully acknowledged.

Experimental721

Dibutylchloramine with Hydrogen Chloride.—Five 
grams (0.0316 mole) of dibutylchloramine in 12 cc. of 
methanol was cooled to  0 ° while hydrogen chloride was 
passed through until saturation. The chlorine which 
was evolved amounted to 0.023 mole (6 8 % ). The 
residual salts remaining after evaporation of the solvent 
weighed 3.8 g. and after neutralization with alkali were 
identified by distillation as 0.02 g. of butylamine, 2.30 
g. (55%) of dibutylamine and 0.04 g. of an oil which con­
tained combined chlorine. Aldehydic material was lost 
during the evaporations, but a remaining trace gave a 
derivative with dinitrophenylhydrazine melting a t 234°. 
According to  its mixed melting point this was identical 
with the ethoxyethylglyoxal dinitrophenylosazone which 
is discussed later.

Bu
(VIII)

- | h c i

C l

H—C—C = C —-CH*

N
1

Bu
(X)

H

(6) G. H. Coleman and G. E. Goheen, T h is  J o u r n a l , 60, 730 
(1938).

(7a) All melting points have been corrected against known 
standards.
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Dibutylchloramine with Sulfuric Acid-Water.—When
42.3 g. (0.26 mole) of dibutylchloramine was added to a 
mixture of 80 cc. (1.5 mole) coned. sulfuric acid and 30 cc. 
(1.67 mole) of water it was necessary to  cool the mixture 
slightly. I t  was heated one day a t 90° with strong evolu­
tion of chlorine, but a t the end of this time, the electro­
positive chlorine test was negative. The whole was 
poured into ice and extracted with ether to  remove a little 
oil which was discarded. The cooled aqueous layer was 
made basic with 135 g. of sodium hydroxide and was then 
extracted with ether and this solution dried with sodium 
hydroxide. Distillation yielded 20.3 g., b. p. 42-51° 
(11 m m .), n u D 1.4327, of N-butylpyrrolidine in 61% 
of the theoretical yield. This was redistilled a t 155- 
157° (754 mm.) to  free it from contamination with 
an impurity which contained chlorine. The distillate, 
which had the same refractive index, was identified by 
precipitation of N-butylpyrrolidine picrate from hydro­
chloric acid solution with saturated picric acid, m .p . 123- 
124.5°, after crystallization from 95% ethanol.7

Dibutylchloramine in Ethanol.—A solution of 16.3 g. 
(0.1 mole) of dibutylchloramine in 50 cc. of absolute 
ethanol became very dark after boiling for fourteen 
hours until a negative electropositive chlorine test was 
obtained. The ethanol was removed under 150 mm. 
pressure, the residue taken up in 2% hydrochloric acid 
and extracted three times with ether. This ether solu­
tion, dried with magnesium sulfate, was distilled to yield
1.79 g. boiling a t 35-42° (0.25 m m .); n25D 1.4484. 
This was redistilled to remove a small first fraction, then 
a second fraction a t 74-76° (10 m m .). When this main 
distillate was treated with phenylhydrazine and a little 
acetic acid in ethanol and then diluted with water, a 
precipitate (m. p. ca  110°) appeared. This melted a t 
115° after crystallization from petroleum ether (b. p. 
60-70 °) and was the osazone of ethylglyoxal.5

A n a l .  Calcd. for C16H i8N4: C, 72.2; H, 6.84; N, 
21.0. Found: C, 71.8; H , 7.04; N, 20.7.

The aqueous liquor from which were obtained the acid 
insoluble fractions described above, was made basic to 
release an amine fraction. Upon distillation, this yielded
1.7 g. of monobutylamine » 25d  1.3643, b. p. 78-80° (754 
m m .), (23% of theoretical), and then 6.3 g. of authentic 
dibutylamine, b. p. 32° (0.25 m m .), n25D 1.4156 (48% 
of theoretical) and 1.3 g. of material, b. p. 70-78° (0.01 
m m .), »25d 1.4413, m. p . —10°. According to boiling 
point and refractive index this fraction may be N-butyl- 
butyramide. I t  would not react with dinitrophenyl­
hydrazine in dilute ethanolic hydrochloric acid but on 
treatm ent of 0 .2 g. overnight with 1 g. of ^-bromobenzene- 
sulfonyl chloride in 7 cc. of 10% alkali, it yielded 0.1 g. 
of ^-butyl bis-£-bromobenzenesulfonimide, m. p. 107- 
114°. After crystallization from ethanol, this melted 
without depression a t 115° when mixed with the authentic 
material.8

Thermal Decomposition of Dibutylchloramine,—It re­
quired six weeks a t 38° before 4.5 g. (0.028 mole) of 
dibutylchloramine no longer gave an electropositive 
chlorine test. The brown residue was suspended in ether 
and filtered to remove 2.25 g. of dibutylammonium chlo­
ride (49% of theoretical) which was identified as its 
styphnate, m. p. 91.4-91.9°. The ether filtrate was 
distilled, finally a t 0.01 mm. to yield 0.93 g., b. p. 40- 
47°, n 25d 1.4534. This distillate precipitated a small 
am ount of salt. I t  was redistilled in toto at 50° (0.006 
mm.) n 2bd 1.4539.

A n a l .  Calcd. for C8H i5NC12: C, 49.2; H, 7.75; N, 
7,19. Found: C, 49.8; H , 8.05; N, 7.76.

When 0.489 g. (0.0025 mole) of this material was 
treated with 1,53 g, (0.006 mole) of ^-bromobenzene- 
sulfonyl chloride and 19.2 cc. (0.012 mole) of 5% aqueous 
sodium hydroxide at 0° and then shaken two hours at 
25° a solid formed which was filtered off after neutraliza­
tion of the alkali. I t  weighed 0.16 g. and melted a t

(7) L. C. Craig and R. M. Hixon, T h is  J o u r n a l , 53, 187 (1931).
(8) Ssolonina, J . Russ. Rhys-Chem. Soc., 31, 640 (1899).

about 60°. Several crystallizations from hot ethanol 
raised this to 115.3°. The identical material could be 
prepared from the salt remaining after the N-butyl- 
dichlorobutaldimine was distilled under reduced pressure. 
This is evidently identical with the n -h u ty l - b i s - h r o m o -  
benzenesulfonimide reported with melting point of 116°.8

A n a l , Calcd. for C16H17N 0 4S2Br2: C, 37.6; H, 3.36;
N, 2.74. Found: C ,37.9; H, 3.64; N, 3.26»

The compound designated above as N-butyldichloro- 
butanaldimine (5.72 g. 0.029 mole).was dissolved in 25 
cc. of dry ether and treated with hydrogen chloride. No 
chlorine was evolved. After evaporation of the ether, 
the residue weighed 6.8 g. (quantitative yield). No satis­
factory melting point of this material could be obtained. 
When it was dissolved in 17 cc. of methanol to  which 250 
cc. of dry ether was added a new precipitate appeared in 
smaller quantity (2.98 g.). I t  melted a t 213-213.5° 
and according to  analysis was butylammonium chloride 
in 97% yield.

A n a l .  Calcd. for C4H 12NC1: C, 43.8; H, 11.03.
Found: C, 43.4; H , 10.80.

This was identified by treatm ent of 1 g. (0.0092 mole) 
of salt with 3 g. (0.012 mole) of bromobenzenesulfonyl 
chloride and 40 cc. (0.05 mole) of 5% aqueous sodium 
hydroxide in the cold. This yielded 2.56 g. (97%) of 
N-butyl-£-bromobenzenesulfonamide, m. p. 56-57°, and 
was contaminated with the 116° compound described 
above. This was washed with carbon tetrachloride and 
crystallized twice from 1:4 benzene-petroleum ether 
(b. p. 60-70°) to  melt a t 54-54.5°. Since this is lower 
than th a t previously reported7 (58°), the compound was 
identified by analysis.

A n a l .  Calcd. for Ci0Hi4NSO2B r: C, 41.2; H , 4.84. 
Found: C, 41.5; H, 4.89.

When the methanol-ether solution, from which the 
butylammonium chloride was isolated, was evaporated 
to a small volume and diluted with water, a water-insoluble 
phase separated. Its ether solution, dried and distilled, 
yielded 0.37 g., b. p. 43-45° (12 m m .), n 2bd 1.4515. 
When this substance was treated with phenylhydrazine 
hydrochloride in ethanol, the suspension first turned 
yellow, then after five minutes was blood-red. This 
color disappeared by the next day to leave yellow crystals 
melting a t 162°. This crop was crystallized from ethanol 
and then ground in dioxane to melt a t  169-170.6°. I t  
was slightly soluble in dilute hydrochloric acid. The 
compound was evidently a hydrochloride.

A n a l .  Calcd. for C16H i9N4C1: C, 63.6; H, 6.36; N, 
18.5. Found: C, 63.7; H , 6.57; N, 18.5.

When this compound was dissolved in ethanol and 
treated with aqueous sodium hydroxide and water, the 
precipitate melted at 110°. Crystallization from petro­
leum-ether (b. p. 60-70°) raised this to 114-115°. A 
mixed melting point with the osazone of ethylglyoxal 
was not lowered.

Crude “ N-Butyl Dichlörobutaldimine* * with Dinitro­
phenylhydrazine.—A suspension of 1.45 g. (0.0073 mole) 
of 2,4-dinitrophenylhydrazine in 150 cc. of ethanol and 
3 cc. of concentrated hydrochloric acid was boiled with 
1.18 g. (0.006 mole) of crude N-butyldichlorobutanal- 
dimine. After one minute the clear solution became 
cloudy and a yellow precipitate began to appear. After 
fifteen minutes, this had become red. The suspension 
was filtered hot to remove 0.88 g. of orange-red precipi­
tate, m . p .  232-234°. This was crystallized from dioxane 
(80 cc. per g.) as dark red prisips which melted a t 241.1- 
241.6°. I t  contained no chlorine and is thought to be 
the osazone of 3-ethoxyethylglyoxal.

A n a l .  Calcd. for CisHsoNgOg: C, 44.3: H, 3.69; N,
22.8. Found: C, 44.4; H , 3.67; N, 22.4.

When the ethanol solution (from which this osazone 
was filtered) was cooled, an orange precipitate weighing
O. 25 g., m. p. c a . 200°, was obtained. This obvious 
mixture was crystallized thrice from dioxane (20 cc. per 
g.) to melt a t 227.5-228°. The precipitate contained



May, 1948 The Decomposition of D ibutylchloramine 1961

chlorine. The analysis conformed most closely with that 
expected for 3 -chlorobutanal 2,4-dinitrophenylhydrazone.

A n a l . Calcd. for C ioH nN ^C l: C ,42 .0 ; H ,3 .85 ; N, 
19.5. Found: C, 42.7; H , 3.70; N, 18.9.

The ethanolic filtrate from which this compound was 
isolated when diluted with water, precipitated 0.17 g. 
of yellow material, m. p . c a . 85°, which was dissolved 
in hot ethanol to give a first crop, m. p. 185-187°, not 
further investigated. Further cooling yielded 0.05 g., 
m. p. 92.8°. This melting point was not raised by 
further crystallization from ethanol. The compound 
contained no chlorine.

A n a l .  Calcd. for Ci2H i6N 40 6: C, 48.6; H, 5.45; N,
18.9. Found: C, 48.1; H , 5.46; N, 19.1.

When this process with dinitrophenylhydrazine was car­
ried out in methanol instead of ethanol, the hot methanol- 
insoluble precipitate melted a t 234°. I t  was crystallized 
from boiling nitromethane (40 cc ./g .), then extracted 
with boiling chloroform and finally recrystallized from 
nitromethane to  melt a t 242-244°. A mixed melting 
point of this dinitrophenyl osazone of 3-methoxyethyl- 
glyoxal with the ethoxy analog melted a t 227°.

A n a l .  Calcd. for Cj/H^NsOg: C, 42.8; H , 3.28.
Found: C, 43.1; H , 3.41.

When the thermal decomposition of dibutylchloramine 
was effected a t higher temperatures the reaction was 
complete in ten days a t 58° and in one day a t 95°. The 
yield of dibutylammonium chloride was lower (40- 
37%) but the products were essentially the same.

Dibutylchloramine in Acetic Acid.—A solution of 70.6 
g. (0.434 mole) of dibutylchloramine n2bd 1.4348 in 8 6  

cc. of acetic acid showed no tendency toward salt forma­
tion in one day, but when heated to  90 °, the electropositive 
chlorine was consumed in one hour. The solvent was 
removed under 15 mm. pressure and the residue made 
alkaline with cold 15% aqueous sodium hydroxide. The 
oil which separated was taken up in ether, dried with 
magnesium sulfate and distilled to yield 22 g. (39% of 
theoretical) of dibutylamine, b. p. 30-36° (0.35 m m .), 
n2bd 1.4162 (identified as the styphnate, m. p. 93°) and 
then 17 g., b. p. 88-92° (0.05 m m.), n 2bB 1.4500.

This fraction contained no N-butylpyrrolidine, since its 
dilute hydrochloric acid extract gave no picrate. When 
it was shaken with saturated sodium bisulfite, dried under 
vacuum, and redistilled, it first yielded 4.58 g., b. p. 120- 
5° ( 1 2  m m .), n 2hd 1.4480, which was evidently impure 
dibutylacetamide. The characterization of this compound 
was effected by one-day reflux with an equal weight of so­
dium methoxide in 5 volumes of methanol which yielded, 
on distillation, dibutylamine in 20% yield, b. p. 45-50° 
(12 m m .), n2bB 1.4150. This was converted to dibutyl 
^-bromobenzenesulfonamide, m. p. 58-59°, for complete 
identification by mixed melting point . 9 In addition 
to this amine, purified dibutylacetamide, n2bB 1.4436, 
b. p. 119-121° ( 1 2  m m .), was recovered.

The second and main fraction from this redistillation 
of the 17-g. portion boiled at 127-130° (12 mm.), n2bB 
1.4513. The compound contains chlorine. The analysis 
could not be correlated with any reasonable structure.

A n a l  Calcd. for C 9H 1 8 NC1: C, 61.6; H , 10.3; N, 
7.97. Found: C, 61.1; H, 10.1; N, 7.88.

This product did not react with 2,4-dinitrophenyl- 
hydrazine in boiling dilute ethanolic hydrochloric acid. 
Some early fractions after removal of the dibutylamine in 
the initial distillation did, however, give ethoxyethyl­
glyoxal dinitrophenylosazone, m. p. 238-240°, when 
treated under the same conditions.

Dibutylchloramine with Acetic Anhydride.—When a 
mixture of 48.9 g. (0.3 mole) of dibutylchloramine and
91.8 g. (0.9 mole) of acetic anhydride had reacted together 
for four hours a solid began to appear. After seven days, 
no more electropositive chlorine could be detected. The 
whole was poured into 500 g. of ice and neutralized with

(9) J. W. Suggitt and  G. F  Wright, T h is  J ournal, 69, 2073 
(1947)-

140 cc. of 50% aqueous potassium hydroxide and extracted 
with ether. This ether solution was extracted with 35 
cc. of 1 2 % hydrochloric acid, then with aqueous sodium 
chloride solution, and was dried with magnesium sulfate 
for distillation. The acid washing liquor was made basic 
to yield 2.50 g. of oil, b. p . 109° (7 m m .), n 25B  1.4439, 
but no dibutylamine.

The dried ether solution was distilled first at 7 mm. to 
yield 4 g. of chlorinated material, not identified, n25d 
1.1456, and then a t 0.5 mm. The principal distillate 
boiled a t 78-95° and weighed 40 g. Although it was 
contaminated with material which contained halogen, its 
density at 20° (0.9) and its refractive index, n 25D 1.4445, 
showed th a t it was essentially halogen-free. By con­
trast, final fractions of 4.4 g. (b. p. 95-98°) and 7.1 g. 
(b. p . 128°) were rich in halogen according to their 
refractive indices, n25d 1.4564 and n25d 1.4729, respec­
tively.

The principal yield of 40 g. was refractionated with 
difficulty because of continual decomposition. From it 
was obtained 8.27 g., b. p. 73° (0.02 m m .), n25d 1.4407 
melting a t — 8  to —10°. A mixed melting point with N- 
butylbutyramide, m. p . —7 to —6 ° was not lowered. 
This yield, 21% of theoretical, represents a minimum of 
the compound which actually was present. The remaind er 
of the 40 g. of product was not positively identified but 
its refractive index, n 25D 1.4437, indicated th a t it was 
dibutylacetamide.

Decomposition occurred during all of these distillations 
and these decomposition products, caught in a trap chilled 
to —75°, weighed 8 . 8  g. Fractionation of the material 
was very unsatisfactory owing to a tendency toward 
separation into two phases when the liquid was warmed 
above 60°. The second phase disappeared when the dis­
tillation temperature reached 94°. The distillation 
yielded two main fractions boiling a t 90-92° (750 m m .), 
wt. 2.2 g. and 1.13 g., b. p . 115-125° (750 m m .). The 
first of these fractions, n 25D 1.4580, could not be recog­
nized by its analysis (32.1% carbon, 5.82% hydrogen) 
but it must have been largely ethylglyoxal since it gave a 
60% yield of the monophenylhydrazone when it was 
treated with 1 . 1  equivalent of phenylhydrazine in ethanol. 
This compound, m . p .  133-136°, was purified by crystal­
lization from ethanol and isopropyl ether to melt a t 134.5- 
135.5°. I t  was then halogen-free.

A n a l .  Calcd. for Ci0H i2N 2O: C, 68.3; H , 6 .8 8 ; N ,
15.9. Found: C, 6 8 .6 ; H , 7.10; N, 15.9.

When 0.3 g. of this ethylglyoxal phenylhydrazone was 
treated in boiling ethanol solution with 0.3 g. of phenyl­
hydrazine and then filtered, after treatm ent with Darco 
decolorizing charcoal, an oil appeared after dilution with 
water and acetic acid. When hydrochloric acid was 
added, this solidified to a crystal mass melting a t 158- 
159°. Crystallization from hot ethanol-chloroform mix­
ture yielded the phenylosazone hydrochloride of ethyl­
glyoxal, m. p. i 6 8 °. This was identified by mixed 
melting point.

The aldehydic fraction boiling at 115-125° contained 
chlorine but no nitrogen, n 25B 1.3773, m. p. — 8  to 0°. 
According to  its analysis it might be 1 -acetoxy-2-chloro- 
1 ,2 -dihydroxybutane.

A n a l . Calcd. for C6H.1 1O4 Cl: G, 39.6; H , 6.1. Found: 
C, 39.4; H , 6.5.

When this material was treated with excess phenyl­
hydrazine in ethanol plus a trace of acetic acid, it yielded 
the osazone of ethy glyoxal, m . p .  112-114°, authenticated 
by mixed melting point.

When 0.18 g. of this aldehydic distillate was treated 
with 0.18 g. of 2,4-dinitrophenylhydrazine in boiling e th ­
anolic hydrochloric acid only a slight precipitate of ethoxy­
ethylglyoxal 2,4-dinitrophenylosazone appeared. The 
main product, c a . 0 . 1  g., was precipitated by addition of 
water to  melt a t 155-175°. Repeated crystallization 
from boiling ethanol (30 cc./g.) raised this melting point 
to 194.5°. The compound contained chlorine, and is 
believed to  be the hydrochloride of ethylglyoxal 2,4- 
dinitrophenylosazone.
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A n a l . Calcd. for Ci6H15N 80 8C1 : C, 40.0; H, 3.14; 
N, 23.3. Found: C, 39.9; H , 3.16; N, 23.3.

Summary
1. The spontaneous decomposition of dibutyl­

chloramine yields dibutylammonium chloride and 
a distillable fraction believed to be a mixture of 
N-w-butyl mono-, di- and trichlorobutanaldimines 
with the second of these compounds predominat­
ing. Other compounds seem to be present, but 
phenyl and dinitrophenylhydrazones and osa­

zones of these three have been isolated.
2. Decomposition of dibutylchloramine in al­

cohols follows the same course, but hydrolysis of 
the aldimines occurs to give monobutylammonium 
chloride and ethylglyoxal.

3. Decomposition of dibutylchloramine in ace­
tic acid or its anhydride gives also dibutylacet­
amide and, in the latter reagent, N-^-butylbutyr- 
atnide.
T o r o n t o , O n t a r io  R e c e iv e d  N o v e m b e r  26, 1947

[C o n t r ib u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

A Synthesis of JZ-Homotryptophan
By H. R. Sn y d e r  a n d  F r e d e r ic k  J. P il g r im

Homotryptophan [ a - amino - y - (3 - indole) - bu­
tyric acid, VII] has been synthesized to permit 
physiological studies of the substance, particularly 
with reference to its possible action as an anti­
metabolite. The reactions employed in the syn­
thesis are shown in the accompanying diagram.

C K 2— C

C2H5MgBr, , h 2o --------^

PBr3
RCH2CH2OH - ..->

(R =  3-indole)
II

RC H 2CH2Br 
III

RCH2CH2C(C02C2H 6)2 ■

NHCOCHs
IV

RCH2CH2CHCOOH

ilHCOCHs
VI

NaC(C02C2H5)2NHC0CH,

RCH2CH2C(C02H)2

iracocHs
V

CH jCHjCHCOOH
i

n h 2

Tryptophol (II) was prepared from indole (I) 
by the method of Oddo and Cambieri1 which con­
sists in the treatment of indole-magnesium bro­
mide with ethylene oxide. Phosphorus tribromide 
was employed to convert tryptophol to the corre­
sponding bromide (III) as described previously.2 
Alkylation of ethyl sodioacetylaminomalonate3 by 
III was found to take place readily and in good

(1) Oddo and Cambieri, Gazz. chim. ital., 69, 19 (1939).
(2) Hoshino and Shimodaira, A nn., 620, 19 (1935).
(3) (a) Snyder, Shekleton and Lewis, T h is  J o ur n a l , 67, 310 

(1945): (b) Albertson and Archer, ibid., 67, 308 (1945).

yield (about 60%). The alkylation product, 
ethyl a-acetamino- a-carbethoxy-y -(3-indole) -bu­
tyrate (IV), as obtained directly from the reaction 
mixture was of sufficient purity for conversion to
V. Saponification of IV to the corresponding ma­
lonic acid, V, was effected by refluxing a mixture of 
IV with dilute sodium hydroxide solution; an al­
most quantitative yield of V was obtained.

Decarboxylation of the substituted malonic 
acid was brought about by refluxing an aqueous 
suspension of the material for several hours, d l- 
N-Acetylhomotryptophan (VI) was isolated from 
the mixture as the monohydrate. It was found 
convenient to purify the substance as the mono­
hydrate; deacetylation of the pure monohydrate 
by hot dilute sodium hydroxide produced dl-homo­
tryptophan (VII) in a state of high purity and 
in almost quantitative yield.

Experimental45
Ethyl a. -Acetamino -ck-carb ethoxy-y - (3 -indole) -butyrate 

(IV).—To a solution prepared from 75 ml. of absolute 
ethanol and 0 .5 8  g .  of sodium were added 5.44 g. of ethyl 
acetaminomalonate and 5.50 g. of d -(3-indole) -ethyl 
bromide2 (III) . The reaction mixture was refluxed for 
fifteen hours with mechanical stirring. The hot mixture 
was filtered, the insoluble material on the filter was washed 
with 50 ml. of hot absolute ethanol, and the combined 
filtrate and washings were concentrated under reduced 
pressure to  a small volume (about 20 m l.). The residue 
was cooled to 5 ° and filtered. The light yellow crystals on 
the filter were washed with 50 ml. of cold absolute ethanol 
to give a white product (IV), m. p. 161-163°; yield, 4.8 
g. Concentration of the mother liquor to  a few milliliters 
and addition of 30 ml. of anhydrous ether to the residue 
yielded a precipitate, mainly sodium bromide. Extrac­
tion of this precipitate with small portions of warm water 
left a residue of crude IV (0.3 g.), m. p. 153-156°. A 
dark oily residue was obtained when the mother liquor 
from the second crop of crude product was evaporated to 
dryness under reduced pressure. No additional product 
was isolated from the oily residue. The over-all yield of 
IV, sufficiently pure for conversion to  V, was 5.1 g .  
(57.6%). A sample of pure IV, prepared for analysis by 
recrystallization from 95% ethanol, melted a t 163-164°.

A n a l .  Calcd. for C19H240 5N2: N, 7 .7 7 .  Found: N,
7.74.

(4) All melting points are corrected.
(5) Microanalyses by Miss Theta Spoor and Mr,, Howard Clark.,
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a-Acetammo~<*-carboxy-7-(3-indole) -butyric Acid (V).— 
A reaction mixture consisting of 4 g. of IV, 2.2 g. of 
sodium hydroxide and 2 5  ml. of water was refluxed for four 
hours. The hot mixture was treated with Darco, filtered 
hot and the filtrate was thén cooled to 5°. The addition 
of 5.7 ml. of cold concentrated hydrochloric acid to the 
filtrate caused precipitation of slightly pink crystals of V. 
The mixture, after standing fifteen hours at 5 °, was filtered. 
The solid was washed with 5 0  ml. of ice-water and dried 
for two hours a t 60 ° ; m .p .  140-141°; yield 3.3 g. (97.5%) 
of material suitable for conversion to V I.

A sample of pure V, recrystallized from 30% ethanol, 
melted a t 153-154°.

A n a l .  Calcd. for QgHieOgN2 *. N, 9.21. Found: N, 
8.94.

a-Acetamino-7-(3-indole)-butyric Acid (d^-N-Acetyl- 
homotryptophan) (VI).—Decarboxylation of the sub­
stituted malonic acid V was readily effected by refluxing 
a suspension of 3.0 g. of V in 25 ml. of water for three hours. 
The homogeneous reaction mixture was cooled to 5° and 
made acidic (congo red paper) by the careful addition of 
18% hydrochloric acid. The acetyl derivative (VI) 
separated from the acidic solution as an oil which slowly 
crystallized. The mixture was filtered and the crude 
product (2.0 g.) was recrystallized from 40% ethanol. 
The product isolated from this recrystallization was the 
monohydrate of VI, m. p. 112-113°; yield, 1.60 g. 
(58.3% ).

A n a l .  Calcd. for Ci4H160 3N2-H20 :  N, 10.05. Found: 
N , 10.12.

For the above analysis the crystals were dried for two 
hours a t 25° under 2 mm. pressure. When the crystals 
were finely pulverized and dried for an additional two

hours a t the same tem perature and pressure the hydrate 
apparently decomposed to anhydrous VI.

A n a l . Calcd. for Ci4Hi60 3N2: N, 10.77. Found: N,
10.53.

a-Amino-7-(3-indole)-butyric Acid (d l -Homotrypto- 
phan) (VII).-—Recrystallized d l - N -acetylhomotryptophan 
monohydrate (VI, 1.60 g.), sodium hydroxide (1.00 g.) 
and water (10 ml.) were combined and the solution was 
refluxed for twenty hours. The hot reaction mixture was 
treated with Darco, filtered and the filtrate was cooled to  
5°. Glacial acetic acid (1.50 g.) was added to  the filtrate 
which was then allowed to stand a t 5° for twelve hours to  
ensure complete precipitation of the amino acid V II. 
The reaction mixture was filtered and the white solid was 
found to  be almost pure d l -homotryptophan, m. p . 306- 
310°; yield 1.21 g. (96.5% ). I t  was recrystallized from a 
large volume of 50% ethanol. The glistening platelets of 
pure V II melted sharply a t 308° with decomposition.

A n a l . Calcd. for C12H140 2N2: C, 66.0; H , 6.47; N , 
12.84. Found: C, 66,15; H ,6 .5 1 ; N, 13.16.

Summary
{//-Homotryptophan [ a-amino- 7 - (3-indole) -bu­

tyric acid] has been synthesized via the sequence: 
indole, tryptophol, 0-(3-indole)-ethyl bromide, 
ethyl a-acetamino-a-carbethoxy-Y- (3 - indole) - bu­
tyrate, a-acetamino- a - carboxy - 7  - (3 - indole) - bu­
tyric acid, (Y-acetamino- 7 - (3 -indole) -butyric acid, 
{//-homo tryptophan.
U r b a n a , I l l in o is  R e c e iv e d  J a n u a r y  2, 1948

NOTES

Correlation of Rates of Halogenation of Methyl- 
benzenes

B y  F r a n c is  E .  C o n d o n

The rate of chlorination of toluene relative to 
that of benzene is 3451; relative to that at only one 
position in benzene, it is 345 X 6 =  2070. The 
product has been reported to be 42% p -  and 58%
o-chlorotoluene.2 Hence the partial relative
rate of chlorination of toluene at the para posi­
tion is 0.42 X 2070 =  870; similarly, the ortho

mated as 5, which seems reasonable in view of the 
value of 3 found for meta nitration.3

If each of the methyls in a polymethylbenzene 
exerts the same activating influence as the one in 
toluene, a partial relative rate of chlorination at 
each available unclear position may be calculated 
as a product of two or more partial relative rates, 
each corresponding to a methyl and its position. 
The rate for the polymethylbenzene relative to 
that for benzene is then one-sixth the sum of the 
partial relative rates for all available positions.

T a b l e  I

R e l a t iv e  R a t e s  o f  H a l o g e n a t io n  o f  P o l y m e t h y l b e n z e n e s  (B e n z e n e  =  1)

Calculated
Experimental1

Calculated

^-Xylene
2.0  X 103 
2 .2  X 10s

Pseudocumene
7 .4  x 105

o-Xylene
2.5  X 103
4 .6  X 103

Hemimeliitine
8.7  X 10*

ra-Xylene
2.4  X 10® 
4 .3  X 10*

Durene
3 .0  X 10®

M esitylene
1.6 X 108
1 .8  X 108
Prehnitene

4 .4  X 1 0 7

Pentam ethyl-
benzene

13 X 108 
7 .8  X 108

Isodurene
5.2  X 108

partial relative rate is (0.58/2) X 2070 =  600. 
The meta partial relative rate may be approxi-

(1) De la M are and Robertson, J . Chem. Soc., 270 (1943).
(2) Wertyporoch, A nn., 493, 15&-165 (1932); C. A ., 2177

(1933).

In ^-xylene, for example, each of the four avail­
able positions is influenced by two methyls, one 
ortho and one meta. The calculated partial rela-

(3) Ingold, Lapworth, Rothsteiio and Ward, J , Chem. Soc., 1969 
(1931).
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tive rate at each position is therefore 600 X 5 =  
3000; and the rate for ̂ -xylene relative to that for 
benzene is 4 X 3000/6 =  2000. Similarly, inas­
much as the single available position in penta- 
methylbenzene is influenced bv one para, two 
meta, and two ortho methyls, the rate of chlorina­
tion of pentamethylbenzene relative to that of 
benzene is 870 X 5 X 5 X 600 X 600/6 =  1.3 X 
109. Such calculated relative rates are compiled 
in Table I, together with available experimental 
values1 for chlorination or bromination. The 
agreement between the calculated and the experi­
mental values, which is good in view of the 350,~
000-fold range, inspires considerable confidence in 
the five values for which experimental confirma­
tion is at present unavailable.

A product of relative rates as calculated above is 
mathematically related to a sum of activation 
energy differences calculated from Arrhenius- 
type equations for the individual rate constants 

k  =  A e ~ E/ RT

For
h / k  -  ( A i / A ) e ( E~ E0 / RT

and
B ( E  -  E {)  =  B R T  In ( k j k )  -  B R T  In  ( A - J A )  -

R T  In  T l( k i /k )  -  R T \ n U ( A i / A )

If the several A  terms are equal, 4 the relationship 
simplifies to

B ( B  -  E i)  -  R T  In  n ( h / k )

According to the theory of absolute reaction rates5 

k  -  (.K T / h ) e ~ F/ RT

where K  =  Boltzmann constant, h =  Planck con­
stant, and F =  difference in free energy between 
initial and activated states, or “activation free 
energy.” Consequently, without any assumption 
of constancy for an A  term, or “frequency factor” 5 

k i / k  -  e(F~ F0 / Rr

and
B ( F  -  F 0  =  R T  In U ( k i / k )

so that a product of relative rates is simply related 
to a sum of activation free energy differences.

(4) Cf. Bradfield and Jones, J . Chem. Soc.t 1006, 3073 (1928); 
Trans. Faraday Soc., 37, 737 (1941).

(5) Glasstone, Laidler and Eyring, “ The Theory of R ate Proc­
esses,’1’ McGraw-Hill Book Co., Inc., New; York, N . Y., 1941.

B a r t l e s v il l e , O k l a h o m a  R e c e iv e d  N o v e m b e r  28,1947

Liquid Nitrosyl Chloride as an Ionizing Solvent
B y  A n t o n  B . B u r g  a n d  G e o r g e  W . C a m p b e l l , J r . 1

Liquid nitrosyl chloride is expected to be a 
fairly effective ionizing solvent, for its dielectric 
constant (18.2 at 12°)la is comparable to that of 
liquid ammonia. The acid-base system would be

(1) This note is based upon a  thesis subm itted by George W. 
Campbell, Jr., to the G raduate F aculty  of the University of Southern 
California, in partial fulfillment of the requirements for the degree of 
M aster of Science, June, 1947.

(la) Ketelaar, Rec. trav. chim., 62, 289 (1943).

defined by the neutralization equation NO+ +  
Cl"" —» NOC1. As in the analogous case of car­
bonyl chloride,2 the chloride ion should not be 
appreciably solvated, for the electronic structure 
of NOC1 (resonance between :0—N+Cl“ and
:0=N —Cl:^1*8 will not be affected by an electron-
donor so weak as chloride. In agreement with 
this prediction, potassium chloride is insoluble in 
liquid nitrosyl chloride, contributing no conduct­
ance effect.

The nitrosyl ion, on the other hand, should 
be solvated very strongly, on account of
the resonance structures '|jO =N — Cl—N =0:”j+,
[:0= N —Cl:] :N =0:, and :0=N: [:C1—N = 0:].
Hence it is expected that nitrosyl salts, many of 
which have been recognized,4 should be soluble in 
liquid nitrosyl chloride, with high electrical con­
ductance.

Experimental Results.—These ideas have been 
tested in a preliminary investigation of the elec­
trical conductance of solutions of typical nitrosyl 
salts in liquid nitrosyl chloride. The mono- 
nitrosyl salts NOA1CU, NOFeCl4 and NOSbCl6 
are readily soluble strong electrolytes, as de­
manded by the theory (see Table I). The solva­
tion is indicated by the reaction NOA1C14(s) +  
NOCl(g) ±5 NOA1C14*NOC1(s), recently discov­
ered in our laboratories by Donald E. McKenzie. 
The dissociation pressure of the product is approx­
imately 240 mm. at 0°.

Less favorable results were obtained with 
(NO)2SnCl6, (NO)2TiCl6, and (NOS04H), all of 
which appeared quite insoluble and non-conduct­
ing. Dinitrosyl pyrosulfate, (NO)2S20 7,5 showed a 
slight conductance which very slowly passed 
through a maximum (see Table II). Sulfuric 
acid was inert.

The inert character of potassium chloride was 
not changed by an “acid” solution of nitrosyl 
chloroantimonate, which, by analogy with car­
bonyl “acids” in carbonyl chloride, should have 
dissolved it. The reason might be a protective 
coating of KSbCle.

In an attempt to establish chloride ions in liq­
uid NOC1, the base-action of water was tried. 
However, the water only dissolved without con­
ductance and was recovered by evaporating the 
nitrosyl chloride. The usual hydrolysis reaction 
H20  +  2NOC1 -> NO +  N 0 2 +  2HC1 is slow at 
room temperature and the products are non­
conducting in nitrosyl chloride.

(2) (a) Germann and Gagos, J . Phys. Chem., 28, 965 (1924) ; 
(b) Germann and Timp any, ibid., 29, 1423 (1925); (c) Germann and 
Birosel, ibid., 29, 1469 (1925); (d) Germann, T his Journal, 47, 
2465 (1925); (e) Germann and Tim pany, ibid., 47, 2275 (1925).

(3) K etelaar and Palmer, ib id ., 5 9 ,2629 (1937).
(4) (a) W illke-Dörfurt and Balz, Z. anorg. allgem. Chem., 159, 219 

(1927); (b) Gall and Mengdehl, Ber., 60B, 86 (1927); (c) Rhein- 
boldt and Wasserfuhr, ibid., 60B, 732 (1927); (d) Angus and Leckie, 
Proc. Roy. Soc. (London), A150, 615 (1935); (e) Klingenberg, Rec. 
trav. chim., 56, 749 (1937).

(5) Jones, Price and Webb, J . Chem. Soc., 135, 312 (1929).
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Methods and Numerical R esults—All re­
agents were prepared and handled with complete 
exclusion of moisture. The nitrosyl chloride 
was prepared by the usual reaction NOSO4H +  
HCl —»H2SO4 +  NOC1, and purified by means of a 
helix-packed column. With electrodes of bright 
platinum wire 1 mm. thick, having 12 mm. ex­
posed length, and 6 mm. apart, polarization ef­
fects caused a 15% uncertainty in the evaluation 
of the cell constant (0.78) by reference to aqueous 
KC1, but the various NOC1 solutions gave results 
consistent to 1%. These results accordingly are 
presented in Tables I and II for purposes of com­
parison.

T a b l e  I

C o n d u c t a n c e s  i n  L iq u id  N it r o s y l  C h l o r id e
Tem p., Spec, cond., Molar

Solute M olarity °C. mhos. cond.
NOAlCfi 0.098 - 2 0 1.17 X IO"2 119
NOFeCU .0099 —20 1.34 X IO"8 136
NOFeCh .0094 - 2 1 1.26 X 10~3 134
NOFeCU .0094 - 4 4 1.00 X IO"3 106
NOSbCle .140 - 2 0 2.35 X 10“ 2 168
NOSbCle .140 - 4 4 2.20 X IO"2 157
NOC1 Pure - 2 0

T a b l e  II

2 .88 X 10"6

C o n d u c t a n c e s  o f  (N 0)2S20 7 (Sa t d . i n  NOC1) a t  —2 0 °  

Time, hr. 0 0 .75 2 15 46
Spec. cond. X 10® 4.95 25.0 48.8 23.8 14.7

D e p a r t m e n t  o f  Chem istry
T h e  U niversity  of Southern  California
Los A ngeles 7, California

R ec eiv ed  D ecember  11, 1947

The Effect of Sulfur Fluorides on the Viscosity of 
Sulfur

B y  R. F a n e l l i

Recently, it was shown,1»3 that the halogens, 
chlorine, bromine, iodine and also hydrogen sulfide 
and hydrogen persulfides, even when present in 
minute amounts, reduce the viscosity of sulfur 
above 160°. The degree of effectiveness de­
creased, with respect to the halogens, in the order 
shown. It was also indicated that the increasing 
viscosity of pure sulfur with rise in temperature 
might be due to polymerization of sulfur into long 
straight chains and that reduction of the viscosity 
was due to the rupture of these chains by the hal­
ogens which take up terminal positions of the seg­
ments. For example, in the case of chlorine ad­
ded in the form of sulfur chloride we have 
S» (chain) +  S2C12 — C l-S -S -S  • • • S-8-SC1 and/or 

’ C l-S -S-S  • - • S-S-S.
Sulfur mixtures containing 2% chlorine give vis­
cosities under 15 centipoises throughout the entire 
liquid range, 115-445°. This is in sharp contrast

(1) R. F . Bacon and R. Fanelli, T h is  J o u r n a l , 65, 639 (1943).
(2) R. F. Bacon and R. Fanelli, Ind. Eng. Chem., 34, 1043 (1942).
(3) R. Fanelli, ibid., 38, 39 (1946).

with the maximum viscosity of pure sulfur, 93,200 
centipoises, at 186-188°.

Fluorine was not tried in the earlier experiments 
because of the difficulty in obtaining this element. 
It was assumed, however, that because of its posi­
tion in the halogen group it would be much more 
effective than chlorine. Recently, sulfur hexa­
fluoride became available commercially and it was 
used in the same manner as sulfur chloride. Be­
cause of its high thermal stability, sulfur hexafluo­
ride, if effective, would be an attractive reagent 
for reducing the viscosity of sulfur.

Experimental
Quantitative data were not obtained as the na­

ture of the work was exploratory. The effect of 
the sulfur fluorides was determined by visual com­
parison of the fluidity of the treated sulfur with 
that of pure sulfur2 which at 180-195° shows very 
little or no flow in the space of a few minutes.

Sulfur hexafluoride was bubbled for five and 
one-half hours through pure sulfur heated to 310° 
during which period little, if any, decrease in vis­
cosity was noted. On cooling from 310 to 194° 
with the gas still bubbling through, the sulfur 
gelled indicating that the sulfur hexafluoride was 
comparatively ineffective in reducing the viscosity 
of sulfur. Apparently the stability and inertness 
of the hexafluoride is such that its reaction with 
the long sulfur chains is negligible under the condi­
tions of the experiment.

The direct fluorination of sulfur gives in addi­
tion to the hexafluoride much smaller and variable 
concentrations of SF4, S2F2, and (about 1%) 
S2F io. As revealed by Schumb,4 these lower fluo­
rides are removed before the purified hexafluoride 
is compressed into the cylinders. These lower 
fluorides are less stable and more reactive than the 
hexafluoride and might react with the long sulfur 
chains to appreciably reduce the viscosity.

The effect of the gases SF4 and S2F2 was deter­
mined by heating in an electric furnace mixtures of 
pure sulfur with metallic fluorides in rotating, 
sealed, heavy-walled Pyrex tubes (free volume 
about 15 cc.). For the preparation of SF4 the 
following reaction, reported to yield this com­
pound,4-7 was employed

4C oF 3 +  S — >  4CoF2 +  SF4

Under the conditions of this experiment, probably 
some of the cobaltous fluoride was converted to 
sulfide. For the formation of S2F2 two reactions 
reported to yield this halide6»7 were tried

2HgF +  3S — >  Hg2S +  S2F2 
___________ 2AgF +  3S — >  Ag2S +  S2F2

(4) W. C. Schumb, ibid., 39, 421 (1947).
(5) J. Fischer and J . W erner, Z. angew. Chem., 42, 810 (1929).
(6) J. W. Mellor, “ A Comprehensive Treatise on Inorganic and 

Theoretical C hem istry,” Vol. X , Longmans, Green & Com pany, 
London, England, 1930, p. 631.

(7) Don M . Yost and Horace Russell, Jr., “ System atic Inorganic 
Chemistry,” Prentice-H all, Inc., New York, N. Y., 1944, pp. 295 
and 299.
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Each tube contained 7 g. of pure sulfur mixed 
separately with 0.3 g. and 1.0 g. of CoF3; 0.3 g. 
and 1.0 g. of HgF; 0.5 g. and 1.0 g. of AgF. At 
the end of the experiments, all tubes were under 
fairly high pressure indicating formation of the 
gases had taken place. Only after prolonged 
heating (about forty-eight hours at 180-440°) was 
a slight reduction of the viscosity noted.

These experiments lead to the opinion that the 
observed failure of the sulfur fluorides to greatly 
affect the viscosity of sulfur is just one more in­
stance of the abnormal behavior of fluorine and 
its compounds when viewed in comparison with 
the other halogens.
T e x a s  G u l f  S u l f u r  C o ., I n c .
N e w  Y o r k  17, N . Y . R e c e iv e d  D e c e m b e r  30, 1947

The Melting Point of Mustard Gas
B y W . A. F e l s in g , C . A. H u n t in g  a n d  S. D. F e l l

Recently du Vigneaud and Stevens1 reported a 
study of the preparation and purification of mus­
tard gas (Ws-(/3-chloroethyl) sulfide) and its action 
on yeast. They purified the mustard by three 
recrystallizations from absolute ethanol and once 
from petroleum ether; the product had a melting 
point of 14.5°. The authors also cite references to 
other reliable melting point determinations found 
in relatively recent literature (i. e.f 14.4° and 
14.5°).

In Chemical Laboratory Report No. 369, 
Edgewood Arsenal, Edgewood, Md., dated No­
vember 29,1918, the authors of this note reported 
the purification and the melting point of mustard 
gas. Crude Levinstein mustard gas, melting at
8-9°, was distilled at 10 mm. pressure, yielding a 
distillate melting at 13.6°. This material was 
thrice distilled at pressures below 10 mm. and 
subjected to partial freezing. It was collected on 
a Buchner filter and the adhering liquid was re­
moved rapidly by suction. The collected crystals 
were melted and again the resulting liquid was par­
tially re-frozen and the crystals collected as before. 
In all, the crystals were partially frozen, drained 
and remelted seven times. The final product 
weighed about 750 g. (original volume of distilled 
mustard gas was about 1 gallon).

The melting point of the purified mustard gas 
was determined by the usual procedure of taking 
temperature readings every thirty seconds until 
every trace of the crystals had disappeared. The 
melting point was determined graphically from a 
time-temperature plot. The melting point ap­
paratus and the thermometer were kindly loaned 
by the Physical Chemistry Division of Johns 
Hopkins University. The short-range thermome­
ter, whose ice-point was carefully checked and 
which was calibrated by the Physikalische Tech­
nische Reichsanstalt (P.R.T. No. 26260) was cal­
ibrated in 0.1° and temperatures could be esti-

CI) du  Vigneaud smd Stevens, Turn  JouniftAL, 6% 1808 (1947).

mated to 0.02° by the aid of a magnifier. Two 
series of determinations yielded a melting point of 
14.45° and one of 14.44°.

Both of these values agree markedly well with 
the values given and cited by du Vigneaud and 
Stevens.

This note was suggested as a historical record 
by Chemical Corps Technical Command, Army 
Chemical Center, Md.
D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  T e x a s
A u s t in  12, T e x a s  R e c e iv e d  J a n u a r y  9, 1948

The Preparation of ^-Dimethylaminobenzoic 
Anhydride

B y  W il l ia m  S . F o n e s

In connection with other work under way in this 
Laboratory it was necessary to prepare >̂-di- 
methylaminobenzoic anhydride. By heating p- 
dimethylaminobenzoic acid in acetic anhydride
V. Meyer and Askenasy1 isolated a substance 
(m. p. 109°) that analyzed correctly for an addi­
tion complex consisting of one molecule of p-di- 
methylaminobenzoic anhydride and one of acetic 
anhydride. This work was repeated by Van Der 
Haar,2 who reported the complex (m.p. 109°) lost 
acetic anhydride when heated above its melting 
point to yield a substance sintering at less than 
200° and melting at 218°. He assumed the latter 
material to be the free anhydride.

This assumption is shown to be in error by the 
present work. The anhydride was prepared by 
the action of phosphorus pentoxide on ^-dimethyl- 
aminobenzoic acid in boiling xylene (method A) or 
by adding phosphorus oxychloride to a solution of 
p-dimethylaminobenzoic acid and triethylamine 
in chloroform (method B). The product from 
either reaction upon recrystallization from ben­
zene had a m. p. of 157-159° (cor.); a mixed melt­
ing point determination showed no depression. 
By method A the anhydride was obtained in a 
yield of 30% based on acid used with a 36% re­
covery of unreacted acid whereas a 50% yield was 
obtained by method B but no starting material 
was recovered.

The pure compound gave the expected analysis 
and was further characterized by conversion to the 
known methyl p-dimethylaminobenzoate,3 and p- 
dimethylaminobenzamide4 through the action of 
methanol and ammonia, respectively.

Experimental
p -Dimethylaminobenzoic Anhydride (Method A) .—-To a 

stirred suspension of 9.1 g. of £ -dimethylaminobenzoic acid 
in 450 ml. of refluxing ra-xylene there was added 8 g. of 
phosphoric anhydride. Stirring and refluxing were con­
tinued for seven hours with an additional 8-g. portion of 
phosphoric anhydride being added at the end of the first,

(1) V. Meyer and P. Askenasy, Ber., 26, 1365 (1893).
(2) A. W. Van Der Haar, Rec. trav. chim., 47, 324 (1928).
(3) John Johnston, Proc. Roy. Soc. (London), A78, 82 (1906);
(4) German P aten t 77,329 (1892); Frdl., 4, 173 <1899).
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third  and fifth hours. After standing overnight the reac­
tion mixture was heated to boiling and filtered. The 
filter cake was dissolved in water, made slightly alkaline 
with dilute sodium hydroxide and acidified with acetic 
acid to precipitate 3.3 g. (36%) unreacted -dimethyl - 
aminobenzoic acid. The xylene filtrate was concentrated 
and cooled to yield 4.1 g. of crystals, m .p . 147-160°. This 
material was taken up in chloroform, extracted with so­
dium bicarbonate solution and dried. Stripping of the 
solvent followed by recrystallization of the residue from 
benzene gave 2.6 g. (30%) of ^-dimethylaminobenzoic an­
hydride, m. p. 157-159° (cor.).

A n a l .  Calcd. for C1 8 H 20O3 N 2 : C, 69.3; H , 6.4;
N, 9.0. Found: C, 69.6; H , 6.4; N, 8 .8 .

Method B.—To a solution of 16.0 g. of £-dimethyl- 
aminobenzoic acid and 60 ml. of triethylamine in 150 ml. of 
chloroform there was added dropwise 11.7 g. (7.0 ml.) of 
phosphorus oxychloride. After the initial reaction sub­
sided the solution was heated to  reflux for ten minutes and 
allowed to stand one hour a t room temperature. The 
chloroform solution was extracted with ice-cold dilute 
sodium hydroxide solution and filtered through anhydrous 
sodium sulfate. Upon concentration and cooling the 
chloroform solution deposited 9.6 g .  of crystals, m. p. 
148-157°. Two recrystallizations of this material from 
benzene gave 7.5 g. (50%) of ^-dimethylaminobenzoic 
anhydride, m. p. 157-159° (cor.), identical with tha t ob­
tained by method A as evidenced by mixed melting point 
determination.

Acidification of the alkali extract with acetic acid did not 
yield any recovery of ^-dimethylaminobenzoic acid.

Methyl ^-Dimethylaminobenzoate.—In a sealed tube 
there was heated for three hours a t 100° 0.5 g. of p - di- 
methylaminobenzoic anhydride and 25 ml. of methanol. 
The reaction mixture was poured into cold dilute sodium 
hydroxide to dissolve the />-dimethylaminobenzoic acid 
and to precipitate the ester which was collected by filtra­
tion. There was thus obtained 0.23 g. (80%) of methyl 
£ -dimethylaminobenzoate, m. p. 99-102° (lit. 102° ) . 3  

Acidification of the alkali extract gave 0.18 g. of p - ó i -  
methylaminobenzoic acid.

^-Dimethylaminobenzamide.—A solution of 0.53 g. of 
^-dimethylaminobenzoic anhydride in 25 ml. of chloro­
form was saturated with ammonia and then heated in a 
sealed tube for two hours a t 70 0  and two additional hours 
a t 100°. The chloroform was stripped and the residue 
recrystallized from water to give 0.21 g. (76%) amide, 
m. p. 203-206° (lit. 206°).4
N a t io n a l  C a n c e r  I n s t it u t e  
N a t io n a l  I n s t it u t e  o f  H e a l t h
B e t h e s d a  14, M a r y l a n d  R e c e iv e d  F e b r u a r y  4, 1948

Preparation of 2-Phenylbenzoxazole
B y  L u c a s  C . G a l a t is

The preparation of 2-substituted benzoxazoles 
by heating appropriately ^-substituted anilines 
with an organic acid is a well-known reaction. In 
the case of benzoxazole, apparently the reaction 
has been used only for the preparation of the 
parent compound from o-aminophenol and formic 
acid.1 It has now been found that 2-phenylbenz- 
oxazole (I) may be prepared by the general 
method by heating 0-aminophenol with benzoic 
acid. Purification of crude I  presents difficulty 
especially because of the persistence of a highly 
fluorescent by-product which has been commonly 
encountered when I was prepared by heating 
aminophenol with various benzoyl derivatives.2

(1) Ladenburg, Ber., 10, 1124 (1877).
W) Skraup, Ann.» 41% 76 mud 82 (1919).

By choosing ligroin as a solvent, I could be ex­
tracted from the reaction product free from other 
by-products, except traces of the above mentioned 
fluorescent substance, which were in their turn 
eliminated by taking advantage of a difference in 
basicity between I and the latter. The fluorescent 
matter accumulated in the residue of the ligroin 
extraction was then easily separated and identified 
as triphen-dioxazine, an oxidation product of o- 
aminophenol.3

Experimental
In  a large test-tube an intimate mixture of 10.9 g .  of 

0 -aminophenol and 15 g. of benzoic acid is melted in an 
oil-bath a t 160°. The tube is then fitted with a stopper 
carrying a gas inlet tube and an exit tube bent downward. 
The temperature is raised to  195° while passing carbon 
dioxide through the tube, a t which temperature rapid 
evolution of water occurs. After two hours the tem ­
perature is raised to  200-2050  and held a t tha t point for 
ten hours. Every two or three hours the sublimate is 
melted down from the walls of the tube. After cooling to  
130° the melt is poured with stirring into cold water. 
The insoluble material is ground in a mortar with 2 N  
sodium hydroxide. The dark colored residue is warmed 
with 300 ml. of ligroin (b. p. 80-120°) until extraction 
of 2 -phenylbenzoxazole from contaminating black m a­
terial is complete. After filtering, the solution which is 
strongly fluorescent, although it does not contain bu t 
traces of the fluorescent m atter, is shaken with two 
drops of coned, hydrochloric acid which removes the 
fluorescent impurity as a violet-blue solution. The lig­
roin solution is filtered through a dry gravity filter and 
shaken with 80 ml. of coned, hydrochloric acid which 
removes the benzoxazole. The acid extract is diluted 
with stirring with four or five volumes of cold water 
yielding 14 g. (72%) of 2-phenylbenzoxazole as a white 
or slightly green powder melting a t 101°. A perfectly 
white product may be obtained by distillation of the 
material after the sodium hydroxide treatm ent with super­
heated steam (180°) followed by the treatm ent with hy­
drochloric acid in ligroin.

In order to  isolate the main quantity of the fluorescent 
substance, the black residue from the ligroin extraction 
is repeatedly extracted with boiling alcohol for removal 
of a red contaminant, and then with boiling xylene. On 
cooling, the intensively fluorescent xylene solution deposits 
small red brown needles with a metallic cast. This shows 
all the properties of triphen-dioxazine including the charac­
teristic production of green vapor on heating a t 300°.

Acknowledgement.—The author is indebted to  M r. 
Nicholas G. Dovletis for his assistance during this work.

(3) Seidel, Ber., 23, 182 (1890).

C h e m ic a l  L a b o r a t o r y  
o f  t h e  A d m ir a l t y
Athens, Greece R eceived September 3, 1947

Synthesis of 2 ?3-Diketopiperazine
By C. E. G o u l d in g , J r . , 1 a n d  C. B. P o l l a r d

Two prior methods for the preparation of 2,3- 
diketopiperazine by the reaction between diethyl 
oxalate and 1,2-ethanediamine2»3 have been rein­
vestigated in this Laboratory and found to afford 
yields of only about 1 and 10%, respectively. A 
new method involving the reaction of oxamide and
1,2-ethanediamine in 1,4-dioxane was therefore

(1) Present address: Caracas, Venezuela.
(2) Hofmann, Ber., 6, 247 (1872).
(3) Van Alphen, Rec. trav. c h i m §&. 937 (1936) »
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undertaken which, using anhydrous reagents and 
vigorous stirring, has afforded yields of approxi­
mately 50%. The reaction is presumably
O—C—NH2 H 2N—CH2 (HCl)

I +  I --------- >
o = -c —n h 2 h 2n —CH2

| | +  2NHs
O—Cv /C H 2 

X N H /

Procedure.—To 63 g. of finely powdered oxamide in a 
three-necked flask, 60 g. of anhydrous 1,2-ethanediamine 
in 250 ml. of anhydrous 1,4-dioxane, and thereafter as a 
catalyst, 2 ml. of concentrated hydrochloric acid was 
added. The mixture was heated to  reflux and stirred 
with a collapsible, stainless steel stirrer which swept the 
sides of the flask for twenty-four hours until ammonia 
was no longer evolved.

The 1,4-dioxane was removed by evaporation in  va cu o , 
the solid material macerated in 3 liters of boiling water 
and filtered. The filtrate was evaporated on a steam- 
bath to 300 ml. and the solid 2,3-diketopiperazine removed 
by filtration. The yield was 41.1 g. (or 50.3%) melting 
with decomposition a t 285°. The product was identified 
by means of the 1,4-dinitrate-2,3-diketo derivative, m. p. 
150°, which, mixed with an authentic sample of the 1,4- 
dinitrate derivative, melted a t 149-150°.
U n iv e r s it y  o f  F l o r id a
G a in e s v il l e . F lo r id a  R e c e iv e d  Se p t e m b e r  12, 1947

Trifluoroethanol
B y  A l b e r t  L . H e n n e , R o b e r t  M . A l m  a n d  M a lc o lm  

S m o o k

C F3C H 2O H  has been prepared by Swarts1 by 
reduction of trifluoroacetic anhydride under pres­
sure, on a platinum catalyst. Although no one 
has ever voiced any doubt, this reduction has 
never been successfully repeated, due apparently 
to Swarts’ failure appropriately to describe his 
catalyst. The reduction of C F 3C O N H 2 is also 
mentioned by Swarts, and has been successfully 
developed by Gilman2; we duplicated Gilman’s 
77% yield, but had to consume 5 g. of platinum 
per mole of amide. Scherer3 has made trifluoroal- 
cohol by treating C F 3C H 2C 1 with fused potassium 
acetate at 225°, and saponifying the resulting ace­
tate. We have repeated this work and found the 
yields exceedingly sensitive to the reaction tem­
perature, an experience duplicated by other labo­
ratories.

We are now recommending the reduction of a 
derivative of trifluoroacetic acid (the ester or the 
acyl halide) with lithium aluminum hydride as the 
most convenient and efficient way to make the 
alcohol. Our preferred procedure is given.

Preparation of CF3COCl.—A two-liter, three-necked 
flask was fitted with a dropping funnel, a mercury-sealed 
stirrer and a coiled reflux condenser with outlet leading to 
a 500-cc. receiver cooled in Dry Ice. The apparatus was 
thoroughly dried by flaming while sweeping with dry ni­
trogen; the inlet and outlet were protected by drying 
tubes. Benzoyl chloride (679 g. or 4.83 moles) was de­

(1) Swarts, Bull. soc. chim. Belg., 43, 471 (1934).
(2) Gilman, T h is  J o u r n a l  70, 1281 (1948).
(3) Scherer, Scientific Zetko Exchange, P. B. R eport No. 765.

livered into the flask; then over a one-hour period, tr i­
fluoroacetic acid (417 g. or 3.66 moles) was dropped in, 
with constant stirring. After completing the addition, 
the dropping funnel was replaced by a thermometer and 
the mixture heated overnight, up to 150°. The crude 
trifluoroacetyl chloride distilled through the reflux con­
denser; its rectification gave 380 g. (2.87 moles =  79%) 
of pure product, b. p. —27°, and 47 g. (0.41 mole =  11%) 
of unreacted acid.

Preparation of CF3CH2OH.—A five-liter, three-necked 
flask was fitted with a  Dry Ice reflux condenser, a sealed 
stirrer and a gas inlet tube. The equipment was dried by 
flaming and sweeping with dry nitrogen. Solid lithium 
aluminum hydride (54 g. or 1.42 moles) was placed in the 
flask and covered with three liters of rigorously dried 
ether; while continuously stirring, CF3COCl was led into 
the liquid as fast as the return from the reflux condenser 
would permit; the addition of 350 g. (2.64 moles) took 
about three and one-half hours. After this the mixture 
was refluxed for one more hour on an electric heating 
mantle. The inlet tube was replaced by a dropping fun­
nel, then 200 cc. of water was slowly added to hydrolyze 
the excess of hydride. This made a clear solution and a 
precipitate of white curds. The solution was decanted 
into 1500 cc. of 6 N  sulfuric acid containing ice. The 
ether layer was separated, then used in three portions for 
extractions of the aqueous layer; the latter was poured 
back onto the solid residue in the flask, then ether ex­
tracted. From the ether extracts, distillation isolated 285 
g. of material boiling a t 74-75°, which is a mixture of the 
trifluoroalcohol with 5-10%  of water. Distilling from 
concentrated sulfuric acid gives the desired anhydrous 
alcohol, CF3CH2OH, b. p. 74°. The net yield is 85%.

In later experiments an excess of trifluoroacetyl chloride 
was used instead of an excess of hydride, because the latter 
was not readily available; a utilization of about 95% of 
the hydride was thus obtained, bu t this procedure is not 
recommended.
D e p a r t m e n t  o f  U n iv e r s it y  
O h io  S t a t e  U n iv e r s it y
C o l u m b u s , O h io  R e c e iv e d  F e b r u a r y  16, 1948

Production of Radioactive Carbon Monoxide 
and Phosgene from Barium Carbonate

B y  J .  L . H u s t o n 1 a n d  T . H . N o r r is 1

Recently Kummer2 has recommended the prep­
aration of radioactive carbon monoxide by ex­
changing over a hot tungsten filament the C14 in a 
small amount of carbon dioxide with the inactive 
carbon in a large quantity of ordinary carbon 
monoxide. Some time ago we had occasion to 
prepare radioactive carbon monoxide (C140) as 
the first step in the preparation of radioactive 
phosgene which was to be used in biological ex­
periments. Since our procedure involves no dilu­
tion of the radioactive carbon, and can be accom­
plished in less time than Rummer’s procedure, we 
are presenting it at this time.

Our method involved the reduction of carbon 
dioxide to carbon monoxide by hot zinc, which was 
discovered by Noack.3 Although this method 
was considered the most suitable for our purposes 
it should be pointed out that carbon monoxide can 
be prepared in good yield by heating alkaline earth

(1) Present address: Chemistry D epartm ent, Oregon S tate  Col­
lege, Corvallis, Oregon.

(2) Kummer, T h is  J o u r n a l , 69, 2239 (1947).
(3) E. Noack, Ber., 16, 75 (1883).
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carbonates directly with zinc,4 and without inter­
mediate conversion to carbon dioxide. The phos­
gene was then prepared photochemically by the re­
action of this carbon monoxide with chlorine. 
Our preparations were made in the apparatus dia­
gramed in Fig. 1.

Experimental P art
Preparation of Carbon Monoxide .—About 50 g. of 

reagent zinc was cleaned with dilute acetic acid, washed, 
dried and placed in tube E . This cleaning was necessary 
since otherwise the hot zinc would evolve slowly a small 
quantity of permanent gas (presumably carbon monoxide 
from decomposition, with reduction, of zinc carbonate). 
Radioactive barium carbonate ( ^ 2 0  mg. was convenient 
for our apparatus) was placed in I, and the entire system 
evacuated. Tube E was Surrounded by a small electric 
furnace and baked out overnight a t about 370° ( n e c e s ­
s a r y  for each fresh batch of zinc only). Temperature 
Was adjusted manually by means of a Variac and read 
with a thermocouple connected to  a millivoltmeter.

With the system open to  the high vacuum, radioactive 
carbon dioxide was next generated by dropping 85% 
phosphoric acid into I and, after passing through phos­
phorus pentoxide in H, was trapped in F with liquid air. 
Stopcock G was now closed and the small quantity of air 
introduced by the phosphoric acid was pumped off. The 
temperature of E was raised to  385° and thereafter held 
within 5° of this tem perature: the reaction is too slow at 
370° and above 400° there is considerable tendency for 
the tube E to become plugged, due probably to sublima­
tion and recrystallization of the zinc.

The stopcocks leading to  the pumping system were closed; 
next the liquid air was removed from F  and the pressure of 
carbon dioxide in the system (F and the capillary line ex­
tending to, and including, the capillary monometer C) was 
measured. Carbon monoxide subsequently was stored in 
the same portion of the apparatus, as it was generated, its 
pressure thus serving as a measure of the yield.

The two-liter Töpler pump D was now used to pump 
the carbon dioxide several times, alternately clockwise 
and counterclockwise, through the hot zinc in E. After 
each traverse through the zinc, unreacted carbon dioxide 
was trapped with liquid air in the appropriate spiral Si 
or S2 while carbon monoxide was pumped into F and its 
pressure measured with manometer C. The first traverse 
through the zinc would produce about a 50% yield of 
carbon monoxide and 5 or 6  more passes made the con­
version quantitative within the limit of error in reading 
the manometer (0.4% ). The process, from generation 
of carbon dioxide to  complete conversion to monoxide, 
required three to four hours.

Preparation of Phosgene.—Bulb B (^500  cc.) contained 
chlorine (introduced on another gas-handling system) 
equal in amount to about 2.5 times the stoichiometric 
quantity required for union with the carbon monoxide. 
This chlorine was frozen down into the bottom of the 
bulb with liquid air and the carbon monoxide in F was 
introduced with the Töpler pump, a small fraction (<2% ) 
remaining in the capillary* line. B was then isolated from 
the line and after removal of the liquid air the gas mixture 
was irradiated with an ultraviolet mercury vapor lamp. 
Spiral S4 was then cooled with liquid air and B was opened 
to high vacuum v ia  this spiral S4 , a small amount of residual 
carbon monoxide thus being removed from the condensable 
gases (phosgene and chlorine) which were trapped in 
the spiral.

The system was again isolated and the mixture of phos­
gene and chlorine distilled with liquid air to A which 
contained antimony. Bulb A and spiral S3 were then 
closed off from the rest of the system, removed from the 
line as a unit, warmed to room temperature, and shaken 
to remove excess chlorine. The antimony appears to 
react with phosgene to a slight extent to produce a  little

(4) Kenicutt, A m . Chem. 6, 43 (1883); Schwartz, Ber.» 19,
1141 (1886).

HIGH VACUUM

Fig. 1.

carbon monoxide; after A and spiral S 3 were re-attached 
to the line permanent gas was pumped off while the phos­
gene was trapped with liquid air in spiral S3 . After dis­
tillation to  F  the pressure of phosgene was read and the 
yield thus measured. In  five runs the yields ranged from 
80.0% to 84.5%, based on the original barium carbonate.

I t  should be noted tha t since the equilibrium 2CO — 
C 4 - CO2  lies well to the right a t these tem peratures, 
reduction to carbon is thermodynamically possible. T hat 
our yields of carbon monoxide were quantitative, within 
the limits of error of our measurements, is in accord with 
an observation made by Maier and Ralston * 1141 5 in their quan­
titative measurements on the equilibrium ZnO(s) +  CO(g) 
= Zn(g) in the temperature range 500 to 850°. They ob­
served a slight deposition of carbon on molten zinc bu t esti­
mated tha t carbon monoxide was thus consumed a t about 
V 100  its rate of formation from carbon dioxide. I t  should 
be noted th a t our procedure was designed to minimize the 
contact time of carbon monoxide and zinc.

The time required for our procedure could be shortened 
by substitution of a Dry Ice trap for the drying tube H  
and the use of molten zinc instead of the solid granular 
material. Alternatively, if granular zinc is used an au to ­
matic Töpler pump could be used to  decrease the time 
required to pump the gases through the zinc. Some of 
the phosgene was probably absorbed by stopcock grease 
and its yield could be improved by irradiation in an all­
glass container. However, it is doubtful th a t the labor 
involved in using this procedure would sufficiently im ­
prove the yield to  be worth while.
C h e m is t r y  D e p a r t m e n t  
U n iv e r s it y  o f  C a l if o r n ia
B e r k e l e y , C a l i f . R e c e iv e d  O c t o b e r  30, 1947

(5) M aier and Ralston, T his J o u r n a l ,, 48,'364 (1926).
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Cyclization of Phenoxyacetic Acid and Some 
Chlorophenoxyacetic Acids

B y M. L. K alinow ski a n d  L. W. K alinow ski*

In the course of our studies on the relationship 
between the chemical structure and the herbicidal 
activity of organic compounds, such as 2,4-di- 
chlorophenoxyacetic acid, it appeared of interest 
to prepare coumaran-3-one (I), 5-chlorocou- 
maran-3-one (II), and 5,7-dichlorocoumaran-3-

c \ ) ------ c K / ~ ~ — c °
I I  I I I

Three methods of preparation were considered,
(1) the cyclization of the corresponding phenoxy- 
acetyl chloride by means of aluminum chloride,1
(2) the cyclization, by means of dilute alkali, of 
the corresponding 2-hydroxy-co-chloroacetophe-

OCOCH2Cl ]OH NaOH
AlCla ClI^JcOCHaCl

C l I J ------ CO
none,2 and (3) the cyclodehydration of the corre­
sponding phenoxyacetic acid in benzene solution 
with phosphorus pentoxide.3

Compound (I) was prepared by all three meth­
ods; (II) was obtained in traces by methods (1) 
and (3), and in fair yield by method (2). The di­
substituted coumaranone (III) could not be pre­
pared by any of these methods. It appears that 
the cyclization of phenoxyacetic acid is partially 
suppressed by chlorine substitution in the 4- 
position, and apparently completely suppressed by 
chlorine substitution in the 2,4-positions.

An attempt to effect the Fries rearrangement 
of 2,4-dichlorophenyl chloroacetate to 3,5-di- 
chloro-2-hydroxy-a)-chloroacetophenone was un­
successful. This failure of the Fries reaction to 
take place is not entirely unexpected in view of 
the work of Tarbell and Fanta.4 These investi­
gators point out the unreactive character of the 
phenolic nucleus with two chlorine atoms meta 
to the position where substitution is to take place, 
and the further decrease in reactivity by «-sub­
stitution in the acetate portion of the molecule.

When 2,4-dichlorophenoxyacetic acid was 
treated with phosphorus pentoxide the expected
5,7-dichlorocoumaran-3-one was not obtained. 
However, a good yield of material, m. p. 111.5- 
112.5°, was isolated which was identified as
2,4-dichlorophenyl- 2',4' - dichlorophenoxyacetate.

* Present address: Sinclair Refining Co., E ast Chicago, Ind,
(1) Stoermer and A tenstadt, Ber., 35, 3562 (1902).
(2) Fries, Hasselbach and Schroder, A nn., 405, 370 (1914).
(3) Stoermer and Bartsch, Ber., 33, 3177 (1900).
(4) Tarh@lS a»4 Fmn&m» Tmm  J qvmmak., 65, 2170 (1943),

one (III).

I

It appears that cleavage at the ether linkage is 
effected by phosphorus pentoxide followed by 
esterification of unreacted 2,4-dichlorophenoxy­
acetic acid by the phenol fragment. During the 
reaction, the phosphorus pentoxide acquired a 
black color, probably due to decomposition prod­
ucts of glycolic acid, and a strong phenolic odor 
was noted in the crude reaction mixture.

In view of this unexpected reaction of 2,4-di­
chlorophenoxyacetic acid, the reaction products 
from the reaction of phenoxyacetic acid and phos­
phorus pentoxide, and 4-chlorophenoxyacetic acid 
and phosphorus pentoxide were examined care­
fully for ester formation. However, in neither 
case could any ester be found.

In order to have authentic samples of the esters 
for purposes of identification, phenyl phenoxyr 
acetate, 4-chlorophenyl-4'-chlorophenoxyacetate, 
and 2,4-dichlorophenyl-2',4'-dichlorophenoxyace- 
tate were prepared from the phenoxyacetyl chlo­
rides and the appropriate phenols.

Experimental
Cyclization of Acid Chlorides with Aluminum Chloride.

—The phenoxyacetyl chlorides were prepared with thionyl 
chloride. Except tha t s-tetrachloroethane was employed 
as the solvent in the cyclization reaction, coumaran-3-one, 
m. p. 99-100°, and 5-chlor ocoumaran-3-one, m. p . 114- 
116°, were prepared according to the procedure given by 
Stoermer and A tenstadt.1

The reaction with 2,4-dichlorophenoxyacetyl chloride in 
the common Friedel-Crafts solvents under a variety of 
conditions of temperature and reaction time yielded a 
resinous product from which no 5,7-dichlorocoumaran-
3-one could be isolated.

Cyclization of 2-Hydroxy-to-chloroacetophenones.—Al­
though this method is indirect, it was found to be the most 
satisfactory one for the preparation of coumaran-3-one,5 
and 5-chlorocoumaran-3-one.2

However, 5,7-dichlorocoumaran-3 -one could not be 
prepared by this procedure. The desired 3,5-dichloro-2- 
hydroxy-co-chloroacetophenone was not obtained by heat­
ing 2,4-dichlorophenyl chloroacetate with aluminum chlo­
ride. Instead a light tan  , non-lachrymatory compound, 
m. p. 135-^-135.5°, was obtained in 53% yield. This com­
pound was not identified.

A n a l . Calcd. for C8H5C130 2: Cl, 44.3. Found: Cl,
29.0, 29.7.

The compound 2,4-dichlorophenyl chloroacetate, b. p. 
125-130° (1 m m .), has not been reported. The com­
pound was prepared by heating 2,4-dichlorophenol with 
an excess of chloroacetyl chloride.

A n a l .  Calcd. for CgHgCfiOs»: Cl, 44.3. Found: Cl, 
44.4.

Reaction of the Phenoxyacetic Acids with Phosphorus 
Pentoxide.—Coumaran-3-one and 5-chlorocoumaran-3- 
one were prepared by this method according to  the proce­
dure given by Stoermer and Bartsch.3 A reaction time of 
eight to  ten minutes seems to give a maximum yield of 
coumaranone. For both phenoxyacetic acid and 4- 
chlorophenoxyacetic acid a longer reaction time of forty- 
five minutes gave a heavy oil from which no coumaranone 
or ester could be isolated.

To a solution of 15 g. of 2,4-dichlorophenoxyacetic acid 
in 125 cc. of anhydrous benzene, 20 g. of phosphorus pent­
oxide was added. The reaction mixture was stirred and 
refluxed for forty-five m inutes. The phosphorus pentoxide 
was removed by filtration, the filtrate was washed several 
times with water, dried over sodium sulfate, and the ben­
zene removed by distillation. A residue of 12 g. of pasty,

(5) Fries mud Ber., 43, 215 (1910).
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brown solid was obtained which had a strong phenolic 
odor, and from which no 5,7-dichlorocoumaran-3 -one 
could be isolated by steam distillation. The residue was 
triturated with a small am ount of cold methanol, and the 
solid was recrystallized from Skelly C, m .p . 111.5-112.5° 
(yield 8.0 g.) A mixed m .p . with an authentic sample of
2,4-dichlorophenyl-2 ',4 '-dichlorophenoxyacetate showed 
no depression.

A n a l .  Calcd. for CuHgChO*: C, 45.9; H, 2.18; Cl, 
38.8. Found: C, 46.0; H, 2.18; Cl, 40.1.

A shorter reaction time of ten minutes afforded a lower 
yield of ester, and none of the 5,7-dichlorocoumaran-3 -one.

Preparation of the Phenyl Esters of the Phenoxyacetic 
Acids.—The ester 2,4-dichlorophenyl 2 ',4 '-dichloro­
phenoxyacetate was prepared by heating equivalent 
amounts of 2,4-dichlorophenol and 2,4-dichlorophenoxy- 
acetyl chloride a t 130-140 ° for three hours. The reaction 
product was recrystallized from Skelly C, m. p. 112-113°.

A n a l .  Calcd. for CnHsCfiO*: Cl, 38.8. Found: Cl,
38.0.

In a similar manner, 4 -chlorophenyl 4 '-chlorophenoxy- 
acetate was prepared, m .p .  118-119°.

A n a l . Calcd. for C1 4H ioC1 2 0 3 : Cl, 23.9. Found: Cl,
24.0.

Phenyl phenoxyacetate was prepared in a similar man­
ner, m. p. 54-57° (reported6 m .p. 58°).

Herbicidal Activity Tests
The various phenoxyacetic acids, cyclized de­

rivatives, and phenyl esters were tested for plant 
growth regulating activity. Snap beans, grown 
under field conditions, were used as the test plant. 
Approximately 40 mg. of a solution of 1% of the 
compound in lanolin was applied to the pulvinus 
of the primary leaves when the first trifoliate 
leaves were expanding. Each of the compounds 
was applied to two plants, and the treated plants 
were observed over a period of eight weeks.

Phenoxyacetic acid, coumaran-3-one, and 
phenyl phenoxyacetate were without action.

The 4-chlorophenoxyacetic acid was very active, 
as was the 4-chlorophenyl ester. A slight effect 
was noted within two days after application, and 
within ten days the stems were badly swollen and 
the trifoliate leaves were dwarfed. After eight 
weeks the plants were alive but were very stunted. 
When 4-chlorophenoxyacetic acid was cyclicized 
to 5-chlorocoumaran-3-one all herbicidal activity 
was lost.

As was expected, 2,4-dichlorophenoxyacetic 
acid was very active. The 2,4-dichlorophenyl 
ester possessed the same order of activity, but 
seemed to act somewhat more slowly.

(6) Morel, Bull. soc. chim., [31 21, 967 (1899).

C hicago 29, Illinois R eceived  D ecember 31, 1947

Difluoroboron-acetoacetanilide
B y  Joseph R. K illelea

A recent application of the Knorr reaction in 
this laboratory1 prompted a study of the use of 
boron fluoride as the acid catalyst for the cycliza­
tion. Small quantities of the expected 4-methyl- 
carbostyril (I) were obtained in some cases. In

(1) Searles and Lindwall, This J o u r n a l , 68, 988 (1946),

every case the principal product was difluoro» 
boron-acetoacetanilide (II).2

Experimental
Difluoroboron-acetoacetanilide.—To 20 ml. of a 40%

solution of boron fluoride in absolute ethanol3 is added
5.0 g. of acetoacetanilide. The solution is allowed to  
stand for fifteen minutes and then poured cautiously into 
an excess of dilute sodium carbonate. The filtered solid 
is stirred with normal hydrochloric acid to  remove inor­
ganic m atter and dried over sodium hydroxide. I t  is dis­
solved in the minimum volume of dry dioxane, the solu­
tion filtered, and the product precipitated by the addition 
of petroleum ether. The product (5.0 g., 79%) forms 
fine needles and melts a t 154-155°.

A n a l .  Calcd. for CioHio02N BF2: B , 4.8; F, 16.9;
N, 6.23. Found: B, 5.2; F, 16.7; N, 6.22.

Properties.— (a) Hydrolysis.—One gram of (II) is 
stirred with 50 ml. of a very dilute ferric chloride solution 
at room temperature. No color is observed until consid­
erable tim e (one-half to  one hour) has elapsed. The color 
gradually deepens as hydrolysis proceeds and reaches its 
maximum after six to eight hours. The solution gives 
positive qualitative tests for boric acid and fluorides. 
Nearly the theoretical quantity of acetoacetanilide may be 
recovered by extraction.

(b) Cyclization.—One gram of (II) is stirred with 3 
ml. of concentrated sulfuric acid and the solution warmed 
to 80-90°. Reaction sets in with the evolution of acidic 
gases (wet litmus) containing boron (green flam e). 
Nearly the theoretical quantity of (I) may be isolated by 
the usual m ethod.1

(2) Similar compounds from /3-diketones have been reported by 
Morgan, J. Chem. Soc., 125, 1963 (1924).

(3) The Knorr cyclization was attempted in other solvents and 
under various conditions. These directions represent a convenient 
method of preparation of (II).

William  H. N ichols L aboratory  
New  Y ork U niversity  
Un iver sity  H eights
New  Y ork 53, N. Y. R eceived  N ovem ber  20, 1947

Isomerization of Alkyl Phosphites. VII. Some 
Derivatives of 2-Bromoethane Phosphonic Acid

B y G ennady  M . K osolapoff

The reaction of triethyl phosphite with ethylene 
bromide readily leads to a very reactive diethyl
2-bromoethane phosphonate. It was felt to be of 
interest to prepare a number of derivatives of this 
substance through the reactive halogen atom.

The action of alcoholic potassium hydroxide on 
this ester was found to give good yields of diethyl 
vinyl phosphonate, which had been earlier re­
ported by Kabachnik,1 who used a rather involved 
reaction sequence for his synthesis.

Dialkylamines react with the bromo compound 
in aqueous solution to give good yields of the cor­
responding diethyl 2-dialkylaminoethane phos- 
phonates. As might be expected, the use of a non­
polar solvent leads to dehydrohalogenation and 
the formation of the above-mentioned vinyl de­
rivative.

Experimental P art
Triethyl phosphite (33.2 g., 0.2 m.) and ethylene b ro­

mide (150 g .,0 .8 m .)  were heated for three hours to  160°
(1) Kabachnik, Invest Akad. NauK S. S. S. R., No. 2, 233 (1947)..
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in the previously described apparatus.2 Ethyl bromide 
evolution amounted to  20 g. (theory, 21.8 g.). The 
product was distilled with a  minimum of superheating by 
the use of a still equipped with a sealed stirrer. The 
yield of diethyl 2-bromoethanephosphonate, b. p. 86-87° 
a t 2 mm., ^ 25d 1.4555, was 33 g., 67.5%.

Diethyl Vinyl Phosphonate,—Diethyl 2-bromoethane- 
phosphonate (33 g.) was added in the course of thirty  min­
utes to  a stirred solution of 7.5 g. of potassium hydroxide 
in 250 cc. of absolute ethanol with ice cooling. The mix­
ture was warmed to a gentle reflux for fifteen minutes, 
cooled and filtered. The precipitated potassium bromide 
was washed with 50 cc. of absolute ethanol and the com­
bined filtrates were distilled to give 21 g . (95%) diethyl 
vinyl phosphonate as a colorless mobile liquid, b. p. 50° at 
1 m m ., n25D 1.4260. I t  decolorized permanganate in­
stantly  in the cold and possessed mildly expressed poly- 
merizability.

Diethyl 2-Diethylaminoethanephosphonate.—Diethyl 2 -  
bromoethanephosphonate (24.5 g., 0.1 m .) was added to 
25 g. of diethylamine in 50 cc. of water and the mixture was 
refluxed for two hours. After cooling, 50 cc. of 20% so­
dium hydroxide was added and the mixture was extracted 
with 200 cc. of benzene. Distillation of the organic layer 
gave 17 g. (72%) diethyl 2-diethylaminoethane phosphon­
ate, as a pale yellow oil, b. p. 106-7° a t 3 mm., ^25d 1.4380, 
which forms a methiodide, m. p. 104-106°.

A n a l . Calcd.: N, 5.9. Found: N, 5.87, 6.01.
Repetition of the above experiment in dry toluene gave 

only the above described vinyl compound.
Diethyl 2- D i - n -butyl-aminoethane Phosphonate.—Di­

ethyl 2-bromoethane phosphonate (24.5 g., 0.1 m.) was re­
fluxed for four hours with 40 g. of di -n  -butylamine and 50 
cc. of water. Isolation, as given above, gave 21 g. (72%) 
diethyl 2 - d i - n -butyl-aminoethane phosphonate as a  pale 
yellow oil, b. p. 140-142° a t 3 mm., n 2bD 1.4421.

A n a l . :  Calcd.: C, 57.5; H, 10.9. Found: C, 57.7, 
57.64; H, 10.6,10.9.

(2) Kosolapoff, T his J o u r n a l , 66, 109 (1944).

C e n t r a l  R e s e a r c h  D e p a r t m e n t  
M o n s a n t o  C h e m ic a l  C o m p a n y
D a y t o n  7, Ohio R e c e iv e d  J a n u a r y  14, 1948

The Preparation of Carboxymethoxylamine 
Hemihydrochloride

B y  M a r y  H a r r ie t  L o t t

Carboxymethoxylamine has been used fre­
quently as a ketone reagent, for instance in the 
isolation of «-estradiol from human pregnancy 
urine.1 It can be synthesized by the simple pro­
cedure of Borek and Clarke2 whereby acetoxime 
is condensed with sodium chloroacetate and the 
resulting acetone carboxymethoxime hydrolyzed 
with 6 N  hydrochloric acid. In this Laboratory 
no difficulty has been encountered in the conden­
sation; however, hydrolysis with 6 N  hydrochlo­
ric acid has not uniformly yielded the desired car­
boxymethoxylamine hemihydrochloride. Often 
merely ammonium chloride is obtained. It has 
furthermore been noted that in the crystallization 
of the hemihydrochloride from ethanol-ether a 
fragrant oil often results in the mother liquor. 
The procedure of Borek and Clarke for hydrolyz­
ing acetone carboxymethoxime has therefore 
been modified as described below. In this modi-

(1) Huffman, MacCorquodale, Thayer, Doisy, Sm ith and Smith, 
J . B iol. Chem., 134, 591 (1940).

(2) Borek and Clarke, T h is  J o u r n a l , 58, 2020 (1936).

fication the concentration of hydrochloric acid, 
even after partial evaporation of solvent, is never 
permitted to become greater than 3.6 normal; 
isopropyl alcohol is substituted for ethanol under 
the assumption that esterification with ethanol 
takes place during crystallization. By the adop­
tion of these modifications it has been possible 
consistently to obtain carboxymethoxylamine 
hemihydrochloride in satisfactory yield.

Procedure.—Crude acetone carboxymethoxime is dis­
tilled prior to hydrolysis. To a solution of 10.0 g. of ace­
tone carboxymethoxime in 100 cc. of water contained in a 
500-ml. wide-mouthed Erlenmeyer flask, 6.0 cc. of con­
centrated hydrochloric acid is added. The homogeneous 
solution is then heated on the steam-bath (hood) until the 
volume of solution is reduced to 20 cc. (approximately 
three hours tim e). After having been cooled, this solu­
tion is treated with 100 cc. of isopropyl alcohol and 200 cc. 
of dry, alcohol-free ethyl ether. After a day in the ice­
box, the deposited crystals are filtered (Büchner) and 
washed with cold isopropyl alcohol-ether (1:3). The 
yield of carboxymethoxylamine hemihydrochloride, after 
drying, is about 4 g. melting a t 150-151° uncor. (with 
evolution of gas). This material is of sufficient purity for 
use as a ketone reagent.

A n a l . 6 Calcd. for (C2H 50 3N )2-HC1: Cl, 16.22. Found: 
Cl, 16.08, 16.06.

(3) Analysis by Jam es E. Ashmore.

D e p a r t m e n t  o f  B io c h e m is t r y
S o u t h w e s t e r n  M e d ic a l  C o l l e g e
D a l l a s , T e x a s  R e c e iv e d  F e b r u a r y  17, 1948

The Synthesis of 3,4,9-Trhnethoxyphenanthrene
B y  S. F. M a c D o n a l d  a n d  A. J. C h e c h a k

The significance, in morphine chemistry, of the 
function of the 9- or 10-hydroxy group in 9-hy­
droxy codeine and of the structure of Knorr’s 9- 
or 10-acetoxyacetylmethylmorphol, has been in­
dicated by Knorr1 (in part) and by Holmes.2 
Evidence on these points would definitely locate 
the position of the nitrogen in morphine, unless the 
hydroxy group of 9-hydroxycodeine were on 9 and 
the nitrogen on 10 or 14. The latter publication 
has led us to report work which we had done to the 
same purpose, though it is as yet incomplete.

It was pointed out2 that the 9-hydroxycodeine 
structure was not consistent with its failure to re­
act as a carbinolamine with malonic acid, etc.; 
more conclusive evidence to this effect had al­
ready been obtained by Knorr,1 who found that it 
did not react with hydroxylamine or with semi- 
carbazide, but who failed to interpret the result 
thus. As codeine N-oxide is known,3 there would 
appear to be little justification for the suggestion, 
made and disposed of by Holmes,2 that 9-hydroxy­
codeine is an N-oxide.

The synthesis of 3,4,9-trimethoxyphenanthrene 
should permit the determination of the structure 
of Knorr’s acetoxyacetylmethylmorphol. At­
tempts had therefore been made to convert 3,4-

(1) Knorr and Hörlein, Ber., 39, 3252 (1906); 40, 2040, 2042 
(1907).

(2) Holmes, et al., T h is Journal, 69, 1996, 1998 (1947).
(3) Freund and Speyer, Ber., 43, 3310 (1910).
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dimethoxy-9-plienanthrylamine into 3,4-dimeth- 
oxy-9-phenanthroh1'2 This conversion was car­
ried out quantitatively by a modification of the 
Bücherer reaction wherein sulfur dioxide replaced 
the usual bisulfite,4 and the presence of much aque­
ous dioxane prevented the formation of the di- 
phenanthrylamine derivative. Analogous deami­
nations have been carried out by other methods in 
low or in unstated yields.5 3,4-Dimethoxy-9- 
phenanthrol gave the required 3,4,9-trimethoxy- 
phenatithrene on methylation.

Experimental
o'-Phenyl-2-nitro-3,4-dimethoxycinnamic Acid.—This 

was obtained in 75% yield by Pschorr’s method6 or in 90% 
yield by the following modification. 2-Nitroveratralde- 
hyde, 2.1 g., phenylacetic acid, 1.4 g., triethylamine, 1.0 
g., and acetic anhydride, 5 ml., were heated together a t 60° 
for two days. Isolation and purification according to 
Pschorr gave the product, 3.0 g., m. p. 222.5-223.5° 
(uncor.).

3,4-Dimethoxy-9-aminophenanthrene.—Prepared ac­
cording to Knorr,1 the base was obtained from its hydro­
chloride with alcoholic potassium hydroxide.

3,4-Dimethoxy-9-phenanthrol.—3,4-Dimethoxy-9~ 
aminophenanthrene, 4.7 g,, was dissolved in 50 ml. of di­
oxane, 5 0  ml. of water added, the mixture saturated with 
SO2 at 0°, and heated in a sealed tube at 100° for one day. 
Removal of the solvent in  vacuo, grinding the residue with 
water, filtering and drying, gave 3 ,4-dimethoxy-9-phenan- 
throl, 4.7 g., m. p. 147-152°. The crude product was 
distilled (1 X 10“ 4 mm., bath temp. 130°) and crystal­
lized from toluene, giving pale yellow prisms, m .p . 156°.

A n a l . Calcd. for C16Hi40 5: C, 75.57; H, 5.55; OCHs, 
24.4. Found: C, 75.53; H, 5.43; OCH8, 21.9, 22.4.

3,4,9 -Trimethoxyphenanthrene.—3,4-Dimethoxy -9 - 
phenanthrol, 390 mg., was refluxed under nitrogen with 
water, 10 ml., and N  sodium hydroxide, 2 ml. Methyl 
sulfate, 0.5 ml. then 0.4 ml., and N  sodium hydroxide, 5 
ml. then 4 ml., were added alternately. The cooled mix­
ture was extracted with chloroform, the chloroform washed 
with dilute hydrochloric acid, with dilute sodium hydroxide 
with water, and dried with sodium sulfate. 3,4,9-Trimeth- 
oxyphenanthrene, 330 m g .,m .p . 85-95°, was obtained by 
distilling ( I X  10~4 mm., bath temp. 110°) the residue 
left on evaporating the chloroform. I t  was purified by 
crystallizing from petrol ether (b. p. 60-80°, 20 parts) 
giving colorless prisms, m. p. 96.5-97.5° after drying,

A n a l . Calcd. for CitH wOj : C, 76.10; H ,6.01; OCH3, 
34.70. Found: C, 76.21; H , 6.32; OCH3, 31.76.

(4) Franzen and Kempf, Ber., 50, 101 (1917).
(5) Pschorr and Schröter, Ber., 35, 2726 (1902); Schmidt and 

Strobel, Ber., 36, 2508 (1903).
(6) Pschorr and Sumuleanu, Ber., 33, 1810 (1900).

B a n t in g  &  B e s t  D e p a r t m e n t  o p  M e d ic a l  R e s e a r c h  
U n iv e r s it y  o f  T o r o n t o
T o r o n t o , C a n a d a  R e c e iv e d  J a n u a r y  28, 1948

X-Ray Diffraction in Aqueous Systems of 
Dodecyl Sulfonic Acid

B y  S u l l iv a n  S. M a r s d e n , J r ., a n d  J a m e s  W. M cB a in

Aqueous systems of lauryl sulfonic acid are es­
pecially interesting because their X-ray diffraction 
shows different kinds of patterns for ordinary 
isotropic solution, concentrated anisotropic liquid 
crystalline region, and the highly concentrated 
anisotropic liquid crystalline, and the pure crys­
talline acid.

1. The ordinary isotropic liquid solution exist­
ing at room temperature exhibits only a very dif­
fuse indication of a long spacing even near the 
highest concentration (23%) at which it can exist. 
The phase diagram giving the boundaries of this1 
and the two anisotropic phases was published by 
M. J. Void. X-Ray diffraction therefore indicates 
the absence of any strongly repeating structure 
such as that found in solutions of potassium lau­
rate, except high angle scattering due to neighbor­
ing molecules in the colloidal particles of the sul­
fonic acid.

However, when 3.6% of benzene is added to 
19.0% solution of the dodecyl sulfonic acid the 
solution is still isotropic but gives a diffraction line 
corresponding to a single order of Bragg spacing of
63.4 A. But when the amount of benzene is in­
creased to 6.9% the system becomes anisotropic 
and gives two long Bragg spacings of 67.0 A. and
48.4 A. It is assumed that this structure is 
lamellar in analogy with the system Triton X-100: 
water: benzene.2

2. Most interesting is the aqueous liquid-crys­
talline phase existing between 23 and 70% of 
lauryl sulfonic acid. The colloidal particles ap­
parently consist of fibers or long rods or elongated 
ellipsoids. These lie parallel at a distance from 
each other in hexagonal arrangement. Such a 
structure was found for certain aqueous systems 
of tobacco mosaic virus by Bernal and Fan- 
kuchen.3

The evidence for this interpretation of the X-ray 
diffraction patterns follows from: (a) The ratios 
of the successive Bragg spacings to each other are 
in the proportions 1:1/ a/3  :1 /y /A : l / V ^  These 
correspond to hexagonal indices 1010, 1120, 2020, 
2130, respectively.

(b) Most important, the relative intensities of 
the various diffractions, which in the order given 
above are: very strong, strong, weak and very 
weak, respectively; in a few cases the second and 
third lines are strong and strong, respectively.

(c) The variation of the inter-particle distance 
with concentration, which is approximately as the 
reciprocal of the square root of the concentration.

The thickness or diameter of the fibers seems to 
be in the neighborhood of the double length of the 
soap molecule. The short o spacings consist of 
halos at 7-8 A. and 4.5-4.6 A., which indicates a 
liquid arrangement of neighboring molecules 
within the fibers.

It should be mentioned that this structure is 
quite different from that of the anisotropic phases 
of aqueous potassium laurate as is shown by stud­
ies in this laboratory by Oscar A. Hoffman being 
reported elsewhere. He shows that the potas­
sium laurate systems contain a repeating lam ellar  
structure such as was first suggested by Hess and 
his collaborators.

(1) Void, T h is  J o u r n a l , 63, 1427 (1941).
(2) Marsden and McBain, J . Phys. & Coll. Chem., 52, 110 (1948).
(3) Bernal and Fankuchen, J . Gen. Physiol., 25, 111 (1941).
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3. Up to the present, only two papers have 
appeared on X-ray diffraction of aqueous aniso­
tropic phases of soaps or detergents. Ross and 
McBain reported that a lamellar structure ex­
panding continuously with dilution exists both in 
the isotropic and anisotropic phases of the system 
hexanolamine oleate:water.4 Marsden and Mc­
Bain2 found lamellar structures in the isotropic 
and anisotropic phases in aqueous systems of non­
ionic detergents, but the variation of long spac­
ing with concentration is different for the two 
phases.

The aqueous liquid crystalline phase of dodecyl- 
sulfonic acid existing in the very high concen­
trations in the neighborhood of 85% has a lamellar 
structure, but the long spacing does not change 
with concentration. This long spacing appears to 
be due to the double length of the detergent mole­
cule tilted at an angle 0 of about 63°. The various 
orders of this long spacing are in the ratio of 1:2:3 
(thatjs, Bragg spacings in the proportion of 1: 
l / \ / 4 / : l / \ / 9 ) ,  with no diffraction lines in be­
tween; while the side spacings consist again of 
halos at 7-8 A. and 4.5-4.Ö A.

4. For comparison with the various aqueous 
systems just described it may be mentioned that 
solid dodecyl sulfonic acid exhibits long spacings 
corresponding to even orders of pairs of mole­
cules of the acid placed end to end but tilted at an 
angle 0 of 55°. No diffraction corresponding to 
that expected for the odd orders has yet been 
found.

It is clear that quite different colloidal particles 
exist in the different concentrations and phases of 
aqueous dodecyl sulfonic acid. It is evident that 
thorough study of aqueous systems of association 
colloids, wherein the fundamental chemical unit 
is definitely known, must throw light upon the 
study of closely related but less well characterized 
systems, such as those of proteins and virus.

(4) Ross and McBain, T h is  J o u r n a l , 68, 296 (1946).

D e p a r t m e n t  o f  C h e m is t r y  
S t a n f o r d  U n iv e r s it y
S t a n f o r d  U n iv ., C a l i f . R e c e iv e d  D e c e m b e r  19, 1947

A New Method of Preparation of Diazomethane
B y  A. F. M cKay

N-Methyl-N-nitroso-N '-nitroguanidine de­
scribed by McKay and Wright1 has been found 
to give diazomethane in 72.6% yield on reaction 
with aqueous potassium hydroxide.

The available methods2 of production of diazo­
methane have disadvantages not encountered in 
the present method. The chief drawback in the 
method of Arndt3 is the instability of methylnitro- 
sourea which limits the production of this com­
pound to 25-50 g. lots. On the other hand N-

(1) A. F . M cK ay and G. F  W right, T h is  J o u r n a l , 69, 3028 
(1946).

(2) L . Ï. Sm ith, Chem. Revs., 23, 193 (1938).
(3) F . A rndt, Org. Syntheses, IS, 3 (1935).

methyl-N-nitroso-N'-nitroguanidine has been pre­
pared in pound lots and stored in the dark at room 
temperature for periods of time up to two months 
without showing signs of decomposition. N- 
Methyl - N - nitroso - N ' - nitroguanidine changes 
slowly from orange to green in color on exposure to . 
sunlight and loses nitrogen oxides. Moreover, in 
the purification of this compound it is best to em­
ploy an anhydrous solvent, preferably absolute 
methanol. Prolonged refluxing with 95% ethanol 
is sufficient to cause partial denitrosation with 
the production of N-methyl-N'-nitroguanidine.

The only disadvantage noted in handling N- 
methyl-N-nitroso-N '-nitroguanidine has been a 
skin irritation. The dermatitis is accompanied by 
pruritus and a burning sensation. In more severe 
cases a vesicant action has been noted. These skin 
reactions were obtained during the nitrosation of 
N-methyl-N '-nitroguanidine and when using the 
nitroso compound in other reactions. The simple 
expedient of performing the reactions in a fume 
hood eliminated these undesirable effects.

The series of reactions involved in the forma­
tion of diazomethane are

H

N H
I! I h 2o

CHS—NH 2 -HC1  +  H 2 N—C—N—N 0 2  +  K O H ------ >
H
1

H H H
1 II I

CHa—N—C—N—N 0 2  +  NH 3  +  KC1  (1 ) 
H

H N  H

c h 3-~ n - - c ---n ,---n o 2  +  h n o 2  ■

O H

0  H
II I
N N H
1 II I

CHg—N—C—N—N 0 2  (2 )

CHs—N*— 4 —N—N 0 2  +  KOH — >  CH2 N 2  (3 )
The first two reactions have been previously re­
ported,1 while reaction 3 is described in the experi­
mental section. The diazomethane was charac­
terized by methylating stearic acid. The methyl 
stearate obtained in quantitative yield melted at 
39.0-39.5° alone and on admixture with an au­
thentic sample.

This method is not limited to the production of 
diazomethane but it has been found to be of gen­
eral use in the preparation of diazo compounds. 
The results on the broader application of this 
method will be published at a later date.

Experimental
Diazomethane.—The procedure used in the preparation 

of diazomethane from 20 g. (0.13 mole) of N-methyl-N- 
nitroso-N'-nitroguanidine was the same as the distillation 
technique described by A rndt3 in the preparation of diazo-
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methane from methylnitrosourea. The solutions in the 
receivers were combined and diluted to  a volume of 250 cc. 
with anhydrous ether. A 10-cc. aliquot was used in the 
determination of the yield of diazomethane by the use of 
benzoic acid as described by Marshall and Acree.4 The 
total yield was 4.15 g. or 72.6%.

Characterization of Diazomethane.—To 498 mg. 
(0.0017 mole) of stearic acid (m. p. 69 0.1°) dissolved
in 30 cc. of ether was added 331 mg. (0.0078 mole) of di­
azomethane in 20 cc. of ether. The ethereal solution was 
allowed to stand a t room temperature for twenty minutes 
after the evolution of nitrogen had ceased. The excess 
diazomethane was decomposed with dilute hydrochloric 
acid solution and the ether fraction separated. After 
washing the ether solution with water (3 X 40 cc.), it was 
dried over anhydrous sodium sulfate and evaporated. 
The colorless residue crystallized on cooling. These crys­
tals melted a t 39-39.5° (capillary method) alone and on 
admixture with an authentic sample of methyl stearate. 
The yield was 514 mg. or 98.4% by theory.

Acknowledgment.—The author wishes to ac­
knowledge the technical assistance of Mr. W. J. 
McIntyre.

(4) E. K. M arshall and S. F. Acree, Ber., 43, 2323 (1910).

D e p a r t m e n t  o f  C h e m is t r y  
Q u e e n s  U n iv e r s it y
K in g s t o n , O n t a r io  R e c e iv e d  F e b r u a r y  12, 1948

Volatile Decomposition Products of Sugars in 
Aqueous Solution

B y  L o u is  S a t t l e r  a n d  F .  W. Z e r b a n

Enders and his co-workers1 have published a 
series of papers purporting to show that methyl- 
glyoxal is found in the distillate not only when 
alkaline solutions of glucose and xylose are dis­
tilled at constant volume, but that methylgly- 
oxal is found in distillates of neutral and acid 
solutions of these sugars as well. They also re­
port the finding of methylglyoxal in the distillates 
from acid solutions of sucrose, maltose, dextrin 
and soluble starch.

Their conclusion that methylglyoxal is indeed 
the volatile material in the distillate, is based 
upon the following observations: the iodoform 
reaction, the color reaction with pyrrole, the color 
test of Denigès,2 as for example with codeine 
phosphate, the Ariyama reaction3 with arseno- 
phosphotungstic acid and the characterization of 
methylglyoxal as its phenyl and 2,4-dinitrophen- 
ylosazones.

These color reactions for methylglyoxal are not 
specific and the reaction with sodium nitroprus- 
side4 has its limitations. The isolation of the osa­
zones is not conclusive because acetol also yields 
the same derivatives. Acetol makes the Ariyama 
test ambiguous because, as with methylglyoxal, 
there is a great intensification of the blue color 
upon the addition of sodium cyanide (1 g.). 
Unfortunately, the conversion of acetol into 4(5)-

(1) (a) Enders and M arquardt, Naturwissenschaften, 29, 46 
(1941); (b) Enders, Biochem. Z., 312, 349 (1942); (c) Enders and 
Sigurdsson, Biochem. Z ., 317, 26 (1944).

(2) Denigès, Bull. soc. chim., 5, 649 (1910).
(3) Ariyama, J . Biol. Chem., 77, 395 (1928).
(4) Neuberg, Biochem. Z .f 71, 150 (1915).

methylimidazole5 does not lend itself to micro 
quantities.

Baudisch and Deuel6 have shown that sugars 
when distilled from a 5% sodium bicarbonate 
solution, yield acetol. The acetol can be specifi­
cally identified7 by its reaction with tf-aminobenzal- 
dehyde to form 3-hydroxyquinaldine which can 
be isolated. This compound crystallizes from 
acetone and water in the form of colorless needles 
melting at 260°,8 and possesses a beautiful blue 
fluorescence when it is illuminated in very dilute 
aqueous solution with invisible ultraviolet light.

In view of Enders’ claim that methylglyoxal is 
obtained in the distillates when maltose solutions 
are distilled ranging over a wide pH, from strongly 
acid to strongly alkaline,lb it was deemed desirable 
to test for acetol because of the obvious conflict of 
these findings with the observations of Baudisch 
and Deuel. Pure 20% aqueous solutions of glucose 
and of maltose were distilled at constant volume. 
The distillates gave a positive test with Ariyama’s 
reagent, and they yielded the reported osazones. 
However, with o-aminobenzaldehyde, under the 
conditions described by Baudisch and Deuel,6 the 
distillates gave strong positive tests for acetol as 
observed by fluorescence. Baudisch and Deuel 
found that 1 g. of methylglyoxal gives only a 
faint acetol test, as observed by the intensity of 
the fluorescence, whereas 5 mg. of glucose when 
distilled with a sodium bicarbonate solution, 
yields a relatively large amount of acetol.

Pinkus9 obtained the osazone of methylglyoxal 
when glucose was treated with strong alkali in 
the presence of phenylhydrazine. While Nef,10 
Wohl,11 and Neuberg12 have expressed beliefs that 
in alkaline solution methylglyoxal is the initial 
product formed in the rupture of the sugar mole­
cule, Baudisch and Deuel are of the opinion that 
acetol is the primary compound which is produced 
because under their experimental conditions the 
Cannizzaro reaction is apparently negligible. 
Thymine, which on treatment with ferrous sulfate 
and sodium bicarbonate in the presence of air, is 
oxidized to urea, pyruvic acid and acetol, can be 
detected in the presence of sugar.6

Our finding of acetol in the distillates of aqueous 
sugar solutions does not rule out the simultaneous 
presence of methylglyoxal. It does point up the 
conclusion that Enders’ quantitative method for 
the estimation of methylglyoxal is erroneous and 
that his opinions regarding the formation of 
methylglyoxal are open to modification. Of fur­
ther interest to us is the darkening of these triose 
solutions when they are distilled from a 5% so-

(5) Weidenhagen and Wegener, Z. Wirtschaftsgruppe Zuckerind., 
88, 927 (1938).

(6) Baudisch and Deuel, T h is  J o u r n a l , 44, 1585 (1922).
(7) Baudisch, Biochem. Z., 89, 279 (1918).
(8) Königs and Stockhausen, Ber., 35, 2556 (1902).
(9) Pinkus, ibid., 31, 31 (1898).
(10) Nef, ibid., 335, 247 (1904).
(11) Wohl, Biochem. Z ., 5, 57 (1907).
(12) Neuberg and Oertel, ibid., 55, 494 (1913); Neuberg and 

Rewald, ibid., 71, 144 (1915).
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dium bicarbonate solution because there seems to 
be a connection with the “browning reaction” ob­
served in food products which contain both 
sugars and amino derivatives.

Work is in progress on the formation of acetol 
in sugar solutions, and the quantitative determin-
o  G o  /-vp nrna-frv 1 o  in ri tin o lU x rln r lx rQ v o  1 i t i  m i x t u r e s  O f

both.
B r o o k l y n  C o l l e g e  
B r o o k l y n , N. Y .
N e w  Y o r k  T r a d e  L a b o r a t o r y
N e w  Y o r k , N. Y . R e c e iv e d  D e c e m b e r  29, 1947

2-Aryl- and 2-Alkoxycyclohexanols1
B y  B . C . M cK u s ic k 2

As part of a program to find improved insect- 
repellents, a number of 2-aryl- and 2-alkoxycyclo- 
hexanols were prepared from cyclohexene oxide.

The 2-arylcyclohexanols were obtained by con­
densing cyclohexene oxide with appropriate aryl- 
lithiums3; Grignard reagents were not used be­
cause the products would have been the isomeric 
arylcyclopentylcarbinols.3 The postulated cyclo­
hexanol structure was confirmed for one product,
2-(^-tolyl)-cyclohexanol, by oxidizing it to the 
known 6-^-toluylvaleric acid. Yields of cyclohex- 
anols were good except in the case of 2-(£-meth-

a ^mws-configuration,15 it is probable that the pres­
ent 2-arylcyclohexanols are also trans.

The 2-alkoxycyclohexanols were obtained by 
heating cyclohexene oxide with an excess of the ap­
propriate alcohol in which a trace of sodium had 
been dissolved.5 6 trans-1,2-Cyclohexanediol was a 
by-product of the preparation of 2-(/?-phenetli- 
oxy) -cyclohexanol and may have been a by-prod­
uct in other cases.

Experimental
2-Arylcyclohexanols.—The preparation of 2-(m-tolyl)~ 

cyclohexanol can be used to  illustrate the general pro­
cedure. In a 12-liter three-necked flask, 69 g. (20% 
excess) of lithium in the form of small strips7 was stirred 
vigorously in 3 liters of anhydrous ether under nitrogen 
while 711 g. of m-bromotoluene was added a t a rate to 
maintain gentle refluxing of ether. Once reaction set in, 
the flask was kept immersed in an ice-bath in order to 
shorten the time necessary for the addition (about one 
hour). The mixture was heated under reflux for an hour 
,and 408 g. of cyclohexene oxide8 was added in the same 
manner. The mixture was cooled in ice and decomposed 
by the gradual addition of 3 liters of water with stirring. 
The ether layer was separated, washed with water, dried 
over magnesium sulfate, and distilled; 655 g. (71% yield) 
of 2-(m-tolyl) -cyclohexanol was collected a t 113-114° 
(1.0 m m .).

The acetate and propionate were obtained by heating 
2 -(m-tolyl) -cyclohexanol a t 100° fur two hours with 1.5 
molar equivalents of acid anhydride and 2 molar equiva­
lents of pyridine and distilling the reaction mixtures under 
reduced pressure.

T a b l e  I
/ \ ° H

2 -S u b s t it u t e d  C y c l o h e x a n o l s

Boiling point0 M. p. or Yield,

U R
/-----------------Analyses, % ------------ —*

Calcd. Found
R °C. Mm. W25 D % Form ula C H c H

m-Tolyl 113-114 1 . 0 1.5396 71 C13H 1 8O 82.1 9 .5 82.0 9.9
m-Tolyl6 85- 8 6 0 . 2 1.5113 93 C15H 2 0O2 77.6 . 8 .7 77.4 8.4
m-Tolylc 96-100 0.3 1.5067 97 C16H 2 2O2 78.0 9 .0 78.6 9.2
^-Tolyl 109-113 1 72-7304 84 CisHigO 82.1 9 .5 82.5 9.9
2,5-Xylyl 114-115 2 1.5377 69 C14H 2 0O 82.3 9.9 82.7 10.1
^-Methoxyphenyl 135-140 1.5 71_72°d 15 C13H 1 8O2 75.7 8 .8 75.8 9.0
w-Propoxye 82- 83 9 1.4538 67 CqHlsC^
w-Amyloxy 110-113 11 1.4559 77 G11H 2 2O2 70.9 11.9 70.3 11.6
2-Ethylhexyloxy 134-136 8 1.4576 49 C14H 2 2O2 73.6 12.4 73,1 12.5
Benzyloxy 110-112 0.3 1.5290 55 C13H 18O2 75.7 8 .8 75.6 9.0
/3-Phenethoxy 159-162 9 1.5221 48 C1.4H 2 0O2 76.3 # 9.2 75.5 9.1
/5-Hydroxy ethoxy /  •8 108-110 0.4 1.4797 54 C8H i60 3 . . . . . .

° Fractionatiohs were through a five-inch indented Claisen distillation head. 6 Acetate. c Propionate. d Recrys­
tallized from hexane. 6 Mousseron and Granger, C o m p t. r e n d ., 205, 327 (1937). f  Miscible with water.

'Oxidation of 2- (£-Tolyl) -cyclohexanol.—A solution of 
23 g. of chromic anhydride in 80 ml. of 80% acetic acid 
was added to 55 g. of 2 -(£-tolyl)-cyclohexanol in 80 ml. 
of acetic acid, the temperaturé not being allowed to exceed 
50°. After twenty-four hours a t 25°, the mixture was 
poured into water and the products were taken up in 
ether. The ether solution was extracted with a 10%

(5) Price and Karabinos, T h is  J o u r n a l , 62, 1159 (1940).
(6) H olt (assigned to  E. I. du Pont de Nemours & Co.), U. S. 

Patent 2,197,105 (1940).
(7) Gilman, Langham  and Moore, T h is  J o u r n a l , 62, 2327 

(1940).
(8) The cyclohexene oxide was kindly furnished by Dr. A. P. 

Tanberg of the Chemical D epartm ent, Experimental S tation, E. I. 
du Pont de Nemours & Company, Wilmington, Delaware.

oxyphenyl)-cyclohexanol, where the low yield is 
understandable in view of the ease with which the 
side-reaction of ^-methoxyphenyllithium with p- 
bromoanisole to give anisole and 5-bromo-2-meth- 
oxyphenyllithium is known to occur.4 Since 2- 
phenylcyclohexanol prepared from cyclohexene 
oxide and phenyllithium3 has been shown to have

(1) This work was performed under C ontract NDCrc 136 be­
tween H arvard University and the Office of Scientific Research and 
Development, w ith Paul D. B artle tt as official investigator.

(2) Present address: Chemical D epartm ent, Experimental S ta­
tion, E. I. du Pont de Nemours & Company, Wilmington, Delaware.

(3) Cook, H ew itt and Lawrence, J . Chem. Soc., 71 (1936).
(4) W ittig, Pockels and Droge, Ber., 71, 1903 (1938).
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sodium hydroxide solution and distilled; 37 g. of a mixture 
of starting material and the corresponding ketone was 
obtained. Acidification of the sodium hydroxide extract 
caused the precipitation of 7.6 g. of ^-toluylvaleric acid, 
m .p .  152.5-154°9 10 1 2 3 4 after recrystallization from a benzene- 
ethanol mixture; neutralization equivalent, 223 (calcd., 
220). 6-Benzoylvaleric acid has been obtained from 2 -  
phenylcyclohexanol under similar conditions.3

2-Alkoxycyclohexanols.—In a typical experiment, 2- 
amyloxycyclohexanoi was prepared by refluxing for 
twenty-two hours a solution of 49 g. of cyclohexene oxide8 
in 200 ml. of n -amyl alcohol containing 0.5 g. of dissolved 
sodium. The reaction mixture was distilled and 72 g. 
(77%) of 2-amyloxycyclohexanol was collected at 100- 
113° (11 m m .). When alcohols boiling above 200° were 
used, the solutions were heated a t 180-200°.

In the reaction between 35 g. of cyclohexene oxide and 
140 ml. of phenethyl alcohol, the first portion of 2 - ( f t -  
phenethoxy)-cyclohexanol collected on distillation con­
tained t r a n s - l ,2-cyclohexanediol, 4 g. of which crystallized 
out on cooling the mixture. I t  was recrystallized from 
hexane and identified by its melting point (102-103°),10a 
dibenzoate melting point (91.5-92°),10b and composition.

A n a l .  Calcd. for CsH^CV. C, 62.0; H, 10.4. Found: 
C, 62.1; H, 10.4.

(9) Brosche, Ber., 62, 2080 (1919), reports a melting point of 153- 
154°.

(10) (a) Verkade, Coops, M aan and Verkade-Sandbergen, Ann., 
467, 217 (1928); (b) 477, 289 (1930).

C o n v e r s e  M e m o r ia l  L a b o r a t o r y  
H a r v a r d  U n iv e r s it y
Cambridge, Massachusetts Received January 22,1948

The Solubility of Aminoguanidonium Bisulfate in 
Water and in Sulfuric Acid Solutions1

By J o h n  J. P it h a 2 a n d  G. B. L. S m it h 3

In the reduction of nitroguanidine in a sulfuric 
acid solution, the end-product of the reaction is 
aminoguanidonium bisulfate. In order better to 
control the recovery of this salt, some investiga­
tions were made into the solubility of aminoguani­
donium bisulfate in water and in solutions of vari­
ous sulfuric acid concentrations.

Experimental
The solubility of aminoguanidonium bisulfate was de­

termined by preparing a saturated solution of the salt in 
the appropriate solvent a t  a definite temperature. After 
equilibrium had been established, a sample of the solution 
was withdrawn and transferred to a tared volumetric flask 
and weighed. This solution was then diluted to volume 
and analyzed for aminoguanidine by the method of Smith 
and W heat.4

These studies were carried out in a specially constructed 
three-necked flask of 100 ml. capacity. One neck was 
used to insert a thermometer into the solution, one neck 
allowed the entry of an all-glass stirrer, and the third neck 
was used as an addition port. Ground glass joints were 
used throughout. Solution temperatures from 5 to 40° 
were measured with an unjacketed thermometer, but 
higher temperatures were measured with a thermometer 
suspended within a glass jacket. The bulb of the flask and

(1) This paper is abstracted from the thesis submitted to the 
Graduate Faculty of the Polytechnic Institu te  of Brooklyn by Mr. 
P itha in June, 1942, in partial fulfillment of the requirements for the 
degree of M aster of Science in Chemistry.

(2) Present address: Kedzie Chemical Laboratories, Michigan 
State College, E ast Lansing, Mich.

(3) Present address: Inorganic Chemistry Section, Science De­
partm ent, U. S. N aval Ordnance Test Station, Inyokern, Calif.

(4) Smith and W heat, Ind. Eng. Chem., Anal. Ed., 11, 200 (1939).

10 20 30 40 50 60
Temp., °C.

Fig. 1.—M, • ,  H20 ; S, O, 0.7419 Y H 2SO4 ; U, O, 1.4088 
N H2S 04.

the lower third of the necks were immersed in a 7.5-gal. 
water-bath. This therm ostat was equipped with both 
heating and cooling coils and the tem perature of the solu­
tion in the reaction flask was controlled to  =*=0.03°.

Saturated solutions of the salt a t a particular tem pera­
ture were prepared by adding an excess of the solute to  the 
solvent and stirring the solution until equilibrium had been 
established. The attainm ent of equilibrium was proven 
by successive sampling and analysis a t  regular intervals of 
time until three successive values were in agreement. A 
half-hour lapse of time after the solution had come to  tem ­
perature was usually sufficient for equilibrium to be 
reached. In  certain portions of these studies, the equilib­
rium was approached from both directions in order to  
establish definitely the values reported.

In order to  avoid errors th a t might occur in the removal 
and transfer of samples due to crystallization of the salt from 
the saturated solution while in the sampling tube, pipets 
used for this purpose were kept in an oven and were used 
warm. The operation was performed with sufficient speed 
tha t no difficulty with crystallization was encountered.

A t least three determinations of solubility were made a t 
each temperature, and in the cases where abnormalities 
were observed sufficient determinations were made to  es­
tablish the points reported. The accuracy of the analytical 
procedure was such tha t an error of 0.1%  was average. 
Precision of results on duplicate sets of samples was of the 
order of 1 part in 1000 parts. The solubility of amino­
guanidonium bisulfate in water, 0.7419 N  sulfuric acid 
and 1:4088 N  sulfuric acid was determined. The results 
of the solubility determinations are summarized in Fig. 1. 
Crystals obtained by evaporation a t temperatures above 
and below the inflection temperatures in all cases analyzed 
99.5% or better for aminoguanidonium bisulfate, and 
macro observations of these crystals showed no differences 
in crystalline form. The nature of the inflection observed 
in each of the curves is not completely understood, but 
additional information is being sought and will be reported 
in a subsequent paper.
D e p a r t m e n t  o f  C h e m is t r y
P o l y t e c h n ic  I n s t it u t e  o f  B r o o k l y n
B r o o k l y n , N. Y. R e c e iv e d  F e b r u a r y  7, 1948
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Critical Temperature and Pressure of Diborane1
B y  A r t h u r  E .  N e w k ir k

In connection with studies of the boron hy­
drides the critical temperature and pressure of di­
borane have been measured experimentally by 
observing the temperature and pressure at which 
the meniscus between liquid and vapor dis­
appeared on warming. The apparatus was pat­
terned after that of Kay.2 The temperature was 
estimated to 0.01° and the pressure to one p.s.i. 
The sample of diborane was taken from a cylinder 
and analyzed by low temperature fractional dis­
tillation yielding 0.2% of non-condensable gas and 
99.8% diborane. The gas used for measurement 
was therefore vaporized from the cylinder, frozen 
in a thin layer on the walls of a glass bulb, pumped 
to remove non-condensable gas and distilled to the 
capillary. The remainder of the capillary was 
filled with mercury, attached to the apparatus, 
and the capillary, its holder and the mercury reser­
voir placed in a bath at 14°. The bath warmed 
at the rate of 2° per hour. Several cycles of 
warming and cooling were made with each run to 
avoid accidental errors. The results are given in 
Table L

T a b l e  I

Crit. tem p.,

Crit.
pres­
sure,

°C. p. s. i. a.
Run 1 16.94 582
Run 2 16.69 582
Run 2 after 20 hr. a t ca. 21.5° 17.1 586
Run 2 extrapolated to zero time 16.63 581
Average corrected value 16.7 =*= 0.2 581 ± 5

(1) This work was performed under U. S. Army Ordnance Contract
TUI-2000.

(2) W. B. Kay, In d . Eng. Chem., 28, 1014 (1936).

R e s e a r c h  L a b o r a t o r y  
G e n e r a l  E l e c t r ic  C o m p a n y
S c h e n e c t a d y , N. Y. R e c e iv e d  F e b r u a r y  18, 1948

The Nitration of 6-Chloro-l-naphthoic Acid
B y  C h a r l e s  C . P r i c e , T h o m a s  J .  B a r d o s  a n d  H e r m a n  I.

E n o s 1

In an exploration of possible routes to a hetero­
cyclic ring system analogous to that in morphine2 
but based on the naphthalene rather than the 
phenanthrene nucleus, we have investigated the 
nitration of 6-chloro-1 -naphthoic acid with the 
hope that it might produce the 3-nitro derivative. 
Nitration of the acid, or preferably of its ester, 
proceeded satisfactorily to give only one product 
which could be isolated in pure crystalline condi­
tion. This material was shown to be the 5-nitro 
derivative by decarboxylation to l-nitro-2-chloro- 
naphthalene, identified by mixing melting point 
with an authentic sample.

(1) Present address: D epartm ent of Chemistry, Swarthmore
College, Swarthmore, Pa.

(2) Barltrop, J . Chem. Soc., 399 (1947).

COOH COOH

no2
m. p. 99°

Experimental
Preparation of 6-Chloro-l-naphthoic Acid.—The method 

of Price and Huber3 was followed in its original form. 
The ester fraction obtained was hydrolyzed with 15% 
aqueous sodium hydroxide solution until it dissolved and 
the acid was precipitated with dilute hydrochloric acid. 
The total yield of c r u d e  6-chloro- and 7-chloro-l-naphthoic 
acid mixture was 66% (40% from the straight acid frac­
tion and 26% from the ester fraction; the melting points 
were 183-185° and 171°, respectively). The 6- and 7- 
chloro isomers were separated through their acid chlorides, 
following the procedure of Jacobs, Winstein, Seymour 
and Linden.4 M ethyl 6-chloro-l-naphthoate was ob­
tained (35 %, m. p* 66°) and only 8% of the 7-chloro-l - 
naphthoyl chloride (m. p. 100-104°). The methyl 6- 
chloro-1-naphthoate was saponified with 20% aqueous 
sodium hydroxide, and the acid (m. p. 215.5-216°) 
precipitated.

Nitration of 6-Chloro-l -naphthoic Acid.—An 11-g.
sample (0.053 mole) of the pure 6-chloro-l-naphthoic 
acid was treated with 18 cc. of fuming nitric acid (d. 
1.49-1*50). The substance dissolved partly under vigor­
ous evolution of nitrous oxides and of heat. The reaction 
mixture was warmed for five to  ten minutes on the water- 
bath. After cooling, fine crystals deposited which were 
collected on a glass filter, washed with some cold nitro­
methane, and recrystallized from nitromethane. After 
this first recrystallization, 8.2 g. (62%) of the greenish 
yellow nitration product was obtained melting in the 
range of 198-215°. Five more recrystallizations from 
nitromethane raised the melting point to 224.8-225.5°. 
The yield of this pure mono-nitro derivative was 3.7 g. 
(27.5%) obtained as white needles with a greenish tin t; 
neutralization equivalent, 246 (calcd., 251).

A n a l . Calcd. for CUH60 4NC1: C, 52.48; H , 2.41; 
N, 5.56; Cl, 14.05. Found: C, 52.70; H , 2.21; N, 
5.48; Cl, 14.48.

Decarboxylation of the Nitro Acid.—A sample of 0.48 g. 
of the 6-chloro-nitro-l-naphthoic acid in 1 cc. of redistilled 
quinoline was heated in an oil-bath to 220-230° until a 
homogeneous solution was obtained. Then 0.1 g. of 
hydrogen-reduced copper powder was added. Im ­
mediately vigorous carbon dioxide evolution was observed. 
The temperature was raised to  240° for five minutes and 
then the mixture was cooled. I t  was extracted with ether, 
the ether extract filtered, washed with dilute hydro­
chloric acid, with 10% aqueous sodium bicarbonate solu­
tion and with water. Finally it was treated with some 
charcoal, filtered and the ether evaporated: large, pale 
yellow crystals were obtained. This substance was again 
recrystallized from aqueous ethanol, with charcoal, to  
yield pale yellow crystals, m. p. 96.5°. After a further 
recrystallization almost colorless crystals were obtained, 
m. p. 98.5-99°.

This corresponds closely to the melting point reported 
for 1 -nitro-2-chloronaphthalene. Since the data in the

(3) Price and Huber, T h is  J o u r n a l , 64, 2136 (1942).
(4) Jacobs, Winstein, Seymour and Linden, J. Org. Chem., 11, 292 

(1946).
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literature are somewhat divergent (Vesely, 5 Colerdi and 
Moe , 6 Hodgson and Leigh7) we synthesized this compound 
from /S-naphthylamine following for the Sandmeyer 
step the directions of Hodgson and Walker . 8  The 2- 
chloro- 1  -nitronaphthalene so obtained had a melting 
point of 99-99.5°. The mixed melting point with the 
sample obtained by the decarboxylation of the 6 -chloro- 
nitro-1 -naphthoic acid was 98.5-99°. Accordingly our 
nitro product must be 6-chloro-5-nitro-l-naphthoic acid.

Nitration of Methyl 6 -Chloro- 1  -naphthoate.—A 9.0-g. 
sample (0.041 mole) of pure methyl 6 -chloro-l-naphthoate 
(m. p. 6 6 °) was treated with 15 cc. of fuming nitric 
acid (d. 1.49-1.50) and warmed for five minutes on a 
water-bath. After cooling, a crystalline mass deposited 
which was collected on a glass filter and washed with a 
small portion of cold nitrom ethane. The crystal mass was 
already almost white, and after one recrystallization from 
aqueous methanol, pure methyl 6 -chloro-5-nitro - 1  ~naph- 
thoate was obtained: yield, 3.3 g. (30%), m. p. 143.5- 
144°.

A n a l .  Calcd. for C12H 80 4NC1: C, 54.23; H , 3.03; 
N, 5.27; Cl, 13.36. Found: C, 54.52; H , 3.23; N, 5.07; 
Cl, 13.34.

Hydrolysis of the Nitro Ester,—A solution of 0.5 g. 
of the ester was refluxed in 30 cc. of 20% aqueous potas­
sium hydroxide, to  which 4 g. of salt was added. The 
substance dissolved after one-half hour of vigorous 
boiling. In acidification, a dark brown precipitate was 
obtained. This was filtered and twice recrystallized from 
nitromethane. Greenish-yellow crystals were obtained 
which melted a t 226.5°. A mixed melting point with
6-chloro-5-nitro-l-naphthoic acid above gave 226-226.5°, 
showing the identity of the two compounds.

Anilide from the Nitro Acid.—A mixture of 0.2 g. of 6 - 
chloro-5-nitro-l-naphthoic acid and 0.5 cc. of thionyl 
chloride was refluxed for one-half hour. The reaction 
mixture was treated with 1  cc. of redistilled aniline and 
dissolved in 15 cc. of benzene. The yellow suspension 
was washed with water, with dilute hydrochloric acid, 
with water and with sodium carbonate solution. After 
evaporation of the benzene, the residue was recrystallized 
from aqueous ethanol, using charcoal. The slightly green­
ish crystalline substance had a melting point of 193-193.5°.

A n a l . Calcd. for C17H 11O3 N 2CI: C, 62.46; H, 3.40; 
N, 8.57; Cl, 10.85. Found: C, 62.71; H, 3.30; N, 
8 .6 8 ; Cl, 11.10.

Anilide from the Nitro Ester.— (a) A 0.28-g. sample of 
the ester was treated with three to  four-fold excess of 
anilinomagnesium bromide for ten minutes on the water- 
bath. (The anilinomagnesium bromide was prepared by 
addition of 8  g. of aniline to  ethylmagnesium bromide, 
prepared from 2  g. of magnesium and 1 0  g. of ethyl 
bromide in 60 cc. of ether, until the very vigorous evolu­
tion of ethane ceased.) Ten cc. of dilute hydrochloric 
acid was added to  the mixture and the ether evaporated at 
room temperature. The dark brown solid residue from 
the ether layer was separated from the acidic solution by 
filtration, and it was recrystallized from aqueous ethanol, 
yielding 0.12 g. of anilide (34%), m. p. 190-191°. This 
was recrystallized twice (first with charcoal) to give almost 
colorless crystals, m. p. 193.5-194°, identical with the 
anilide obtained from the acid.

(b) When 0.3 g. of the ester was heated with 0.2 g. of 
aniline a t 160-170° for twenty minutes, the ester was 
recovered unchanged, m .p .  143.5-144°.

Amide from the Nitro Acid.—A 0.22-g. sample of 6 - 
chloro-5 -n itro -l-naphthoic acid was heated with 1  cc. 
of thionyl chloride for twenty minutes. The mixture 
was poured into 10 cc. of ice-cooled 33% ammonium 
hydroxide. I t  was cautiously heated on the water-bath 
for five minutes, then cooled, filtered and recrystallized 
from aqueous ethanol, m. p. 207-208°.

(5) Vesely, Ber., 38, 137 (1905).
(6) Colerdi and Moe, Rend. In t. Lomb., 57, 646 (1924).
(7) Hodgson and Leigh, J . Chem. Soc., 1352 (1937).
(8) Hodgson and W alker, i b i d . ,  1821 (1933).

A n a l .  Calcd. for C11H7O3N2CI: N , 1 1 .1 7 .  Found:
N, 1 0 .7 0 .

D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  N o t r e  D a m e  
N o t r e  D a m e , I n d ia n a  
D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  I l l in o is
U r b a n a , I l l in o is  R e c e iv e d  J a n u a r y  5 , 1 9 4 8

9.9- Dibromofluorene and Formation of a Danger­
ous Skin Irritant

B y  J o h n  R .  S a m p e y  a n d  S c o t t  J .  C h il d r e s s

The preparation of 9-bromofluorene by direct 
photobromination1 suggested the preparation of
9.9- dibromofluorene by the addition of a second 
mole of bromine under strong irradiation.

A solution of 16 g. of fluorene in 150 ml. of carbon te tra ­
chloride was placed in a 250 ml. Vitreosil Erlenmeyer 
flask equipped with reflux condenser. By the use of a six- 
inch mercury arc close to  the flask, the contents were 
heated to  reflux while a solution of 2  moles of bromine in 
50 ml. more solvent was added dropwise through the con­
denser in th irty  minutes. Anhydrous conditions were 
assumed by a calcium chloride tube and irradiation con­
tinued th irty  minutes after the addition. Evaporation of 
the solvent yielded a light gray crystalline product re­
crystallized from acetic acid, n -heptane or absolute a l­
cohol. The yield was 45% of material melting a t 115° 
(uncor.). The literature value for 9,9-dibromofluorene is 
114°.2

Experiments to further identify the 9,9-dibro- 
mofluorene were discontinued when two additional 
workers to those reported previously,3 were 
stricken with a severe dermatitis which has 
spread over large areas of the body, and which is 
responding slowly to medical treatment. Intense 
itching, pus formation, and considerable swelling 
of the hands, arms and face accompany the irrita­
tion.

The authors acknowledge with pleasure the in­
terest of Dr. E. Emmet Reid.

(1) J. R . Sampey and E. E. Reid, T h is  J o u r n a l , 69, 234-235 
(1947).

(2) H. Staudinger and A. Gaule, Ber., 49, 1951 (1916).
(3) J. R . Sampey, A. B. King, T. A. Roe, Jr., and  S. J. Childress, 

Science, 105, 621 (1947).
D e p a r t m e n t  o f  C h e m is t r y  
F u r m a n  U n iv e r s it y
G r e e n v i l l e , S. C. R e c e iv e d  J u l y  21, 1947

Nuclear Substituted 9-(4'-Diethylamino-l 
methylbutylamino) -acridines1

By E. R . S h e p a r d  a n d  H. A. S h o n l e 2

At the suggestion of the Committee on Medical 
Research of the OSRD several years ago, the prep­
aration of a series of nuclear substituted acridines 
was undertaken. They were prepared in order to 
study clinically the absorption, excretion and met­
abolic changes which these materials undergo. 
In addition, it was of interest to inquire further

(1) Presented before the Division of Medicinal Chemistry a t  the  
109th meeting of the American Chemical Society, Atlantic C ity, 
New Jersey, April, 1946.

(3) Deceased, February 24, 1947.
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into the relationship of structure and antimalarial 
activity of the acridines.3

The following conclusions can be drawn on the 
basis of duckling tests4 on the compounds re­
ported here: (a) A substituent in the 1 position
(Fig. 1) appears to be mildly dystherapeutic:

CH 3

N H CH (CH 2)3N (C2H 5) 2

(b) One substituent in the 4 or 5 position gives a 
regular dystherapeutic effect. Since completion of 
this work, these findings have been supported by 
Hall and Turner5 with the amendment that upon 
substitution in both the 4 and 5 positions, in­
creased activity may be expected.

Experimental
The o-chloro-, o-bromo and 2,4-dichlorobenzoic acids 

were obtained commercially. The o-chlorobenzoic acid was 
purified6 before use.

The anilines with the exception of 2-chloro-4-methoxy 
and 3 ,5-dichloroaniline were commercial samples which 
were distilled or crystallized.

3,5-Dichloroaniline was prepared from 2,6-dichloro-4- 
nitroaniline by deamination and reduction of the resulting
3,5-dichloronitrobenzene ,7

2-Chloro-4*-methoxyani!ine was prepared quite readily 
in large quantities from technical ^-anisidine.8 Phosgene 
passed into an aqueous solution of pyridine and technical 
^-anisidine gave an 82% yield of N ,N '-di-(^-m ethoxy)- 
phenylurea which was dried and chlorinated in s y m -  
tetrachloroethane to give a quantitative yield of the di- 
chlorinated urea. Treatment with 28% ammonium 
hydroxide at 150-160° for five hours gave a 90-95% yield 
of 2-chloro-4-methoxyaniline, b. p. 141-144° (25 m m .); 
N-acetyl derivative, m .p .  113-114.5° (lit.,8 m. p. 114°).

Diphenylamine-2-carboxylic Acids.-—The diphenyl - 
aminecarboxylic acids were prepared according to the 
method of Ullmann.9 The following more detailed de­
scription is typical of the method used for the preparation.

5-Chlorodiphenylamine-2-carboxylic Acid.10—One hun­
dred grams (0.52 mole) of 2,4-dichlorobenzoic acid, 60 
g. (0.64 mole) of aniline, 82 g. (0.59 mole) of potassium 
carbonate, 3-5 g. of copper oxide (precipitated powder), and 
250 ml. of isoamyl alcohol were refluxed three hours. The 
hot solution was steam distilled until all of the alcohol and 
some basic oil came over. The hot residual solution was 
diluted to  3-4 liters with hot water and decolorized with 
carbon. The filtrate was acidified with dilute hydrochloric 
acid, and filtered. The yield was 103-115 g. of crude 5- 
chlorodiphenylamine-2-carboxylic acid. Since purifica­
tion was not necessary a t this step and would diminish 
over-all yields, no attem pt was made to  isolate the pure 
amino acids.

(3) Corse, Shonle and B ryant, T h is  J o u r n a l , 68 , 1905, 1911 
(1946), reported previous series in which the nucleus was held con­
stan t and the side chain was varied.

(4) Performed by K. K. Chen, C. L. Rose and R. C. Anderson of 
these laboratories, using Plasmodium Lophurae.

(5) H all and Turner, J . Chem. Soc., 694 (1945).
(6) “ Organic Syntheses,*’ Coll. Vol. I I , p. 16, (1943).
(7) Krem er and Bendich, T h is  J o u r n a l , 61, 2659 (1939).
(8) French P aten t 738,157.
(9) Ullmann, A nn., 355, 312 (1907).
(10) Ullmann and W agner, ibid.» 855, 359 (1907).

The crude amino acids were ring closed to the corre­
sponding 9-chloroacridines11 and these then reacted with 
excess 5-diethylamino-2-aminopentane in phenol at 100- 
110° for one to two hours. The reaction mixtures were 
decomposed with excess sodium hydroxide solution and 
extracted with ether. The ether layers were washed and 
extracted with 5% acetic acid. The bases were liberated 
from the acetate solutions with sodium hydroxide, taken 
up in ether and heated eventually a t lUÖc at 15 mm. to 
remove excess 5-diethylamino-2-aminopentane. Dry 
hydrogen chloride passed into the solutions of the bases in 
dry ether gave the anhydrous hydrochlorides which were 
extremely hygroscopic. The melting points of the an­
hydrous salts varied widely with slight changes in hydro­
gen chloride content and were therefore meaningless. 
Table I lists the acridines prepared in this manner.

T a b l e  I

9~ (4'-D iethylamino-1 ' - m e t h y b u t y l a m in o ) -a c r id in e s
Substituents 

(Fig. 1)
Yield,

% a Form ula
Nitrogen, % 

Calcd. Found &
None 71® CsaH^Ns^HCl 10.29 9.60
2-cr* 34 C22H28CIN 3° 2 HCl 9.49 9.68
3-C1® 29 C22H 28C1N3-2HC1 9.49 9.23
4-C1 24 C22H 28C1N3-2HC1 9.49 9.69
4-CHs 37 C28H «N s-2HC1 9.95 9.85
4-OCHa 15 CmH siN sO-HCI 10.48 10.44
1,3-diCF 7 f C22H27C12N 3-2HC1«H20 8.48 8.50
2-OCH3-4-C1 3(F C28HaoClNsO»2HCl 8.88 8.81
4-OCH8-6-C1 59 C23H3oC1N80-2HC1 8.88 8.43
4-OCH3-I-C H8 38 c 24h 88n 8o -h c i 10.10 9.95
2-C1-4-CH* 17 f C23K3UCIN 3-2HC1 9.20 8.42
3-Cl-4-CH« 23/ C28H 3oC1N8*2HC1 9.20 8.43
2-Br-4-CH3 11 C2aH3oBrN3*2HCl 8.38 8.16
2-CH30-4,6-diCl 29 C23H29C12N 80*2HC1 8.28 8.21
4-CHs-3,6-diCl 15 C23H 29C12N 3*2HC1 8.56 8.59
2,4,6-triCl* 2 C22H 26Cl3N-2HCl*H20 7.94 7.95

° Based on 2-chloro or 2,4-dichlorobenzoic acid unless 
otherwise noted. 6 The samples were dried in  va cu o  for 
two weeks over potassium hydroxide before analysis. 
® Based on 9-chloroacridine. d Previously reported, U. S. 
Patent 2,077,249. e Previously reported, German Patent 
571,449. f  Based on 2-bromobenzoic acid. 9 Recrys­
tallized from ethanol-water-ether, m. p. 138-142°. h Re­
crystallized from ethanol-water-ether, m .p . 158-161°.

(11) “ Organic Syntheses,” 22, 5 (1942).

L il l y  R e s e a r c h  L a b o r a t o r ie s
I n d ia n a p o l is  6, I n d ia n a  R e c e iv e d  F e b r u a r y  6, 1948

Ethyl Acetoacetate 4-Nitrophenylhydrazone and 
1 - (4 '-Nitrophenyl) -S-methylpyrazolone-S

B y  W a r d  C. S u m p t e r  a n d  P h il  H. W il k e n

The interaction of equimolecular proportions of 
ethyl acetoacetate and 4-nitrophenylhydrazine at 
steam-bath temperature in either the presence or 
absence of ethanol as a solvent yields ethyl aceto­
acetate 4-nitrophenylhydrazone (I), m. p. 118°, 
and not l-(4'-nitrophenyl)-3-methylpyrazolone-5
(II), m. p. 218°, as stated in the literature.1

The nitrophenylhydrazone (I) was converted 
into the pyrazolone (II) by refluxing a solution of 
I in glacial acetic acid for five hours at steam-bath 
temperature. Heating I at steam-bath tempera­
ture for fifteen minutes with concentrated hydro­
chloric acid accomplished the same transforma­
tion. Similarly II was obtained when ethyl ace-

(1) Altschul, Ber., 25, 1853 (1892), via Huntress-Mulliken,
“Identification of Pure Organic Compounds, Order 1,” John Wiley
and Sons, Inc,, New York, N. Y„, 1941, p. 255.
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toacetate and 4-nitrophenylhydrazine were re­
fluxed together in equimolecular quantities in gla­
cial acetic acid as solvent. The pyrazolone (II) 
was also obtained when the condensation of ethyl 
acetoacetate and 4-nitrophenylhydrazine was car­
ried out in the presence of concentrated hydro­
chloric acid with or without the addition of eth­
anol.

The samples of II obtained in these several pro­
cedures were identified by comparison with an au­
thentic sample prepared by the nitration of 1- 
phenyl-3-methylpyrazolone-5 as described in Ger­
man Patent 61794.2

Experimental
Ethyl Acetoacetate 4-Nitrophenylhydrazone ( I) .—A

mixture of 15.3 g. (0.1 mole) of 4-nitrophenylhydrazine 
and 13.0 g. (0.1 mole) of ethyl acetoacetate with or without 
the addition of a small quantity of ethanol as solvent was 
heated under reflux on the steam -bath for several hours. 
The orange colored crystalline product which separated 
on cooling was purified by crystallization from 95% 
ethanol; m. p. 118°.

A n a l .  Calcd. for C12H 1 5N 3O4 : N , 15.84. Found: N,
15.85, 15.76.

1  - (4 '-Nitrophenyl) -3-methylpyrazolone-5 (II). A.—A 
sample of ethyl acetoacetate 4-nitrophenylhydrazone (5 
g.) was treated with sufficient glacial acetic acid to  dissolve 
it and the resulting solution heated under reflux a t steam- 
bath temperature for five hours. The yellow crystalline 
product which separated on cooling was purified by crys­
tallization from 9 5 % ethanol from which it separated as 
light yellow crystals; m. p. 218°. Heating the hydrazone
(I) for fifteen minutes a t steam -bath temperature with 
concentrated hydrochloric acid brought about the same 
transformation.

B. —A mixture of 7.65 g. (0.05 mole) of 4-nitrophenyl- 
hydrazine, 6.5 g. (0.05 mole) of ethyl acetoacetate and 25 
g. of glacial acetic acid was heated under reflux at steam- 
bath temperature for five hours. The product which sepa­
rated on cooling was crystallized from 95% ethanol from 
which it separated as light yellow crystals; m. p. 218°. 
The pyrazolone (II) was also obtained when a mixture of 
ethyl acetoacetate (0.05 mole) and 4-nitrophenylhydra- 
zine (0.05 mole) was heated in the presence of 2  ml. of 
concentrated hydrochloric acid either with or without the 
addition of ethanol.

C. —The compound was prepared from 1-phenyl-3- 
methylpyrazolone- 5  by nitration according to the proce­
dure given in German Patent 617942; light yellow crys­
tals; m. p. 218°.

The identity of the samples prepared by procedures 
A, B and C was established by melting point methods. 
The melting points reported herein are uncorrected.

A n a l . Calcd. for Cio^NsOs: N, 19.17. Found: N,
18.74, 18.80.

(2) Friedldnder, 3, 926.

D e p a r t m e n t  o f  C h e m is t r y  
W e s t e r n  K e n t u c k y  S t a t e  C o l l e g e  
B o w l in g  G r e e n , K e n t u c k y

R e c e iv e d  J a n u a r y  10, 1948

Studies on Resin Acids. III. A Direct Reduc­
tion of Podocarpic Acid1

By H a r o ld  H. Z e i s s , C h e s t e r  E . S l im o w ic z  a n d  V a r - 
s e n ig  Z . P a s t e r n a k

The constitution of the naturally occurring 
podocarpic acid (I) has suggested this resin acid as

(1) Paper I I :  Zeiss, T h is  J o u r n a l , 70, 858 (1948).

an unusually attractive starting material for the 
preparation of compounds having structural and 
perhaps physiological similarity to estradiol. 
One such compound is the hitherto unknown podo- 
carpinol (II), the preparation of which is described 
in one step from podocarpic acid in this paper.

I, R  =  COOH; Y  =  H
II, R  =  CH2O H ; Y =  H
III, R  =  COOCH; Y  =  CH3
IV, R  =  COC1; Y  =  CH3
V, R  =  CH2OH; Y  =  CH3

The direct reduction of the carboxylic acid 
group of the resin acids is usually attended by 
more or less difficulty, depending upon the con­
figuration of these groups at the Ci position. The 
trans acids,2 represented by abietic acid, are less 
hindered and therefore more easily reduced than 
the cis acids,2 represented by agathic and podo­
carpic acids, which are quite resistant to reaction 
owing to the extremely large effect of steric hin­
drance. While methyl abietate responds readily 
to a forced Bouveault-Blane reduction, the methyl 
ester of isonoragathic acid is converted to isonora- 
gathenol in very poor yield.3 Alternately Camp­
bell and Todd4 have used an indirect method for 
reducing the O-methyl derivative of podocarpic 
acid to O-methylpodocarpinol via the acid chloride 
and the aldehyde.

It has been found that lithium aluminum hy­
dride,5 a compound recently discovered by Schles­
inger and co-workers6 and developed by Nystrom  
and Brown,7 converts podocarpic acid directly to 
podocarpinol in satisfactory yield (56%). Under 
the same experimental conditions the methyl ester
(III) and the acid chloride (IV) of O-methylpodo- 
carpic acid also react with lithium aluminum hy­
dride to give, after hydrolysis of the metal com­
plex, O-methylpodocarpinol (V). The identity of 
podocarpinol is established by methylation to the 
known O-methylpodocarpinol.

Although the rate of reaction of lithium alumi­
num hydride with podocarpic acid is slow, it ap­
pears that the reduction of hindered acids with this 
reagent is not unreasonably limited by steric effects.

Experimental
Podocarpinol (II).—A solution of 8  g. of lithium alu­

minum hydride in 300 ml. of dry ether was placed in a 
one-liter flask equipped with dropping funnel, reflux 
condenser and mercury seal stirrer. All outlets were pro­
vided with calcium chloride tubes to  exclude moisture 
during the reaction. To this solution was added dropwise 
with stirring 7 g. of podocarpic acid (m. p. 194-196°) 
dissolved in 150 ml. of ether. The mixture was then

(2) Zeiss, Chem. Rev.» 42, 163 (1948).
(3) Ruzicka and Jacobs, Rev. trav. chim., 57, 509 (1938).
(4) Campbell and Todd, T h is  J o u r n a l , 64, 928 (1942).
(5) M etal Hydrides, Inc., Beverly, Mass.
(6) F inholt, Bond and Schlesinger, T h is  J o u r n a l , 69, 1199 

(1947).
(7) N ystrom  and Brown, ibid.» 69, 1197; 69, 2548 (1947).
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allowed to  stand for four days with occasional warming. 
Ice was next introduced to  decompose excess hydride 
reagent and the reaction complex then hydrolyzed with 
dilute sulfuric acid. The ether layer was removed and 
the aqueous layer extracted with fresh ether. The com­
bined ether extracts were then washed with water and 
extracted with dilute sodium carbonate solution to remove 
unreacted podocarpic acid. After drying over anhydrous 
ootassium carbonate the ether solution was concentrated 
and hexane added. On cooling transparent cubes of 
podocarpinol crystallized out of solution; m. p. 17 7 -  
178.5°. Recrystallization from ether gave 3.7 g. (56%) 
of pure m aterial; m. p. 178-179°.

A n a l 1 2 3 4 5 6 Calcd. for Ci7H 2 4 0 2: C, 78.42; H, 9.29.
Found: C, 78.09; H, 9.08.

In an earlier run in which the total reaction time was 
two hours a yield of 4.6% of podocarpinol was obtained.

M ethylation of podocarpinol with dimethyl sulfate in 
the usual manner gave O-methylpodocarpinol (m. p. 
90-91°), first prepared by Campbell and Todd . 4  A 
mixed m. p. with the O-methylpodocarpinol prepared as 
described below showed no depression,

O-Methylpodocarpinol (V). (a )  From O-Methyl-
podocarpoyl Chloride (IV).—Reaction between 33 g. of 
O-methylpodocarpoyl chloride (m. p. 61°) in 1 liter of 
ether and 1 0  g. of lithium aluminum hydride in 800 ml. 
of ether was carried out over a period of four days. The 
mixture was worked up in the same manner as described 
above (m. p. 91°) from which 28 g. (92%) of pure O- 
methylpodocarpinol was obtained after one crystallization 
from ether-hexane.

(h ) From Methyl O-Methylpodoearpate (III).—Lith­
ium aluminum hydride ( 8  g.) in 400 ml. of ether was 
treated  with 15 g. of methyl O -methylpodocarpate m .p .
158-159° in 300 ml. of ether as above. From this experi­
m ent there was obtained 12.7 g. (93%) of O-methyl­
podocarpinol; m. p. 91°.

(8) Analysis by Dr. Carl Tiedcke Microlaboratories, New York.

R id b o  L a b o r a t o r ie s , I n c .
P a t e r s o n  3, N ew J e r s e y  R e c e iv e d  J a n u a r y  12, 1948

NEW COMPOUNDS

a-Nitrostilbene Analogs
The a/^a-nitrostilbenes are physiologically active. 

Also compounds of the a lp h a , frefo-diphenylethylamine type 
obtained by further reduction have been reported to have 
a selective effect in damaging sarcoma cells . 3

Accordingly we have prepared nitro compounds of this 
type and submitted them to the National Cancer Institute 
for testing.

l-a-Thienyl-2 -phenyl-2 -nitroethylene was prepared by 
mixing 9 . 0  g. phenylnitromethane, 8 . 1  g. 2 -thiopheneal- 
dehyde4  and 3 ml. of a 10% solution of methylamine in 
methanol, warming gently, then shaking for three hours 
a t room temperature. The bright yellow crystals which 
separated weighed 4.9 g. After triple recrystallization 
from absolute ethanol the product melted a t 123 ° cor.

A n a l . Calcd. for C^H qOsSN: C, 62.34; H, 3.90; 
N , 6.06. Found: C, 62.45; H, 3.76; N, 6.06.

(1) P resent address: Medical School, University of Tennessee, 
M em phis, Tennessee.

(2) Preseht address: Plough, Inc., Memphis, Tennessee.
(3) Shear, et al., Approaches to Tumor Chemotherapy, American 

Association for the Advancement öf Science, Washington, D. C. 
(1947), page 236 ff.; also Hartwell ahd Rofnberg, T his Journal, 67{ 
1607 (1946).

(4) 'ï*tfh*Jto8É fcsart te&p&hm GhktodteUt Cölo* *

1  -a -Furyl - 2  -chlorophenyi - 2  -nitro ethyl ene was pre­
pared by mixing 7.82 g. of o-chlorophenylnitromethane,
4.36 g. of freshly distilled furfural, and 5.16 cc. of a 16% 
solution of methylamine in methanol. The crystals which 
separated on standing three days weighed 3.96 g. The 
product was dissolved in absolute ethanol and the solution 
decolorized with activated carbon. After recrystallization 
from absolute ethanol the melting point was 1 0 1 .1 ° cor.

A n a l .  Calcd. for CidtlsNOaCl: C, 57.72; H, 3.21;
N, 5.61. Found: C, 57.92; H, 3.12; N, 5.53.

1 - m -N itroph enyl- 2  -phenyl -2 -nitro ethylene was pre­
pared by mixing 3 ml. of phenylnitromethane, 3.0 g. of m -  
nitrobenzaldehyde , 6 0.5 ml. of 10% methylamine and 6  ml. 
of methanol. After standing four days the solution was 
diluted with 25 ml. of petroleum ether and chilled in Dry 
Ice. The yield of crystals was only 0.4 g. (7.5% ). After 
recrystallization from absolute ethanol the melting point 
was 1 1 2 .0 ° cor.

A n a l .  Calcd. for C14ÏL 0N 2O2 : C, 62.22; H ,3 .70 ; N, 
10.37. Found: C, 62.60; H , 3.75; N, 10.12.

1-^-Nitrophenyl-2-phenyl-2 -nitroethylene, reported by 
Baker and Wilson6 as melting a t 155°, was prepared by us 
and found to  melt a t 157.5° cor., after repeated recrystal­
lization.

Acknowledgment.—We wish to  acknowledge our indebt­
edness to Dr. M . J . Shear and Dr. Jonathan L. Hartwell 
of the National Cancer Institu te for suggestions and en­
couragement, to  M r. Charles A. Kinser and Mrs. Margaret 
M. Ledyard of the National Institute of Health for carry­
ing out the microanalyses recorded above, and to the N a­
tional Cancer Institu te for financial assistance.

(5) Purchased from  E astm an K odak Company, Rochester, N . Y.
(6) Baker and Wilson, J . Chem. Soc., 842-848 (1927).

C h e m is t r y  D e p a r t m e n t  C a r l  T .  B a h n e r ,
C a r so n - N e w m a n  C o l l e g e  H a r r y  E. D ic k s o n 1
J e f f e r s o n  C it y , T e n n e s s e e  L y d ia  M o o r e 2

R e c e iv e d  F e b r u a r y  24, 1948

3-Chloro-6-methoxy-8-nitroquinoline
To a stirred mixture of 300 ml. of concentrated hydro­

chloric acid, 50.4 g. of 3-nitro-4-aminoanisole and 85.2 g. 
of arsenic acid, a t 1 0 0 °, there was added 30.0 g. of a -  
chloroacrolein during one hour. After an additional 
hour at 100°, the mixture was poured on ice. A solid 
which separated was filtered off and recrystallized from 
acetone; yield 16 g., m. p. 151-153°. Recrystallization 
from methanol raised the m. p. to 159.5-160°.

A n a l . Calcd. for Ci0H 7 C1N2O3: C, 50.31; H, 2.94; 
Cl, 14.88; N, 11.74. Found: C, 50.68; H , 2.84; Cl, 
15.06; N, 11.75.

The original aqueous filtrate gave no product on neu­
tralization.
T he D ivision of M edicinal Chemistry 
The Squibb Institute for M edical Research 
N ew Brunswick, N. J. H arry L. Y ale

R eceived January 23, 1948

New Compounds as Insect Repellents
The compounds listed in Table I were prepared as 

part of a project to  discover new insect repellents . 1

2 ,2-Diethyl-1,3-Propanediol.—A solution of 43 g. of 
potassium hydroxide in 400 ml. of 95% ethanol was added 
to  an ice-cooled, well-stirred mixture of 167 g .  of 38% 
formaldehyde solution and 1 0 0  g. of 2 -ethylbutyralde- 
hyde (Eastman Kodak Co.) a t such a rate tha t the tem-

(1) This work was performed under Contract NDCrc 136 be­
tween Harvard University and the Office of Scientific Research
Devdopn&entt with Paul D. Bartlett a» official investigator*
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T a b l e  I
-Analyses, %-

Compound
Boiling point® 

°C. Mm.
M. p., 

°C. n 25n
Yield,

% Form ula
Calcd. 

C H
Found 

C H
2,2-Diethyl-1,3-propanediol 130-133 16 53-55 1.45746 76 C7H 1 6O2 63.6 1 2 . 2 63.9 12.5
2 ,2 -D iethyl-1 ,3 -propanediol diacetate 73- 76 0.5 1.4332 65 C1 1H 2 0O4 61.1 9.3 61.0 9.4
2- (p-Methoxyphenyl)-5 ,5 -diethyl-7w- 167 2.5 30-32 1.51226 49 C15H 2 2O3 72.0 8 .9 72.1 9.0

dioxane
1 -Phenyl-1,3-propanediol d ipropionate 114-117 0.3 1.4880 83 C1 5H 2 0O4 6 8 . 2 7.6 68.7 7 .8
^-Propyl piperonylate 101-103 0.3 . . . 1.5295 7 2 e C1 1H 1 2O4 63.5 5 .8 63.0 5.9
n -Butyl piperonylate 101-104 0 . 1 . . . 1.5238 60c C12H 1 4O4 64.9 6 .4 64.5 6 .3
n -Amyl piperonylate 117-120 0 . 1 52-53 50c C13H 1 6O4 6 6 . 1 6 . 8 6 6 . 6 7.1
n -Propyl p-methoxycinnamate 1 1 0 - 1 2 0 0 . 1 13-14 1.5706 73 C13H 1 6O3 70.9 7.3 70.9 7 .4
Isoamyl p-methoxycinnamate 156-158 0 .7 1.5549 72 C1 5H 2 0O3 72.6 8 . 1 72.7 7 .8
Diisopropyl hexahydrophthalate 136-138 1 0 1.4421 48 C14H 2 4O4 65.6 9 .4 65.7 9 .5
Di-w-butyl hexahydrophthalate 135-136 0 .7 . . . 1.4511 77 QL6H 2 8O4 67.6 9 .9 67.1 1 0 . 1

Benzaldehyde di-w-butyrate 128-130 1 . . . 1.4791 77 C15H 2 0O4 6 8 . 2 7.6 68.7 7 .9
/>-w -Propylphenethyl alcohol 97- 98 1 1.5155 36 ChH160 80.4 9 .8 79.9 1 0 . 0

N-Cyclohexyl-N-phenylpropionamide 1 2 2 0 . 2 86-87 . . . . 81 c 15h 21n o 77.9 9 .2 78.3 8 .9
° Fractionations were through a five-inch indented Claisen distillation head. 6  For super-cooled liquid. e Based on 

piperonylic acid.

perature did not exceed 16 °. The resultant solution stood 
a t room temperature for three days, was neutralized with 
carbon dioxide, and the alcohol was removed by distilla­
tion. The oily layer was taken up  in ether and the ex­
tract was washed once with a  small amount of water, 
dried with magnesium sulfate ahd distilled.

2,2-Diethyl-1,3-Propanediol Diacetate.—A solution of
23.5 g. of 2,2-diethyl-l,3-propanediol and 75 ml. of acetic 
anhydride was heated on a steam -bath for twelve hours 
with 10 g. of sodium acetate.

2 - ( p - M ethoxyphenyl) -5,5-diethyl- m -dioxane.—A solu­
tion of 21 g. of 2,2-diethyl-1,3-propanediol, 23.8 g. of 
anisaldehyde, 0.2 g. of p-toluenesulfonic acid and 50 ml. 
of benzene was refluxed overnight in an apparatus which 
trapped water as formed.

1-Phenyl-1,3-propanediol Dipropionate.—A solution of 
30 g. of 1 -phenyl-1,3-propanediol,2 76 ml. of propionic 
anhydride and 63 ml. of pyridine was heated at 100° for 
two hours and distilled.

Piperonylates.—The acid chloride3 of piperonylic acid4 
was heated a t 100 ° with pyridine and a several-fold excess 
of suitable alcohol.

p -M ethoxycinnamates.—These esters were obtained 
by transesterification. A solution of ethyl p-methoxy- 
cinnamate5 in 3 parts by weight of the appropriate alcohol 
containing 0.2% of dissolved sodium was slowly distilled 
through a short Vigreux column.

(2) Prins, Chem. Weekblad, 16, 1510 (1919); Fourneau, Benoit 
and Firmenich, Bull. soc. chim.» 47, 858, 894 (1930).

(3) Barger, J . Chem. Soc.» 93, 563 (1908).
(4) B latt, “ Organic Syntheses,” Coll. Vol. 2, John Wiley, New 

York, N. Y., 1943, p. 538.
(5) Reychler, Bull. soc. chim.» [3] 17, 510 (1897).

Hexahydrophthalates.—Dimethyl hexahydrophthalate, 
b. p . 91-93° (1.3 m m .), n 25d 1.4567, was obtained in 
92% yield by hydrogenation of dimethyl phthalate over 
Raney nickel a t 175°. I t  was converted to  higher esters 
by transesterification as described for the p-methoxy- 
cinnamates.

Benzaldehyde Di-w-butyrate.—A drop of 95% sulfuric 
acid was added to  a solution of 25 g. of benzaldehyde in 
41 g. of butyric anhydride. H eat was evolved. After 
the solution had cooled back to  room temperature, it was 
taken up in ether and the ether solution was washed with 
water, dried, and distilled.

p - n -Propylphenethyl Alcohol.—To an ether solution of 
the Grignard reagent prepared from 50 g. of p-bromo-«- 
propylbenzene (Eastman Kodak Co.) there was added 
with stirring 12 g. (10% excess) of ethylene oxide. A 
gum precipitated. While stirring continued, the ether 
was removed by distillation, toluene being gradually added 
to take its place. The mixture was stirred for an hour a t 
95° and poured while still hot into aqueous ammonium 
chloride solution. The oil which separated was taken up 
in ether and the ether extract was dried over magnesium 
sulfate and distilled.

N -Cyclohexyl -N-phenylpropionamide.—A solution of 
28 g. of cyclohexylaniline (Monsanto Co.) and 47 g. of 
propionic anhydride was refluxed for eight hours and dis­
tilled. The product was recrystallized from hexane. 
C o n v e r s e  M e m o r ia l  L a b o r a t o r y
H a r v a r d  U n iv e r s it y  B. C. M cK u s ic k 6
Ca m b r id g e , M a s s a c h u s e t t s  

________ ___  R e c e iv e d  F e b r u a r y  3, 1948
(6) Present address: Chemical D epartm ent, Experim ental S ta ­

tion, E. I. du Pont de Nemours & Company, W ilmington, Delaware.
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C O M M U N IC A T IO N S  TO T H E  E D IT O R

ADSORPTION AT THE DROPPING MERCURY 
ELECTRODE

Sir:
Despite the large quantity of work which has 

been carried out with capillary-active substances 
as maximum suppressors in polarographic analy­
sis, a detailed consideration of their effect on the 
diffusion current itself has apparently not been 
made. One may find references in the litera­
ture1»2*3 to interference with the diffusion cur­
rent, brought about by the use of capillary-active 
materials, but no satisfactory explanation has 
been offered.

Polarograms prepared from solutions which 
contained various concentrations of purified 
horse albumin at pH  8 and which were 1 X 10 “4 M  
in the dye ̂ -hydroxyphenylazophenylarsonic acid,
0.15 M  in sodium chloride, and 0.02 M  in veronal 
indicated that the diffusion current was sup­
pressed to approximately 90% of its true value at 
a protein concentration of 1 X 10 "6 M  and to an 
asymptotic value of about 25% at 1 X IO-"5 M.

It seems likely that the albumin, a capillary- 
active substance, is adsorbed on the growing 
mercury drops, decreasing the surface available 
for reaction with the reducible molecules or ions 
and so decreasing the diffusion current. If so, 
the fractional change of free surface and the con­
sequent fractional change in instantaneous diffu­
sion current should at any stage in the life of the 
drop be a function of the change in the concentra­
tion of protein. At moderately high concentra­
tions of protein, however, a monomolecular layer 
would be formed and an asymptotic diffusion 
current would be attained corresponding to the 
remaining free surface between the adsorbed pro­
tein molecules. (Even in closest packing these 
large molecules might well leave holes large enough 
to permit the smaller molecules of reducible ma­
terial to reach the electrode.) These considera­
tions are in qualitative agreement with the ex­
perimental results; furthermore, for protein con­
centrations Cp giving diffusion currents id not 
too close to the asymptotic current for a given 
constant dye concentration, they lead to a theo­
retical relation similar to the equation log id =  
~-fe Cp +  fe which was found empirically.

As the concentration of a reducible substance is 
increased beyond a critical value, the “diffusion 
current constant" decreases and the current ap­
proaches a saturation value. It might be ex­
pected that an electrode covered over to a given 
extent, say with a monomolecular layer of ad­
sorbed large molecules, would reach saturation 
at the same concentration of reducible substance

(1) Salac, Kvas, 64, 383 (1936).
(2) Brdicka, Z. Elektrochem. 48, 278, 686 (1942).
(3) Kolthoff and Barnum, T h is  Jo u r n a l , 63, 520 (1941).

as a normal electrode, but that the saturation 
current would be reduced; i- e,. with a given pro­
tein concentration, the diffusion current should be 
reduced by a constant fraction, which is independ­
ent of the dye concentration. A series of polaro­
grams of the same system, this time with the pro­
tein absent or held constant at a comparatively 
high concentration, showed a 70% reduction of 
the saturation current, in the presence of protein, 
but no change in the concentration of dye re­
quired to reach saturation.

The probable relation of these results to the 
phenomenon of maximum suppression is being 
explored. A more detailed account of the work 
will be published later.
G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y  
C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y  
P a s a d e n a , C a l if o r n ia  B e r t r a m  K e i l in

R e c e iv e d  M a r c h  8, 1948

THE INFRARED SPECTRUM OF SPRUCE NATIVE 
LIGNIN

Sir:
Initial work on an extensive study of the appli­

cations of infrared spectroscopy to the problem 
of lignin structure has resulted in the establish­
ment of the spectrum of Brauns' spruce native 
lignin by several independent methods of sample 
preparation. Typical curves (obtained with a 
Perkin-Elmer Model 12-B recording spectrome­
ter using a sodium chloride prism) are shown in 
Fig. 1.

The film method of sample preparation war­
rants a brief description. By filling a shallow 
cup comprised of a metal ring and salt plate base 
with ethyl alcohol, adding a small proportion of 
dioxane solution, and allowing evaporation to 
take place slowly, the lignin was deposited as a 
strongly adherent clear film. The films thus ob­
tained were dried for sixteen hours in a vacuum 
desiccator before use. Of particular value is the 
fact that dioxane is sufficiently transparent to 
permit its use as a solvent in the important car­
bonyl (1650-1850 cm.""1) and hydroxyl (3000- 
3700 cm."1) regions, as shown in Curve A.

Two important points have been established: 
(1) The infrared spectrum of native lignin in film 
form is essentially unchanged by as much as ten 
hours of heating at 100°. (2) The broad band
centered at 3350 cm."1 for film and Nujol dis­
persion and the shift of this band to higher fre­
quency in dioxane solution is indicative of strong 
hydrogen bonding in lignin. Experiments on 
dilution and heating effects are planned which 
should yield valuable evidence as to the nature 
of this bond.

An investigation of the spectra of related com-
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Fig. 1.—Spruce native lignin: curve A, 3% solution in dioxane, 0.127 mm. cell; curve B, 10-15% dispersion in
Nujol, smear on salt plate; curve C, film from dioxane-EtOH on salt plate (1900 cm.~'1-2600 cm.” 1 section essentially 
transparent).

pounds, of lignin derivatives, and of lignin from 
other sources and as the result of industrial proc­
essing is in progress.
T h e  I n s t it u t e  o f  P a p e r  C h e m is t r y  
A p p l e t o n , W is c o n s in  E d w a r d  J .  J o n e s

R e c e iv e d  A p r il  3, 1948

A NOVEL SYNTHESIS OF A /3-LACTAM
Sir:

In the course of an investigation of amino acid 
derivatives, a unique synthesis of the /3-lactam of 
N-phenyl-/3~alanine was discovered. The re­
action between an isocyanate and diazomethane 
does not seem to have been studied previously. 
We have found that in the case of phenyl iso­
cyanate two methylene units are added in a re­
action analogous to the formation of cyclobuta- 
none from ketene and diazomethane.1

O
/

C6H6NCO +  2CH2N2 — C6H5N------C +  2N2

CH2—CH2
To a solution of 2.38 g. (0.02 mole) of freshly 

distilled phenyl isocyanate in 25 ml. of anhydrous 
ether was added 109 ml. of a 0.46 M  cold ethereal 
solution of diazomethane (0.05 mole) dried over 
sodium. Within about two minutes a vigorous re­
action commenced with evolution of nitrogen and 
the simultaneous deposition of an amorphous 
orange precipitate. After twenty hours at 0-5° 
the solution was separated from insoluble ma­
terial (0.9 g.), and concentrated under reduced 
pressure to a brown, viscous oil (1.8 g.). Evapo­
rative distillation at 80-120° and 1 mm. gave 0.59 
g. (20%) of the colorless crystalline /3-lactam of 
N-phenyl-/3-alanine, m. p. 74-76°. An analytical

(1) P. Lipp and R . Köster, Ber.» 64, 2823 (1931).

sample, recrystallized twice from acetone-iso­
octane, was obtained as colorless glistening 
platelets, m. p. 78-79°.

Anal. Calcd. for C9H9ON: C, 73.43; H, 6.16; 
N, 9.52; mol. wt., 147.2. Found: C, 73.20; H, 
6.23; N, 9.58; mol. wt., 139 (Rast).

A suspension of the lactam (0.5 g.) in 5 ml. of N  
sodium hydroxide was warmed with shaking to 
70-80°. After ten to twelve minutes the solution 
became completely clear. From the cooled acidi­
fied solution crystalline N-phenyl-/3-alanine (0.25 
g., m. p. 59-60°) was recovered by ether extraction, 
evaporative distillation, and crystallization from 
carbon disulfide-ligroin. No depression in melt­
ing point was observed for a mixture with authen­
tic N-phenyl-/3-alanine (m. p. 58-59°), prepared 
from aniline and /3-iodopropionic acid by the 
method of Bischoff and Mintz.2

This appears to be the simplest /3-lactam re­
ported; other known representatives of this class 
of compounds have at least two substituents on 
the ring.3 It is of interest to note the ease of 
hydrolysis in the present case as compared to more 
highly substituted /3-lactams or normal amides. 
The reaction between diazomethane and other iso­
cyanates and isothiocyanates has been investi­
gated and will be reported shortly.

We are indebted to Dr. John D. Roberts for 
valuable suggestions and to Swift and Company 
for support of a fellowship for one of us (P.T.I.).
D e p a r t m e n t  o f  C h e m is t r y  J o h n  C . S h e e h a n
M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y  
C a m b r id g e  39, M a s s a c h u s e t t s  P a t r ic k  T. I zzo

R e c e iv e d  A p r il  15, 1948

(2) C. A. Bischoff and N. M intz, Ber., 25, 2351 (1892).
(3) H. Staudinger and S. Jelagin, ibid., 44, 373 (1911) ; Staudinger, 

ibid., 50, 1038 (1917); H. Breckpot, Bull. soc. chim. Belg., 32, 424 
(1923); H . Gilman and M. Speeter, T his Jo u r n a l , 65, 2255 (1943).
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ION-EXCHANGE SEPARATION OF THE ALKALI 
METALS

Sir:
We wish to report preliminary results on the 

separation of alkali-metal ions by an ion-exchange 
procedure, using the identical column and resin 
bed used by Mayer and Tompkins1 in their 61-Eu 
separation (1.0 sq. cm. X 10.4 cm. colloidal ag­
glomerates of Dowex-50; 2.83 g. oven-dried resin 
weight; 8.84 ml. bed solution volume = one V- 
unit1) and a recording counter to assay the rela­
tive activity in the effluent solution.

was then begun with 0.15 N  HCl at a flow rate 
(ca. 0.3 ml./min.) slow enough to permit an ap­
proach to equilibrium conditions.1 The effluent 
from the column was collected in a number of 
fractions, each of which was radiometrically 
analyzed for Na24, K 42, Rb86, and Cs134.

The results are shown in Fig. 1. The auto­
matically-recorded curve (normalized) is superim­
posed upon the block diagram and serves to locate 
the valley between Na and K and the peak of K, 
both of which occurred while the column was unat­
tended. The table at the top of the figure shows

Per cent, of each ion eluted from Dowex-50 with hydrochloric acid.

Fig. 1.—The separation of the alkali metal ions by elution from an ion exchanger.

A neutron-activated mixture of 1.0 mg. Na, 
10 mg. K, 8 mg. Rb and 13 mg. Cs, in the form of 
their chlorides, was dissolved in water and ab­
sorbed on the hydrogen-form column.2 Elution

(1) S. W. M ayer and E. R . Tompkins, T h is  Journal, 69, 2866 
(1947).

(2) B. D. Polis and J. G. Reinhold, J . Biol. Chem., 156, 231 (1944).

the relative purities and recoveries in the various 
fractions.
D iv is io n s  o f  B io l o g y  a n d  C h e m is t r y
O a k  R id g e  N a t io n a l  L a b o r a t o r y  W a ld o  E. C o h n
O a k  R id g e , T e n n e s s e e  H a r o l d  W . K o h n

R e c e iv e d  A p r il  8 , 1948
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NEW BOOKS

Modern Colloids. An Introduction to the Physical 
Chemistry of Large Molecules and Small Particles. By 
R o b e r t  B. D e a n , Ph.D., Assistant Professor of Chem­
istry, University of Oregon. D. Van Nostrand Co., Inc., 
250 Fourth Ave., New York, N. Y., 1948. xi -j- 303 pp. 
16 X 23.5 cm. Price, $3.75,
As stated in the Preface, this book is designed to serve as 

an introduction to  the behavior of colloidal material. 
According to the author, colloid chemistry had fallen into 
bad repute, but much of the dead wood is being cleared 
away. The reviewer doubts th a t this book will assist in 
this process of rejuvenation.

The author’s definition of colloids is not up to date and 
will give the reader an entirely wrong impression of what 
colloid chemistry stands for. The statement that nearly 
all of the properties of lyophobic colloids are due to the 
presence of impurities makes one wonder if the author 
realizes tha t this statem ent is not only incorrect but is a 
serious affront to  the memory of men like Wo. Ostwald, H. 
Freundlich, and to  all those who still are devoting their 
lives to the study of lyophobic colloids.

Ultramicroscopy by incident light and its applications 
in research pertaining to  lyogels are not mentioned. A 
more adequate discussion of ultramicroscopes, their con­
struction and application would be far more appropriate 
than the eulogy of the electron microscope, which also has 
its limitations, particularly in the study of lyophilic col­
loids. That solutions of proteins and other high polymers 
show no Faraday—Tyndall effect is contrary to fact. In the 
chapter on liquid surfaces, the drop weight, drop number 
and pendant drop methods are not mentioned. The state­
ment tha t a thixotropic gel sets only when the particles as­
sociate is contrary to  experimental evidence. Ebonite, or 
hard rubber, is not a therm osett, but a thermoplastic 
resin. The discussion of rubber latex is incomplete because 
it disregards the most basic colloidal phenomena. The 
structural diagram of montmorillonite (Fig. 11-7) does not 
explain cation exchange because it lacks the ion substitu­
tions in the Gibbsite layer necessary for this phenomenon. 
The explanation as offered is not in line with known facts. 
When using illustrations copied from other publications, 
reference should be made to  the one in which it originally 
appeared. The references to  scientific and technical books 
and periodicals are incomplete.

Based on these statements, the reviewer’s opinion may 
now be summarized:

The author deserves credit for his enthusiasm and for 
his desire to stimulate the interest of others in the multi­
farious colloidal phenomena in such diverse fields as chem 
istry, biology, medicine and agriculture. I t  would be 
risky, however, to  depend upon this book for an introduc­
tion to the behavior of colloidal materials, because it dis­
regards many basic phenomena characteristic of this state 
of m atter or offers inadequate explanations; and its or­
ganization will confuse the reader more than it will en­
lighten him.

E r n s t  A. H a u s e r

Autoxidation of Diethyl Ether and its Inhibition by Di­
phenylamine. A Chemical, Biological and Clinical 
Study of Some Practically Im portant Problems Concern­
ing the Protection of Anesthetic Ether against Disinte­
gration. By G u n n a r  L in d g r e n . P. A. Norstedt and 
Son, Stockholm, Sweden 1946. 190 pp.
The subtitle of this monograph is rather misleading. 

Ether does not d is in te g r a te  or lose its potency, like other 
delicate m a te r ia  m e d ic a . However, as is well known, if 
ether stands for some time in bottles with access of air from 
frequent pourings, it forms through oxidation small

amounts (seldom greater than 1%) of undesirable impuri­
ties, chiefly peroxides, acetaldehyde and acid. Of course, 
such treatm ent of ether intended for anesthesia is wisely 
interdicted by the pharmacopoeias of all nations. I t  is 
this familiar but complicated oxidation reaction and its pre­
vention which forms the central theme of this investigation.

I t  also seems misleading to say ( v id e  p . 10) apropos of 
the experiments of Mendenhall, Knoefel, e t a l . ( v id e  p. 
83) tha t “ it therefore seems clear th a t th e  e x is te n c e  o f  
a u to x id a tio n  p r o d u c ts  i n  a n e s th e tic  e th er in v o lv e s  c o n s id e r ­
able p r a c t ic a l  in co n ven ien ce  . . . . . .  on account of autoxi-
dated ether containing biologically extremely active sub­
stances, which may possibly disturb the course of the 
anesthesia and also involve an increased risk for the 
patient,”  because only through gross carelessness could 
ether containing 0.05% peroxide and 0.13% of aldehyde 
find its way into the operating room.

The standards of acceptability for the f r e s h ly  prepared 
product are now so rigorous th a t no such amounts of 
auto-oxidation products could exist in it and one may 
say without fear of contradiction th a t anesthetic ether 
almost the world over is one of the purest substances used 
in medicine. Furthermore, anesthetic ether of the com­
position prescribed by the U. S. Pharmacopoeia in the 
manufacturer’s original packages will keep its original 
purity for long periods of time—amply sufficient for all 
practical purposes.

The situation is somewhat different in Sweden, however, 
as the Swedish Pharmacopoeia prescribes for anesthetic 
purposes and designates as “ Aether ad Narcosin”  an ether 
free from alcohol and water (presumably treated with 
metallic sodium to remove the last traces of water) and 
put up in bottles of 100 grams capacity. Apparently 
one of the principal objects of this investigation was to  
ascertain whether any of the cheaper grades of Swedish 
ether could be substituted for this expensive product and 
still retain satisfactory keeping qualities. The author 
shows how this end may be accomplished by the addition 
of 0.02% of diphenylamine (one of the m any substances 
known to inhibit the formation of peroxides in ether) to  a 
grade of Swedish ether designated simply as “Aether 
P h.S .,”  which is bottled in dark glass to exclude the actinic 
rays. The use of inhibitors, however, has not met with 
favor in America. Here the problem has been solved by 
the use of a pure ether of a slightly different composition1 
than th a t made in Sweden, and packaged in specially 
treated tin  containers. The author states tha t in his 
stability tests this cheaper grade of Swedish ether, if no 
diphenylamine was added, acquired peroxides more 
rapidly than did the specially prepared “Aether ad 
Narcosin,”  but points out th a t one should not conclude 
that “ Aether ad Narcosin”  possesses more stability, since 
the bottles and light exposure were not identical in the 
two stability tests. I t  is to  be regretted th a t this interest­
ing grade, namely, “ Aether ad Narcosin,”  was not in­
cluded for direct comparison.

The author also tested the stability of ether in drums, 
and on page 48 we find the statement th a t ether in drums 
seems less stable than in bottles. The basis for this 
statement was the fact th a t the special grade, “Aether ad 
Narcosin,”  in bottles had kept almost perfectly for a 
year, whereas the grade known simply as “ Aether P h .S .”  
in the manufacturer’s drums had shown a marked decom­
position. Since the grades of ether were entirely different, 
and the drums were galvanized (zinc being a very undesir­
able metal in contact with ether), the conclusion seems 
hardly rigorous; indeed, it is partially retracted on the 
next page.

f l )  “ K ther con ta in s  from  96 per cen t, t o  9 8  per cen t, of CaHioO,
the rem ainder co n sistin g  of a lcoho l and w ater” (IT. S. P . X I I I )  •
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An excellent summary and criticism of the various 
methods for the determination of peroxide, acetaldehyde 
and acid is given in the section on chemistry. In passing 
we would like to remark tha t with a little experience an 
approximation of the amounts of peroxide and aldehyde, 
sufficient for evaluating the quality of anesthetic ether, 
can be made instantaneously by simple visible compari­
sons of the colors obtained with the well known sulfo- 
cyanate test for peroxides and Nessler’s reagent for alde­
hyde as against sets of standards.

Under the heading, “ Purification of Autoxidated Ether 
by Potassium Hydroxide,” and also in other sections, 
Lindgren discusses the results obtained in his experiments 
and, taking cognizance of some similar results of Reimers, 
he concludes tha t “ with the help of potassium hydroxide 
it is possible to obtain an ether almost free from peroxide, 
aldehyde and acid which is rather stable when kept in the 
dark .”  Twenty years ago this reviewer, E. Mallinckrodt, 
T his Journal, 49, 2655 (1927), in studying the then 
widely used German Pharmacopoeia (Ph.G.VI) test for 
aldehyde, which is based upon this reaction, showed that 
with anhydrous ether to  which as much as 0.1% pure 
acetaldehyde has been added, the formation of brown 
aldehyde resin on the surfaces of the lumps of potassium 
hydroxide does not occur unless a small amount of moisture 
is present in the outer layer of the lumps of solid caustic. 
Thus, the efficacy of Lindgren’s purification procedure 
when applied to Swedish anesthetic ether which is an­
hydrous cannot be taken for granted unless the above 
precautions are taken into account. I t  should also be 
noted tha t he used only about one-third of the proportions 
of caustic to ether tha t the German Pharmacopoeia pre­
scribes for the aldehyde test.

In  P art II, under the heading, “ Experiments on Ani­
m als,”  a considerable point is made of the fact published 
by Knoefel and Murrell in 1935, and confirmed and 
continued by Lindgren, that the time required to induce 
anesthesia in mice is longer if ether containing peroxides 
and acetaldehyde from long exposure to air and light is 
used, than if pure ether is administered under otherwise 
identical conditions. How important this observation 
of Lindgren and others may be one cannot say, unless one 
knows why this slowing is present. I t  would seem tha t in 
a work as extensive as this one, a direct attack upon this 
interesting problem would have been made other than by 
speculation. If, as seems probable, delay in induction is 
to be explained by the action of irritant substances re­
ducing the respiratory minute volume, this might have 
been studied directly and in conjunction with the rate a t 
which the anesthetic blood level of ether was achieved. 
Larger animals than mice would be required.

In this paper conclusions based upon deductions are 
sometimes resorted to, where direct examination would 
have been better and not difficult, as for example, in 
ascertaining whether an im portant accumulation of car­
bon dioxide in the bottles where mice were confined had 
occurred. I t  should also be pointed out th a t the untoward 
biological effects of ether containing peroxide and aldehyde, 
cited by the author, were obtained with specimens of 
ether containing much larger amounts than the various 
pharmacopoeias allow. I t  is thus hardly proper to 
refer to the ether used in Mendenhall and Connolly’s 
investigation on the cilia of oysters, which contained 
0.02% peroxides and 0.02% of aldehydes, as a “ low per­

centage of autoxidation products” ; this is a t least ten 
and probably twenty times as much as the standard 
American anesthetic ether is allowed to contain.

In P art I II  under the heading, “ Clinical S tudy,”  a 
tremendous amount of work has been done, but the 
study is too broad in tha t too many variables are con­
sidered for the number of cases studied. Moreover, 
important differences appear to have been overlooked 
and much unimportant data dilute the observations per­
tinent to the subject. Largely for these reasons, the clini­
cal studies fail to carry conviction.

This study, as the author points out, was concerned 
wholly with Swedish absolute ether and so has no direct 
bearing on the anesthetic ether used in this country. 
Even with this restriction, however, little contribution 
has been made to  an understanding of the auto-oxidation 
of ether in general.

Based upon its effect on mice, the author concludes 
that peroxidized ether treated with potassium hydroxide 
to remove peroxides and aldehyde contains an unknown 
biologically active principle not revealed by the usual 
chemical tests for the purity of ether. One must await 
with interest further evidence substantiating this possi­
bility.

I t  is gratifying to have this study published in the 
English language and thus made accessible to a wide 
circle of readers. There are occasional lapses in clarity 
and in good usage, and often the results are presented 
in a curiously circuitous way, which a more careful editing 
could have eliminated, but the language is indeed com­
mendable for authors whose native language is not English.

E. M a l l in c k r o d t
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Studies of Sulfonates. IX. Transference Numbers and Activity of
1-Dodecanesulfonic Acid in Aqueous Solutions at 40 01,2

Bv L. L. N e f f ,3 O. L. W h e e l e r ,4 H. V. T a r t a r  a n d  E. C. L in g a f e l t e r

One of the most important properties for the 
interpretation of the behavior of solutions is the 
thermodynamic activity. While many studies 
have been made of solutions of paraffin-chain salts 
as colloidal electrolytes, the only activity data 
are the freezing point measurements of Mc­
Bain and co-workers5 and of Ralston and asso­
ciates,6 the vapor pressure measurements of 
McBain and co-workers,7 and, appearing since the 
completion of the present study, the electromotive 
force measurements of Walton.8

It was felt that an independent determination 
of these activities would be desirable. We have 
therefore determined the activity of 1-dodecane- 
sulfcnic acid in aqueous solutions at 40° up to 0.4 
m by electromotive force measurements. Two 
types of cells were used. In the concentration 
range 0-0.02 m  we have used cells of the type

Pt, H2|Ci2H25S03H(wi)|C12H25S03H(m2)|H2, P t (1)

(concentration cells with liquid junction). In the 
concentration range 0.01-0.4 m we have used cells 
of the type
P t, H2|C12H25S03H(w)|Hg2(C12H25S03)2-2H20(s), Hg (2)

(concentration cells without liquid junction).
(1) Presented a t the New York Meeting of the American Chemical 

Society, New York, September, 1944.
(2) Taken in p art from theses subm itted by L. L. Neff and by 

O. L. Wheeler in partial fulfillment of the requirements for the Ph.D. 
degree.

(3) Present address: Union Oil Company of California, Wilming­
ton, California.

(4) Present address: Plastics Division, M onsanto Chemical Com­
pany, Springfield, Massachusetts.

(5) (a) J. W. McBain and Betz, T h is  J o u r n a l , 57, 1909 (1935); 
(b) E. L. McBain, Dye and Johnston, ibid., 61, 3210 (1939).

(6) Ralston, Hoerr and Hoffman, ibid., 63, 2576 (1941).
(7) (a) J. W. McBain and Williams, ibid., 55, 2250 (1933); 

(b) Randall, J. W. McBain and W hite, ibid., 48, 2517 (1926); (c) J. 
W. McBain and Barker, Trans. Faraday Soc., 31, 149 (1935).

(8) W alton, T h is  J o u r n a l , 68, 1180 (1946).

The transference numbers necessary for the cal­
culation of activities from the measured electro­
motive force of cells of type (1) were determined 
by the Hittorf method over the concentration 
range 0-0.6 m.

Experimental
Materials.—The 1-dodecanesulfonic acid was prepared 

from its sodium salt by the method of Zuffanti.9 The 
sodium 1-dodecanesulfonate had been prepared by the ac­
tion of aqueous sodium sulfite on w-dodecyl bromide in a 
bomb a t 160°.

The mercurous 1-dodecanesulf onate for use in the mer­
cury-mercurous electrodes was prepared by precipitation 
from a solution of either the 1-dodecanesulfonic acid or its 
sodium salt with an excess of mercurous nitrate. The pre­
cipitated salt was washed thoroughly with distilled water 
and stored until used under 0.1 m  1-dodecanesulfonic acid 
in contact with mercury. Microscopic examination 
showed the solid to  consist of very small, well-formed crys­
tals. Analysis of the solid for mercury by the method of 
Hager and H ulett10 gave results in agreement with the 
composition Hg2(Ci2H25S03)2*2H20  (%  Hg found: 42.77, 
42.99,43.00; calcd. 42.86).

The solubility of mercurous 1-dodecanesulf onate in 
water a t several temperatures was determined by evaporat­
ing to dryness 50-ml. samples of the saturated solutions. 
At 40° the result obtained was 5.7 X 10-5 M .

The mercury used in the preparation of the mercury-- 
mercurous sulfonate electrodes had been washed with 
nitric acid and distilled twice in  v a c u o .

Commercial tank  hydrogen was used for the hydrogen 
electrodes, the oxygen being removed by passing the gas 
through a quartz tube filled with granular copper filings 
heated electrically to  about 700°.

Conductivity water from a Barnstead still was used for 
the preparation of all solutions. The solutions were made 
up by weight from a stock solution of 1-dodecanesulfonic 
acid. This stock solution was standardized by weight 
titration against a sodium hydroxide solution which had 
been standardized against twice-recrystallized Baker 
C. p. grade potassium acid phthalate.

Apparatus and Procedure.—The transference numbers 
were determined in a modified Washburn11 apparatus con-

(9) Zuffanti, ibid., 62, 1044 (1940).
(10) Hager and H ulett, J . Phys. Chem., 36, 2095 (1932).
(11) W ashburn, T h is  J o u r n a l , 31, 322 (1909).
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structed of 2-cm. Pyrex glass tubing according to the 
specifications of M aclnnes and Dole . 12

Two silver coulometers, constructed according to the 
specifications of the U. S. Bureau of Standards , 13 were 
placed in series with the transference cell, one on either 
side.

The temperature was held to  40 ±0.03° in a Freas water 
thermostat. The cathode of the transference cell was a 
coiled silver wire coated with silver chloride. The anode 
was of lead (anode reaction, Pb 4- 2 Ci2II 2öSQ3 *" — Pb- 
(C12H 25SO3) 2  4 * 2 e “) for concentrations of sulfonic acid 
below 0.05 m, and of platinum  (anode reaction, 2H20  =  
4 H + +  O2 +  4e“) for concentrations above 0.05 m .

In  all runs, the transference numbers were calculated 
from data on both anolyte and catholyte and the two values 
were averaged. In solutions below 0.05 m  these two 
values agreed within 1 % in all cases. Above 0.05 m  the 
agreement was somewhat less satisfactory, but always 
within 3%.

The electromotive forces were measured by means of a 
Leeds and Northrup Type K  potentiometer with a Type 
R  galvanometer. The standard cell was checked by 
means of a White potentiometer against a pair of cells re­
cently standardized by the United States Bureau of Stand­
ards.

The temperature was controlled a t 40 =*=0.05° by means 
of an air therm ostat.

The cells used were very similar to  those described by 
Tartar, Newschwander and Ness . 1 4

e. m. f. of the cells of type (1) by the method out­
lined by Maclnnes.16

Table II gives measured e. m. f . and molality of 
solution 2, solution 1 being constant at 0.00526 m. 
Table III includes the values of the mean ionic 
activity of 1-dodecane sulfonic acid at rounded 
concentrations. The data are plotted in Fig 1.

T a b l e  I I

E l e c t r o m o t iv e  F o r c e s  o f  C e l l s  w it h  T r a n s f e r e n c e
M olality (m2) E. m. f., mv. Molality (m2) E. m. f., mv.

0.00301 - 2 .1 3 0.00898 1 . 6 6

.00372 - 1 .1 9 .01008 1.91

.00416 - 1 . 1 1 .01031 2 . 0 1

.00526 0 . 0 0 .01039 1.81

.00590 0.56 .01094 2 . 0 0

.00638 0.52 .01147 2.38

.00657 0.98 .01321 2.13

.00697 1.28 .01408 2.31

.00781 1.41 .01532 2.40

.00794 1.97 .01567 2.40

.00878 1.79 .02287 2.91

.00885 2 . 1 2

Results and Discussion T a b l e  I I I

The transference numbers are given in Table I. 
The data are quite similar to those obtained by 
McBain15 at 20°, although our data indicate no 
change in transference number below the critical 
concentration.

T a b l e  I

T r a n s f e r e n c e  N u m b e r s  o f  t h e  H y d r o g e n  I o n  in  
A q u e o u s  S o l u t io n s  o f  D o d e c a n e  S u l f o n ic  A c id  a t  40°

Molality
Transference

number M olality
Transference

number
0 . 0 0 0 0 0.930 0.1124 0.680

.00526 .924 .1632 .721

.00795 .929 .1971 .733

.01743 .816 .2300 .762

.03134 .740 .3134 .738

.04038 .715 .3490 .730

.0554 .680 .4651 .738

.0671 .718 .6067 .753

.0801 .694

The expression of e.m.f. in terms of activities for 
a cell containing a colloidal electrolyte such as 1- 
dodecanesulfonic acid is complicated by the trans­
ference of micelles, as well as single ions, across the 
liquid junction. It can be shown, however, that 
the expression assumes a form identical with that 
for an ordinary electrolyte.

In calculating and discussing the results, we 
may make use of an activity coefficient defined as 
the ratio of the mean ionic activity to the total 
stoichiometric molality, y = a * /m .

The activity coefficients in the concentration 
range 0-0.02 m were calculated from the measured

(12) M aclnnes and Dole, T h is  J o u r n a l , 53, 1357 (1931).
(13) U. S. Bur. Stand. Bull. No. 285 (1916).
(14) T artar, Newschwander and Ness, T h is  J o u r n a l , 63, 28 

(1941).
(15) M. E. L. McBain, J . Phys. Chem., 47, 196 (1943).

A c t iv it y  o f  1 -D o d e c a n e s u l f o n ic  A cid  in  A q u e o u s  
S o l u t io n  f r o m  E . m . f . o f  C e l l s  w it h  T r a n s f e r e n c e

Molality
0.00300 

.00400 

.00500 

.00600 

.00700 

.00800 

.00900 

.01000 

.01100

Activity
0.00293

.00384

.00481

.00587

.00691

.00780

.00808

.00814

.00835

Molality
0.01200

.01300

.01400

.01500

.01600

.01700

.01800

.01900

.02000

Activity
0.00846

.00856

.00848

.00860

.00878

.00888

.00898

.00906

.00915

It was found that the mercury-mercurous 1- 
dodecanesulfonate electrode was not constant or 
reproducible in very dilute solutions and measure­
ments in solutions below 0.01 m were made with 
hydrogen electrodes in concentration cells with 
liquid junction (type 1). In solutions of concen­
tration 0.01 m and greater, the mercurous sulfo­
nate electrode functioned satisfactorily and cells 
without liquid junction (type 2) were used. Their 
reversibility was proven by the calculation of E° in 
a series of concentrations where the activity coeffi­
cients had been determined from the electromo-

T a b l e  IV

E ° o f  t h e  M e r c u r y - M e r c u r o u s  1 -D o d e c a n e s u l f o n a t e  
E l e c t r o d e

2Hg +  2C12H25SO3-  +  2H2o  
Concentration (m)

0.00992
.01030
.01532
.02100

Hg2(Ci2H25S03)2*2H20  +  2e~ 
E°, volts

-0 .3856 , -0 .3 8 2 8
-  .3870 ,-0 .3863
-  .3844
-  .3870
-  . 386 (mean)

(16) M aclnnes, “ The Principles of E lectrochem istry/ 
Pub. Corp., New York, N . Y., 1939.

Reinhold



June, 1948 Activity of 1-dodecanesulfonic Acid in Aqueous Solutions 1991

tive force of cells with liquid junction; these 
values of E° are shown in Table IV. The average 
value, 0.386 volt, is identical with the value ob­
tained by Walton8 at 25°.

The average value of E° was used to calculate 
the solubility of mercurous 1-dodecanesulf onate to 
check the result obtained analytically; the result 
obtained was 2.5 X 10"6 mole per liter. This 
agrees quite well with the analytical value of 5.7 X 
10 “5 mole per liter. Part of the difference may be 
due to the value of the standard potential of the 
mercury-mercurous ion electrode. Since its value 
was not known experimentally at 40°, an approxi­
mation was made from its value and temperature 
coefficient at 25° assuming that the temperature 
coefficient was constant from 25 to 40°. This 
temperature coefficient was calculated from the 
standard entropy change of the re­
action 2Hg +  2H+ =  Hg2++ +  H2 
reported by Latimer, Pitzer and 
Smith.17 The analytical value is 
undoubtedly high because of the 
nature of the salt; minute crystals 
were present in the filtrate as shown 
by a carbon arc and because of the 
limited solubility these caused a 
rather large error in the result.

Data from cells of type 2 were 
used to calculate activities in solu­
tions of 1-dodecanesulfonic acid 
where the sulfonate electrodes 
would function. The activity in a 
reference solution (near 0.01 m) was 
obtained from those determined by 
means of cells with liquid junction, 
and the activity in the other solu­
tions calculated from the electro­
motive force of the above cell. The 
mean ionic activities are listed in 
Table V and are plotted in Fig. 1.

It may be seen from Fig. 1 that 
the behavior to be expected on the 
basis of the mass law is shown by 
these solutions. Below the critical concentration

0 7 ) Latimer, Pitzer and Sm ith, T h is  J o u r n a l , 60, 1829 (1938).

the activity of the 1-dodecanesul­
fonic acid increases with concen­
tration as expected for an ordi­
nary univalent strong electrolyte. 
Above the critical concentration, 
the activity is almost constant, 
rising only very slowly with in­
creasing concentration.

Our results agree very well with 
those of Walton.8 The extent of 
the agreement is indicated by the 
fact that our data, if plotted on 
Fig. 2 of his paper, fall almost 
exactly on the dashed line. Thus 
the three sets of data, at 0, 25 and 
40°, form a consistent body, both 
with respect to the values of the 
the position of the critical con-

T a b l e  V
A c t iv it y  o f  1 -D o d e c a n e s u l f o n ic  A c id  i n  A q u e o u s  
S o l u t io n  f r o m  E . m . f . o f  C e l l s  w it h o u t  T r a n s f e r e n c e

M olality Activity M olality A ctivity
0.01030 0.00819 0.05485 0.00932

.01532 .00917 .05554 .00944

.02100 .00925 .05995 .01001

.03030 .00933 .06594 .00956

.04009 .00931 . 10630 .01012

.04678 .00922 .22105 .01070

.04860 .00933 .39871 .01184

McBain and Bolduan18 in discussing osmotic co­
efficients of colloidal electrolytes seem to attach 
considerable importance to the fact that the co­

Fig. 2.—Osmotic coefficients: O, 1-dodecanesulfonic acid (this research); 
9 , potassium laurate (McBain and Bolduan).

efficient, after dropping markedly above the criti-
(18) McBain and Bolduan, J . Phys. Ghent., 47, 94 (1943).

Fig. 1.—Mean ionic activity of 1-dodecanesulfonic acid in aqueous solution
a t 40°.

activities and 
centration.
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cal concentration, ceases to fall in moderate dilu­
tion and may even increase. In order to investi­
gate this phenomenon further, we have calculated 
the osmotic coefficients from our activity data. 
These results are plotted in Fig. 2 along with the 
values for potassium laurate from McBain and 
Bolduan. Although the curve of activity against 
concentration above the critical shows no dis­
continuity, or even deviation from a straight line, 
the osmotic coefficient curve calculated therefrom 
ceases to fall and even rises more abruptly than 
that of potassium laurate. Thus this “outstand­
ing property of colloidal electrolytes (g  ceas­
ing to fall in moderate dilution)” would appear 
to be due entirely to the nature of the osmotic 
coefficient, and not to any changes occurring in 
the solution.

Similarly, the interpretation of the minimum 
as a “critical concentration for completion of

the formation of micelles”19 is unwarranted.
We do not wish to imply from the above that 

these data prove that no change does occur, but 
merely wish to point out that one must be ex­
tremely careful in attaching significance to a 
change in direction of a curve.

Summary
1. Thermodynamic activity of 1-dodecanesul­

fonic acid in aqueous solution at 40° in the con­
centration range 0-0.4 m has been determined by 
e.m.f. measurements.

2. The activity of 1-dodecanesulfonic acid 
in aqueous solution agrees with that expected on 
the basis of the mass law.

(19) Johnston and McBain, Proc. Roy. Soc. (London), A181, 127 
(1942).

Seattle 5, Washington R eceived August 25, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  a n d  C h e m ic a l  E n g in e e r in g  o f  t h e  U n iv e r s it y  o f
W a s h in g t o n ]

The Electrical Conductance and Density of Solutions of Potassium 
9,10-Dihydroxystearate and Potassium Stearate at 60°

B y  N. W. G r eg o r y  a nd  H. V. T a r ta r

To determine the effect of substitution of hy­
droxyl groups in the middle of the carbon chain of 
a fatty acid soap on electrical conductance and mi­
celle formation, studies have been made on solu­
tions of the potassium salts of stearic and 9,10-di- 
hydroxystearic acids.

A comparison of this type has not been made 
previously. Data concerning the electrical con­
ductance of solutions of potassium 9,10-di- 
hydroxystearate are not on record. The conduct­
ance of solutions of potassium stearate and re­
lated compounds has been reported by Bunbury 
and Martin1 and by McBain and co-workers.2’3’4 
In these studies, however, any break in the con­
ductance curves, indicating a critical concentra­
tion at which micelles are formed, would likely be 
masked by hydrolysis with the concomitant for­
mation of slightly soluble acid soaps. This diffi­
culty has been obviated in the investigation re­
ported herein by using as a solvent an alkaline 
solution of sufficient concentration to repress hy­
drolysis. Measurements were made at 60° be­
cause of the slight solubility of potassium stearate 
at room temperature.

Experimental Part
Preparation of M aterials.—The 9 ,10-dihydroxystearic 

acid (high melting form) was prepared by the oxidation of 
oleic acid with alkaline permanganate in dilute solution.

(1) Bunbury and M artin, J . Chem. Soc., 105, 424 (1914).
(2) McBain and Taylor, Z. physik. Chem., 76, 179 (1911).
(3) McBain, Cornish and Bowden, J . Chem. Soc., 101, 2042 (1912).
(4) McBain and Salmon, T his Journal, 42, 426 (1920).

Oleic acid (U.S.P. quality) was purified by a treatm ent 
modified from the methods described by Brown and Shi- 
marowa5 and Smith,® and conversion of oleic acid to  di­
hydroxystearic acid effected by oxidation in a manner 
similar to  th a t reported by Smith.6

The impure 9,10-dihydroxystearic acid resulting from 
the oxidation was extracted twice with boiling wate to 
remove any hexa- or tetra-hydroxy acids, and recrystal­
lized from 95% alcohol. After drying, the acid was ex­
tracted with both petroleum and ethyl ethers to remove 
any stearic acid and the residue recrystallized four times 
from 95% alcohol. The resulting compound was crystal­
line and melted at 131.6°. This is in excellent agreement 
with the melting point reported by Le Sueur-Freundler,7 
and others.8

Four hundred grams of oleic acid (U.S.P.) yielded 150 
g. of the purified dihydroxystearic acid. The yield from 
the oxidation was very good and the principal losses in­
curred were in the purification procedures.

The potassium salt of dihydroxystearic acid was pre­
pared in a manner adapted from the method of preparation 
of sodium stearate reported by McBain, Void and Frick.9 
A hot alcoholic solution of dihydroxystearic acid was neu­
tralized with an alcoholic solution of potassium ethoxide 
using phenolphthalein as an indicator. Upon cooling the 
resulting solution, the potassium salt separated as a silky 
crystalline precipitate. The crystals were washed thor­
oughly with alcohol, dried at 110°, and recrystallized from 
alcohol. The purity of the salt was checked by regenerat­
ing the acid from a small aliquot and determining the 
melting point.

Potassium stearate was prepared in an analogous man­
ner from stearic acid (U.S.P. stearic acid recrystallized

(5) Brown and Shimarowa, ibid., 59, 16 (1937).
(6) Smith, J . Chem. Soc., 974 (1939).
(7) Melting point of 9 ,10-dihydroxystearic acid reported to be 

131-132° by Le Sueur-Freundler, J . Chem. Soc., 1316 (1901).
(8) K. S. M arkley, “F a tty  Acids,” Chapter XV, Interscience 

Publishers, Inc., New York, N. Y., 1947.
(9) McBain, Void and Frick, J . Phys. Chem., 44, 1013 (1940).
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from alcohol) and was purified as directed by Scheringa.10 
The salt was recrystallized eight times from 66% alcohol. 
Upon regeneration of stearic acid from an aliquot of the 
final material, it was found to  have a melting point of 
69.0°.11

The potassium hydroxide solution used as a. solvent in 
the conductivity measurements was prepared in the fol­
lowing manner: a 50% aqueous (conductivity water)
solution of potassium hydroxide (analyzed reagent grade) 
was prepared and the small amount of carbonate present 
precipitated with dilute barium hydroxide solution. The 
barium ion concentration of the solution was reduced to a 
minimum by careful titration against dilute potassium car­
bonate solution until the two were balanced. The total 
volume of the solution was 100 ml. and contained 50 g. of 
potassium hydroxide. Five-tenths ml. of this solution 
was diluted with conductivity water to  a normality of 
approximately 0.001. Standardization of the dilute solu­
tion was effected with potassium acid phthalate, using a 
weight buret and neutral phenolphthalein. The titra ­
tions were carried out in an atmosphere of nitrogen.

Equipment and Procedure.—Conductance measure­
ments were made using a  Jones and Josephs-Dike conduc­
tivity  bridge12*13 calibrated to  an accuracy of 0.02%, 
with current supplied by an a.c. vacuum-tube oscillator. 
A two-stage amplifier with telephone formed the detecting 
circuit. Measurements were made a t a frequency of 1000 
cycles, occasionally checking a t 2000 cycles.

Measurements were made a t 60° using an oil-bath with 
temperature controlled to  =*=0.001°. The temperature of 
the bath was determined by means of a platinum resist­
ance thermometer (calibrated by the National Bureau of 
Standards).

Cells of the Jones and Bollinger type14 were used for 
the conductivity measurements. I t  was found necessary 
to  modify the cells slightly, to  permit passage of nitrogen 
over the liquid in the filling tubes during the measurements, 
in order to eliminate drifts caused by absorption of carbon 
dioxide from the air by the alkaline solvent. By the use of 
nitrogen, drifts in the measured resistance were reduced to 
less than 0.005% per minute. The lowest resistance meas­
ured over a period of ten minutes after thermal equilibrium 
had been attained was the value used in calculating the 
conductance of the solution. The two cells used were 
found to have constants a t 60° of 2.6841 and 25.904, re­
spectively.15

All solutions were made up by weight. The samples 
were weighed on an analytical balance with an accuracy of 
0.1 milligram, and the solvent on a larger balance (accu­
racy =*= one milligram). The conductance of the stock 
potassium hydroxide was checked from time to time dur­
ing the period in which measurements were made and was 
found not to vary beyond the limits of experimental error. 
Transfer of solutions was effected in glass systems by apply­
ing a pressure of nitrogen and solutions were maintained 
under nitrogen at all tim es. The bottles in which the solu­
tions were stored had been carefully aged and paraffined 
before use.

In the case of the stearate, which is rather insoluble at 
room temperatures, it was found necessary to fill the con­
ductance cell at 60°. This requirement renders the prob­
able error in the stearate measurements somewhat greater 
than those for the dihydroxystearate. The latter is 
sufficiently soluble at room temperature to enable the cells 
to  be filled without difficulty.

The density of the solutions was measured a t 60° in a 
modified Sprengel type pycnometer,16 which consisted of a

(10) Scheringa, Chem. Weekblad, 29, 605 (1932).
(11) “I. C. T .,” Vol. IV, M cGraw -Hill Book Co., Inc., New York, 

N. Y., 1930, p. 10. M elting point of stearic acid reported as 69.3°.
(12) Dike, Rev. Sci. Inst., 2, 379 (1931).
(13) Jones and Josephs, T h is  J o u r n a l , 50, 1049 (1928).
(14) Jones and Bollinger, ibid., 53, 411 (1931).
(15) The authors are indebted to A. B. Scott for the determination 

of these cell constants.
(16) This pycnometer was designed by Scott: doctorate thesis, 

University of Washington, 1941.

25 ml. pipet with the ends drawn down to  capillary d i­
mensions and fitted with ground glass caps. The pycnom­
eter was calibrated with water a t 60°. The accuracy of 
the density measurements is estimated to  be =*=0.00003.

The authors estimate th a t values for the conductance of 
the solutions, except those a t very low concentrations, 
have a maximum probable error of the order of 0.1% .

Results and Discussion
The results of the density and conductance 

measurements are tabulated in Tables I and II 
and are illustrated graphically in Figs. 1 and 2. 
The solvent for all but the values designated a 
for the dihydroxystearate was 0.001317 N w po-

T a b l e  I
D e n s it y  o f  S o l u t io n s

Potassium 9,10-dihydroxystearate Potassium  stearate
in 1.317 X 10 ® N  K OH in 1.038 X 10“ * N  K OH

Molality X 102 D ensity M olality X 102 Density

0.09062 0.98324 0.1713 0.98324
2.145 .98396 1.460 .98337
7.020 .98597 4.428 .98339

15.97 .98916 8.908 .98343
14.93 .98345

T a b l e  II
C o n d u c t a n c e  o f  S o l u t io n s

Normality, 
N v  X 103

Specific 
conductance 
of solution, 

K  X 103 mho

Specific6 
conductance 
of solvent,

K  X 104 mho

E quivalent6 
conductance 

of soap, 
mho

Potassium 9,10-Dihydroxystearate
0.5083 0.69110 6.070 165.4
1.503 .84376 6.038 159.7
2.982° .91625° 4.513° 155.9°
5.634° 1.2985° 4.470° 151.1°
6.690° 1.4516° 4.454° 150.4°
7.323 1.6901 5.933 149.8
9.810 1.9993 5.933 143.3
9.819 1.9939 5.933 142.6

19.587 3.2059 5.933 133.4
27.330 4.1096 5.933 128.7
37.816 5.2306 5.933 122.6
67.526 8.4126 5.933 115.8
84.764 10.210 5.933 113.5

149.71 17.162 5.933 110.7
202.64 22.724 5.933 109.2

Potassium Stearate
0.4551 0.53291 4.594 161.5

.9091 .57937 4.594 132.0
2.712 .72495 4.594 97.92
3.231 .75566 4.594 91.71
4.415 .82286 4.594 82.33
9.831 1.1739 4.594 72.68

14.290 1.4046 4.594 66.14
24.931 1.9578 4.594 60.14
29.666 2.2926 4.594 61.80
42.931 2.9068 4.594 57.01
64.794 4.2152 4.594 57.97
70.028 4.5791 4.594 58.83
91.946 5.8111 4.594 58.21

140.06 9.1259 4.594 61.88
® Different solvent (see te x t) .
6 Approximated as indicated in text.
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tassium hydroxide; that for the a values was
0.001038 N w potassium hydroxide. The latter 
solvent was used entirely for the potassium stear­
ate measurements. All data were obtained at 
60°.

Molality.
Fig. 1.—Change of density with concentration at 60°: 

O, potassium 9,10-dihydroxy stearate; -O-, potassium 
stearate.

Fig. 2.—Equivalent conductance curves for solutions 
of potassium 9,10-dihydroxystearate and potassium 
stearate: O, potassium 9,10-dihydroxystearate; -O-,
potassium stearate.

The concentration of potassium hydroxide nec­
essary to repress hydrolysis of the soaps was com­
puted on the basis of an assumed ionization con­
stant for stearic acid. The constant for dihy­
droxystearic acid was assumed not to be appre­
ciably different from that of stearic acid. Since 
ionization data for these acids are not available, a 
constant of 1.5 X 10~5 at 60° was taken, based on 
the known values of other members of the stearic 
acid homologous series up to caprylic acid. Using 
K w for water as 9 X 10~14 at 60°, a concentration 
of hydroxyl ion of 0.001 mole/liter was calculated 
as sufficient to repress the concentration of the 
acid soap below 10~5 mole/liter. That this con­
centration was sufficient was confirmed by the ob­
servation that the more dilute solutions were either 
clear or only faintly colloidal, indicating negligible 
formation of acid soaps due to hydrolysis.

The use of the potassium hydroxide solution as 
the solvent requires a correction to be applied to

the measured resistance of the solution, if the true 
conductance of the soap is to be determined. Ac­
cording to the Onsager theory, the conductance is 
determined by the total ionic strength of the solu­
tion. The concentration of the potassium hy­
droxide in the solvent remains constant and is 
sufficiently dilute to be treated by the Onsager 
equation. The soap has been assumed to be com­
pletely ionized at concentrations below that at 
which formation of micelles is indicated.

On this basis, the Onsager correction for the 
conductance of the potassium hydroxide, due to 
changing ionic strength of the solution, has been 
made up to the concentration at which micelles 
begin to form. The Onsager correction was com­
puted from the general relation

A =  A0 — (aA0 +  (3) V m

where
A = equivalent conductance
A0 — equivalent conductance a t infinite dilution
0  ~  i f g f jo n s a g e r  constants a t 60°
u =s total ionic strength
Since Ao may be obtained from the measured 

conductivity of the standard potassium hydroxide 
by assuming an Onsager slope, the actual specific 
conductance due to the solvent may be found by 
calculating the total ionic strength of the solution, 
and substituting this value in the expression 
above. This involves the assumptions that the 
potassium hydroxide and the soap are completely 
dissociated up to the concentration at which mi­
celles are formed. The difference between the 
total measured conductance and the value calcu­
lated for the solvent yields the value for the con­
ductance of the soap.

In solutions of soaps in micellar form, deter­
mination of the ionic strength is not straight­
forward. Consequently, for lack of a precise 
method of treatment, a constant correction (the 
value calculated at the critical concentration) was 
applied to correct the measured conductance data 
for the contribution of the solvent. While it is 
realized that the equivalent conductance values 
determined on this basis are only approximate, it 
is doubtful that appreciable errors are involved, 
and certainly would not be of such a nature to 
change materially the over-all form of the curve.

Comparison of the two equivalent conductance 
curves illustrated in Fig. 2 reveals a striking differ­
ence. The dihydroxystearate is more soluble than 
the stearate, as would be expected from the in­
fluence of the hydroxyl groups. Its equivalent 
conductance is considerably greater than that of 
the stearate over most of the concentration range 
investigated.

There is a small break in the equivalent conduct­
ance curve for the dihydroxy compound occurring 
at a concentration of approximately 0.0075 N, at 
which point micelles may be formed. Below this 
concentration the curve follows an Onsager slope 
(indicated by the dotted line). The apparent up­
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ward trend of the conductance curve in the region 
of very low concentration is not felt to be real. 
The conductance of the solution in this region is 
almost entirely due to the solvent and the value 
for the soap is obtained only by taking the differ­
ence of two relatively large numbers. Neglecting 
the two values at high dilution, the soap exhibits 
a behavior characteristic of a strong electrolyte 
until the critical concentration is reached.

The change in slope in the equivalent conduct­
ance curve for potassium 9,10-dihydroxystearate 
at the critical concentration is not nearly as great 
as has been observed in the studies of sulfonates 
and other soaps in which the carbon chain does 
not contain substituted hydrophilic groups. This 
would indicate that the micelle formed is possibly 
somewhat smaller and of a different type as the re­
sult of the influence of the hydroxyl groups in the 
middle of the chain, and hence does not change 
the ionic characteristics of the soap as markedly.

In studying the conductance curve of potassium 
stearate, the critical concentration for micelle for­
mation was not established. The soap behaved as 
a colloidal electrolyte throughout the concentra­
tion range investigated. It may be seen from 
Fig. 2 that the critical concentration must lie very 
close to 0.0005 N  (the lower limit of the concentra­
tion range studied), in order that the curve for the 
stearate intersect the ordinate at a reasonable 
value of A0. Since measurements were not made 
below the critical concentration, as an approxi­
mation, a constant correction for the conductance 
of the solvent (the value of the conductance of the 
pure solvent) was applied in reducing the data.

Qualitative observations of the stearate solu­
tions confirm the colloidal nature of the soap as 
indicated in the conductance measurements. 
All solutions were observed to be faintly opales­

cent whereas those of the dihydroxy compound 
were clear in dilute solution. The conductance 
curve obtained for potassium stearate is similar to 
that given by Bunbury and Martin,1 if the fact 
that their measurements were made at 90° without 
repression of hydrolysis is considered.

While the critical concentration for the forma­
tion of micelles may be somewhat different in solu­
tions not alkaline in character, the value indicated 
by these data is, without question, characteristic 
of the soap in the solvent used, and serves to eval­
uate the effect of the hydroxyl groups.

The change in density of solutions of the di­
hydroxystearate with concentration in the po­
tassium hydroxide solvent presents an interesting 
contrast with that observed for potassium stear­
ate. The density curves are illustrated in Fig. 1 
and re-emphasize the pronounced effect of the hy­
droxyl groups in the molecule. It seems quite 
likely that the higher density observed for the po­
tassium dihydroxystearate indicates association 
of water molecules by the hydroxyl groups.

Summary
1. The electrical conductance and density of 

solutions of potassium 9,10-dihydroxystearate 
and potassium stearate in 0.001 N  potassium hy­
droxide have been determined at 60°. A com­
parison of data for the two compounds reveals 
that the hydroxyl groups have considerable in­
fluence.

2. The critical concentration for the formation 
of micelles in 0.001 N  potassium hydroxide is indi­
cated at 0.0075 N  for potassium 9,10-dihydroxy- 
stearate. The value for potassium stearate was 
not established but is probably in the vicinity of
0.0005 N.
S e a t t l e , W a s h in g t o n  R e c e iv e d  S e p t e m b e r  16, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  W is c o n s in ]

The Solubility of Cesium and Rubidium Dichloroiodides in Hydrochloric
Acid Solutions

B y  P a u l  B e n d e r  and  R o g e r  A. St r e h l o w

Introduction
In the usual ^procedure for the purification of 

cesium or rubidium salts the repeated recrystalli­
zation of the dichloroiodide from hydrochloric 
acid solution is employed for the elimination of the 
other alkali metals. The quantity of material to 
be processed is ordinarily limited and the solubil­
ity of the complex salt appreciable, so that the 
attainment of efficiency in the purification process 
can be accomplished only through a quantitative 
knowledge of the solubility relationships involved. 
The present study was carried out to supply the 
required data which have not previously been 
available in the literature.

Experimental
Preparation of M aterials.—Cesium chloride of spectro­

scopic purity was prepared from Pollucite by the method of 
Wells.1 Rubidium chloride was prepared from Lepidolite 
(from Pala, Calif.) essentially as described by Kennard 
and Rambo.2 The five-fold recrystallization as rubidium 
acid tartra te  recommended by Archibald3 was carried out 
to ensure the removal of cesium. Other reagents em­
ployed were of analytical grade.

In the preparation of the dichloroiodides a slight excess 
of iodine was added to a hot hydrochloric acid solution of 
the alkali chloride and chlorine gas bubbled through the

(1) H. L. Wells, Am . Chem. J . ,  26, 265 (1901).
(2) T. G. K ennard and A. I. Rambo, Am. J . Sci., 28, 102 (1934).
(3) E. H. Archibald, “ The Preparation of Pure Inorganic Sub­

stances,” John Wiley and Sons, New York, N. Y .t 1932.
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solution until the last of the iodine had dissolved. The 
salt which separated on cooling was recrystallized four 
times before use. Analysis of the air dried products gave 
the following result in terms of % I d :  CsCl2I, calcd.
49.11, found 49.19; RbCl2I, calcd. 57.28, found 57.32.

Solubility M easurem ents.—Standard procedures were 
followed in the solubility determinations. The thermostat 
temperature was maintained a t 25.00 =*= 0.02s and 0.00 =*= 
0.02° for the two series of measurements; the thermome­
ters employed were calibrated before use. Duplicate de­
terminations were run a t each hydrochloric acid concen­
tration to provide a check on the attainm ent of equilibrium.

Analytical Methods.—Samples of the saturated solu­
tions were transferred to  the weighing flasks by air pres­
sure. Glass wool plugs were used as filters in the delivery 
tubes. Approximately 50-cc. samples of the cesium di- 
chloroiodide solutions were taken, and 25-cc. samples of 
the rubidium dichloroiodide solutions. The analysis was 
made by evaporating the weighed sample to  dryness, 
igniting lightly to drive off the IC1, and weighing the re­
sidual cesium or rubidium chloride. Due precautions 
were taken to ensure complete removal of the iodine 
chloride. Hydrochloric acid solutions used were stand­
ardized by means of silver chloride. Calibrated weights

T a b l e  I
T h e  S o l u b il it y  o f  C e s iu m  D ic h l o r o io d id e  in  H y d r o ­

c h l o r ic  A c id  S o l u t io n s
A. a t 25° 

m HCl
G. s a l t /100 g. 

solution
G. s a l t /100 cc. 

solution
0.8805 9.059 9.805
1.998 8.274 9.052
2.989 7.470 8.236
4.909 6.097 6.824
6.987 5.057 5.746
8.989 4.455 5.142

10.75 4.139 4.84i
12.48 3.964 4.697
15.29 3.894 4.700
B. a t 0° 

m HCl
G. s a l t /100 g. 

solution
G. salt/100 cc. 

solution
0.8805 3.623 3.783
1.998 3.524 3.745
2.989 3 .3 2 i 3.577
4.909 2.890 3.187
6.987 2.553 2.877
8.989 2.343 2.691

10.75 2.231 2.604
12.48 2.189 2.591
15.29 2.195 2.652

T a b l e  II
T h e  S o l u b il it y  o f  R u b id iu m  D ic h l o r o io d id e  i n  

H y d r o c h l o r ic  A c id  S o l u t io n s

A. a t 25° 

m HCl
G. salt/100 g. 

solution
G. salt/100 cc. 

solution
1.998 44.02 64.92
4.909 28.73 38.20
8.989 17,51 22.17

12.48 13.58 17.16
B. a t 0° 

m HCl
G. salt/100 g. 

solution
G. salt/100 cc. 

solution
1.998 25.20 31.68
4.909 17.51 21.50
8.989 10.66 12.98

12.48 8.75 10.83

used in all determinations. Weld specific gravity
bottles were used in the density measurements required for 
the conversion of the results to  the volume concentration 
basis.

Results
In Tables I and II are summarized the results of 

the solubility determinations. The accuracy of 
the data is estimated at 0.2% for the cesium di­
chloroiodide, and 0.3% for the rubidium dichloro­
iodide.

Discussion
Solubility measurements were not carried out at 

higher temperatures because the high temperature 
coefficient of solubility permits the volume of sol­
vent employed to be adjusted simply on the basis 
of convenience in the filtration following crystal­
lization, Precautions must of course be taken to 
avoid loss of iodine chloride from the hot solutions. 
The use of approximately nine molal hydrochloric 
acid as solvent is recommended as giving minimum 
inconvenience from hydrogen chloride in the vapor 
while retaining nearly the maximum advantage of 
the cosolute effect.

Summary
The solubility of cesium and rubidium dichlo­

roiodides in hydrochloric acid solutions has been 
measured at 0 and 25°.
M a d is o n , W is c o n s in  R e c e iv e d  F e b r u a r y  27 1948
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Potentiometric Titration of + 4  and + 6  Selenium and Tellurium with Chromous Ion
By J am es J. L ing ane  a nd  L eo n a r d  N ie d r a c h *

June, 1948 T itration of Selenium  and T ellurium  with Chromous Ion 1997

This paper presents the results of a potentiomet­
ric investigation of the reduction of selenium and 
tellurium from the + 6  and + 4  oxidation states by 
chromous ion. Tomicek,* 1 and Willard and Fen­
wick,2 3 4 studied the reduction of selenium and tel­
lurium compounds with titanous ion, but titri- 
metrie reduction with chromous ion has not pre­
viously been investigated.

This study has led to the development of new 
methods for the accurate determination of Se(IV) 
and Te(IV), both separately and in mixtures of 
these two elements.

Preparation of Materials
Tellurium Dioxide.—This was prepared from U. S. P. 

elementary tellurium by the method of Schuhmann.3,4 
Finely granulated tellurium was added slowly to excess 
concentrated nitric acid at 70°. When the metal had all 
dissolved the solution was allowed to evaporate at 80° 
until crystallization of the basic tellurium (IV) nitrate, 
2Te02H N 03, began. The crystals obtained by cooling 
were air dried and then ignited strongly in a platinum 
crucible to convert to T e02. The latter was dissolved 
in concentrated hydrochloric acid, the acidity was adjusted 
to approximately 10 M, and the solution was saturated 
with sulfur dioxide to precipitate any selenium. Tel­
lurium is not easily reduced at this acid concentration. 
The solution was then filtered, diluted until the hydro­
chloric acid concentration was about 2 M, and treated 
again with sulfur dioxide to precipitate elementary tel­
lurium, This was converted to the basic nitrate, and the 
latter was ignited for four hours in a muffle furnace at 
400 ° to obtain pure T e02 which was stored in a desiccator.

When assayed by oxidation to the + 6  state with excess 
potassium dichromate and potentiometric titration of the 
excess dichromate with ferrous ion, as recommended by 
Shrenk and Browning,5 a purity factor of 99.87 0.06%
was obtained. Gravimetric assay by precipitation as the 
element from a boiling hydrochloric acid solution with sulfur 
dioxide and hydrazine hydrochloride6 gave a purity factor 
of 99.90 dt 0.06%.

Since tellurium dioxide is only very slightly soluble in 
water, standard solutions were prepared in dilute hydro­
chloric acid.

Telluric Acid.—The method of Meyer and Franke,7 
involving oxidation of elemental tellurium with chloric 
acid solution, was used. The crystals of orthotelluric 
acid, H6Te06, obtained by evaporating the solution were 
purified by two further recrystallizations from water.

A stock solution in water was prepared and standardized 
by the method of Gooch and Howland8 which employs the 
reaction HeTeOe +  2Br~ +  2H + = H2Te03 +  Br2 +  
3H20  in dilute sulfuric acid. The bromine produced 
was distilled with the aid of pure carbon dioxide or nitrogen 
into an excess of potassium iodide solution, and the liber­
ated iodine was titrated with thiosulfate.

* Allied Chemical and D ye Corporation Fellow, 1947-48.
(1) O. Tomicek, Bull.  soc. ch im.,  41, 1389 (1927); Rec. trav. chim., 

43 ,793  (1924).
(2) H. H. Willard and F. Fenwick, T h is  Journal, 45, 933 (1933).
(3) R. Schuhmann, ib id . ,  47, 356 (1925).
(4) D. M. Y ost and H. Russell, “System atic Inorganic Chemis­

try ,” Prentice-H all, Inc., N ew  York, N . Y., 1944, p. 312.
(5) W. T. Shrenk and B. L. Browning, T h is  J o u r n a l , 48, 139 

(1926).
(6) V. Lenher and A. W. Homberger, ibid. ,  30, 387 (1908).
(7) J. M eyer and W. Franke, Z. anorg. Chem., 193, 191 (1930).
(8) F. A. Gooch and J. Howland, Am. J . Sci., [3] 48, 375 (1894).

Selenium Dioxide.—This was prepared from U. S. P. 
elementary selenium by the method described by Biltz, 
Hall and Blanchard.9 The finely pulverized selenium 
was dissolved by treatment with excess concentrated 
nitric acid, the solution was evaporated to dryness, and 
the resulting selenium dioxide was sublimed. The 
sublimate was dissolved in 10 M  hydrochloric acid and 
reduced to elementary selenium with sulfur dioxide in the 
cold. To prevent the formation of Se2Cl2 it was necessary 
to partially neutralize the solution with sodium hydroxide 
near the end of the reduction. The precipitated selenium 
was washed free of chloride ion, converted to the dioxide 
with nitric acid, and the selenium dioxide was finally 
sublimed.

A stock solution was prepared in water. Acidimetric 
titration with carbonate-free sodium hydroxide using the 
glass electrode5 showed a molarity of 0.05093. A molarity 
of 0.05097 was found by precipitation as elemental selen­
ium from a tartaric acid solution with hydroxylamine 
hydrochloride.10

Selenic Acid.—Following the procedure outlined by 
Gilbertson and King11 selenic acid solution was prepared 
by oxidizing a solution of the previously purified selenium 
dioxide with 30% hydrogen peroxide. The solution was 
standardized by titration with sodium hydroxide, which 
yielded a molarity of 0.02024, and also by the method of 
Gooch and Howland8 which led to a molarity of 0.02026.

Titration Technique
Titrations were performed with standard 0.1000 M  

solutions of chromous sulfate, prepared in either 0.1 or 
1 N  sulfuric acid by the method described by Lingane 
and Pecsok.12

A 250-cc., three-necked balloon flask served as titration 
vessel.12 A bright platinum indicator electrode was used, 
in conjunction with the saturated calomel electrode. The 
salt bridge contained dilute sulfuric acid. Carbon dioxide 
or nitrogen, purified by passage through a wash bottle 
containing chromous sulfate solution, was bubbled 
rapidly through the solution to remove air for at least ten 
minutes before a titration was started, and at a slower 
rate during the titration. Magnetic stirring was em­
ployed. The solutions were adjusted to an initial volume 
of 150 cc.

Potentials were read on a Leeds and Northrup potenti­
ometer in the usual manner.

Results and Discussion 
+ 4  Selenium.—In solutions acidified with 

hydrochloric or sulfuric acid + 4  selenium is re­
duced to the elemental state by chromous ion, 
according to

H2Se03 +  4Cr++ +  4H+ «  Se +  4Cr+++ +  3H20
Typical titration curves for titrations in various 
concentrations of hydrochloric acid are shown in 
Fig. 1.

Steady potentials are reached in two or three 
minutes a t room temperature, and somewhat 
more rapidly at 70°. I t  was necessary to clean the 
platinum indicator electrode with concentrated 
nitric acid before each titration to obtain repro-

(9) H. and W. Biltz, W. T. H all and A. A. Blanchard, “ Labora­
tory M ethods of Inorganic Chem istry,” John W iley and Sons, Inc., 
N ew  York, N . Y ., 1928.

(10) V. Lenher and C. H. Kao, T h is  J o u r n a l , 47, 2454 (1925).
(11) L. I. Gilbertson and G. B. King, ib id .,  58, 180 (1936).
(12) J. J. Lingane and R. L. Pecsok, A n a l .  Chem.,  20, 425 (1948).
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Fig. 1.'—Titration of + 4  selenium in hydrochloric acid 
media: (1) 9 N acid at 70°; (2) 6 N acid at 25°; (3) 0.1 iV 
acid at 25°; (4) 1 N  acid at 25°.

ducible potentials; when this was omitted the 
potential values before the equivalence point were 
abnormally low, although the e. p. could be deter­
mined without difficulty.

In 0.1 and 1 N  hydrochloric acid the shape of 
the curves immediately after the e. p. suggests the 
partial reduction of Se to hydrogen selenide, and 
the characteristic odor of this gas could be de­
tected. The formation of H2Se was most pro­
nounced in titrations in 9 N  hydrochloric acid at 
70°. The standard potential of the half reaction 
Se +  2H+ +  2e =  H2Se is -0 .3 6  v .vs. N. H. E., 
which is only slightly more oxidizing than that of 
the chromic-chromous couple ( — 0.40 v.) and 
consequently complete reduction to hydrogen 
selenide cannot be expected.

From the data in Table I it is seen that titra­
tion in 0.1 N  hydrochloric acid yields low results. 
In 1 to 9 N  hydrochloric acid accurate results are

T able  I

T itration  of Selenium  (IV) with  C hromous Sulfate

Initial volume of solution was 150 cc. Calculated volume 
of chromous sulfate required was 25.52 cc. Solutions 

swept with 0O2
In itia l

a c id ity
T em p .,

°C .
Cr2S04

required
Error,

cc.

0.1 N  HCl 25 25.35 - 0 .1 7
70 25.26 -  .26

1.0 N  HCl 25 25.49 -  .03
70 25.47 -  .05

6.0  N  HCl 25 25.52 .00
25.45 -  .07
25.57 +  .05

70 25.48 -  .04
25.56 +  .04
25.53 +  .01

9.0  N  HCl 70 25.55 +  .03
25.55 +  .03

1.0 NH2SO4 70 25.48 -  .04
6 .0  N  H2S04 70 25.48 -  .04

25.52 .00
25.62 +  .10
25.67 +  .15

obtained at both 25° and 70°. The higher acid 
concentrations are preferable because of the very 
large potential change at the e. p., and because 
the reaction is more rapid the higher the acidity.

Titration curves in 1 to 6 N  sulfuric acid are 
very similar to those in the same concentration of 
hydrochloric acid. Titration in sulfuric acid solu­
tion is not as satisfactory as in hydrochloric acid 
because the reaction is slower, although it is feasi­
ble if the titration is performed at 70°. The data 
in Table I show a somewhat poorer precision in 
sulfuric acid than in hydrochloric acid.

+ 4  Tellurium.—Typical titration curves in 
various concentrations of hydrochloric and 
sulfuric acids are shown in Fig. 2. The titra­
tion reaction is

TeOOH+ +  4Cr++ +  3H+ =  Te +  4Cr+++ +  2HaO

Fig. 2.—Titration of + 4  tellurium: (1) 0.3 and 1 N  
hydrochloric acid, and 1 and 6 N  sulfuric acid, at 25°; 
(2) 6 N  hydrochloric acid at 25°; (3) 9 N  hydrochloric 
acid at 70°.

The potential change at the e. p., although 
quite large, is smaller than that in the titration of 
+ 4  selenium. This is understandable from the 
following potential data13 (referred to the stand­
ard hydrogen electrode). The standard potential

HsSeOa +  4H + +  4e =  Se +  3H20; £° =  +0.74 v. 
TeOOH+ +  3H + +  4e *  Te +  2H20; £° *  +0.529 v. 

TeCle^ +  4e -  Te +  6C1“ ; £° «  +0.55 v.
of the half reaction Te +  2H+ +  2e = H2Te 
(—0.69 v.) is more reducing than that of the 
chromic-chromous couple ( — 0.40 v.), which pre­
cludes reduction to hydrogen telluride.

The reduction of + 4  tellurium proceeds more 
rapidly than that of + 4  selenium; at 70° estab­
lishment of the potential is almost instantaneous.

The data in Table II show that the titration is 
very accurate in all concentrations of hydrochloric 
acid between 0.3 and 9 N, and in 1 and 6 N  sul­
furic acid.

+ 6  Tellurium.—The standard potential of the 
half reaction
H6Te06 +  3H + +  2e -  TeOOH+ +  4H20; E° =  +0.96 v. 
is 0.43 v. greater than that of the TeOOH+-Te

(13) W. M. Latimer, “ Oxidation Potentials,” Prentice-H all, Inc...
New York, N . Y ., 1938.
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T able  II

T itration of T ellurium  (IV) with C hromous Sulfate

Initial volume of solution was 150 cc. Calculated volume 
of chromous sulfate required was 26.99 cc. All titrations 
at room temperature. Solutions swept with carbon 

dioxide

Initial
Cr2S04

required, Error,
acidity cc. cc.

0.3 A  HCl 26.94 - 0 .0 5
26.91 -  .08

1.0 A HCl 26.96 -  .03
26.97 -  .02

6.0 A  HCl 26.98 -  .01
26.96 -  .03
26.96 -  .03
27.03 +  .04

9.0 A  HCl 26.97 -  .02
27.06 +  .07

1.0 AH2SO4 26.94 -  .05
26.96 -  .03
27.09 .00
27.03 +  .04

6.0 A H2SO4 26.86 -  .13
26.86 -  .13
27.04 +  .05
26.96 -  .03

couple, so that a two stage reduction of telluric 
acid, first to the + 4  state and then to the element, 
is possible. However, the reduction of telluric 
acid by chromous ion in either hydrochloric or 
sulfuric acid medium is so slow that a determina­
tion of tellurium based on reduction from the +  6 
to the + 4  state is not feasible.

The first addition of chromous ion produces 
elemental tellurium which is only slowly reoxi­
dized to the + 4  state by the remaining telluric 
acid. In 6 N  hydrochloric acid at 70° it is possible 
to obtain a titration curve with two inflection 
points if a long time is allowed for establishment 
of equilibrium between each addition of chromous 
ion until the first end-point has been reached. 
However, under these conditions a considerable 
part of the telluric acid is reduced by chloride ion

H6T e06 +  2C1- +  3H+ =  TeOOH+ +  Cl2 +  4H20
and since much of the resulting chlorine escapes 
from the solution, too little chromous solution is 
required. In a typical case, 9.75 cc. of chromous 
solution was required to reach the first end-point, 
compared to a theoretical 10.04 cc.

Titration of telluric acid to the elemental state 
is not feasible in any concentration of either hy­
drochloric or sulfuric acid up to 6 AT at room 
temperature, nor in hot sulfuric acid solutions, 
because of the slow reduction. Although the re­
duction of telluric acid to the element proceeds at 
a more rapid rate in hot hydrochloric acid, the 
reduction by chloride ion precludes the use of this 
medium during the first stage of the titration. It 
is possible to obtain accurate results in the titra­
tion to the element by starting the titration in 6

N  hydrochloric acid at room temperature, gradu­
ally heating the solution to 70° over a period of 
about ten minutes as the chromous solution is 
slowly added, and finally completing the titration 
at 70°. About one-half the total required volume 
of chromous solution should be added during the 
heating period. In five such titrations the volumes 
of chromous solution required ranged from 30.09 
to 30.22 cc., the average being 30.14 =±= 0.04 cc., in 
good agreement with the theoretical volume 30.13 
cc. In this procedure the only oxidized form of 
tellurium that remains near the end-point is the 
+ 4  state, and the titration can be completed 
quickly.

+ 6  Selenium.—The titration of selenic acid 
is more difficult than telluric acid because the 
reaction is slower. Titration to the elemental 
state in 6 Â  hydrochloric acid at 70° led to results 
that were about 5% low, apparently because of 
partial reduction of the selenic acid by chloride 
ion. Starting the titration in 6 N  hydrochloric 
acid at room temperature, slowly heating to 70° 
as the chromous solution was added, and finally 
completing the titration to the elemental state at 
70°, yielded results accurate to about 0.5%. 
However, the titration requires such a long time 
that it is not practical.

Simultaneous Determination of Selenium 
and Tellurium.—Since in strongly acid solutions 
the oxidation potential of the Se(IV)-Se couple is 
about 0.3 v. greater than that of the Te(IV)-Te 
couple it is possible to determine both elements by 
a single titration with chromous ion.

Titration curves of mixtures of + 4  selenium 
and + 4  tellurium under various conditions of 
acidity and temperature are shown in Fig. 3.

Fig. 3.—Titration of mixtures of + 4  selenium and + 4  
tellurium under various conditions: (1) 9 A  hydrochloric 
acid at 70°; (2) 6 A  hydrochloric acid at 70°; (3) 6 A  
hydrochloric acid at 25°; (4) 6 A  sulfuric acid at 70°.

In all cases the first inflection point corresponds to 
the reduction of Se(IV) to the elemental state, and 
the second occurs after the reduction of Te(IV) to 
the metal. Since the reduction of Te(IV) by 
chromous ion is more rapid than that of Se(IV),
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addition of chromous ion causes some transient 
precipitation of elemental tellurium during the 
selenium stage of the titration, and equilibrium is 
established via the reduction of Se (IV) by the 
elemental tellurium.

In 6 N  sulfuric acid at 70°, and in 6 N  hydro­
chloric acid at room temperature the potential 
change at the selenium equivalence point is small 
and a long time is required for the attainment of 
equilibrium. In 9 N  hydrochloric acid at 60° to 
70° the titration is very satisfactory; a large po­
tential break occurs at the selenium e. p. and 
equilibrium is established quickly. Under these 
conditions the titration yields accurate results. 
In three titrations, 25.55 =*= 0.05 cc. of 0.1 M  
chromous sulfate solution was required to titrate 
the selenium, and 25.29 =*= 0.09 cc. was used to 
titrate the tellurium, compared to theoretical 
values of 25.52 cc. and 25.30 cc., respectively.

Fairly accurate determinations of selenium may 
also be obtained in the presence of a large amount 
of tellurium. In two titrations in which 1.2 g. of 
tellurium (as T e02) was present, the selenium ti­
tration required 25.64 =*= 0.02 cc. of 0.1 M  chro­
mous sulfate solution, compared to a theoretical 
25.52 cc. The amount of selenium present was 
6% of the amount of tellurium.

Selenium in Presence of Copper.—Since sele­
nium frequently occurs in association with 
copper, the possibility of simultaneously deter­
mining both elements by titration with chromous 
ion was investigated.

Titration curves of solutions containing ap­
proximately equimolar concentrations of Se(IV) 
and Cu(II) are shown in Fig. 4. In all cases the 
Se(IV) is reduced first. In sulfuric acid medium 
the cupric copper is reduced to the metal, but in

0 10 20 30 40 50
0.1 AT CrS04, cc.

Fig. 4.—Titration of mixtures of + 4  selenium and 
copper: (1) 9 N  hydrochloric acid at 70°; (2) 6 N  hydro­
chloric acid at 25°; (3) 6 N  sulfuric acid at 70°.

hydrochloric acid the copper exists as a chlorocu- 
prate ion (probably CuCl^) which is reduced to a 
chlorocuprite complex (probably CuCl2“).12

In 6 N  sulfuric acid at 70° (Curve 1 in Fig. 4) 
co-reduction of the copper takes place along with 
the reduction of the Se(IV), and the small gradual 
inflection in the titration curve occurs when only 
about half the Se(IV) is reduced.

In 6 N  hydrochloric acid at room temperature 
(Curve 2) there is no distinct inflection at the 
completion of the Se(IV) reduction, although the 
completion of the reduction of both the Se(IV) 
and the Cu(II) is marked by a large potential 
change.

The optimum conditions appear to be 9 N  hy­
drochloric acid and a temperature of 70°, as shown 
by curve 3. Under these conditions a small but 
distinct potential change occurs when the Se(IV) 
has been reduced, and both elements can be de­
termined with fair accuracy. In one such titra­
tion, 20.8 cc. of 0.1 M  chromous solution was used 
to reach the first inflection point, which was 2% 
greater than the theoretical 20.38 cc., and 22.5 
cc. was required to titrate the copper, compared 
to a theoretical 22.71 cc.

Summary
In solutions acidified with sulfuric or hydro­

chloric acid Se(IV) and Te(IV) can be titrated 
accurately with standard chromous solution. 
The optimum conditions are 6 to 9 N  hydrochloric 
acid and a temperature of about 70°. In both 
cases reduction proceeds to elemental selenium 
and tellurium.

Although it is quite possible to obtain titra­
tion curves for the stepwise reduction of both 
Se(VI) and Te(VI), first to the + 4  states and 
then to the elements, the slow establishment of 
equilibrium renders impractical the determina­
tion of these elements by titrimetric reduction to 
the + 4  states.

Accurate determinations of Se(IV) and Te(VI) 
in mixtures were obtained by a single titration 
with chromous ion in 9 iV hydrochloric acid at 60° 
to 70°. A small amount of selenium can be de­
termined accurately in the presence of large 
amounts of tellurium under these conditions.

Se(IV) and Cu(II), in mixtures containing ap­
proximately equal amounts of the two, can be de­
termined with an accuracy of about 2% when the 
titration is performed in hot 9 N  hydrochloric 
acid.
C ambridge 38, M ass. R eceived  January 14, 1948
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Vapor Pressure of Methyl Sulfoxide from 20 to 50°. Calculation of the Heat of
Vaporization

B y  T homas B . D o u g la s1

June, 1948 Vapor Pressure and Heat of Vaporization of M ethyl Sulfoxide 2001

For the calculation of bond energies from the 
previously reported2 heats of two reactions involv­
ing liquid methyl sulfoxide, the heat of vaporiza­
tion of this substance near room temperature must 
be known. It seemed that this quantity could be 
most conveniently determined with the required 
accuracy by measuring the vapor pressure at sev­
eral temperatures. There was adopted a modi­
fication of the gas-saturation method used by Bax­
ter and co-workers3 to determine the vapor pres­
sure of iodine. The amount of methyl sulfoxide 
evaporated was determined by chemical analysis.

Experimental Procedure
Methyl sulfoxide, prepared as previously described,2 

was finally purified in a closed system (J in Fig. 1) by four 
recrystallizations, the last of which did not appreciably 
change the freezing point (18.42°) . The amount of im­
purity remaining was estimated to be 0.1 mole %, and the 
vapor pressure values were corrected accordingly.

Air, entering at A, was purified in train B by successive 
passage over the solids ferrous sulfate, potassium hydrox­
ide, chromium trioxide, potassium hydroxide, and phos­
phorus pentoxide. Passing through a thermostat over 
two layers of liquid methyl sulfoxide C (each layer being 
5 mm. wide and 25 cm. long) at a rate of two liters per 
hour (measured by a flowmeter K) and at a pressure 0.1 
mm. below atmospheric, the air then bubbled through 
mercury (D), which completely prevented contamination 
of the liquid sulfoxide by backward diffusion of water 
vapor. The saturated sulfoxide vapor was absorbed in 
two tubes each containing 15 ml. of water (E). The air 
then emerging from the thermostat, after being thoroughly 
redried in the train F, was admitted through a system of 
capillaries (G) to one or two thirteen-liter highly evacu­
ated glass bulbs (H) whose volumes had been (1) deter­
mined by filling with water and (2) checked by admittance 
of dry air and use of its data of state. The final pressure 
of the collected air was compared with the barometric 
pressure by means of a butyl phthalate manometer (L).

The temperatures of the thermostat and the collected 
air were periodically measured to =*=0.01° by single­
junction copper-constantan thermocouples,4 using a cali­
brated Type K potentiometer and correcting for extraneous 
potentials. (The five thermocouple wells are designated 
in Fig. 1 by P.) The thermostat temperature remained 
constant to =*=0.005°, and the total gradient averaged 
0.03° at th e highest temperatures. The combined absorp - 
tion solutions produced in each run were withdrawn 
through tube M (sealed by mercury (N) during runs) and 
were accurately analyzed for their total content of methyl 
sulfoxide by the method previously developed,2 with use 
of blanks and the other usual precautions.

Experimental Errors.—Tests were made to determine 
whether certain suspected sources of systematic error ap­
preciably affected the results.

The contamination of the methyl sulfoxide during the
(1) Present address: National Bureau of Standards, Washington, 

D. C.
(2) Douglas, T his J o u r n a l , 68, 1072 ff (1946).
(3) Baxter, Hickey and Holmes, ibid., 29, 127 ff (1907); Baxter 

and Grose, ibid., 37, 1061 ff. (1915).
(4) Calibrated at the ice-point, the steam-point, and the transi­

tion temperatures of Na2SO4-10H2O, NaBr-2H20, and MnCl2-4H20
[Richards and Wrede, Z. physik. Chem., 61, 313 (1907)].

series of runs was found to be inappreciable. After the 
completion of half the runs, involving the passage of 170 
liters of air, the freezing point of the remaining sulfoxide 
was redetermined and found to have changed not more than 
0.03°. This result indicated also the lack of appreciable 
reaction between the sulfoxide and oxygen of the air at the 
temperatures used. Nor did a removal of appreciable 
sulfoxide vapor by adsorption seem to occur before it 
reached the absorber tubes. For the various temperatures 
were run in random order and no chronological trend of 
vapor pressure values was detectable after three prelimi­
nary runs, each of whose values was about 0.5% low on the 
basis of the remaining fifteen runs.

Fig. 1.—Apparatus used for determining the vapor 
pressure of methyl sulfoxide. No disassembling between 
runs was necessary. The arrangement permitted the 
liquid being frozen in J to be stirred by a stream of dry 
air.

Tests were made to establish whether the normal rate 
of air flow of two liters per hour was slow enough to permit 
complete saturation of the air with sulfoxide vapor, and a 
subsequent complete absorption of the vapor. One extra 
run at 30° and one at 50° were made at twice5 the normal 
rate of air flow, yielding vapor pressure values which were, 
respectively, 0.1 and 0.3% lower than at the normal rate, 
which latter thus appears to be sufficiently slow.

Within the experimental error, all the sulfoxide vapor 
was found to be retained by the first of the two absorber 
tubes. One extra run at 30° and one at 50° in which 
water was present in only the first absorber tube gave vapor

(5) Doubling the rate of flow should provide a more rigorous te s t
than halving it, since the change in observed vapor pressure due to
lack of saturation should be much greater in the former case.
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pressure values which were respectively 0.1% lower and 
0.2% higher than the values obtained using two absorbers. 
As a check the total water collected from the emerging air 
from all the runs was found to contain only a mere trace of 
sulfoxide.

It was feared that some mercury may have been carried 
into the water absorbing the sulfoxide vapor, causing the 
subsequent titration of the solution with permanganate to 
run high. One solution from a 30 ° run and one from a 50 ° 
run were each tested for mercury, which, if present at all, 
was shown to be insufficient in amount to raise the ex­
perimental value of the vapor pressure by more than 0.1%.

The departure of the saturated methyl sulfoxide vapor, 
mixed with air, from gas ideality is probably small, but 
seems too uncertain to justify its estimation. During one 
purification of the sulfoxide a sample was observed to boil 
at 79° at 16.5 ±  1 mm., whereas extrapolation of the cal­
culated vapor pressure values to this temperature gives 15.5 
mm. This comparison indicates that the vapor density 
does not differ widely from that calculated using the for­
mula (CH3)2SO. Nor is departure from this formula, 
through dissociation or association, to be expected on 
theoretical grounds.

An estimation of individual errors indicated that the 
experimental vapor pressure values, as represented by'the 
empirical equation below, are probably accurate in the 
temperature range of the measurements to within *•=!%.

Results
Each value of the vapor pressure was calculated 

from the experimental data by use of the equation
0.9977 P i

where p is the vapor pressure of pure methyl sulf­
oxide, Pi the average total pressure in the satu­
rator (about 635 mm.), N  the estimated mole frac­
tion of methyl sulfoxide in the liquid used, P 2 the 
pressure of collected air a t absolute temperature 
T2i V2 the volume of collected air, n the moles of 
methyl sulfoxide evaporated (assuming the for­
mula (CH3)2SO), and R  the gas constant. 0.9977, 
the ratio of the fugacity of liquid methyl sulfoxide 
at pressure p to its fugacity at pressure P i,6 cor­
rects the vapor pressure to the value which should 
be obtained in the absence of the air. Two inde­
pendent measurements of vapor pressure were 
made at each temperature at 5° intervals from 20 
to 50°. These duplicates at the same tempera­
ture agreed on the average to within 0.15% and 
the maximum difference was 0.5%.

Using the method of least squares and giving
(6) Using (Ö In //dP)r = v/RT, where v is the molal volume of 

the liquid, 71 ml. The ratio of fugacities is practically independent 
of temperature in the range investigated.

each value of log p equal weight, the following 
equation was found for the vapor pressure of 
methyl sulfoxide from 20 to 50°.7 This equation
logio p  =  26.49558 -  (3539.32/T )  -  6.00000 log10P

(l)8
represented the experimental values of vapor pres­
sure wTith an average deviation of ±0.15%, the 
maximum discrepancy being 0.4%. Values cal­
culated from equation (1) in this temperature 
range are given in Table I.

T able  I

V apor P ressures op M eth yl  Sulfoxide at R ounded 
T emperatures 

(Calculated from equation (1))
Temp., Vapor Temp., Vapor

°C. pressure, mm. °C. pressure, mm.
20 0 .4 1 7 40 1.656
25 .600 45 2 .2 7
30 .853 50 3 .0 7
35 1 .1 9 5

Equation (1) yields a value of 12.64 kcal. for the 
molal heat of vaporization of methyl sulfoxide at 
25°. This figure was estimated to have an un­
certainty of ±0.1 kcal. I t is of interest that equa­
tion (1) leads to a normal boiling point of 192° 
and a Trouton constant of 22.9 cal./mole/deg., 
but these two figures are naturally not highly re­
liable, because of the wide extrapolations involved.

Summary
The vapor pressure of methyl sulfoxide has been 

determined by a gas-saturation method at 5° 
intervals from 20 to 50°.

The values found are expressed, with an average 
deviation of ±0.15%, by the equation 
log10 p  «  26.49558 -  (3539.32/D -  6.00000 log10r
which gives 12.64 ± 0 .1  kcal. for the molal heat of 
vaporization a t 25°.

Various sources of error are discussed. I t is 
estimated that correct vapor pressures are given 
by this equation, in the temperature range of the 
measurements, to within ± 1%.
B ozeman, M ontana  R eceived  January  30, 1948

(7) Although the constants given are accurately interconsistent, 
it was first necessary to find by trial a value for the coefficient of log 
T which would approximately minimize the sum of the squares of 
the deviations. No value of this coefficient between —8 and —4 
produces any particular trend of deviations with temperature.

(8) P in mm., T in deg. absolute, and 0°C. = 273.16°K.
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The experiments described herein were per­
formed in an attempt to set up a quantitative 
basis for the comparison of variously constituted 
phenols and phenol ethers in respect to the rates of 
exchange of nuclear hydrogen atoms. Whereas 
previous investigators have examined the hydro­
gen exchange of phenol3 with aqueous alkali, and 
of anisole with aqueous sulfuric acid,3a our work 
has been done with deutero-ethanol as solvent and 
reactant, thereby avoiding heterogeneous re­
action mixtures. Moreover, although we have 
used sulfuric acid to promote the exchange of nu­
clear hydrogens, it has been under such mild con­
ditions, as compared to the above-mentioned ex­
periments on anisole, that the exchange is limited 
to those positions which are known to be active in 
ordinary electrophilic substitutions.

Briefly, the significant features of our results are 
the following. First, it is noted that the partition 
coefficient for the distribution of deuterium in a 
nuclear exchange reaction differs appreciably from 
unity, the deuterium favoring the hydroxyl group 
of ethanol as might be expected from zero-point 
energy considerations. Thus the limiting values 
of the “exchange number’ ’ in experiments on mix­
tures which were allowed to approach exchange 
equilibrium fall short of the integer representing 
the number of participating hydrogen atoms by 
nearly 10%. Such an effect is not observed in ex­
change reactions involving only the hydroxyl 
group of phenols (cf. Table I ).4

T able  I
E xchange of H ydroxyl H ydrogen of Phenols with 

D euteroalcohol®
Compound Obs. exch.

^-Cresol 1 .02
/3-Naphthol 1,.01
3,5-Dimethyl-4-chlorophenol 1 .06
3,4-Dimethylphenol 1 .09
6-Hydroxytetralin 1 .10
5-Hydroxyhydrindene 1 .06

a Experiments carried out by dissolving 0.008 mole of 
the phenol in 5 ml. of deuteroalcohol and recovering the 
alcohol immediately thereafter by vacuum distillation.

Referring next to the naphthols and naphthol 
ethers, the data presented in Table II show that

(1) Abstracted from a Ph.D. thesis by Philip F. Tryon, Chicago, 
1939.

(2) Present address: Commercial Solvents Corporation, Terre
Haute, Indiana.

(3) (a) Ingold, Raisin and Wilson, J. Chem. Soc., 1637 (1936); 
(b) Small and Wolfenden, ibid., 1811 (1936); (c) Best and Wilson, 
ibid., 28 (1938); (d) Munzberg, Z. physik. Chem., B33, 23, 39 (1936).

(4) This work was carried out prior to the discovery that sig­
nificant changes in isotopic composition occur when ethanol is frac­
tionally distilled and that precautions are necessary to avoid errors 
due to this effect (Brown and Widiger, T his Journal, 61, 2453 
(1939)). The exchange numbers herein reported, being subject to 
such errors, may be too high by as much as 5%.

whereas a-naphthol and its ethyl ether exchange 
two nuclear hydrogens, /3-naphthol and its ether 
exchange only one. That this is the «-hydrogen 
is strongly supported by the observation that di­
methyl-/3-naphthyl ethyl ether exhibits no ex­
change under comparable conditions. The non­
occurrence of exchange at the 3-position of 0- 
naphthol and derivatives is readily explained on 
the basis of a mechanism similar to that estab­
lished for the acid-catalyzed exchange reactions of 
tertiary aromatic amines.5 Of the two possible 
transition states which could arise from the at­
tachment of a deuteron at a carbon atom adjacent 
to the hydroxyl or alkoxyl group, I is fixed in elec­
tronic configuration and must correspond to an 
activation energy several kilocalories higher than 
II in which a benzenoid ring is preserved.

H D  H D

I * II

T able  II
A cid Catalyzed E xchange of H ydrogen A toms of 
Phenols and Phenol E thers with  D euteroalcohol at  

110 °

Reaction Active H

Compound
t im e ,
hours

Observed
exchan ge

a tom s
(th eor.)

a-Napbthol 0 . 2 5 1 . 7 4
0 . 5 2 . 6 7
3 . 5 2 . 9 3
9 2 . 8 5

2 2 2 . 8 9 3

/3-Naphthol 0 . 2 5 1 . 8 0
0 . 5 2 . 1 0
3 . 5 2 . 0 1

1 6 . 5 1 . 9 0
5 1 . 5 1 . 9 7 2

^-Cresol 2 4 1 . 6 3
5 2 2 . 6 3

2 1 3 2 . 8 2
2 3 5 2 . 8 0 3

a-Naphthyl ethyl 2 2 0 . 1 8
ether 8 3 1 . 4 6

1 1 9 1 . 7 2
2 0 6 1 . 8 9 2

/3-Naphthyl ethyl 2 4 0 . 4 9
ether 1 1 2 0 . 9 2

1 9 0 1.00
4 1 0 0 . 9 7 1

a-Methyl-/3-naphthyl
ethyl ether 1 4 2 0 . 0 3 0

(5) Brown, Widiger and Letang, ibid., 61, 2597 (1939).
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In experiments which were carried out at a lower 
temperature (Table III), and in which exchange 
equilibrium was not attained, there is revealed the 
rather surprising effect of the /2-methyl group in 
ethers of /2-methyl-a-naphthol. The lower re­
activity of these compounds, in which the hydro-

T able  III
A cid C atalyzed  E xchange of H ydrogen A toms at 6 0 °

Reaction
time, Observed

Active H 
atoms

Compound hours exchange (theor.)
p -Cresol 1 5 1 .1 1

2 0 1 . 1 5 3
a-Naphthyl methyl ether 7 0 0 . 3 6

2 3 8 1 . 1 5 2
a-Naphthyl isopropyl ether 2 1 3 1 . 1 8 2
/3-Methyl-a-naphthyl 

methyl ether 2 3 8 0 . 0 8 1
/8-Methyl-a-naphthyl 

isopropyl ether 2 1 3 0.07 1

gen atoms in the 4-position should still be active, 
is perhaps an example of a steric effect which 
should arise in di-ör/^o-substituted phenol ethers 
because of hindrance to coplanarity in the quino- 
noid transition state.6

The results shown in Table IV for phenols hav­
ing two non-equivalent free ortho positions are of 
interest in connection with the Mills-Nixon effect. 
I t is clear from these results that each of these sub­
stances exchanges two nuclear hydrogen atoms, 
and if one exchanges faster than the other the 
differences are not great enough to be readily dis­
cernible in the rate curves. These curves are 
similar in form to that shown by the symmetrical 
phenol, 3,5-dimethyl-4-chlorophenol, except that 
the time scale is somewhat more extended for this 
compound because of its lower reactivity.

Experimental
The experimental procedure employed in this Laboratory 

for following exchange reactions with deuteroalcohol has 
been described in previous papers.7 In all of the experi­
ments here reported the extent of exchange has been 
determined from the decrease in deuterium content of the 
alcohol.

The experiments on sulfuric acid catalyzed reactions 
fall into two groups according to the temperature em­
ployed. At 60° the acid is present as ethyl hydrogen 
sulfate and it was determined that there is no loss of 
catalyst by further reaction to form diethyl sulfate within 
a period of eight days. At 110° the loss of catalyst is 
appreciable within a few hours and the experiments 
carried out at this temperature therefore do not represent 
steady conditions with respect to catalyst concentration.

In the presence of small amounts of sodium ethylate, 
neither a-naphthyl ethyl ether nor /3-naphthyl ethyl 
ether showed any measurable exchange in periods up to 
twelve days at 110°.

The reaction mixtures generally contained 5 cc. of 
deuteroalcohol (0.085 mole) and about 0.009 mole of

(6) Further evidence concerning possible steric effects was sought 
by examining the hydrogen exchange of 2-methylanisole and 2,6- 
dimethylanisole, but both of these compounds showed some decom­
position (positive ferric chloride test) under the conditions of the 
exchange experiments and the results were therefore inconclusive.

(7) (a) Kharasch, Brown and McNab, J. Org. Chem., 2, 36 (1937); 
(b) Brown, Kharasch and Sprowls, ibid., 4, 442 (1939).

the phenol or ether. Where sulfuric acid was to be used, 
it was added to the alcohol so as to provide a stock solution 
containing 10 mg. of sulfuric acid per 5 cc. of alcohol. 
However, in the series of experiments summarized in 
Table IV, a more dilute stock solution, containing 0.5 mg. 
of sulfuric acid per 5 cc. of alcohol, was used and the quan­
tity of phenol was accurately adjusted to 0.00818 mole.

T able  IV
U p t a k e  o f  D e u t e r i u m  f r o m  D e u t e r o a l c o h o l , a t  6 0 ° ,  
b y 3 , 4 - D i m e t h y l p h e n o l  (I), 5 - H y d r o x y h y d r i n d e n e  (II), 
6 - H y d r o x y t e t r a l i n  (III) a n d  3 , 5 - D i m e t h y l - 4 - C h l o r o - 

p h e n o l

T im e, ----- E xch an ge number®-------
hours ( i) ( I I ) ( H i ) (IV)

0b 1.05 1.02 1.06 1.02
1 1.11 1.16 1.18
3 1.26 1.37 1.40
5 1.60 1.56 1.56
6 1.13

10 1.70 1.85 1.99
13 1.26
15 1.99 1.99 2.15
2 0 2 . 2 5 2.09 2.27 1.34
2 5 2 . 4 0 2 . 2 1 2.28
3 0 2 . 3 9 2.25 2.41 1.46
3 5 2 . 5 2 2.28 2.47
4 0 2 . 5 4 2 . 4 0 2.44 1 . 5 4
45 2.60 2.43 2.54
50 2.49 2.56
5 5 2.50
60 2.56 1.68
90 2.63

100 1.97
120 2.71
140 2.70 2.68 2.25
180 2.68
200 2.68
216 2.39
265 2.49
342 2.56

a For each experiment a solution was prepared contain­
ing 0.085 mole of deuteroalcohol (14.77 mole % C2H5- 
OD), 0.001 equivalent of sulfuric acid, and 0.00818 mole 
of phenol. The exchange numbers were calculated from 
the analyses on recovered alcohol, taking into account 
dilution of deuterium by hydrogen from the sulfuric acid. 
6 The experimental results entered for zero time were 
obtained by recovering the alcohol, by distillation, im­
mediately after preparing the mixture. Actually the 
separations required several minutes to perform. The 
observed exchange is obviously the exchange of the 
hydroxyl hydrogen atoms of the phenols.

Except as noted below the materials used were prepared 
and purified by methods described in the literature.

ft -M ethyl -a -naphthyl Methyl Ether.—This compound 
was obtained in 50% yield on treatment of an alkaline 
solution of /3-methyl-a'-naphthol8 with dimethyl sulfate: 
colorless liquid, b. p. 129-130° at 9 mm., n20D 1.6007, 
d2b4 1.056. It was characterized by nitration, following 
a procedure similar to that used by Heermann9 in the 
nitration of a-naphthol ether, which furnished a mono- 
nitro derivative (1-methoxy-2-methyl-4-nitronaphtha- 
lene), light yellow needles, m. p. 104°. Anal. Calcd. for 
C12H11O3N: N, 6.45; Found: N, 6.82.

^-Methyl-a-naphthyl Isopropyl Ether.—A suspension 
of the sodium salt of /3-methyl-a-naphthol in a solution

(8) Prepared by the method of Lesser, Ann., 402, 38—43 (1914).
(9) Heermann, J. prakt. Chem., 44, 238 (1891).
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containing 150 cc. of dioxane, 32 g. of isopropyl bromide, 
and 2 g. of potassium iodide was refluxed for fourteen 
hours. After distilling off most of the dioxane, ether and 
water were added, and the ether layer, after washing 
with alkali and with water and then drying over calcium 
chloride, yielded on distillation 13 g. (38% yield) of the 
desired product; b. p. 147-148° at 12 mm., 1.5764, 
d2b4 1.017. Nitration yielded a mononitro derivative 
(1 -isopropoxy-2-methyl-4-nitronaphthalene), light yel­
low needles, m. p. 45°. Anal. Calcd. for Ci4Hi603N: 
N, 5.71; Found: N, 5.69.

a-Naphthyl Isopropyl Ether.—This was prepared by a 
procedure similar to the preceding, from the sodium salt 
of «-naphthol and isopropyl bromide in 21% yield; b. p. 
139-140° at 9 mm., w20d 1.5848, d284 1.025. On nitration 
a mononitro derivative was obtained which yielded 4- 
nitro-1 -naphthol on treatment with alcoholic potassium 
hydroxide for one hour on the steam-bath and is thus 
identified as l-isopropoxy-4-nitronaphthalene; dark

yellow needles, m. p. 69°. Anal. Calcd. for Ci3H i3- 
0 3N: N, 6.06; Found: N , 6.15.

Summary
It is shown that hydrogen atoms ortho and para 

to the hydroxyl or alkoxyl group in phenols and 
phenol ethers exchange with deuteroalcohol in the 
presence of small amounts of sulfuric acid. Ex­
ceptions are 0-naphthol and derivatives thereof in 
which exchange occurs only at the «-position. 
The unsymmetrical phenols, 5-hydroxyhydrin- 
dene and 6-hydroxytetralin, which couple at a pre­
ferred ortho position (Mills—Nixon effect), show 
two active nuclear hydrogens in the exchange re­
action.
C hicago, Illinois R eceived  D ecem ber  31, 1947

[Contribution from the V en able  Chemical L aboratory of the U niversity  of N orth C arolina]

Conversion of a-Amino Acids to Acylamido Ketones and Oxazoles
B y  R ichard  H . W iley  a n d  Ol in  H . B orum1

A previous communication2 described a method 
for the conversion of «-amino acids (I) to acetami- 
doketones (II, R ' == CHs) by reaction with acetic 
anhydride in pyridine, and of the acetamidoke- 
tones to oxazoles (III).

pyr.
RCH(NH2)C02H +■ 2(R'C0)20  -------

I
RCH(NHCOR')COR' +  2RC02H +  C02 

II

R'C CR'

h i

The present paper describes the anomalous course 
of this reaction with glycine, the substitution of 
propionic for acetic anhydride in the formation of 
a propionamidoketone, and a modified procedure 
for obtaining yields of 70-90% of the acylamido- 
ketone.

The reaction product obtained on refluxing gly­
cine and acetic anhydride in pyridine can be frac­
tionated to give a principal fraction boiling at 105- 
108° at 2 mm. The analytical data show that this 
compound is not acetamidoacetone, the product 
which would be formed if the reaction were analo­
gous to that with alanine. The data agree with 
values calculated for an acetyl derivative of acet­
amidoacetone. This is substantiated by the hy­
drolysis of this acetyl derivative to acetamidoace­
tone b. p. 101-105° (0.5 mm.) in 76% yield. The 
structure of the acetyl derivative cannot be as­
signed on the basis of the available information. 
I t  is noted in this connection that previous at-

(1) The work reported in this paper was taken in part from the 
Master’s Thesis submitted by Olin H. Borum to the Graduate School 
of the University of North Carolina.

(2) Richard H. Wiley, J. Org. Chem., 12, 43 (1947).

tempts to bring about this reaction with glycine3 
were less successful because the reaction is very 
slow at steam-bath temperatures.

Improved yields of 3-acetamido-2-butanone are 
obtained by stirring during the reaction period 
to aid in evolution of carbon dioxide. The pre­
ferred procedure, in which the product is separated 
by fractionation of the reaction mixture, gives 
88% of redistilled product as described in the 
experimental part. Using this procedure amino- 
phenylacetic acid and propionic anhydride give 
a 75% yield of 1-phenyl-l-propionamido-2-buta- 
none.

Dehydration of the acylamidoketones to oxa­
zoles with potassium bisulfate and other reagents 
has been accomplished but with no advantage 
over the previously described2 sulfuric acid dehy­
dration.

Experimental Part
3-Acetamido-2-butanone (II, R = CH3, R ' «= CH3).— 

A mixture of 159 ml. (1.98 moles) of pyridine (J. T. 
Baker C. p.), 224 ml. (2.35 moles) of acetic anhydride 
(95% min. assay), and 35.11 g. (0.39 mole) of vacuum- 
dried alanine (Merck) was heated with stirring on the 
steam-bath for six hours after solution was complete. 
The excess pyridine and acetic anhydride were removed 
at reduced pressure and the residue distilled through a 
short column to obtain 47.5 g., 93.2% of the theoretical 
amount of crude 3-acetamido-2-butanone, b. p. 110- 
125° at 3 mm. On refractionation 88% of the theoretical 
amount, 45 g., b. p. 102-106° at 2 mm., was obtained, 
n2b d 1.4558.

Anal. Calcd. for C6HuN 0 2: C, 55.79; H, 8.59; N ,
10.85. Found: C, 55.81; H, 8.48; N, 10.90.

Without stirring the yield dropped to 46%. Reducing 
the molar ratio of pyridine or anhydride also reduced the 
yield.

1 -Phenyl-1 -propionamido-2-butanone (II, R = C6H5, 
R' =* C2H5).—A mixture of 60 g. (0.4 mole) of amino- 
phenylacetic acid (E. K. Co.), 250 ml. (2.0 moles) of 
propionic anhydride (Carbide and Carbon Co.), and 165

(3) Dakin and West, J. Biol. Chem., 78, 91-105 (1928).
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ml. of pyridine were heated to solution and then at gentle 
reflux for one and a half hours. On vacuum distillation 
a fraction, b. p. 159-162° at 3-4 mm., weighing 66 g., 
75% of the theoretical amount of 1 -phenyl-1 -propionam- 
ido-2-butanone, was collected. This fraction solidified on 
standing and was recrystallized from xylene, m. p. 69.7-
70.7 (cor,).

Anal. Calcd. for C13H170 2N: C, 71.20; H, 7.82; N, 
6.39. Found: C. 71.33: H. 7.89: N. 6.65.

Acetyl Acetamidoacetone.—A mixture of 1.1 liters (11 
moles) of acetic anhydride (95% min. assay), 485 ml. 
(6 moles) of pyridine (J. T. Baker C. p.), and 75 g. (1 
mole) of vacuum-dried glycine (E. K. Co) was refluxed 
with stirring for six hours. The excess pyridine and acetic 
anhydride were removed at reduced pressure and the resi­
due distilled to obtain 95 g., 60% of the theoretical 
amount, of crude acetyl acetamidoacetone, b. p. 118- 
128° at 3 mm. On refractionation 85 g., 54% of the 
theoretical amount of purified acetyl acetamidoacetone, 
b. p. 105-108° at 2 mm., was separated, n25d 1.4668; 
d2b2B 1.1275.

Anal. Calcd. for C7Hn0 3N: C, 53.49; H, 7.05; N, 
8.91. Found: C, 53.54; H, 7.17; N, 9.17.

Acetyl acetamidoacetone reacts immediately with neu­
tral potassium permanganate solution to give a heavy 
precipitate. Acetamidoacetone does not. Both de­
colorize bromine in carbon tetrachloride solution.

Acetamidoacetone (II, R =  H, R' =  CH3).—Thirty- 
two grams of acetyl acetamidoacetone was dropped into 
500 ml. of boiling water over a thirty-minute period. 
The mixture was steam distilled for five hours, the remain­
ing water and acetic acid removed under reduced pressure, 
and the residue fractionated to give 17.8 g., 76% of the 
theoretical amount of acetamidoacetone, b. p. 104-109° 
(1-2 mm.), n2bd 1.4600 (supercooled). This fraction 
solidified to an extremely hygroscopic solid, m. p. 39- 
41°.

Anal. Calcd. for C5H 90 2N: C, 52.16; H, 7.88; N, 
12.16. Found: C, 51.87; H, 7.92; N, 12.10.

Acetamidoacetone was converted to 2,5-dimethyl- 
oxazole by the process previously described.2 Ten to 
fifteen per cent, of 2,5-dimethyloxazole, b. p. 116-117°,

n25d 1.4365 was obtained. The reported4 boiling point 
is 117°.

Anal. Calcd. for C5H7ON: N, 14.42. Found: N,
14.60.

2,5-Dimethyloxazole picrate, m. p. 122-122.5°, was 
prepared in alcohol solution. The reported ni. p. is 
124°.4

Anal. Calcd. for CiiH10O8N4: N, 17.17. Found:
17.34.

Dehydration of 3-Acetamido-2-butanone to 2,4,5-Tri- 
methyloxazole.—Thirty grams of 3-acetamido-2-butanone 
was dropped over a thirty-minute period onto 87.5 g. 
of potassium bisulfate in a distilling flask at 220 °. A 
total of 21.10 g. of distillate was collected in the receiver. 
This material on fractionation gave a total of 17.8 g., 
b. p. 70-147°. A center cut of 7.8 g., b. p. 141-143°, 
n25d 1.4280 gave a picrate, m. p. 110-111.5°, which did 
not lower the m. p. when mixed with a sample of previ­
ously prepared2 picrate. When 11.7 g. of the crude 
reaction mixture, b. p. 142-150°, was washed with 33% 
aqueous sodium hydroxide and dried over solid potassium 
hydroxide 1.7 g. of oxazole, b. p. 133-135°, n25u 1.4391, 
was obtained. Other pyrolyses with alumina, anhydrous 
zinc sulfate, lime, boron oxide and phosphorus pentoxide 
at 200-300°, but not thermal pyrolysis at 500°, dehydrate 
the ketone to the oxazole in low yields.

Summary
Glycine reacts with acetic anhydride in pyri­

dine to form acetyl acetamidoacetone which is 
readily hydrolyzed to acetamidoacetone. Im­
proved yields in the conversion of alanine to 3- 
acetamido-2-butanone, the conversion of amino- 
phenylacetic acid to 1-pheny 1-1-propionamido-
2-butanone, and a potassium bisulfate dehydra­
tion of 3-acetamido-2-butanone to 2,4,5-trimeth- 
yloxazole are reported.

(4) Wrede and Feuerriegel, Z. physiol. Chem., 218, 129 (1933).

C hapel H ill , N. C. R eceived  September 6, 1947

[Contribution  from the R esearch and D evelopment D ivision, C ommercial Solvents C orporation]

Some Chloromethyl Ethers of Nitro Alcohols and the Preparation of Mixed Acetals
from Them

B y  E . B . H odge

The reaction between formaldehyde, hydrogen 
chloride and an alcohol to form a chloromethyl 
ether was first reported by Henry.1 Since then, 
the reaction has become very well known and is 
frequently used in synthetic work. The chlorine 
atom in these compounds is quite reactive, and 
it was thought to be of interest to see if the 
chloromethyl ethers of nitro alcohols would form. 
These compounds would make available a new 
tool in the preparation of derivatives contain­
ing aliphatic nitro groups. The aromatic nitro 
group is known to hinder the chloromethylation 
reaction.2

The success of the chloromethylation reaction 
as applied to nitro hydroxy compounds was

(1) L. Henry, Bull. acad. roy. Belg., 3, 25, 439 (1893).
(2) “Organic Reactions,” Vol. I, John Wiley and Sons, New York, 

N. Y., 1942, p. 65.

found to vary with the structure of the nitro 
hydroxy compound. The chloromethyl ethers 
prepared were mobile liquids with sharp odors. 
They were soluble in benzene and the usual oxy­
genated solvents, but were insoluble in petroleum 
ether and water. On being shaken for a short time 
with water they decomposed.

Properties and yields of the chloromethyl ethers 
prepared are listed in Table I. The yields are 
based on the nitro alcohol.

The chloromethyl ethers prepared were found 
to react smoothly with sodium phenoxide and alk­
oxides to give mixed acetals. The nitro group in 
these could be reduced catalytically to the amino 
group. Properties and yields of these mixed ace­
tals are given in Table II.

Yields of the nitro acetals and of the amino 
acetals from phenol are based on the chloromethyl
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T able  I
C hloromethyl E thers of N itro A lcohols

✓------- Analyses, %-
Nitro hydroxy 

compound
Chloromethyl

ether
Yield,

%
B.

°C.
p.>
Mm. W20D d2020

Nitrogen 
Calcd. Obs.

Chlorine 
Calcd. Obs.

2-M ethyl-2-nitro-1 - 1 - Chlor omethoxy-2-methyl- 75 85 4 1.4498 1.206 8.37 8 .5 21.2 21.0
propanol

2-Methyl-2-nitro-l-
2-nitropropane 

1 - Chlor omethoxy-2-me thyl- 70 98 3 1.4548 1.175 7.72 7 .9 19.5 19.3
butanol

2-Nitro-l-butanol
2-nitrobutane 

1 - Chloromethoxy-2-ni tro- 
butane

69 95 1 1.4510 1.208 8.37 8 .6

T able  II 
M ixed  A cetals

Analyses, %-
Yield, B. Pm Neut. eq. Nitrogen

Acetal % °C. Mm. »20D <2 2020 Calcd. Obs. Calcd. Obs.

2-Methyl-2-nitro-4,6-dioxaheptane 68 65 2 1.4206 1.084 8.59 8.68
2-Methyl-2-nitro-4,6-dioxaoctane 30 72 1 1.4248 1.049 7.92 8.18
3-Methyl-3-nitro-5,7-dioxaoctane 55 75 1 1.4309 1.068 7.92 8.01
2-Amino-2-methyl-4,6-dioxaheptane 72 56 20 1.4158 0.917 133 134.3
3-Amino-3-methyl-5,7-dioxaoctane 82 60 10 1.4242 0.917 147 148
2-M ethyl-1- (phenoxymethoxy) -2-propan- 28 100 1 1.4983 1.018 195 196

amine
2-Methyl-l- (phenoxymethoxy) -2-butan- 40 102 1 1.500 1.0 11 209 208

amine

ether, while the yields of the other amino acetals 
are based on the nitro acetals.

When the chloromethylation of 2-methyl-2- 
nitro-l,3-propanediol was attempted, only the 
acetal, 5-methyl-5-nitro-l,3-dioxane was ob­
tained.3

The cyclic acetal was too stable to be split by 
hydrogen chloride. Support for this hypothesis 
is given by the fact that bis-(2-methyl-2-nitropro- 
poxy)-methane was found to react with hydrogen 
chloride and formaldehyde to give 1-chlorometh- 
oxy-2-methyl-2-nitropropane.

The effect of structure on the formation of 
chloromethyl ethers of nitro alcohols is shown by 
the relative ease of preparation of the chloro­
methyl ethers. 2-Methyl-2-nitro-l-propanol and
2-methyl-2-nitro-l-butanol reacted smoothly and 
gave a product which could be distilled at reduced 
pressure without apparent decomposition. How­
ever, the chloromethyl ether of 2-nitro-l-butanol 
could not be distilled without some decomposition, 
while no product could be isolated from 2-methyl- 
2-nitro-3-hexanol.

Experimental
The preparation of the chloromethyl ethers is illustrated 

by the reaction between hydrogen chloride, formaldehyde 
and 2 -methyl -2 -nitro-1 -propanol.

(3) The fact that this acetal was formed from the diol while 
chloromethyl ethers were formed from the monohydroxy compounds 
suggests that the chloromethyl ethers were formed through the ace­
tals as intermediates and that the cyclic acetal was too stable to be 
split by hydrogen chloride. Thus the equations might be written 
to account for the formation of the chloromethyl ethers. Support 
for this hypothesis is given by the fact that bis-(2-methyl-2-nitro- 
propoxy)-methane was found to react with hydrogen chloride and 
formaldehyde to give l-chloromethoxy-2-methyl-2-nitropropane.

H +
2ROH +  HCHO  >  (RO)2CH2 +  H20

(RO)2CH2 +  HCl  > ROCH2Cl +  ROH

Into a mixture of 238 g. of 2-methyl-2-nitro-l-propanol, 
90 g. of trioxymethylene and 175 ml. of concentrated 
hydrochloric acid in a 1-liter beaker was passed a rapid 
stream of HCl from a cylinder of liquefied hydrogen chlo­
ride. The beaker was in an ice-bath which kept the tem­
perature below 30° during the addition of the hydrogen 
chloride. The contents of the beaker were stirred vigorously 
and the hydrogen chloride was added through a disperser 
of sintered glass. After about one hour the addition was 
stopped, 50 ml. of benzene was added, and the layers were 
separated. Dry air was passed through the top layer until 
no more hydrogen chloride was evolved and then the prod­
uct was distilled, first at atmospheric pressure and then 
at 5 mm. to remove the chloromethyl ether. This came off 
at 90-94°, wt. 228 g.

The preparation of a mixed acetal is illustrated by the 
following experiment.

One-hundred and sixty grams of methanol was placed 
in a 500 ml. round-bottomed flask equipped with a sealed 
stirrer, a dropping funnel and a reflux condenser. One 
mole (23 g.) of sodium was added slowly and when all 
had reacted, 145 g. (0.8 mole) of l-chloromethoxy-2- 
methyl-2-nitrobutane was added dropwise to the refluxing 
mixture. After one-half hour of refluxing the mixture was 
cooled and filtered. Then 500 ml. of water was added 
and the methanol was stripped off. The oil which sepa­
rated from the water was distilled. The main cut (81.4 g.) 
came off at 75° at 1-1.5 mm.

Reduction of the nitro mixed acetals is illustrated by the 
following experiment.

2-Methyl-2-nitro-4,6-dioxaheptane (78.6 g.) was dis­
solved in 400 ml. of methanol and reduced with hydrogen 
in a rocking bomb at 50-60° and 1000 lb. pressure in the 
presence of 5 g. of Raney nickel. The methanol was 
stripped off and the product was distilled at 10 mm. The 
weight of the product was 53.5 g.

Reaction between an acetal and hydrogen chloride was 
carried out as follows.

To 63 g. (0.25 mole) of bis-(2-nitroisobutoxy)-methane 
was added 1 mole of formalin. Dry hydrogen chloride was 
passed into this mixture at room temperature for three 
hours. The mixture was then extracted with benzene 
and the high boiling product was rectified under reduced 
pressure. A middle cut of 27 g. was taken which boiled at 
104-106° at 13 mm. and contained 21.5% of chlorine. 
Theory for 1 -chloromethoxy -2 -methyl-2 -nitropropane is 
21.2%.
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Summary
The chloromethyl ethers of three nitro alcohols 

have been prepared.
Evidence suggests that the formation of these 

chloromethyl ethers takes place through the 
formal as an intermediate.

Several mixed acetals have been prepared 
from chloromethyl ethers of nitro alcohols and the 
nitro groups in these compounds have been re­
duced to amino groups.
T erre H a u t e , Indiana  R eceived January 2, 1948

[Contribution  from T he Institute of Paper  C hemistry ]

Reactions of Vanillin and its Derived Compounds. VI.1 The Reaction of Vanillin
with Mercuric Oxide2*3

B y  Ir w in  A. P earl

The high yields of vanillic acid obtained when 
vanillin is treated with alkali and 0.5 mole of silver 
oxide in aqueous solution4-5 and the interesting re­
actions of vanillin with alkali in the presence of 
silver oxide and silver metal6 led to a study of the 
reaction of vanillin with alkali and other metallic 
oxides. This paper reports the study with mer­
curic oxide.

Vanillin gradually reacts with an excess of mer­
curic oxide in a boiling aqueous solution containing

clear alkalineist tv moles of alkali lü givt
solution which may be treated by various proce­
dures to give several different reaction products. 
All forms of mercuric oxide are operative, but the 
more reactive, freshly precipitated forms require 
less time. The reaction time is also dependent, to 
a considerable extent, upon the temperature of 
boiling which, in turn, is dependent upon dilution. 
The reaction of vanillin with mercuric oxide is 
much slower than that with silver oxide.

Acidification of the alkaline reaction mixture 
with a non-reducing acid (such as sulfuric acid) 
gives a high yield of 5-hydroxymercurivanillin and 
minor amounts of oxidized mercurated com­
pounds. Acidification with hydrochloric acid 
yields 5-hydroxymercurivanillin as the chief prod­
uct, together with minor quantities of 5-chloro- 
mercurivanillin and other mercurated compounds, 
including oxidized and bis derivatives.

Treatment of the alkaline solution with sulfur 
dioxide, followed by short boiling, decomposes the 
organic mercury compounds and gives a 60-70% 
yield of vanillic acid and a 25-35% yield of re­
covered vanillin. No mercurated products are 
obtained after the sulfur dioxide treatment, and 
most of the mercury is recovered as the free metal.

(1) For paper V of th is  series, see  Pearl and McCoy, T h is  J o u r ­
n a l , 69, 3071 (1947).

(2) Presented before the Division of Organic Chemistry at the 
112th meeting of The American Chemical Society, New York, 
N. Y., September 15-19, 1947.

(3) This paper represents a portion ot the results obtained in the 
research program sponsored by the Sulphite Pulp Manufacturers’ 
Research League and conducted for the League by The Institute of 
Paper Chemistry. Acknowledgment is made by the Institute for 
permission on the part of the League to publish these results.

(4) Pearl, T h is  Journal, 68, 429 (1946).
(5) Pearl, ibid., 68, 1100 (1946).
(6) Pearl, J. Org. Chem., 12, 79 (1947).

When only one mole of vanillin is employed in 
the above reaction, the vanillic acid yield is very 
low, and almost all the initial vanillin is recovered 
after the sulfur dioxide treatment.

Long boiling of vanillin with technical dry mer­
curic oxide and excess alkaline solution resulted in 
considerable decarboxylation of the originally 
formed vanillic acid to yield 11% of guaiacol. 
This was an unexpected result, because earlier 
work7*8 on the caustic fusion of vanillin to yield 
protocatechuic acid indicated that the carboxyl 
group was much more resistant to removal by 
drastic alkaline treatment than was the methoxyl 
group. All attempts to oxidize vanillin by means 
of mercuric oxide without alkali in a non-aque- 
ous solvent were unsuccessful.

5-Hydroxymercurivanillin was identified by 
converting it successively to 5-acetoxymercuri- 
vanillin, 5-chloromercurivanillin, and 5-iodovan- 
illin, which compounds were compared with the 
corresponding compounds prepared according to 
Paolini,9 who obtained acetoxymercurivanillin by 
treating vanillin with mercuric oxide in boiling 
glacial acetic acid. Paolini’s compound was 
proved to be 5-acetoxymercurivanillin by Henry 
and Sharp.10 5-Iodovanillin was also compared 
with the iodovanillin prepared according to 
Carles11 which Raiford and Wells12 proved to be 5- 
iodo vanillin.

Paolini’s9 5-acetoxymercurivanillin, upon boil­
ing with N  potassium hydroxide solution and acid­
ifying with hydrochloric acid, yielded 5-chloro­
mercurivanillin, but all attempts to isolate 5-hy­
droxymercurivanillin from 5-acetoxymercurivan­
illin failed.

5-Hydroxymercurivanillin possesses remarkable 
toxicity toward representative microorganisms, 
such as sporeforming and non-sporeforming aero­
bic bacteria and molds and compares favorably 
with such outstanding antiseptics as ethylmercury 
and phenylmercury derivatives. On the other

(7) Tiemann, Ber.,  8, 512 (1875).
(8) Pearl, T his J o u r n a l , 68 , 2180 (1946).
(9) Paolini, Gazz. chim. ital. ,  51, II, 188 (1921).
(10) Henry and Sharp, J. Chem. Soc., 8288 (1930).
(11) Carles, Bull. soc. chim.,  17, 14 (1872).
(12) Raiford and Wells, T h is  J o u r n a l , 57, 2500 (1935).
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hand, 5-hydroxymercurivanillin is much less toxic 
toward fish than the ethylmercury and phenyl- 
mercury compounds and, therefore, its use as a 
mill disinfectant or slime control agent is indi­
cated. 5-Hydroxymercurivanillin also appears to 
have medicinal uses.

Experimental
All melting points given are uncorrected.
Reaction of Vanillin with Alkali and Mercuric Oxide.—

To a solution of 136 g. of mercuric chloride in 400 cc. of hot 
water was added a hot solution of 100 g. of sodium hy­
droxide in 100 cc. of water. The mixture was vigorously 
stirred and treated with 25 g. of vanillin. The reaction 
mixture was heated to boiling under a reflux with mercury- 
sealed stirring for ten hours and allowed to cool.

Acidification with Sulfuric Acid. Preparation of 5- 
Hydroxymercurivanillin.—The above reaction mixture 
was filtered and the inorganic precipitate was washed with 
water. The combined filtrate and washings were acidified 
with 1:3 sulfuric acid. The thick white precipitate which 
separated was filtered, washed with water, and dried in a 
vacuum desiccator. The yield was 40 g. Recrystalliza­
tion from water, ethanol, methanol, acetone, or dioxane 
gave colorless needles of 5 -hydroxymercurivanillin melting 
at 235 °. 5-Hydroxymercurivanillin is very slightly soluble 
in the above solvents, but is soluble in dilute alkali, glacial 
acetic acid, and concentrated sulfuric acid.

Anal. Calcd. for CsHgC^Hg: CH30 , 8.4. Found:
CHaO, 8.4.

A sample was dissolved in the minimum amount of 
boiling acetic acid. On cooling a fine crystalline powder of
5-acetoxymercurivanillin separated, which melted at 
196-198°.

Anal. Calcd. for CioHioOsHg: CH30 , 7.56. Found: 
CHaO, 7.61.

A suspension of 5-acetoxymercurivanillin in a solution 
of excess sodium chloride was boiled several hours and 
cooled. The glistening precipitate was filtered and re­
crystallized from methanol to yield 5-chloromercurivanillin 
melting at 242-243 ° and not depressing a mixed melting 
point with Paolini's compound.9

Anal. Calcd. for C8H70 3HgCl: C, 24.8; H, 1.83;
Cl, 9.17. Found: C ,24.2; H, 1.89; CÏ, 9.2.

5-Chloromercurivanillin was warmed with a solution of 
iodine in ethanol and cooled. The light yellow crystals 
were recrystallized twice from water and twice from 50% 
ethanol to give colorless crystals of 5-iodovanillin which 
melted at 176° and did not depress a mixed melting point 
with Carles'11 authentic 5-iodovanillin.

Acidification with Sulfur Dioxide. Preparation of 
Vanillic Acid.—A hot solution of 80 g. of sodium hydroxide 
in 500 cc. of water was treated with stirring with 108 g. of 
C. p . dry yellow mercuric oxide and then with 25 g. of 
vanillin. The mixture was boiled under a reflux with 
mercury-sealed stirring for seven hours and allowed to 
cool. The precipitate was filtered and washed with water. 
The filtrate and washings were acidified with sulfur dioxide, 
which caused the separation of a granular white precipi­
tate. This precipitate was filtered, washed with water, 
dried, and washed with ether. The filtrate was thoroughly 
extracted with ether and the combined ether extracts were 
extracted with 8% sodium bicarbonate solution; the 
extract yielded 17.9 g. (65%) of vanillic acid melting at 
207-208°. Recrystallization from water or ethanol 
yielded colorless crystals which melted at 209-210° and 
did not depress a mixed melting point with authentic vanil­
lic acid.4

The sulfur dioxide-saturated aqueous solution was 
acidified with sulfuric acid, aspirated with air, and ex­
tracted with ether. The ether was extracted successively 
with 21% sodium bisulfite, 8% sodium bicarbonate, and 
5% sodium hydroxide solutions. No bisulfite extract was 
obtained. A little more vanillic acid was obtained from

the bicarbonate extract. Approximately 30% vanillin 
was recovered by acidification of the sodium hydroxide 
extract. The occurrence of vanillin in the sodium hy­
droxide extract, rather than in the bisulfite extract in this 
experiment, has not been satisfactorily explained, although 
it is apparent that the aldehyde group must be protected 
in some manner until treated with strong alkali.

In an alternate procedure, the original sulfur dioxide- 
saturated reaction mixture containing the granular white 
precipitate was boiled for a short while and filtered. The 
clear solution deposited needles of vanillic acid upon cool­
ing and the rest was secured by ether extraction.

The granular white precipitate appears to be a hydrated 
mercuric bisulfite or bisulfate. The ether-extracted white 
crystals, when boiled with water, yielded metallic mercury 
and sulfur dioxide.

Anal. Calcd. for Hg(HS04)2-2H20 : Hg, 46.8; S, 14.8. 
Calcd. for H g(H S03)2*4H20 :  Hg, 46.0; S, 14.8. Found: 
Hg, 46.20, 46.73; S, 14.83, 14.64.

In a similar experiment employing technical dry mer­
curic oxide, the sulfited reaction mixture was boiled, cooled, 
and extracted with ether. The ether was extracted with 
8% sodium bicarbonate solution, which was acidified to 
yield 35.4% vanillic acid. The ether was dried and dis­
tilled. The oily residue, on distillation, yielded 11.0% 
of guaiacol boiling at 203-207°. The benzoate melted at 
57 ° and did not depress a mixed melting point with authen­
tic guaiacol benzoate. The original sulfited aqueous solu­
tion yielded 53.3 % of recovered vanillin.

Reaction of Vanillin with Mercuric Oxide in Anhydrous 
Solvent.—A mixture of 15.2 g. of vanillin, 21.6 g. of C. p . 
dry mercuric oxide, and 250 cc. of dry benzene was boiled 
under reflux with occasional shaking for seven hours. No 
reduction of the oxide took place and all the vanillin was 
recovered.

Reaction of 5-Acetoxymercurivanillin with Alkali.—A
mixture of 20 g. of 5-acetoxymercurivanillin and 400 cc. 
of N  potassium hydroxide solution was boiled for two 
hours. The clear solution was filtered from a trace of 
metallic mercury, cooled, and acidified with sulfur dioxide. 
The acidified solution was heated to boiling with continued 
sulfur dioxide introduction for ten minutes. The sulfur 
dioxide introduction was discontinued, and boiling was 
continued for ten minutes. The mercury which separated 
was filtered, and the cooled filtrate was extracted with 
ether. The ether solution, when dried and distilled, gave 
7 g. of vanillin melting at 78-79° and not depressing a 
mixed melting point with authentic vanillin.

In a similar experiment, the original filtered alkaline 
reaction mixture was acidified with dilute hydrochloric 
acid. The white flocculent precipitate was filtered, 
washed with water, dried, and recrystallized from methanol 
to yield white crystals of 5-chloromercurivanillin melting 
at 241°.

Anal. Calcd. for C8H70 3HgCl: Cl, 9.2; CH30 ,  8.1. 
Found: Cl, 9.2; CH30 ,  8.4.

Solution of the 5-chloromercurivanillin in dilute potas­
sium hydroxide and acidification with sulfur dioxide yielded 
vanillin.

Similar acidification of the 5-acetoxymercurivanillin- 
potassium hydroxide reaction mixture with dilute sulfuric 
acid yielded only a yellow brittle solid which contained 
8.3% methoxyl and which would not melt. All attempts 
to isolate 5-hydroxymercurivanillin failed.

Toxicity Studies.—The toxicity of 5-hydroxy­
mercurivanillin was determined for the repre­
sentative micro-organisms, A erobacter aero genes 
(non-sporeforming bacteria). Bacillus mycoides 
(sporeforming bacteria), and Aspergillus niger 
(molds), by the method of Appling and McCoy13 
and compared with commercial samples of Mer- 
fenel (phenylmercuric acetate), Lignasan (ethyl- 
mercuric phosphate), and Santobrite (sodium

(13) Appling and McCoy, Paper Trade J ., 119, No. 11, 116 (1944).
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pentachlorophenate). The results are given in 
Table I.

T a b le  I
I nhibiting  C oncentrations for  T h r ee  T est Organisms 

(In P er  C e n t , b y  W eigh t)

5-Hydroxymercuri-

A. aerogenes 
(increment 
0.0001%)

B. mycoides 
(increment 
0.0004%)

A. niger 
(increment 
0,0004%)

vanillin 0.0004 0.00Ö2 0.0010
Merfenel® .0001 .00001 .0001
Lignasan5 .0010 .00016 .0006
Santobrite® .0225 .0004 .0016

“ Technical phenylrnercuric acetate. b Contains 6.25 
ethylmercury phosph ate. c Technical sodium pentachloro -
phenate.

T able  II
T oxicity T oward L ak e  E merald Shiner 

(Notropis atherinoides)

5-Hydroxymercuri vanillin 
Merfenel®
Lignasan6
Santobritec

Critical concn., Survival period, 
p. p. m. min.

5-7 600 (7.5 p. p, m.)
0.02 15 (5.0 p. p. m.)
0 .8  128 (5.0 p. p. m.)
0 .4  16 (5.0 p. p. m.)

“ Technical phenylrnercuric acetate. b Contains 6.25 
ethylmercury phosphate. c Technical sodium pentachlo- 
rophenate.

Fish toxicity tests were run according to the 
method of Van Horn14 employing the lake emerald 
shiner (Notropis atherinoides) as the test fish. Van 
Horn has shown this fish to be one of the most 
sensitive for toxicity studies. The data are given 
in Table II.

Acknowledgment.—The author is indebted to 
the Analytical, Biology, and Microbiology De­
partments of The Institute of Paper Chemistry 
for the analyses and toxicity tests reported in 
this paper.

Summary
Reaction of vanillin with excess mercuric oxide 

and alkali in aqueous solution and acidification of 
the filtered reaction mixture with sulfur dioxide 
yields 60-70% vanillic acid. Similar reaction of 
vanillin with one or more moles of mercuric oxide 
and acidification with a non-reducing acid yields 5- 
hydroxymercurivanillin as the chief reaction prod­
uct. 5-Hydroxymercurivanillin has demonstrated 
remarkable toxicity toward representative micro­
organisms, but was found to be much less toxic to 
fish than other well-known comparable antisep­
tics. Its use as a mill disinfectant or slime con­
trol agent is indicated.

(14) Van Horn, Paper Trade J., 117, No. 24, 33 (1943). 
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Bromination of Zein
By W. W. B i n k l e y 1

Investigations of the chemical nature of zein 
have been largely indirect. Extensive studies 
have been made of the hydrolytic products of this 
corn protein.2 Few reagents are selective enough 
to reveal any part of the intimate structure of this 
molecule. Neuberger,3 using iodine and ammonia­
cal methanol, prepared an undegraded iodozein 
which indicated the combination of 0.064 g. atom 
of iodine with 100 g. of zein. The iodine was 
shown to be combined with the tyrosine residues 
in the protein. The halogenation of zein has been 
extended using chlorine and bromine.

The direct titration of zein with chlorine in 
acetic acid did not show the formation of a defi­
nite compound (Fig. 1). Bromine reacted with 
zein to form an undegraded or slightly degraded 
bromozein (Fig. 1). Iodine did not react with 
zein in the presence of acetic acid.

Dry ethyl ether and 0.25% aqueous sodium 
chloride were used as the precipitation media for 
the brominated zein. The product of the ether 
precipitation was acidic, reacted with sodium hy-

(1) Research Associate of The Ohio State University Research 
Foundation.

(2) E. J. Cohn and J. T. Edsall, “Proteins, Amino Acids and Pep­
tides,” Reinhold Publishing Corp., New York, N. Y., 1943, p. 358.

(3) A. Neuberger, Biochem. J., 28, 1892 (1934).

droxide, silver nitrate, and liberated iodine from 
potassium iodide; this compound was called bro­
mozein hydrobromide. The other product was 
neutral, and did not react with sodium hydroxide, 
silver nitrate or potassium iodide; it was named 
bromozein.

A total of 0.24 g. atom of bromine was re­
quired to brominate 100 g. of zein (Fig. 1). Bro­
mozein hydrobromide possessed 0.20 g. atom of 
this bromine (Table I ).4 Sodium hydroxide or sil­
ver nitrate reacted readily with 0.13 g. atom of 
the bromine in bromozein hydrobromide, while
0.07 g. atom of the bromine was firmly bound. 
The amino acids which occur in zein were titrated 
with bromine in acetic acid. Two of these amino 
acids reacted under these conditions, Viz., tyrosine 
and histidine (Table II). Folin and Ciocalteu5 
established the presence of 0.033 mole of tyrosine 
residues in 100 g. of zein. The bromination of 
these tyrosine residues would produce 0.066 g. 
atom of the alkali labile bromines and an equal 
number of the firmly bound bromines in bromo­
zein hydrobromide. Osborne and Liddle6 found

(4) Gram atoms of bromine are expressed per 100 g. of zein.
(5) O. Folin and V. Ciocalteu, J. Biol. Chem., 73, 627 (1927).
(6) T. B. Osborne and L. M. Liddle, Am. J. Physiol., 26, 295 

(1910).
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0.005 g. mole of histidine residues in 100 g. of 
zein. The bromine uniting with the histidine resi­
dues would account for all the firmly combined 
bromine in bromozein hydrobromide. An amount 
of 0.037 g. atom of the labile bromines of bromo­
zein hydrobromide liberated iodine from potas­
sium iodide.

T able  I
D istribution of the  E lements in  Zein , Bromozein and 

its H ydrobromide®

Zein,

Bromo­
zein 

hydro­
bromide, 
g. atoms

Bromo­
zein, 

g. atoms

Bromozein
from

bromozein 
hydro­

bromide, 
g. atoms

Elements

g. atoms
100 g.
zein

100 g.
zein

residue

100 g.
zein

residue

100 g.
zein

residue
Carbon 4,60 4.32 4.31

Nitrogen jf Total 
[ Amide

1.15
0.33

1.13
0.33

1.06
0.31

1.06

Bromine 0.20 0.07 0.07
° Calcd. as follows

% of element present _______ 1 V 100 =
100 — % Br present at. wt. of element

g. atoms element 
100 g. zein residue

T able  II

T itration of the A mino A cid R esidues which Occur in  
Zein  with Bromine in  A cetic A cid

Bromine 
combined with 

amino acid, 
g. atoms

Bromine 
consumed, 
g. atoms

Bromide ion 
formed, 
g. ions

Amino
acid®

Tyrosine
Histidine

mole of amino 
acid
4.1
2.3

mole of amino 
acid
2.1
1.2

mole of amino 
acid
2.0
1.1

a The other amino acids which occur in zein had no 
significant bromine titration.

Bromozein hydrobromide was converted readily 
into bromozein with silver nitrate or sodium hy­
droxide. A total of 0.07 g. atom of bromine was 
found in bromozein (Table I).

The solubility characteristics of the bromozein 
and its hydrobromide were similar to those of zein 
itself but, unlike the latter substance, they showed 
only a slight tendency toward gelation.

Experimental
Materials.—The zein was obtained from the Corn 

Products Refining Co., Argo, 111.
Anal. Moisture, 6.6; ash, 0.5; fat, 1.0; N, 14.70 

(16.00, cor. for moisture, ash and fa t); amide N, 4.58.
Titration of Zein with Chlorine, Bromine and Iodine. 

—Chlorine was passed into 1 liter of glacial acetic acid in 
an ambered-colored glass bottle surrounded by an ice- 
and-water-bath. After the addition of 4-5 g. of chlorine, 
25-ml. aliquots of the resulting solution were titrated 
with 0.1 N  sodium thiosulfate in the presence of an excess 
of potassium iodide using starch as the indicator. Four 
samples, each containing 5 g. of zein in 100 ml. of 90% 
acetic acid (10% water), were treated with 50, 100, 200, 
300 ml., respectively, of the standardized chlorine solution 
and allowed to stand one hour at room temperature in 
diffuse daylight. After the addition of an excess of 
potassium iodide, the solutions were titrated with 0.1 N  
sodium thiosulfate using starch as the indicator.

Fig. 1.—Titration of zein with chlorine, bromine and 
iodine in acetic acid: • ,  chlorine; O, bromine; A, iodine.

An amount of 10 g. of bromine was made up to 1 liter 
with glacial acetic acid and titrated with 0.1 N  sodium 
thiosulfate as previously indicated. Zein was allowed to 
react with bromine under the conditions already described 
for chlorine.

An amount of 15.9 g. of iodine was made up to 1 liter 
with glacial acetic acid and titrated with 0.1 N  sodium 
thiosulfate as previously indicated. Zein was treated 
with iodine under the conditions already described for 
chlorine. The analytical results are shown graphically 
in Fig. 1.

Titration of Amino Acids with Bromine.—An amount 
of 100 mg. of amino acid7 in 20 ml. of 90% acetic acid 
was allowed to react with 40 ml. of 0.125 N  bromine in 
glacial acetic acid for one hour at room temperature. 
The excess bromine was titrated with 0.1 N  sodium thio­
sulfate as previously indicated.

An amount of 100 mg. of amino acid was allowed to 
react with bromine as indicated above. The excess 
bromine in the reaction was reduced to bromide ion with 
0.1 N  sodium bisulfite. This solution was diluted with 
100 ml. of water and titrated with 0.1 N  silver nitrate 
using eosin as the indicator. Analytical data are col­
lected in Table II.

Preparation of Dibromotyrosine Hydrobromide.—An
amount of 100 mg. of tyrosine was allowed to react with 
bromine as described above. The solvents and excess 
bromine were removed under reduced pressure with a 
bath temperature of 50°. The crystalline residue was 
washed with cold dry ethyl ether; yield, 232 mg. These 
crystals were recrystallized from ethanol-ethyl ether 
solution; m. p. 213-215° (dec.). They were soluble in 
water, ethanol and acetic acid; they were not soluble in 
ethyl ether. They were acid to methyl red and reacted 
with aqueous silver nitrate.

Anal. Calcd. for CsHsOsNB^-HBr: total Br, 57.11; 
Br as HBr, 2.38 ml. of 0.1 N  A gN 03 per 100 mg. Found: 
total Br, 57.02; Br as HBr 2.40 ml. AgN03 per 100 
mg. These data are summarized in Table II.

Bromination of Histidine.—Histidine dihydrobromide 
(150 mg.) was allowed to react with bromine as indicated 
previously. The solvents and excess bromine were re­
moved almost completely under reduced pressure in the 
presence of carbon dioxide with a bath temperature of 30°.

(7) The amino acids were obtained from the Eastman Kodak Co. 
Rochester, N. Y,
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The residue was poured into 20 ml. of cold, dry ethyl ether 
with vigorous stirring. The pink precipitate which formed, 
was collected on a filter, washed with 20 ml. cold, dry ethyl 
ether and dried in the absence of air at 25°; yield, 150 
mg. The brominated histidine decomposed rapidly on ex­
posure to air. It was soluble in water, ethanol and acetic 
acid, insoluble in ethyl ether. It was acid to methyl red 
and reacted with aqueous silver nitrate.

Anal. Calcd. for C6H80 2N3Br*2HBr: total Br, 60.57; 
Br as HBr, 5.Ö5 ml. 0.1 N  A gN 03 per 100 mg. Found: 
total Br, 57.8; Br as HBr, 5.40 ml. 0.1 A  AgNOs per 
100 mg. These data are summarized in Table II.

Preparation of Bromozein Hydrobromide.—Ten grams 
of bromine in 500 ml- of glacial acetic acid was added 
slowly to a solution of 50 g. of zein in 450 ml. of 90% 
acetic acid. The reaction mixture was allowed to stand 
twenty-four hours at 25° in diffuse daylight and then 
poured slowly into 7 liters of dry ethyl ether with vigorous 
stirring. The white precipitate which formed, was col­
lected on a filter, washed with 3 to 4 liters of dry ethyl 
ether and dried forty-eight hours at 50°; yield, 55.00 g. 
This solid was soluble in 90% acetic acid and 70% ethanol. 
It reacted with sodium hydroxide and silver nitrate in 
ethanol and liberated iodine from potassium iodide in 
acetic acid. An accelerated gelation test of bromozein 
hydrobromide in 70% ethanol showed only a slight ten­
dency toward gel formation.

Anal. Moisture, 5.2; N, 12.90; amide N, 3.96; Br, 
13.10; three samples, each of 500 mg., required 5.25 ml. 
0.1 N  NaOH, 5.25 ml. 0.1 N  AgNOg, and 1.50 ml. 0.1 N  
Na2S203, respectively.

Preparation of Bromozein.—Zein was allowed to react 
with bromine as described in the preparation of bromozein 
hydrobromide. The reaction mixture was poured into 
20 liters of 0.25% aqueous sodium chloride with vigorous 
stirring. The bromozein coagulated readily and the 
supernatant liquid was removed with a siphon. The 
product was resuspended in 20 liters of distilled water and 
allowed to settle. This washing process was repeated 
twice. The bromozein was collected on a filter and dried 
forty-eight hours at 50° and two hours at 105°; yield, 
47.63 g. It was soluble in acetic acid and 70% ethanol 
but did not react with sodium hydroxide, silver nitrate, 
or potassium iodide. An accelerated gelation test of 
bromozein in 70% ethanol showed only a slight tendency 
toward gel formation.

Anal. N, 14.10; amide N, 4.06; Br, 5.34; C, 49.10.
The first supernatant liquid from the precipitation of 

bromozein was concentrated to 200 ml. and filtered. 
The addition of sodium hydroxide to this concentrate

produced ammonia before and after digestion with sulfuric 
acid.

Conversion of Bromozein Hydrobromide into Bromo­
zein.—An amount of 5 g. of bromozein hydrobromide 
was dissolved in 500 ml. of 0.05 N  sodium hydroxide. 
The addition of 100 ml. of 2.5 N  acetic acid to this solution 
resulted in the precipitation of a nearly white solid which 
was collected on a filter, dissolved in 10 ml. of glacial 
acetic acid, reprecipitated in dry ether, collected on a 
filter, washed free of acetic acid and dried forty-eight 
hours at 50° and two hours at 105°; yield, 4.3 g. It 
was soluble in acetic acid and 70% ethanol, but did not 
react with sodium hydroxide, silver nitrate, or potassium 
iodide.

Anal. N, 14.04; Br, 5.30: C, 49.02.
Control Experiment with Zein.—Five grams of zein 

was dissolved in 45 ml. of 90% acetic acid, allowed to 
stand twenty-four hours at 25° in diffuse daylight, and 
then poured into 2 liters of 0.25% aqueous sodium chloride 
with vigorous stirring. The zein was washed and dried 
as described in the preparation of bromozein: yield,
4.51 g.

Anal. N, 16.04.
The first supernatant liquid from the precipitation of 

zein was concentrated to 100 ml. and filtered. The addi­
tion of sodium hydroxide to this concentrate did not 
produce ammonia before or after digestion with sulfuric 
acid.

Acknowledgment.—This work was supported 
by the American Maize-Products Co., and the 
A. E. Staley Manufacturing Co, Acknowledg­
ment is made of the counsel of Mr. W. L. Mor­
gan.

Summary
1. A bromozein and its hydrobromide have 

been prepared.
2. Bromozein hydrobromide is acidic, reacts 

with silver nitrate and liberates iodine from potas­
sium iodide. Sodium hydroxide converts it to 
bromozein.

3. Bromozein is neutral and does not react 
with silver nitrate or potassium iodide.

4. Bromozein and its hydrobromide have only 
a slight tendency toward gel formation.
C o l u m b u s , O h io  R e c e iv e d  N o v e m b e r  8 , 1947

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , T h e  U n i v e r s it y  o f  T e x a s ]

The Preparation of Stable Ketimines from 2,2,6-Trimethylcyclohexanecarbonitrile
B y  H . L. L ochte , J oe H oreczy,1 P . L. P ickard2 a n d  A. D. B a r t o n3

In 1942 Horeczy isolated the very highly hin­
dered 2,2,6-trimethylcyclohexanecarboxylic acid 
from California petroleum.4 Shortly thereafter 
an attempt was made to synthesize the corre­
sponding ketone by reaction of phenylmagnesium 
bromide with the nitrile of this acid. The usual

(1) Present address: Humble Oil and Refining Co., Baytown, 
Texas.

(2) General Aniline Fellow 1944-1946. Present address: De­
partment of Chemistry, University of Oklahoma, Norman, Okla­
homa.

(3) Du Pont Fellow 1947-1948.
(4) Shive, Horeczy, W ash and Lochte, T h is  J o u r n a l , 64, 385 

(1942).

Grignard synthesis yielded a very stable ketimine 
instead of the ketone.5

Since this ketimine is not hydrolyzed even on 
prolonged heating with acids or bases either in 
aqueous or alcoholic solution, and since it possesses 
other interesting properties, the corresponding 
methyl ketimine was prepared.6 This ketimine is 
equally stable to hydrolysis, thus indicating that 
the abnormal stability is due mainly to the 2,2,6-

(5) The observation that reaction of the nitrile with phenylmag­
nesium bromide produced a basic compound instead of a ketone was 
first made by William Shive in this Laboratory.

(6) P. L. Pickard, Ph.D. Dissertation, University of Texas, 1947.
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trimethylcyclohexane group, rather than to the 
combination of the phenyl group and this group.7

I t was thought that the corresponding aldi- 
mine (2,2,6-trimethylcyclohexanecarboxaldiminè) 
might also be stable. Attempts to prepare this 
aldimine by partial hydrogenation of the nitrile 
have led only to complete reduction of the nitrile, 
the corresponding primary amine being the only 
product isolated.

I t seemed possible that the unusual stability of 
these ketimines might be due to the fact that they 
possess an ene-amine structure. Accordingly, a t­
tempts were made to determine whether these 
compounds are primary or secondary amines. 
When treated with nitrous acid, no nitrogen is 
liberated, and each ketimine yields a neutral liquid 
compound which contains two atoms of nitrogen 
per molecule. Although attempts to purify these 
compounds were unsuccessful, they appear to be 
nitroso derivatives. Treatment of either ketimine 
with chloroform, ethanol and sodium hydroxide 
solution does not produce an isonitrile odor; each 
ketimine gives a monobenzenesulfonamide deriva­
tive which is insoluble in 10% (or more dilute) 
sodium hydroxide solution. However, since these 
ketimines are unusually unreactive, and since the 
hydrochloride of the phenyl ketimine is extremely 
insoluble in water, the results of the amine tests 
given above did not appear to be entirely conclu­
sive. Therefore, attempts were made to prepare 
the corresponding primary amines by reduction of 
the ketimines.

On hydrogenation in the presence of Adams 
platinum catalyst, the phenyl ketimine takes up 
three moles of hydrogen but the reduction product 
gives the same amine reactions as the starting ma­
terial. Apparently, only the benzene ring is hy­
drogenated. The methyl ketimine does not take 
up hydrogen in the presence of Adams catalyst. 
In alcoholic solution, neither compound is reduced 
by 3% sodium amalgam. When treated with so­
dium in liquid ammonia containing 5% methanol, 
each ketimine yields a reduction product which re­
acts as follows: when treated with nitrous acid 
each reduction product liberates the calculated 
volume of nitrogen; when treated with chloro­
form, ethanol and sodium hydroxide solution each 
gives a characteristic isonitrile odor; but each 
gives a monobenzenesulfonamide derivative in­
soluble in sodium hydroxide solution.

On hydrogenation with Adams catalyst or on 
reduction with sodium in liquid ammonia contain­
ing methanol, the nitrile (2,2,6-trimethylcyclo- 
hexanecarbonitrile) gives the same reduction 
product; this reduction product gives the same 
primary amine reactions as the reduction products 
of the ketimines.

Since these two ketimines react like secondary 
amines in the isonitrile and nitrous acid tests be­
fore they are reduced and since they yield reduc-

(7) Quite recently, the preparation of a stable ketimine was re­
ported by Schultz, Robb and Sprague, T his J o u r n a l , 69, 2454 
(1947).

tion products which react like primary amines, it 
is probable that these compound do possess the 
ketimine structure which is abnormally stable due 
to steric hindrance.

Experimental
2,2,6-Trimethylcyclohexanecarbonitrile .—This nitrile 

was prepared from the corresponding acid via the acid 
chloride and the amide as described previously.4

Phenyl 2,2,6-Trimethylcyclohexyl Ketimine.—Phenyl- 
magnesium bromide was prepared by the addition of 20.4 
g. of bromobenzene to 3.15 g. of magnesium in anhydrous 
ether; 18.6 g. of 2,2,6-trimethylcyclohexanecarbonitrile 
dissolved in anhydrous ether was added and the mixture 
was refluxed for twelve hours. When the reaction mixture 
was poured into cold, dilute sulfuric acid, 22 g. of a solid 
sulfate salt of a base separated; 9 g. of unreacted nitrile 
was recovered from the ether layer. When the sulfate salt 
was treated with dilute sodium hydroxide solution a 
liquid was obtained which on fractionation yielded 13.2 
g. (90% based on nitrile not recovered) of a compound 
characterized by the following data: b. p. 310° (750
mm.); d2\  0.9842; n20d 1.5406; M Rd calcd. 72.87;
found 73.18.

Anal. Calcd. for C16H23N as a secondary amine: C, 
83.83; H, 10.12; N, 6.05; primary amino N , none; 
mol. wt., 229. Found: C, 83.47; H, 10.21; N, 6.11; 
primary amino N (Van Slyke), none; mol. wt. (in ace­
tone), 236.

The ketimine dissolved readily in concentrated hydro­
chloric acid; when the resulting solution was neutralized 
most of the ketimine separated in the form of a hydro­
chloride salt which was extremely insoluble in water. 
The ketimine was liberated very slowly from this salt 
even in the presence of a strongly alkaline solution.

One drop of the ketimine, 3 drops of chloroform and 5 
drops of ethanol were mixed and shaken continuously 
with 5 ml. of 10% sodium hydroxide solution and heated 
intermittently on a steam cone for five minutes. Even 
after the mixture had been allowed to stand for some time, 
no isonitrile odor was detected.

The benzenesulfonamide derivative was prepared by 
heating the ketimine with a slight excess of benzenesul­
fonyl chloride in pyridine solution on a steam cone for two 
hours. The mixture was then poured into a large volume 
of water and the material which separated was recrystal­
lized from 50% aqueous alcohol, yielding small colorless 
needles: m. p. 114.5-116°. All of the benzenesulfon­
amide derivatives described in this paper are insoluble in 
10% or more dilute sodium hydroxide solution.

Anal. Calcd. for C22H27NO2S: N, 3.79. Found: N, 
3.76.

The nitroso derivative was prepared by adding an aque­
ous sodium nitrite solution to a solution of the ketimine 
in ethanol containing hydrochloric acid. The solution 
was evaporated and the residue was extracted with ether. 
The ether extract was washed with dilute aqueous acetic 
acid and then with water. After the solution was dried 
with Drierite (anhydrous calcium sulfate) the ether was 
evaporated and the viscous residue was dried in vacuo over 
calcium chloride. Analysis indicated 8.27% nitrogen, 
whereas the value calculated for the pure nitroso deriva­
tive, Ci6H22N20 , is 10.64. Although attempts to prepare 
this nitroso derivative (as well as the nitroso derivative of 
the methyl ketimine) in pure form were unsuccessful, it is 
evident that the treatment with nitrous acid introduced 
a second nitrogen atom into the molecule, whereas the 
nitrogen atom already present should have been eliminated 
had the compound been an eneamine.

Methyl 2,2,6 -T rim e thylcy cloh exy 1 Ketimine.—Methyl­
magnesium iodide was prepared by the addition of 23.1 g. 
of methyl iodide to 3.96 g. of magnesium in anhydrous 
ether; 7.38 g. of 2,2,6-trimethylcyclohexanecarbonitrile 
in 100 ml. of anhydrous toluene was added, the ether was 
distilled off and the mixture was heated on a steam cone
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for twenty hours. The resulting solution was poured on 
a mixture of chipped ice and ammonium chloride and was 
then extracted with ether. The ether layer was extracted 
with hydrochloric acid and the acid layer was then made 
strongly basic with sodium hydroxide and extracted with 
ether. The ether extract was dried and evaporated, 
leaving a liquid residue which, when distilled, yielded 7.5 
g. (94%) of a compound with the following characteristics: 
b. o. 79-80° (4  m m .) : d™* 0,8957; n**D 1.4730; M R d 
calcd. 53.15, found 52.72.

Anal. Calcd. for ChH2iN as a secondary amine: N, 
8:37; primary amine N, none. Found: N, 8.60; pri­
mary amino N, none.

When tested, this ketimine produced no isonitrile odor.
The benzenesulfonamide derivative was prepared by 

shaking a few drops of the ketimine with a slight excess of 
benzenesulfonyl chloride in 10% aqueous sodium hy­
droxide solution. Since the product did not crystallize, 
it was extracted with ether and the ether extract was 
washed with dilute acid, then with dilute alkali and finally 
with water; after the solution was dried, the ether was 
evaporated and the liquid residue was dried in vacuo.

Anal. Calcd. for Ci7H25N 0 2S: N, 4.55. Found: N,
4 .27 .

The picrate of the ketimine was prepared in ethanol 
solution and recrystallized from aqueous ethanol: m. p.
143-144°„

Anal. Calcd. for C17H24N4O7: N, 14.06. Found:
N, 14.21.

The nitroso derivative was prepared by adding a solu­
tion of the ketimine hydrochloride to a solution of sodium 
nitrite. The red liquid which separated was extracted 
with ether and the ether solution was washed with dilute 
acid, then with dilute alkali and finally with water. After 
the solution was dried and treated with charcoal, the ether 
was evaporated and the yellow viscous residue was dried 
in vacuo. Analysis indicated 12.12% nitrogen; the value 
calculated for the pure nitroso derivative, CnH2oN20 , is 
14.26.

Attempted Hydrolysis of the Ketimines.—Each ketimine 
was refluxed for eight to ten hours with aqueous hydro­
chloric acid solution (37%) and with aqueous (33%) 
and alcoholic (10%) potassium hydroxide solutions 
without showing any evidence of hydrolysis.

Each ketimine was refluxed for eight hours with 50% 
aqueous potassium hydroxide solution containing 10% 
ethanol; each mixture was Jhen steam distilled and the 
distillate was tested for ammonia with Nessler reagent. 
In each case the distillate contained some unchanged 
ketimine but no trace of ammonia was detected.

A small sample of each ketimine was dissolved in con­
centrated sulfuric acid and heated on a steam cone for 
one hour. Each solution was then cooled and poured 
into a large volume of water. The resulting solutions 
were made strongly alkaline with 50% potassium hy­
droxide solution and then steam distilled. Each distillate 
contained some unreacted ketimine but showed no trace 
of ammonia present when tested with Nessler reagent. 
The nitrile (2,2,6-trimethylcyclohexanecarbonitrile) was 
converted quantitatively to the corresponding amide 
(2,2,6-trimethylcyclohexanecarboxamide) when heated 
with concentrated sulfuric acid on a steam cone for one 
hour, and poured into a large volume of water.

Reduction of Phenyl 2,2,6-Trimethylcyclohexyl Ket­
imine. (a) Hydrogenation with Adams Catalyst.— 
When 317.4 mg. (1.38 millimoles) of phenyl 2,2,6- 
trimethylcyclohexyl ketimine dissolved in 50 ml. of 
methanol containing 1 ml. of glacial acetic acid was shaken 
with 14 mg. of Adams platinum catalyst in an atmosphere 
of hydrogen at room temperature and pressure, 94.0 cc. 
(4.20 millimoles) of hydrogen were absorbed. The 
catalyst was filtered off and the filtrate was evaporated to 
one fifth of its original volume; 20 ml. of water was 
added, the mixture was made strongly alkaline with sodium 
hydroxide and then extracted with ether. One portion 
of the |ether solution was evaporated and the liquid 
residue was used for the isonitrile test and to prepare the

benzenesulfonamide derivative of the reduction product. 
The other portion of the ether solution was shaken with 
the calculated quantity of concentrated hydrochloric acid 
solution. The cyclohexyl 2,2,6-trimethylcyclohexyl ket­
imine hydrochloride, which separated as a white solid, 
was washed with ether and with water and was dried 
in vacuo. Analysis indicated no primary amino nitrogen 
present.

When tested, this catalytic reduction product pro­
duced no isonitrile odor.

The benzenesulfonamide derivative of the catalytic 
reduction product was prepared in pyridine solution. 
This derivative proved to be a liquid, and it was purified 
in the same manner as the benzenesulfonamide derivative 
of methyl 2,2,6-trimethylcyclohexyl ketimine.

Anal. Calcd. for C22H33NO2S: N, 3.73. Found: N, 
3.82.

The picrate of the catalytic reduction product was pre­
pared in ethanol solution and recrystallized from aqueous 
ethanol: m. p. 168-170°.

Anal. Calcd. for C22H32N4O7: N, 12.06. Found:
N, 12.15.

(b) Reduction with Sodium Amalgam.—A sample of 
phenyl 2,2,6-trimethylcyclohexyl ketimine in 95% ethanol 
was stirred for twelve hours with 3% sodium amalgam. 
The ketimine was recovered unchanged and there was no 
(evidence to indicate that any of the ketimine had been 
reduced.

(c) Reduction with Sodium and Methanol in Liquid 
Ammonia.—Reduction by means of sodium in liquid am­
monia containing methanol was carried out under the 
conditions described by Watt, Knowles and Morgan.8 
To 100 ml. of liquid ammonia containing 5 ml. of an­
hydrous methanol was added 1.0 ml. of phenyl 2,2,6- 
trimethylcyclohexyl ketimine. Over a period of an hour, 
approximately 1.5 g. of sodium was added in small pieces 
and the mixture was stirred continuously. The gummy 
ketimine slowly disappeared and a copious white precipi­
tate accumulated. The ammonia was allowed to evapo­
rate, water was added and the mixture was extracted with 
ether. The reduction product and its hydrochloride were 
obtained in the same manner as the catalytic reduction 
product of phenyl 2,2,6-trimethylcyclohexyl ketimine.

A nal. Calcd. for a-phenyl-2,2,6-trimethylcyclohexane- 
methylamine hydrochloride, Ci6H26NCl: primary amino 
N, 5.23. Found: primary amino N, 5.40, 5.14.

When tested, this reduction product gave a character­
istic isonitrile odor.

The benzenesulfonamide derivative was prepared in 
pyridine solution. The crude product was recrystallized 
three times from 95% ethanol, yielding small colorless 
needles: m. p. 193-195°. This sulfonamide, like the
others, was insoluble in dilute sodium hydroxide solution.

Anal. Calcd. for C22H29NO2S: N, 3.77. Found: N, 
3.94.

On hydrogenation in the presence of Adams catalyst, 
60.0 mg. (0.224 millimole) of the reduction product 
(hydrochloride) absorbed 15.7 cc. (0.70 millimole) of 
hydrogen, apparently indicating that the benzene ring 
was not attacked when the phenyl ketimine was treated 
with sodium in liquid ammonia containing methanol.

Reduction of Methyl 2,2,6-Trimethylcyclohexyl Ket­
imine. (a) Hydrogenation with Adams Catalyst.— 
When a small quantity of methyl 2,2,6-trimethylcyclo­
hexyl ketimine dissolved in methanol containing acetic 
acid was shaken with Adams catalyst in an atmosphere of 
hydrogen at room temperature and pressure, no hydrogen 
was absorbed.

(b) Reduction with Sodium Amalgam.—A small 
quantity of methyl 2,2,6-trimethylcyclohexyl ketimine was 
treated with 3% sodium amalgam in the manner described 
above. The ketimine was recovered unchanged and there 
was no evidence to indicate that any of the ketimine had 
been reduced.

(8) W att, Knowles and M organ, T h is  J o u r n a l , 69, 1657 (1947).
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(c) Reduction with Sodium and Methanol in Liquid 
Ammonia.—Methyl 2,2,6-trimethylcyclohexyl ketimine 
in liquid ammonia containing methanol was treated with 
sodium and the reduction product was isolated according 
to the procedure described above. The ether solution 
containing the reduction product was washed repeatedly 
with water, dried with Drierite and evaporated. The 
liquid residue was dried in vacuo over calcium chloride.

Anal. Calcd. for a -methyl-2,2,6-Uimethylcyclohex- 
anemethylamine, C11H23N: primary amino N, 8.27.
Found: primary amino N, 8.31, 7.99.

When tested, this reduction product gave a character­
istic isonitrile odor.

The benzenesulfonamide derivative of the reduction 
product was prepared in 10% sodium hydroxide solution. 
The solid material which separated was recrystallized 
twice from 50% aqueous ethanol to yield colorless needles: 
m. p. 121-122°.

Anal. Calcd. for C17H27N 0 2S: N, 4.53. Found: N, 
4.68.

Reduction of 2,2,6-Trimethylcyclohexanecarbonitrile. 
(a) Hydrogenation with Adams Catalyst.—2,2,6-Tri-
methylcyclohexanecarbonitrile was hydrogenated with 
Adams catalyst and the reduction product and its hydro­
chloride salt were isolated according to the procedure 
described above; 156.5 mg. (1.03 millimoles) of the nitrile 
absorbed 47.4 cc. (2.12 millimoles) of hydrogen.

Anal. Calcd. for 2,2,6-trimethylcyclohexanemethyl- 
amine hydrochloride, C10H22NCI: primary amino N, 7.31. 
Found: primary amino N, 7.42, 7.32.

When tested, this reduction product produced an iso­
nitrile odor.

The benzenesulfonamide derivative of the reduction 
product was prepared in sodium hydroxide solution. The 
product was recrystallized twice from 50% ethanol, to 
give colorless needles: m . p . 111-112 0.

Anal. Calcd. for Ci6H£6N 0 2S: N, 4.77. Found: N,
4.74.

Attempts were made to achieve partial hydrogenation 
of the nitrile by carrying out the hydrogenation in a small 
volume of methanol containing an excess of concentrated 
hydrochloric acid. In all cases, the only compounds 
isolated were the unreacted nitrile and the fully hydro­
genated primary amine described above.(b) Reduction with Sodium and Methanol in Liquid 
Ammonia.—2,2,6 - Trimethylcyclohexanecarbonitrile in 
liquid ammonia containing methanol was treated with 
sodium in the manner described above. The benzene­
sulfonamide derivative of the reduction product was pre­
pared in 10 % sodium hydroxide solution: m .p. and mixed 
m. p. with the benzenesulfonamide derivative of the 
catalytic reduction product of 2,2,6-trimethylcyclohexane- 
carbonitrile, 111-112°, indicating that the two methods 
give the same reduction product, 2,2,6-trimethyIcyclo~ 
hexanemethylamine.

Summary
1. Phenyl 2,2,6-trimethylcyclohexyl ketimine 

and methyl 2,2,6-trimethylcyclohexyl ketimine 
have been prepared by treating 2,2,6-trimethyl-
cyclohexanecarbonitrile with phenylmagnesium 
bromide, and methylmagnesium iodide, respec­
tively. These ketimines are not hydrolyzed even 
on prolonged heating in the presence of concen­
trated acid or alkali.

2. I t  appears that these compound possess the 
ketimine structure because, before reduction, they 
react like secondary amines to the isonitrile and 
nitrous acid tests and they yield reduction prod­
ucts which react like primary amines.

3. I t is concluded that the abnormal stability 
of these compounds is due to steric hindrance.
A u s t i n , T e x a s  R e c e iv e d  N o v e m b e r  17, 1947

[C o n t r i b u t io n  f r o m  t h e  C o b b  C h e m ic a l  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  o f  V i r g i n i a ]

Secondary and Tertiary Amino Ketones and Alcohols Derived from Desoxybenzoin 
* and 1,2-Diphenylethanol.1 Ring-Chain Tautomerism of the

a - (/3-Hydroxyethylamino) Ketones2
B y  R obert  E. L utz , Jam es A. F r e e k 311 a n d  R obert  S. M u r p h e y 313

This investigation was initiated in the fall of 
1942 in connection with the search for new types 
of antimalarials.2a The compounds obtained,4 
however, showed no significant activity against 
avian malaria. At the instigation of Dr. J. L. 
Hartwell they were then tested at the National

(1) Agents Causing Necrosis in Tumors. I. This is the first of 
a series of papers dealing with the search for compounds which may 
have significance in the chemical treatm ent of tumors.

(2) (a) The smaller part of the work described in this paper was 
done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Develop­
m ent and the U niversity of Virginia; (b) the larger part of this 
work was carried out under a Grant-in-Aid from the National Cancer 
Institute.

(3) (a) Present location, Departm ent of Pharmacology, Univer­
sity of Virginia M edical School, Charlottesville, Va.; (b) at present 
holder of a National Cancer Institute Junior Research Fellowship.

(4) These compounds, fourteen in number, which were tested  
against avian malaria, are listed in the Tables I and II, and are 
designated by SN  numbers which locate them  in the “Survey of Anti­
malarial Drugs, 1941-1945” (by F. Y. Wiselogle, published by J. W. 
Edwards, 1946).

Cancer Institute for activity against mammalian 
tumors, because of their relationship to the 
nuclear - substituted 1,2 - diphenylethylamines,5 
ArCH2CH(NH2)Ar, which had already been under 
investigation as tumor-necrotizing agents. Two 
of the new compounds when tested in mice gave 
evidence,6 at high dosage, of damage to sarcoma 
37; these two compounds were «-[N-ethyl-N-(/3- 
hydroxyethyl) -amino] -desoxybenzoin [supposed 
at the time to have the open-chain structure (I)],

C6H5COCHC6H5

I /C 2Hb
N <

N C H 2 CH 2 OH

H
I

c 6h 5c —
I

OH

H
I

- c c 6h 5

I /C H 2CH2x 
N< >CH2

n CH2Ch /
II

(5) Hartwell and Kornberg, T h is  J o u r n a l , 67, 1606 (1945).
(6) Unpublished work of Shear, Downing, MacCardle, Hartwell, 

et al., a t the N ational Cancer Institute.
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T a b l e  I

(S e c o n d a r y  a n d  T e r t i  a r y -a m in o ) - d e s o x y b e n z o in s  o f  t h e  T y p e  V a n d  VIII
S N 2
or

REL® N R 2 (base,
React.
tim e, Yield,

Crystal­
lized M. p.,<* Empirical

--------------A n a ly se s/» /-------------- —s
Carbon (or N) Hydrogen (or Cl ~)

no. salt or deriv.) Prep.& hr. % from® °C. formula Calcd. Found Calcd. Found
6429 N H (w-butyl) *HC1 la 2 51 A cet.-E tO H 184-186 CisHuNO-HCl 71 .16 70.90 7 .3 0 7 .17k
6649 N H («-octyl)*H C l la 4 67 A cet.-E tO H 180-182 C22H 23NO*HCl 73 .41 73.12 8 .4 0 8.28*
8415 N ll(^ -d odecy l) TIC1 le 8 55 A cet.-E tO H 153-156 C2gH 37X\ G’K Ci N , 3 .3 7 3 .4 9
6648 NHCHaCeHs-HCl lb 4 .5 64 A cet.-E tO H 219-222 CnHwNO-HCl N , 4 : i5 3 .9 4
6328 NHCILCIBCeHs-HCl lb 4 .5 72 A cet.-E tO H 230-232 • C22H 2iNO -H Cl N , 3 .9 8 4 .22

617“ N H C H 2CH2OH-HCl Id 3 20* t-PrOH-HoO" 188-189 Ci6HitN 0 2-HC1 65.86 65.83 6 .22 6 .3 0
639“ N H C H 2CH(OH) C H rH C l Id 10 6* Ethanol 173-174.5 Ci7Hi9N02-HCl 66 .77 66 .76 6 .59 6 .5 0

N H C 6H4(C2H 8)2(p) 60% EtOH 72- 74 C24H26N20 N , 7 .82 7 .67
612“ (hydrochloride) la 2 97 E tO H -H aO 208-209 C24H26N 20-HC1 7 2 .9 8 73.17 6 .89 7 .0 8

Piperidylloa Ethanol 8 2 - 83
3636 (hydrochloride) 20 EtO H -Ether 225-227h CudLiNO-HCl N , 4 .4 4 4 .29 Cl, 11.23 11.37
3634 N (C 2H5)CH2CH2OH Ethanol 9 6 - 97 Ci8H 2iN 0 2 76 .29 76 .60 7 .47 7 .2 5

(hydrochloride) 2 3 43 EtOH-ligr. 204-205 Ci8H2iN O rH C l 67 .59 67 .39 6 .93 6 .6 7 m
3101 N  (w-butyl) CH 2CH 2OH 2 2 .5 24 Ligroin 7 5 - 7 6 .5 C2oH 26N 02 N , 4 .5 0 4 .7 5 . . .

(hydrochloride) 159-161.5 C2oH25N 02-HC1 71 .15 71.02 7 .3 0 7.18**
643“ N (C H 2CH2OH)2 2 4 44 Ethanol 135-136 CisHnNOa 72.21 73.31 7 .0 7 7 . 14p
. . (hydrochloride) . . 190-191 CisHuNOs-HCl 7 1 .15 71.02 7 .3 0 7 .1 8

* The three-digit numbers are code numbers from this Laboratory. 6 Preparative methods A, B and C, are described
in the experimental part, together with notes dealing with variations in the procedures and manipulations involved. 
c Acet. =  acetone; i-PrOH — isopropanol; EtOH = 95% ethanol, or absolute ethanol where used with other solvents; 
ligr. =  ligroin. d All melting points are “corrected.” e Extra analyses: see footnotes k top. f N = analysis for nitro­
gen. Cl =  analysis for chloride ion by Mohr titration. 0 See experimental part. h Melts with decomposition. * With 
a little ether added. i In some cases where the yields listed are low, enough material was obtained in the preliminary 
experiments for testing, and no attempts were made in those cases to repeat the experiments because of the lack of time. 
k Calcd. for N, 4.61; Cl, 11.67. Found: N, 4.62; Cl, 11.88. 1 Calcd. for N, 3.89; Cl, 9.85. Found: N, 4.29; Cl, 
9.84. m Calcd- for N- 4 38* C-1 11.08. Found: N, 4.48; Cl, 11.18. n Calcd. for N, 4.03. Found: 4.11. 73 Calcd. for 
N, 4.68. Found: 5.11.

and the related 1,2-dipheny 1-2-N-piperidyleth- 
anol (II).

Because of these findings the synthetic work in 
this series was extended. The results are summa­
rized in Tables I and II where the various mono- 
and disubstituted-amino ketones and alcohols are 
listed.7 The discussion of new chemistry inciden­
tal to the preparation of these compounds follows. 
The pharmacological results will be reported else­
where.6

The Reaction between Benzoin and Primary 
Aliphatic Amines.—This condensation was used 
to prepare a series of seven monoalkylamino and 
the diethylamino anilino ketones (V).
CeHsCHCOCeHB

I
OH 

III

I t  was adapted from the Voigt reaction8 which up 
to this time had been applied only to aromatic am­
ines. One attempt had been made to use an ali­
phatic amine in this reaction,813 but it was unsuc­
cessful, perhaps because no catalyst was employed. 
In the present work phosphorus pentoxide or hy­
drochloric acid was used as the condensing agent

(7) Cf. also Lutz and M urphey, the 4,4'-dichloro series, a paper to 
be published shortly.

(8) (a) Voigt, J . prakt. Chem., [2] 34, 2 (1886); (b) cf. also
Cameron, N ixon and Basterfield, Trans. Roy. Soc. Can., 3, 25, Sect. 
3, 145 (1931); (c) Cowper and Stevens, J . Chem. Soc., 374 (1940);
cf. also (d) Strain, T h is  J o u r n a l , 51, 269 (1929); (e) Julian, M eyer, 
M agnani and Cole, ibid., 67, 1203 (1945).

f C 6H5CH—CC6H5"
! IIL OH NR  
IV

C6H5COCHC6H5
I

NHR
V

and the reaction appeared to be general and pro­
ceeded with good yields.

Two aliphatic N-monoalkylamino desoxyben- 
zoins have already been made in small yields by 
the palladium-catalyzed hydrogenation of benzil 
in the presence of cyclohexylamine and 3-amino- 
pentane.9 The first of these (V, R = cyclohexyl) 
has now been made in a second way by the Voigt 
reaction.

Some observations in the present work are per­
tinent to the mechanism proposed for the Voigt 
reaction, which involves first the formation of the 
Schiff base of benzoin (IV) followed by rearrange­
ment to the monoarylamino ketone.8c’d e The 
highly branched-chain amines, tris-(hydroxy­
methyl)-methylamine and 2-amino-l,3-dihydroxy- 
methyl-2-methylpropane, do not undergo the re­
action under the conditions applicable to ordinary 
primary amines, presumably because of steric in­
terference with addition at the carbonyl groups.

(CH3)2N—<̂  COCH

OH

VI

Furthermore 2 '-chloro-4-dimethylaminobenzoin 
does not undergo this reaction with n-butyl and 
77-octylamines under the usual conditions, pre­
sumably also because of lowered activity of the 
carbonyl group, lowered in this case chemically by 
the p-dimethylamino group.

The monoalkylamino ketones are unstable in 
the form of the free bases and only the hydro­
chlorides have been isolated. In many cases it 
was observed that the bases underwent facile

(9) Skita and K eil, Ber., 66, 858 (1933).
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T a b l e  II
2 -(Secondary  and  T ertiary-amino)-1 ,2-diphenylethanols o f  the  T y pe  IX

REL®
or

SN2 NR2

”0 . 0
b0

(U.Sa ts «j 213 Crystallized M. p., °C. Empirical
/----------------Analyses/------
Carbon (or N) Hydrogen (or Cl ”)

no. (base or deriv.) n< a fronri (cor.) formula Calcd. Found Calcd. Found
N H 21 5 ,1 6 ,1 7 ,1 8 2afc 10 92 EtOH 165-166 C14H15NO N, 6.57 6.54

677“ (hydrochloride) CH3OH 233-234 CuHuNO-HCl N, 5.61 5.41
NH26>16’17 2ak 6 92 EtOH 127-128 CuHibNO N, 6.57 6.49

673“ (hydrochloride) b CH3OH 209-211 Base*HCl*CH3OH N, 4.97 5.16
NH(w-butyl) la 7 26 EtOH 135-136.5 C18H23NO 80.25 80.18 8.61 8.62

6413 (hydrochloride)
2ah
la

8 44 EtOH 134-135
215-216

C18H23NO
CisHsisNO-HCl

N, 5.20 5.22
Cl, 11.60 11.76

(picrate) Dil.EtOH 154.5-155 Base*C6H3N307 57.82 57.96 5.46 5.60
NH(ra-butyl)b . 2a 18 83 90% EtOH 63- 64 C18H23NO 80.25 80.51 8.61 8.79n

633“ (hydrochloride) b 2a Acetone 181-182 Ci8H23NO-HCl N, 4.58 4.37
(picrate)b Dil.EtOH 176-177.5 Base* C6H3N3O7 57.82 57.33 5.46 5.47

NH(2-heptyl) 2b 3.5 59 EtOH 97- 99 C21H29NO N, 4.50 4.27
653“ (hydrochloride) 2b Lig.-But. 138-140 C2iH29NO*HCl 72.49 72.38 8.69 8.64**

NH(w-octyl) 2b 0.5 85 EtOH 120-121 C22H31NO 81.18 80.88 9.60 9.67*
654“ (hydrochloride) 2b But.-CHsOH 193-194 C22H3iNO*HCl N, 3.87 3.61

NH(w-dodecyl) la 11 56 Acetone 112-115 C26H39NO 81.84 81.52 10.30 10.33r

6426 (hydrochloride)
2bh
la

7.5 48 Acetone
Acet.-EtOH

112-114
145.5-148

C2eH3 .NO 
C26H37N 0*HC1

N ,3.67 3.71
Cl, 8.48 8.52

NH (cyclohexyl) 9 3 71 Benz.-EtOH 163-164 C2oH2sN O

681“ (hydrochloride)
2ah 1.5 76 EtOH

EtOH
163-164
239-240*

C20H2BNO
C20H26NO*HC1

N, 4.74 
72.38

4.69
72.42 7.90 8.16

NH (cyclohexyl) b 2a 2 62 Dil.EtOH 71- 73 C20H25NO N, 4.74 4.85
657“ (hydrochloride) b But.-CH3OH 251-252 C23H25NO-HC1 N, 4.22 4.50

6427 NHCH2C6Hó14 la* 24 38 Acet.-EtOH 154-155.5 C21H2iNO N, 4.62 4.38

(hydrochloride)
2bh 2 83 But.-EtOH 154-155

228-229
C21H21NO
C21H2xNO*HC1

N ,4.62 4.33
Cl, 10.43 10.60

(dibenzoate) EtOH 166-167.5 C35H29NO3 N, 2.74 2.78
NHCH2CH2C6H5 la 24* 41 Acet.-EtOH 154-155 O22H23NO N, 4.41 4.11

6653 (hydrochloride)
b* 10 69

EtOH
153-154
245-246

C22H23NO
C22H23NO-HC1

N, 4.41 4.54
Cl, 10.02 10.16

634“ NHCH2CH2OH 2b 2 48 Benzene 105-105.5 C16H19NO2 74.68 74.90 7.44 7.56
(hydrochloride) la 8 83 Acet.-Ether 237-238.5 Cir,Hi9N02*HCl N, 4.77 5.10

NHCH2CH2CH2N(C2H5)2 la 2 61 Ligroin 136-137 C21H30N2O 77.25 76.92 9.26 8.85s
271“ (dihydrochloride) 228-229 C2iH3oN20*2HCl N, 7.38 7.16

NHC6H4(C2H5)2(£) lb 3.5 99 70% EtOH 108-109.5 C24H28N2O N, 7.78 7.62
618“ (dihydrochloride) But.-CHsOH 202-202.5 C24H28N20*2HC1 66.50 66.21 6.98 7.05

N(Ethyl)2 2a 12 17 Dil.EtOH 71- 72 C18H23NO N, 5.20 5.22
661“ (hydrochloride) But.-CHsOH 218-219 Ci8H23NO*HCl N, 4.58 4.62

N(butyl)2 2c 11 22 Dil.EtOH 45- 46 C22H31N O N, 4.30 4.26
656“ (hydrochloride) But.-CHsOH 146-148 C22H3iNO*HCl N, 3.87 4.03

Piperidyl 1 6.5 26 EtOH 109-110 C19H23NO 81.10 81.15 8.24 8.26
2ah 12 84 EtOH 109-110 C19H23NO N. 4.98 5.17

6423 (hydrochloride) EtOH 259-260* Ci9H23NO*HCl 71.80 71.67 7.61 7.56
(benzoyl deriv.) EtOH 166.5-167 C26H27N02 81.00 80.74 7.06 7.19
(methiodide) h 2o 227-228.5 C2oH26INO 56.74 56.74 6.19 6.32

Piperidyl& 1 6.5 25 EtOH 101-102** CigH23N O 81.10 80.86 8.24 8.23
2a* 8 63 EtOH 101-102 C19H23NO N, 4.98 5.16

620“ (hydrochloride)b EtOH 202-203 Ci9H23NO*HCl N, 4.41 4.32
(benzoyl deriv.)b EtOH 143-144 C26H27N0 2 81.01 81.22 7.06 6.84

2-Methylpiperidyl 2a 12 79 EtOH 107-108 C20H25NO 81.31 81.41 8.53 8.24*
649“ (hydrochloride) But.-CH3OH 204-206 C2oH25NO*HCl N, 4.22 3.99

3-Methylpiperidyl 2 12 67 EtOH 91- 93 C2iH25NO N, 4.74 4.98
648“ (hydrochloride) But.-CHsOH 217-219 C2oH25NO*HC1 N, 4.22 4.12

4-Methylpiperidyl 2 4 84 EtOH 112-113.5 C20H25NO 81.31 81.24 8.53 8.41®
645“ (hydrochloride) But.-CHsOH 245-246 C2oH25NO*HCl N, 4.22 4.15

2-Hexylpiperidyl 2c 18 20 Dil.EtOH 47- 48 C25H35NO N, 3.83 4.08
658“ (hydrochloride) Acet.-ligr. 181-182 C28H35NO-HC1 N, 3.48 3.63

2,4-Dimethylpiperidyl 2c 4 47 Oil
646“ (hydrochloride) But.-CHsOH 274-249 C21H27NO*HCl 72.92 72.64 8.16 8.20°

Tetrahydroisoquinolyl 2c 1 43 EtOH 99-100 C23H23N O N, 4.25 4.02
655“ (hydrochloride) But.-CHsOH 223-225 C23H23NO*HCl 75.50 75.23 6.61 6.62**
635“ N (C2H5) CH2CH2OH EtOH 80- 81 C18H23N0 2 N ,4.91 4.81

(hydrochloride) 2a 12 47.5 But.-EtOH 183-184 C18H23N o2*h ci 67.17 66.91 7.52 7.64
6422 Morpholinyl-HCl lb EtOH 155-157 C18H21N o2*hci N, 4.38 4.24

® Three-digit numbers are code numbers from this laboratory. b These are the B-stereoisomers which are made from
cA-stilbene oxide and where the configuration is considered to be “threo.” c Referring to preparative methods 1 and 2 
which are described in the experimental part. d But. = butanone; Acet. =  acetone; Benz. = benzene. e We were 
unable to obtain a “benzoyl” derivative of the melting point reported.14 However, this dibenzoyl derivative melted at 
the point reported14 at one stage of the purification. f N = analysis for nitrogen. Cl = analysis for chloride ion by Mohr 
titration. 0 A mixture melting point with the A-isomer showed a significant depression. h The two samples made by the 
two different methods were identified by mixture melting points. * Time of heating, ten hours. * Melting point reported
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by Skita and Keil,9 264-265°. k See experimental part. 1 In vacuo. m Methanol of crystallization. Additional 
analyses: » Calcd. for N, 5.20; found, 5.16. * Calcd. for N, 4.03; found, 3.99. « Calcd. for N, 4.30; found, 4.24.
r Calcd. for N, 3.67; found, 3.69. 5 Calcd. for N, 8.58; found, 8.42. * Calcd. for N, 4.74; found, 4.85. u Calcd. for
N, 4.74; found, 4.78. * Calcd. for N, 4.05; found, 4.10. ** Calcd. for N, 3.83; found, 3.84.

hydrolysis and oxidation during preparation of 
the hydrochlorides with the resulting formation of 
the primary amine and benzil. This secondary re­
action often CaUSed C O H S l u t i a u i c  i U i s o  1 1 1  yield dur­
ing purifications. The interesting question as to 
whether this formation of benzil was due to initial 
oxidation of the amino ketone to the mono-Schiff 
base of benzil followed by hydrolysis, or to hy­
drolysis to benzoin followed by oxidation (or to 
both of these as competing reactions) has not been 
answered. I t  is noteworthy, however, that in one 
case the 7-diethylaminopropylamino ketone [V, 
R = NHCH2CH2CH2N(C2H5)2, obtained as an oil 
and not characterized, but successfully reduced 
nevertheless to the diamino alcohol] was hydro­
lyzed readily by moist ethereal hydrogen chloride 
to benzoin.

Condensation of Desyl Chloride with Second­
ary Amines.—Three new dialkylamino desoxy- 
benzoins (VIII) have been made by this method, 
and also a-piperidyldesoxybenzoin (VIII, NR2 = 
piperidyl) which had previously been made by the 
action of N-chloropiperidine on desoxybenzoin.10

NHR2
C6H5COCHC6H5 ------- ^  C6H6COCHC6H5

I I
Cl n r 2

VII VIII
The Preparation of /3-Mono and Dialkylamino 

Alcohols by Reductions.—Reductions of the 
mono- and dialkylaminodesoxybenzoins were 
accomplished by means of aluminum isopro- 
poxide. In all but one case moderate yields of 
only one of the two possible diastereoisomeric 
amino alcohols were obtained. Doubtless the 

CeHsCH—CHC6H5
I I

OH NR2 
IX

other diastereoisomers were also formed in many 
of these reductions but escaped detection because 
they were the minor and the more soluble forms.

The probabilities are that the amino alcohols 
obtained as the chief products from these reduc­
tions, are of the same type-configuration (arbi­
trarily designated as type-A) because in each of 
five cases, namely, the butyl, cyclohexyl, dodecyl, 
benzyl and phenylethylamino, these same com­
pounds were isolated as the sole products, re­
spectively, when trans stilbene oxide was con­
densed with the appropriate amines, and because 
in two cases studied, namely, the butyl and cyclo- 
hexylamino, the stereoisomeric lower-melting 
amino alcohols were obtained as the sole products, 
respectively, of the condensations with cis stilbene 
oxide.

(10) (a) Rabe, Ber., 45, 2169 (1912); (b) for the «-(N-mor-
pholinyl)-desoxybenzoin (SN  2594), see C. A ., 33, 6527 (1939) [Ger­
man Patent 671,786],

Although the platinum-catalyzed reduction of 
a-piperidyldesoxybenzoin hydrochloride gave 
chiefly the one stereoisomer-A and appears to be 
consistent stereochemically with the other reduc­
tions described above, the reduction of either the 
base or the hydrochloride by means of aluminum 
isopropoxide gave difficultly separable mixtures of 
the two diastereoisomers. This constitutes the 
only case in the 1,2-diphenyl series where the 13- 
type stereoisomer has actually been isolated as a 
reduction product, and the result is to be com­
pared with the reduction of the amino ketone 
C6H5COCH(CHs)NHCH8 to ephedrine where, 
however, only a relatively smaller amount of the 
stereoisomer is formed.11

The second and lower-melting stereoisomeric pi­
peridyl alcohol was subsequently obtained as the 
sole product of condensation of cis-stilbene oxide 
with piperidine.

The methylamino and cyclohexylamino alco­
hols, which are described in the literature, were 
made in a second way by platinum-catalyzed hy­
drogenation of a mixture of benzil and the primary 
amine.12 I t  has been suggested that this reaction 
proceeds through the monoalkimine (X). I t  is

C6H5COCC6H5
II
NR X

conceivable however that reduction of benzil to 
benzoin occurs first, and that this is followed by 
the formation of the benzoin-alkimine (IV) and/or 
the alkylamino ketone (the Voigt reaction) and 
reduction to the alkylamino alcohol. This alterna­
tive mechanism is suggested by the fact that the 
acyloin, C6H5CHOHCOCH3, undergoes reductive 
amination to ephedrine,13 and it has been tested as 
follows. The platinum-catalyzed hydrogenation 
of a mixture of benzil and cyclohexylamine (analo­
gously to Skita’s experiment12a) gave a cyclohexyl­
amino alcohol corresponding in properties and 
evidently identical with that obtained by Skita. 
The product was shown to be of the type~A con­
figuration by synthesis also from trans-stilbene 
oxide. Repetition of this hydrogenation experi­
ment using benzoin in place of benzil, however, 
produced only meso hydrobenzoin in nearly quan­
titative yield. Therefore benzoin and the Voigt 
reaction could not have been involved here.

The Preparation of /3-Mono and Dialkyl­
amino Alcohols by Condensation of the Stilbene 
Oxides with Primary and Secondary Amines.— 
Of the compounds listed in Table II, ten sec-

(11) Manske and Johnson, T h is  J o u r n a l , 51, 580 (1929).
(12) (a) Skita and K eil, Ber., 62, 1142 (1929); C. A ., 24, 1119 

(1930) [British Patent 313,617 (1928)]; the 4,4'-dim ethoxy-N - 
methyl analog was made also.

(13) Hildebrandt and Klavehn, C. A ., 26, 3623 (1932) [German 
Patent 548,459 (1930)]; C. A ., 28, 4072 (1934) [U. S. Patent 1,956,950 
(1934)].
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ondary-amino and eleven tertiary-amino alcohols 
(cf. IX) have been made by condensation of 
trans stilbene oxide (XI) with appropriate 
amines. Because five of these compounds were 
identical with the products of reduction of the sub- 
stituted-amino ketones, all of these compounds 
which clearly belong to the same stereochemical 
system are classified as type-A. The five stereo­
isomeric secondary- and tertiary-amino alcohols 
made similarly from cis-stilbene oxide (XII) have 
been designated configurationally as type-B.

It is noteworthy that trans-stilbene oxide was 
successfully condensed with three typical 2- 
substituted piperidines (the 2-methyl, 2-hexyl and
2,4-dimethyl), but that 2,4,6-trimethylpiperidine 
did not undergo this condensation, presumably be­
cause of excessive steric hindrance at the nitrogen.

Incidentally it should be mentioned at this 
point that the various condensations of /3-ethanol- 
amine with the stilbene oxides have been shown 
actually to involve the NH-group rather than the 
hydroxyl, as would be expected. The evidence is 
the fact that in one case the resulting /3-(/3-ethan- 
olamino) alcohol (IX, NR2 = NHCH2CH2OH) 
is obtainable in a second way by reduction of 
the a-(/3-ethanolamino) ketone (V, NHR =  
NHCH2CH2OH) the structure of which is certain 
from the mode of synthesis from benzoin by the 
Voigt condensation with ethanolamine.

All of the secondary amino alcohols listed in 
Table II are new except the two with indicated 
references. One of these, the benzylamino com­
pound, was first made by a complex reaction from 
benzaldehyde through the action of sodium nitrite, 
formic or acetic acid and zinc.14 The properties re­
ported for this compound, both the free base and 
the hydrochloride, agree with those of the samples 
we have prepared from trans-stilbene oxide. The 
configuration therefore appears to correspond to 
type-A.

For the purpose of comparative tests the two 
aminohydrins (known15) (IX, NR2 = NH2) were 
made in a new way by the ammonolysis of the 
trans and cis stilbene oxides. The higher-melting 
isomer (m. p. 165-166°) obtained from the trans 
oxide, is the one obtained by hydrolysis of the 
trans imine,16 and is the one obtained in the reduc­
tions of aminodesoxybenzoin,17 the benzilmonox- 
imes17 and benzoin oxime18; it evidently corre­
sponds in configuration to the type-A. The lower- 
melting isomer (m. p. 127-128°) obtained from the 
cis oxide, is the one obtained by hydrolysis of the 
cis imine16 and corresponds therefore to type-B. 
Thus the stereochemical picture here corresponds 
exactly to that described above for the mono and 
dialkylamino alcohols.

(14) Ogato and Hirano, J. Pharm. Soc. Japan, 50, 1141 (193(fi 
[C. A., 25, 1819 (1931)].

(15) McKenzie and Pirie, Ber., 69, 876 (1936).
(16) Weissberger and Bach, ibid., 65, 631 (1932).
(17) Polonowska, ibid., 21, 488 (1888); Erlenmeyer, ibid., 29, 295 

(1896).
(18) Söderbaum, ib id . ,  28, 2523 (1895); Erlenmeyer, ib id . ,  30, 1525 

U.897); Polonowska, ib id . ,  20, 493 (1887).

The Assignment of Relative and Specific 
Configurations to the Amino Alcohols.—The
condensations between primary, secondary 
amines and ammonia, and the cis and trans 
stilbene oxides (XI and X II) have proceeded 
consistently in each case in only one of the two 
possible stereochemical senses, and in this respect 
they are comparable with three types of stereo- 
chemically consistent reactions (a) the hydro­
chlorination of the stilbene oxides,19 (b) the 
formation of the stilbene oxides from the halohy- 
drins19 and aminohydrins,20 and (c) the hydrolysis 
of th e cis and trans imines.16 The normal or chief 
p oducts of reductions in which the two-asymmet­
ric-carbon system is generated correspond in so 
far as has been tested, to the compounds obtained 
from the trans oxide; and the two synthetic 
methods therefore serve as independent means of 
assignment of type-configurations. However, 
because in one isolated case in this investigation a 
reduction actually did give simultaneously both 
of the two possible stereoisomeric products, the 
synthesis from the stilbene oxides where no such 
exception has appeared, is clearly the more reliable 
and is the preferred basis for stereochemical classi­
fication. Those compounds obtained in reduc­
tions which have not been directly or indirectly 
related by synthesis to the stilbene oxides are to 
be regarded as probably of the type-A configura­
tion, and the assignment of configurations in these 
cases is tentative.

The specific configurations of these products 
have been assigned tentatively (a) on the assump­
tion that the oxide ring-opening is consistently 
trans as has been demonstrated in the hydrochlo­
rination and hydrolysis21 of maleic and fumaric 
acid oxides, and (b) on the basis of analogy to the 
consistent stereochemical mode of reductions, 
namely, the catalytic, sodium amalgam or alu­
minum isopropoxide reductions22 of benzoin which 
give chiefly the meso hydrobenzoin, and the re­
duction of benzil dioxime predominantly to meso

c 6h 5 H c 6h 6 c 6b ,
\ / \  /c——C c— c

/ \ / \ / \
H O CJIft H O H

XI J,R2NH x n  | r 2n h

H H OH H
I I I I

c 6h 5c — c c 6h 5 c 6h 5c — c c 6h 5

OH NR2 H NR2
Type A “erythro” Type-B “threct

XIII XIV
(19) (a) Reulos, Compt. rend., 216, 774 (1943); (b) Reulos and 

Collin, C. A., 40, 3743 (1946) [Compt. rend., 218, 795 (1944)].
(20) Reid and Campbell, J. Chem. Soc., 2377 (1930).
(21) (a) Kuhn and Zell, Ber., 59, 2514 (1926); (b) Kuhn and

Wagner-Jaureg g, ibid., 61, 504 (1928).
(22) (a) See experimental part; (b) Irvine and Weir, J. Chem. Soc.,

91, 1390 (1907); (c) Breuer and Zincke, Ann., 198, 141 (1879);
(d) Lund, Ber., 70, 1520 (1937); (e) Hayashi, C. A., 41, 6561 (1947) 
[SW. Papers Inst. Phys. Chem. Research (Tokyo), 39, 107 (1941)].



2020 R obert  E. L u tz , J ames A. F r e e k  and R o bert  S. M u r ph e y Vol. 70

stilbenediaxnine.22e Thus the type-A compounds 
are presumed to be “erythro” as formulated
(XIII) and the type-B compounds are tentatively 
formulated as ‘ ‘ threo ’ ’ (XIV).

Ring-Chain Tautomerism of the a-(/3-Hy- 
droxyethylamino)-desoxybenzoins.—One nega­
tive result in the earlier aluminum isopropoxide 
reductions of the various suostiLUceQ-arnino 
desoxybenzoins stood out as striking; the re­
ductions had proceeded effectively in all cases 
except one, namely, a-[N-ethyl-N-(/3-ethanol) - 
amino]-desoxybenzoin (I). This compound either 
as the base or as the hydrochloride was recovered 
unchanged after prolonged treatment, yet the 
corresponding ethylethanolamino alcohol (XV), 
could easily be made through condensation of 
/raws-stilbene oxide with ethylethanolamine.

C6H5CH----- CHC6H5
I I

OH I /CaHs
N\x CH2CH2OH 

XV (“erythro”)

It was of significance that this exceptional com­
pound was the only one of the group of compounds 
reduced up to that time, which carried a /3-hy- 
droxyethyl group on the nitrogen. The unex­
pected resistance to reduction by the carbonyl- 
specific reagent, aluminum isopropoxide, sug­
gested that the compound exists in the tautomeric 
ring form, XVIBa.

R R|

/ N\

|
/ N \

C6H5—CH CH2 CeH6—CH CH,

C6H5—CX CH2OH C6H5—Cv /C H 2
KJ 1 ^ 

HO
XVIA XVIB

(a) R =  C2H5
(b) R =  «-butyl
(c) R =  CH2CH2OH

The ability of compounds of this type to func­
tion in the tautomeric cyclic sense is already im­
plied in the conversion of one N-benzoyl com­
pound of this type into a dehydromorpholine (di­
hydro-1,4-oxazine)23 under the action of alcoholic 
hydrogen chloride. However, the present results 
indicate more than this, namely, that the cyclic 
hemiacetal form of these compounds actually can 
exist and in some cases is the stable tautomer. 
This phenomenon, of ring-chain tautomerism, if 
it has been correctly interpreted, might have been 
predicated from the probable influence of the ex­
amine nitrogen atom on the carbonyl group, an 
influence which should be to some extent analo­
gous to that exerted by the 5-hydroxyl group in 
the ketone sugars and related compounds where 
the cyclic structures are the stable ones.

(23) (a) Hill and Powell, T h is  J o u r n a l , 67, 1462 (1945); cf. 
also (b) Knorr, Ber., 32, 729 (1898); (c) Wolff and Marburg, Ann.,
363 169 (1908); (d) Coghill, T h is  Jo u r n a l , 59, 801 (1937).

In order to explore the /3-hydroxyethylamino 
ketones further in respect to reducibility by alu­
minum isopropoxide, three other compounds of 
the type were made. The /3-hydroxyethylamino 
compound itself (XVII) in which the nitrogen is 
secondary, was reduced, with normal ease, to the 
dihydroxy amine (XVIII), whereas the tertiary

CsHsCOCHCeHs C6H5CH—CHC6H5
I I I

NHCH2CH2OH o h  n h c h 2c h 2o h
XVII XVIII

N-butyl-N-(/8-hydroxyethyl)-amino and di-(/3-hy- 
droxyethyl)-amino compounds (XVIBb and c) 
failed to undergo reduction. I t is to be concluded 
from this that the latter two compounds which 
carry tertiary nitrogens are cyclic under these con­
ditions like the ethylethanolamino compound 
(XVIBa), but that the monoethanolamino com­
pound itself, which is secondary with respect to 
the nitrogen, either is open-chain (XVII) or in­
volves a relatively labile ring-chain tautomerism. 
I t thus seems that cyclization or stability of the 
cyclic tautomer is favored by N-substituents.

There are, of course, other though unlikely inter­
pretations of these failures of aluminum isopro­
poxide reductions; for example, some special or 
peculiar influence of the hydroxyl group located 0 
to the nitrogen and 8 to the carbonyl, through 
chelation, hydrogen-bonding or aluminum-com­
plex formation, perhaps through enolization. 
However, it should be stressed that many and 
various of the ordinary N-substituted secondary 
and tertiary desylamines (of the type V and VIII) 
have now been made and have been reduced suc­
cessfully by means of aluminum isopropoxide, and 
that a close analog which is not represented in 
Tables I and II, the N,N-diethyl, has been made 
in the 4,4'-dichlorodesoxybenzoin series and has 
proved to be readily reducible in this same way.7 
Furthermore the simple monoethanolamino ketone 
(XVII) is readily reducible by aluminum isopro­
poxide. In view of these facts, no influence other 
than ring-chain tautomerism is apparent which 
might account for the diminished reactivity of 
these compounds toward aluminum isopropoxide.

As a consequence of this phenomenon of ring- 
chain tautomerism it was anticipated that dehy­
dration of the ethanolamino ketones could be ac­
complished easily (cf. ref. 23) by heating these 
compounds above their melting points. /3-(Ethyl­
ethanolamino)-desoxybenzoin (XVIBa) at 160° 
with a trace of acid actually did give the dehy­
dromorpholine (dihydro-1,4-oxazine) (XIX) which 
was readily hydrolyzed by dilute aqueous acid to 
regenerate the original compound.

C2H5

—c /  N

c6h 5—c
X ) /
XIX

CH*
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Further work is in progress in respect to other 
kinds of evidence dealing with these phenomena,24 25 
and in exploration of the influence of various struc­
tural factors and substituents in this and other 
series on the tendency to cyclize and on the sta­
bility of the cyclic forms.

Products of the Mannich Reaction.—A few 
Mannich-reaction products were made for com­
parison with respect to possible tumor-necro­
tizing activity (see experimental part). One of 
these of particular interest is the piperidyl 
hydroxy ketone (XX) which was made from ben­
zoin.

OH
I

C 6H 5C— COCeHs
I

c h 2n c 5h 10
XX

There are analogies for this reaction in the Mannich 
reaction on tartronic acid26 and in the conden­
sation between formaldehyde and benzoin.26

Acknowledgment.-—The preparation of the 
piperidyl alcohol-A (II) was first carried out by 
Dr. M. T. Clark.

Experimental27
The Preparation of the Secondary-Amino Desoxy- 

benzoins (V) (Method 1).— (cf. Refs. 8). A mixture 
of 0.2 mole of benzoin, 0.22 mole of the appropriate amine 
and 2 g. of phosphorus pentoxide was heated on a water- 
bath for two to ten hours. The sirupy mixture was 
cooled, treated with water, stirred until crystallization 
of the base occurred, and filtered.

The hydrochlorides were prepared in one of the follow­
ing ways: by dissolving the moist filter-cake in (a) ether 
or (b) an ether-acetone mixture, and adding ethereal 
hydrogen chloride; or (c) by triturating the moist filter- 
cake with dilute hydrochloric acid until the yellow color 
associated with the free base disappeared, followed by 
filtering, washing with hot water and then with acetone, 
and recrystallizing.

(d) In two preparations 2 ml. of concentrated hydro­
chloric acid was used as the catalyst instead of phosphorus 
pentoxide. The hydrochloride was precipitated as a resin 
by means of ethereal hydrogen chloride, digested with 
water and crystallized. Significant amounts of benzil 
were recovered from the mother liquors.

(e) In one preparation using diethylaminopropyl- 
amine, the reaction mixture (heated for two hours) was 
dissolved in ether. After washing with 10% sodium 
hydroxide and then with water, and after drying over 
sodium sulfate, the amino ketone was obtained as a clear 
yellow oil which resisted attempts to obtain a crystalline 
form; it was reduced successfully without purification 
and was readily hydrolyzed to benzoin by moist ethereal 
hydrogen chloride.

Preparation of the Tertiary-Amino Ketones (VIII) from 
Desyl Chloride (VII) (Method 2).—A mixture of desyl 
chloride and three equivalents of the secondary amine was 
heated at 60-65°. The resulting brown sirupy product 
was dissolved in ether and the solution was washed with 
water and dried over sodium sulfate. The hydrochloride

(24) Lutz and Jordan, papers in preparation on the acetophenone 
analogs and nuclear-halogenated derivatives.

(25) Mannich and Bauroth, Ber. ,  55, 3504 (1922).
(26) (a) Langenbeck, C. A., 39, 278 (1945) [Oel. u. Kohle,  40, 206 

(1944)]; (b) Schauenstein and Stampfer, Ber.,  77, 19 (1944).
(27) (a) All melting points are “corrected”; (b) microanalyses 

were performed by Miss Geraldine Alley and Mrs. Joyce Blume 
Caliga.

was precipitated by addition of ethereal hydrogen chloride. 
In the case of the di-(/3-ethanol)-amino compound, the 
crude product was washed with water, digested with a 
small amount of cold ether and crystallized as the base.

a-Piperidyldesoxybenzoin, which had been obtained 
previously in low yield by Rabe,10 has now been made by 
allowing 0.5 mole of desyl chloride to react in ether 
solution with 1.5 moles of piperidine (twenty-four hours 
at room temperature). The precipitated piperidine 
hydrochloride was filtered and th e«ether evaporated. 
The crude yellow product was not pure after repeated 
crystallizations and though nearly colorless it gave low 
yields of the amino alcohol upon reduction. Purification 
was effected by washing several times with water, dis­
solving in 2 1. of 0.5 N  hydrochloric acid, filtering from 
an orange-colored residue, extracting by a small amount 
of benzene, and neutralizing carefully with ammonium 
hydroxide. It crystallized as white fibrous needles of 
m. p. 82-83° (Rabe,10 82°).

Preparation of Amino Alcohols (IX) by Reduction of 
the Amino Ketones (Method 1).—■A solution of the amino 
ketone hydrochloride and four equivalents of 3 N  alu­
minum isopropoxide in an excess of isopropanol was re­
fluxed until the test for acetone in the distillate became 
negligible. The excess solvent was distilled under re­
duced pressure and the residue was treated with an excess 
of 30% sodium hydroxide, and then with water. The 
precipitated, crude amino alcohol was filtered, washed, 
dried and recrystallized. (a) In one case the oily di- 
ethylaminopropylamino alcohol was taken up in ether, 
dried over sodium sulfate and precipitated as the dihydro­
chloride by ethereal hydrogen chloride; the base was then 
liberated by means of ammonium hydroxide and was re­
crystallized. (b) In another case, the oily morpholinyl 
derivative was precipitated as the hydrochloride from 
benzene by means of ethereal hydrogen chloride.

The 1,2-Diphenyl-2-piperidylethanols-A and B. (II) 
Reduction of ol -Piperidyldesoxyb enzoin.—A solution of 
67 g. (0.24 mole) of purified a-piperidyldesoxybenzoin 
in 400 ml. of 1.8 N  aluminum isopropoxide was refluxed 
for 6.5 hours and evaporated to a volume of about 100 
ml. under reduced pressure. The viscous residue was 
hydrolyzed by shaking for one hour with 240 ml. of 4 N  
sodium hydroxide. Extraction with ether, washing, 
drying over sodium sulfate, and evaporation of the ether, 
gave a solid which was digested with cold ethanol; yield 
59 g.; m. p. 79-81°. Crystallizations from ethanol 
raised the melting point of this mixture only slightly. 
It was dissolved in acetone and converted into the hydro­
chlorides by addition of ethereal hydrogen chloride. 
Crystallization of this mixture (51 g.) from 95% ethanol 
gave 20 g. (30%) of pure isomer-A hydrochloride; m .p . 
260° (in vacuo); it was shown by mixture melting point 
to be identical with the compound obtained from trans 
stilbene oxide. The mother liquor upon evaporating to 
crystallization gave 19 g. of solid isomer-B hydrochloride 
(m. p. 202-203°) which was converted into the base by 
means of ammonium hydroxide. This base was recrystal­
lized from ethanol; 18 g. (27%); m. p. 101-102°. It 
was identified by mixture melting point as the same isomer 
(B) that was obtained from cis-stilbene oxide.

Isomer-A (“ erythro” ) methiodide was prepared by the 
action of methanolic methyl iodide at room temperature 
(twelve hours).

Isomer-A ( “erythro”) benzoate was prepared by shak­
ing together 2 g. of the amino alcohol, 2.9 g. of benzoyl 
chloride and 10 ml. of 20% sodium hydroxide. The vis­
cous oil which separated soon solidified as the temperature 
rose to 60°. Recrystallization twice from ethanol gave 
0.8 g. of m. p. 166.5-167°.

Isomer-B (“threo”) benzoate was made by heating a 
mixture of the isomer-B (base) with a slight excess of 
benzoyl chloride (65°) for two minutes, adding dilute 
sodium carbonate, filtering and crystallizing from ethanol; 
m .p. 143-144°.

Catalytic hydrogenation of the amino ketone hydro­
chloride in 95% ethanol with platinum oxide catalyst 
was stopped after one molecule had been absorbed. The
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products included some unchanged amino ketone, a 30% 
yield of the amino alcohol, isomer-A, and a large amount 
of non-basic by-products which were not further in­
vestigated.

In a 100:22 by volume mixture of 95% ethanol and 
coned, hydrochloric acid, reduction did not occur.

The dibenzoyl derivative of 1,2-diphenyl-2,N-benzyl - 
aminoethanol was made from the base by the action of 
pyridine and benzoyl chloride for fifteen minutes at 80-90°.

Preparation of the Amino Alcohols from cis and trans 
Stilbene Oxides (Method 2).—A mixture of cis28& or 
trans28h stilbene oxide (XII-X I) and an excess (20% or 
more) of the appropriate primary or secondary amine, 
was refluxed for one to eight hours, or, if the boiling point 
of the amine was above 150°, the reaction temperature 
was maintained at this point to avoid the decomposition 
which resulted at higher temperatures. The product 
was purified in one of the following ways:

(a) If the amine used was water soluble the reaction 
mixture was taken up in alcohol-free ether. The ether 
solution was washed with water, dried over sodium sulfate, 
and treated with ethereal hydrogen chloride to obtain 
the salt.

■(b)' If the product crystallized from the reaction mix­
ture upon cooling it was filtered and recrystallized. The 
hydrochloride could then be obtained in the usual way.

(c) If the amine was water insoluble and the product 
did not crystallize directly on cooling, the mixture was 
taken up in ether and the unreacted amine was ex­
tracted with 1 N  hydrochloric acid in which the reaction 
product was relatively insoluble. The ether solution con­
taining the suspended water-insoluble salt of the reaction 
product was shaken with 10% sodium carbonate and was 
dried over sodium sulfate, and the salt was regenerated by 
addition of ethereal hydrogen chloride.

Reductive animation of benzil with cyclohexylamine 
(Method 3) was carried out using a mixture of 0.1 g. of 
platinum oxide (pre-reduced in the solvent), 75 ml. of 
absolute ethanol, 11 g. (0.1 mole) of cyclohexylamine and 
10 g. (0.052 mole) of benzil. These conditions approxi­
mated those employed by Manske and Johnson in the syn­
thesis of ephedrine.11 Hydrogenation at atmospheric 
pressure was complete in nine hours.

A similar reduction using benzoin instead of benzil gave 
only meso hydrobenzoin, and this in nearly quantitative 
yield.

Platinum-catalyzed hydrogenation of benzil in the 
presence of piperidine under the above conditions gave 
only meso hydrobenzoin.

Preparation of the l,2-Diphenyl-2-aminoethanols15 from 
the Stilbene Oxides.—A mixture of 15 g. (0.0765 mole) 
of trans-stilbene oxide (XI), 25 ml. of dioxane and 35 ml. 
of concentrated ammonium hydroxide was heated in a 
sealed tube at 120° for ten hours. On cooling, a white 
solid (isomer-A) separated; 15 g. (92%); m. p. 160- 
163°. The hydrochloride was obtained by dissolving 
the pure base in methanol and adding concentrated hydro­
chloric acid until acid to congo.

The preparation of the diastereoisomer (B) from cis- 
stilbene oxide (XII) was carried out similarly.

Attempts to reduce the N-substituted tertiary ethanol- 
amino ketones (XVIa, b, c), carried out as follows, gave 
in each case only unchanged material which was recovered 
in good yield and identified. A mixture of the amino 
ketone (base) (and the hydrochloride also in the case of 
XVIa) in 0.7-0.8 IV aluminum isopropoxide was heated at 
refluxing for seven to eight hours, and was worked up in 
the usual way as described above.

2,3-Diphenyl-5,6-dihydro-4-ethyl-l,4-oxazine (XIX).— 
Two grams of the amino ketone (XVIa) was heated at 
120° for fifteen minutes. One drop of concentrated 
hydrochloric acid was added, and the yellow salt became 
orange-colored. The temperature was brought to 160° 
for five minutes. The product crystallized on cooling

(28) (a) Prepared according to Taylor and Crawford [ƒ. Chem. 
Soc., 1130 (1934)]; (b) prepared according to Tiffeneau and Levy
[Bull. soc. chim., 39, 763 (1926)].

and was recrystallized from ethanol; yield 1.2 g.; m. p. 
88-89°. After recrystallization it melted at  ̂89-90 °; 
a mixture with starting material melted at 75-84°.

Anal. Calcd. for Ci8H19NO: C, 81.47; H, 7.22; N,
5.28. Found: C, 81.42; H, 7.22; N, 5.33.

The hydrochloride was not obtained in crystalline form. 
When heated with dilute hydrochloric acid the amino 
ketone was regenerated.

1,2 -Diphenyl-3 -N -morpholinylpropanone Hydrobro­
mide,28 29 CRH5COCH(C6H5)CH2NC4H80 .— A mixture of 30 
g. (0.153 mole) of desoxybenzoin, 27 g. of morpholine 
hydrobromide and 9 g. of paraformaldehyde in 30 ml. of 
absolute ethanol was refluxed for seven hours: The amino 
ketone hydrobromide precipitated on cooling and was 
crystallized from absolute ethanol; 16 g. (28%); m. p. 
182-183°.

Anal. Calcd. for C19H21N 0 2-HBr: N, 3.72. Found: 
N, 3.69.

The hydrochloride (SN 2589) was made similarly, 
starting with morpholine hydrochloride, and was crystal­
lized from absolute ethanol; yield 43%; m. p. 176- 
178°.

Anal. Calcd. for C19H21N 0 2*HC1: N, 4.22. Found: 
N, 4.02.

1,2-Diphenyl-2-hydroxy-3-N-piperidylpropanone (XX) 
(REL 644).—A solution of 21.2 g. (0.1 mole) of benzoin, 
11 g. (0.13 mole) of piperidine, 11 g. (0.13 mole) of 35% 
formaldehyde in 75 ml. of ethanol was refluxed for seventy 
hours. (After two hours of heating an additional 5 g. 
of formaldehyde solution was added.) Cooling, filtering 
the precipitate and crystallization from ethanol gave 16.8 
g. (55%); m. p .  68-69°. Recrystallizations did not raise 
the melting point.

Anal. Calcd. for C20H23NO2: C, 77.64; H, 7.49; N,
4.53. Found: C, 77.37; H, 7.43; N, 4.50.

The hydrochloride was precipitated from acetone by 
ethereal hydrogen chloride (slow crystallization); m. p. 
178-180 ° (in vacuo) .

Anal. Calcd. for C2oH23N 02-HC1: C, 69.45; H, 6.99; 
N, 4.05. Found: C, 69.35; H, 6.84; N, 4.14.

Summary
Seven aliphatic «-secondary amino and the p- 

diethylaminoanilino desoxybenzoins have been 
made through the Voigt reaction by acid catalyzed 
condensation of benzoin with the appropriate pri­
mary amines. Three tertiary a- (/3-hydroxyethyl- 
amino)-desoxybenzoins were made by condensing 
desyl chloride with the appropriate secondary am­
ines.

Reductions of each of eight secondary and ter- 
tiary-aminodesoxybenzoins by means of aluminum 
isopropoxide gave one type (type-A) of amino al­
cohol except «-piperidyldesoxybenzoin which 
gave both of the two possible diastereoisomeric 
amino alcohols.

Six of the type-A amino alcohols including the 
parent aminohydrin itself, and also the compound 
obtained by reductive animation of benzil with 
cyclohexylamine, were obtained by condensa­
tion of trans stilbene oxide with the appropriate 
amines and ammonia, and four type-B stereoiso­
mers, including the second isomer obtained in the 
reduction of a-piperidyldesoxybenzoin, were made 
similarly from cis stilbene oxide. The stereo­
chemical mode of these reactions appears to be 
consistent.

(29) Cf. piperidyl analog, M annich and Lammering, Ber., 55, 3510
(1922).
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The configurations of the amino alcohols have 
tentatively been assigned on the basis of the syn­
thetic relation to the cis and trans stilbene oxides, 
assuming consistent trans reactions.

Because of the failure of a- (N-ethyl-N-ethanol- 
amino) -desoxybenzoin and two related tertiary- 
nitrogen analogs to undergo reduction by alu­
minum isopropoxide, a cyclic structure for this 
type is suggested. Dehydration of one of these

compounds was brought about by heating at 160°, 
and the reverse reaction was accomplished by 
the action of acid.

a- (Ethanolamino)-desoxybenzoin, in which the 
nitrogen is secondary, is reduced by aluminum 
isopropoxide and appears to be normal in its 
properties.
C h a r l o t t e s v il l e , V i r g i n i a

R e c e iv e d  D e c e m b e r  15, 1947

[C o n t r ib u t io n  f r o m  t h e  P u r d u e  R e s e a r c h  F o u n d a t io n  a n d  D e p a r t m e n t  o f  C h e m i s t r y , P u r d u e  U n i v e r s i t y ]

Some Fluorinated Derivatives of Propane1
B y  E. T. M cB e e , A nthony  T ruc h a n  a n d  R. O. B olt2

This paper is-one of a series3 describing the syn­
thesis of derivatives of fiuoroalkanes; it offers an 
improved synthesis of CF3CH 2CF3 and describes 
new chlorofluoropropanes.

Hexachloropropene was subjected to the se­
quence

SbFs HF/SbCls
CC13CC1=CC12 ------ ^  CF3CC1==CC124 ------------- >■

Zn/C 2H5OH HF
CF3CHC1CC1F2 --------------- CF3C H =C F 2 ---------- ^

CF3CH2CF35

No addition of hydrogen fluoride across the double 
bond or halide replacement occurred when CF3- 
CC1=CC12 was heated with anhydrous hydrogen 
fluoride at 240° in a pressure vessel, but in the 
presence of antimony (V) halides reaction did 
occur. Rectification of the product showed that 
CF3CC1=CC12, CF3 CHC1CC12F, CF3 CHC1CC1F2, 
CF3CHCICF3 , CF3 CC12 CC12F and CF3 CC12 CC1F2  

were present in the mixture. Two independent 
reactions may be viewed as taking place, (a) addi­
tion of hydrogen fluoride to the double bond fol­
lowed by halogen exchange and (b) addition of 
chlorine (from antimony (V) chlorofluorides) to 
the double bond followed by halogen exchange. 
CF3CHC1CC12F was formed but it could not be 
rectified from unreacted CF3CC1=CC12 because 
the difference in boiling points is only one degree. 
For physical constants, CF3CHC1CC12F was in­
dependently prepared by fluorination of CF3- 
CHClCCb, obtained by addition of chlorine to 
CF3CH=CC12. The structure of CF3 CHC1- 
CC1F2 was established by dechlorination to CF3-

(1) Presented before the Symposium on Fluorine Chemistry as 
paper 24, Division of Industrial and Engineering Chemistry, 112th 
Meeting of the American Chemical Society, New York, New York. 
Taken in part from a doctoral thesis to be submitted by Anthony 
Truchan to the faculty of Purdue University in partial fulfillment of 
requirements for the degree of doctor of philosophy.

(2) Present address: California Research Corporation, a subsidi­
ary of Standard Oil of California, Richmond, California.

(3) E. T. McBee and co-workers, T h is  J o u r n a l , 62, 3340—3341 
(1940); 69, 944-947 (1947); Ind. Eng. Chem., 39, 409, 418, 420 
(1947).

(4) A. L. Henne, A. M. Whaley and J. K. Stevenson, This Jour­
n a l , 63, 3478-3479 (1941).

(5) Ar L, Henne and T. P, Waalkes, ibid., 68 , 496-497 (1946),

C H =CF 2 , 4 and dehydrochlorination to CF3-
qC1=CF2 3

The ratio of CF3 CHC1CC1F2 to CF3 CHC1CF3  

was controlled by varying the amount of hydrogen 
fluoride used. The use of a 100% excess of hydro­
gen fluoride gave high yields of CF3 CHCICF3 with 
a corresponding decrease in the yield of CF3- 
CHC1CC1F2. The amount of CF3CC12 CC12F and 
CF3 CC12 CC1F2 varied with the amount of anti­
mony (V) chloride used. Further fluorination of 
CF3 CHCICF3 with anhydrous hydrogen fluoride 
and antimony (V) chloride did not take place even 
at temperatures of 260°. The starting material 
was recovered.

Bromine was added to CF3C H =C F 2 under pres­
sure at 140° to give CF3 CHBrCBrF2. Hydrogen 
bromide was eliminated readily from the latter 
compound to give CF3 CBr=CF2.

Experimental
Starting Materials and Apparatus.—The CF3CC1=CC12 

used in this work was prepared by the method of Henne 
and co-workers4 from hexachloropropene (Hooker Electro­
chemical Company). J. T. Baker, C. p. antimony(V) 
chloride and anhydrous hydrogen fluoride (prime com­
mercial grade from Harshaw) were used for the fluorina- 
tions.

Fluorination of CF3CC1=CC12.—A 2-liter, nickel-lined 
autoclave was assembled, evacuated and then chilled 
to 0°. CF3CC1=CC12 (3.25 moles), antimony(V) 
chloride (0.3 mole) and hydrogen fluoride (18.4 moles) 
were sucked into the autoclave in the order mentioned 
through the needle valve. The charged autoclave was 
heated in a stationary, vertical position for one hundred 
hours at 250 ± 5 ° .  After cooling to 150°, the contents 
were released through the needle valve into a recovery 
train consisting of a gallon bottle three-fourths full of 
water, drying tower and, finally, a receiver cooled with 
solid carbon dioxide. No alkali was used in the water 
scrubber because CF3CHC1CC1F2 is easily dehydro- 
chlorinated to CF3CC1=CF2. The organic product 
was steam distilled, dried and rectified in a suitable 
column. The products from three similar runs were 
combined for rectification. Purification of the com­
pounds for chemical analysis and determination of physical 
properties was accomplished by washing with water, 
drying and re-rectifying. The recovery of CF3CC1=CC12 
plus an unknown amount of CF3CHC1CC12F was 21%. 
The conversions to CF3CHC1CF3, CF3CHC1CC1F2, CF3- 
CC12CC1F2 and CF3CC12CC1?F were 16%, 50%, 2% and 
2%, respectively.
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T able  I

N ew  C ompounds

Compounds B. p., °C. t, °C. dH w24r> Fluorine, % 
Calcd. Found

Chlorine, % 
Calcd. Found

Mol. wt. 
Calcd. Found

CF3CH CICCI3 125.1 24 1.6757 1.4180 24.1 24.8 60.2 60.3 .  .  .

C F a C H C lC C l.F 87,0-87.3 23 1.6174 1.3699 34.6 35.4 48.5 48.8 . . .

CF3CH CICCIF2 50.4 22 1.5564 1.3208 46.7 47.7 34.9 35.4 203 199
C F :;C H C !C P i 14 5 15 0 A 1.5415 . . . . 61.1 61.4 19.1 2 0 .6 186 183

In another experiment, a 2-liter, monel lined autoclave 
was charged with CF3CC1—CCI2 (3.3 moles) and anhy­
drous hydrogen fluoride (12 moles) and heated at 240° 
for sixty-seven hours. A pressure of 1225 lb./sq. in. 
was observed. The product was isolated in the usual 
manner and rectified. Five-hundred and sixty-six grams 
of the starting material, CF3CC1=CC12, was recovered, 
indicating that substantially no fluorination had occurred.

Synthesis of CF3CH—CF2 and CF3CH2CF3.—A 5- 
liter, 3-necked flask was fitted with a dropping funnel, 
a mercury sealed stirrer and a reflux condenser through 
which ice water was circulated. A receiver cooled by 
solid carbon dioxide was connected in series with the 
condenser. The flask was charged with zinc dust (7 
moles) and absolute ethanol (1500 m l.). This mixture 
was heated to the temperature of refluxing alcohol and 
CF3CHC1CC1F2 (5.8 moles) was added dropwise to the 
zinc-alcohol suspension over a period of six hours. Upon 
rectification of the product, 655 g. CF3CH=CF2 (5.0 
moles) and 122 g. CF3CHC1CC1F2 (0.6 mole) were ob­
tained representing a conversion of 86% and a yield of 
96%. CF3CH =CF2 was converted to CF3CH2CF3 by 
addition of hydrogen fluoride.5

Synthesis of CF3CHC1CC13.—A Carius tube was charged 
with CF3CH—CC12 (0.4 mole), liquid chlorine (0.75 mole) 
and antimony(V) chloride (0.04 mole) and the mixture 
heated at 140° for twenty-four hours. The product was 
washed with aqueous alkali, dried and purified by recti­
fication. Fifty grams of CF3CHCICCI3 (0.21 mole) was 
obtained representing a yield and conversion of 53%.

Synthesis of CF3CHC1CC12F.—A mixture of CF3- 
CHC1CC13 (0.18 mole), antimony (III) fluoride (0.13 mole)

and antimony(V) chloride (0.06 mole) was refluxed for 
one hour. The product was steam distilled and purified 
by rectification. Twenty-three grams (0.10 mole) of 
CF3CHC1CC12F was obtained representing a yield and 
conversion of 56%.

Synthesis of CF3CHBrCBrF2.—Two Carius tubes were 
charged with CF3CH =CF2 (0.7 mole) and bromine 
(0.72 mole) and heated at 140° for twenty-four hours. 
The products were combined, washed free of bromine with 
aqueous Na2S 03, dried and rectified. There was ob­
tained 42 g. of CF3CBr=CF2, b. p. 24.7-25.0°, 216 g. 
of CF3CHBrCBrF2, b. p. 88.0°, d2h 2.1637, «25d 1.3780. 
Dehydrobromination of CF3CHBrCBrF2 during washing 
caused the formation of CF3CBr—CFc.

Acknowledgment.—The authors express their 
thanks to Mallinckrodt Chemical Works and to 
the Ethyl Corporation for making this work 
possible by their financial assistance.

Summary
A new series of reactions for the preparation of 

CF,iCH2CF3 is described. The fluorination of 
CF3CC1=CC12 with anhydrous hydrogen fluoride 
and antimony(V) chloride gave CF3CHC1CC12F, 
CF3CHC1CC1F2, CF3CHCICF3, CF3CCI2CCI2F 
and CF3CC12CC1F2. Several new compounds are 
reported.
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Studies in Steroid Metabolism. IV. The Characterization of Carbonyl and Other 
Functional Groups in Steroids by Infrared Spectrometry1

B y  R . N o r m a n  J o n e s , V. Z. W il l ia m s , M . J. W h a l e n  a n d  K o n r a d  D o b r in e r

Many organic compounds can be identified by 
the direct comparison of their ultraviolet, visible 
or infrared absorption spectra with the spectra of 
known substances measured under comparable 
experimental conditions. Such a procedure is 
strictly empirical and involves no premises as to 
the nature of the processes concerned in the ab­
sorption of the radiation. However, much more 
insight into the molecular structure of the com­
pound can be derived from the spectrometric 
measurements if the location and the intensities of 
the absorption bands can be related to specific 
molecular structure. In the case of a new com­
pound it is only through such correlations that in-

(1) Presented in part at The Laurentian Hormone Conference, 
St. Adele, Quebec, September, 1946, and at a Meeting of the Optical 
Society of America, New York, February, 1947. Published as con­
tribution No. 1546 from the Laboratories of the National Research 
Council of Canada.

formation about the molecular structure can be 
derived from the spectrometric measurements.

The high specificity of the infrared absorption 
spectra of organic compounds has recently become 
generally appreciated,2*3 and infrared spectrom­
etry is now applied quite extensively for the 
qualitative and quantitative analysis of organic 
compounds. Thus infrared spectrometry was 
used as an aid in the establishment of the identity 
of synthetic folic acid with that isolated from nat­
ural sources,4 and the application of infrared 
spectrometry to the analysis of the steroid con­
stituents of human urine has been described in an

(2) “The Application of Infrared Spectra to Chemical Problems. 
A General Discussion,” Trans. Faraday Soc., 41, 171 (1945).

(3) R. B. Barnes, R. C. Gore, U. Liddel and V. Z. Williams. 
“Infrared Spectroscopy, Industrial Applications and Bibliogra 
phy,” Reinhold Publishing Corp., New York, N. Y., 1944.

(4) Angier, et al., Science, 102, 227 (1945).
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Fig. 1.—Infrared absorption spectrum of androsterone in carbon disulfide solution: A, O-H stretching motion of hy­
droxyl group; B, carbonyl overtone band; C, C-H stretching maxima; D, C = 0  stretching maximum of carbonyl 
group.

earlier paper of this series.5 In such investiga­
tions the spectrometric curves have been used in 
an empirical manner as “molecular fingerprints.”

The dependence of the infrared absorption spec­
trum on the molecular structure has been investi­
gated very thoroughly for simple symmetrical 
molecules which are susceptible to mathematical 
treatment6 and numerous studies of more complex 
molecules have been made by many observers fol­
lowing up the pioneer work of Coblenz.7 In spite 
of this, comparatively little use has yet been made 
of infrared absorption data in the elucidation of 
molecular structure, although the possibilities of 
the method have been demonstrated by recent 
work on the structure of the penicillins.8

Infrared Absorption Spectra of Steroids.—In 
this paper an attem pt is made to correlate the 
position of certain infrared absorption bands 
with the presence of specific molecular group­
ings in steroids. The infrared spectrum of a 
typical steroid, androsterone, is shown in Fig. 1. 
For the purposes of subsequent discussion it is con­
venient to consider this spectrum in two parts; a 
high frequency region from 4000 to about 1200 
cm .-1, and a lower frequency region extending 
down from 1200 cm.-1 to the lower limit of meas­
urement.

(5) Dobriner, Lieberman, Rhoads, Jones, Williams and Barnes, 
J. Biol. Chem., 172, 297 (1948).

(6) Gerhard Herzberg, “Infrared and Raman Spectra of Poly­
atomic Molecules,” Van Nostrand Co., New York, N. Y., 1945.

(7) Coblenz, Publ. Carnegie Inst, of Washington, No. 35, Part 1, 
1905.

(8) Fowler and Randall, Symposium on Molecular Structure and 
Spectroscopy, Ohio State University, June, 1946.

In the lower frequency region all steroids exhibit 
very complex absorption. This part of the spec­
trum is exceedingly sensitive to minor changes in 
chemical structure or steric configuration and has 
been utilized principally for empirical identifica­
tion purposes.5

In the higher frequency region a smaller number 
of bands is observed. These are associated with 
hydrogen motions, or the stretching vibrations of 
doubly or triply bonded atoms from the second 
row of the periodic table. Such motions usually 
give rise to absorption bands in specific frequency 
ranges since they are little subject to perturbing 
interactions. For example, in the spectrum in 
Fig. 1, the band at 1742 cm.-1 can be correlated 
with the stretching vibration of the carbon-oxygen 
bond of the carbonyl group. I t is this higher re­
gion of the spectrum which offers the most encour­
aging prospect of yielding information concerning 
molecular structure.

The investigation described here was carried out 
in an endeavor to supplement the chemical meth­
ods available for the elucidation of the structure of 
new steroids isolated from biological material. 
In such compounds interest is centered mainly on 
the carbonyl group, the hydroxyl group and the 
double bond. Information is desired as to the 
presence or absence of these functional groups in 
the molecule, and if present it is important to lo­
cate their position in the ring system or on the side 
chain. I t  has been shown by Lecomte9 and

(9) J. Lecomte, “Spectres dans lTnfra-rouge,” Traité de Chimie 
Organique, sous le direction de V. Grignard, Secretaire General, 
Paul Baud, Tome II, Fascicule 1, Masson et Cie, Paris, 1936, p. 143.
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Ketones-ketoesters Esters

Cm."1.
Fig. 2.—Diagram illustrating the relation between the frequency at the maximum of the carbon-oxygen stretching 

vibration and the location of the carbonyl group in steroid molecules (solvent carbon disulfide). The figures in paren­
theses indicate the number of individual compounds on which the frequency assignment is based.

others3 that in certain types of organic compounds 
all of these groups may give rise to characteristic 
infrared absorption bands, and Furchgott, Rosen- 
krantz and Shorr10*11*12 have demonstrated the 
presence of these absorption bands in the spectra 
of certain crystalline steroids.

The Carbonyl Group.—The carbon-oxygen 
stretching vibration of the carbonyl group may 
occur between 1550 and 2150 cm.K  and it has been 
observed in the spectra of ketones, aldehydes, car­
boxylic esters, acids, and ions, acid anhydrides, 
lactones and amides. The range of frequencies 
encompassed by this band varies somewhat for 
the different types of carbonyl groups.3

A comparison has been made of the infrared ab­
sorption spectra of carbon disulfide solutions of 
some one hundred and thirty steroids, and the 
positions of the maxima in the region between 1660 
and 1780 cm.-1 are listed for the monocarbonyl 
compounds in Table I, and for di- and polycar­
bonyl compounds in Table II. I t  is to be noted 
that an absorption band is seen only in the spectra 
of those steroids which contain a carbonyl group, 
so that the appearance of a strong band in this re­
gion of the spectrum of an unknown steroid is 
indicative of the presence of a carbonyl group in 
the molecule.

The carboxylic esters included in Tables I and 
II are mainly the acetates or propionates of steroid 
alcohols, although a few methyl esters of bile acid

(10) Furchgott, Rosenkrantz and Shorr, J. Biol. Chem., 163, 375 
(1946).

(11) Furchgott, Rosenkrantz and Shorr, ibid.., 164, 621 (1946).
(12) Furchgott, Rosenkrantz and Shorr, ibid., 167, 627 (1947),

derivatives and some benzoates are also included. 
These esters give rise to a single absorption maxi­
mum between 1719 and 1771 c m r1. The position 
of the carbonyl maximum in the ketosteroids may 
be between 1666 and 1754 cm."1 so that it is not 
always possible to distinguish with certainty be­
tween a ketosteroid and a steroid ester from meas­
urements in this region of the spectrum as some 
overlap in the band positions can occur.13a

A more precise consideration of the position of 
this carbonyl absorption band shows it to be 
closely dependent on the molecular environment of 
the carbonyl group in the molecule. The mono- 
ketosteroids and mono-steroid esters in Table I 
are grouped according to the position of the sub­
stituent, and the characteristic frequency posi­
tions derived from this analysis are summarized 
diagrammatically in Fig. 2.

For a given position of substitution, the car­
bonyl stretching vibration occurs at a sharply de­
fined frequency. The frequencies of the maxima 
in steroids containing more than one carbonyl 
group are listed in a similar manner in Table II, 
and here, with certain exceptions to be considered 
later, the two carbonyl groups do not appear to 
exert any significant interaction effects, and the 
bands occur at the same positions as in the mono­
carbonyl compounds. The four ketonic positions 
of main significance in the steroid hormones are at 
carbon atoms 3, 11, 17 and 20 (I). In eleven ster­
oids containing a non-conjugated ketonic car­
bonyl group at position 3 there is a maximum at

(13a) Vide page 2029.
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T able  I
Carbon-O xygen  Stretching  V ibration  in  Steroids 

Containing not M ore than  On e  Carbonyl Group
Max.®

(cm._1)
Compound CS2 Source
A. Non-carbonyl compounds 

The following showed no absorption maxima between 
1660 and 1780 cm.-1 (Source of compound is indicated 
in parentheses): androstane (d), etiocholane (d), preg­
nane (d), allopregnane (d), cholestane (c), A2 or 3- 
cholestene (j), cholestanol-3 a (1), cholestanol-3/3 (1), 
androstanol-3a (6), androstanol-3/3 (o), androstanol-17a 
(o), A5-androstenol-3/3 (o), A5-androstenediol-3/3,17a (o), 
A5-androstenediol-3/3,17/3(o),cholestenetriol-3/3,5/3,6a (1).

B. Non-conjugated 3-ketones
Androstanone-3 1719 0
Etiocholanone-3 1719 d
Cholestanone-3 1719 c
Coprostanone-3 1718 l
Androstanol-17a-one-3 (trans-dihydro­

testosterone) 1718 0
Androst anol-17 /3-one-3 (rix-dihydro- 

testosterone) 1718 0

C. Conjugated 3-ketones
A4-Androstenone-3 1677 0
A4-Cholestenone-3 1674 l

A4-Androstenol-17a-one-3
(1656)”
1675 P

(testosterone) (1656)”
A4-Androstenol-17/3-one-3 1674 0

(cis-testost er one) (1652)
A4-17-M ethylandr ostenol-17 a-one-3 1675 0

A4-17-Ethylandr os tenol-17 a-one-3
(1663)
1675 0

A4-17-Vinylandrostenol-17a-one-3 1675 0

A 4-20,21 -Epoxypregnenol-17 a-one-3
(1660)
1674“ 0

D. A4,6-Diene-one-3 
A4*6- Choles tadiene-one-3 1666 l

E. Non-conjugated 17-ketones
Androstanone-17 1745 0
A3* 5-Andros tadiene-one-17 1742 b
3- Chloroandrostanone-17 1743 3
Andr ostanol-3 a-one-17 (androst er one) 1745 l

Androstanol-3 jS-one-17
(1737)
1745 0

(isoandrosterone) (1735)
Etiocholanol-3 a-one-17 1743 l

Etiocholanol-3 j3-one-17
(1735)
1742 <1

A5-Androstenol-3/3-one-17 (dehydro­
isoandrosterone 1745 0

A9 :il-Androstenol-3a-one-17 1742 k
A9:11-Et iocholenol-3 a-one-17 1745 n
A11 :i2-Etiocholenol-3 a-one-17 1742 l
Androstanediol-3 a, 11 jö-one-17 1742 a, k

F. jÖY-Unsaturated 17-ketones
A1,3>5 :io,6,8,i4_Hstrahexaene-one-17 1754 g
3-Methoxy- A1’3’5:i0’6’8'14-estrahexa- 

ene-one-17 1754 g

G. Conjugated 17-ketones
Ai’3’5:i0’6>8'i5-EStrahexaene-one-17 1716 g
3-Methoxy- A1’3’5:i0’6>8’15-estrahexa-

ene-one-17 1716 g
H. Non-conjugated 20-ketones

Pregnanol-3 a-one-20 1706 l
Allopregnanol-3 a-one-20 1710 l
Allopregnanol-3 /3-one-20 1706

(1706)
l

17-Iso-pregnanol-3 a-one-20 1706 ƒ
A5-Pregnenol-3 /3-one-20 1707

(1702)
P

Au-Pregnenol-3 /3-one-20 1706 c
Pregnanediol-3 a, 11 a-one-20 1706“ c
Pregnanediol-3 ft, 12/3-one-20 1706“ 0
A5-Pregnenediol-3/3,21-one-20 1706 P
A2C °r 3?)-Allopregnenone-20 1706 l

I. Conjugated 20-ketones
A 16-Pregnenol-3 a-one-20 1666 3
A5116-Pregnanedienol-3 /3-one-20 1669“ h

J. 3-Acyl esters
Cholestanol-3 a-acetate 1739 c
Cholestanol-3/3-acetat e 1739 l
A5-Cholestanol-3/3-acetate 1739 t
A8:14-Cholestanol-3 /3-acetate 1739 t
A14-Cholestenol-3/3-acetate 1739 t
A5,7-Cholestadienol-3/3-acetate 1739 t
Androstanediol-3 a, 17a-acetate-3 1739 0
A5-Androstenediol-3/3,17a-aeetate-3 1739 0

K. 3-Aryl esters
A8:14-Cholestenol-3/3-benzoate 1719 t
A14-Cholestenol-3 /3-benzoate 1719 t

L. 17-Acyl ester
A5-Androstendiol-3 0,17a-acetate-17 1739 3

M. Cholanate and cholenate methyl esters*
3a-Hydroxycholanic acid m. e.® 1742

(1730)
c

3a-Hydroxy-A9:il-cholenic acid m. e.® 1742
(1732)

c

3a-Hydroxy- A11-cholenic acid m. e.® 1742
(1732)

c

3a-Hydroxy-l 1 a,12a-epoxycholanic
acid m. e.® 1742 c

3a-Hydroxy-12/3-methoxy-A911- 1742 r
cholenic acid (1732)

3/3,12/3-Dihydroxycholanic acid m. e.® 1742 ƒ
3a,12/3-Dihydroxy- A9:n-cholenic acid 1742 r

m. e * (1732)
a R. I. Dorfman, Western Reserve U., Cleveland, Ohio. 

b L. Engel, Mass. General Hosp., Boston, Mass. c T. F. 
Gallagher, Sloan-Kettering Inst., New York, N. Y. 
d R. D. H. Heard, McGill U., Montreal. e E. B. Hersh­
berg, The Schering Corp., Bloomfield, N. J. f W . H. 
Hoehn, G. A. Breon and Co., Kansas City, Mo. 0 W. S. 
Johnson, U. of Wisconsin. h O. Kamm, Parke, Davis & 
Co., Detroit, Michigan. *E. C. Kendall, Mayo Clinic, 
Rochester, Minn. * R. E. Marker, Pennsylvania State 
College, Penna. k H. L. Mason, Mayo Clinic, Rochester, 
Minn. 1S. Lieberman, Memorial Hosp., New York, 
N. Y. mT. Reichstein, U. of Basel, Switzerland. n H. 
P. Sarett, Merck and Co., Rahway, N . J. 0 C. R. 
Scholz, Ciba Pharm, Prod. Inc., Summit, N. J. v E
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Schwenk, The Schering Corp., Bloomfield, N. J. e H. 
Selye, U. Montreal. rR. Turner, Harvard U., Cam­
bridge, Mass., E. C. Kendall, Mayo Clinic, Rochester, 
Minn. * Compound acetylated at Memorial Hosp., by 
Dr. S. Lieberman from alcohol supplied by H. P. Sarett. 
ÉD. K. Fukushima, Memorial Hosp., New York, N. Y. 
u Suspension of crystalline material in saturated solution 
in carbon disulfide. * Weak absorption band at 1719 
cm.-1 attributed to trace of impurity. w Figures in paren­
theses refer to maximum in chloroform solution. * In 
the names of these compounds “m. e .” is used as an 
abbreviation for “methyl ester.”

T able  II
C arbon-O xygen  Stretching V ibration  in Steroids 

C ontaining T wo or M ore C arbonyl Groups
M ax. in CS2®

C om pou n d  (cm . "O Source®
A. 3,17-Diketones

Androstanedione-3,17 1745 1719 l
Etiocholanedione-3,17 1745 1719 l
A4-Androstanedione-3,17 1745 1674 0

(1739) (1663)
B. 3,20-Diketones

Allopregnanedione-3,20 1719 1710 h
Pregnanedione-3,20 1719 1710 l
A5-Pregnenedione-3,20 1719 1710 l
A4-Pregnenedione-3,20 1708 1677 P

(oro^esterone) (1706) (1669)
A 4-Pregnenol-17 a-dione-3,20 1710 1674 0
A4-Pregnenol-21-dione-3,20

(desoxycorticosterone) 1710 1677 0
A4’6-Pregnenediene-di0ne-3,20 1710 1669 l
A16-Pregnenedione-3,20 1717 1669 h

(1710)(1666)
C. Diacyl esters

Androstanediol-3 a, 17a-diacetate 1742 l
A5-Androstenediol-3jS, 17a-

diacetate 1742 0
A3i5-Androstadienediol-3,17a-

dipropionate 1754 1742 o
Pregnanediol-3 a, 12a-amine-20-

hydrochloride diacetate 1742° 0
Pregnanediol-3 a,20a-diacetate 1739 l
PregnanedioJ-3a,20/3-diacetate 1739 3
Pregnanediol-3 ft,20/3-diaeeta te 1739 j
3a-Acetoxy-A9:u-cholenic acid

m. e.b 1739 0
A i > 3,5: io_Hs tratriendiol-3,17a-

diacetate (estradiol diacetate) 1767 1742 l
D. 3-Ketoesters

Androstanol-17 a-one-3-acetate 1742 1719 l
Andr os tanol-17 ft-one-S -acetat e 1739 1719 l
A4-Androst enol-17 a-one-3 -acetate

(testosterone acetate) 1742 1677 0
A 4-Andros tenol-17 a-one-3 -propio­

nate (testosterone propionate) 1742 1677 p
A 4-Andr os tenol-17 ft-one-3 -acetate 1739 1677 l

E. 17-Ketoesters
Androstanol-3 a-one-17-acetate

(androsterone acetate) 1742 l
Androstanol-3 ft-one-17-acetate

(isoandrosterone acetate) 1742 l
Etiocholanol-3a-one-17-acetate 1742 l

Et iocholanol-3 ft-one-17-acetate 
A5-Androstenol-3 ft-one-17-acetate

1742 h

(dehydroisoandrosterone acetate) 
A5-Androstenol-3/3-one-17-propio- 

nate (dehydroisoandrosterone

1742 l

propionate)
A9:11-Androstenol-3 a-one-17-

1742 0

acetate
A9 :il-Etiocholenol-3a-one-17-

1742 a

acetate
5a, 6 a-Epoxyet iocholanol-3/3-one-

1742 s

17-acetate
5/3,6/3-Epoxyetiocholanol-3 ft-one-

1742 c

17-acetate
Ai, 3,5 ;i0-EstratrienOl-3-One- 17-

1742 c

acetate (estrone acetate)
A i, 3,5: io, 7 _ Estrat etraenol-3-one-17-

1764 1742 l

acetate (equilin acetate)
A i ’3 -5:10>6 -8-Es trapentaenol-3 -one-

1764 1742 l

17-acetate (equilenin acetate) 
Androstanol-3 a-one-17-benzoate

1770 1742 l

(androsterone benzoate) 1745 1723 l
Etiocholanol-3 a-one-17 -benzoate 
A5-Androstenol-3 ft-one-17-benzo­

ate (dehydroisoandrosterone

1745 1719 l

benzoate)
A 4-Androstenol-17a-one-3 -benzo-

1745 1719 l

ate (testosterone benzoate) 1724 
F. 20-Ketoesters

1674 0

Allopregnanol-3 /?-one-20-acetate 
17-Iso-pr egnanol-3 a-one-20-

1739 1708 j

acetate 1739 1706 ƒ
A5-Pregnenol-3 /3-one-20-acetate 1739 1706 0
An-Pregnenol-3a-one-20-acetate 
Pregnanediol-3 a, 17a-one-20-

1739 1706 c

acetate-3 1735 1710 l
A16-Pregnenol-3a-one-20-acetate 
A5> 16-Pr egnadienol-3 ft -one-20-

1742 1670 3

acetate
A5-Pregnenediol-3 ft,21 -one-20-

1739 1669 3

acetate-21
Pregnanetriol -3 a , 12 ft ,21 -one-20-

1756 1732° 0

acetate-21 1756 1732 0
G. Polyesters 

A5-Androstenetriol-3 ft, 16,17- 
triacetate

A i, 3,5: io_Estratr ienetriol -3,16,17- 
triacetate (estriol triacetate) 

Ai7:2o_pregnenetriol_3/3,i2 jö, 20- 
triacetate

H. Poly-ket oesters 
Pregnanediol-3 a, 11 a-one-20-

diacetate 1739 1710 c
A 4-Pregnenol-21 -dione-3,20- 1758 1732 0

acetate (desoxycorticosterone 
acetate)

Pregnanediol-12/3,21-dione-3,20-
1674
1758 1732 0

acetate-21
° See footnotes to Table I. b '

1703 
“m. e .” is abbreviatie

for “methyl ester.” c Measurements made on a suspen­
sion of crystalline material in a saturated solution in car­
bon disulfide. d Inflection only.

1740 k

1767 1742 l

1758d 1740 c
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1717-1719 cm.-1. Twenty-one ketosteroids with 
a non-conjugated carbonyl group at position 20 
have a maximum at 1706—1710 cm.-1, while in 
fourteen non-conjugated 17-ketosteroids the maxi­
mum is at 1742-1745 cm.-1.

The introduction of a double bond in the «, im­
position to the ketonic carbonyl group shifts the 
maximum by about 40 cm . - 1  to lower frequencies. 
In seventeen A4-3-ketosteroids (II) there is a 
band at 1674-1677 cm . - 1  while in five A16-20- 
ketosteroids (III) the maximum occurs at 1666- 
1670 cm.-1. Two compounds containing the 
A4’6-diene-one-3 system (IV) also possess a maxi­
mum at 1666—1669 cm.-1. Data on the effect of 
ethylenic unsaturation in ring D on the 17-car­
bonyl group is at present limited to the four syn­
thetic equilenin derivatives V—VIII. 13 It is 
curious to note that in V and VI the introduction 
of the fiy- double bond shifts the position of the

CH3

R C= 0  R

O

V (R =  —H) 
VI (R = OCH3)

O

VII (R = —H) 
VIII (R =  —OCHa)

carbonyl maximum about 10  cm . - 1  to higher fre­
quencies from its position in the 17-ketosteroids in 
which ring D is saturated. A change in the force 
constants in the carbon-oxygen bond may be 
brought about by the shortening of the bond be­
tween carbon atoms 14 and 15 in the unsaturated

(13) Johnson, Petersen and Gutsche, T h is  J ournal , 69, 2942 
(1947).

compound with a resultant strain effect on the 
valence angles at carbon atom 17.14

Few data are yet available concerning the lo­
cation of the carbonyl band in steroids containing 
a ketone group at positions other than 3, 17 or 20. 
The effects of carbonyl groups at 11 and 12, which 
are of considerable interest in connection with the 
adrenocortical steroids will form the subject of a 
separate publication.

In the non-conjugated 3,17-diketosteroids two 
maxima occur at 1745 and 1719 cm.-1, positions 
normal to the corresponding monocarbonyl com­
pounds. The same is true also of the 3,20-di­
ketones which have two maxima at 1719 and 1710 
cm,-1. In the latter case the separation between 
the maxima is about the limit of resolution pos­
sible under the experimental conditions em­
ployed. 15

0 = 0

The carbonyl group of the non-conjugated car­
boxylic ester tends to be less sensitive than the 
ketonic carbonyl group to the position of substitu­
tion in the sterol ring system, and the acetates and 
propionates of 3-, 17- and 20-hydroxysteroids all 
absorb at 1739-1742 cm.-1. The methyl esters of 
cholanic acid derivatives also absorb at the same 
position. This lies quite close to the position of 
the maximum in non-conjugated 17-ketosteroids 
so that it is not possible to distinguish 17-keto­
steroids from certain steroid esters by this cri­
terion alone. However, the acetate esters possess 
a strong band near 1240 cm. - 1  (see Table III) 
which is lacking from the spectra of ketosteroids, 
so that a supplementary examination of the ab­
sorption in the region near 1240 cm . - 1  permits a

(14) The possibility th a t this shift to higher frequency results from 
effects of the arom atic system in rings A and B cannot be excluded 
on the basis of this evidence. However, the interpretation given 
above seems most probable when the data on the  band positions in 
the acetates of estrone, equilin and equilenin are also taken into 
consideration. These three compounds all possess a band a t  1742 
cm. -1 which can be attribu ted  most reasonably to  the unperturbed 
17-ketosteroid absorption. These compounds contain a second band 
a t 1764-1771 cm. -1 which is attributed  to the phenolic acetate group. 
In  estradiol diacetate two maxima are observed a t 1767 and 1742 
cm. -1 indicating clearly th a t the carbonyl of the phenolic ester ab­
sorbs a t a position different from th a t of the simple carbinol ester.

(15) B etter resolution of these absorption maxima m ight be 
achieved by the use of higher dispersion, as may result from the sub­
stitution of a calcium fluoride prism or a grating in place of the 
sodium chloride prism used in these measurements. M easure­
ments of the band intensity for standard conditions of concentration 
and sample thickness, or determination of the band width a t half 
the maximum intensity may also yield more information about the 
nature of the absorbing group, and make possible a distinction be­
tween absorption caused by one or two carbonyl groups a t the 
same frequency.
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distinction to be made between a 17-ketosteroid 
and a steroid acetate ester. Some significance 
may be attached to the observation that in com­
pounds containing the partial structure XI this 
maximum is displaced by 1 0 - 1 2  cm . - 1  to lower fre­
quencies as indicated by the last four compounds 
in Table III.

T a b l e  III
P o s it io n  o f  St r o n g  “ A c e t a t e  B a n d ”  i n  R e p r e s e n t a ­

t iv e  G r o u p  o f  S t e r o id  A c e t a t e  E s t e r s

Compound
Androstanol-3 a-one-17-acetate 
Androstanol-3 /3-one-l 7-acetate 
Androstanol-17 a-one-3-acetate 
Andr ostanol-17 ft-one-S -acetate 
A4-Androstenol-17a-one-3-acetate 
A4-Andr os t enol-17 ft-one-S -acetate 
A5-Andr os tenol-3 ft-one -17-acetat e 
Androstanediol-3 a, 17 a-acetate-3

Max. 
(cm ._1)

CS2
1240
1240
1245

1238 1245 
1242 
1245 
1240 
1238

Source®
l
l
l
l
0
l
l
o

solvent, and the results are listed in Tables I and
II. In chloroform the band maxima tend to be 
displaced to lower frequencies; the effect is least 
(0—5 cm.-1) for non-conjugated 20-ketosteroids, 
somewhat greater for carboxylic esters and 17- 
ketosteroids (7—10  cm.-1) and greatest for conju­
gated 3-ketosteroids (12-20 cm.-1).

Interaction Effects.—In dicarbonyl com­
pounds it might be anticipated that some inter­
actions involving the vibrations of the two 
carbonyl groups would be encountered and result 
in the displacement of the bands from the posi­
tions observed in comparable monocarbonyl 
compounds.

As has been shown above, such interactions 
have not been detected between carbonyl groups 
at positions 3 and 17 and 3 and 20. An example 
of such a displacement is seen in the spectra of the 
2 1 -acetoxy-20-ketosteroids which contain the par­
tial structure XI. Such compounds would be ex-

Androst anediol-3 a, 17 a-diacetate 1242 l O

c h 2— 0 — c — c h 3  

1

A5 -Androstenediol-3 ft, 17a-acetate-3 1242 0
Etiocholanol-3 a-one- 17-acetate 1240 l
Pregnanol-3 a-one-20-acetate 1240 l c=o
Allopregnanol-3 /3-one-20-aeetate 
17-Iso-pregnanol -3 a-one-20-acet at e

1240
1242

j
f \ i  A \

A1 6 -Pregnenol-3a-one-20-acetate
A5 -Pregnenediol-3/3,21-one-20-acetate-

1235 1255 j
/

2 1 1228 0 X I

CH2—OH
I

c = o

XII

CHa

C= 0

A - ° H

XIII
A4 -Pregnenol-21-dione-3,20-acetate 1230 o
Pregnenediol-3 «,21-dione-l 1,20-

acetate - 2 1  1228 n
Pregnanol-21-trione-3,11,20-acetate 1228 n

a See footnotes to Table I .

Where the esterified hydroxyl group is phenolic 
in character, as in the 3-acetates of compounds in 
the estrone and equilenin series, the carbonyl ester 
absorption maximum is shifted to higher fre­
quencies (Fig. 2). This is true also when the 
esterified hydroxyl group is associated with a con­
jugated system as in the enol ester X. It is inter-

O — C O —-C H 3

CHS—CO—0 /X ^ /
X

esting to observe that this type of attachment of 
the ester carbonyl group to an ethylenic double 
bond through the oxygen atom, shifts the car­
bonyl maximum in the opposite direction from 
that brought about by direct conjugation with the 
carbonyl bond, as is seen in the steroid benzoates 
and the conjugated ketosteroids (Fig. 2).

The above observations are all based on meas­
urements in carbon disulfide solution. The posi­
tions of the carbonyl stretching maxima have been 
determined also in a few cases using chloroform as

pected to possess a band at 1706-1710 cm. - 1  for 
the 20-ketone group and at 1739-1742 cm . - 1  for 
the acetate ester. Actually all of the four such 
compounds examined possess bands at 1732 cm. - 1  
and 1756—1758 cm.-1. Four compounds contain­
ing the partial structures XII or XIII on the con­
trary show the normal 20-ketosteroid band at 
1706-1710 cm . - 1  from which it may be argued 
that the displacements associated with structure 
XI involve carbonyl group interactions, and are 
not due merely to steric or other non-specific 
effects of the large oxygen atoms adjacent to the 
20-ketone.

Other evidence of the influence of the molecular 
environment on the frequency of the carbon- 
oxygen stretching vibration in cyclic compounds 
has been reported in the literature. Biquard16 has 
measured the position of the analogous band in the 
Raman spectra of a series of mono- and dicyclic ke­
tones and noted quite similar displacements of the 
band positions. Thus in the Raman spectrum of 
cyclopentanone there is a band at Av — 1744 
cm. - 1  which is displaced to Av =  1714 cm . - 1  in 
cyclohexanone. Furchgott, Rosenkrantz and 
Shorr12 have reported that in the crystalline state 
non-conjugated 3 -ketosteroids absorb at 1739 
cm.-1, 17-ketosteroids at 1738—1740 cm. - 1  and 
20-ketosteroids at 1703—1715 cm . - 1  and that a 
17-ketosteroid could not be distinguished from a
3 -ketosteroid. This latter observation is contrary 
to our experience, based on measurements in solu-

(16) Biquard, Bull. soc. chim. France, 7, 894 (1940); 8, 55, 725 
(1941).



June, 1948 Carbonyl and Other Groups in  Steroids by Infrared Spectrometry 2031

tion. Measurements made on solutions would 
also appear preferable for the purposes of struc­
tural identification since the spread of the absorp­
tion maximum for a given substituent position 
seems to be less than for crystalline films or pow­
der suspensions.

In addition to the carbon—oxygen stretching 
vibration, discussed above, the ketosteroids con­
taining a double bond in the «/3-position to the 
carbonyl group possess another strong absorption 
band between 1580 and 1615 cm.-1. Both carbon 
disulfide and carbon tetrachloride absorb appreci­
ably in this region but satisfactory measurements 
can be made in chloroform solution as has been 
shown recently by Blout, Fields and Karplus. 17 
Measurements on a few unsaturated ketosteroids 
in this region are summarized in Table IV. These 
are in agreement with the observation of Furch­
gott, Rosenkrantz and Shorr12 who have suggested 
that the A4-3-ketosteroid and the A16-20-keto- 
steroid systems might be distinguished on the 
basis of the difference in the position of this band 
in the two types of «/3-unsaturated compounds.

T a b l e  IV
A b s o r p t io n  a t  1580-1620 Cm . - 1  A s s o c ia t e d  w it h  t h e  

C o n ju g a t e d  C a r b o n y l  G r o u p

Substance

Max. (cm .-1)
film

CHCla or 
soln. mull Source®

A. A 4 -3-Ketosteroids
A4-Androstanol-17a-one-3

(testosterone)
A4-Androstanol-17j(3-one-3- (<cis-

1615 1615 P

testosterone) 1613 1615 0
A4-Androstenol-17 a-one-3-propiona te 1615 P
A4-17-Methy landr ostanol-17 a-one-3 1615 1620 0
A4-l 7 - Vinylandrostanol-17 a-one-3 1615 l
A4-Androstenedione-3,17 1615 1620 0
A4-Pr egnenedione-3,20 (progesterone) 1615 1618 p
A4 -Cholestenone-3 1612 1615 l

B . A 1 6 -20-Ketosteroids
A1 6 -Pregnenol-3 a-one-20 1588 3
A5* 16-Pr egnadienol-3 /3-one~20 -ace t ate 1585 3
A1 6 -Pregnenedione-3,20, 1588 h

° vSee footnotes to Table I .

Carbonyl Harmonic Band.— In addition to the 
fundamental carbonyl stretching vibration dis­
cussed above, another weak absorption band 
attributed to the carbonyl group occurs between 
3300 and 3475 cm.-1. This is an overtone of the 
fundamental carbon—oxygen stretching vibration. 
It should occur at twice the frequency of the main 
carbonyl maximum or at a frequency slightly 
lower than this. The position of this band in the 
spectrum of androsterone is indicated as B in Fig.
1. This carbonyl harmonic is not likely to be of 
appreciable value in the elucidation of sterol struc­
ture, since it is much weaker than the fundamental 
band. However its occurrence should be noted,

(17) Blout, Fields and Karplus, T h is  J ournal , 70, 194 (1948).

since in certain instances it may be confused with 
the hydrogen-oxygen stretching vibration of the 
Itydroxyl group (vide infra).

The Non-Conjugated Double Bond.—The 
presence or absence of a non-conjugated ethyl­
enic double bond in a steroid cannot always be 
determined with certainty by infrared measure­
ments. Several investigators3»17*18 have shown 
that in many organic compounds there is an ab­
sorption band near 1650 cm . - 1  associated with a 
longitudinal vibration of the carbon—carbon 
double bond. It is difficult to observe this band 
in the spectra of carbon disulfide solutions since 
the solvent absorbs appreciably in this region. 
In only a few instances of solutions in carbon tetra­
chloride or in crystalline films and suspensions has 
this band been seen in thé spectra of unsaturated 
steroids. It may be seen more readily in chloro­
form solutions, but when present it is of low inten­
sity and its detection is rendered more difficult by 
the fact that atmospheric water vapor produces 
considerable background absorption in this region 
of the spectrum. Its detection would be facili­
tated by the use of a double beam instrument.

At higher frequencies, near 3000 cm . - 1  there is 
a group of strong bands associated with the 
stretching vibration of the carbon—hydrogen bond. 
Several observers have reported19 that when the 
C—H bond forms part of an unsaturated system, 
this band occurs at a frequency greater than 3000 
cm. - 1  whereas in a saturated group it is normally 
below 3000 cm.-1. In all steroids there are strong 
bands in the region between 3000 and 2800 cm . - 1  
due to the —C—H vibrations of the ring and side 
chain aliphatic system. In carbon disulfide solu­
tions of several unsaturated steroids, a band or in­
flection is seen also on the high frequency side of 
this band group. A particularly favorable ex­
ample is illustrated in curves A and B of Fig. 3,

3800 3400 3000
Frequency, cm .-1 .

Fig. 3.—Infrared absorption spectra in carbon disulfide
solution: A, — , etiocholanol-3a-one-17 (X IV ); B , ------ ,
An-etiocholenol-3a-one-17 (XV); C , ------- , etiocholanol-
3 a-one-17-acetate.

(18) Thompson and Torkington, Trans. Faraday Soc., 41, 246 
(1945).

(19) Sec Fox and M artin, Proc. Roy. Soc. (London), A175, 208 
(1940).
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where the spectrum of etiocholanol-3 «-one-17
(XIV) is compared with that of the unsaturated 
derivative with a double bond at the 1 1 ,1 2  posi­
tion (XV).

O

 ̂ /

o
A

H O H
X IV

H O H
XV

In column A of Table V the positions of this 
band in the spectra of some 47 steroids in carbon 
disulfide solution are recorded. Among these 
compounds are nineteen containing the = C —H 
group and a band or inflection near 3020 cm. - 1  is 
observed in the spectra of fourteen of them. No 
band was detected in this neighborhood in the 
spectra of any of the saturated steroids included in 
this survey. In these compounds the band attrib­
uted to the = C —H group is weak and as in 
many cases it occurs on the rising slope of the 
—C—H band group, the frequency at the maxi­
mum cannot be determined with much certainty. 
In many cases it fails to appear unless the concen­
tration of the solution is increased considerably 
above the 10  mg. per ml. which is adequate for the 
determination of the remainder of the spectrum in 
a 1 mm. cell. In some instances the concentra­
tion cannot be increased sufficient^ because of the 
low solubility of the steroid and this may account

T a b l e  V
A b s o r p t io n  b e t w e e n  3000 a n d  4000 Cm . - 1  A ss o c ia t e d  

w it h  C = C — H a n d  C— O— H G r o u p s
Maxima & (cm .-1)

C = C —-H C— O—H
CS2 cs2
soln. Solid soln. Solid

Compound A B C D Source'
Steroids Containing N either C = C —H N or C—O—H Groups

The following showed no bands a t positions attributable to the above 
groups (source of compounds is indicated in footnotes): andro-
s ta n e /  e tiocholane/ allopregnane/ p regnane/ allopregnanedione- 
3 ,2 0 /  pregnanedione-3,20/ androstanol-3 a-one-17-acetate,z 3- 
choloroandrostanone-17,* cholestanone-3,c coprostanone-3,e sito- 
stanedione-3,64

B. Steroids Containing — C:= c — H but not —-C—-O—H Group
A B C D

A4-Androstenedione-3,17 3020 3028 a a o
A4-Cholestenone-3 n. o. 3020 a a l
A5-Androstenol-3 /3-one- 17- 

acetate  (dehydroisoandro­
sterone acetate)

3050 n. o. a a l

A5-Androstenol-3 /3-one-17- 
propionate

3000 3050 a a 0

A5-Androstenol-3/3-one-17-
benzoate

3025 3080, 3050 a a l

A5-Androstenediol-3j3,17a-
dipropionate

n. o. 3010 a a 0

A5-Pregnenol-3/3-one-20-
acetate

3040 3035 a a o

A4-Pregnenedione-3,20 
(progesterone)

3020 3025 a a l

A5 * 16-Pregnanedienol-3 jS-one- 
20-acetate

3020 3065, 3040 a a 3

C. Steroids Containing — C—-O—H but not C = C —H Group
A B C D

Androstanol-17 a a 3570 3200,3270b j
Androstanediol-3 a , 17a a a 3575 3375b 0
Androstanediol-3 /3,17 /3 a — 3575 0
Cholestanol-3/3 a a 3600 3200, 3350, l

3450
Cholestanediol-3,4 a a 3600 3270,3370, 3

3435
Etiocholanediol-3 a,17ce a a 3600 3290, 3370 3
Pregnanediol-3 a ,20 a a a 3610 3260,3310b 3
Pregnanediol-3 j8,20/3 a a 3610 3355b 3
Androstanol-3 a-one-17 a a 3610 3500s l

(androsterone)
Androstanol-3 /3-one-l 7 a — 3610 0
Etiocholanol-3 a-one-17 a — 3610 l
Etiocholanol-3 /3-one-l 7 a a 3620 3425s Q
Allopregnanol-3 a-one-17 a a 3620 3280b l
17- Iso-pregnanol-3a-one-20 a — 3605 ƒ
Cholestanol-3/3-one-6 a a 3600 3420,3490b 3
D. Steroids Containing both — C—(0—H and — C = C —H Groups

A B C D
A5-Androstenediol-3,17 ins. 3030 ins. 3310b 0
A5-Androstenediol-3,17 n. o. n. o. 3560 3350 O

3200b l
A5-Cholestanol-3 3020 3040 3600 3360

3175b
A1,3’5 :i0-Estratrienediol- ins. 3055 ins. 3450 P

3,l7-a(a-estradiol) 3020 3235b
A4-Androstenol -3-one-17 3045 3020 3600 3430 0

(dehydroisoandrosterone) 3370
A4-Androstenol-17/3-one-3 3020 3000 3610 3300b p

(testosterone)
A4-Androstenol-17 /3-one-3 3010 3010 3610 3410b o

(cis -testosterone)
A4-17-M ethylandrostenol - 3010 3020 3600 3450b o

17 a-one-3
A5-Pregnenol-3 /3-one-20 3020 3030 3605 3455

3420b p
A16-Pregnenol-3 a-one-20 3040 3050 3600 3365b 3

a See footnotes to Table I. 1 broad band; S =
sharp band; a =  band absent; — =  spectrum not meas­
ured; n. o. =  spectrum measured but band not observed; 
ins. =  compound insoluble in carbon disulfide.

for the failure to detect this band in certain of the 
compounds in Table V. In column B of Table V 
similar data are listed for crystalline films or sus­
pensions of these steroids. The possibility of in­
troducing a thicker sample layer into the radiation 
beam in the form of a crystalline film or suspen­
sion in a “Nujol” mull favors the use of films 
rather than solutions for the investigation of this 
particular band.

In a molecule containing the partial structure 
XVI in which there are no hydrogen atoms at­
tached to the unsaturated carbon atoms, this 
band would not be expected to appear. An ex­
ample‘is given in Fig. 4 where the spectra of 
A8:14-cholestenol-3/3 (XVII) and A14-cholestenol- 
30 (XVIII) are compared over the region between 
2500 and 4000 cm.""1. The absence of the band 
near 3000 cm . - 1  from the spectrum of XVII is 
clearly in evidence.

The Conjugated Diene Systems.—The num­
ber of compounds containing this system which 
have been measured is comparatively small. 
Absorption associated with the conjugated diene 
group occurs between 1580 and 1620 cm ."-1 and 
the steroids must be examined as crystalline films,
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XVI XVII

H
X V III

powder suspensions, or in chloroform solution. 
In view of the fact that a system of conjugated 
ethylenic bonds can be detected and 
characterized with facility by ultra­
violet spectrometry20*21 the identifi­
cation of this group from infrared 
measurements is of comparatively 
small importance. The same is true 
also of the aromatic systems present 
in the estrogens.

The Hydroxyl Group.—The longi­
tudinal vibration of the hydrogen- 
oxygen bond of the hydroxyl group 
is responsible for an absorption band 
at the high frequency end of the spec­
trum. The position of this band 
may vary considerably with the ex­
perimental conditions under which 
the measurements are made, thus it 
may shift as a result of change in sol­
vent or change in concentration, and 
may appear quite different (usually 
broadened, intensified and displaced 
to lower frequencies) when examined 
in a crystalline state.

Some data on the frequencies of the 
hydroxyl band in carbon disulfide solutions and in 
films of a number of steroids are listed in columns 
C and D of Table V. Displacement of the absorp­
tion band to lower frequency with increase in in­
tensity and band width is associated with a lower­
ing of the strength of the oxygen-hydrogen bond 
occasioned by inter- or intra-molecular hydrogen 
bonding. Where the hydroxyl group is not sub­
ject to such effects a maximum is observed near 
3600 cm.-1, a condition most favored in dilute 
solution.

It has not proved possible to associate the exact
(20) Woodward, T his Journal, 64, 72 (1942).
(21) Booker, Evans and Gillam, J . Chem. Soc., 1453 (1940).

frequency of this absorption maximum with the 
position of the hydroxyl group in the steroid mole­
cule. However, the presence or absence of a hy­
droxyl group in a steroid can be determined with 
certainty by examination of this region of the 
spectrum. This is illustrated in curves A and C 
of Fig. 3 where the spectra of etiocholanol-3 a-one- 
17 and that of its acetate are compared. Twenty- 
five of the compounds included in Table V con­
tain a hydroxyl group. When examined as crys­
talline films, most of these showed absorption 
bands of varied width between 3200 and 3500 
cm.-1. In carbon disulfide or carbon tetrachlo­
ride solution they showed a much weaker narrow 
absorption band between 3575 and 3610 cm.-1. 
The two hydroxy steroids which failed to exhibit 
hydroxyl absorption in solution were poorly sol­
uble and it is most probable that in these cases in­
sufficient of the solute was present in the radiation 
path for the band to be manifested. Under con­
ditions where association takes place, the spectrum 
of a compound containing a single hydroxyl group 
may exhibit two or more broad bands between 
3200 and 3500 cm.-1 and the relative intensities

of these maxima may vary with the conditions of 
sample treatment. This behavior is suggestive of 
the presence of two or more types of hydrogen 
bonding or different modes of packing of the hy­
droxyl group in two or more crystalline forms. 

General Discussion
While the absorption associated with the car­

bonyl group is influenced by the molecular en­
vironment in such a manner as to permit of the 
close correlation of absorption frequency with 
molecular structure, this would appear not to be 
the case with regard to absorption associated with 
the double bond and hydroxyl group. The ana­
lytical treatment developed in this paper has been

4000 3600 3200 2800
Frequency, cm.-1.

Fig. 4.—Infrared absorption spectra in carbon disulfide solution: —,
A14-cholestenol-3/3;-----------, A8* 14-cholestenol-3/3.
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concerned almost exclusively with the high fre­
quency region of the infrared spectrum, but it 
must be kept in mind that structural variations 
such as the introduction of a double bond also give 
rise to very large changes in the appearance of the 
absorption curves at frequencies less than 1200 
cm,-1. Similar modifications are produced also 
by stereochemical inversions; studies in the higher 
frequency region have given no indication of spec­
tral variations which can be related to the stereo­
chemical structure, and this is an important factor 
in the elucidation of steroid structure. It is 
reasonable to assume that the variations in the 
spectra in the lower frequency region should also 
be subject to regulation and correlatable with spe­
cific differences in molecular structure, and it is 
probably in this region that spectral features re- 
latable to specific stereochemical configurations 
will be observed. Furchgott, Rosenkrantz and 
Shorr10*11*12 have drawn attention to this and 
pointed out certain relationships, between the 
stereochemical configurations at positions 3 and 5 
and absorption in the neighborhood 1000 cm.-1. 
While we also have noted that absorption near 
1000 cm.-1 is highly susceptible to structural and

">Ti o m rrcxo itrn 1 ' ........  -fVic./ m g r\rv_

sitions, we have as yet been unable to establish any 
specific correlations between structure and spectra 
in this region which are of general application.

Experimental
The data given in this work were obtained at the 

Sloan—Kettering Institute and at the Stamford 
Research Laboratories of the American Cyan amid 
Co. using Perkin—Elmer instruments with either 
galvanometer or electronic systems of automatic 
recording; both sodium chloride and lithium fluo­
ride prisms were employed.

Because of the correlations for the carbonyl 
groups, the region between 1660 and 1780 cm.-1 
was subjected to special study at the Sloan— 
Kettering Institute. The positions of the ab­
sorption maxima in the carbonyl region were ob­
tained directly by measurement of the displace­
ment of the bands from the water vapor absorp­
tion bands at 1830 and 1637 cm.-1 which ap­
peared on every curve and were used as external 
standards of frequency. The estimated accuracy 
of the frequency measurements in this region is 
=*= 3 cm.-1. Most of the measurements were made

in a cell of approximately 1 inm. thickness, al­
though a 3 mm. cell was also used in certain in­
stances. The solutions were made up to an initial 
concentration of 10 mg. per ml. and then diluted 
so as to obtain an absorption of about 50—75% in 
the region of the maximum. Under these con­
ditions no appreciable error in the position of the 
maximum is caused by the slope of the back­
ground radiation over the width of the band.

Acknowledgments.—The authors wish to ex­
press their indebtedness to the several investiga­
tors, listed individually in a footnote to Table I, 
whose collaboration in supplying many of the 
compounds made these studies possible. The help 
of L. D. Marinelli, Sloan-Kettering Institute, 
with certain problems of instrumentation and the 
technical assistance of P. Humphries is gratefully 
acknowledged. This investigation was aided by 
grants from the American Cancer Society (on 
recommendation of the Committee on Growth of 
the National Research Council), Ayerst, Mc­
Kenna and Harrison, Ltd., the Jane Coffin Childs 
Memorial Fund for Medical Research, the Com­
monwealth Fund, the Anna Fuller Fund, the 
Lillia Babbitt Hyde Foundation, International 
Cellucottoii Products Company, the Albert and 
Mary Lasker Foundation, the Adele R. Levy 
Fund, the National Cancer Institute of the Na­
tional Institute of Health, U. S. Public Health 
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Summary
A comparative study has been made of the infra­

red absorption spectra of one hundred and thirty 
steroids in solution in carbon disulfide, or chloro­
form. Particular attention has been given to the 
region between 1660 and 1780 cm.-1 where promi­
nent absorption bands occur which are associated 
with the presence of carbonyl groups in the mole­
cule. The exact location of the maxima of these 
bands can be employed to locate the position of the 
carbonyl group in ketosteroids and to distinguish 
conjugated from non-conjugated ketosteroids. 
Absorption bands in other regions of the spectrum 
associated with the presence of ethylenic double 
bonds and hydroxyl groups have been similarly 
investigated.
O t t a w a , C a n a d a  R e c e iv e d  S e p t e m b e r  12, 1947
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The Solubility of Tetraethylammonium Iodide in Benzene-Ethylene Dichloride
Mixtures

B y  A r t h u r  A . V er n o n  an d  J ohn  L . S h e a r d 1&

Introduction
As part of the program to study solubility effects 

in solvents of low dielectric constant, it was de­
cided to determine the effect of dielectric constant 
on the solubility of tetraethylammonium iodide. 
Investigation has shown that in solvents of di­
electric constant higher than ten the single ion con­
centration is high enough so that within certain 
limits a common-ion effect can be observed. To 
study the effect in liquids with lower dielectric 
constant, the system benzene-ethylene dichloride 
is useful: data for this have been published by 
Vernon, Wyman and Avery.* 1 Tetraethylammo­
nium iodide was selected for the solute since it has 
a reasonable solubility in ethylene dichloride.

Experimental
Materials.— C. p . thiophene-free benzene, after stand­

ing for several days over anhydrous calcium chloride, was 
distilled from activated alumina, the first and last fifth 
portions being discarded. The refractive index was 
1.4978 at 25.2°; the “ International Critical Tables” 
value is 1.49779 at 25.2°.

Ethylene dichloride was dried over anhydrous calcium 
chloride to an index of refraction of 1.4422 at 25.2° as 
compared with the “ International Critical Tables” value 
of 1.44225 at 25.2°.

Tetraethylammonium iodide was prepared by mixing 
equimolar quantities of ethyl iodide (Merck) and triethyl­
amine (Eastman Kodak Co.) and allowing to stand over­
night. The crude product was dried, washed with petro­
leum ether, dissolved in boiling 95% ethyl alcohol, and 
treated with alcoholic potassium hydroxide until pink to 
phenolphthalein. The mixture was then cooled in an ice- 
bath, the solid filtered off and recrystallized twice from 
95% ethyl alcohol. Finally, the pure product was dried 
in a vacuum desiccator. Since decomposition of the pure 
solid occurred at 280 °, no melting point could be obtained; 
the analysis of the material for iodine gave 49.61% as com­
pared with the theoretical iodine per cent, of 49.63.

Procedure.— Excess solute was added to 600 cc. of a 
benzene-ethylene dichloride mixture in a bottle with a 
ground glass cap which was wired on and coated with 
paraffin. The bottles were rotated in a water-bath at 35° 
for twenty-four hours and then at 25 =*= 0 .0 2 ° long enough 
to establish equilibrium. For the 93.5% ethylene di­
chloride, rotation at 25° for one hundred and twenty hours 
gave essentially the same solubility as rotation for twenty- 
four hours at 35 ° followed by seventy-two hours at 25°.

After the required rotation tim e, the bottles and a cali­
brated 500-cc. volumetric flask were supported in the 
water-bath at 25 =*= 0.02°. The solution, after settling, 
was forced out by dry air through a glass wool filter into a 
volumetric flask. Then the solution was poured into a 
beaker and the flask was washed out with 95% ethyl alco­
hol, the wash solution being added to the benzene-ethylene 
dichloride solution. Silver iodide was precipitated by 
adding excess silver nitrate solution, stirred for five 
minutes, allowed to settle four hours in the dark, filtered 
into a Gooch crucible, and dried at 120 ° to constant weight. 
This method applied to known amounts of solute was 
shown to be consistently accurate to within 1.9%.

(la) Present address: University of Minnesota, Minneapolis,
Minnesota.

(1) Vernon, Wyman and Avery, T h is  J o u r n a l , 67, 1422 (1945).

Results
The solubility results given in Table I are the 

averages of two or more determinations as shown.
T a b l e  I

S o l u b il it y  o f  T e t r a e t h y l a m m o n iu m  I o d id e  i n  E t h y l ­
e n e  D ic h l o r id e - B e n z e n e  M ix t u r e s  a t  2 5  °

Ethylene Dielectric No. of Moles per liter
dichloride, % constant detns. of iodide X 104

35 .5 3 .85 4 0 .865  ±  0 .009
4 8 .0 4 .5 5 3 2 .1 8 =t= . 0 2

56.6 5 .20 6 3 .8 0 d= .04
6 8 . 0 6 .07 5 8 .51 =1= .08
8 0 .0 7 .26 2 18.06 .14
8 5 .0 8 . 0 1 2 3 0 .6 .3
93 .5 9 .02 4 55 .6 =±r .3

1 0 0 . 0 10.36 5 9 1 .9 d= . 2

The average deviation of the individual deter­
minations from the mean is no greater than 1.05% 
for any solvent mixture. Figure 1 shows a plot 
of the log of solubility against the log of the dielec­
tric constant.

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Log D .
Fig. 1.

Discussion
Tucker and Kraus2 studied the conductivity of 

tetraethylammonium picrate in ethylene dichlo­
ride at 25° and found that triple ion formation be­
came important at 3.4 X 10-4  N. Luder, Kraus, 
Kraus and Fuoss3 found this effect to be significant

(2) Tucker and Kraus, ibid., 69, 454 (1947).
(3) Luder, Kraus, Kraus and Fuoss, ibid., 58, 255 (1946).
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at 1 X 10 ~5 N  for tetrabutylammonium perchlo­
rate in benzene at 25°. For tetraethylammonium 
iodide the triple ion formation should take place 
at a lower concentration than for the above re­
ported salts since such an effect increases with de­
crease in ion size. The solubilities here reported 
are of the order of 10 “ 2 N  in pure ethylene dichlo­
ride and 10~ 4 N  in 35.5% ethylene chloride. 
Therefore, it seems likely that multiple ion forma­
tion exists in all the solutions studied; straight 
line extrapolation to pure benzene is justified if 
such conditions continue to exist down to a di­
electric constant of 2.274. Extrapolation of Fig. 
1 gives a solubility of 6.918 X IO-6 mole per liter 
for the solubility of tetraethylammonium iodide 
in benzene at 25°. At this solubility, triple ions 
may reasonably be expected to exist. Further 
evidence of ion association would be obtainable 
from studies of the effect of a common ion upon the 
solubilities reported in this paper. It is planned 
to study this as well as the solubility relation in 
solvents of higher dielectric constant.

Ricci and Davis4 proposed an empirical equa­
tion to relate solubility to dielectric constant of 
the solvent which showed that a plot of log 5  
against log D should be a straight line with a slope 
of three. This equation assumed that the

(4) Ricci and Davis, This Journal, 62, 407 (1940).

Debye-Hückel limiting law applied and that the 
activity coefficient of an electrolyte at saturation 
is a constant independent of the dielectric con­
stant of the solvent medium. They further 
showed that approximate equality of activity co­
efficients could be expected between solvent di­
electric constants of 80 and 40. This, together 
with the evidence of triple ion formation, seems to 
indicate that a slope of 3 should not be expected 
with our data. The explanation of the slope of 5 
of Fig. 1 will have to wait until more data are 
available.

The dielectric constant of benzene is 2.274 and 
log D — 0.3568. By extrapolation of Fig. 1, as­
suming a straight line relation, a value of log 5  of 
— 1.160 is obtained. This gives 6.918 X 10~"6 
mole per liter for the solubility of tetraethylam­
monium iodide in benzene at 25°.

Summary
The solubility of tetraethylammonium iodide in 

pure ethylene dichloride and ethylene dichloride— 
benzene mixtures has been determined. A plot 
of log S versus log D  follows closely a straight 
line with a slope of 5 in contrast to the value 
of 3 found in solvents with higher dielectric 
constant.
Boston, Massachusetts Received October 8, 1947

[Contribution from the Department of Sanitary Engineering, Harvard Graduate School of Engineering]

Equilibrium Studies on N-Chloro Compounds. L The Ionization Constant of
N-Chloro-p-toluenesulf onamide1

B y  J. C a r r e l l  M o r r is , J. A l f r e d o  S a l a z a r 2 a n d  M a r g a r e t  A . W in e m a n

The N-chloro compounds, those substances in 
which it may be considered that one or more chlo­
rine atoms in the + 1  oxidation state are bound to 
nitrogen, are of considerable interest because of 
the widespread use of a number of them as disin­
fecting agents. In many cases it is believed that 
their efficiencies as disinfecting agents are related 
to the magnitudes of their hydrolytic and other 
equilibrium reactions in water solution, but quan­
titative data on the equilibria with which disin­
fection results might be compared are available 
for only one or two isolated systems. The present 
series of papers is therefore concerned with the 
quantitative evaluation of equilibrium relation­
ships for water solutions of certain important N- 
chloro compounds and with the use of the equilib­
rium constants so determined for predicting the 
disinfectant power of solutions of the N-chloro 
compounds under various conditions.

The system selected for primary study was that 
in which the substances Dichloramine-T, and

(1) This work was carried out under a research contract with the 
Office of the Quartermaster General, U. S. Army.

(2) Now with the West Virginia S tate D epartm ent of Health, 
Charleston, W. Va.

Chloramine-T are participants. These two sub­
stances are, respectively, N,N-dichloro-/>-toluene- 
sulfonamide (I) and sodium N-chloro-^>-toluene- 
sulfonamide, the latter being the sodium salt of 
N-chloro-^-toluenesulfonamide (II). A number of 
equilibria are established in solutions of these ma­
terials, which can be described most conveniently 
in terms of the following processes:

I. The hydrolysis equilibrium for Dichlor­
amine-T

C7H 7SO2 NCI2  -f  H20  =  C7H 7SO2NHCI +  HOC1 (1)
■0) (II)

for which the equilibrium constant equation is3

r  _  (HOG1) (C7H 7SO2NHCI) 
h (C7H 7SO2 NCI2) ( aj

II. The exchange or disproportionation reac­
tion

2C7H7SO2NHCI =  C7H 7S 0 2NC12 +  C7H7SO2NH2 (2) 
________ (H) (I)

(3) In all of the equations of this paper parentheses, except when 
they are used just to set off mathematical terms, indicate molar 
activities of the substances concerned and square brackets indicate 
molar concentrations. For non-ionic substances the two are a s ­
sumed to be the same within the experimental accuracy of the deter­
minations.
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with the equilibrium constant equation
(C7H7S02NC12)(C7H7S02NH2) 

d (C7H7S02NHC1)2

III. The ionization of the hypochlorous acid 
produced in equation (1 )

HOC1 =  H + +  OC1-
for which

jr (H+XOC1-)
1  (HOC1)

(3 )

(3a)

IV. The ionization of N-chloro-^-toluenesul- 
fonamide

c 7 h 7 s o 2n h c i  =  h + +  c 7 h 7 s o 2 n c i -
giving an ionization constant

K _  (H +)(C 7 H 7 S 0 2 NC1-)
2  (C7 H 7 S 0 2 NHC1)

(4 )

(4a)

A fifth reaction, the acid ionization of C7H7S02- 
NH2 occurs under some conditions, and must 
eventually be included for a complete depiction 
of the system. However, preliminary studies in­
dicate that the ionization constant is so small, per­
haps 1 0 ~10, that this reaction is a measurable fac­
tor only above pH  9. Other possible pertinent 
reactions, such as the hydrolysis of C7H7S0 2NHC1, 
need not be included, for they can be obtained by 
appropriate combination of the listed reactions.

The first two of these equilibria have been stud­
ied quantitatively by Soper.4 By measuring the 
apparent solubility of Dichloramine-T5 in 0.001 
M  H2S 04, by itself and in the presence of a known 
large excess of hypochlorous acid to repress the 
hydrolysis, he was able to calculate a value of 8.0 
X 10“ 7 for Kh.. The disproportionation constant, 
Ad, was evaluated, with the aid of the value for 
Kh, by measuring the apparent solubility of Di­
chloramine-T in 0.001 M  sulfuric acid solutions 
containing known added amounts of p-toluene- 
sulfonamide to displace reaction (2 ) to the left. 
These latter measurements have been repeated in 
connection with the present research and results 
in good agreement with the values given by Soper 
have been obtained. A combined average of the 
two sets of data yields Ad = 6.1 X 10-2.

The ionization constant for hypochlorous acid 
has been the subject of a number of studies which 
give as a probable best value A x =  3.3 X 10-8 at 
25 ° .6 The magnitude of this value is such that the 
ionization of hypochlorous acid did not occur to a 
measurable extent under the conditions of the 
present study, but it is concerned in the applica­
tion of the results to disinfecting problems.

Although the compound C7H7S 0 2NHC1 has not
(4) Soper, J. Chem. Soc., 125, 1899 (1924).
(5) The “apparent solubility of Dichloramine-T” is evaluated by 

determining th a t oxidizing chlorine in solutions in equilibrium with 
solid Dichloramine-T which is a ttributable to  dissolved Dichlor­
amine-T itself or which, existing in other forms, has been produced 
from Dichloramine-T by any of the previously listed reactions.

(6) See, for example, Ingham  and Morrison, J. Chem. Soc., 1200 
(1933), and Hagisawa, Bull. Inst. Phys. Chem. Research (Tokyo), 19, 
1220 (1940). A complete summary of the data  on this ionization 
constant is given in Final Report, Contract OEMcmr-251, Disinfec­
tion of W ater and Related Substances, Dec. 31, 1945,

been isolated, its existence was demonstrated in 
Soper’s studies and it is known that it must be a 
fairly strong acid because its sodium salt, Chlor- 
amine-T, gives only slightly basic solutions in wa­
ter. However, no quantitative studies of the ion­
ization constant have been reported. The si­
multaneous occurrence of the other listed equilib­
ria and particularly of the disproportionation 
equilibrium introduces complicating factors into 
the standard procedures for determining ioniza­
tion constants. In the present study these dif­
ficulties have been taken care of by appropriate 
mathematical treatment and the ionization con­
stant has been determined in two ways: by meas­
urement of the apparent solubility of Dichlora­
mine-T in solutions buffered to pH  4.5 and contain­
ing known added amounts of ^>-toluenesulfona- 
mide, and by potentiometric titration of solutions 
of Chloramine-T with standard hydrochloric acid.

Experimental
Reagents.-—Purified Chloramine-T, furnished by the 

Monsanto Chemical Company, was recrystallized from 
distilled water under such conditions that only about 25%  
yield was obtained. The product was filtered with suction 
through a sintered-glass funnel and was dried at room 
temperature in a vacuum desiccator. The resulting prod­
uct was the trihydrate, NaC 7 H 7 S 0 2NCl 3H 2 0 ,  and was 
found to contain 12.56% Cl, the theoretical value being 
12.58%.

Dichloramine-T was prepared by passing gaseous 
chlorine into water solutions of purified Chloramine-T 
and filtering out the precipitated Dichloramine-T with 
suction through a sintered-glass funnel. The material 
thus obtained was resuspended in a dilute chlorine solution 
(about 5 p . p. m .) agitated overnight and refiltered; 
this process was repeated two or three times to ensure com­
plete removal of incompletely chlorinated products. 
After the final filtration the moist product was used for the 
solubility studies without drying.

The ^-toluenesulfonamide was an Eastman Kodak Co. 
product, which was recrystallized from glacial acetic 
acid, filtered with suction through a sintered-glass funnel, 
washed several times with small quantities of cold water 
to remove adherent acetic acid and then dried in a vacuum  
desiccator over sulfuric acid. The recrystallized com­
pound had a melting point of 137.0-137.5°.

Solubility Studies.— Samples of Dichloramine-T weigh­
ing 1 - 2  g. (several times the amount required for satura­
tion) were placed in 500-ml. glass-stoppered Pyrex bottles 
and the bottles were then filled approximately three- 
quarters full with conductivity water. To these solutions 
were then added the desired amounts of ^-toluenesulf on- 
amide and either sufficient sulfuric acid to make the solu­
tions 0.001 M  in that reagent or a sufficient quantity of 
an equimolar solution of acetic acid and sodium acetate 
to give about 0.05 M  concentration of each substance. 
The bottles were then stoppered and placed in a rotating 
frame in a constant-temperature water-bath held at 25.0 =±= 
0.2°. The rotation of the frame caused the bottles to be 
inverted about four times a minute. Samples were taken 
from the bottles at six to eight hour intervals by pressure 
filtration through a microfilter stick and were analyzed 
for their concentrations of oxidizing chlorine. The 
shaking and sampling procedures were continued until 
constant values for the apparent solubility of the Dichlor­
amine-T were obtained. Constancy within the precision 
of the analytical determinations was generally obtained 
after about twenty-four hours of shaking and was main­
tained for at least forty-eight hours longer. Analyses for 
oxidizing chlorine were conducted by adding excess potas­
sium iodide to the sample and titrating with 0 . 0 1  N  sodium 
thiosulfate.
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Titration Studies.—For these determinations accurately 
weighed samples of recrystallized Chloramine-T were dis­
solved in conductivity water to make solutions ranging 
in concentration from 0.01 to 0.08 M. The solutions 
were then titrated potentiometrically with 0.5 N  hydro­
chloric acid, the pH. after each addition being measured by 
means of a Beckman Model C pH  meter equipped with 
glass and saturated calomel electrodes. The meter and 
electrodes were calibrated before and after each titration 
against solutions of potassium acid phthalate and of phos­
phate buffer mixture prepared from Bureau of Standards 
salts according to their directions. Since these calibra­
tions checked within 0.02 pH  unit, it is believed that pH 
measurements during the course of the titration were 
accurate to a similar figure. The amounts of hydrochloric 
acid added were measured with a calibrated 1 0 -ml. 
Exax buret, so that volumes could be measured with a 
precision of 0.01 ml. The necessity for refilling the buret 
for volume readings greater than 1 0  ml. made the meas­
urement of the larger volumes less precise, but this did 
not affect the experimental results since the factor limiting 
the accuracy of the results for all volume measurements 
greater than a few ml. was the determination of the pH.

Because of the slight solubility of Dichloramine-T in 
water, precipitation of this substance occurred during the 
titrations, the first permanent precipitate appearing after 
the addition of 1-2 ml. of hydrochloric acid. When 
additional amounts of hydrochloric acid were added to 
solutions containing the precipitate, particularly in those 
instances in which only a small amount of precipitate was 
present, the pH showed an initial decrease greater than 
expected and a following slow increase for a period as 
long as ten minutes before stabilization resulted. The 
total amount of this shift was generally about 0.1 pH 
unit. It is believed to have been caused by a temporary 
super saturation of the solution with Dichloramine-T 
upon the addition of the hydrochloric acid followed by a 
slow precipitation to equilibrium saturation conditions. 
As the amount of precipitate in the solution increased, 
the time for stabilization decreased until at the equiva­
lence point it was complete in less than a minute. In the 
range in which this phenomenon was exhibited pH readings 
were not recorded until equilibrium conditions had been 
attained and the pH readings were constant for several 
minutes.

An example of the curves obtained showing the typical 
features of the titrations is shown in Fig. 1. Section A of 
the curve shows the region in which the solution was not 
yet saturated with Dichloramine-T and was therefore

Fig. 1.—Titration of 0.0400 M  Chloramine-T with 0.500 
M  HCl. Volume of solution 250 m l.: A, region with no 
precipitate, solution unsaturated with Dichloramine-T; 
B, region of supersaturation with Dichloramine-T; C, 
region with precipitate of Dichloramine-T in equilibrium 
with saturated solution.

clear. At the point corresponding to the addition of 1  

ml. of hydrochloric acid a break in the curve is noted, 
coincident with the appearance of a precipitate of Dichlor­
amine-T. The next three points, shown as section B, 
presumably correspond to a region of super saturation 
with Dichloramine-T in which the supersaturation was 
being relieved so slowly that no drift in the pH values 
was observed. At the point corresponding to the addition 
of 2  ml. of liydrociilurie acid a second break occurs, this 
being the first point for which the previously discussed 
shift in pH with time was observed. For the region be­
yond this, section C, the recorded points represent the 
pH readings obtained after stable conditions in the solu­
tion were attained and are assumed to correspond to an 
equilibrium saturation state for the 1 Dichloramine-T 
present.

The most concentrated solution titrated, 0.08 Af, 
showed a fourth section just before the equivalence point. 
It was possible to calculate that in this region a large 
enough quantity of ^-toluenesulfonamide had been pro­
duced to exceed its solubility, so that in this range both 
Dichloramine-T and ^-toluenesulfonamide were being 
precipitated by the addition of further hydrochloric acid. 
This section was not used for any of the calculations.

Theory and Results
Solubility Studies.—In sufficiently acid solu­

tions (0.002 N) of Dichlóramine-T only the 
equilibria represented by reactions (1 ) and (2 ) 
are analytically significant, for the ionization of 
the weakly acidic compounds, hypochlorous acid 
and C7H 7SO 2N H CI is substantially completely re­
pressed. Under these conditions the equivalents 
of oxidizing or “titratable” chlorine per liter, Ta, 
in the solution can be represented by the equation 
T& =  2[HOCl] +  2[C 7 H 7 S 0 2 NHC1] +

4[C 7 H 7S 0 2 NC12] (5)
When the concentration of titratable chlorine in 
acid solutions in equilibrium with an excess of 
solid Dichloramine-T, to which various amounts 
of ^-toluenesulfonamide have been added, is 
measured, Ta is found to increase with increase in 
the concentration of added ^-toluenesulfonamide 
because of the displacement of reaction (2 ) to the 
left. The accompanying decrease in the Diehlor- 
amine-T concentration is compensated for by ad­
ditional solution of solid Dichloramine-T. On 
the assumption that the activity of the dissolved 
Dichloramine-T and hence its true solubility is 
constant regardless of the presence of the other 
dissolved substances and with a knowledge of the 
hydrolysis constant, K h, it is possible to evaluate 
the disproportionation constant, Ad, from the in­
crease in the titratable chlorine of the saturated 
solutions with increase of added ^-toluenesulfon­
amide. This is the procedure which was followed 
by Soper.4

If the acidity at which these studies are carried 
out is changed to a pH. of 4 to 5, the titratable 
chlorine level in the solution is further measurably 
increased over that obtained for the same con­
centration of added -toluenesulfonamide in the 
more acid solutions because of the ionization of 
C7H7SO2NHCI, which displaces reaction (2 ) even 
more to the left. At pH  values less than 5 the 
ionization of hypochlorous acid is still not a factor. 
For solutions at pH  4 to 5 the equation for the
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equivalents of oxidizing chlorine in the saturated 
solutions becomes
T h = 2[HOCl] +  2 [ C7H 7SO2NHCI] +

2 [ C7H 7S 02N Cl" ] +  4[C7H 7S 0 2NC12] (6)
Since the concentration of hypochlorous acid is 
negligibly small for solutions in which the added 
^-toluenesulfonamide is 0.0 0 1 M  or greater, and 
since the concentration of dissolved C7H7SO2NCI2 
may be considered to be constant, equations (5) 
atid (6) may be reduced to the forms

r a =  r 2 -j- 2  [ c 7h 7s o 2n h c i] (7)
T h =  r 2 +  2[C 7H 7S 0 2 NHC1] +  2[ C7H 7S0 2 NC1_] (8 )
where T2 is the saturation concentration of 
C7H7SO2NCI2 in equivalents per liter, determined 
by Soper to be 0.310 X 10“3. Now if equations
(7) and (8) be taken to apply to solutions to which 
the same number of moles, N, of ^-toluenesulfon- 
amide have been added per liter of solution, then 
the expressions for Ad for the two conditions may 
be written

(C7 H 7 S 0 2 NHC1) 2  

(C7 H 7S 0 2 NC12) (c 7 h 7 s o 2 n h 2)
( r a -  r 2) 2 

t 2( n  -

_  (7b -  T2 -  2 [C7H 7SQ2NCl~ ] ) 2

the second term in the denominator of each ex­
pression being derived from the stoichiometry of 
reaction (2). Solution of these expressions for 
the concentration of C7H 7SO2N CI-  yields the 
equation
[C7H7S02NC1“ ] -

7b ~ T 2 ( ra -  T 2 /4N -  T h + T 2\
2  V n  -  t 2 \ 4 a  -  r a +  t 2)

The ionization constant for C7H 7SO2NHCI ex­
pressed in terms of the concentration of C7H7SO2- 
NC1~ and the measured properties of the saturated 
buffer solutions is given by the following expres­
sion derived from equations (4a) and (8)

K  =  (H +) [ C7 H 7 SQ2N Cl- ] /
2 V2 ( r b -  t 2 -  2 [c 7h 7s o 2n c i~])

where ƒ is the activity coefficient of the C7H7SO2- 
NC1~ in the buffer solution. Substitution of 
equation (9) and simplification lead to the equa­
tion

K t / f  = (H+)(J- r 2 U n  -  r a +  r 2 
r 2 \ 4 i v  -  n  +  t 2 1 )  do)

Data obtained in the solubility studies and 
values of the term, A 2//, calculated from them by 
means of equation (10) are shown in Table I. 
The ionic strength in these experiments, made up 
of the buffer ions and the ions produced in the re­
actions, was about 0.06.

Titration Studies.— If to a solution of NaC7H7- 
SO2NCI of molar concentration B, is added a quan­
tity of hydrochloric acid equivalent to a molar 
concentration A, both terms including a correc­

T able  I
D eterm ination  of the I onization Constant  for  C7 H7- 
S0 2 NHC1  from the A pparent  S olubility  of D ichlor­
am ine-T  in  B uffer ed  ^ -T oluenesulfonam ide  S olu­

tions at 25°
Saturation concentration,

Added
sulfonamide,

moles/1.
X IO3

of oxidizing chlorine, 
equiv./I. X IO3 

in 0.001 M  in acetate 
H2SO4 = Tg. buffer == Tb

pH  of 
buffer 

solution A V / X 105
'1 . 0 0 1.97 3 .27 4 .5 2 5 .06

2 . 0 0 2.90 5.03 4 .5 4 3 .8 4
5.00 4 .70  . 9 . 2 2 4.51 4 .3 5
8 . 0 0 6.17 1 1 . 6 6 4 .5 0 3 .73

1 0 . 0 0 6 .89 12.99 4 .51 3 .49
15.00 8 .70 16.90 4 .4 8 3 .8 2

Average, excluding first value, 3 .8 5

tion for the diluting effect of the added hydro­
chloric acid, then a simple application of equation 
(4) would indicate that the concentration of 
C7H 7SO2N H CI formed is A — [H+], and that the 
remaining concentration of C7H7S0 2NC1“ is A — 
A +  [H+], where [H+] is the measured concen­
tration of hydrogen ions in the solution after the 
addition of the acid. Then by substitution of 
these quantities in the ionization constant equa­
tion, the constant might be calculated. Actually, 
because the C7H 7SO2N H CI formed undergoes fur­
ther reaction according to equation (2 ), this pro­
cedure overestimates the concentration of that sub­
stance and gives an apparent ionization constant 
considerably smaller than the true one. Two sets 
of calculations are necessary to correct for this ad­
ditional reaction, one for the early part of the ti­
tration in which the solution is not saturated with 
respect to Dichloramine-T formed by reaction
(2 ) and one for the later part in which the pre­
cipitation of Dichloramine-T has caused a further 
shift of reaction (2 ) to the right.

A. Region with no Precipitate of Dichlor­
amine-T.—The term A — (H +) still repre­
sents the concentration of added acid which has 
reacted and so B — A +  [H+] is still equal to the 
remaining concentration of C7H 7S02NC1~. How­
ever, A — [H+] is equal to the sum of the con­
centrations of the C7H 7SO 2N H CI and its subse­
quent reaction products. This may be expressed 
by the equation
A  -  [H +] =  [C7H 7S0 2 NHC1] +  2[C7H 7S 0 2 NCl2] (1 1 )
Since the concentrations of C7H7SO2NCI2 and 
C7H7SO2NH2 formed by reaction (2 ) are equal, 
the equilibrium constant for the reaction may be 
written in the form

[C7 H 7SQ2 NC1 2 ] 2

d [C7 H 7S0 2 NHC1 ] 2  U ;
from which

[C7 H 7S0 2 NC1 2] = VAd[C 7 H 7S0 2 NHCl] ( 1 3 )
Substitution in equation (1 1 ) and solution for the 
concentration of C7H 7SO2N H CI gives

[C ,H ,S0 2 NHC1] =  —------1 1 1  ’• (14)
1 +
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This and the expression for the concentration of 
C7H 7SO 2N C I- , B — A +  [H+], substituted in the 
ionization equation (4a) yield

&  -  ,1  +  2 V » )  ( 1 8

which, upon substitution of the value 0.061 for 
A h. reduces to

K2/f = 1.494 (H +) ( B  - A  +  [H +]) 
A -  [H+] (16)

B. Region of Saturation with Dichloramine-
T.—As soon as Dichloramine-T begins to pre­
cipitate, equations (1 1 ) and (1 2 ) are no longer 
true in terms of the dissolved Dichloramine-T 
concentration. However, the C7H7SO2NCI2 term 
in equation (1 1 ) may be replaced by C7H7SO2NH2, 
since this latter substance remains in solution, to 
give the modified equation
A — [H+] = [C7H 7SO2NHCI] +  2[C 7H 7S0 2 NH2] (17)
Also, since the concentration of dissolved C 7H 7- 
SO2NCI2 can now be considered constant at its 
molar solubility value, 5, the disproportionation 
equation takes the form

k  =  [C7H7SQ2NH2]5 
d [C7H7S02NHC1]2 K }

Solution of equations (17) and (18) for the con­
centration of C7H 7SO2N H CI gives

[C ,H ,S02NHC1] = | U ( — d A  ~  tH+]) +  i ) ' A-  1 ]

(19)
Substitution of this expression and of B — A +  
[H+] for [C7H7SO2NCI""] in the ionization con­
stant equation (4a) gives

_  4Kd (H +)(£  — A  +  [H +])

=  5  ( ® f d ( 2 4 - [ H +]) +  l ) 1A- l
(20)

Upon substitution of the numerical values, Ad =
0.061 and 5  = 0.775 X 1 0 ~4, equation (20) re­
duces to

K  ,, = 3150(H+)(£ -  A +  [H+])
2,J (6300 ( A  -  [H+]) +  1)V2 -  1 (21)

A typical example of the results obtained is 
shown in Table II, which gives the data obtained 
for a titration of 0.02 M  Chloramine-T with 0.5 
M  hydrochloric acid, together with the ionization 
constants calculated from the data by means of 
equations (16) and (2 1 ) for the regions to which 
each is applicable. Table III presents a summary 
of the average ionization constants determined 
from this and the other titrations which were 
carried out. It is apparent from Table II that 
the calculated values of A 2/ /  showed a good con­
stancy during the course of a titration and that 
satisfactory agreement between the constants for 
the region without precipitation and that with pre­
cipitation was obtained. The values calculated for 
the period before the beginning of precipitation 
are probably less reliable because of the greater 
errors involved in the measurement of the small

amounts of acid added and also because the pres­
ence of very small amounts of acid or basic im­
purity in the Chloramine-T would have had a 
much more pronounced effect on the data in this 
region than in the later stages of the titration. 
On the other hand, because of the possible un­
certainty as to the attainment of a constant 
equilibrium saturation concentration of Dichlor­
amine-T during the latter part of the titrations, 
it is reassuring to have the values obtained foi 
the initial additions of HCl check the later ones 
so well.

T a b l e  II
T it r a t io n  o f  0.02 M  C h l o r a m in e -T  w it h  H y d r o c h l o r ic  

A c id

500 ml. of 0.02000 M  Chloramine-T titrated with 0.5000
N  HCl;

HCl
added,

activity coefficient for H + in 
0.95

Concn. of 
added acid,

A
moles/1. A  — [H +l

solution taken as

Unreacted
C7H7SO2-

NC1-,
B  -  A  +

[H +3 K */f
ml. pH X 103® X io® X 103® X 105

A. No precipitate; equation 16 used for calculations
0 . 0 0 7.68 0 . 0 0 0 0 .0 0 0 2 0 . 0 0

. 1 0 6.81 . 1 0 0 . 1 0 0 19.90 4 .626

.25 6.48 .250 .250 19.74 3.91&

.50 6.23 .500 .499 19.48 3.43

.75 6.04 .749 .748 19.22 3.50
1 . 0 0 5.92 .998 .997 18.96 3.41
1.25 5.82 1.247 1.245 18.70 3.39
1.50 5.73 1.496 1.494 18.45 3.43
2 . 0 0 5.61 1.992 1.989 17.93 3.31

B. Dichloramine-T precipitated, but not in equilibrium
3.00 5.49 2.982 2.979 16.90

C. Solution saturated with Dichloramine-T; equation 21 
used for calculations

4.00 5.52 3.968 3.965 15.87 3.68
5.00 5.48 4.950 4.947 14.85 3.31
7.00 5.30 6.900 6.895 12.82 3.57
9.00 5.16 8.845 8.838 10.81 3.61

1 1 . 0 0 5.04 10.76 10.75 8.82 3.47
13.00 4.89 12.67 1 2 . 6 6 6.83 3.47
15.00 4.70 14.57 14.55 4.87 3.55
17.00 4.50 16.44 16.41 2.93 3.16
18.00 4.31 17.38 17.33 1.98 3.22
19.00 4.02 18.31 18.21 1.06 3.27
19.50 3.79 18.77 18.60 0.65 3.36
19.75 3.66 19.00 18.77 .47 3 .27c
2 0 . 0 0 3.48 19.23 18.88 .35 3.66c
20.25 3.33 19.46 18.97 .25 3.69c
20.50 3.19 19.69 19.01 .20 4.07c
2 1 . 0 0 2.98 20.15 19.04 .15 4.96c 

Averages A 3.41 
C 3.42

a Corrected for dilution of sample by added hydro­
chloric acid. 6  Omitted from average because of lack of 
precision in volume of hydrochloric acid. c Omitted from 
average because of lack of precision in B  — A  +  [H +] 
term.

In computing the term, A — [H+], it was nec­
essary to convert the hydrogen ion activities calcu-
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T a b l e  III
Su m m a r y  o f  I o n iz a t io n  C o n s t a n t  V a l u e s  f o r  N- 
C h l o r o -£ -t o l u e n e s u l f o n a m id e  O b t a in e d  b y  T it r a t io n  

o f  C h l o r a m in e -T  S o l u t io n s

Molar concn. 
of chlor- 
amine-T®

Section of titra tion  
curve and equation 

used
Average 

K%/f X 105
-  log K i/f,  

pK%’
0 . 0 1 A, equation 16 3 .28 4.48

. 0 1 C, equation 21 3 .15 4.50

.0 2 A, equation 16 3.41 4 .47

.0 2 C, equation 21 3 .42 4.47

.04 A, equation 16 3.33 4.48

.04 C, equation 2 1 3.42 4.47

.08 A, equation 16 3.27 4.49

.08 C, equation 21 3.86 4.41
® This term also represents the ionic strength, jx, at

which the titration was carried out.

lated from the pH  measurements by the equation 
pH = — log (H+) to hydrogen ion concentrations. 
The activity coefficients used for this purpose were 
taken from the chart of individual ion activities 
given by Chapin and Steiner.7 The application 
of these corrections or the exact value of the ac­
tivity coefficient used for them made very little 
difference over the greater part of the titration, 
but by including them it was possible to calculate 
consistent values for the ionization constant up 
to and even past the equivalence point.

In Fig. 2 a plot of the negative logarithms of 
K 2/f, pK 2 values, obtained in the various experi­
ments against the square roots of the ionic 
strengths at which the experiments were con­
ducted is shown, the circles having been drawn 
with radii corresponding to an error of 0.02 unit in 
pH measurement. The extrapolation line drawn 
through the points has a slope of 0.5, correspond­
ing to that given by the simple Debye-Hückel 
expression in the form p K 2 — pK 2 — 0 .5V m-

(7) Chapin and Steiner, “ Second Year College Chemistry,” 
John Wiley and Sons, Inc., New York, N. Y., 5th edition, 1947, pp. 
390-393.

Fig. 2.—Variation of experimental ionization constants 
for C7H7SO2NHCI with ionic strength: O, titration values 
for solutions unsaturated with Dichloramine-T; ©, 
titration values for solutions containing precipitate of 
Dichloramine-T; <S>, value from solubility studies. Line 
corresponds to equation —log ƒ  =  0.5 V A

The value of p K 2 determined from the extrapola­
tion is 4.55 ±  0 .0 2 . This leads to a value for K 2f 
the activity ionization constant of C7H 7SO2N H CI, 
of 2.8 ±  0.2  X IO-5.

Summary
The ionization constant for N-chloro-^-toluene- 

sulfonamide has been determined by potentio­
metric titration of solutions of Chloramine-T with 
acid and by measurement of the solubility of Di­
chloramine-T in solutions at pH  4.5 containing 
added quantities of ^>-toluenesulfonamide. Suit­
able mathematical equations have been de­
veloped to overcome the complications caused by 
the simultaneous occurrence of other equilibrium 
processes along with the ionization equilibrium.

The value obtained for the activity ionization 
constant of C7H7S 0 2NHC1 at 25° is K 2 =  2.8 =±=
0.2 X 10-5, corresponding to p K 2 — 4.55 =±= 0.002.
C a m b r id g e , M a s s . R e c e iv e d  D e c e m b e r  19, 1947

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  T h e  U n iv e r s it y  o f  T e x a s ]

Salts of an Aquoammonomolybdic Acid12
By George W. Watt and D arwin D. D avies

In 1906, Rosenheim and Jacobsohn3 prepared 
molybdenum(VI) oxide 3-ammonate by the inter­
action of the oxide and liquid ammonia. They 
considered the compound to be the diammonium 
salt of “imidomolybdic acid” and attempted to 
convert it to a lead(II) salt by reaction with lead-
(II) iodide in liquid ammonia at 108-109°, but 
their results were inconclusive.

(1) This work was supported in part by grants from The Uni­
versity Research Institu te , Project No. 25.

(2) Presented a t the first Southwestern Regional Meeting of The 
American Chemical Society, Austin, Texas, December 7, 1945.

(3) Rosenheim and Jacobsohn, Z. anorg. allgem. Chem., 50, 297 
(1906).

In terms of Franklin’s nitrogen system of com­
pounds, 4 molybdenum (VI) oxide 3-ammonate 
may be looked upon as a salt of a mixed aquo­
ammonomolybdic acid. As such, this acid salt 
should be unreactive toward liquid ammonia solu­
tions of ammonium salts (acids in liquid am­
monia), but in the same medium should react, for 
example, with potassium amide (a base in liquid 
ammonia) to form a tripotassium salt which in 
turn should be convertible by metathesis to other

(4) Franklin, “ The Nitrogen System of Compounds,” A. C. S. 
Monograph No. 68, Reinhold Publishing Corporation, New York, 
N. Y., 1935, pp. 86-199.
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metal salts. These properties have been demon­
strated by the work described below.

The formation of the yellow tripotassium salt 
by the reaction,
(NH 4)2 (HM oO,N) 4- 3KNH* ---->  K 3 (M o0 3N) +  5NH 3

goes to completion only very slowly even in the 
presence of a large excess of potassium amide. 
A red-brown dipotassium salt appears to be formed 
as an intermediate. Conversion by metathesis 
to the silver salt, Ag3(M o03N), or the lead salt, 
Pb3(M o03N )2, is more rapid and apparently quan­
titative.

Experimental
M aterials.—W ith the exceptions noted below, all 

chemicals employed were of analytical reagent grade 
and of purity demonstrated by analyses prior to use.

Molybdenum (VI) Oxide.—A Schering-Kahlbaum 
product was dried for six hours a t 1 1 0 °, stored i n  vacuo  
over concentrated sulfuric acid, and used without further 
purification.

A n a l .  Calcd. for M o03: Mo, 66.65. Found: Mo, 
66.60.

This oxide was also prepared by partial evaporation of a 
solution of sodium molybdate in concentrated nitric acid.

A n a l .  Calcd. for M o03: Mo, 66.65. Found: Mo, 
66.35.

Experimental M ethods.—Unless otherwise specified, 
all reactions in liquid ammonia employed the familiar 
faraday tube technique5 *6 and were effected a t or near 
25°. I t  is im portant here only to recognize th a t these 
techniques permit one to conduct reactions out of contact 
with the atmosphere under strictly anhydrous conditions 
and to form, purify, and isolate ammonia-insoluble 
reaction products.

Diammonium Aquoammonomolyb date.—Molybdenum - 
(VI) oxide (0.6842 g.) was treated with about 15 ml. 
of liquid ammonia and agitated frequently over a period 
of one hour. The insoluble product was washed five 
times with liquid ammonia. Following evaporation of 
the solvent, the tube was evacuated by means of an oil 
pump for a period of two hours, filled with dry nitrogen and 
samples of the white crystalline solid (d2 5 4 4.04) were 
removed for analysis.

A n a l .  Calcd. for M o0 3 -3NH3: Mo, 49.98; N, 21.87. 
Found: Mo, 49.78; N, 21.65.

This compound loses ammonia slowly when exposed to 
the atmosphere and is rapidly and completely deammon- 
ated when heated to 1 1 0 °.

Attempts to demonstrate the presence of ammonium 
ions in terms of hydrogen liberated upon treatment with 
liquid ammonia solutions of potassium led to results that 
were inconclusive.

Treatment of Diammonium Aquoammonomolyb date 
with Ammonium Salts.—To the diammonium salt pro­
duced (as above) from 0.2918 g. of molybdenum(VI) 
oxide and about 1 0  ml. of liquid ammonia was added an 
eight-fold excess (2.3738 g.) of ammonium chloride dis­
solved in liquid ammonia. After frequent agitation at 
25° over a period of eighteen hours, the white solid was 
washed and removed for analysis in the manner indicated 
above.

A n a l . Calcd. for M o0 3 -3NH3: Mo, 49.98; N, 21.87. 
Found: Mo, 49.80; N, 21.75.

Substantially identical results were obtained using an 
excess of ammonium nitrate a t 25 ° and ammonium chloride 
or ammonium nitrate a t 100°. The experiments a t 100° 
employed a modified Faraday tube 7 so constructed tha t it

(5) Reference 4, pages 319-330.
(6) Johnson and Fernelius, J . Chem. Education, 6, 441-450 (1929).
(7) H olt and W att, T his Journal, 65, 988 (1943); for full details

see R. B. Holt, M. A. Thesis, The University of Texas, June, 1942.

could be heated in an autoclave identical with tha t de­
scribed by Bergstrom . 8

Tripotassium Aquoammonomolyb date.—Preliminary ex­
periments showed th a t the reaction between diammonium 
aquoammonomolybdate and potassium amide in liquid 
ammonia a t 25° is slow and leads initially to mixtures of 
products. Accordingly, known weights of molybdenum - 
(VI) oxide and potassium were placed in separate legs 
of a faraday tube, ammonia was condensed in the tube 
and the oxide and potassium were converted, respectively, 
to diammonium aquoammonomolybdate and potassium 
amide. The amide solution was then added to the sus­
pension of the ammonium salt and the reaction mixture 
agitated interm ittently prior to decantation of the super­
natant solution and washing of the insoluble product 
preparatory to opening the tube for analysis. In a series 
of experiments of this type, the reaction ratio and time of 
contact were varied in an effort to obtain a product of 
reproducible composition. The resulting data are given 
in Table I. The tripotassium salt (d25 4 4.59) hydrolyzes 
slowly upon exposure to the atmosphere. When treated 
with water, the salt hydrolyzes rapidly and yields an 
alkaline solution containing molybdate ion.

T a b l e  I
P r e p a r a t io n  o f  T r ip o t a s s iu m  A q u o a m m o n o m o ly b d a te

--------Insoluble product®»&-
M003, .---------- K --------- . Time, Mo,

%
N,
%g. g. equiv. hr. Color

0.6317 0.5878 3.42 0 .5 Red-brown 39.12 6.15
.3986 .3575 3.60 0 .5 Red-brown 38.48 5.77
.5172 .4671 3.32 2 . 0 Slate-gray 34.50 5.32
.8590 .9402 4.07 1 2 Yellow 34.79 5.25
.5620 .9313 6 . 1 0 1 2 * Yellow 34.71 5.22
a Calcd. for K 2H M o0 3 N : Mo, 40.46; N, 5.90. 6 Calcd. 

for K 3M 0 O3 N : Mo, 34.86; N, 5.09. c Reaction times 
as long as twenty-six hours (using four to six equivalents 
of potassium amide) were employed without substantial 
change in the character of the results.

Silver(I) Aquoammonomolybdate.—The tripotassium 
aquoammonomolybdate equivalent to 0.7160 g. of molyb­
denum (VI) oxide was prepared and purified as described 
above. Thereafter, it was agitated (in the faraday tube 
in which the tripotassium salt was prepared) with a liquid 
ammonia solution containing excess silver(I) nitrate 
(3.1612 g.) until there was no further evidence of reaction 
(ca .  one hour). Excess silver(I) nitrate and by-product 
potassium nitrate were separated from the black insoluble 
solid product by repeated washing with liquid ammonia.

A n a l .  Calcd. for Ag8M o0 3 N : Ag, 67.20; Mo, 19.95; 
N, 2.91. Found: Ag, 67.03; Mo, 19.73; N, 3.18.

This salt (d2 5 4 7.64) underwent no change in appearance 
or composition during exposure to the atmosphere for 
twenty-four hours.

Lead (II) Aquoammonomolybdate.—In an entirely 
analogous manner, the lead salt was formed by the 
reaction between a liquid ammonia solution containing 
excess lead(II) iodide (2.4200 g.) in the potassium salt 
derived from 0.4877 g. of molybdenum(VI) oxide. 
The purified product was a light brown ammonia-insoluble 
solid (d254 6.93) which is stable under ordinary atmos­
pheric conditions.

A n a l .  Calcd. for Pb 3Mo2OeN2: Pb, 66.25; Mo,
20.24; N, 2.86. Found: Pb, 65.98; Mo, 20.39; N, 
2.82.

X-Ray Diffraction Data.—By the powder technique, 
X-ray diffraction patterns (Cu Ka radiation) were ob­
tained for the diammonium, tripotassium, and trisilver 
salts. The interplanar spacings (d ) in angstrom units 
and the relative intensities ( / / / 0) of the lines are given 
in Table II . The pattern for the lead salt (twenty-four 
hour exposure) showed only one line (d  — 2 .0 1 0 ).

(8) Bergstrom, J. Org. Chem., 2, 424 (1937),
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T a b l e  II
D a t a  f r o m  X - r a y  D if f r a c t io n  P a t t e r n s

(NH4) 2 (HM0O3N) K3(Mo03N) Ag3(MoOsN)
d / / /  0 d I /lo d I / h

1 .6 7 8 0 .2 8 0 .8 7 5 0 .0 4 1 .260 0 .1 9
1 .7 9 8 .85 0 .9 4 1 .06 1 .312 .21
1.891 .12 0 .9 6 5 .07 1 .665 .22
2 .0 7 0 .0 9 1 .0 0 1 .0 8 1 .795 .31
2 .1 6 7 .1 8 1 .2 4 0 .09 1 .920 .21
2 .2 3 6 .20 1 .453 .0 8 2 .2 4 0 .49
2 .4 5 8 .30 1 .550 .08 2 .6 1 5 .62
2 .6 4 8 .10 1.711 .11 3 .0 3 0 .19
3 .2 1 8 .87 1 .750 .13 3 .3 4 0 1 .00
3 .3 1 9 .95 1 .9 2 0 .19 4 .3 2 0 0 .7 6
3 .5 9 4 .90 2 .2 0 0 .10
4 .901 .52 2 .2 2 0 .21
6 .3 1 5 .98 2 .6 1 5 .16
7 .1 4 5 1 .0 0 2 .4 5 3 1 .0 0

3 .001 0 .4 2
3 .1 5 6 .48
3 .2 5 1 .91
3 .5 0 1 .62
5 .011 .18

The same result was obtained using a sample of the lead 
salt that had been maintained for three hours at 300° 
(without change in composition) in an atmosphere of 
dry oxygen-free nitrogen.

Summary
1. The existence of a compound of molyb­

denum (VI) oxide and ammonia in a 1:3 mole 
ratio has been confirmed and the compound has 
been interpreted as the diammonium salt of an 
aquoammonomolybdic acid.

2. This salt has been shown to be unaffected 
by treatment with liquid ammonia solutions of 
ammonium chloride or ammonium nitrate at 25 
and 10 0 °.

3. By the use of excess potassium amide in 
liquid ammonia solution and long time of reaction, 
the diammonium acid salt has been converted to a 
yellow tripotassium salt.

4. By metathesis with solutions of silver(I) ni­
trate and lead(II) iodide in liquid ammonia, the 
tripotassium salt has been converted to the corre­
sponding silver(I) and lead(II) salts.
A u s t in , T e x a s  R e c e iv e d  J u l y  19, 1947

[C o n t r ib u t io n  f r o m  t h e  C h e m is t r y  L a b o r a t o r y  o f  t h e  P o l y t e c h n ic  I n s t it u t e  o f  B r o o k l y n ]

X-Ray Diffraction Studies of Systems Involved in the Preparation of Alkaline Earth
Sulfide and Selenide Phosphors1

By William Primak2* Herman Kaufman and Roland Ward

The methods of preparation and some of the 
properties of the alkaline earth sulfide and selenide 
infrared phosphors have recently been described.2*3 
It has been shown4 that in most cases their forma­
tion involves a complex interaction between solid 
phases and a fused salt, or flux, during which the 
composition of the phases alters. It is important 
to know the solubility limits of the different base 
materials which are used in the preparation of 
phosphors. A knowledge of the ways in which 
solid solutions may be formed is also useful. This 
paper presents the results of a study of the inter­
solubility of some alkaline earth sulfides, selenides 
and oxides by means of X-ray analysis. The ex­
cellent back-reflection powder pictures given by 
the alkaline earth sulfides, selenides and oxides, 
all of which have the sodium chloride lattice, have 
permitted the determination of the lattice con­
stant of these phases with high precision. Our 
results indicate that the simple Vegard law is

(1) The work described in this paper was carried out in whole 
under contract NObs 28370 between the Bureau of Ships and the 
Polytechnic Institu te  of Brooklyn.

(2a) Present address: Argonne N ational Laboratory, P. O. Box 
5207, Chicago 80, 111.

(2) Reports of B. O'Brien, F. Urbach and R. Ward, / .  Optical 
Soc. Am ., 36, 351 (1946).

(3) R. T. Ellickson, ibid., 36, 261 (1946); R. T. Ellickson and W. 
L. Parker, Phys. Rev., 69, 534 (1946).

(4) W. Primak, R. K. Osterheld and R, Ward, T his Journal, 69, 
1233 (1947),

applicable over a wide range of composition of 
mixed sulfides and selenides so that changes in 
composition of the base material can be deter­
mined from the lattice constant measurement.

Experimental
Procedure.-—A symmetrical back-reflection focussing 

powder camera of 6  cm. radius was used for most of the 
pictures. Several were taken with a Philip’s Straumanis 
type powder camera of 5.72 cm. radius, and these are 
indicated in footnotes. To obtain a precision lattice  
constant, the lattice constants computed from the back- 
reflection lines were plotted against the square of the sine 
of the Bragg angle and extrapolated to Bragg angle 9 0 ° .5 
The error in extrapolation was about Vio,ooo, but the re­
producibility in different samples of supposedly pure 
material was not better than V 3 0 0 0 . Some of the chemical 
work did not warrant obtaining lattice constants of such 
precision. In these cases, lattice constants were com ­
puted from a single back-reflection line spacing. They  
were probably good to V 0 0 0 .

Preparation of M aterials.—All chemicals used were 
purified as for the preparation of phosphors . 6 Strontium  
and calcium sulfide were prepared by reducing the sulfates 
with ammonia, hydrogen or hydrogen sulfide at 850- 
1050°. They were then treated with hydrogen sulfide 
at a temperature of 1000°. Strontium selenide was pre­
pared by the reduction of the selenite with ammonia at 
about 850°. Several preparations of sulfides and sele­
nides were made by the reaction of sulfur or selenium on

(5) M. J. Buerger, “ X -R ay Crystallography,” John W iley and 
Sons, Inc., New York, N. Y., 1942, p. 393.

(6) A. L. Smith, R. D. Rosenstein and R,. W ard, T his J ournal , 
69, 1725 (1947),
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the carbonates. These are specifically referred to. M ag­
nesium sulfide was prepared by the action of hydrogen 
sulfide on magnesium chloride . 7  Strontium and calcium 
oxides were prepared by treating the carbonates with 
hydrogen at about 1 0 0 0 ° and then with oxygen at the 
same temperature.

Fluxing Procedures.— Samples were prepared in two 
ways: ( 1 ) 1 0  to 15 g. of material was molded under a
force of 1 0  tons to form a 7/« inch diameter cylindrical 
block, which was then fired on a molded plate of magne­
sium oxide placed in a platinum boat; (2 ) 2  t o 5 g. of ma­
terial was placed into a small platinum boat and fired. 
In both cases the firing was performed by placing the boat 
into a quartz tube in which a purified nitrogen atmos­
phere was maintained, and the quartz tube was inserted 
for the desired length of time into the furnace maintained 
at a temperature of 1 0 0 0 - 1 1 0 0 °.

Lattice Constants for Base Materials.—Pre­
cision lattice constants were determined for 
several different preparations of a number of 
alkaline earth oxides, sulfides, and selenides. 
They are given in Table I.

T a b l e  I

P r e c is io n  L a t t ic e  C o n s t a n t s
Lattice

Parts P arts M inutes constant
Base base Flux flux fluxed “a” in A.
SrS None 6.0079
SrS 2 0 LiF 3 1 2 0 6.0080
SrS 1 0 0 LiF 9 90 6.0063
SrS 25 SrCl2 3 90 6.0063
SrSe None 6.2320
SrSe 1 0 LiF 1 30 6.228
SrSe 2 0 SrS0 4 -SrF2

( 1 : 1  wt.) 3 CO o 6.2309
CaS None 5.6836
CaS 2 0 LiF 3 1 2 0 5.6835
CaSe (Calculated ) 6 5.908
MgS None 5.1913
MgS None 5.1913
MgS 5 LiF 1 180 1.1900
MgS 5 NaCl 2 180 5.191
SrO 1 0 LiFc 1 1 2 0 5.1396
CaO None 4.7990
CaO 1 0 LiF 1 30 4.799
a Phillip’s Straumanis camera was used. 6 Calculated

from the lattice constants given for strontium sulfide, 
strontium selenide and calcium sulfide, using Vegard’s 
law. c Strontium oxide, unfluxed, gave diffuse lines 
which were attributed to poor crystallinity. When 
fluxed with sodium chloride or strontium chloride, a 
slight improvement was observed, but with lithium fluo­
ride, rather sharp lines were obtained.

It is seen from these results that the flux does 
not affect the lattice constant within the limits 
of experimental error.

Solid Solutions of Strontium and Calcium 
Sulfides.—This system was previously investi­
gated by Rumpf and Travnicek.8 They used 
mixtures of strontium and calcium sulfides and 
sulfates prepared by the reaction of sulfur with a 
mixture of carbonates at high temperatures and 
observed large apparent deviations from Vegard’s

(7) V. Russo, M.S. Thesis, Polytechnic Institu te  of Brooklyn, 
1947.

(8) Rum pf and Travnicek, Ann. Physik, [5] 4, 725 (1930).

law, which they could not explain satisfactorily. 
For the work described here, practically pure sul­
fides were used. Two mixtures of strontium sulfide 
and calcium sulfide were prepared by grinding the 
constituents together in a ball mill. The one con­
tained 75 mole per cent, strontium sulfide, the 
other 50 mole per cent, strontium sulfide. Several 
fluxes were used: (a) lithium fluoride; (b) mix­
tures of lithium fluoride, calcium fluoride, and 
strontium fluoride with the molar ratio of stron­
tium to calcium ions the same as that of the re­
spective sulfide mixtures. Lithium fluoride con­
stituted one-third the weight of the mixture to 
give a mixture that was completely molten at the 
temperature of fluxing, (c) Mixtures of stron­
tium fluoride, calcium fluoride and strontium 
sulfate with the molar ratio of strontium to cal­
cium ions the same as that of the respective sulfide 
mixtures. The composition chosen was close to 
the line of two-fold saturation in the liquidus of the 
reciprocal salt system .4

The results obtained with these mixtures are 
given in Table II.

T a b l e  I I

L a t t ic e  C o n s t a n t s  f o r  F l u x e d  M ix t u r e s  o f  C a l c iu m  
S u l f id e  a n d  S t r o n t iu m  Su l f id e

Base
com­
posi­
tion

(mole%
SrS)

Flux composition 
(Grams of flux for 10 g. sulfide)

LiF CaF2 SrF2 SrS04

Lattice 
constant 

(“a” in A.)
75 1 .5 5 .9375
75 0 .5  0 .1 7 2  0 .8 2 8 5 .936
75 .205 .330 0 .9 6 5 9 .5 3 5
75 Calculated from the lattice con­

stants given in Table I for SrS 
and CaS, using Vegard’s law 5 .9 2 7

50 1 .5 5 .853
50 0 .5  0 .3 8 4  0 .6 1 6 5 .854
50 .447  1 .053 5 .8 6 8
50 Calculated from the lattice con­

stants given in Table I for SrS 
and CaS, using Vegard’s law 5 .846

These results show that complete solid solution 
of the two sulfides results on fluxing; and also 
that using a flux containing calcium and stron­
tium ions in the same molar ratio as in the sulfide 
does not change the composition of such solid 
solutions. One would not expect any better 
agreement than is found above, because of the 
difficulty experienced in compounding solids 
quantitatively.

If having the same molar cation ratio in base 
and flux is the equilibrium condition for ion ex­
change between base and flux, it should be pos­
sible to reach this condition starting with a base 
containing the one cation and a flux containing 
the other. Accordingly, calcium sulfide was 
fluxed with a flux containing strontium fluoride; 
and strontium sulfide was fluxed with a flux con­
taining calcium fluoride. The lattice constants 
given by these samples are given in Table III.
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T a b l e  III
I o n  E x c h a n g e  b e t w e e n  B a s e  a n d  F l u x

Original tt Mole per cent. SrS
base Original flux (g.) ‘a ” Calcu-

(10 g.) L iF  SrF2 CaF2 A. Found® lated&
SrS 0 .50  1 . 0 0  5 .974 89 .6  8 6 . 8

CaS 0 .50  1 . 0 0  5 .699 4 .6  5 .4
® Calculated from the lattice constant using Vegard’s 

law. 6  Calculated from the composition, assuming ion 
exchange continues until the cation ratio is the same in 
flux and base.

Although complete transposition apparently 
did not occur in the time of fluxing, it is clearly 
established that cation exchange does take place. 
In applying this information to the study of phos­
phors, it could be assumed that cation exchange 
results in equal concentrations of these ions in base 
and flux.

The lattice constants obtained for calcium sul­
fide, strontium sulfide, and their solid solutions 
are plotted in Fig. 1 as a function of the composi­
tion. Contrary to the results obtained by Rumpf, 
which are plotted in the same figure for compari­
son, it is seen that our results obey Vegard’s law 
very closely.

Conditions for the Formation of Solid Solu­
tions.—In the above experiments, solid solu­
tions were obtained by heating a mixture of 
sulfides with a flux. An attempt was made to 
obtain a solid solution by the reduction with hy­
drogen sulfide, of an intimate mixture of calcium 
and strontium sulfate. With a mixture containing 
57 mole per cent, calcium sulfate, the product 
gave the patterns of the individual sulfides. When 
fluxed with lithium fluoride this mixture gave a 
lattice constant of 5.83 A., corresponding to a 
composition of 56 mole per cent, calcium sulfide.

Quite different results were obtained when 
solid solutions of calcium and strontium carbon­
ates were converted to sulfides. Three (Ca,Sr)C03 
precipitates were prepared by adding a solution 
containing appropriate concentrations of Ca+2 and 
Sr+2 to a hot ammonium carbonate solution. 
They contained 81.7, 59.7 and 32.8 mole per cent, 
of calcium. Upon conversion to the sulfide by 
heating in hydrogen sulfide at 1000° the lattice 
constants of the solid solutions indicated 81.2,
57.7 and 31.0 mole per cent, of calcium, respec­
tively, and on fluxing these products with lithium 
fluoride 80.5, 57.7 and 30.2 mole per cent, of cal­
cium, respectively. The conversion to sulfide by 
heating with sulfur at 10 0 0° gave somewhat simi­
lar results. The product from the mixture con­
taining the highest percentage of calcium gave a 
very diffuse pattern before fluxing, and after 
fluxing a well-defined pattern corresponding to
73.8 mole per cent, calcium. The others yielded 
sulfides with calcium content 57.7 and 30.4 mole 
per cent, before fluxing and 59.0 and 30.8 mole 
per cent, after fluxing. The agreement is reason­
ably good considering that in the conversion of 
carbonate to sulfide with sulfur a considerable 
proportion of sulfate is formed.

SrS 20 40 60 80 1 0 0

Mole per cent. CaS.
Fig. 1.—Lattice constants (Si,Ca)S: O, LiF fluxes, • ,  

S 0 4== fluxes; °  , Rumpf .

Thus solid solutions of sulfides form when a mix­
ture that is itself a solid solution is converted to 
sulfide. When the starting material is not a solid 
solution, appreciable solid solution is not ob­
tained. This indicates a low rate of diffusion for 
these ions at 10 0 0°.

These conclusions serve to explain some of the 
results previously obtained with mixtures of 
strontium selenite and other salts.4 One of these 
systems (SrSe03-CaSe03) gave a lattice constant 
on reduction which differed widely from that 
predicted from the expected (Ca,Sr)Se solid solu­
tion. This experiment was repeated using a larger 
proportion (39 mole per cent.) of calcium selenite. 
The pattern of the selenide phase from the reduced 
mixture could barely be distinguished from the 
background but a strong set of lines corresponding 
to calcium oxide was present. Upon fluxing the 
mixture with lithium fluoride a distinct pattern of 
selenide phase appeared with lattice constant cor­
responding to about 14 mole per cent, calcium. 
The calcium oxide pattern was unaltered by the 
fluxing. It would appear, therefore, that the 
hydrolysis which always occurs when calcium 
selenite is reduced does not lead to the formation 
of strontium oxide or to a strontium-calcium ox­
ide solution upon reduction of the mixture of 
strontium and calcium selenites.

The intersolubility of calcium and strontium 
oxides was accordingly tested by fluxing (a) a mix­
ture of calcium oxide, strontium fluoride, and lith­
ium fluoride in the proportions of 100:15:5, and 
(b) a similar mixture composed of strontium ox­
ide, calcium fluoride, and lithium fluoride. From 
the powder picture of the former, a lattice con­
stant 4.8020 A. was computed. In the powder 
picture of the latter were found two sets of lines: 
from those that corresponded to a strontium oxide 
phase, the lattice constant 5.1312 A. was com­
puted ; and from those that corresponded to a 
calcium oxide phase, the lattice constant 4.806 A. 
It is obvious that ion exchange between base and 
flux had occurred in experiment b. The intersolu­
bility of strontium and calcium oxides is appar­
ently quite limited. According to Vegard’s law, 
these results correspond to approximately 2.5
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mole per cent, calcium oxide in strontium oxide, 
and 1 mole per cent, strontium oxide in calcium 
oxide.

The pronounced effect of oxide upon the lumi­
nescent properties of phosphors9 suggested that 
solid solution with the sulfide or selenide might 
occur. The lattice constants obtained by fluxing 
strontium oxide and sulfide and oxide and selenide 
mixtures are shown in Table IV. It can be seen 
that the amount of oxide which disssolves in 
either selenide or sulfide is quite small and lies 
almost within the limits of determination by X-ray 
diffraction.

T a b l e  I V

L a t t ic e  C o n s t a n t s  o f  M ix t u r e s  C o n t a in in g  O x id e
Lattice constant

Composition Fluxing A.
by weight time, Other

Base Flux hours SrO base
SrSe 5, SrO 5 
SrSe 100, SrO 0 ,1 ,

LiF 1 
SrF2  7 .5 ,

30 5.145 6.230

2, 4a SrS0 4  7 .5 0 .75 6.232
SrS 2 , SrO 1 LiF 0 .3 30 5.140 6.0050
SrS 100, SrO 3 LiF 9 1.5 6.0075
SrS 100, SrO 10 LiF 9 1 .5 6.0070
SrS 100, SrO 2 SrCl2 1 2 1 .5 6.0065

a Phillip *s Straumanis camera used.

The intersolubility of magnesium sulfide with 
calcium and strontium sulfides was also tested by 
the same procedures. The lattice constants for 
these mixtures are listed in Table V and should be 
compared with the values for the pure sulfides 
given in Table I. There is very little intersolubil­
ity in the MgS-SrS systems but with the CaS- 
MgS system about 11 weight per cent, magnesium 
sulfide dissolves in the calcium sulfide and about 15 
weight per cent, of calcium sulfide in the magne-

(9) K. Stripp and R. Ward, T h is J ournal, 70, 401 (1948).

sium sulfide lattice. This is perhaps a greater in­
tersolubility than one would expect with a differ­
ence in cationic radii of some 50 per cent.

T a b l e  V

L a t t ic e  C o n s t a n t s  o f  M ix t u r e s  C o n t a in in g  M a g ­
n e s iu m  S u l f id e

Compositio n by weight

Flux­
ing

time,

Lattice constant, 
A.

Other
Base Flux hours MgS base

MgS 5, SrS 1 0 LiF 2 .2 3 5.194 6.0058
SrS 1 0 LiF 0 .5 , M gF 2  1 3 6.0062
MgS 9, SrS 1 SrCl2  1 3 6 . 0 0 1 2

MgS 6 , SrS 4 SrCl2  1 1 6.0030
MgS 3, SrS 7 SrCl2 1 1 6 . 0 0 2 0

MgS 1, CaS 5 NaCl 1 .2 1 5.614
MgS 5, CaS 1 NaCl 1 .2 1 5.251
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Summary
Precision lattice constants were determined for 

magnesium, calcium and strontium sulfides, stron­
tium selenide, calcium and magnesium oxides. 
The extent of solid solution among these com­
pounds and some of the methods for forming solid 
solutions were studied.

Complete intersolubility exists among calcium 
sulfide, strontium sulfide and strontium selenide. 
Magnesium and calcium sulfides are intersoluble 
to a limited extent. Solid solution formation 
among the other pairs appears to be negligible.

R e c e iv e d  J a n u a r y  27, 1948

[C o n t r ib u t io n  f r o m  R e s e a r c h  L a b o r a t o r y , U n it e d  S t a t e s  S t e e l  C o r p o r a t io n , K e a r n y , N e w  J e r s e y ]

Melting Points of Iron Oxides on Silica; Phase Equilibria in the System F e-S i-0  as 
a Function of Gas Composition and Temperature

B y  L. S. D a r k e n

The phase relations in the ternary system Fe-
O-Si are of considerable interest to the steel indus­
try, particularly in two respects: (1 ) the oxida­
tion (scaling) of silicon steels produces in some 
cases a subscale and in other cases a so-called 
“silicon skin” (mainly metallic Fe +  Si02). Since 
the primary requisite for scaling is the production 
of a gradient of the partial pressure of oxygen in 
the vicinity of the surface scaled, it is believed that 
a knowledge of the stability of the different oxides 
under various partial pressures of oxygen will aid 
in interpreting the observed phenomena. (2 ) 
The behavior of refractories is influenced in some 
cases by the form of iron oxide contained therein

or deposited thereon. This is particularly so in 
blast furnace brick, in which metallic iron is 
thought to act as a catalyst for the deposition of 
carbon which in extreme cases disintegrates the 
brick. It has been observed that brick fired at 
high temperatures are less susceptible to this form 
of attack. It seems reasonable that higher tem­
peratures effect fusion of the iron oxides forming 
silicates, etc., which are less easily reduced and less 
catalytic. The present investigation demonstrates 
that the temperature of fusion of iron oxides in 
contact with silica is a rather sensitive function of 
gas composition (varying from 112 0  to 1447°), 
hence that fusion may be accomplished in some
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cases by control of the gas atmosphere without 
changing the temperature.

Experimental Procedure and Data.—A num­
ber of the uni variant equilibria in the oxide region 
of the ternary system Fe-Si-O are identical 
with those of the binary system F e-0  which have 
been investigated previously. Others may be 
estimated with sufficient precision from available 
data, though there are but few data on the in­
fluence of gas composition on the melting tempera­
ture of the oxides. The present experimental in­
vestigation was intended partially to fill this gap 
by determination of the relation between gas 
composition and temperature for the two univari­
ant equilibria: silica, magnetite, melt, gas; and 
silica, fayalite, melt, gas.

In each experiment a silica rod (about 1 mm. diam., 5 
cm. long) was coated with Fe2 0 3 by dipping it in an aque­
ous suspension of the latter. After the coated rod had 
dried, it was placed on a platinum suspension and hung in 
the gradient of a platinum-wound tubular furnace, which 
was controlled in the manner described previously , 1  the 
winding of the furnace acting as one arm of a bridge circuit 
which was automatically balanced. The desired atmos­
phere, usually delivered by a gas mixer, was introduced 
into the furnace (at atmospheric pressure) through the 
mercury seal at the bottom of the tube. The rate of 
flow of gas was about 50 cc. per minute, which is ample 
to avoid appreciable thermal separation of the gases. The 
time at temperature varied from fifteen minutes in some 
of the preliminary experiments to eighteen hours. If the 
temperature and gas composition were suitably chosen, 
the sample exhibited on removal a fairly sharp demarcation 
between the opaque fused region and the region in which 
no fusion had occurred. This transition is best seen by ^  
the naked eye using the sky as a background. In ques- bo 
tionable cases, the demarcation was developed by im- ^  
mersing the rod in warm 6  N  hydrochloric acid for a few 
minutes; the acid removed essentially all the iron from the 
unfused region, but had little effect on the fused portion.
To determine the temperature, the position of the de­
marcation line was carefully measured and a thermocouple 
was inserted at the corresponding position in the furnace.
If the temperature gradient in this region was too steep 
to yield the desired precision, the furnace temperature was 
readjusted so that on repetition of the experiment the 
transition occurred nearer the center of the furnace in a 
region of smaller temperature gradient.

After this temperature adjustment had been made, so 
that the transition in a given atmosphere occurred in a 
region where the gradient was about 1 0 ° per cm., the 
specimen was held at the determined position for different 
lengths of time to be sure that the observed demarcation 
line corresponded to equilibrium between the phases in­
volved. Fusion of course proceeded from the hotter zone 
to the cooler. It was found that, within the limits of ex­
perimental measurement, motion of the boundary line 
between fused and unfused portions ceased after about one- 
half hour; however, the sharpness of the boundary line 
usually increased appreciably on longer treatment. For 
this reason, as well as to be sure of equilibration, all 
specimens were treated for sixteen hours. In each case 
a preliminary measurement was made, usually at the 
end of one hour, but at the lower temperatures, at a some­
what longer time. In all cases, the position of the de­
marcation line was the same at the end of sixteen hours as 
at the time of the previous preliminary measurement.
The experimental data are recorded in Table I, and are 
presented graphically in Fig. 1 along with curves repre­
senting other equilibria subsequently discussed.

Since it is reasonable to expect a slight difference in 
equilibrium temperature depending on whether the solid

T a b l e  I

M e l t in g  P o in t  o f  I r o n  O x id e s  in  C o n t a c t  w it h  S il ic a  
a n d  V a r io u s  A t m o s p h e r e s  a t  O n e  A t m o s p h e r e  T o t a l

Atmosphere Form of silica
T  em perature, 

°C.
(the univariant equilibrium; silica, magnetite, melt, gas)
Oxygen” . Vitreous 1447
Air Vitreous 1442
y4% 02 in co2 Vitreous 1411
C0 2, CO; C 02/C O  =  308 Vitreous 1369
C0 2, CO; C 02/CO =  79 .2 Vitreous 1279
C0 2, CO; C 02/CO =  52 .8 Vitreous 1230
C 02, CO; C 02/C O  =  26 .0 Cristobalite 1159
C 02, CO; C 02/CO = 2 0 . 8 Vitreous 1131
(the univariant equilibrium; silica, fayalite, melt, gas)
C 02, CO; C 02/CO =  14.1 Cristobalite 1120
C 02, CO; C 02/CO =  11.2 Cristobalite 1129
C0 2, CO; C 02/CO = 4 .0 2 Cristobalite 1139

a Actually the phases in equilibrium at this point are 
silica, hematite, melt and gas as may be seen from Fig. 1. 
It is, however, very nearly identical with quintuple point 
1.

Fig. 1.—Relations between gas composition and tempera­
ture for the univariant equilibria of the system Fe—Si—10 .

silica phase is vitreous or crystalline, several determinations 
were made using a vitreous silica rod whose surface had 
been transformed to cristobalite. This conversion was 
accomplished by heating the rod at about 1500° for an 
hour; the success of this treatment was easily recognized 
by the shattering of the surface accompanying the high- 
low inversion of cristobalite (200-275°) as the specimen 
was cooled. From the data assembled by Mosesman and 
Pitzer2 it is clear that the free energy difference between 
vitreous silica and any of the crystalline forms is greater, 
in the range covered, than the free energy difference be­
tween any two crystalline forms. Hence it is of negligible 
importance from the viewpoint of the present investiga­
tion that cristobalite was used, in spite of the fact that 
tridymite is the stable crystalline form in the temperature 
range investigated. Since the metastab lity  of the 
vitreous form is greater at lower temperatures, it is evident 
that the observed temperature of the four phase equilibria 
would be most greatly influenced by the form of silica at 
the lower temperatures. For this reason, cristobalite was 
used in the case of all three measurements of the equi­
librium between fayalite, silica, liquid and gas. Cristo-

(1) Darken and Gurry, T his Journal, 67, 1398 (1945). (2) Mosesman and Pitzer, ibid., 63, 2348 (1941).
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balite  was also used in th e  case of one sample in the 
series determ ining th e  equilibrium  between magnetite, 
silica, liquid, gas. Since this point falls on the same smooth 
curve as th a t  for the  points representing equilibrium with 
vitreous silica it is concluded th a t  the  influence of the form 
of silica is sm aller than  th e  experim ental error, which is 
estim ated to  be abou t 5°.

A lthough the  system  investigated comprises four ele­
m ents (iron, oxygen, silica, carbon) the  solubility of 
carbon (or carbon monoxide or carbon dioxide) in the con­
densed phases is negligibly small in th e  region investi­
ga ted ; hence, the  system  m ay be regarded as a three 
com ponent one. I t  is convenient, however, to  give the 
pressure in term s of th e  ra tio  of carbon dioxide to  carbon 
monoxide in the  gas phase ra th e r th an  in terms of the 
p artia l pressure of oxygen; it  is clear th a t  these are in te r­
convertible by  means of th e  equilibrium  constant for the 
homogeneous gaseous reaction  CO -f- V 2O2 =  C 0 2. 
Values of th is constan t, calculated from the tabulated  
values of (F° — E°0) / T  for C O ,3 0 2,4 and  C 0 2,5 using the 
value of AEjJ given by  R ossini,6 were given by D arken 
and G u rry .2 T he uncerta in ty  of th is equilibrium con­
s ta n t is negligibly small com pared to  o ther errors involved 
in construction of the  diagram .

Construction of the Remainder of the Dia­
gram.— In order to construct the diagram (Fig.
1 ) showing the equilibrium ratio of carbon diox­
ide to carbon monoxide in the presence of vari­
ous stable phases and at various temperatures 
the general procedure was as follows. The known 
invariant points (five phase equilibria) and the 
known univariant curves (four phase equilibria) 
or points thereon were plotted. A number of 
these are identical with the invariant curves of the 
binary system iron-oxygen. In general for a ter­
nary system five univariant curves intersect at an 
invariant point; however, one of these univariant 
curves represents the small effect of pressure on 
the completely condensed system (no gas phase 
present), and does not appear in the representa­
tion chosen since the total pressure is essentially 
one atmosphere. Hence the construction con­
sisted mainly of interconnecting the univariant 
curves to accord with this condition, using directly 
determined data together with indirect data re­
lated thermodynamically to the diagram.

There are five invariant points occurring in the 
region considered; at these points the following 
phases are in equilibrium (the numbers correspond 
to those in Fig. 1).

(1) hem atite, m agnetite, silica, melt, gas
(2) m agnetite, fayalite, silica, melt, gas
(3) m agnetite, w üstite, fayalite, melt, gas
(4) w üstite, fayalite, m etal, melt, gas
(5) fayalite, m etal, silica, melt, gas

Of the various stable phases listed, hematite 
(Fe20 3), fayalite (2Fe0-Si02), silica (Si0 2), and 
metal (Fe) are essentially of fixed composition; 
magnetite (Fe304) and wüstite (“FeO”) are bi­
nary compounds containing no appreciable 
amount of silica, although the ratio of iron to oxy­
gen is variable; the melt contains all three com­
ponents in variable amounts.

(3) Clayton and Giauque, T h is  J ournal , 55, 5071 (1933).
(4) Johnston and Walker, i b i d . ,  57, 682 (1935).
(5) J. S. Kassel, i b id . ,  56, 1838 (1934).
(6) F. D. Rossini, J  . R e s e a r c h  Nat. B u r .  S t a n d a r d s , 22,407 (1939).

There are fifteen univariant curves derived 
from these five invariant points. In addition to 
the gas phase the following phases are present 
along the univariant curves shown in Fig. 1.

(a) hematite, silica, melt
(b) hematite, magnetite, silica
(b') hematite, magnetite, melt
(c) magnetite, silica, melt
(d) fayalite, silica, melt
(e) magnetite, fayalite, melt
(f) magnetite, fayalite, silica
(g) magnetite, wüstite, fayalite
(h) wüstite, fayalite, melt
(i) magnetite, wüstite, melt
(j) metal, fayalite, melt
(k) wüstite, metal, melt
(l ) wüstite, fayalite, metal
(m) metal, silica, melt
(n) metal, fayalite, silica

Of these fifteen equilibria b, b', g, i, k, and 1 are 
essentially identical with those of the binary sys­
tem iron—oxygen determined in part by Darken 
and G urry .1*7 Equilibrium c and part of d was 
determined by the present investigation. Invari­
ant points 1 and 2  are thus established by the in­
tersection of b and c and of c and d, respectively. 
The temperature of invariant point 4 was deter­
mined by Bowen and Schairer8 as 1175°; its po­
sition is thus fixed by this temperature and the 
fact that it lies on the curves l and k.

The equilibria of this system at 900° have been 
investigated by Schenck, Franz and Laymann,9 
whose data on the various univariant equilibria 
are thermodynamically consistent and in good 
agreement with the data of Darken and Gurry on 
the binary system iron-oxygen. At this tempera­
ture the ratio p co jp co  is 0.163 for equilibrium n, 
and is 34.5 for equilibrium f . 10 Curve f is thus 
reasonably well established by this point at 900° 
and quintuple point 2 at 1118°. It was con­
structed under the assumption that log p co jpco  
is linear with 1 /  T . Curve n is determined
by the point at 900° and a calculated point11

(7) Darken and Gurry, T his J ournal , 68, 798 (1946).
(8) Bowen and Schairer, Am. J . Sci., 24, 177 (1932).
(9) Schenck, Franz and Laymann, Z. anorg. allgem. chem., 206, 126

(1932).
(10) The thermodynamic consistency of these values may be 

demonstrated in the following manner. The chemical reaction corre­
sponding to  equilibria f, g, 1 and n may be written

(f) 3 (2 F e 0 S i0 2) +  2C 0 2  =  2 Fe3 0 4  +  3S i0 2 +  2CO
(g) 3 FeO (in wüstite) +  C 0 2  =  Fe3 0 4  +  CO
(1) Fe +  C 0 2  =  FeO (in wüstite) +  CO
(n) 2Fe +  S i0 2  +  2C 0 2 =  2 F e 0 S i0 2  +  2CO
I t  will be noticed th a t these four equations are not independent but 

th a t any one may be expressed in terms of the others—for example 
(f) = 6(1) +  2(g) — 3(n). The following relation must then hold 
between the thermodynamic equilibrium constants: K f = K \6K g2/  
K n3. The values of K\ and Kg (including the activity of (FeO) 
were taken from Darken and G urry1 and th a t for K n from Schenck, 
et al.9' The calculated value for the ratio pcoz/PCO corresponding to 
(f) is 34.7 in agreement with the observed value9 34.5.

(11) At 1100° the logs of the ratio PCO2/PCO are 1.28, 0.785 and 
— 0.450, for the equilibria f, g and 1, respectively. The log of the 
ratio of the activity of FeO in wüstite equilibrated with iron to the 
activity of FeO in wüstite equilibrated with m agnetite is 0.124. 
Hence for equilibrium n a t 1100°:

, co2
l°g c o  = 4 ^  -0 .4 5 0  +  5 4 ^  -0 .1 2 4  =  -0 .7 43 3
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at 110 0 ° where p c o jp c o  is found to be 0 .18 2 .
Quintuple point 5 is established as the point on 

curve n at 1180°, the temperature determined by 
Bowen and Schairer.8

Curve j is constructed connecting quintuple 
points 4  and 5 ; it passes through a maximum at 
1208°, the melting point of pure fayalite as de­
termined by Bowen and Schairer.

Curve m, radiating from quintuple point 5, is 
estimated roughly in the following manner: Iron 
melts in contact with its molten oxide at about 
1525°, at which temperature log p co jp co  — 
— 0 .6 8 ; it is estimated that the activity of ferrous 
oxide in the oxide phase in equilibrium with iron 
is depressed by saturation with silica to about 
one-third, 12 thus at 1525° on curve m the value of 
log p c o j p c o  is —0.68 — log 3 = —1.16. The re­
mainder of the curve is determined approximately 
by these two points.

Estimation of Position of Quintuple Point 3.—
Of the five quintuple points occurring in the 
region covered by Fig. 1 four have already been 
considered and their positions established; the 
position of quintuple point 3 remains to be deter­
mined. Of the fifteen uni variant equilibrium 
curves only three remain to be considered. Curve 
a is of little interest since the corresponding equi­
librium can exist only at pressures above one at­
mosphere; its general direction is indicated by a 
dotted line in the diagram. The positions of 
curves e and h, which connect quintuple point 3 
to quintuple points 2 and 4, respectively, are un­
determined since there are no available experi­
mental data on either of these curves; also the po­
sition of quintuple point 3 is undetermined ex­
cept that it must be on the curves g, i. Thus 
from the direct data available, the only facts 
known concerning curves e and h are that they 
start from quintuple points 2 and 4, respectively, 
and terminate at a common point on the curves 
g, i which is quintuple point 3.

Some insight into possible constructions of 
these curves is gained by consideration of a theo­
rem relating the order of curves about a quintuple 
point to the isothermal (triangular) composition 
diagram. This theorem is due in part to Rooze­
boom, Schreinemakers and Smits. An original 
derivation for the general case was given by Morey 
and Williamson.13 Since a quintuple point rep­
resents the equilibrium of five phases each of a 
definite composition, the representation of this 
point on a composition diagram consists of five 
points, each of which represents the compo­
sition of one of the five phases present. The five 
univariant equilibria derived from the quintuple

(12) This is based on the data  of Körber and Oelson [Mitt. Kaiser- 
Wilhelm Inst. Eisenforsch Düsseldorf, 15, 271 (1933)] th a t a t steel 
making tem peratures the equilibrium oxygen content of iron under 
an iron-oxide slag saturated with silica is about 1/s the oxygen content 
of iron under an iron oxide slag.

(13) Morey and. Williamson, T his Journal, 40, 59 (1918). 
Further discussion and applications are given by G. W. Morey in 
“ Commentary on the Scientific W ritings of J. Willard Gibbs,” 
Yale University Press. New Haven, Conn., 1.936.

point correspond to the five possible combinations 
of four of the five phases. Thus at quintuple 
point 3, the five phases are magnetite, wüstite, 
fayalite, melt and gas. It will be noted that the 
five univariant equilibria correspond to the ab­
sence from the five phases present at the quintuple 
point of wüstite, melt, magnetite, fayalite and 
gas, respectively. The theorem states that if the 
points representing the composition of any three 
phases are colinear on the composition diagram, 
the two pressure-temperature curves representing 
the two univariant equilibrium involving these 
three phases are identical, that is, one is the ex­
tension of the other. At quintuple point 3 it is 
obvious that the compositions of magnetite, wüs­
tite and gas (oxygen) art colinear on the triangu­
lar composition diagram; (they all lie on the Fe-0  
edge of the triangle) hence the curves g and i in 
Fig. 1 are extensions one of the other, as already 
anticipated from the consideration that the equi­
librium of wüstite, magnetite and gas is not in­
fluenced by a third substance which is not appre­
ciably soluble in any of these three phases.

The theorem gives further information as to the 
more general case in which three points are not 
colinear. This extended part of the theorem may 
best be visualized by imagining that five pins are 
stuck in the composition diagram at the five 
points corresponding to the compositions of the 
five phases present at the quintuple point. These 
pins are then each connected to each of the other 
four by elastic strings as in Fig. 2a. This particu­
lar set of compositions A, B, C, D, F, may be re­
garded as derived from any one of a variety of 
sets of compositions (imaginary quintuple points) 
in which colinearity of three points does occur— 
for example, the set A, B', C, D, E. The theorem 
states in effect that if the pin at B with its attached 
“elastic strings may be moved to B' without any 
of the interconnecting lines (elastic strings) cross­
ing any of the points (or vice versa) then the two 
univariant curves corresponding to the equilibria 
ABCD and ABCE are adjacent at the quintuple 
point on the pressure-temperature diagram, i. e., 
no other univariant curve lies between them at 
their intersection. In the present example B may 
be so moved to B ' colinear with A and C but may 
not be so moved as to be colinear with any other 
two of the five points. The same type of opera­
tion may be performed with each of the other 
points (A, C, D and E). Thus the order of all the 
univariant curves around a quintuple point may 
be established provided that the composition of 
the five phases is known. It is also necessary to 
establish the stable direction of each univariant 
curve since each curve is continuous through the 
quintuple point but represents a stable equilibrium 
in one direction and a metastable equilibrium in 
the other. Returning to the illustration, this 
matter is determined as follows: if the two points 
E and D lie on the same side of the line AB 'C then 
the two uni variant curves for equilibria ABCD
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Temperature.
Fig. 2.—Schematic representation of the relation be­

tween a  the composition of the five phases in equilibrium 
at the quintuple point and b the order of the univariant 
equilibrium curves about the quintuple point.

and ABCE are adjacent stable to metastable (i . e., 
the stable portion of each, designated by a full 
line, is adjacent to the metastable portion of the 
other, designated by a dashed line). If E and D 
happened to lie on opposite sides of AB'C then 
these two univariant curves would be adjacent 
stable to stable. Application of this theorem to 
the postulated compositions shown in Fig. 2a leads 
to the order of univariant curves in the pressure 
temperature diagram as shown in Fig. 2b. Ob­
viously the theorem is equally valid if the loga­
rithm of the pressure is used as ordinate instead of 
the pressure itself.

Application of this theorem to quintuple point 4 
in Fig. 1, using the composition data of Bowen 
and Schairer, leads to the conclusion that curve h 
radiates upward from this point and slightly to the 
left; this follows from the fact that the composi­
tion of the melt is very nearly colinear with that of 
wüstite and fayalite but is slightly higher in oxy­
gen. It is assumed that the curvature of h is small. 
Quintuple point 3 is thus very roughly estimated

as the point at 1150° lying on the curve g,i. The 
diagram is completed by constructing the short 
curve e connecting quintuple points 2 and 3.

Temperature Maxima and Minima of the Uni­
variant Curves.—In the case of a univariant 
equilibrium in a ternary system involving three 
condensed (solid or liquid) phases and a gaseous 
phase it is rather unusual to find that all the 
condensed phases have fixed compositions inde­
pendent of temperature. It is this variation of 
composition of the phases with temperature 
which introduces the most serious complexities 
into the treatment of such systems. Of the vari­
ous equilibria here considered only two (f and n) 
of the truly ternary equilibria, i. e.y equilibria in 
which all components participate, as distinguished 
from equilibria which may be represented as bi­
nary since the third component is inert, consist ex­
clusively of phases of reasonably fixed composi­
tion. Thus, equilibrium f may be represented by 
the chemical equation

3 (2 F e 0 S i0 2) +  0 2  =  2Fe3 0 4 +  3S i0 2  

The equilibrium constant may be written
g  __ f l 2Fe304fl3Si02 

& 2 F e 0 S i0 2 & 0 2

Since the solid phases involved are all of fixed 
composition, or very nearly so, the activities may 
be set equal to unity. The activity of oxygen is 
equal to its partial pressure in the gas phase and 
hence K\ = 1/po^ The change of Kf and hence 
of \Jpox is given by the simple equation: d In K i/  
d (l/T ) = — AHf/R, The treatment of this is 
relatively simple and leads to the well known lin­
ear relation between log K  and 1/T  if the heat of 
reaction (AH) is essentially independent of tem­
perature. The use of carbon dioxide-carbon mon­
oxide mixtures as the gas phase introduces no fur­
ther complexities since the ratio CO2/CO may be 
regarded as simply a measure of po / /2 through the 
homogeneous gas equilibrium involving carbon 
monoxide, carbon dioxide, and oxygen. Hence 
for this equilibrium the plot of log p co jp co  ver­
sus 1/T  exhibits only the slight curvature occa­
sioned by the difference in heat capacities. The 
use of temperature instead of 1/T  as ordinate in 
Fig. 1 does not lead to any serious distortion of the 
relationship but simply produces a mild curvature.

A very different situation prevails, however, in 
the equilibria involving the molten oxide phase 
(curves a, c, d, e, h and j). In each of these cases 
it is impossible to write a chemical equation with 
integral or even constant coefficients to represent 
the reaction. The relation between log p o //z 
(or log pco jpco)  and temperature is a function 
not only of the heats of reaction but also of the 
variable composition of the liquid phase. In gen­
eral, these curves cannot be estimated even ap­
proximately by assuming log p o j 2 to be linear 
with 1/T ;  for example, curve j passes through a 
maximum temperature. The occurrence of such a 
temperature maximum (or minimum) may be
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predicted, if the compositions are known, by aid 
of the theorem that at such a maximum (or mini­
mum or stationary value) the composition of the 
three condensed phases is represented by three co­
linear points on the composition diagram14: 
The converse of this theorem is also true. Thus, 
at the maximum temperature of curve j the com­
positions of metal, fayalite and melt are colinear; 
the melt may be considered as molten fayalite 
from which some iron has been removed. It will 
be observed that the experimentally determined 
curve c is obviously approaching a maximum at 
its high temperature end. It does not actually 
pass through a maximum since it ends at quintuple 
point 1 first. It may, however, be inferred from 
the steep vertical rise of curve c near quintuple 
point 1 that the composition of the liquid oxide 
at this quintuple point is nearly colinear with the 
compositions of magnetite and silica; i. e.y this 
melt may be regarded approximately as composed 
of Fe304 and Si02.

Equilibria in Special Cases.—Although Fig. 1 
shows the various possible univariant equilibria 
curves in the region under consideration, it is 
not possible to decide from this diagram alone 
what equilibria are pertinent for a given com­
position. In other words, the regions between 
the curves in this figure do not correspond to a 
unique set of phases. In general, the diagram may 
be applied to a specific case only if some composi­
tion data are available. In case a large amount of 
silica is present, the pertinent equilibria (taken 
from Fig. 1) are shown in Fig. 3. The stable 
phases, in addition to the gas, in the various fields 
are designated in this diagram. This diagram 
may be taken as a guide to the various iron oxide 
phases that may be present in contact with silica 
brick under different conditions of temperature 
and gas composition.

Fig. 3.—Stable phases of the system F e -S i-0  in the 
presence of solid silica.

(14) This theorem is similar to th a t of Morey and Williamson, 
used previously; a proof is given in the appendix. A less explicit 
derivation was given by Gibbs.

If the ratio of total silicon to total iron is low, 
as in the case of a silicon steel and the oxides 
formed therefrom, the stable phases under various 
conditions of temperature and gas composition 
are as shown in Fig. 4. The temperature of com­
plete melting is not shown in either Fig. 3 or Fig. 
4, since this temperature is a continuous function 
of composition and may not be readily expressed 
on this type of diagram. In the region on the right 
of the diagrams, designated as corresponding to 
melt plus a solid phase, the relative proportions 
of the two phases depend on the composition as 
does the temperature of complete melting corre­
sponding to the complete disappearance of the 
solid phase.

Temperature, °C.
rig. 4.— Stable phases of the system Fe—Si—O at low 

amounts of silicon.

The Migration of Silica During the Scaling of 
Steel.— It has been observed that the presence 
of a relatively small amount of silica or siliceous 
material on an iron or steel surface which is 
heated in an oxidizing atmosphere causes the 
scale to be more adherent to the metal than is the 
case in the absence of silica. The siliceous scale 
forms a very irregular boundary with the metal 
and is thus anchored so that it does not separate 
cleanly from the metal when bent, quenched or 
subjected to impact. The most peculiar part of 
the behavior is that the silica does not grow out 
appreciably with the scale, but remains princi­
pally near the scale-metal interface and spreads 
laterally so that the adherent zone increases with 
time of scaling. Clearly this phenomenon is very 
undesirable at any stage in the heat treatment of 
steel since it may occasion surface defects in the 
finished product.

In an elementary sense some insight is given by 
the consideration that silica forms a compound 
with ferrous though not with ferric oxide. It 
would be expected to migrate toward the region 
where it can form the most stable compound, 
which in this case is the scale-metal interface
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where the composition of the iron oxide is nearest 
that corresponding to the formula FeO. This 
same line of reasoning may be developed in a 
quantitative manner by consideration of the ac­
tivity of silica in the metal and various scale lay­
ers. At constant temperature silica will tend to 
move in such manner as to lower its free energy 
and hence its activity. The activity of silica dif­
fers appreciably from unity only when the silica 
is present in compound form, i. e.y combined as 
fayalite. From the equilibria (f) and (n)9 it is 
found that at 900° in the presence of metallic iron 
and fayalite the activity of silica is given by the 
expression

asio2 — 0.0268(£co//>co2)2
and in the presence of magnetite and fayalite

«sio2 — 0.094(pcojpco) */*
In the presence of wüstite and fayalite the activity 
of silica is inversely proportional to the square of 
that of ferrous oxide; UpeO was taken from Darken 
and Gurry.1 The variation of the activity of silica 
thus calculated with the degree of oxidation is 
shown in Fig. 5. The lowest activity is seen to be 
at the scale-metal interface, thus accounting for
-t.1__ 4 - „ :i:,
LJLJLC O  U ö C i  V d  L l O l l  L l lc L  L OJLJLU

remain at this interface.

be
5 '

0

Zone 1
Metal + Si 02

Zone 2 
Metal

Fayalite

Zone 3
Wüstite* Fayalite

Zone 4
Magnetite* Fayalite

Zone,5 
Magnetite 

+S1O2

- 0 .5 -

- 1 . 0

— 2  - 1 0 4 - 1 + 2

Log pwz/p CO-
Fig. 5.—A ctivity of silica in iron and iron oxide systems at 

900°.

Appendix
Proof of Theorem.—If a univariant equi­

librium in a ternary system has a maximum 
(or minimum) temperature on a pressure tem­
perature plot, then at this temperature the com­
positions of the three condensed phases, one of 
variable and two of fixed composition, are colin­
ear. By the fundamental theorem of partial dif­
ferentiation the total derivatives of the activities 
(at constant total pressure), of each of the three 
components may be written as follows

d In ax(1) d ( l / D
/ d in  ax V  
\d (l /T) JN2,N3 ^  

I d In a2\  dN2 
\  ÖA* } m  6 .(1 /T )

/  d In ax\
\ ~ W  ) n.p.

diV3  

t 6 .(1 /T )

(2)

(3 )

d In a2 /  d In a2 \  .
d ( l / D  ”  \ W J f ) ) N2,m +

/  d In a2\  dN2
\~ Ö N T ) n3,t d( l /T)  

(  d In as \

+
/  d In a2\
\  5 A 3 ) p

d Nz

4
d In a 3

d ( T / T )  "  K W f T ) ) N l.N >,
/  d In az\  dN2
K T w T U t  d ( l / T )

+

ÖN, Jm,T d ( l / D  

f d In/  d In a3\
V öiV3 /

diV3  

v2,r d(l /T)
The ays refer to activities and the A ’s to mole frac­
tions. If these three equations are multiplied by 
Ai, A 2 and A 3, respectively, and added, then all 
terms on the right-hand side except the first of 
each equation disappear by virtue of the Gibbs- 
Duhem relationship.
... N, d In ax +  N2 d In a2 4* Nd d In a3  

W  d ( l / T )

yVl( d ( I 7 4 ) ^ .» 3 +  N2 ( d o M ) » j r , +  N* ( w / T j ) Nl.N3
If the liquid phase is in equilibrium with two solid 
phases of fixed composition and a gaseous phase, 
then the two solid phases may arbitrarily be se­
lected as components (designated components 1 
and 2). The standard state for these components 
is selected as the solid and hence the activity of

io  i - rn i 'H r  o n ri.W> W AAAVJI UrJlAV.

, T d In as , T / d l n a i \
(5) N., d (1 /r )  -  N, ( z (ï / ï ) ) N2'N3 +

N2 /  d In a2 \ + *(&&).\ d ( l /T )Jn2,nó
If component 3 be selected as a gaseous compo­

nent (oxygen in the present case) then po //z may 
be written for a8; further the partial derivatives 
on the right multiplied by R  are equal to the par­
tial molal heats of solution Hh II2y iJ3, (Hi and H2 
being heats of melting).
. . d In pcH 2 
(6) R  d ( i / n

In terms of the ratio p c o j p c o
d In (pco2/pco) 

d ( l /T )(7) R'

N, — N<> — —
N3 Hl +  N, Hi +  H*

s ® + f a + ®
where II3 is equal to the change of the heat content 
of oxygen on transfer from the gas phase to the 
liquid. Since A 3 occurs in the denominator it fol­
lows that whenever A 3 =  0 the expression be­
comes infinitely great. But by the choice of 
components, the equality of A3 to zero is synony­
mous with the colinearity (on the composition 
triangle) of melt, component 1 , and component 2 . 
Hence whenever the composition of the melt is 
colinear with the composition of the two solid 
phases in equilibrium with it, it follows that the 
plot of log p c o jp c o  (or log p o 2) vs. 1/T  (or vs. 
temperature) is vertical. Conversely, since the 
heats of solution are never infinite, any vertical 
portion of the plot corresponds to colinearity of 
the three phases on the composition diagram. A 
general proof of this theorem was given by Gibbs. 15

(15) J. W„ Gibbs, “ Collected W orks,” Vol I, Longmans Green & 
Co., New Vork, N, V., 1928, pp, 99-100.
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Summary
The melting point of iron oxides in contact 

with silica has been determined as a function of 
the partial pressure of oxygen or the ratio of car­
bon dioxide to carbon monoxide in the gas phase. 
With the aid of these and other available data, a 
large part of the diagram showing the stable

phases under various conditions of temperature 
and gas composition has been constructed for the 
ternary system iron-silicon-oxygen. The data 
have been used to interpret the migration of silica 
through iron oxide to the scale-metal interface 
during the scaling of steel.
K e a r n y , N e w  J e r s e y  R e c e iv e d  J a n u a r y  28, 1948

[C o n t r ib u t io n  f r o m  t h e  G e n e r a l  E l e c t r ic  R e s e a r c h  L a b o r a t o r y ]

The Reactions of Diborane with Hydrocarbons1
By Dallas T. Hurd

A number of experiments have been conducted 
to delineate the character of the complex reactions 
that occur between hydrocarbons and diborane at 
elevated temperatures. In these experiments the 
effect of the highly reactive diborane on the reac­
tion products has been minimized by using only 
small amounts of diborane with relatively large 
amounts of hydrocarbon. Under these conditions 
several different reactions have been observed:

1. The addition of diborane to olefins occurs 
with saturation of the double bonds and the for­
mation of trialkyls of boron.

2. Substitution on the benzene ring occurs 
with the formation of phenyl boron compounds.

3. Diborane reacts with paraffins to form poly­
meric reaction products containing boron, car­
bon, and hydrogen. Breakdown and synthesis of 
hydrocarbon chains effected by the diborane ob­
scures the nature of the reaction.

Experimental
The general technique employed in studying 

the addition and substitution reactions was to 
seal mixtures of diborane with various hydro­
carbons in heavy-walled Pyrex tubes. The tubes 
were frozen in liquid nitrogen and evacuated be­
fore sealing. The tubes then were encased in pro­
tecting tubes of steel pipe and either heated in an 
oven or allowed to stand at room temperature. 
After the time allotted for the reaction had elapsed 
the tubes were immersed in liquid nitrogen to 
freeze their contents, their tops were cracked off 
under a blanket of dry nitrogen, and the reaction 
products together with any unchanged materials 
were removed from the tubes, generally by dis­
tillation on a vacuum chain.

A. Reactions with Olefins. 1. Isobutylene.—The 
reaction of isobutylene with diborane was studied with 
mixtures containing from two to ten per cent, by weight 
of diborane. Within this range of composition no signifi­
cant differences in the results were observed. Most of 
the reactions were conducted by heating the tubes at 1 0 0  ° 
for twenty-four hours but it also was noticed that the 
addition reaction took place at room temperature al­
though somewhat more slowly. Since no pressure of non­
condensable gas developed in the tubes during these 
reactions it was presumed that the addition of diborane

(1) Presented before the Physical and Inorganic Division, Ameri-- 
«a» Ch«*wa©al Society, New York, September. 1947,

to the olefin was rapid and almost quantitative. Other­
wise the pyrolysis of unreacted diborane at the elevated 
temperature would develop a pressure of hydrogen that 
would become apparent when the tubes were opened.

Distillation of excess isobutylene from a reaction mix­
ture left a clear colorless oil of low volatility. Upon ex­
posure of this oil to the air it quickly became warm from 
spontaneous oxidation. Inflammation was observed if a 
few drops were placed on a filter paper or in a watch glass.

Fractionation of a fresh sample of the oil under a nitro­
gen atmosphere in a distillation column of approximately 
twenty plates separated the sample into two fractions of 
almost equal volume, one boiling at 181.5° and the other 
at 188.5°. The boiling point calculated from reduced 
pressure data for tri-t-butylboron is 182 ° 2  and the reported 
boiling point of tri-isobutylboron is 188°.3 Each fraction 
was shaken individually in a separatory funnel with aque­
ous sodium hydroxide and air until the oil had been oxi­
dized completely and had been dissolved as the sodium  
salt of the corresponding butylboric acid. The solutions 
were concentrated by boiling and, after cooling, were 
neutralized by the addition of hydrochloric acid. This 
caused the precipitation of the white crystalline butyl- 
boric acids. A determination was made of the melting 
points of the isomeric acids thus isolated and the values 
obtained checked very closely with those reported in the 
literature (^-butylboric acid, m. p. 113-114°; reported 
m .p . 113 °2; isobutylboric acid, m .p . 112-113°; reported 
m .p . 1 1 2  °3) . Although these two butylboric acid isomers 
have melting points lying within one degree of each other 
it was clear that the original reaction product comprised 
a mixture of isomeric tributylboron compounds since oxida­
tion of an unfractionated sample of the oil and isolation 
of the mixed butylboric acids by the technique described 
above yielded a crystalline white solid with no sharply 
defined melting point melting over the range from 8 0 -  
90°.

2 . Ethylene.— Ethylene containing two per cent, 
by weight of diborane was heated at 1 0 0 ° for four days. 
The tube then was opened and the unreacted ethylene 
was removed by distillation on the vacuum chain. A 
small amount of clear liquid remained in the tube. This 
liquid inflamed immediately upon exposure to  air. Since 
the liquid had an appreciable volatility it could be analyzed 
most conveniently on the mass spectrometer. Strong 
maxima in the pattern indicated large amounts of tri- 
ethylboron. Examination of a vapor sample taken 
during the last stages of the removal of ethylene from the 
sample revealed no volatile ethyldiborane compounds . 4

B. Reaction with Benzene.— Pure benzene was heated 
with five per cent, by weight of diborane in sealed tubes or 
in a stainless steel bomb for twelve hours at 100 °. During 
the course of the reaction it was observed that the benzene 
gradually developed a dark yellow color. Upon opening 
the tubes after freezing the contents in liquid nitrogen it

(2) E. K rause and P. Nobbe, Ber., 64B, 2112 (1931).
(3) E. K rause and R. Nitsche, ibid., 54, 2784 (1921).
(4) These analyses were performed by Dr. Francis J, Mortem,



2054 D allas T . H urd Vol. 70

was noticed that a large pressure of non-condensable gas, 
presumably hydrogen, had developed. The benzene 
solution of the reaction products was removed from the 
tubes in a nitrogen atmosphere.

Evaporation of the unreacted benzene from a sample 
of the solution left a soft solid material. This solid par­
tially dissolved in water with the evolution of gas to give 
a milky solution. When this solution was made alkaline 
with sodium hydroxide and boiled it eventually became 
clear. After cooling the solution it was neutralized, 
extracted with ether, and the ether extract was evaporated 
to yield a white crystalline solid, m . p. 214° (reported 
m. p. for phenylboric acid 216 °5). The identity of this 
compound as phenylboric acid was verified by specific 
chemical tests for this material, i. e., by the precipitation 
of white phenylrnercuric chloride (m. p. 251°) with 
mercuric chloride from a very dilute solution, by the 
thermal dehydration of the acid to its cyclic anhydride 
(m .p . 190°), and by the slow deposition of a silver mirror 
from ammoniacal silver nitrate solution . 6

This experiment established that a substitution reaction 
occurred between benzene and diborane with the formation 
of phenylboron compounds.

An examination of the yellow benzene solution removed 
from the reaction tubes was made with the aid of the mass 
spectrometer. Samples were concentrated to varying 
degrees by removing benzene on a vacuum distillation 
system and analyses were made of the residual solutions. 
It was found, surprisingly enough, that diborane continued 
to be given off by the solutions even when most of the 
benzene had been removed and the samples were highly 
concentrated. The mass spectrographic analyses showed 
no evidence of any volatile phenylborane compounds, 
i. e.} phenylboron hydrides. These were indicated in­
directly however since the benzene volatilized in vacuo 
from the samples gave upon shaking with water, solutions 
which responded to the very sensitive mercuric chloride 
test for phenylboric acid (not shown by benzene or di­
borane alone).

The residue after complete removal of the benzene 
was found to be of quite high molecular weight. No mass 
numbers between 130 and 220 appeared on the mass spec­
trometer. It was possible to isolate a material crystal­
lizing in long prismatic needles from this residue by sub­
limation in vacuo at 100°. This material, believed to 
be triphenylboron, reacted rapidly with air to form a sub­
stance readily soluble in dilute sodium hydroxide. After 
neutralization of this solution it was possible to extract 
phenylboric acid (m. p. 215°) which in turn was verified 
by the specific tests for this compound as mentioned previ­
ously.

C. Reactions with Paraffins.—M ethane was heated 
with six per cent, by weight of diborane for seventy- 
three hours at 180° in a stainless steel bomb. At the end 
of this time the bomb was frozen in liquid nitrogen and 
the non-condensable gas was pumped off. Volatilization 
of the unreacted methane left a small amount of less vola­
tile liquid residue and a solid material containing both 
boron and carbon. Mass spectrographic analysis of the 
liquid portion of the reaction product revealed the pres­
ence of ethane, propane and butane, in addition to some 
mass numbers considered explainable as volatile methyl- 
boron compounds. Solution of the solid reaction product 
in water produced a large evolution of gas. The presence 
of boron bonded carbon in this material could be demon­
strated by qualitative analysis.

Thirty-five grams of ^-pentane and 1.5 g. of diborane 
were heated in the bomb for sixty-five hours at 180°. 
The bomb then was cooled in liquid nitrogen to freeze 
the contents, the non-condensable gas was bled off, and the 
bomb was evacuated. The bomb then was allowed to 
warm up slightly and the most volatile fraction of the 
reaction product was distilled off in the vacuum chain.

(5) E. Krause and R. Nitsche, Ber., 55, 1261 (1922).
(6) These tests are described in Krause and von Grosse, “ Die

Chemie der Metall-organischen Verbindungen,” Borntraeger, Berlin,
1937, pp. 212-214.

This volatile material was fractionated further and the  
components were analyzed in the mass spectrometer. The 
material comprised roughly 40% methane, 40% ethane, 
and smaller amounts of other hydrocarbons including 
pentane . 7 After the bomb had warmed up to room tem ­
perature the residual pressure of volatile material was 
vented and the contents of the bomb were removed. F il­
tration separated a clear liquid from 3.5 g. of a light 
yellow powder of unknown composition containing boron 
bonded carbon. The liquid material was distilled and, 
with the exception of a very small amount of higher boiling 
material, the whole amount of liquid boiled at 36° or 
under.

Diborane and butane reacted only slightly at 100° in 
twenty-four hours although considerable polymerization 
of the diborane to decaborane occurred. Analysis of the 
very small amount of solid residue left after removal of the 
excess butane revealed only 3% of carbon, the balance 
being boron and hydrogen. A mixture of butane and five 
per cent, by weight of diborane heated at 2 0 0  ° for twenty- 
four hours reacted to yield a light tan powder containing 
6 6 % carbon. No analyses were made of the liquid frac­
tions. Large pressures of hydrogen were built up in the 
tubes during these reactions.

The above experiments show that some substitution to 
form boron-carbon bonds does occur with diborane and 
paraffin hydrocarbons although the reactions involving 
breakdown and synthesis of paraffin chains under the in ­
fluence of the diborane may be of major importance.

Discussion
There is a considerable amount of evidence on 

record to show that diborane may take part in 
many reactions in its monomeric form, that is as 
borine (BH3) .8 It seems reasonable, therefore, al­
though not necessary, to assume that in the addi­
tion and substitution reactions which diborane 
undergoes with hydrocarbons the active agent is 
the BH3 molecule.

The borine molecule has, like the boron halides 
and the alkylborons, a strong tendency to accept 
and coordinate electrons. Thus by a mechanism 
similar to that proposed for the boron trifluoride 
activation of olefins a borine molecule could co­
ordinate to one carbon of a carbon-carbon double 
bond to form temporarily a complex negative ion. 
Migration of a negative hydride ion (H~) from the 
complex ion to the other carbon, positively charged 
by the withdrawal of electrons from the double 
bond, would result in a neutral molecule, RBH2. 
This process then could be repeated with the re­
maining hydrogens attached to the boron atom to 
form eventually a molecule of trialkylboron, R3B. 
Alternatively, the newly formed alkylborine mole­
cule (RBH2) could undergo disproportionation 
with similar molecules into trialkylboron and bor­
ine, a process known to occur readily with the al­
kyl derivatives of diborane.

Since breakdown of paraffin chains into smaller 
molecules does occur to a considerable degree un­
der the influence of diborane (such an effect is ob­
served with other strong acceptor molecules such 
as boron trifluoride and aluminum chloride) the 
addition or substitution of borine on the hydro-

(7) The author wishes to think Dr. Paul Zemany for these analyses.
(8) For example, diborane dissociates into monomeric borine 

in its reaction with carbon monoxide to  form borine carbonyl. See 
A. Stock, “ The Hydrides of Boron and Silicon,” Cornell University 
Press, Ithaca, N . Y., 1933.
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carbon fragments could only result in a compli­
cated mixture of compounds. The observed syn­
thesis of paraffin hydrocarbons from methane and 
the formation of polymeric solids indicates the 
complexity of these reactions. It is suggested that 
in the reaction of diborane with olefins or aromatic 
hydrocarbons this effect will make isolation of the 
primary reaction products difficult or impossible 
if the reaction conditions are severe or if relatively 
large amounts of diborane are used.

The behavior of the reaction products from ben­
zene and diborane suggests that the intermediate 
phenyldiboranes, if they are formed, are quite un­
stable and resemble chlorodiborane rather than 
the alkyldiboranes. Thus monophenyldiborane 
may exist at room temperature only in equilibrium 
with both diborane and triphenylboron. This 
behavior might be predicted in view of the elec­
tronegative character of the phenyl group.

This work has been directed toward outlining 
the general types of reactions that diborane and

hydrocarbons may undergo. It is not unreason­
able to assume that under different conditions re­
action products other than those observed by the 
author may be obtained. For example, at lower 
reaction temperatures it may be possible to iso­
late intermediate alkylation products of diborane.

Summary
The reactions of diborane with hydrocarbons 

have been investigated at elevated temperatures 
using low concentrations of diborane. Under 
these conditions:

1. The addition of diborane to olefins results 
in the formation of trialkylborons.

2. A substitution reaction occurs with benzene 
to form phenylboron compounds.

3. The reactions of diborane with paraffins are 
complex and involve paraffin chain breakdown 
and paraffin chain synthesis as well as the forma­
tion of boron-carbon bonds.
S c h e n e c t a d y , N e w  Y o r k  R e c e iv e d  M a r c h  3, 1948

[C o n t r ib u t io n  f r o m  F r ic k  C h e m ic a l  L a b o r a t o r y , P r in c e t o n  U n iv e r s it y ]

Spontaneous Ignition of Nickel Carbonyl Vapor. The Ignition of n-Butane1
B y  E lm er  J. B a d in , P a u l  C. H u n t e r  an d  R o b e r t  N. P e a s e

Earlier papers2 from this Laboratory have de­
scribed the spontaneous ignition of zinc dimethyl 
and of boron triethyl vapors in oxygen, and the 
oxidation of ^-butane induced thereby. Similar 
experiments with nickel tetracarbonyl are here re­
ported.

The apparatus for these experiments was of 
conventional design.2 It need only be mentioned 
that a clean, dry reaction bulb (6.5 cm. diameter) 
was used for each experiment, and that the bulb 
was thermostatted at 20°. Nickel carbonyl was 
obtained through the Matheson Company and 
fractionated in a nitrogen atmosphere before use 
(b. p. 43.5°). Oxygen and air were dried before 
using.

Precise measurements of explosion limits were 
prevented by the occurrence of long and variable 
induction periods (up to at least 1000 sec.). Thus, 
out of 6 experiments on 30 mole % nickel car­
bonyl in oxygen at 11 0  to 120  mm. total pressure, 
explosion occurred almost immediately on admit­
ting the oxygen in two cases; after 30 and 325 
seconds in two cases; while there was no explo­
sion in 1000 seconds for two other trials. In an­
other set of 12  experiments on 10 % nickel car­
bonyl in dry air between 150 and 200 mm. total

(1) The work described in this paper was done in connection 
with Contract NOrd 7920 with the United States Naval Bureau of 
Ordnance, as coordinated by the Applied Physics Laboratory, The 
Johns Hopkins University. Acknowledgment is due Dean Hugh 
S. Taylor, who has general supervision of this project.

(2) E. J. Badin, D. R. W alters and R. N. Pease, T his Journal, 69, 
2586 (1947); R. S. Brokaw, E. J, Badin and R. N. Pease, ibid., 70, 
1921 (1948).

pressure, successes and failures (over 10 00  sec­
onds) were spread rather uniformly over the whole 
pressure range.

The reason for this irreproducible behavior is 
not clear. In some experiments with long induc­
tion periods, a film would form slowly at some 
point on the surface of the bulb. This could indi­
cate dissociation of the carbonyl, since Mittasch’s 
equilibrium data3 indicate considerable dissocia­
tion at equilibrium even at 2 0 ° and 180 mm. A 
free nickel surface would seem to be ideal as a 
point from which inflammation could spread. 
Nevertheless, the formation of a white fog in the 
body of the gas always immediately preceded ex­
plosion, as if the initiating reaction were homoge­
neous. In this connection it is of interest that 
Berthelot4 reported explosions of dry nickel car­
bonyl-oxygen mixtures at room temperature only 
if the mixture were abruptly expanded in a buret 
over mercury, or if the buret were shaken vio­
lently. This might suggest ionization due to fric­
tion between the mercury and the glass container. 
Though our mixtures were quiescent at the time 
of explosion, it is conceivable that an extraneous 
disturbance is involved. The behavior, however, 
might be still due to indeterminate differences or 
non-uniformity in the clean Pyrex surfaces used.

In Table I are reported the lowest pressures at 
which explosion was observed within 10 00  seconds. 
Minimum values were quite low and only mod­
erately different for oxygen as compared to air,

(3) M ittasch, Z. physik. Chem., 40, 1 (1902).
(4) Berthelot, A nn. chim. phys.» [6] 36, 555 (1892),
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except for mixtures with excess of carbonyl (40%). 
They are substantially below those reported by 
Garratt and Thompson5 and by Bawn6 at higher 
temperatures (40-60° 100-45 mm. nickel car­
bonyl) when oxygen was admitted slowly to the 
nickel carbonyl vapor. According to these au­
thors. the induction period is still considerable 
even at the higher temperatures.

T a b l e  I
L o w e s t  O b s e r v e d  E x p l o s io n  P r e s s u r e s  o f  Ni(CO ) 4  in  

O x y g e n  o r  A i r  a t  2 0 °
Clean Pyrex bulb, 6.5 cm. diameter. Induction periods 

up to 1 0 0 0  seconds
N i(CO)4, Total press., Part, press.,
mole % mm. Ni(CO)4

In oxygen (Stoich. 28.5 mole % Ni(CO)4)
1 0 115 1 2

30 115 35
40 150 60

In air (Stoich. 7.8 mole % Ni(CO)4)
1 0 145 15
2 0 160 32
40 280 1 1 2

A summary of analytical data may be added. 
After explosion, the gas was found to be mainly 
carbon dioxide (CO2/CO =  4 to 40). Solid resi­
dues varied in composition from 60 to 81.7% Ni 
(NiO, 79.7% Ni).

Although we are not in a position to suggest a 
detailed mechanism for nickel carbonyl oxidation, 
it is tempting to correlate the induction period 
with a preliminary dissociation of the carbonyl5

Ni(CO ) 4  Ni(CO ) 3 +  CO 

followed by addition of oxygen
Ni(CO ) 3  +  0 2  — >  N i(C 0 ) 3 -0 2

This would be in contrast to the behavior of the 
metal alkyls2 whose unsaturated nature seems to 
permit direct addition of oxygen with negligible 
induction periods.

It was also found that nickel carbonyl would 
cause the explosion of ^-butane-oxygen mixtures

(5) A. P. G arra tt and H. W. Thompson, J .  Chem. Soc., 1822 
(1935).

(6) C. E. H. Bawn, Trans. Faraday Soc., 31, 440 (1935).

at 20°. There were long induction periods, and 
occasional violent explosions. For example, a 
mixture of 36 mm. of nickel carbonyl, 24 mm. of 
^-butane, and 140 mm. of oxygen exploded after 
550 seconds, shattering the reaction bulb. With 
somewhat less nickel carbonyl it was possible to 
preserve the exploded mixtures for analysis, but 
the temperature had to be raised to 40° in order 
to obtain explosion in a reasonable time. Analyt­
ical data for carbon dioxide, hydrogen and oxygen 
are reported in Table II, as partial pressures. 
Olefins and paraffins were found to be present only 
in negligible amounts. Deficits in the material 
balance represent nickel compounds, water and 
other condensable products. The large amounts 
of carbon monoxide and hydrogen formed from 
rich mixtures are of interest, and leave no ques­
tion that the hydrocarbon reacted.

T a b l e  II
P r o d u c t s  f r o m  t h e  E x p l o s io n  o f  ^ -B u t a n e - O x y g e n  

M ix t u r e s  I n d u c e d  b y  N ic k e l  C a r b o n y l  
Clean Pyrex bulb, 6.5 cm. diameter. Explosion at 40°, 
pressures measured at 20°. Initial pressure 200 mm.

•Partial pressures, mm.---------------------- , Final0

Ni(CO)
-Initial-----
4 m - C 4H io o2 CO2

-------Fit
CO

ial-------
H » 0 2

press.
mm.

25 0 175 8 6 2 0 1 2 2 2 1 0

25 1 0 165 131 2 2 41 176
25 18 157 147 17 9 9 182
25 25 150 103 81 45 1 0 239
25 35 140 62 158 1 0 2 7 329
25 45 130 26 223 173 9 431
° Corrected for vapor pressure of water, except in first 

experiment.

Summary
1 . Nickel carbonyl vapor explodes in air or 

oxygen at 2 0 ° and partial pressures as low as 15 
mm. Explosion is preceded by a long and variable 
induction period.

2. The existence of an explosion limit and 
induction period suggests a chain process. The 
exact mechanism of initiation is not known.

3. Addition of nickel carbonyl to a ^-butane- 
oxygen mixture causes the latter to react at 20-  
40°.
P r in c e t o n , N e w  J e r s e y  R e c e iv e d  O c t o b e r  18, 1947
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Inhibition of Lactic Acid Bacteria by Analogs of Pantothenic Acid1
B y  W il l ia m  D r e l l 2  a n d  M a x  S . D u n n

The synthesis of the sodium salt of N-(a,7 -di- 
hydroxy-/5,/5-dimethylvaleryl) -/5-alanine (Fig. 1 , 
Ri =  CH3, R2 =  H), hereafter referred to as o>- 
methylpantothenic acid, was reported recently.3

The study of co-methylpantothenic acid was 
undertaken to determine the effect of Ri substitu­
ents on the activity of pantothenic acid toward 
lactic acid bacteria. Although most analogs of 
pantothenic acid possess little or no activity, two 
are partially active as growth promoters. Thus, 
N - (a-hydroxy-0,(3- dime thylolbutyryl)-/5-alanine4 
(Fig. 1, Ri =  H, R2 =  OH) and N-(a-hydroxy-jö- 
me thyl-/5-me thy lol valeryl)-/5-alanine5 (Fig. 1, Ri 
=  H, R2 =  CH3) exhibit growth activity which is 
significant but less than that of pantothenic acid. 
Compounds which inhibit competitively or non- 
competitively the growth of microorganisms in­
clude salicylol-/5-alanine,6 mandelyl-/5-alanine,6 an­
alogs of pantothenic acid lacking the a-hydroxy 
group7*8 and analogs with different modifications 
of the /5-alanine moiety.9

There was no adequate basis on which to predict 
the type of activity of co-methylpantothenic acid, 
although the competitive inhibition exhibited is 
somewhat analogous to that shown by the methyl 
homolog (ethionine) of methionine, 10*11 the methyl 
homolog (/5-aminobutyric acid) of /5-alanine12 and 
the 2 -^-butylpyrimidine analog of thiamine. 13 
However, the lower homologs of thiamine retain 
growth activity. 13 That co-methylpantothenic 
acid is inactive as a growth promoter for Lactoba­
cillus caseih was not known until the present ex­
periments were completed.

Since pantoyltaurine inhibits the growth of mi­
croorganisms, 14 it was considered desirable to test 
this and other analogs of pantothenic acid and co- 
methylpantothenic acid. Pantoyltaurine, pan- 
toylglycine, pantoyl-DL- a-amino-w-butyric acid,

(1) Paper 44. F or Paper 43, see Dunn, Camien, Shankman and 
Block, Archiv. B io c h e m in press. This work was aided by grants 
from the National In stitu te  of H ealth of the U. S. Public H ealth 
Service and the University of California. Some of the material in 
this paper was presented before the Division of Biological Chemistry 
of the  American Chemical Society a t the New York City meeting in 
September, 1947.

(2) Junior Fellow, N ational In stitu te  of Health.
(3) Drell and Dunn, T his Journal, 68, 1868 (1946).
(4) Mitchell, Snell and Williams, ibid., 62, 1791 (1940).
(5) Nease, D issertation, University of Texas, 1943.
(6) M artin, Lewis and Urist, A bstracts of Papers, 109th Meeting, 

Amer. Chem. Soc., 21B (1946).
(7) B arnett and Robinson, Biochem. J ., 36, 357 (1942).
(8) Mcllwain, ibid., 36, 417 (1942).
(9) An excellent review article has been presented by Roblin, 

Chem. Rev., 38, 255 (1946).
(10) Dyer, J . Biol. Chem., 124, 519 (1938).
(11) Harris and K ohn, J . Pharmacol., 73, 383 (1941).
(12) Nielson, Compt. Rend. Lab. Carlsberg, Ser. p h y s i o l 23, 107 

(1940).
(13) Emerson and Southwick, J . Biol. Chem., 160, 169 (1945),
(14) Snell, J. Biol, 975 (1941); 141, 131 (1941),

RiCHOH— C— CHOHCONHCH2 CH2 COOH 

CH2R 2

Fig. 1

pantoyl-DL- a-aminoisobutyric acid, pantoyl-DL- 
a - amino - a - ethyl - n - butyric acid, panto - dl- 
norvaline, co-methylpantoyl-L-leucine and co-meth- 
ylpantoyltaurine were prepared by fusing the dl- 
pantolactones with the sodium salts of these amino 
acids or by refluxing the lactones and amino acid 
salts in methanol and precipitating the products 
with ether. It was found that w-methylpantoyl- 
taurine inhibited some lactic acid bacteria but 
that the other analogs were essentially inactive to­
ward Lactobacillus arabinosus 17-5. That the a- 
amino acid analogs were inactive is in agreement 
with the observations on related a-amino acids 
reported by earlier workers.7*15 16 While this work 
was in progress, it has been reported that pantoyl- 
glycine is inactive toward Leuconostoc mesenter- 
oides16 and that pantoylglycine and related ana­
logs act as antivitamins for Streptobacterium plan- 
tarum. 17

Experimental
a,a-D im ethyl- /3-hydroxybutyraldehyde.—The method 

employed is essentially that of Lilienfeld and Tauss . 1 8  19 

To a cold solution of 102 g. (2.31 moles) of acetaldehyde 
were added 166 g. (2.31 moles) of isobutyraldehyde and 
2 0 0  ml. of a saturated aqueous solution of potassium car­
bonate. The mixture was stirred continuously and main­
tained below 30°. At the end of an hour the temperature 
began to rise rapidly and after two hours the reaction ap­
peared to be complete. The viscous mixture was ex­
tracted with three 100-ml. portions of ether. The ether 
solution was washed with N  acetic acid and saturated 
sodium bicarbonate solution and dried over sodium sulfate. 
The ether was removed and the fraction which distilled 
at 74-76° under 15 mm. (88-90°(22 mm . ) ) 1 8  was collected 
in 30% yield.

a*-Hydroxy-0 , /S-dimethyl-7 -valerolactone.—The method 
employed is essentially that of Stiller, et al.1 9  To 74.5 g. 
(0.64 mole) of freshly distilled a,a-dimethyl-/?-hydroxy- 
butyraldehyde was added 2 0 0  ml. (2 0 % excess) of sodium  
bisulfite solution. The mixture was stirred and heated on 
the steam-bath but a small amount of viscous material 
remained undissolved. The mixture was cooled to  5° and 
an aqueous solution of potassium cyanide (equivalent to  
the bisulfite) was added in small portions with stirring 
while maintaining the mixture between 5 and 10°. Stir­
ring was continued for an hour at 1 0 ° and for an additional 
hour at room temperature. The aqueous and oily (cyano­
hydrin) layers were separated and the aqueous layer was 
extracted with three 75-ml. portions of ether. The com ­
bined solution of cyanohydrin and ether extracts was added

(15) Williams, Advances in Enzymol., 3, 253 (1943).
(16) Snell and Shive, J . Biol. Chem., 158, 551 (1945).
(17) Nielsen and Roholt, Acta Pharmacol, Toxicol. (Copenhagen) , 

1, 207 (1945); C. A ., 40, 6127 (1946).
(18) Lilienfeld and Tauss, Monatsh., 19, 77 (1898).
(19) Stiller, Harris, Finkelstein, Keresztesy and Folkers^ T h is  

Journal, 62, 1785 (1940).
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with stirring to 250 ml. of concentrated hydrochloric acid 
maintained below 15°. The resulting solution was allowed 
to stand overnight at room temperature, the ether was 
removed and the acid solution was refluxed for three hours. 
The acid was neutralized to pH 7 and extracted 12 times 
with ether. The ether solution was evaporated to a vol­
ume of one liter and dried over sodium sulfate. The 
ether was removed and the fraction which distilled at 94- 
95° under '2, mm. (I 2 0 -i2 2 c ( 9  mm . ) ) 5  was collected. The 
yield was 58.5 g. (63% ).20 The lactone was crystallized 
by dissolving the sirup in dry ether, adding petroleum 
ether to the point of cloudiness and cooling the solution 
below 0 ° . Two recrystallizations from an ether-petroleum  
ether mixture gave white needles, m .p . 60-60.5°.

Anal. Calcd., for C7 Hi2 0 3: C, 58.31; H , 8.39. 
Found: C, 58.57; H, 8.54.

3,5 -Dinitrob enzoate of co-Methylpantolactone.—This 
derivative was prepared from approximately equivalent 
quantities of co-methylpantolactone and freshly prepared
3 , 5 -dinitr obenzoyl chloride in freshly distilled dry pyridine 
by the procedure of Stiller, etal.21 After two recrystalliza­
tions from ethanol the compound melted at 123-124°.

Anal. Calcd. for Ci4 H 1 4 0 8 N 2: C, 49.71; H, 4.17; N,
8.28. Found: C, 49.83; H , 4.30; N , 8.61.

Sodium Salt of w-Methylpantothenic Acid.—The so­
dium salt of /3-alanine was prepared by adding an equiva­
lent of base to the amino acid, evaporating the solution to  
dryness, and powdering the solid. A mixture of 1.58 g. 
of freshly distilled w-methylpantolactone and 1 . 1 1  g. of 
the sodium salt of -alanine was maintained for two hours 
at 110-120° with occasional stirring. The product was 
dissolved in 1 0 0  ml. of absolute isopropanol, the solution 
was cooled and the small quantity of white solid which 
settled was separated.

To about half the isopropanol solution was added 250 
ml. of absolute ether. The resulting suspension was fil­
tered and the precipitate was washed with ether and dried 
for five days at room temperature in vacuo over phosphorus 
pentoxide; yield, 1.3 g. This product contained iso­
propanol of crystallization.

Anal. Calcd. for C^HisOaNNa-CgHsO: N , 4.44.
Found: N , 4.43, 4.46.

Two samples (160 and 190 mg.) of this product heated 
for three weeks at 70° in vacuo over phosphorus pentoxide 
changed from a pure-white to  a light-tan color and attained 
nearly constant weight (loss <  1 mg. in four days). The 
products appeared to be anhydrous and nearly pure.

Anal. Calcd. for CioHisOsNNa: N , 5.49. Found:
N , 5.45 (sample 1), 5.43 (sample 2).

It is of interest that Levy, et al.,22 obtained calcium 
pantothenate with isopropanol of crystallization which 
could not be removed by drying in vacuo at 1 0 0 °.

The remainder of the isopropanol solution was evapo­
rated to about 15 ml. and preserved at 0 ° . The almost 
solid cake of precipitate which formed after two weeks was 
filtered and the precipitate was washed first with cold iso- 
propanol and then with ether. The product was dried at 
room temperature in vacuo over phosphorus pentoxide. 
Yield of product, m .p. 160-161.5°, was 0.9 g. It was less 
hygroscopic and easier to handle than the sodium salts 
prepared in other ways. It has been observed that crys­
talline sodium d-pantothenate behaves similarly . 2 3

Anal. Calcd. for CioHi8 0 5 N Na: C, 47.05; H, 7.11; 
N , 5.49; Na, 9.01. Found: C, 47.65; H, 7.28; N,
5.48, 5.50; Na, 9.02.

Products obtained by fusion of the lactone and the 
sodium salt of /3-alanine were dissolved in water and used 
directly in determining inhibitory effects of the analog.

(20) A large scale synthesis (9 moles) was carried out w ithout puri­
fication of the interm ediate aldol in an over-all yield of 38% based on 
acetaldehyde.

(21) Stiller, Keresztesy and Finkelstein, T his Journal, 62, 1779 
(1940).

(22) Levy, W eijlard and Stiller, ibid., 63, 2846 (1941),
(23) Parke and Lawson, ibid., 63, 2869 (1941).

These materials were from 70 to  85% condensed according 
to Van Slyke amino nitrogen determinations.

Sodium Salts of Pantoyltaurine and w-Methylpantoyl- 
taurine.—These salts were prepared in crude form by fus­
ing equivalent quantities of the lactone and the dry sodium 
salt of taurine for five hours at 110-120 ° . 1 4  According to  
amino nitrogen analyses, 5 5  to  85% condensation occurred. 
The compounds were purified by dissolving the fused prod­
ucts in absolute ethanol, filtering to remove the unreacted 
amino acid salts, precipitating the analogs with ether, and 
drying the products in vacuo over phosphorus pentoxide.

Anal. Calcd. for C8 H 1 6 0 6 NSNa (pantoyltaurine): 
N, 5.05; Na, 8.30. Found: N , 5.12; Na, 8.36. Calcd. 
for CgHisOeNSNa (co-methylpantoyltaurine): N , 4.81.
Found: N, 4.59.

Some of the fusion products were used without purifica­
tion since the presence of the uncondensed components was 
found to have relatively little effect on the response of the 
microorganisms.

Sodium Salt of co-M ethylpantoyl-L-leucine.—The ana­
log was prepared by fusing equivalent amounts of ca-methyl 
pantolactone and the dry sodium salt of L-leucine for two 
hours at 110°. Amino nitrogen determinations before and 
after acid hydrolysis indicated 64% condensation. The 
product was used without further purification.

Sodium Salts of the a-Amino Acid Analogs of Panto­
thenic Acid.—These analogs were prepared7 by refluxing 
equivalent quantities of dl-pantolactone and the amino acid 
salts in absolute methanol for two hours, filtering the solu­
tions, and precipitating the compounds with ether. The 
nitrogen (Kjeldahl) of the products, dried in vacuo over 
phosphorus pentoxide, is shown below :

%
Con-

Analog (sodium salt) Nitrogen, % densa-
Name Formula Calcd. Found tion

Pantoylglycine CsHnOsNNa 6.16 6 .5 8 ,6 .6 1 85
Pantoyl-DL-a- C ,0H 18O 6N N a 5.49 5 .5 8 ,5 .6 2 98

aminobutyric acid
Pantoyl-DL-a- CioH1 8 0 5N N a 5.49 5 .6 2 ,5 .6 8 97

aminoisobutyric acid
Pantoyl-DL-nor- CnILoOsNNa 5.20 6.40 77

valine
Pantoyl-DL-a- C12H22O5NN a 4.95 6 .4 6 ,6 .4 1 65

amino-d-ethylbutyric acid

Testing Procedure.—The methods commonly employed 
in the authors’ laboratory were used to determine the 
microbiological activity of the present compounds. The 
basal medium was Medium B given in Table I of a pre­
vious paper2 4  modified in that amino acids, ammonium 
chloride and pantothenic acid were omitted and the follow­
ing supplements were added per liter of diluted medium: 
casein hydrolysate , 2 5  7.5 g. (solids); natural asparagine, 
100 mg.; L-tryptophan, 50 m g.; L-cysteine hydro­
chloride, 200 mg.; and xanthine, 12 mg. Four-inch test 
tubes containing final 3 -ml. volumes of solutions were 
covered with toweling, sterilized, inoculated with a syringe 
or automatic pipet, and incubated at 35° for seventy-two 
hours. The acid produced was titrated with standard 
approximately 0.04 N sodium hydroxide using brom thymol 
blue as indicator.

Results
The growth-promoting activity of o>-methyl - 

pantothenic acid for Lactobacillus casei, Lactoba­
cillus arabinosus 17-5, Lactobacillus fermenti 36 and 
Leuconostoc mesenteroides P-60 was investigated in 
the present experiments but the data have been 
omitted to conserve space. There was no stimula-

(24) Dunn, Shankman, Camien, Frankl and Rockland, J . Biol. 
Chem., 156, 703 (1944).

(25) Green, Black and Howland* Ind. Rng. Chem,, Anal, Rd,, 15, 
77 (1943).
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y  of analog or pantothenic acid per tube.
Plate 1: Figs. 1-6.—The volumes of base consumed are plotted against y  of sodium w-methylpantothenate added per 

tube in the presence of the following amounts of calcium d-pantothenate: 0.02y (Fig. 1), 0.06y (Fig. 2), 0.2y (Fig. 3),
0.6y (Fig. 4), and 2.0y (Fig. 5). Figure 6  shows the response to increasing concentrations (y) of pantothenic acid in 
the presence of 10,000 y  of sodium co-methylpantothenate. The values at zero y  of pantothenic acid were obtained by 
extrapolation from other (not shown) data. The responses of four lactic acid bacteria are plotted as: (1) Lactobacillus 
arabinosus 17-5, (2) Leuconostoc mesenteroides, P-60, (3) Lactobacillus fermenti 36, and (4) Lactobacillus casei. Their 
*''blank” titrations were 4.05, 2.33, 1.55 and 1.80 ml., respectively. The uninoculated blank was 1.15 ml. Points are 
averages of duplicate tubes.

tion at any level (0 .0 1 to 1000 y  per tube) of ana­
log and the ‘ ‘blank’ ’ acid production was sup­
pressed. co-Methylpantoyl-L-leucine was inactive 
except that at high levels (above 4000 7 ) it di­
minished the blank titration values.

As shown in plate I, co-methylpantothenic acid 
repressed the growth of the four lactic acid bac­
teria. The concentrations of analog required to 
inhibit the organisms were proportional to the 
concentrations of pantothenic acid in the medium, 
and the inhibition was competitive over a wide 
range in concentrations both of inhibitor and nu- 
trilite. The direct reversal by pantothenic acid

of the effects of co-methylpantothenic acid is shown 
in Fig. 6 , Plate I. Since growth of the organisms 
was normal in the presence of sufficient pantothe­
nic acid, even at the highest level (20 mg./ 3  ml.) 
of inhibitor tested, it appears that co-methylpanto- 
thenic acid is non-toxic for the bacteria investi­
gated.

That the analog is stimulatory for some organ­
isms under certain conditions is indicated by the 
data in Plate I. Examples of this effect at con­
centrations below the inhibition range are the 
stimulation of L. fermenti and L. mesenteroides (at
0.02 , 0.06, and 0 .2  7  of pantothenic acid) and L .
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y  of analog per tube.
Plate I I : Figs. 7-10.—The volumes of base consumed are plotted against y  of the sodium salt of co-methylpantoyltaurine 

added per tube in the presence of the following amounts of calcium ^-pantothenate: 0.02y (Fig. 7), 00.6y (Fig. 8),
0.2 y  (Fig. 9), and 0.6 y  (Fig. 10) . The lactic acid bacteria are numbered as in Plate I and the blank titration values are 
the same except for L. mesenteroides P-60 (3.70 ml.). The values for L. mesenteroides and L. fermenti beyond 1000 y  
and 8000 y  (Figs. 7 and 8, respectively) were calculated from data obtained in a separate experiment. Points are aver­
ages of duplicate tubes.

arabinosus (at 0.2 and 0.6 7 ). After complete in­
hibition has been reached stimulation is observed 
in the cases of L. casei (at 2 7 ) and L. fermenti (at
0.2 and 0.6 7 ). That L. arabinosus and L . fer­
menti are not completely inhibited at 0.5 7  of pan­
tothenic acid and 10000 7  of analog (Fig. 6), as 
would be expected, may be explained by this ef­
fect.

aj-Methylpantoyltaurine was found (Plate II) 
to inhibit the growth of only two of the four lactic 
acid bacteria. In both cases (.L . casei and L. 
arabinosus) it was considerably less active than co- 
methylpantothenic acid. L . fermenti and L . mes­
enteroides were stimulated by the analog, with 
growth increasing as the level was raised. No in­
hibition was observed at any concentration tested.

A study of pantoyltaurine under the same con­
ditions was carried out for comparative purposes.

It was observed (unpublished work26) that both 
L. fermenti and L. mesenteroides were stimulated 
up to high levels (2000-4000 7 ) by the inhibitor. 
Stimulation was maximum at 1000 and 600 7 , re­
spectively, and decreased thereafter as the level 
was raised leading to inhibition and complete ces­
sation of growth. The degree of stimulation ex­
erted by pantoyltaurine was nearly approached 
but not exceeded by its homolog.

The activities of the analogs described above 
are compared in Table I expressed in terms of the 
antibacterial index8 (the molar ratio of inhibitor 
to growth promoter which inhibits completely 
the growth of the organisms.). It may be noted 
that the antibacterial indices of the analogs re­
mained essentially constant over a wide range in

(26) Some of the data are summarized in the Thesis by W. Drell
submitted in partial fulfillment of the requirements for the Master of
Arts in Chemistry, June, 1946.
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concentration of pantothenic acid in almost all 
cases. That the values rose significantly at the 
highest levels of nutrilite particularly at 2.0 y  with 
L. casei and L. fermenti probably was not due to 
differences in assay conditions.27

T able  I

A ntibacterial Indices of Pantothenic A cid A nalogs 
at  V arying C oncentrations of Pantothenic A cid

-Antibacterial index®-------------•>
L eu co -

Ca d - L a c to ­ L a c to ­ n ostoc
panto- L a c to ­ b a c i l lu s b a c illu s m e sen ter­
thenate b a c i llu s r a b in o - fe r m e n ti o id e s

T per ca se i s u s  17-5 36 P-60
Analog tube 7469c 8014c 9338c 8042c

«-M ethyl- 0 .0 2 350 3000 1500 3000
panto­ .06 260 3000 1600 3300
thenic .20 450 3900 1600 3900
acid .60 450 5200 2200 3300

2 .0 950 >7500
«-M ethyl 0 .0 2 12500 16500 6 b

pantoyl­ .06 16500 22000 b b

taurine .20 14500 25000 b

.60 16500 22000 b

Pantoyl- 0 .0 2 13000 4000 150000 300000
taurine .06 15000 4700 130000 250000

. 20 15000 6200
a Corrected for the per cent, condensation of the dl- 

analogs. h Stimulation observed. ° American Type Cul­
ture Collection Number.

The relative concentrations of the analogs re­
quired for half-maximum inhibition and for com­
plete inhibition were compared. In the case of co- 
methylpantothenic acid, the ratio was approxi­
mately two for L. fermenti and L. mesenteroides 
and between two and three for L. arabinosus. 
With pantoyltaurine this ratio was about two for 
all three organisms. co-Methylpantoyltaurine was 
required in larger than twofold amounts to achieve 
complete inhibition with L. arabinosus. L. casei 
required threefold or higher concentrations of all 
analogs.

In view of the results obtained, it was of interest 
to investigate further the comparative activity of 
these analogs against a large number of lactic acid 
bacteria particularly with reference to the mutual 
influence of the two combined inhibitory groups 
(co-methyl and sulfonic acid). The responses of 
19 organisms are summarized in Table II. All 
lactic acid bacteria tested were susceptible to in­
hibition by co-methylpantothenic acid. The anti­
bacterial indices ranged from 80 to 13000. Stim­
ulation was observed in those cases (five) where 
concentrations of analog were sufficiently small to 
lie below the inhibitory level.

(27) Shive and Snell28’29 have showed that tim e of incubation and 
concentration of inocula m odify the responses of organisms to in ­
hibitors of pantothenic acid. An example of the latter effect is il­
lustrated by L . a ra b in o su s . When, under otherwise uniform assay 
conditions, the density of the washed inoculum was increased 
markedly (from a blank titration value of 4.05 to 6.08 ml. of 0.0385 N  
sodium hydroxide) the antibacterial index of «-raethylpantothenic 
acid increased from 3000 to 12000. This difference cannot be due 
to an increase in nutrilite concentration alone. The synthetic ability  
of L. arabinosus (Shankman, Camien, Block, Merrifield and Dunn, 
J. Biol. Chem., 168, 23 (1947)) may play a more prominent role under 
these conditions.

(28) Shive and Snell, S c ie n c e , 102, 401 (1945).
(29) Shive and Snell. J. Biol Chem,, 160, 287 (.1945).

T able  II

A ctivity  of A nalogs of Pantothenic A cid against  
L actic  A cid B acteria

Organism

Antibacterial index® 
«-M ethyl-

panto- «-M  ethyl- 
thenic pantoyl- Pantoyl- 
acid taurine taurine

L e u c o n o s to c  c i tr o v o r u m  8082& 80c 2400° 4200°’**
L a c to b a c i l lu s  f e r m e n ta tu s  4006 150 51000** 113000
L a c to b a c i l lu s  P e n to a c e tic u s  367 270 175000 85000*
L a c to b a c i llu s  b re v is  8257 270 75000 140000
L e u c o n o s to c  c i tr o v o r u m  797 330 7300° 8500°’**
L e u c o n o s to c  c i tr o v o r u m  7013 330 6000°’** 5100°’**
S tre p to c o c c u s  f a e c a l is  R  8043 330 26000 35000
L a c to b a c i l lu s  h e lv e ticu s  335 500** 51000** 42500**
L a c to b a c i l lu s  h e lv e tic u s  6345 550d 44000** 57000**
L a c to b a c i llu s  ly c o p e r s ic i 4005 800 e 51000
L e u c o n o s to c  d e x tra n ic u m  8358 900 2200° 850
L e u c o n o s to c  d e x tra n ic u m  8086 900 . 5000° 1350°
L e u c o n o s to c  m e se n te ro id e s  9135 900° e 1350°
L e u c o n o s to c  m e se n te ro id e s  8293 1100 4400 7000°’**
L a c to b a c i llu s  g a y o n i 8289 2200** e 225000**
L e u c o n o s to c  d e x tra n ic u m  8359 2700d 3500° 1400°
L a c to b a c i llu s  p e n to s u s  124-2 4000 ƒ /
L a c to b a c i l lu s  b ra ss ic a e  8041 7500 / ƒ
L a c to b a c i l lu s  m a n n ito p o e u s 13000°’** e 225000**

a Based on average values of duplicate tubes. Corrected 
for the per cent, condensation of the dl-analogs. h Amer­
ican Type Culture Collection Number. ° The half-maxi­
mum point was achieved at a concentration of analog 
approximately half that required for complete inhibition 
of growth. d Stimulation was observed at concentrations 
below the inhibitory range. e Stimulation only was ob­
served. Levels up to 20,000 y in the presence of 0.06 y 
of calcium d-pantothenate were tested. /  Relatively 
little effect was observed at levels up to 20,000 y in the 
presence of 0.06 y of calcium (/-pantothenate. * Half- 
maximum inhibition; growth was not completely repressed 
at the analog-metabolite molar ratio of 280,000.

Pantoyltaurine inhibited the growth of all but 
two (L. pentosus and L. brassicae) of the lactic acid 
bacteria tested. In most cases the activity was 
considerably less than that of co-methylpanto­
thenic acid. Two organisms (Leuconostoc dextran- 
icum 8358 and 8359) were more susceptible to the 
latter than to pantoyltaurine. At levels below the 
inhibitory range, eight organisms were found to 
be stimulated and five (L. fermentatus, L. pento- 
aceticus, L. brevis, L. pentosus, and L. brassicae) 
appeared unaffected by pantoyltaurine. The 
responses of the remaining organisms were not 
determined in the experiment.

co-Methylpantoyltaurine was less active than 
the /Lalanine analog against all organisms tested, 
but in many cases it was more inhibitory than 
pantoyltaurine. Four organisms (.L. lycopersici, 
L. mesenteroides 9135, L. gayoni, and L. mannito- 
poeus) exhibited stimulation with the analog of 
the type described previously for L. fermenti and 
L. mesenteroides P-60. With these bacteria inhi­
bition was not observed at the levels tested (up to 
20 mg. in the presence of 0.06 7 of pantothenic 
acid). In the cases of L. pentosus and L. brassicae 
neither stimulatory nor strong inhibitory effects 
were noted. At concentrations below the inhibi­
tory level, four lactic acid bacteria were stimulated 
and one, L . pentoaceticus, was not. The responses 
of the other organisms inhibited by c^methylpan-
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toyltaurine were not determined at these low levels.
The relative concentrations of analogs required 

for half-maximum and complete inhibition were 
calculated for these organisms. Of the fourteen 
bacteria for which data at the half-maximum inhi­
bition level were obtained with aj-methylpanto- 
thenic acid, a ratio of two was observed with three 
organisms. In the case of pantoyltaurine, seven 
of the sixteen organisms observed were of this 
type. With co-methylpantoyltaurine, seven of 
thirteen organisms showed this behavior. The 
responses of these bacteria to pantoyltaurine had a 
high correlation to those obtained with co-methyl- 
pantoyltaurine.

co-Methylpantoylleucine showed relatively little 
inhibitory activity against four lactic acid bacteria 
(those listed in Table I were used) at levels as 
high as 20,000 y  in the presence of 0.02 y of panto­
thenic acid. The uncondensed amino acids, 0- 
alanine, L-leucine and taurine were inactive except 
for a slight inhibition of L. casei and L. mesenter­
oides by leucine (4000 7 ) and of L . arabinosus by 
taurine (8000 7 ). Somewhat greater inhibition, 
reversed by the nutrilite, was observed for co- 
methylpantolactone in the absence, or at low lev­
els, of pantothemc acid. The behavior of mixtures 
of the lactone and an amino acid resembled that 
of the lactone alone.

Discussion
That substitution at the co-hydroxymethyl 

group of pantothenic acid leads to compound pos­
sessing inhibitory properties has been shown by 
the results given above and by investigations with 
other analogs.30 This is in contrast to substitution 
at one of the co-methyl groups whereby significant 
growth promoting ability is retained. It would 
seem therefore that methyl substitution in the for­
mer case produces a more significant change in the 
steric configuration, interfering in some manner 
with the normal functioning of the co-hydroxy 
group. The relatively high activity of co-methyl- 
pantothenic acid toward all lactic acid bacteria 
studied in comparison with the varying effec­
tiveness of inhibitors such as pantoyltaurine and 
others is noteworthy. Of these /3-methylpanto- 
thenic acid (N-pantoyl-/3-aminobutyric acid)28 
although it shows a somewhat different bacterial 
spectrum, is the most similar to co-methylpanto- 
thenic acid. The two inhibitors resemble each 
other further in that both contain methyl groups 
substituted in positions adjacent to functional 
groups.31

Lipmann and co-workers32’33 have clearly deni­
es 0) Drell and Dunn, Abstracts of Papers, 112th Meeting, Ameri­

can Chemical Society, 5C (1947).
(31) The inhibition of the growth of yeast by /8-amino-w-butyric 

acid12 presumably through interference in the utilization of /3- 
alanine for the synthesis of pantothenic acid, m ay be considered a 
more direct analogy.

(32) Lipmann, Kaplan, N ovelli, T uttle and Guirard, J . Biol. 
Chem., 167, 869 (1947).

(33) N ovelli and Lipmann, Abstracts Amer. Soc. Bact., Phila­
delphia, G-43 (1947); Lipmann, Kaplan and Novelli, Fed. Proc., 
Part II. 6, 272 (1947).

onstrated that the pantothenic acid in living or­
ganisms is largely bound in the form of a coen­
zyme. They have shown further that two distinct 
enzymes, phosphatase and liver enzyme, are re­
quired to liberate pantothenic acid for bacterial 
use, indicating that at least two groups of the 
growth factor are tied up. The work of Williams34 
has indicated that a point of attachment in the 
coenzyme is probably at the carboxyl group 
through an amide linkage, while the activity of 
phosphatase denotes phosphorylation of a hydroxy 
group. From the inhibitory activity of ^-methyl- 
pantothenic acid it might appear that the co-hy­
droxy is the group so concerned. However, it is of 
interest that methyl substitution at the 2-hydroxy- 
ethyl group of thiamine, which is the site of phos­
phorylation, results in an analog which is entirely 
active upon the pea root, slightly so upon Phyco- 
myces blakesleeanus and inactive upon the rat.35

It appears that co-methylpantothenic acid and 
pantoyltaurine may interfere with the metabolism 
of pantothenic acid at different loci either in the 
same or in different reaction steps. This could 
account for their greatly different inhibitory ac­
tivities as well as for the results observed with the
4» -v d  * * v-v -4- 4» x  r l  /-» -*-i -4- / - \t  r 1 44*4 <-* nJLxy u u u ,  x^J<xxx<L\jy x c c tu x  aax*l .

no synergism was encountered and its observed 
activity could be correlated in general with the 
relative inhibitory powers of its two parent com­
pounds. In those cases where co-methylpanto- 
thenic acid was considerably more active than 
pantoyltaurine, the hybrid was intermediate in 
strength between the two. If the parent analogs 
were of approximately equal activity the hybrid 
was weaker than either. In instances where pan­
toyltaurine was very weakly inhibitory and (very 
frequently) stimulatory at concentrations below 
the range of inhibition, the hybrid was found to 
exhibit only stimulatory activity. The effect 
might be one of further weakening in activity, in 
which case inhibitory effects would be encountered 
at much higher concentrations of inhibitor than 
those tested. The hybrid appears to be more sen­
sitive to the variations induced by the sulfonic 
acid than by the co-methyl group. In comparing 
the relative concentrations of inhibitor to produce 
half-maximum or complete inhibition with these 
organisms, greater correlation was obtained be­
tween pantoyltaurine and co-methylpantoyltau­
rine than between the latter and co-methylpanto- 
thenic acid. Against L. brassicae and L. pentosus, 
pantoyltaurine and likewise co-methylpantoyl­
taurine were almost completely without effect. 
Further, neither analog was stimulatory at any of 
the levels tested. This response is similar to that 
observed with inactive pantoylleucine and co- 
methylpantoylleucine.

The stimulation effects observed above have 
been reported with other inhibitory analogs of

(34) Williams, in Evans, “ Biological Action ol the V itam ins,” 
University of Chicago Press, Chicago, 1942, p. 122.

(35) Bonner and Erickson, Amer. J. Bot., 25, 685 (1938); Buch- 
man and Richardson, Th is Journal, 67, 395 (1945).
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pantothenic acid including phenylpantothenone,36 
N-pantoyl-0-aminoisobutyric acid28*37 and N- 
pantoylisoserine.28 The latter two compounds 
possessed weak growth-promoting properties in 
the absence of pantothenic acid, and in the pres­
ence of the nutrilite were inhibitory, but only to 
the level at which they had been stimulatory. 
Higher levels of the analog diminished the inhib­
itory effect. This type of behavior is comparable 
to that observed for co-methylpantothenic acid 
particularly with L. casei at the 2 y level of pan­
tothenic acid. However, L. casei was not stimu­
lated by the inhibitor in the absence of the nu­
trilite at any level tested.

Investigations of the pantothenic acid require­
ments and of the responses to co-methylpanto- 
thenic acid for a large number of microorganisms 
(unpublished experiments) have shown that the 
analog inhibits only those bacteria which require 
the preformed nutrilite or are stimulated by it. 
Similar observations have been reported with 
other pantothenic acid analogs in cases of reversi­
ble inhibitions. It has been suggested38 that the 
ineffectiveness of pantoyltaurine and related ana­
logs in inhibiting microorganisms which might 
utilize pantoic acid or lactone may be due to the 
availability of these components in solution. This 
explanation is not tenable for o>-methylpantothenic 
acid although the possibility of inactivation of the 
analog through hydrolysis cannot yet be ruled out. 
However, it appears more likely that, as indicated 
by Mcllwain,8 pantothenic acid may be produced 
and utilized by these organisms in a form with 
which these analogs cannot compete.

Streptococci are susceptible to co-methylpanto- 
thenic acid both in vitro and in vivo. In prelimi­
nary experiments it was found that mice were pro­
tected from an 80% fatal infection of a 0-hemolytic 
streptococcus (Group A, type 23, no. 1072)39 when

(36) W oolley and Collyer, J. Biol. Chem., 159, 263 (1945).
(37) Pollack, T his Journal, 65, 1335 (1943).
(38) Stansly and Al verson, Science, 103, 398 (1946).
(39) Obtained from th e collection of Dr. Alice C. Evans, National 

Institute of H ealth, through the courtesy of Dr. M. V. Veldee, Chief

the inhibitor was incorporated in a characterized 
diet at a molar analog-pantothenic acid ratio of 
200 for four days prior to inoculation. Substi­
tuted amides of pantoyltaurine have been pre­
pared which are effective against Group A Strepto­
coccus hemolyticus in vivo.40 >41

In view of the stereochemical specificity of the 
pantolactone moiety in pantothenic acid required 
for growth,19 or in analogs which exhibit inhibitory 
activity,14’16’41*42*43 it would be of interest to in­
vestigate the relative activities of the resolved iso­
mers of co-methylpantothenic acid. Presumably, 
at least one of the four possible isomers will show 
greater activity than the dZ-compound.

Summary
w-Methylpantolactone (a-hydroxy-0,0-dimeth- 

yl-y-valerolactone) has been synthesized and con­
densed with 0-alanine, taurine and L-leucine. It 
has been found that cu-methylpantothenic acid 
inhibits the growth of twenty-three strains of lac­
tic acid bacteria which require pantothenic acid. 
That the inhibitory action is reversed competi­
tively by pantothenic acid over wide ranges in 
concentrations has been shown with four lactic 
acid bacteria. The taurine analog has been shown 
to be less active than the 0-alanine derivative, 
but more inhibitory than that containing L-leucine. 
The comparative activity of pantoyltaurine has 
been determined. The contributions of w-methyl- 
pantothenic acid and pantoyltaurine to the ac­
tivity of oj-methylpantoyltaurine have been dis­
cussed.
of th e  B iologies Control Laboratory (see Evans, J . Im m un., 46, 399 
(1943)).

(40) W hite, Lee, Jackson, H im es and Alverson, Fed. Proc., Part II, 
5, 214 (1946).

(41) W interbottom , Clapp, M iller, English and R oblin , T his 
Journal, 69, 1393 (1947).

(42) K uhn, W ieland and M oller, Ber., 74, 1605 (1941).
(43) Lutz, W ilson, D einet, Harnest, M artin and Freek, J . Org. 

Chem., 12, 96 (1947).

Los A n g e l e s  24, C a l i f o r n ia
R e c e iv e d  N o v e m b e r  15, 1947
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[Contribution  from the Warner Institute for T herapeutic R esearch]

2-Thenyl Substituted Diamines with Antihistaminic Activity
B y  F r e d e r ic k  L e o n a r d  a n d  U l r ic h  V. S o l m s s e n

A number of aminoalkyl ethers and alkylene- 
diamines which exhibit antihistaminic activity 
have been discovered1 and several have been 
adopted for clinical use. Since these substances 
are not without their undesirable side effects we 
prepared a series of 2-thenyl substituted alkylene- 
diamines which conform to the general type
C4H3SCH2V 1,  • l 1 o—r 2B, where Ri is phenyl or 2-py-

r /
ridyl, R2 is a straight or branched alkylene chain 
containing two or three carbon atoms and B is a 
dimethylamino or piperidino group.

In a recent note2 we reported the preparation 
and pharmacological activity of one of the com­
pounds described herein, N,N-dimethyl-N'- (2- 
pyridyl)-N'-(2-thenyl)-ethylenediamine,3 the 2- 
thienyl analog of Pyribenzamine. Another of our 
compounds, N,N-dimethyl-N '-phenyl-N(2-then­
yl)-ethylenediamine, the thiophene analog of 
Antergan has been described in the chemical 
literature.4 However, prior to these publications 
we had prepared and evaluated it in these labora­
tories.

The intermediate secondary amines (I) and (II) 
were prepared by condensing aniline with a di- 
alkylaminoalkyl chloride hydrochloride or 2- 
thenyl chloride (procedures 1 and 3), and 2- 
aminopyridine with dialkylaminoalkyl chlo­
rideslf> 5 or 2-thiophenealdehyde followed by re­
duction6 (procedures 2 and 4).

The tertiary amines were obtained by the al­
kylation of the intermediates (I) and (II) in ben-

(1) (a) Aryl oxy ethyldialky la m ines, Staub, A n n . I n s t .  P a s te u r , 63, 
400, 485 (1939); (b) Benadryl, /?-dimethylaminoethyl benzhydryl 
ether, R ieveschl and Huber, Paper 41 presented before the Medicinal 
D ivision of the American Chemical Society, Atlantic City, April, 
1946; (c) Antergan, ^ N -d im eth yl-N '-p henyl-N '-benzylethylened i­
amine, Halpern, A r c h . I n te r n a t .  P h a r m a c o d y n a m ie , 68, 339 (1942); 
(d) Neo-Antergan, M ,N-dim ethyl-N '-(2-pyridyl)-N '-£-m ethoxy- 
benzylethylenediam ine, B ovet, Horclois and W althert, C o m p t. ren d , 
soc. b io l ., 138, 99 (1944); (e) A ntistin, 2-(N-benzyl-N-phenylam ino- 
methyl)-im idazoline, M iesclier, Urech and Klarer, cf. Meier and 
Bucher, S c h w e iz , m ed . W o c h sc h r ., 76, 294 (1946); (f) Pyribenzamine, 
N ,N -dim ethyl-N '-(2-pyridyl)-N '-benzylethylenediam ine, Huttrer, 
Djerassi, Beears, M ayer ahd Scholz, T his Journal, 68, 1999 (1946); 
(g) N -(beta-dialkylam inoalkyl)-phenothiazines, Halpern, J .  A lle r g y ,  
18, 263 (1947).

(2) Ercoli, Schachter, Leonard and Solmssen, A r c h . B io c h e m ., 13, 
487 (1947).

(3) The same compound has also been described by W eston, 
(T his Journal, 69, 980 (1947)) and Clapp, Clark, Vaughan, English 
and Anderson ( ib id ., 69, 1549 (1947)) and its pharmacology studied 
by Lee, Dinwiddie and Chen ( J .  P h a r m a c o l. E x p t l .  T h e ra p ., 90, 83 
(1947)), Roth, Richards and Sheppard (F e d e ra tio n  P r o c ., 6, I, 366 
(1947)) and Litchfield, Adams, Goddard, Jaeger and Alonso, B u ll.  
J o h n s  H o p k in s  H o s p ., 81, 55 (1947)).

(4) Viaud, P r o d u its  P h a r m a c e u t iq u e s , 2, 53 (1947); Kyrides, 
M eyer and Zienty, T his Journal, 69, 2239 (1947).

(5) W hitmore, Mosher, Goldsmith and R ytina, ib id ., 67, 393 
(1945).

(6) General method of Tschitschibabin and Knunjanz, B e r ., 64, 
.2839 (1931),

1 CeHsNHü +  CIRüB H C I---------------- n

RiNHRjB

2 C,H,NNH, +  C1R2B  ---- -------------^ I
3 C6H6NH2 +  C lCH ^H sS --------- —n

R,NHCH2C4H,vS 
[H] J

4 CsH,NNH2 +  0= C H C 4HsS ---------- 1 II
zene or toluene solution in the presence of soda­
mide (procedures 5 and 6). These were converted 
to water soluble salts in which form they were
5 RiNHR2B +  C1CH2C4H3S

I

6 R1NHCH2C4H3S 4- C1R2B
II

C4H3SCH2v
> n r 2b

r/

evaluated under the direction of Dr. N. Ercoli in 
the pharmacological laboratories of this institute.7 
Preliminary results have shown that several of the 
compounds described here have a range of anti­
histaminic activity similar to that of preparations 
now on the market. One of these N,N-dimethyl- 
N '-phenyl-N(2-thenyl) -ethylenediamine is char­
acterized by a very low toxicity and a high order 
of activity. Viaud4 found this compound to be 
inactive while Kyrides, et a l .4 reported an activity 
which apparently is lower than that found in our 
laboratories.

All attempts to form either hydrochlorides or 
drobromides of N 2,N 2-dimethyl-N1-phenyl-N1-(2- 
thenyl)-l,2-propanediamine and N 2,N 2-dimethyl- 
N 1-(2-pyridyl-(2-pyridyl)-N1- (2-thenyl) - 1,2-pro- 
panediamine (amines 3 and 7, respectively) resulted 
in their decomposition.8 Analytical data on amine 
3 (obtained using both procedures 5 and 6) and its 
picrate and the picrate of amine 7 agreed with the 
theory. Since we were able to obtain stable pic- 
rates we attempted the formation of water soluble 
salts of organic acids and found that succinic acid 
gave stable bisuccinates.

The decomposition of N 2,N 2-dimethyl-N1-phen- 
y l - N ( 2-thenyl)-1,2-propanediamine (amine 3)9 
under conditions of hydrochloride formation was 
observed when the removal of solvents from the

(7) A detailed account of these studies will be published in another 
journal.

(8) The work of Brode and H ill (T his Journal, .69, 724 (1947)) 
and Schulz, Robb and Sprague ( ib id . , 69, 2455 (1947)) on the rear­
rangement of the isomeric 1,2-dim ethylaminopropyl chlorides sug­
gests that the condensation product of any alkylation involving the 
use of either of these halides would be a mixture of the desired sub­
stance and its isomer. We employed one of these halides in our in ­
vestigation but made no effort to  determine the amount of isomer 
obtained along with the 1,2-propanediamines reported here.

(9) It would seem that N 1,N 1-d im ethyl-N 2-phenyl-N 2-(2-thienyl)- 
1,2-propanediamine m ay undergo the same type of decomposition 
as amine 3. The secondary amine (V II). therefore, was probably 
contaminated with its isomer.
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neutralization mixture left a sirup which possessed 
an unexpected, strong sweet odor. Fractionation 
of the sirup yielded 2-thenyl ethyl ether (VI), 
N 2 ,N 2 - dimethyl - N ^phenyl-1,2-propanediamine
(VII) and recovered tertiary amine.

We feel that this decomposition can be ac­
counted for by the formulation10

CH3

drochlorides are stable compounds it would seem 
that the instability of the hydrochlorides of am­
ines 3 and 7 can be related to their C-methyl 
branch. I t  is conceivable that this substituent 
crowds the dimethylamino hydrochloride group a t 
least close enough to the N-thenylanilino group 
for intramolecular hydrogen bonding, rearrange-

CH 3 c h 3

c 4h 3s c h ;

CH;
I

/ N\

-CH
/CHs1HN<

C6H 6 +_ XCHS

III

CH 2

Cl

CH 3

I
-CH

CH2----CH CHr— CH
C4H,SCH2v I | .CHs ^ C4H3SCH2X I | /CHs

> N X / N <  > N X / N <
l /  TH XCH3 C6H5X XFT /  VC6H5'

IVa
Cl

IVb

W
+_
Cl

c2h 5o h
C4H3SCH2X I I ----- ------------^  C4H3SCH2—o—c 2h 5 4-

>N H  /N v  V I
C6Hö' — c h /  XCHs

sCHs

CHs
I

-CH

Cl

CH2-  
I I /CHs

/N x HN< 
C £ l /  XH +_ XCH 3

V
C2H5OH

VII
Cl

C4HsSCH2C1 +  VII (free base) 
VIII

The monohydrochloride (III ) 1 1 which is ob­
tained upon neutralization of amine 3 can be in 
equilibrium, because of intramolecular hydrogen 
bonding with the quasi-five-membered ring sys­
tems (IVa and IVb) which may open to yield (V). 
Since the electronegativity of the N x-atom in 
amine 3  is small, due to the phenyl substituent, 
the localization of the proton at this point will 
further decrease the charge to such a low value 
that the strongly electropositive 2 -thenyl radical 
will only be weakly bound. (V) will therefore be 
able to enter into metathetical reactions of the type 
A+b ~ +  C+D ” —> AD +  BC in much the same 
manner as esters of toluene sulfonic acids and 
some of the quaternary ammonium halides. In 
our case (III) was formed in the presence of etha­
nol (which was used as a solvent) with which its 
isomer (V) may have reacted to form 2-thenyl 
ethyl ether (VI) and N 2 ,N 2-dimethyl-NCphenyl-
1 ,2 -propanediamine hydrochloride (VII). The 
formation of these stable products would then 
shift the equilibrium of all the intermediate forms 
to the right. Another route to (VI) and (VII) may 
involve a decomposition of (V) to 2-thenyl chlo­
ride (VIII) and the free base of (VII). Subsequent 
reaction of (VIII) with ethanol would produce the 
ether (VI) and cause a shift of the equilibrium to 
the right as before.

Since all of our straight chain diamine monohy-
(10) This formulation can be applied equally well to the possible 

decomposition of the isomeric N 1,N 1-dim ethyl-N 2-phenyl-N 2-(2- 
thenyl) -1,2-propanediamine.

(11) Since the K b  of dialkylam ines is in general of the order of 
magnitude of 10 ~4 to  10 ~5 while th at of N-alkylanilines is 10 ~10 it  is 
reasonable to assume th at the dim ethylam ino is more basic than the  
N-(2-thenyl)-anilino group and will bp involved in the primary 
neutralization of the. diamine.

ment and subsequent decomposition to occur. 
The degree of stability of all of these hydrochlo­
rides therefore probably depends directly upon 
the internitrogen distance in the “horseshoe 
shaped” rotational configuration. This distance 
and the stability appear to be at a minimum in the 
branched chain diamines (III).

The stability of the picrate and bisuccinate salts 
of bases 3 and 7 may be due to the greater bulk of 
their anions which are unable to approach closely 
enough the nitrogen bearing the large phenyl and 
2 -thenyl groups to form an intermediate corre­
sponding to (V). This would have the effect of 
keeping the electrical center of the molecule in the 
neighborhood of the nitrogen bearing the two 
methyl radicals and result in a stable configura­
tion.

Experimental12
2-Thenyl chloride,13 7-dimethylaminopropyl chloride14-15 

and hydrochlorides of 0-dimethylaminoethyl chloride,16 
j8-piperidinoethyl chloride17 and ft-dimethylaminopropy 1 
chloride15-18 were obtained by methods described in the 
literature.

Procedure 1: N2,N2-Dimethyl-N1-phenyl-l,2-propane­
diamine.—A mixture of 37.2 g. (0.40 mole) of aniline,
31.6 g. (0.20 mole) of /3-dimethylaminopropy 1 chloride 
hydrochloride, 55.2 g. (0.40 mole) of anhydrous potassium 
carbonate and 100 cc. of dry toluene was stirred and re­
fluxed for seven hours, cooled, water added and the organic

(12) M icroanalyses by Mr. L. Dorfman and M iss B. Baum garten  
of this institute.

(13) Blicke and Leonard, This Journal, 68, 1936 (1946).
(14) Marxer, H e lv .  C h im .  A c t a ,  24, 209E (1941).
(15) Prepared by Dr. G. C. van Wessem.
(16) Slotta and Behnish, B e r . ,  68, 754 (1935).
(17) Blicke and Kaplan, This Journal, 65, 1967 (1943); D unlop. 

J .  C h em . S o e . ,  101, 2002 (1912).
(18) Office of The Publication Board, Department of Commerce 

Report P. B 981, p 96-A,
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T able I
H ydrochlorides of T ertiary A mines C4H3SCH2x

> n r 2b -h c i
r /

Compound 1 was recrystallized from alcohol, compound 3 from a mixture of ethyl methyl ketone and ether, compound 7 
from ethyl methyl ketone. All of the others were recrystallized from a mixture of absolute ethanol and ether.

-Hydrochlorides-
-Bases Analyses, %

Proce­ B. p. Yield, M. p., Nitrogen Chlorine
Ri r 2b dure °C. Mm. % Formula °C. Calcd. Found Calcd. Found

1 CoHs CH2CH2N(CH3)2 5 183-185 7 69.8 CibH2iSN2C1 186-187 9.44 9.44 11.95 11.90
2 C#Hb CH2CH2N CbHio 6 215-218 5 58.0 Ci8H2bSN2C1 187-188 8.32 8.11 10.52 10.75
3 CbHb CH2CH(CHs)N(CH3)2 5,6 164-171 3 44.7,77.0 C2oH2804SN2 99-100® 7.14 7.15
4 CbHb CH2CH2CH2N(CH3)2 6 158-161 3 78.6 Ci6H23SN2Cl 138-139 9.01 9.13 11.40 11.47
5 2 -C5H4N CH2CH2N(CH3)2 5 166-168 2 64.8 ChH2oSN3C1 162-163 14.11 14.05 11.90 11.87
6 2-CbH4N CH2CH2N CbHio 5 189-194 1 67.5 Ci7H24SN3C1 135-136 12.44 12.71 10.49 10.49
7 2-CbH4N CH2CH(CH3)N(CH3)2 5 162-1695 1.5 53.2 C2oH2704SN s 101-102®’6 10.68 10.90
8 2-C5H4N CH2CH2CH2N(CH3)2 6 171-174 4 33.1 CibH22SN3C1 122-124 13.43 13.28 11.33 11.54

a Bisuccinate. 6 Prepared by Dr. C. P. Huttrer.
layer separated. The aqueous phase was extracted with 
ether, the combined organic layers washed with water 
and dried. Solvents were removed and the residual oil 
fractionated. The amine was obtained as a yellow oil, 
b. p. 97-102° (3 mm.), w25d 1.5300; yield26.1 g. (73.3%). 
It was characterized by conversion to a monopicrate, 
m .p . 158-159° after recrystallization from ethanol.

Anal. Calcd. for Ci7H21N50 7: C, 50.12; H, 5.20; N, 
17.20. Found: C, 49.83; H, 5.44; N, 16.91.

Procedure 2: N2,N2-Dimethyl-N1-(2-pyridyl)-l,2-
propaneuiamine.—A suspension of 14.18 g. (0.36 mole) 
of sodamide, 28.2 g. (0.30 mole) of 2-aminopyridine and 
250 cc. of dry toluene was stirred and refluxed for two 
hours. Heating was stopped and a solution of 40.1 g. 
(0.33 mole) of (3 -dimethylaminopropyl chloride in 
40 cc. of dry toluene added dropwise with stirring. The 
mixture was refluxed for five hours, cooled, water added, 
the organic layer separated, washed with water and 
dried. Fractionation gave 46.4 g. (86.5%) of the second­
ary amine, b. p. 128-131° (5 mm.), n25D 1.4969. The 
dipicrate melted at 210°,

Anal. Calcd. for C22H23N90 4: C, 41.44; H, 3.61;
N, 19.78. Found: C, 40.92; H, 3.79; N, 19.78.

Procedure 3: N -(2-Thenyl)-aniline.—Aniline, 93.0 g. 
(1.0 mole) was dissolved in 150 cc. of dry benzene, 24.5 
g. (0-25 mole) of anhydrous potassium carbonate added 
to the solution, the mixture heated to boiling and a solu­
tion of 33-0 g. (0.25 mole) of 2-thenyl chloride in 50 cc. 
of dry benzene added dropwise with constant stirring. 
The mixture was stirred and refluxed for four hours, cooled 
and worked up as in procedure 1. Fractionation at 12 
mm. gave 34.0 g. (72.3%) of a product which boiled 
at 174-177°, solidified to a tan solid, m. p. 37-39°, and 
yielded a hydrochloride melting from 170-171°.

Anal. Calcd. for CnH12NSCl: N, 6.21; Cl, 15.71. 
Found: N, 6.32; Cl, 15.93.

Procedure 4: 2-(2-Thenylamino) -pyridine.—Freshly
distilled 2-thiophenealdehyde,19 45.9 g. (0.41 mole) was 
added to a solution of 37.6 g. (0.40 mole) of 2-amino­
pyridine in 75 cc. of 95% formic acid. The mixture was 
refluxed for seventeen hours, diluted with water and neu­
tralized from sodium hydroxide. The precipitate was 
washed with water and dried, m. p. 73-76°; yield 40.7 g., 
(53.5%). A sample recrystallized from a toluene-petrol­
eum ether (b. p. 90-110°) mixture, melted at 78-80°.

Anal. Calcd. for Ci0Hi0SN2: C, 63.12; H, 5.30; N, 
14.73. Found: C, 63.02; H, 5.16; N, 14.57.

Procedure 5: N,N-Dimethyl-N '-phenyl-N'-(2-thenyl) - 
ethylenediamine Hydrochloride.—A solution of 32.4 g. 
(0.198 mole) of N,N-dimethyl-N'-phenylethylenedi- 
amine20 in 50 cc. of dry toluene was added to a suspension

(19) Dunn, Waugh and Dittmer, T his Journal, 68, 2118 (1946).
(20) Prepared in 81.5% yield by procedure 1. We found b. p. 

100-104° (6 mm.), w25d 1.5395. Huttrer, Djerassi, Beears, Mayer 
and Scholz (ref. If) reported b. p. 103-107° (0.2 mm.), n™d 1.5380.

of 8.5 g. (0.217 mole) of sodamide in 100 cc. of dry tolu­
ene. The mixture was stirred and heated at 100 ° for three 
hours, heating discontinued and a solution of 28.8 g. 
(0.217 mole) of 2-thenyl chloride in 30 cc. of dry toluene 
added dropwise. After refluxing for two hours, the mix­
ture was cooled and worked up in the usual way. Dis­
tillation in vacuo yielded 36.17 g. (69.8%) of a dark yellow 
oil, b. p. 183-185° (7 mm.), n25d 1.5902. Hydrochloride 
formation was generally effected by solution of the amine 
in ether and treatment of the resulting solution with a 
slight excess of ethanolic hydrochloric acid with cooling. 
In a number of instances the salt precipitated at once in 
crystalline form, in others it oiled out or remained in 
solution. In these cases it was necessary to remove the 
solvents in vacuo and crystallize the residual sirups. This 
amine was dissolved in 85 cc. of absolute alcohol and 
treated with 74.5 cc. (1% excess) of 1.885 N  alcoholic 
hydrochloric acid. The monohydrochloride was filtered 
off, washed with alcohol and ether and dried; yield 35.6 
g., m. p. 185-186°. Recrystallized from ethanol the salt 
melted at 186-187°.

Anal. Calcd. for C15H21SN2C1: C, 60.69; H, 7.13; 
Cl, 11.95. Found: C, 60.49; H, 7.11; N, 9.44; Cl, 
11.90.

N2,N2-Dimethyl-N1-(2-pyridyl) -N1-(2-thenyl) -1,2-pro­
panediamine Bisuccinate.—A stirred suspension of 8.5 
g. (0.22 mole) of sodamide and 35 g. (0.20 mole) of 
N2, ISP-dimethyl-N1-(2-pyridyl) -1,2-propanediamine and 
320 cc. of dry toluene was refluxed for two hours, heating 
stopped and a solution of 2-thenyl chloride in 30 cc. of 
toluene added dropwise. The mixture was refluxed for 
two hours, cooled and worked up as before to give the 
tertiary amine, b. p. 162-169° (1.5 mm.), w25d 1.5755, 
in 53.2% yield (29.3 g.). The dipicrate, recrystallized 
from acetone melted at 136-138°.

Anal. Calcd. for C27H27N9Oi4S: C, 44.20; H, 3.70; 
N, 17.18; S, 4.37. Found: C, 44.36; H, 3.89; N, 
17.23; S, 4.68.

The bisuccinate formed in the same manner as that of 
the phenyl analog (see procedure 6) melted at 101-102° 
after recrystallization from ethyl methyl ketone.

Anal. Calcd. for Ci9H270 4SN3: C, 57.99; H, 6.92; 
N, 10.68. Found: C, 57.88; H, 6.93; N, 10.90.

Procedure 6: N2,N2-Dimethyl-N1-phenyl-N1-(2-thenyl)- 
1,2-propanediamine Bisuccinate.—A sodium salt prepared 
by stirring and refluxing for two hours a mixture of 29.8 
g. (0.157 mole) of N-(2-thenyl)-aniline, 6.15 g. (0.157 
mole) of sodamide and 240 cc. of dry benzene was treated 
dropwise with 19.2 g. (0.157 mole) of /3-dimethylamino- 
propyl chloride in 45 cc. of dry benzene. The material 
was stirred and refluxed for eight hours, and the product 
obtained in the usual way; b. p. 164-171° (3 mm.), w26d 
1.5792; yield 34.5 g. (77.0%).

Anal. Calcd. for C16H22SN2: C, 70.02; H, 8.08;
N, 10.21; S, 11.68. Found: C, 70.13; H, 8.34; N, 
10.09; S, 11.98.
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The base gave a monopicrate which melted at 139-140 ° 
after recrystallization from benzene.

Anal. Calcd. for C22H25O7SN5: C, 52.47; H, 5.00;
N, 13.91; S, 6.37. Found: C, 52.39; H, 5.26; N, 
14.09; S, 6.43.

The bisuccinate was formed by adding 11 cc. of a satu­
rated alcoholic solution of succinic acid to a solution of 
2.328 g. of the base in 10 cc. of ether. The mixture was 
kept at room temperature overnight, concentrated to a 
sirup in vacuo and crystallized under ether. Recrystal­
lized twice from an ethyl methyl ketone-ether mixture, the 
salt melted at 99-100°.

Anal. Calcd. for C2oH2804SN2: C, 61.20; H, 7.19; 
N, 7.14. Found: C, 61.35; H, 7.37; N, 7.15.

Attempted Hydrochloride Formation of Amine 3 and 
Identification of Decomposition Products.—N2,N2-Di- 
methyl - N 1 - phenyl - N 1 - (2 - thenyl) -1,2 -propanediamine, 
18.28 g. (0.059 mole) was dissolved in 27 cc. of dry ether, 
treated with 27.6 cc. of 2.15 N  ethanolic hydrochloric acid, 
let stand at room temperature overnight and placed in 
the refrigerator. After several days the solution was 
evaporated and the sirupy residue found to have a strong, 
sweet odor. Water was added to the sirup, the solution 
made strongly alkaline with sodium hydroxide, the oily 
layer taken up in ether and the solution dried. After 
removal of ether the residual oil was fractionated in 
vacuo. Three definite fractions were obtained.

Fraction 1, b. p. 52° (3 mm.), w25d 1.5061, was the sweet 
smelling component. It was redistilled, b. p. 58.7° (5 
mm.). 184-185° (760 mm.), n25d 1.5061 and analyzed.

Anal. Found: C, 58.69; H, 6.79; S, 23.00; N, 0.35.
Disregarding the nitrogen as a trace impurity the 

analysis indicates an empirical formula of C7H8SO or 
C7H10SO. The analytical and physical data agree reason­
ably well with that of 2-thenyl ethyl ether,21 C7H10SO, 21

(21) Leonard, Ph. D. Thesis, University of Michigan, 1946.

which has the following constants: b. p. 84-86° (22 m m .), 
181-182° (740 mm.), n20d 1.5062, and percentage com­
position C, 59.12; H, 7.09; S, 22.54.

Fraction 2, b. p. 106-108° (3 mm.), w25d 1.5321, was 
redistilled (b. p. 111-113° (4 mm.)) with no change in 
refractive index and gave a monopicrate which melted 
at 155-156°. This data and the analysis of the base 
was in good agreement with that of N 2,N 2-dimethyl-N1- 
phenyl-1,2-propanediamine (see procedure 1).

Anal. Calcd. for CnH18N2: C, 74.11; H, 10.18; N, 
15.72. Found: C, 74.33; H, 10.28; N, 15.56.

Fraction 3, b. p. 163-165° (3 mm.), n25D 1.5800. 
These constants showed that this fraction was recovered 
tertiary amine.

Acknowledgment.—The authors wish to ex­
press their appreciation to Drs. H. M. Wuest 
and J. A. King for their interest in this project 
and to Mr. I. Ehrenthal for his help in a number 
of the preparations.

Summary
Six new and two previously reported 2-thenyl 

substituted diamines, C4H3S.CH2(Ri)NR2B, have 
been synthesized in which Ri is a phenyl or 2-py- 
ridyl radical, R2 is a straight or branched alkylene 
chain of two or three carbon atoms and B is a 
dimethylamino or piperidino group. An interest­
ing decomposition of one of these in the presence 
of hydrogen halides has been observed, the prod­
ucts identified and a mechanism suggested.
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The Resolution of J/-Arterenol
B y  B . F . T ullar

Recently the resolution of (//-arterenol, a -am- 
inomethyl-3,4-dihy droxybenzyl alcohol, was an­
nounced together with a brief description of the 
physiological characteristics of the active /-iso­
mer.1 The present paper deals with the method of 
effecting this resolution.

An observation that (//-arterenol is almost quan­
titatively converted to its methyl ether by evap­
orating in vacuo a solution of the hydrochloride 
in methanol2 suggested that ether formation might 
occur during resolution attempts in anhydrous 
alcohols. Accordingly, aqueous alcohols seemed 
to offer more promise as resolution solvents.

The presence of water in the resolution mixture 
afforded an additional advantage since only the 
Aarterenol forms a hydrated salt with (/-tartaric 
acid. This /-arterenol (/-bitartrate monohydrate 
possesses greater solubility in aqueous methanol

(1) Tainter, Tullar and Luduena, Science, 107, 39-40 (1948).
(2) A similar reaction of epinephrine was described by Öppinger 

and Vetter, Med. u. Chemie, 4, 343-367 (1942), see C. A., 58, 5928 
(1944). Johnson, et al., T his J ournal, 69, 2945 (1947), reported 
alkylation of a hydroxymethylene group under quite similar condi­
tions.

and considerably lower water solubility than does 
the non-hydrated d-arterenol (/-bitartrate, permit­
ting an easy separation of the diastereomers.

The bitartrates were purified by repeated re­
crystallization from water (/ isomer) and from 
95% methanol (d isomer) and converted to the 
free bases by treatment with ammonium hydrox­
ide. The hydrochlorides were prepared by dis­
solving the base in isopropanol with slightly more 
than the calculated amount of concentrated hy­
drochloric acid and crystallizing by cooling.

(/-Arterenol was racemized by heating at 90° 
for two hours in dilute hydrochloric acid solution 
with an 83% recovery of the racemic base.

Experimental
Resolution, (a) In Aqueous Methanol.—In a solution 

of 155 g. of d-tartaric acid in 100 ml. of water 169 g. of 
dl-arterenol was dissolved by vigorous stirring. The 
solution was diluted slowly with methanol to one liter. 
Crystallization was induced by scratching and after 
several hours at room temperature there was a nearly 
solid mass of crystals which was separated and washed 
with a little 90% methanol. After drying in vacuo at
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25 ° the white crystalline (/-arterenol (/-bitartrate3 weighed 
110 g., had m. p. 161-163° and [<*]23 *d +31.4° (C =  6% 
water).

(/-Arterenol (/-Bitartrate.—The crystalline fraction was 
recrystallized twice from 95% methanol. After drying 
in vacuo at 25° the nroduct weighed 58 g. and had m .p . 
164-165° (cor.), [of]25D +39 .9° ( C =  1.5% in water). 
A portion recrystallized from one-half its weight of hot 
water had the same constants. The solubility of this 
salt in water is greater than 20% at 25°.

Anal. Calcd. for C12Hi70 8N: N, 4.40; C, 45.20; H, 
5.33. Found: N, 4.30; C, 45.38; H, 5.44.

/-Arterenol (/-Bitartrate Monohydrate.—The resolution 
liquor was evaporated to dryness in vacuo. The residue 
was dissolved in 150 ml. of water at 60° and cooled to 
2-3 ° for several hours with occasional stirring and scratch­
ing to induce crystallization. The heavy, crystalline 
precipitate was collected, washed with 95% alcohol and 
dried in vacuo at 25°. The crude salt amounted to 80 g. 
and had m. p. 90-115°. A portion was converted to base 
as described below and had [ck]25d —20° ( C — 1.5% in 
water with 1 equiv. hydrochloric acid).

After three recrystallizations from equal weights of 
water, drying finally at 50° in vacuo, 28 g. of /-arterenol 
J-bitartrate monohydrate was obtained with the following 
constants: m. p. 102-104° (cor.) [«]25d —11° (C  =  1.6% 
in water). Recrystallization from 95% ethanol or from 
water did not change these values. This salt is soluble to 
more than 20% in water at 25°.

Anal. Calcd. for Ci2H170 8N H 20 : H20 , 5.35; N,
4.15; C, 42.48; H, 5.68. Found: H20 ,  5.34; N, 4.10; 
C, 42.73; H, 5.65.

(b) Resolution in Water.—The same quantities of 
dl-arterenol and d-tartaric acid as in (a) were dissolved in 
300 ml. of water. By cooling to 3-5 ° and inducing crystal­
lization by stirring and scratching there was a heavy 
precipitate after several hours. This was filtered off, 
washed with 30 ml. of ice-water and with 2 X 100 ml. of 
95% alcohol and air-dried. The product weighed 135 g. 
and had m. p. 88-95°.

Recrystallization by dissolving in 135 ml. of water at 
50° and after decolorizing with charcoal cooling to 2-3° 
for several hours gave 80 g. of nearly pure /-arterenol d- 
bitartrate, m .p . 94-98°. After two more such recrystal­
lizations, 43 g. was obtained having m. p. 102-104.5° 
(cor.) and [q+ 6d -1 0 .8 ° .

From the aqueous resolution liquors by concentration 
and crystallization from aqueous methanol 110 g. of d- 
arterenol (/-bitartrate having m .p . 161-165° was recovered.

(/-Arterenol.—A solution of 10 g. of the (/-arterenol 
bitartrate of maximum rotation in 100 ml. of de-ionized 
water containing a trace of sodium bisulfite was cooled to 
10° and treated slowly while stirring with 4 ml. of ammo­
nium hydroxide solution. After fifteen minutes at 10° 
the microcrystalline precipitate was collected, washed with 
water, methanol and finally with ether. After drying 
in vacuo at 25° the colorless base weighed 5.2 g. and had 
m. p. 215-217°, dec., and [a]26D +37.4° (C = 5% in 
water +  1 equiv. hydrochloric acid).

Anal. Calcd. for C8Hn0 3N: N, 8.28; C, 56.75; H,
6.54. Found: N, 8.12; C, 56.77; H, 6.47.

/-Arterenol.—/-Arterenol (/-bitartrate monohydrate of
maximum rotation was treated exactly as above. The 
colorless /-arterenol base from 10 g. of the salt amounted to
4.9 g. and had m. p. 216.5-218°, dec., and [a]25D —37.3° 
( C = 5% in water with 1 equiv. hydrochloric acid).

Anal. Calcd. for C8Hn0 8N: N, 8.28; C, 56.75; H,
6.54. Found: N, 8.21; C, 56.37; H, 6.61.

(3) When equivalent am ounts of Z-malic acid or of N-benzoyl-Z-
threonine were substituted for tartaric acid the corresponding salts
of d-arterenol separated in about the same yield and degree of purity.

(/-Arterenol Hydrochloride.—To 10 ml. of isopropanol 
and 1.5 ml. of concentrated hydrochloric acid at 25° was 
added 1.69 g. of (/-arterenol. The mixture was stirred 
until a clear solution was formed and then cooled to —10°. 
After fifteen minutes the crystalline precipitate was col­
lected. washed with ether and dried in vacuo at 25°. 
The colorless (/-arterenol hydrochloride weighed 1.4 g. 
and was very readily soluble in water. It had m. p. 
146.8-147.4° and [ce]27d + 39° ( C — 6% in water). 
Recrystallization of this hydrochloride did not raise the 
melting point or rotation. Exposure of solutions of this 
salt to elevated temperatures (higher than 50 °) during 
crystallization for even a few minutes lowers the melting 
point and rotation. This is also true of the l-arterenol 
hydrochloride.

Anal. Calcd. for CnHn0 2N HCl: N, 6.80; C, 46.72;
H, 5.88. Found: N, 6.75; C, 46.95; H, 5.99.

/-Arterenol Hydrochloride.—/-Arterenol was treated as
above. One and sixty-nine one hundredths grams yielded
I. 3 g. of colorless /-arterenol hydrochloride, having m .p . 
145.2-146.4° and [or]25d - 4 0 °  (C =  6% in water).

Anal. Calcd. for C6Hn0 2N-HCl: N, 6.80; C, 46.72; 
H, 5.88. Found: N, 6.73; C, 46.98; H, 5.83.

Racemization of (/-Arterenol.—One hundred and twenty 
grams of (/-arterenol was dissolved in one liter of de­
ionized water with 100 ml. of concentrated hydrochloric 
acid at 90°. After two hours at this temperature in a 
nitrogen atmosphere the solution was cooled to 20°, 
treated with Darco and filtered. The filtrate was made 
alkaline with 80 ml. of concentrated ammonium hydroxide 
at 10° and let stand until precipitation was complete. 
The base was collected, washed with water, alcohol and 
ether and dried in vacuo at 25°. One hundred grams of 
dl-arterenol was recovered, m. p .  190-191°, [a] 22d  + 0.6  ° 
( C — 5% in water as the hydrochloride).

(//-Arterenol Methyl Ether Hydrochloride, [/?-(3,4- 
Dihydroxyphenyl)-/3-methoxyethylamine hydrochloride]. 
—One-hundred grams of dl-arterenol was suspended in 
800 ml. of methanol and hydrogen chloride was passed 
in with stirring at 10 ° until a slight excess had dissolved 
and a clear solution resulted. The solution was concen­
trated at the water pump at 30-35° to a volume of 300 
ml. when heavy crystallization occurred. The precipi­
tate was collected at 0°, washed with cold methanol 
and ether and dried in vacuo, yielding 72 g. of a hydro­
chloride which was very easily soluble in water and had 
m. p. 170-171°. A sample of this salt in aqueous solu­
tion gave a green coloration with ferric chloride as does 
arterenol. (//-Arterenol hydrochloride has m. p. 141° 
(dec.).

Anal. Calcd. for C gH ^N -H C l: OCH3, 14.13; N, 
6.38. Found: OCH3, 13.41; N, 6.25.

A portion of the hydrochloride was converted to the 
free base as described above for (/-arterenol. The base, 
which was appreciably soluble in water and methanol, had 
m. p. 109-112°. •

Acknowledgment.—The author is indebted to 
M. E. Auerbach of these laboratories for deter­
mination of physical constants and analyses.

Summary
1. (//-Arterenol has been resolved through the 

acid tartrates.
2. The d- and /-base and hydrochloride were 

prepared.
3. (/-Arterenol was racemized by heating with 

dilute acid.
R ensselaer, N ew  Y ork R eceived January 3, 1948
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[Communication N o . 1 1 7 6  from the K odak R esearch  L aboratories]

The Formation of 1,3-Diphenylisobenzofuran from 2,3-Diphenylindone
By C. F. H. Allen a n d  J. A. VanAllan

In earlier papers1*2 it has been shown that alco­
holic alkaline reagents give two types of reaction 
with carbonyl bridge compounds, depending on 
the nature of the substituent groups at the ends 
of the bridge. When these groups are phenyl, the 
bridge is cleaved at one end, a carboxylic acid re­
sulting, whereas the presence of methyl groups 
favors a reduction of the carbonyl to carbinol. It 
seemed desirable to learn the behavior of a simpler 
phenylated ketone with the same sort of reagent.

2,3-Diphenylindone (I) was selected for study, 
since so many of the possible reaction products 
were at hand from our earlier work. It was pre­
viously known that, upon fusion with potassium 
hydroxide, the ring is cleaved, with consequent 
formation of o-a,0-diphenylvinylbenzoic acid (II).3

C6H5

the empirical formulas of the indone and isobenzo- 
furan differ by only one carbon atom.

The mechanism of the formation of a diphenyl- 
isobenzofuran (IV) from ö-benzoylbenzil (V) 
seems obvious. The first step is probably a ben­
zilic acid rearrangement to (VII); this is followed 
by intramolecular addition, to give the isomeric 
lactol which is a dihydrofuran (VIII); the last 
step is the elimination of carbon dioxide and wa­
ter. The facile elimination of groups from the 1,3- 
positions of dihydrofurans is well known.4

0COC6H5

'

+ h 2o

COCOQHü
i f ) COCeHs

|C«H5

c 6h 5

KOH 
->

c= chc6h5

U J—C—OH

CeH5 COOH 
VII

C6H6 OH

COOH

II

OCOCeHs 

C
VIII IV

K o o h

III
We found that cleavage takes place at the same 

point when a cymene solution of 2,3-diphenylin- 
done is boiled with sodium amide. Under these 
conditions, however, the unsaturated 
acid was not isolated; instead, degrada­
tion proceeds to o-benzoylbenzoic acid
a n ) .

In view of these observations, it was 
anticipated that alkaline reagents in 
solvents such as water or alcohol would 
bring about the same result. Much to 
our surprise, however, after acidification, 
the principal reaction product was found 
to be 1,3-diphenylisobenzofuran (IV).
This same furan was also formed in 
reactions between ethanolic potassium 
hydroxide and related substances such 
as o-benzoylbenzil (V) and 2,3-diphenyl- 
indone epoxide (VI). In the latter case, 
the yield is small. It is, thus, apparent 
that not only has there been a different 
mode of cleavage, but that it has been 
accompanied by a rearrangement, for in 
the furan one phenyl group is attached to each 
carbon atom directly connected to the ring. The 
route followed cannot be a simple reaction, since

(1) Allen, Jones and VanAllan, T his Journal, 68, 708 (1946).
(2) Allen, Jones and VanAllan, J. Org. Chem., 11, 268 (1946).
(3) Meyer end Weil* Ber., 80, 1881 (1897),

The mechanism of isobenzofuran formation 
from the epoxide (VI) and alcoholic potassium 
hydroxide is more complex. A plausible sequence 
of reactions is as follows: The oxide ring is opened 
in the presence of the potassium ethoxide, with

C6H5

c6h5

c6h5

COCOCeHs

c6h8

IV

A  /C H

a >
/ \

C6H6 COOH

consequent formation of the glycol ether (IX). 
The latter, by the reverse of an aldol reaction,5 
forms a benzil (X), which, in the alkaline alcoholic 
solution, undergoes a benzilic acid rearrangement

(4) Guyot and Catel, Bull. soc. chim., [3] 36) 1126 (1906)»
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to give (X I); elimination of alcohol closes the di- 
hydrofuran ring (XII), from which formic acid is 
lost, to give 1,3-diphenylisobenzofuran (IV).6 An 
analogy for the ring opening (VI-IX) is furnished 
by Read and Campbell’s observation7 that l-tvans- 
diphenylethylene oxide, on standing in ethanolic 
solution, gave the monoethyl ether of /-isohydro­
benzoin.

C6H5 H

H^O^i6H5

C6H5 H

c2h 5o—-C- 
I

H

-C—OH

c 6h 6

Since 2,3-diphenylindone likewise gives 1,3- 
diphenylisobenzofuran under the same conditions, 
it would seem that by some obscure proc­
ess it must be first converted to either 0- 1 
benzoylbenzil or the epoxide (VI). This 
indone has been reported to form an epox­
ide5 when treated with alkaline hydrogen 
peroxide in aqueous alcoholic solution, 
and to form o-benzoylbenzil on perman­
ganate oxidation.8 However, there is no 
indication of the presence of either in the 
reaction mixture.

The yield of the isobenzofuran which 
is isolated from the reaction mixture is 
50-55%. Upon concentration, the fil­
trate deposits two colorless substances.
The one obtained in larger amount (25%), 
upon analysis, gave figures indicating that 
a molecule of the solvent, isopropyl alco­
hol, had been added to the indone. The 
second substance, isolated in a yield of 
2-5%, analyzes for a glycol (XXI).

While there are several ways in which 
an alcohol might be added to the indone 
(I), it seems highly probable that 1,4-addi­
tion of the potassium alkoxide to the con­
jugated systems of double bonds has oc­
curred, with consequent formation of an 
enolate (XIII). The free enol would undoubtedly 
isomerize to the isomeric 0-alkoxyketone (XIV), 
which is the product isolated in 25% yield. This 
alkoxyketone gives a green color with concen­
trated sulfuric acid; the alcohol is lost and 2,3- 
diphenylindone regenerated.

Now it is well known that many enolates 
undergo spontaneous oxidation to oxanols.9 In 
this instance, the oxanol (XV) can be considered 
as undergoing two successive reactions, each of 
which is the reverse of an aldol condensation (XV 
—> XVII), to give an ether (XVIII) of a benzilic 
acid corresponding to (X I); the subsequent ring

(6) In footnote 22 [Bissinger, et al., T his Journal, 69, 2955 
(1947)], it is noted that 3,4-epoxy-l-butene is opened in both pos­
sible ways by methanol under alkaline conditions. Other products 
that are formed from the 2,3-diphenylindone epoxide are retained in 
the untractable resinous material that is formed; this probably ac­
counts for the low yield of furan.

(7) Read and Campbell, J. Chem. Soc., 2379 (1930).
(8) Ivanov and Dalev, Ann. univ. Sofia, II, facultê phys,’■ math,» 

Livre 2, 33, 305 (1937) [Chem. Abs., 82, 3371 (1938)].
(9) Kohler and My dans, This Jovirka*., 64, 4668 (1932),

closure to a dihydroisobenzofuran (XII) and loss 
of formic acid then proceeds exactly as just out­
lined. The proposed sequence of reactions, as in­
dicated by formulas XIII-IV, is supported by the 
observation that when one equivalent of alkoxide 
is used and the time decreased to one hour, only a 
very small amount of the isobenzofuran is formed,

. but the alcohol addition product can be isolated in 
a good yield.

Dufraisse10 recently announced that 1,3-di­
phenylisobenzofuran (IV) resulted when an 
alkaline solution of 1,3-diphenyl-l-hydroxy-2- 
indanone (XIX )11 was treated with air or 
oxygen (no reaction in vacuo) ; the gas was 
absorbed |very rapidly, which led the authors to

RO
-C6H5 

—c6h 5

XIV

RO
c 6h 5

XII IV

c 6h 5 h
\ /

C—OR

c 6h 5 h

—— OR

‘I—COCOC6H6
C6Hfi

XVII

assume intermediate formation of an enolate.
C6H5

-H ^

= 0

In view of our conclusions, it is suggested that 
his observations can be correctly explained by a 
similar mechanism, involving oxidation of the me­
tallic enolate (XX) to an oxanol, and so forth, 
through a dihydrofuran to the isobenzofuran (IV). 
By an alternative interpretation, the double bond 
in the enolate could be cleaved by oxidation to 
give the ketobenzilic acid (VII), with the subse­
quent steps as already outlined.

The glycol (XXI) is an isomer of one previously 
described.5 It exhibits the same halochromism

(10) Dufraisse and Ecary, Compt. rend., 223, 1143 (1946).
(11) Koelsch, T his Jquhsial, 68, 1324 (1936),
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with sulfuric acid, and, like its isomer, is easily 
converted to the lactone (XXII). It, thus, ap-

HO

Y c
o

XXI

/
OH

-CcHs
c 6h 5

c 6h 5

o
XXII

pears that this is an instance of geometrical isom­
erism. The new glycol has a much higher melting 
point and is therefore assigned a trans structure. 
Its origin is not clear, but it probably arises from 
a trans ring opening of a little epoxide formed in 
the alkaline solution.

It has been reported4 that 1 ,3-diphenylisobenzo­
furan in alcoholic solution is oxidized by air alone 
to tf-dibenzoylbenzene. This observation has 
been checked and the time required found to be 
thirty-four hours. Since a high yield is obtained, 
the reaction makes available this hitherto rela­
tively inaccessible diketone. The furan can be 
prepared either from 2,3-diphenylindone (I)12 as 
described in this paper, or through Adams and 
Gold’s procedure13 which starts with a diene syn­
thesis.

This remarkably easy oxidation procedure was 
applied to 1 - phenyl - 3 - benzoylisobenzofuran 
(XXIII).5 The same type of reaction took place, 
and o-benzoylbenzil (V) was obtained in high 
yield.

It seemed that if potassium hydroxide were 
added to a solution of l-phenyl-3-benzoylisoben- 
zofuran before aeration the reaction should not 
stop with formation of the diketone, but should 
continue, as described earlier in this paper, to 1,3- 
diphenylisobenzofuran; the latter would, thus, 
be obtained in a single operation from l-phenyl-3- 
benzoylisobenzofuran. However, o-benzoylben- 
zoic (III) and benzoic acids were formed in excel­
lent yield. Two mechanisms could account for 
such a result. In the first, an equivalent of water 
adds to the carbonyl group, after which the re­
verse of an aldol reaction5 takes place, to give 1-

C6H5

C = 0
\

C6Hfi
XXIII * 18

XXIV

/ \ c o c6h 6

L J cooh
III

(12) Allen, Gates and VanAllan, “Organic Syntheses,” 27, 30 
(1947).

(18) Adams and Gold, This Journal, 62, 56 (1940).

phenylisobenzofuran (XXIV) and benzoic acid. 
The furan is then oxidized by air, as in the other 
instances. By the second mechanism, 0-benzoyl- 
benzil is produced by aerial oxidation, whereupon 
the 1,2-diketone is cleaved by further alkaline 
oxidation. This suggestion seems less likely, for
1 .2- diketones are cleaved by alkaline peroxides, 
rather than through aerial oxidation.

An apparent exception to the easy oxidation of 
isobenzofurans has been noted in the case of the
1.3- dibenzoyl derivative.14 This deep red sub­
stance was reported as not being further oxidized. 
Such a discrepancy, along with the unusual color 
of the substance, suggests that a reinvestigation is 
in order.

Experimental
Formation of 1,3-Diphenylisobenzofuran (IV). A. 

From 2,3-Diphenylindone.—To a solution of 1.6 g. of
potassium hydroxide in 75 ml. of isopropyl alcohol was 
added 4 g. of 2,3-diphenylindone,12 and the mixture was 
refluxed for ten hours. The red solid slowly dissolved, 
giving a brownish solution. After pouring into water, the 
cooled solution was extracted with ether to remove alkali- 
insoluble material, treated with Norite, and acidified. 
The yellow solid was taken up in benzene, the solvent 
evaporated, and the residue triturated with methanol and 
recrystallized from alcohol. It melted at 127° and showed 
no depression when mixed with an authentic sample. 
The yield was 51%; with ethanol as solvent, the yield 
dropped to 44%, while it was less than 2% with methanol.

From a similar-sized run, in which one equivalent of 
sodium isopropoxide was used, and the time reduced to 
one hour, under 0.1 g. of isobenzofuran was obtained. 
The oily material is easily separated from 0.2 g. (3%) of 
the glycol (XXI) but crystallizes very reluctantly. The 
solid that does separate is a mixture of the alcohol addition 
product (XIV) (31%) and unchanged starting material 
(5%).

B. From o-Benzoylbenzil.—A mixture of 1.2 g. of o- 
benzoylbenzil8 and 10 ml. of 10% potassium hydroxide in 
ethanol was refluxed for one and one-half hours, and 
worked up as in A. It gave an 85% yield of the 1,3- 
diphenylisobenzofuran.

C. From the Epoxide (VI).—Following the same pro­
cedure, but using 2 g. of the epoxide, resulted in formation 
of the isobenzofuran in a yield of only 10-11%.

3-Isopropoxy-2,3-diphenylindanone (XIV; R =  i-
C3H 7 ) .—The ethereal extract from A (above) was evapo­
rated to dryness and the residue extracted twice with 
ligroin (b. p. 90-120°). The crude crystals deposited 
from the ligroin were recrystallized from a mixture of 
petroleum ether and benzene, when the melting point was 
127-128°.

Anal. Calcd. for C24H22O2: C, 84.3; H, 6.4. Found: 
C, 84.8; H, 5.8.

When 0.2 g. of this ether was added to 2 ml. of concen­
trated sulfuric acid, it gave a green solution; after a half 
hour this was poured into water. The bright red crystals 
were removed and found to be 2,3-diphenylindone by 
mixed melting point.

2,3-Dihydroxy-2,3-diphenylindanone (XXI) .—The resi­
due, insoluble in ligroin, was triturated with benzene, 
filtered, and recrystallized from benzene. It melted 
to a red liquid at 233-235° with decomposition; the yield 
was 4.2%.

Anal. Calcd. for C2iHi60 3: C, 79.7; H, 5.1. Found: 
C, 79.4; H, 5.1.

This is the trans glycol, corresponding to the cis form 
obtained from the epoxide.5

Both the cis and trans glycols give a red halochromism 
with concentrated sulfuric acid, which soon changes to

(14) Weiss Sonneweekeixi, Ber,, 88, 1043 (1925).
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pale yellow. On dilution and appropriate manipulation, 
the same lactone (XXII) is obtained from both; it was 
identical with a previously prepared specimen.5

Formation of 1 -Phenyl-3-benzoylisobenzofuran (XXIII). 
—The yield of this substance from the glycol (XXI)5 has 
been improved (90%) by modifying the procedure as 
follows: A mixture of 8 g. of the glycol, 0.3 g. of potassium 
hydroxide, and 50 ml. of alcohol is refluxed for three hours 
and worked up as usual.

Formation of o-Benzoylbenzoic Acid. A. From the 
Indone.—A mixture of 1.4 g. of 2,3-diphenylindone, 0.39 
g. of sodium amide, and 10 ml. of xylene was refluxed for 
twelve hours. It was then diluted first with alcohol, 
then with water, and 1 ml. of 40% sodium hydroxide, 
and the xylene distilled with steam. The residual alkaline 
solution was treated with Norite and acidified. After 
some time, ö-benzoylbenzoic acid separated in a yield of 
50%, and was identified by comparison with an authentic 
specimen.

B. From 1-Phenyl-3-benzoylisobenzofuran (XXIII).— 
A mixture of 1.5 g. of the furan, 0.5 g. of potassium 
hydroxide, and 75 ml. of absolute alcohol was heated in 
a current of oxygen for five hours. The next day the 
solvent was removed in vacuo, the residue taken up in 
water, treated with Norite, acidified, and extracted with 
benzene. The acid was caused to crystallize by the 
addition of ligroin; the yield was 0.98 g. (93%); it was 
shown to be o-benzoylbenzoic acid by mixed melting point.

Oxidation of Isobenzofurans to 1,2 -Aroylbenzenes. 
A. tf-Dibenzoylbenzene.—A solution of 0.4 g. of 1,3- 
diphenylisobenzofuran in 15 ml. of benzene was refluxed 
for thirty Tour hours in a slow current of oxygen. When

the fluorescence had disappeared, the solvent was evapo­
rated and the residue recrystallized from methanol. The 
yield of ö-dibenzoylbenzene was 0.37 g. (86%); m. p. 
145-147°. It was identified by comparison with a sample 
at hand.

B. 0-Benzoylbenzi! (V).—A solution of 1 g. of 1- 
phenyl-3-benzoylisobenzofuran in 20 ml. of alcohol was 
refluxed in a current of air for seven hours, the solvent 
removed, and the residue crystallized from acetic acid. 
The yellow crystals (0.55 g.) melted at 96°; a mixed 
melting point with a stock sample was not depressed.

Summary
1.3- Diphenylisobenzofuran is easily obtained 

by the action of alcoholic potassium hydroxide 
upon 2,3-diphenylindone, its epoxide, and o- 
benzoylbenzil. Mechanisms are proposed to ac­
count for the reactions.

1.3- Disubstituted isobenzofurans are slowly 
but completely oxidized by air or oxygen, in re­
fluxing alcoholic solutions, to p-diaroylbenzenes.

l-Phenyl-3-benzoylisobenzofuran, in an alka­
line alcoholic refluxing solution, is oxidized to o- 
benzoylbenzoic acid. This same acid also results 
when 2,3-diphenylindone is cleaved by sodium 
amide in boiling xylene.
R ochester 4, N ew  Y ork R eceived  F ebruary  2, 1948

[ C ontribution  from  the John Harrison L aboratory of the  U niversity  of P ennsylvania]

Morphine Studies, 2-(2 ',3x DImethoxyphenyl)-2-(0-ethoxyethyl)-cyclohexanone
B y  E . C. H o r n in g , M. G. H o r n in g  a n d  E. J. P l a t t 1

One of the chief structural characteristics of 
morphine and many of its derivatives is the pres­
ence of a quaternary carbon, identified in the 
Gulland-Robinson formula as C-13 of the octa­
hydrophenanthrene system. Methods for the 
synthesis of octahydrophenanthrenes of this kind 
are quite limited; few such compounds have been 
made, and attempted applications of known meth­
ods to the synthesis of morphine derivatives have 
not been successful.

It was recognized by Cook2 that octahydro­
phenanthrenes could be obtained from 2-arylcy- 
clohexanones by an apparently general method 
involving a Reformatsky reaction, followed by 
dehydration, hydrogenation and cyclization. This 
method was applied by the English workers to 2- 
phenylcyclohexanone, and we have used it with 2- 
(2 ',3 '-dimethoxyphenyl) -cyclohexanone.3

We have been interested in the application of 
Cook’s procedure to the synthesis of certain mor­
phine derivatives, and for this purpose it has 
first been necessary to investigate the preparation 
of a dimethoxyarylcyclohexanone containing an 
appropriately substituted carbon in the 2-posi­
tion. The reactions employed are indicated on

(1) Rohm and Haas Research Assistant.
(2) Cook, Hewett and Lawrence, J. Chem. Soc., 7l (1936).
(9) »?»4 Platt, This JcmitlVAfc* §9, 9939 (1947)t

the diagram; the starting material was prepared 
by the sodamide alkylation of 2,3-dimethoxy- 
phenylacetonitrile with 5-chlorovaleronitrile. Con­
tinued study of this reaction has led to the inclu­
sion of certain apparently minor modifications 
which result in consistent yields of 80-83%. The 
product, 2-(2',3'-dimethoxyphenyl)-pimelonitrile, 
is a dinitrile which can undergo cyclization to a 
six-membered 0-iminonitrile, but which can also 
be alkylated directly by the sodamide method. 
This situation apparently arises through the struc­
tural factors which affect the cyclization. In the 
case of pimelonitriles, cyclization does not occur 
so readily as in the case of adiponitriles, and struc­
tural modifications may impose added difficulty 
in the way of the reaction. In the cyclization of 
a-(2,3-dimethoxyphenyl)-pimelonitrile (I) with 
sodium,3 the cyclizing agent will produce a car- 
banion by removal of the most acidic hydrogen, 
which in this case is that associated with the 
phenylacetonitrile system. If a carbanion of this 
structure is formed, however, cyclization may 
follow directly only by addition of a completely 
substituted carbanion carbon to the nitrile group 
at the other end of the chain. The effective steric 
hindrance presented toward this addition is a 
barrier which in similar cases usually is sufficient 
to prevent cydiratio&u It m not known whether
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the cyclization which occurs here takes place in 
spite of this steric effect, or whether a partial re­
placement of one of the «-hydrogens at the other

/(C H 2)4CN
^  ____OH C6H5S02OC2H4OC2H5
/ " " X  \ C N  NaNH* *

H3CO o c h 3
I

H3CO o c h 3 h 3co
V

end of the chain leads to cyclization in the other 
direction; this would also be possible, but it would 
represent a condition not easily arrived at in the 
presence of the more acidic hydrogen of the phen­
ylacetonitrile system. These effects, which re­
tard cyclization, are fortunately the same effects 
which are needed to allow alkylation of I in the 
desired position. With 0-ethoxyethyl benzene- 
sulfonate as the alkylating agent, an 80% yield of 
2- (2 ',3 '-dimethoxyphenyl) -2- (0-ethoxyethyl) -pim- 
elonitrile (II) may be obtained.

The cyclization of this pimelonitrile (II) can oc­
cur in only one fashion, and the structure of the 
resulting 0-iminonitrile is that of III. Sodamide 
(in boiling benzene) was used as the cyclizing 
agent; a nitrogen atmosphere must be employed. 
The iminonitrile was isolated in crystalline form, 
and was converted into the 0-ketonitrile IV in 
quantitative yield by acid hydrolysis in aqueous 
ethanol. Treatment of IV with hydrogen chlo­
ride in dry methanol gave the 0-ketoester V.

Under appropriate conditions, it might be ex­
pected that either III, IV or V would undergo 
hydrolysis-decarboxylation to yield tlie desired 
product, 2- (2 ',3 '-dimethoxyphenyl) -2- (0-ethoxy- 
ethyl) -cyclohexanone (VI). Three methods were 
investigated; the best proved to lie in the hydroly­
sis of the 0-ketoester (V) with a dilute alcoholic 
solution of potassium hydroxide, followed by brief 
heating of the acidified solution to effect decarbox­
ylation. The ketone (VI) was obtained from 
(V) in 83% yield as a colorless viscous oil.

The removal of the carbomethoxy group of (V) 
by ester interchange-decarboxylation with ethyl 
hydrogen adipate, following the general method of 
Fourneau4 was also investigated. It was not pos-

(4) Fourneau, Bull. soc. chim., £4] 43, 859 (1928); Stoll, Helv, 
Chim. Acta, 30, 1401 (1947).

sible to obtain material of analytical purity by 
this method, although the reaction apparently 
proceeded without difficulty. The yield was

slightly lower than 
that obtained by di­
rect hydrolysis-de­
carboxylation.

The use of a boil­
ing hydrochloric 
acid-acetic acid mix­
ture for hydrolysis 
led to an unexpected 
result. When this 
hydrolysis method 
was applied to the 
iminonitrile (III), 
with a reflux period 
of three hours, a 
crystalline phenolic 
product was isolated. 
While demethylation 
under such circum­
stances is not un­
usual, analytical 

data for the phenol indicated that the 0-ethoxy- 
ethyl chain was no longer present. The structure 
of this compound is under investigation; the 
analytical results correspond to structure VII.

O HO

HO H3CO OCHs
(VII) (VIII)

The possibility that the product was 2,3-di- 
methoxy-2'-hydroxybiphenyl (VIII) was excluded 
both by analysis and by synthesis of (VIII) by 
dehydrogenation of 2-(2',3'-dimethoxyphenyl) - 
cyclohexanone.

Experimental
All melting points are corrected.
a- (2,3 -Dimethoxyphenyl) -pimelonitrile (I).—By the 

introduction of several apparently minor modifications 
into the procedure described previously,3 the yield has 
been raised to 80-83%. After addition of the solvent 
(toluene), the ammonia was allowed to evaporate, with 
little or no warming, over several hours. The addition of 
5 -chlor o valer onitrile was started while the mixture was at 
room temperature, and was carried out as rapidly as pos­
sible. Good stirring and spraying of water on the flask 
during the addition were necessary to allow continued 
control of the vigorous exothermic reaction. Under these 
circumstances, 88.5 g. (0.50 mole) of 2,3-dimethoxyphen- 
ylacetonitrile yielded 106.5 g. (83%) of the dinitrile, 
b. p. 191-199° (0.5-0.7 mm.).

/3-Ethoxy ethyl Benzenesulf onate.—A mixture of 180 
g. of ethylene glycol monoethyl ether, 360 g. of benzene­
sulfonyl chloride, 200 ml. of water, and 200 ml. of chloro­
form was stirred in an ice-bath while a solution of 120 g. 
of sodium hydroxide in 700 ml. of water was added drop- 
wise over one hour. The mixture was then stirred for one 
hour longer at room temperature. The chloroform layer 
was separated and washed with 200 ml. of water. After 
drying over magnesium sulfate the solvent was removed 
and the residue distilled under reduced pressure. There 
was obtained 232 g. (50%) of the ester, as a nearly color* 
less oil, bi p, 136-144° (0.7 mm.).

z(CH2)4CN
c ----- C2H4OC2H5

^CN
0CH3

o c h 3
VI

o
%

/
h 3co
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X  
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or-(2,3-Dimethoxyphenyl) -« -(0-ethoxy ethyl) -pimelo­
nitrile (II).—Sodamide was prepared from 8.85 g. (0.38 
mole) of sodium in approximately 350 ml. of ammonia. 
With the aid of 40 ml. of dry ether, 89.0 g. (0.35 mole) of 
« -(2,3-dimethoxyphenyl)-pimelonitrile was added with 
stirring. After ten minutes, 200 ml. of dry benzene was 
added, and the mixture was allowed to stand until the 
ammonia had evaporated. There was then added with 
good stirring, at a rate compatible with the ensuing vigor­
ous reaction, 97.6 g. (0.42 mole) of /3-ethoxyethylbenzene- 
sulfonate. The mixture was heated and stirred for two 
and one-half hours; methanol (30 ml.) and water (150 
ml.) were added to the cooled mixture, and the benzene 
layer was separated. The aqueous layer was extracted 
with 100 ml. of benzene and two 50-ml. portions of ethyl 
acetate. The combined extracts were washed with 100- 
mh portions of 5% sodium hydroxide solution, water, 5% 
hydrochloric acid, water, and saturated sodium bicarbon­
ate solution, and dried over magnesium sulfate. The 
solvents were removed by distillation and the residue dis­
tilled under reduced pressure. The product was collected 
as a light yellow viscous oil at 210-220° (0.5-0.7 mm.); 
yield 91.2 g. (80%).

A nal. Calcd. for C19H26O3N2: C, 69.00; H, 7.87.
Found: C, 69.00; H, 7.77.

2-(2 ',3 '-Dimethoxyphenyl) -2-(/3-ethoxy ethyl) -6-cyano - 
cyclohexanone Imine (III).—Sodamide was prepared 
from 4.6 g. (0.20 mole) of sodium. There was added to 
the sodamide-ammonia mixture 59.0 g. (0.18 mole) of 
a  - (2,3 - dimethoxyphenyl) -a  - (ft - ethoxyethyl) - pimelo­
nitrile in 50 ml. of dry ether, and this was stirred for fifteen 
minutes. After providing a nitrogen atmosphere, 175 
ml. of dry benzene was added and the ammonia was 
evaporated with slight warming. The mixture was 
heated under reflux for two and one-half hours, cooled, 
and treated with methanol (15 ml.) and water (100 ml.). 
The benzene layer was separated, and the aqueous layer 
washed with 50 ml. of benzene and four 50-ml. portions 
of ethyl acetate. The combined extracts were washed 
with 100-ml. portions of 5% sodium hydroxide solution, 
water, 2% aqueous acetic acid, and saturated sodium 
bicarbonate solution, and dried over magnesium sulfate. 
The solvents were removed by distillation; the product 
was collected at 191-200° (0.2-0.3 mm.) as a very viscous 
light-yellow oil; yield, 47.3 g. (80%).

The distillate solidified immediately, but was apparently 
composed of both oil and solid. Trituration with ether- 
pentane (2:1) gave 32.5 g. of colorless crystalline material; 
evaporation of the solvents returned an oil which crystal­
lized in part on standing. The nature of the oily product 
obtained here has not been determined; it may have been 
unchanged starting material.

Recrystallization from cyclohexane-ethyl acetate pro­
vided an analytical sample, m. p. 116-117°.

Anal. Calcd. for C19H26O3N2: C, 69.09; H, 7.88;
N , 8.48. Found: C, 69.24; H, 7.64; N, 8.54.

2-(2 ',3 '-Dimethoxyphenyl) -2-(/3-ethoxy ethyl) -6-cyano- 
cyclohexanone.—A mixture of 3.0 g. of the imino­
nitrile, 45 ml. of ethanol (95%), 9 ml. of concentrated 
hydrochloric acid, and 9 ml. of water was heated under 
reflux for one hour. The solution was diluted with 300 
ml. of water, and the product was extracted with five 
100-ml. portions of ether. The ethereal extract was 
washed well with water and with two 30-ml. portions of 
saturated sodium bicarbonate solution, and dried over 
magnesium sulfate. Evaporation of the ether gave a 
crystalline residue of crude, slightly discolored ketonitrile; 
yield, 3.0 g.; m .p . 97-99°.

A small sample was recrystallized from ether-pentane 
to give a colorless crystalline product, m .p . 98-99°.

Anal. Calcd. for C19H25O4N: C, 68.86; H, 7.60.
Found: C, 69.11; H, 7.74.

2-(2 ',3 '-Dimethoxyphenyl) -2-(/3-ethoxy ethyl) -6-carbo- 
methoxycyclohexanone (V).—A solution of 2.00 g. of 
crude ketonitrile in 25 ml. of methanol was saturated with 
hydrogen chloride, without cooling. After standing at 
room temperature for twelve hours» the mixture was

poured into 300 ml. of water, and the product extracted 
with four 50-ml. portions of ether. The ether solution 
was washed with water and with saturated sodium bi­
carbonate solution, dried over magnesium sulfate, and 
evaporated to yield 1.68 g. of crude ketoester. This 
material was used directly for decarboxylation.

Additional purification by evaporative distillation at 
110-130° (0.1 mm.) gave the ketoester as a colorless, 
viscous oil.

Anal. Calcd. for C20H28O6: C, 65.91; H, 7.74.
Found: C, 66.49; H, 7.67.

2-(2 ',3 '-Dimethoxyphenyl) -2-(0-ethoxyethyl) -cyclo­
hexanone (VI).—A solution was prepared from 1.50 g. 
of potassium hydroxide, 3 ml. of water, and 27 ml. of 
absolute ethanol. To this was added 2.00 g. of /3-ketoester
(V), and the mixture was heated under reflux for three 
hours. It was acidified by the addition of 5 ml. of concen­
trated hydrochloric acid in 5 ml. of water, and refluxing 
was continued for fifteen minutes. The solution was 
diluted with 200 ml. of water and the product extracted 
with four 60-ml. portions of ether. The combined ex­
tracts were washed with two 30-ml. portions of 5% sodium 
hydroxide solution, and with 30-ml. portions of water 
and 2% aqueous acetic acid. After drying, the ether was 
removed and the residue evaporatively distilled at 110- 
120° (0.07 mm.) to yield 1.40 g. (83%) of the ketone 
as a colorless, viscous oil.

Anal. Calcd. for CisH^Cb: C, 70.56; H, 8.55.
Found: C, 70.69; H, 8.25.

Ester Interchange Method.—A solution of 1.68 g. of 
crude ketoester (V) in 9.0 ml. of ethyl hydrogen adipate 
was heated under gentle reflux in an apparatus arranged 
for sweeping with dry nitrogen. The rate of evolution of 
carbon dioxide was followed by means of an attached 
anhydrone-ascarite absorption tube. About forty minutes 
were required for the collection of 210 mg. (theoretical, 
202 mg.) of carbon dioxide.

Hydrolysis of the mixture was carried out by adding 90 
ml. of ethanol and a solution of 20 g. of potassium hy­
droxide in 50 ml. of water. The solution was heated 
under reflux for two hours, and most of the ethanol was 
removed by distilling until 90 ml. of distillate was obtained. 
The residue was diluted with 250 ml. of water and ex­
tracted with five 60-ml. portions of ether. The combined 
ether extracts were washed well with water and with 50 
ml. of 2% aqueous acetic acid, and dried over magnesium 
sulfate. After evaporation of the ether, the remaining 
oil was evaporatively distilled at 105-110° (0.05 mm.) to 
provide 0.99 g. of the cyclohexanone as a colorless viscous 
oil. Material obtained in this way was not of analytical 
purity (about 0.5% or more from the calcd. values) al­
though it was evidently the same compound as that ob­
tained by hydrolysis-decarboxylation.

Hydrolysis with Hydrochloric Acid-Acetic Acid.—A 
mixture of 1.00 g. of the iminonitrile (III), 10 ml. of 
acetic acid, 10 ml. of concentrated hydrochloric acid, and 
3 ml. of water was heated under reflux for three hours. 
After dilution with 100 ml. of water, 30 ml. of saturated 
sodium bicarbonate solution was added and the mixture 
was extracted with three 30-ml. portions of ether. The 
combined ether extracts were washed with saturated 
sodium bicarbonate solution, and with four 30-ml. por­
tions of Claisen alkali. The combined Claisen solution 
was diluted with water and treated with 20 ml. of concen­
trated hydrochloric acid, followed by saturation with car­
bon dioxide. After chilling, the crystalline phenol was 
removed by filtration and air dried. The product, 290 
mg., was recrystallized twice from ether-ethyl acetate to 
give a colorless product, m .p . 134-135 °.

Anal. Calcd. for Ci2H120 3: C, 70.56; H, 5.92. Found: 
C, 70.78; H, 5.71.

In separate experiments, it was established that a non- 
crystalline fraction, insoluble in sodium bicarbonate solu­
tion, which was isolated as a reaction product after a re­
flux period of twenty minutes, had a composition by 
analysis indicating that one nitrogen atom had been lost, 
and that the 0-ethoxyethyl chain was largely intact. A
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reflux period of six hours resulted in a lowered yield of 
phenolic product.

2,3 -Dimethoxy-2 -hydroxybiphenyl.—A mixture of 500 
mg. of 2-(2 ',3 '-dimethoxyphenyl) -cyclohexanone, 5 ml. 
of triethylbenzene, and 1.0 g. of 5% palladium-charcoal 
catalyst5 was heated under reflux for one hour. The 
warm solution was filtered and the catalyst washed with 
warm benzene. The organic solution was extracted with 
one 25-ml. and one 15-ml. portion of Claisen alkali. 
The Claisen solution was washed with benzene, and the 
benzene added to the organic solvents. The combined 
organic solution was extracted with three 15-ml. portions 
of Claisen alkali, and the combined Claisen solution was 
washed with 40 ml. of pentane. The alkaline solution 
was diluted with 100 ml. of water. A 40-ml. portion of 
concentrated hydrochloric acid was added and neutraliza­

(5) “Organic Syntheses,” 26, 77 (1946).

tion was completed with carbon dioxide (Dry Ice). 
After chilling, the crystalline product was removed by 
filtration and air dried. The yield of phenol, m .p . 102- 
104°, was 225 mg. Recrystallization from cyclohexane 
gave a colorless sample, m. p. 103-104.5°.

Anal. Calcd. for C14H14O3: C, 73.02; H, 6.13. Found: 
C, 73.22; H, 6.07.

Acknowledgment.—The authors are indebted 
to Miss Sarah H. Miles for carrying out the 
analyses reported here.

Summary
The synthesis of 2- (2', 3 '-dimethoxyphenyl) -2- 

(0-ethoxyethyl) -cyclohexanone is described. 
Philadelphia 4, Pe n n a . R eceived  F ebruary  2, 1948
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Chemical Investigation in Guayule. IL The Structure of Partheniol, A 
Sesquiterpene Alcohol from Guayule
By A. J. H a a g e n -S m it  a n d  C. T. O. F o n g 1

In studies conducted in this Laboratory on the 
constituents of guayule, Parthenium argentatum, 
Gray, it was found that cold alcohol extracted from 
the plant a cinnamate of an optically active sesqui­
terpene alcohol previously isolated by Alexander.2 
The yield of the alcohol from the plant was ap­
proximately 0.03%. Later, the same ester was 
obtained by chromatographic adsorption of guay­
ule extracts on silicic acid. Further studies 
showed that guayule resin obtained from Mexico 
as a by-product of guayule rubber refining would 
serve as a convenient source of this alcohol, yield­
ing as much as 0.3% of the desired substance.

The physical constants of this alcohol and its 
cinnamate are listed below and are compared with 
those given by Alexander2 and by Walter.3

Parthenyl cinnamate: empirical formula,
C24H3o0 2j4’2C24H32023; m. p. 125-12604’2-3; molecu­
lar weight by saponification of ester, 3554, 354.3

Partheniol: empirical formula, C15H24O,4-2
Ci5H260 3; m. p. 127-128°,4*2 131°3; mol. wt. 215,4 
2222; [«]26d 116.5° (CHC13, 0 1.29%),4 [ « ] 24d  +  
88.7°(CHCl3, c 1.566%)3; parthenyl^-phenylazo- 
benzoate, m. p. 162.5-164°4; parthenyl 3,5-di- 
nitrobenzoate, m. p. 143-144°.4

Our data for the alcohol are in agreement with 
those of Alexander and the empirical formula 
CibH^O for the alcohol was substantiated through­
out this work. Also the melting point of parthen­
iol repeatedly recrystallized from different solvents 
agrees with that of Alexander. The chromato­
graphic separation of the phenylazobenzoate 
showed only traces of compounds other than the

(1) Present address, Lederle Research Laboratories, Pearl River,
N. Y.

(2) Alexander, Ber., 44, 2320 (1911).
(3) Walter, T his Journal, 66, 419 (1944)*
(4) Data of Haagen-Smit and Fong*

partheniol derivative. The presence of isomeric 
forms of partheniol might explain the melting 
point of 131° found by Walter3 since we have ob­
served that heating partheniol with alcoholic po­
tassium hydroxide resulted in a raise of melting 
point to 132-132.5°. Similar observations were 
made in preparing a maleic anhydride addition 
compound.

Catalytic hydrogenation of the alcohol indi­
cated the presence of two double bonds. The ab­
sorption spectrum of partheniol, together with the 
failure of partheniol to form an adduct with maleic 
anhydride or to be reduced by sodium in alcohol, 
indicates that the two double bonds are not con­
jugated.

The relative ease of dehydration with potassium 
bisulfate confirms the presence of an alcoholic hy­
droxyl group and indicates that the hydroxyl 
group is probably tertiary. The failure of esteri­
fication with phthalic anhydride under conditions 
described by Ruzicka, et al.,6 as well as the failure 
to form a xanthate indicated that partheniol is a 
tertiary alcohol.6

Dehydration of partheniol with potassium bi­
sulfate resulted in the formation of a mixture of 
isomeric hydrocarbons, C15H22, which we shall call 
dehydroparthenene.7 These hydrocarbons con­
tain three double bonds, which physical and chem­
ical methods show are not conjugated.

Dehydrogenation of dehydroparthenene with 
sulfur gave blue S-guaiazulene which was identi­
fied by its 1,3,5-trinitrobenzene addition product, 
its picrate and its trinitrotoluene addition prod-

(5) Ruzicka, Pontalti and Balas, Helv. Chim. Acta, 6, 858 (1923).
(6) Feigl, “Spot Tests,” Nordemann Publishing Co., New York, 

N. Y., 1937, p. 251.
(7) Conforming to sesquiterpene nomenclature: parthenene is

CmsH m.
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uct. The adsorption spectrum of the S-azulene 
obtained from partheniol correspond with those 
reported for S-guaiazulene by Willstaedt8 and by 
Plattner.9 Dehydration of dehydroparthenene 
with selenium gives a violet azulene. This 
behavior is similar to that shown by the dehydro­
genation of a crystalline sesquiterpene alcohol, 
guaiol obtained from the wood of Guaiacum offi­
cinale (family Zygophyllacae).10 These data show 
that the carbon skeleton of partheniol is that of
1,4 - dimethyl - 7 - isopropyl - decahydrocyclo- 
pentacycloheptene (I).

110

I 12 13

Tetrahydropartheniol, Ci5H280 , is formed by 
hydrogenating both double bonds of partheniol. 
Dehydration of tetrahydropartheniol with potas­
sium bisulfate gives dihydroparthenene, Ci5H26, a 
hydrocarbon containing one double bond. In the 
ozonization of dihydroparthenene formaldehyde 
was formed, indicating the presence of a methylene 
group. Since the double bond in this methylene 
group arose from the removal of the hydroxyl 
group in tetrahydropartheniol, we may conclude 
that the hydroxyl group in partheniol is situated 
on a carbon atom to which a methyl group is 
attached.

If the hydroxyl group were located at carbon 
atom 7 or 11 dehydration of tetrahydropartheniol 
to dihydroparthenene would have given a mixture 
of isomers yielding acetone and formaldehyde 
upon ozonization. As no trace of acetone could 
be detected in the ozonization products, only two 
structures are possible for tetrahydropartheniol. 
They are shown in II and III.

II III

The position of the hydroxyl group at carbon 
atom 1 or carbon atom 4 is confirmed by the re­
sults of ozonization experiments on partheniol, 
since a neutral product, C14H22O4, containing an 
aldehyde and two methyl ketone groups was ob­
tained. The presence of formaldehyde among the 
volatile oxidation products demonstrated that one 
of the double bonds is exocyclic and present in a

(8) Willstaedt, Ber., 68, 333 (1935).
(9) Plattner, Helv. Chim. Acta, 24, 283E (1941).
(10) Rustefc* and Haagen-Smit, iMd,» 44, 13.04 (1931),

methylene group. The oxidation of the double 
bond located in the isopropenyl group explains the 
formation of formaldehyde and one of the methyl 
ketone groups. The other double bond has given 
rise to the aldehyde and second methyl ketone 
group. This limits the position of the second 
double bond to one adjoining a methyl group and 
one not connected with the bridge between the 5 
and 7 membered ring. The fourth oxygen in 
Ci4H220 4 is present as in the original tertiary hy­
droxyl group. This leaves out of the numerous 
possible isomers only the following two structures 
for partheniol.

These structures are in harmony with the ab­
sence of conjugation of the double bonds in par­
theniol and its dehydration product dehydropar­
thenene. To secure a possible check of the exact 
position of the hydroxyl group the dicarboxylic 
acid, which was formed from the ozonization of 
dihydroparthenene followed by hypobromite oxi­
dation, was treated with acetic anhydride accord­
ing to Blanc’s method.11

In the removal of the hydroxyl group from 
tetrahydropartheniol, a mixture of isomers is 
formed, which upon ozonization gives rise to a ke­
tone, a diketone and a keto acid (VI or VIII) or 
keto aldehyde. On hypobromite oxidation of the 
keto acid, a dicarboxylic acid is formed which 
would be, in the case of structure II, a substituted 
glutaric acid (VII), and in the case of structure 
III, a substituted pimelic acid (IX). With acetic 
anhydride, ketone formation was not detected, in­
dicating the presence of a glutaric acid derivative 
rather than a pimelic acid derivative. Also, our

CHS

(U) Blanc, Compt. rend., 144, 1356 (1997)*
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analytical data show that an anhydride rather 
than a ketone was formed. These facts indicate 
that the hydroxyl group in partheniol is attached 
to carbon atom 1, as shown in structure V.

Experimental12
Isolation of Partheniol.—Twenty-five gallons of crude 

resin was extracted three times with five-gallon portions 
of ether and twice with seven-gallon portions of a 5:2 
ether-methanol mixture. After the removal of the sol­
vents from the extract, the ether-soluble portion of the 
guayule resin was saponified with N  alcoholic solution of 
sodium hydroxide for three hours at a bath temperature of 
90°. After neutralization and extraction with ether, the 
residue (about five gallons) was distilled at 0.01 mm. pres­
sure. Approximately two liters of material boiling below 
150° collected. Redistillation through a short helix- 
packed column fitted with a variable take-off still head 
yielded 1.2 liters of viscous oil boiling at 100-125° at 
0.01 mm. pressure. This distillate was then diluted 
slightly with petroleum ether and inoculated with a few 
crystals of partheniol. After standing for several days, 
this solution became a solid mass of partheniol crystals.

These were recrystallized from petroleum ether to con­
stant melting point: 150 g. of purified crystalline par­
theniol, m. p. 127-128°, was obtained. This melting 
point stayed constant after recrystallization from petro­
leum ether, from acetone and from benzene as well as after 
sublimation.

Anal. Calcd. for ClöH240 : C, 81.76; H, 10.98.
Found: C, 81.77, 81.73; H, 10.92, 10.98.

Attempt at Reduction of Partheniol with Sodium and 
Alcohol.—Two grams of partheniol in 10 ml. of amyl 
alcohol was heated in a 40-ml. flask at a bath tempera­
ture of 135° for six and one-quarter hours. Sodium 
(4.5 g.) was gradually added; at periodic intervals, more 
amyl alcohol was introduced until all the sodium had 
reacted. The residue was recrystallized twice from low- 
boiling petroleum ether; the substance melted at 132- ’ 
132.5°.

Anal. Calcd. for C16H240 :  C, 81.76; H, 10.98.
Found: C, 81.85; H, 11.06.

Reaction of Partheniol with Maleic Anhydride.—The 
reaction of partheniol with maleic anhydride or ethyl 
maleate dissolved in benzene and refluxed for ten hours 
gave no adduct. The recovered partheniol melted at 
129.5°, no depression with original partheniol.

Absorption Spectrum of Partheniol.—The absorption 
spectrum of a solution of 1.76 mg. of partheniol in 100 ml. 
of absolute alcohol was determined with the Beckman 
photoelectric spectrophotometer. The spectrum did not 
show any characteristic maxima or minima within the 
range of the spectrophotometer.

Parthenyl p -Phenylazobenzoate.—To 2 g. of partheniol 
in 15 ml. of dry pyridine 2.4 g. of p -phenylazobenzoyl 
chloride in 20 ml. of anhydrous benzene was added. The 
reaction mixture was heated at a bath temperature of 90° 
for half an hour and worked up in the usual manner. The 
residue was recrystallized first from a mixture of benzene 
and petroleum ether, then from acetone.

One gram of this benzoate dissolved in a mixture of 10 
ml. of benzene and 50 ml. of petroleum ether (85-100°) 
was chromatographed on a silicic acid-celite column (2:1)
4.5 cm. X 20 cm., which had been initially washed with 
250 ml. of petroleum ether. The column was developed 
with 400 ml. of petroleum ether (85-100°) and post- 
washed with 50 ml. of 30-60° petroleum ether. The 
chromatogram showed two very faint bands near the top. 
The main zone ca. 10 cm. below the top was cut out from 
the extruded column and was recovered by eluting with 
ether; after recrystallizing three times from acetone, 
m. p. 163-164°.

(12) All melting points are corrected , raieroanatysis by Dr- O, 
Oppenheimer and O. Swinehart-

Anal. Calcd. for C28H3202N2: C, 78.47; H, 7.53; N,
6.54. Found: C, 78.42; H, 7.53; N, 6.66.

Parthenyl 3,5 -Dinitrobenzoate.—A solution of approxi­
mately 150 mg. of partheniol and an equal amount of 3,5- 
dinitrobenzyl chloride in a mixture of 2 ml. of dry benzene 
and 5 ml. of anhydrous pyridine was gently refluxed for 
0.75 hour. The reaction mixture was worked up according 
to Reichstein.13 The turbid solution was allowed to stand 
in the refrigerator for several days: the crystals formed 
were recrystallized from acetone and washed with alcohol, 
m .p . 143-144°.

Anal. Calcd. for C ^ H ^ O e: C, 63.75; H, 6.31; N,
6.76. Found: C, 63.88, 63.97; H, 6.61, 6.51; N, 6.67, 
6.90.

Dihydropartheniol.—A 5.04-g. sample of partheniol 
dissolved in 55 ml. of absolute ethanol was hydrogenated 
with approximately 2 g. of Raney nickel as catalyst at 
25° and 760 mm. pressure.

The rate of hydrogenation was fairly rapid for the first 
fifteen hours, decreasing rapidly thereafter. The hydro­
genation was terminated after the required amount of 
hydrogen for one double bond was taken up. After the 
removal of the Raney nickel and the alcohol, the remaining 
oil was distilled at 92-102° at 0.1 m m.; a total of 3.5 g. of 
dihydropartheniol was obtained. The dihydropartheniol 
gave the constants: n2&d 1.5035, d23-64 0.9614; calcd. Md 
for Ci5H260 with one double bond and one hydroxyl group 
is 68.15; found 68.5; £-phenylazobenzoate, m. p. 121.5- 
122.5°.

Anal. Calcd. for C15H260 : C, 81.02; H, 11.79.
Found: C, 81.05; H, 11.96.

Dehydroparthenene.—A mixture of 5 g. of partheniol 
and 3.5 g. of fused potassium acid sulfate was refluxed 
at a bath temperature of 180-190° for one-half hour. 
Extraction was carried out with ether and the recovered 
oil was distilled twice over potassium. In the second dis­
tillation at 60-65° and 0.1 mm., 1.1 g. of dehydropar- 
thenone was obtained: n25d 1.15120, d23*64 0.9194. Calcd. 
M d is 65.67 calcd. for three double bonds; found 66.04.

Anal. Calcd. for C15H22: C, 89.04; H, 10.96. Found: 
C, 88.90; H, 11.15.

Dehydrogenation of Dehydroparthenene.—Fifteen
grams of crude dehydroparthenene was heated with 4.7 
g. of sulfur at a pressure of 30-50 mm. and a bath tempera­
ture of 180-185°, for three hours.14 The blue azulene 
which was formed was distilled directly from the reaction 
flask. The fraction obtained at 70-100° and 10-15 mm. 
was 7 g. The distillate was taken up in petroleum ether 
and the azulene was extracted with 85% phosphoric acid 
following the procedure of Ruzicka, et al.15 The crude 
azulene distilled at 140-150° (bath temperature) and 0.05 
mm. The yield based on crude parthenene is 1.7%. The 
purification was carried out as indicated by Plattner and 
St. Pfau16 by converting the azulene to its trinitrobenzene 
addition compound.

The addition compound was decomposed and the azulene 
liberated through chromatographic adsorption on an 
aluminum oxide column. The trinitrobenzene forms a 
zone at the top of the column while the azulene is less 
strongly adsorbed. After development with petroleum 
ether the azulene was eluted with a mixture of 1:1 ben­
zene-petroleum ether. A trinitrobenzene addition prod­
uct was again prepared and the cycle of the decomposition 
and the regeneration of the azulene was repeated. The final 
product was distilled under reduced pressure. Approxi­
mately 125 mg. of the purified blue azulene was obtained.

Anal. Calcd. for C15H18: C, 90.85; H, 9.15. Found: 
0 ,9 0 .9 3 ; H, 9.24.

The addition products of the azulene with picric acid, 
trinitrobenzene and trinitrotoluene were prepared follow­
ing the methods of Plattner and St, Pfau.16

(13) Reichstein, Helv. Chim.. Acta, 9, 799 (1926).
(14) Melville, T h is  J o u r n a l , 55, 2462 (1933).
(15) Ruzicka and Rudolph, Helv. Chim. Acta, 19, 858 (1936).
(16) Plattner and St- Pfau. ibid.. 80, 224 (1937).
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Picrate, m. p. 120-121°. Anal. Calcd. for C21H21- 
N3O7: C, 59.01; H, 4.95; N, 9.83. Found: C, 58.79;
H, 4.88; N, 10.09.

Trinitrobenzene addition compound, m. p. 150-151°. 
Anal. Calcd. for C21H21N30 6: C, 61.34; H, 5.14; N, 
10.21, Found: C, 61.61; H ,4.99; N, 10.12.

Trinitrotoluene a d d itio n  co m p o u n d , m. p. 88-89°. 
Anal. Calcd. for C21H21N3O6: C, 62.11; H, 5.45; N, 
9.88. Found: C, 62.30; H, 5.74; N, 10.06.

The melting points found in the literature are: picrate 
m. p. 120-121°, trinitrobenzene compound 150-151.5° 
and trinitrotoluene compound 88-89 °.10*17

Absorption Spectrum of the S-Azulene.—The absorp­
tion spectrum of the S-azulene in hexane, with a con­
centration of 3.62 mg. per 10 ml., was determined with a 
Beckman photoelectric spectrophotometer using a slit 
width of 0.02 to 0.3 mm. The spectrum was characterized 
by three maxima at 603, 659 and 735 m/* and undulations 
at 557, 582, 630 and 698 m/x.

Reported for S-guaiazulene are strong bands at 604, 
663, 736 m/x and weak bands at 557, 581, 633 and 697
m/x.i8 19«i9

Tetrahydropartheniol.—32.8 g. of partheniol was hy­
drogenated at room temperature and at a pressure slightly 
above atmospheric in 200 ml. of glacial acetic acid with 
0.4 g. of platinum dioxide as a catalyst. After removal of 
the catalyst and the solvent, the hydrogenated product 
distilled at 70-85° at 0.01 m m .: n™d 1.4820, d™ \ 0.9342; 
M R  calcd., 68.60 for one hydroxyl group; found, 68.47.

Anal. Calcd. for C15H280 :  C, 80.29; H, 12.58.
Found: C, 80.16; H, 12.72.

Dihydroparthenene.—A mixture of 38,5 g, of tetra­
hydropartheniol and 24 g. of fused powdered potassium 
bisulfate was heated for forty-five minutes at a bath tem­
perature of about 160°. After washing the ether extract 
with dilute sodium hydroxide and with water until neutral, 
the hydrocarbon was distilled twice over potassium. The 
dihydroparthenene had the following constants: b. p.
(0.02 mm.) 59-60°; n™d 1.4880; d2\  0.9025; MR
calcd. 66.6 for one double bond; found, 65.9.

Anal. Calcd. for Ci5H26: C, 87.30; H, 12.70. Found: 
C, 87.31; H, 12.83, Microhydrogenation: Found:
uptake 1.0 mole H2, calcd. for C15H26.

Ozonization of Partheniol.—Five grams of partheniol 
was ozonized in glacial acetic acid. The ozonide was de­
composed by hydrogenation in 1:1 acetic acid-ether with 
a platinum catalyst (Adams). The reaction mixture 
was cooled in an ice-salt-bath during the first phase of 
the hydrogenation in order that a secondary reaction of 
“acid rearrangement” of the ozonide would not occur to 
any appreciable extent. The hydrogenation was later 
allowed to proceed at room temperature till the required 
amount of hydrogen was taken up. A test for formalde­
hyde on the volatile products with dimedon reagent was 
positive, while a test for acetone with ^-nitrophenyl- 
hydrazine was negative. From the ozonized products 
was separated a neutral fraction, by making the solution 
alkaline and extracting with ether. An acid fraction 
was obtained by acidifying the alkaline solution and 
extracting with ether. A qualitative test for methyl 
ketone in the neutral fraction was positive; a qualitative 
test for aldehyde with Schiff reagent was also positive.

The amount of acid fraction was negligible. A greater 
portion of the neutral fraction was not distillable. By 
distilling at 0.6 mm. and 98-100°, 0.5 g. of the neutral 
fraction was collected with the following constants: 
w24d 1.4762; d2\  1.0624.

Anal. Calcd. for Ci5H240 4: C, 67.13; H, 9.01; for 
Ci4H220 4: C, 66,11; H, 8.72, Found: C, 66.74; H, 
8.69. Micro-Zerewitinoff: Found: 0.9 mole act. H and
I. 8 moles carbonyl, when calcd. for C14H220 4. Methyl 
ketone determination. Found: 1.9 moles CH3CO group, 
calcd. for Ci4H2204.

(17) St. Pfau and Plattner, Helv. Chim. Acta, 19, 870 (1936).
(18) Willstaedt, Ber., 68, 333 (1935).
(19) Susz, St. Pfau and Plattner, Helv. Chim. Acta, 20, 469 (1937).

Quantitative Ozonization of Partheniol and of Dihydro­
parthenene.—Following the procedure and using the ap­
paratus described by Grignard, Doeuvre and Escour­
rou,20’2011 a 1.5-g. sample of partheniol was ozonized in 
25 ml. of acetic acid (30% water) at 17° for forty minutes 
(ozone concn. 1.24 g . /h r.). Decomposition of the ozonide 
was carried out by adding 50 ml. of water and heating at 
100° for three hours. A suspension of mercuric oxide in 
water was then added and the reaction mixture was 
heated in a boiling water-bath for one hour. The wash- 
bottles did not contain formaldehyde when tested with 
dimedon. The amount of carbon dioxide formed by 
oxidation of the formic acid present was 180 mg. or 60% 
of the theoretical amount if one exocyclic double bond were 
present.

Following the same procedure 0.85 g. of dihydropar­
thenene was ozonized in 25 ml. of acetic acid containing 
30% water for forty minutes (0 3 concentration 1.24 
g./hr.). The amount of formaldehyde which was pre­
cipitated was negligible; the quantity of carbon dioxide 
after oxidation of the formic acid with mercuric oxide 
was 111 mg. or 65% of the theoretical if one exocyclic 
double bond were present. This result was confirmed by 
ozonizing 0.4 g. of dihydroparthenene in carbon tetra­
chloride. The ozonide was decomposed by adding 10 ml. 
of water and heating on a boiling water-bath. A test with 
dimedon for formaldehyde on the volatile products was 
positive; a test for acetone with p-nitrophenylhydrazine 
was negative.

Ozonization of Dihydroparthenene and Reduction of 
Ozonides.—An 18.2-g. sample of dihydroparthenene in 
40 ml. of glacial acetic acid was ozonized at about 15° for 
three hours. To decompose the ozonide, 18 g. of zinc 
dust suspended in a small amount of water was slowly 
added; the reaction temperature was kept at 50-70° for 
approximately one hour. A test for peroxides was made 
with titanic sulfate and dilute sulfuric acid; no peroxides 
were found. After the removal of the excess zinc and zinc 
salts, the acetic acid solution was neutralized with dilute 
potassium^ hydroxide and the neutral solution was ex­
tracted with ether. An acid fraction was obtained by 
acidifying the ether-extracted aqueous phase with dilute 
sulfuric acid and extracting with ether. Fractionation 
of neutral fraction at 0.125 mm. gave the following frac­
tions: 68-78°, 6.4 g.; 78-93 °, 1.4 g.; 93-108°, 2.4 g.;
108-120°, 2.8 g.

Anal. Calcd. Fr. b. p. (0.125 mm.) 68-78°. Found: 
C, 83.83; H, 12.51. Fr. b. p. (0.125 mm.) 78-93°. 
Found: C, 77.56; H, 11.36. Fr. b. p. (0.125 mm.) 
93-108°. Calcd. for Ci5H260 2: C, 75.58; H, 11.00. 
For Ci4H240 :  C, 80.71; H, 11.61. Found: C, 75.17;
H, 11.37.

Ozonization of Dihydroparthenene and Oxidation of 
Ozonides.—A 10.5-g. sample of dihydroparthenene was 
ozonized in 20 ml. of glacial acetic acid for 1.5 hours (1.45 
g. 0 3/hour). Since a maximum yield in acid fraction 
was desired, the ozonide was decomposed with a 5-7% 
solution of hydrogen peroxide, heating in a water-bath 
for an hour. The excess hydrogen peroxide was removed 
by heating for half an hour in tjie presence of a few mg. of 
platinum black. The mixture was concentrated in order 
to remove the excess acetic acid. A neutral and acid 
fraction were obtained by making the concentrate basic 
and acidic, respectively, and extracting with ether. The 
total acid fraction obtained was 2.5 g.; the neutral 
fraction 4.5 g . Distillation of the acid fraction at 0.1 mm. 
gave the following fractions: 176-190°, 0.65 g.; 190-
210°, 0.5 g.

Anal. Fraction b. p. (0.1 mm.,) 176-190°, calcd. for 
C15H2603: C, 70.82; H, 10.30; for Ci4H240 4: C, 65.60; 
H, 9.44. Found: C, 66.51; H, 9.70.

Oxidation of Acid Fractions with Sodium Hypobromite. 
—Fraction b. p. (0.1 mm.) 176-190° was treated with

(20) Grignard, Doeuvre and Escourrou, Compt. vend., 177, 669 
(1923).

(20a) Escourrou, Bull. soc. chim., [4] 43, 1088 (1928).
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sodium hypobromite (1.7 g. of sodium hydroxide, 2 g. of 
bromine in 23 ml. of water) for two hours. The excess 
sodium hypobromite was decomposed with a small 
amount of sodium bisulfite. After removing the neutral 
fraction containing bromoform, the alkaline solution was 
acidified with sulfuric acid and an acid fraction was ex­
tracted with ether. The major portion (0.39 g.) distilled 
at 0.1 mm. and a bath temperature of 190-200°.

Anal. Fr. b. p. (0.1 mm.) 190-200° after redist.: 
calcd. for C14H24O4: C, 65.60; H, 9.44 (dicarboxylic acid). 
Found: C, 64.34; H, 9.52.

Reaction of Dicarboxylic Acid with Acetic Anhydride.5—
A mixture of 0.3 g. of dicarboxylic acid obtained from 
fraction b. p. (0.1 mm.) 190-200° and 0.5-0.7 ml. of 
aeetic anhydride was heated in a sealed tube for half an 
hour at 240° (bath temperature).

After removal of the acetic anhydride, the reaction 
mixture was distilled under high vacuum. A fraction of

approximately 50 mg. which distilled at 0.01 mm. pressure 
and a bath temperature of 200-2100 was obtained.

Anal. Calcd. for Ci4H2404 (acid): C, 65.60; H, 9.44. 
For Ci4H22Os (anhydride): C, 70.55; H, 9.30. For
C13H20O (ketone): C, 80.35; H, 11.41. Found: C,
68.17; H, 9.17.
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Summary
The structure of partheniol, a sesquiterpene 

alcohol isolated from guayule, Parthenium argen- 
tatum, Gray, has been determined.
Pasadena, C alifornia  R eceived  D ecem ber  22, 1947
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Resin Acids. III. The Isolation of Dextropimaric Acid and a New Pimaric-type1
Acid, Isodextropimaric Acid

By George C. Harris and T homas F. Sanderson

The history of the discovery and isolation of 
dextropimaric2 acid parallels that of levopimaric2 
acid by virtue of one property common to both 
acids, namely, the insolubility of their crystalline 
sodium salts. In other physical and chemical 
properties, they are significantly different. Dex­
tropimaric acid is not susceptible to oxidation by 
air or isomerization by heat or dilute mineral 
acid, whereas levopimaric acid is relatively sensi­
tive to both changes.

Previous methods of isolation of dextropimaric 
acid depended on fractional crystallization as its 
insoluble sodium salt from mixtures of resin acids 
such as “galipot” 3 or on recrystallization after oxi­
dation of the more susceptible acids.4 We have 
obtained a fraction containing dextropimaric acid 
and related acids by removal of the two-double­
bond abietic-type acids by reaction with maleic 
anhydride after acid isomerization. The un­
reacted acids were separated from the maleic an­
hydride adduct by precipitation from aqueous 
alkaline solution by adjustment of the pH  to 6.2.5 
Ultraviolet absorption spectra showed the absence 
of two-double-bond abietic-type acids in this 
fraction.

(1) We wish to designate by this term that type of resin acid which 
yields pimanthrene (1,7-dimethylphenanthrene) upon complete 
dehydrogenation, and that has the gem configuration of methyl and 
vinyl groups at C-7. Evidence for this will be shown in a subse­
quent publication: G. C. Harris and T. F. Sanderson, Resin Acids. 
IV. T his Journal, 70, 2081 (1948). The abietic-type acids are 
those that yield retene (l-methyl-7-isopropylphenanthrene) upon 
complete dehydrogenation and have an isopropyl or isopropylidene 
group at C-7.

(2) These words have purposely been written as one word since 
the compounds are not stereoisomers as the prefixes levo- and dextro- 
would imply.

(3) A. Vesterberg, Ber., 20, 3248 (1887).
(4) E. Knecht and E. Hibbert, J. Soc. Dyers Colourists, 38, 221 

(1922).
(5) A method developed by W. P. Campbell of this Laboratory.

Further fractionation of this mixture has not 
only given relatively large amounts of dextropim­
aric acid but also yielded a new pimaric-type 
acid. When this resin acid fraction was dissolved 
in acetone and treated with butanolamine, an in­
soluble salt was obtained and recrystallized to con­
stant rotation [ « ] 20d  0°. When the salt was de­
composed with mineral acid, the resin acid was 
obtained which was crystallized first from alcohol 
and water as thin plates and finally as needles after 
standing in the mother liquor; [ « ] 24d  0°; m. p. 
162-164°; neutral equivalent 302. The yield was 
8% of the total oleoresin acids of Pinus palustris. 
The physical constants indicated a new resin acid. 
The isolation of formaldehyde as its “dimedon” 
derivative, m. p. 190-191°, on ozonolysis at —60° 
and of pimanthrene as its trinitrobenzolate,6 
m. p. 158-160°, on dehydrogenation with palla­
dium-carbon catalyst at 330° proved it to be a pi­
maric-type acid. The homogeneity of the acid 
was proved by the preparation and purification 
of the methyl ester, m. p. 61.5-62°, and the bu­
tanolamine salt, [ « ] 24d  0°, and the regeneration of 
the acid with the same physical constants. The 
ultraviolet absorption spectrum, like that of dex­
tropimaric acid, showed no maximum, indicating 
the absence of a conjugated double bond system .7 
This new pimaric-type acid has been termed iso­
dextropimaric acid.

Dextropimaric acid was isolated from the acids 
regenerated from the residual salts, after that of 
isodextropimaric acid was separated, by crystalli­
zation first from acetone and then from glacial 
acetic acid in 4% yield with rotation, [«]24d +  
79°, m. p. 213-215°. The isolation of dextro-

(6) L. Ruzicka and L. Sternbach, Helv. Chim. Acta, 23, 124 (1940).
(7) V. N. Krestinskii, S. S. Malevskaya, N. F. Kopishilov and 

E. V. Kazeeva, J. Applied Chem. (U. S. S. R.), 12, 1840 (1939).
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Fig. 1.—Ultraviolet absorption spectra (identical) of 
dextropimaric and isodextropimaric acids.

pimaric acid of high purity from this source sup­
ports the supposition that two-double-bond pi­
maric-type acids were not altered by the action of 
mineral acid in boiling benzene, the conditions 
used in the removal of the two-double-bond 
abietic-type acids.

The separation of both dextropimaric and iso­
dextropimaric acid from wood or gum rosin was 
possible after observation was made of their very 
high volatility. It was found that in the course of 
the fractional distillation of rosin, these acids dis­
tilled with the more volatile constituents, the neu­
tral bodies, at 136-200° with 1.0 mm. pressure. 
The total acids were separated by an alkaline ex­
traction to obtain a mixture of resin and non-resin 
acids from which the isodextropimaric acid was 
separated as the insoluble butanolamine salt, and 
the dextropimaric acid crystallized as in the fore­
going mixture of oleoresin acids in about 4 and 2% 
yield, respectively.

Experimental8
Isolation of Resin Acids from Oleoresin.—The proce­

dure for the isolation of the resin acids from oleoresin was 
described, in a previous publication.9 10 11 It is carried out in 
the same manner with the exception that the temperature 
can be raised above 50° and dilute hydrochloric acid, ca. 
10%, can be used in place of boric acid solution.

Separation of the Two-Double Bond Abietic-Type 
Acids.—A solution of 200 g. of oleoresin acids and 200 g. 
of maleic anhydride in one liter of dry benzene was satu­
rated with dry hydrogen chloride and refluxed for forty - 
eight hours. At the end of this time, the benzene was 
steam distilled and the residue washed twice with hot 
water to remove the excess maleic anhydride. It was 
dissolved in a concentrated solution of 67 g. of sodium 
hydroxide, and, after complete solution, diluted to 6 
liters. This solution was titrated to a pH  of 6.2 with 
dilute hydrochloric acid and the precipitated resin acids 
were filtered, dissolved in ether, the ether solution washed 
free of acid, dried over sodium sulfate, and the ether evap­
orated. To assure the complete removal of two-double - 
bond abietic-type acids, the reaction with maleic anhy­
dride was repeated to obtain 48 g. (24% yield) of maleic 
anhydride-unreactive acids with neutral equivalent of 
304. An ultraviolet absorption curve showed the absence 
of these abietic-type acids.

Isolation of Isodextropimaric Acid.—The resin acids (48 
g.) were dissolved in 96 g. of acetone and treated with a 
solution of 14.7 g. of butanolamine (2-amino-2-methyl- 
1-propanol, Commercial Solvents, Inc.) in 14.7 g. of 
acetone. A very vigorous reaction resulted with the

(8) All melting points are corrected.
(9) G. C. Harris a n d  T. F, Sanderson, T h is  J o u r n a l ,1 70, 338

11 948).

simultaneous precipitation of the crystalline salts. In 
subsequent experiments, methyl acetate was used as the 
precipitating solvent. The salts were filtered and re­
crystallized three times from large volumes of methyl 
acetate to the constant rotation, [a]24D 0°.10’n A few 
drops of amine were added after the salts were dissolved 
and the solution concentrated to compensate for that lost 
by evaporation. This was found necessary for complete 
recover}7.

The salts were then suspended in ether and decomposed 
by shaking with 10% hydrochloric acid. To assure com­
plete decomposition, two fresh portions of acid were used 
after the salts were in solution. The ether solution con­
taining the resin acid was washed free of mineral acid 
with water, dried over sodium sulfate, and the ether 
evaporated. The residue was dissolved in acetone and 
crystallized from the hot solution by the addition of water 
to incipient turbidity, first as thin platelets and then, on 
long standing in the solution, as shiny needles, with 
rotation [a]24D 0°, melting point 162-164°, and neutral 
equivalent 302 (theory 302). The yield was 8% (16.0 
g.) based on the total oleoresin acids.

Anal. Calcd. for C20H3o0 2: C, 79.37; H, 10.00.
Found: C, 79.48, 79.40; H, 9.90, 9.95.

Preparation of the Methyl Ester of Isodextropimaric 
Acid.—A 20-g. sample of isodextropimaric acid was dis­
solved in 100 cc. of ether and the solution treated with an 
excess of an ether solution of diazomethane. The isola­
tion was carried out in the usual manner to obtain an 
excellent yield (20 g.) of the ester melting at 61.5-62°.

Anal. Calcd. for C2iH320 2: C, 79.69; H, 10.19.
Found: C, 79.70, 79.65; H, 10.27, 10.30.

The purity and homogeneity of the acid was established 
in the following manner. Material with rotation [a]2An 
0° and melting point 162-164° was used to prepare the 
butanolamine salt which was recrystallized three times 
to constant rotation [oj]24d 0°. The resin acid was re­
generated in the usual manner with no change in rota­
tion, [ck]24d 0°, or melting point, 162-164°. The methyl 
ester prepared as above was recrystallized to the constant 
melting point of 61.5-62°. Saponification in alcoholic 
alkali with subsequent acidification with mineral acid 
resulted in the isolation of isodextropimaric acid with 
rotation [a]24D 0° and melting point 162-164°.

Ozonization of Isodextropimaric Acid; Isolation of 
Formaldehyde.—A 1.0-g. sample of pure isodextropimaric 
acid, rotation [«]24d 0°, was dissolved in 50 cc. of dry 
ethyl chloride and treated with 3-5% ozone at —60° for 
two hours. The solvent was evaporated over water at 
room temperature and the ozonide decomposed in boiling 
water in an apparatus so arranged that the escaping gases 
were passed through an aqueous alcohol solution of 
“ dimedon” (dimethyldihydroresorcinol). Upon stand­
ing, needles of the dimedon derivative of formaldehyde 
precipitated, m. p. 190-191°. A mixed melting point 
with an authentic sample showed no depression.

Dehydrogenation of Isodextropimaric Acid.—A 1.0-g. 
sample was mixed with 1.0 g. of 5% palladium-carbon 
catalyst and heated at 300-330 ° for four hours using car­
bon dioxide gas to sweep the gaseous products out of the 
reaction flask. After cooling, the catalyst was filtered 
from an ether solution of the reaction product and the 
ether evaporated. The trinitrobenzolate of pimanthrene, 
melting point 158-160°, crystallized upon heating the 
residue with a saturated alcoholic solution of trinitro­
benzene.

Isolation of Dextropimaric Acid.—The acetone solution 
of the residual salts was evaporated to dryness, the residue 
dissolved in ether, and washed with dilute (10%) aqueous 
hydrochloric acid to decompose the salts. The ether 
solution containing the resin acids was washed free of 
mineral acid and water, dried over sodium sulfate, and 
the ether evaporated to obtain 32 g. of resin acids. The 
latter were dissolved in 30 cc. of acetone and cooled to

(10) All rotations are of 1% solutions in absolute ethanol.
(11) Same rota,tion, 0°, in chloroform and dry benzene.
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—20° to obtain crystals of dextropimaric acid. Re- 
crystallization from glacial acetic acid gave 8.0 g. (4% 
yield) of pure acid with rotation [ « ] 24d  +79°, and melting 
point 217-219°.

Isolation of the Pimaric Acids from Wood or Gum 
Rosins.—A 1000-g. charge of wood or gum rosin was 
distilled fractionally at 1.0-mm. pressure in a 10-plate 
column and the fraction, 120 g., boiling between 136 and 
200° was taken. It was found to be composed of non- 
acidic material and of resin and nonresin acids. The total 
acids were separated from the neutral bodies by extraction 
with a 2% aqueous alkaline solution from an ether solu­
tion of the mixture. The alkaline solution was acidified, 
the resin acids dissolved in ether, and the ether solution 
washed free of mineral acid, dried, and the ether evapo­
rated.

The total acids (65 g.) were dissolved in 200 cc. of ace­
tone and treated with 20 g. of butanolamine in 20 g. of ace­
tone. The pure salt of isodextropimaric acid, [a] 24d  0°,

was isolated and decomposed with mineral acid as before 
to obtain 39 g. (ca. 4%) of isodextropimaric acid. The 
acetone solution of the residual salts was evaporated, 
the salts decomposed, and dextropimaric acid crystallized 
as above to obtain 20 g. (2%) of the pure acid with rota­
tion [a:]24d  +79°, and melting point 217-219°.

Summary
1. A new, pimaric-type resin acid, termed iso­

dextropimaric acid, has been isolated from the 
oleoresin of Pinus palustris and from wood or gum 
rosin.

2. Dextropimaric acid has also been isolated 
from these sources.
W il m in g t o n  99, D e l a w a r e  R e c e i v e d 12 A u g u s t  9, 1947

(12) Original manuscript received August 9, 1946.

[C o n t r i b u t io n  f r o m  H e r c u l e s  E x p e r i m e n t  St a t i o n , H e r c u l e s  P o w d e r  C o m p a n y ]

Resin Acids. IV. The Position of the Ring Double Bond in Dextropimaric1 Acid
and the Structure of Isodextropimaric1 Acid
B y  G eorge  C. H arris and  T homas F . S a n d er so n

Ruzicka and Sternbach2 have recently ad­
vanced Formula I and suggested Formula II as 
possible structures for dextropimaric acid.

Their argument against the latter was the fact 
that upon dehydrogenation of tetrahydrodextro- 
pimaric acid only pimanthrene (1,7-dimethylphen- 
anthrene and no l-methyl-7-ethylphenanthrene) 
was obtained. However, Formula II cannot be 
eliminated on this basis because the latter hydro­
carbon may have been formed in such low yield 
as to escape detection. Experience shows that 
the isolation of pure hydrocarbons even as their 
solid derivatives from dehydrogenation mixtures 
is difficult, and especially so, if they are only minor 
constituents.

Formula II was proposed and preferred by 
Fleck and Palkin3 in explaining the structure of a 
1actone obtained from dextropimaric acid treated 
*vith sulfuric acid at —20 to —30°. Lactoniza- 
tion at 4b position was suggested by the compar­
able stability of this lactone to that of hydroxy- 
tetrahydroabietic acid. If Formula I is assumed 
for dextropimaric acid, the necessary shift of the

(1) These words have purposely been written as one word since 
the compounds are not stereoisomeric with levopimaric acid as the 
prefixes levo-, dextro-, and isodextro- would imply.

(2) L. Ruzicka and L. Sternbach, Helv. Chim. Acta, 23, 124 
(1940).

(3) E. E. Fleck and S. Palkin, T his Journal, 62, 2044 (1940).

double bond to the bridgehead position, 4b,8a, is 
not possible; whereas if Formula II is assumed, 
the shift can be brought about by mineral acid so 
that lactonization of the carboxyl group can occur 
at C-4b.

Ruzicka and co-workers4 have shown on the 
basis of experimental results that the vinyl group 
must be on a tertiary carbon atom, either 7 or 8a, 
however, not 4b, and still be compatible with the 
isoprene rule. Since the endocyclic double bond 
can be at the 7,8 or 8,8a position, the vinyl group 
must be on C-8a carbon atom for the former and 
on C-7 carbon atom for the latter position. The 
experimental evidence described herein will show 
the vinyl group to be at C-7 carbon atom, and, 
hence, the endocyclic double bond at 8,8a position.

Dextropimaric acid, I or II, [<t]24d +  75°, 
melting point 217-219°,5 was hydrogenated se­
lectively to the dihydro stage in absolute ethanol 
with 5% palladium-carbon catalyst. The reac­
tion proceeded smoothly to the absorption of
1.0 mole of hydrogen yielding the insoluble dihy­
dro acid, III or VII, in excellent yield.6 The dihy­
dro acid was ozonized in dilute carbon tetrachlo­
ride solution at —20° and the ozonide decomposed 
in boiling water in the presence of zinc powder to 
obtain a ketoaldehyde, IV or VIII. If the endo­
cyclic double bond in dextropimaric acid is in 7,8 
position, Formula I, a methyl ketone, IV, would 
be obtained and detected by the liberation of iodo-

(4) L. Ruzicka, G. B. R. de Graafï, M. W. Goldberg, and B. Frank, 
Helv. Chim. Acta, 15, 915 (1932).

(5) G. C. Harris and T. F. Sanderson, Resin Acids III , T his 
J ournal , 70, 2079 (1948).

(6) It was also found (reference below) that the crystals formed 
from rosin hydrogenated in the presence of platinum  oxide were 
those of the dihydrodextropimaric acid. This afforded an abundant 
source of the material. T. Hasselstrom and B. L. Hampton, ibid., 
61, 967 (1939).
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form from a sodium hypoiodite solution of the 
substance. A negative iodoform test indicated 
that the endocyclic double bond is at 8,8a posi­
tion, Formula II, hence a ketoaldehyde of struc­
ture VIII.

CH3 COOH CH3 COOH

H2

CH3 COOH CH3

CH2—CHs

II
H2

VI
CH3 COOH

v ^ o
r\TT I CHOCH*I i A H 2- i

VII
NCH;

CH;

The latter compound, VIII, was reduced to the 
hydrocarbon by the Wolff-Kishner method. The

Fig. 1.—Ultraviolet absorption spectra of (1) 1,5-di- 
methylnaphthalene, and (2) the Ci8 hydrocarbon (X) from 
both dextropimaric and isodextropimaric acids.

non-crystalline product was dehydrogenated, the 
hydrocarbon isolated, and its trinitrobenzolate 
prepared and recrystallized to a constant melting 
point, 113-116°. Analyses for carbon, hydrogen, 
and nitrogen content and molecular weight de­

terminations, obtained ebullioscopically 
with acetone as solvent, of the solid de­
rivative showed it to be conclusively the 
trinitrobenzolate of a Ci8 hydrocarbon. 
The derivative was decomposed over 
activated alumina and the hydrocarbon 
isolated. Carbon and hydrogen analy­
ses and molecular weight determination 
showed it to be a Ci8 hydrocarbon. At­
tempts to oxidize the hydrocarbon to the
1,5-dicarboxylic acid with potassium ferri- 
cyanide were unsuccessful, possibly be­
cause of the long alkyl chain at the 5 
position. The ultraviolet absorption 
curve7 of the isolated hydrocarbon, Fig. 1, 
Curve 2, demonstrates absorption that is 
characteristic of dialkylated naphtha­
lenes, with intense band at 228 m/i, for 
example, 1,5-dimethylnaphthalene, Fig. 1, 
Curve 1 (see below). The height of the 

h 2 maxima of the Ci8 hydrocarbon is not so 
intense as those of the 1,5-dimethylnaph­
thalene because of the larger molecular 
weight of the former.

If the vinyl group is on C-8a carbon 
atom, Formula I, dehydrogenation of V 
should give a Ci6 hydrocarbon, V I; 
whereas, if the vinyl group were on C-7 
carbon atom, Formula II, dehydrogena­
tion of IX would give a Ci8 hydrocarbon. 
Since a Ci8 hydrocarbon was isolated, the 
vinyl group is placed at 7 position and 

-CHS the endocyclic double bond at 8,8a posi­
tion. Hence Formula II is concluded to 
be that for dextropimaric acid.

The same series of experiments was car­
ried out with pure isodextropimaric acid, [a ]24D 0°, 
and melting point 162-164°,5 to obtain the tri­
nitrobenzolate of the same hydrocarbon, X, with 
melting point 113-116°. A mixed melting point 
with the corresponding derivative from dextro­
pimaric acid showed no depression, 113-116°. 
The identity of the two substances was further 
supported by the identity of their X-ray diffrac­
tion patterns and identity of their ultraviolet ab­
sorption spectra (Fig. 1, Curve 2).

From this, it was concluded that the two acids, 
isodextropimaric and dextropimaric acid, are dis­
similar only with regard to the difference in the 
configuration of the methyl and vinyl groups about 
the asymmetric C-7 carbon atom. If this is the 
case, a similar decomposition product, in which 
the asymmetry at C-7 carbon atom was de­
stroyed, should be obtained from each acid. 
Formula IX represents such a compound; how-

(7) The ultraviolet absorption data were determined by Dr.
Evelyn V. Cook of this Laboratory.
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ever, it was not possible to crystallize either it or 
an acid derivative thereof.

Another approach for eliminating the asym­
metry at 7 position is to ozonize the intact acids 
to obtain a tricarboxylic acid of Formula XI.

This scheme was followed successfully to obtain 
the crystalline 2,4-dinitrophenylhydrazones and 
semicarbazones of triacids XI, which were proved 
to be identical by comparison of X-ray diffraction 
patterns and mixed melting points that showed no 
depression as compared with those of the indi­
vidual derivatives. Therefore, the indication is 
that isodextropimaric and dextropimaric acids 
are dissimilar only with respect to the configura­
tion of the methyl and vinyl groups at C-7 carbon 
atom. If Formula II is assumed for dextropimaric 
acid, Formula XII is that for isodextropimaric 
acid.

Further evidence for Formula II as that for 
dextropimaric acid was obtained by the partial 
dehydrogenation of the pure acid.

The dehydrogenation was carried out in the 
usual manner at 300-330° with palladium-carbon 
catalyst, but the products were isolated by frac­
tionation through a column of silica gel with hex­
ane as solvent. The first product of dehydrogena­
tion was a trisubstituted naphthalene, a Ci8 hy­
drocarbon (XIII). Its most intense band in the 
near ultraviolet (Fig. 2) is at 232 m/x, characteris­
tic of trialkylated naphthalenes,8 a shift of 4 milli­
microns from that of dialkylated naphthalenes 
(Fig. 1). An intense band at 325 m/x, absent in 
the spectrum of the dialkylated naphthalenes, is 
also characteristic of the trisubstituted naphtha­
lenes. If Formula I is that for dextropimaric acid, 
a Ci6 hydrocarbon would be isolated with only 
one substituent, a methyl group, at C-7. This 
structure would not be expected to be stable so 
that further dehydrogenation would give piman­
threne (XV) at once.

The Cis hydrocarbon was further dehydrogen-
(8) The characteristic absorption maxima of mono- and poly- 

alkylated naphthalenes will be the subject of a future publication.

200 240 280 320 360
Wave length in m/*.

Fig. 2.—-Ultraviolet absorption spectrum of Ci8 hydrocar­
bon (XIII and/or XIV).

ated under the same conditions to obtain piman­
threne (XV).

XIV

Isodextropimaric acid (XII) was treated in a 
similar manner to obtain the Ci8 hydrocarbon, 
XIV, whose trinitrobenzolate had the same melt­
ing point as that of hydrocarbon XIII, m. p. 122- 
123°. Further dehydrogenation of hydrocarbon 
XIV also gave pimanthrene in good yield. No 
difference in spatial configuration of the two hy­
drocarbons (XIII and XIV) was detected by a 
mixed melting point of their trinitrobenzolates, 
optical rotation of the pure substances, or X-ray 
diffraction patterns of the trinitrobenzolates. It, 
therefore, can be assumed that racemization took 
place during the dehydrogenation so that hydro­
carbons XIII and XIV are identical. Racemiza­
tion during partial dehydrogenation is further 
evidence for the asymmetry at C-7. The identity 
of the hydrocarbon derivatives was substantiated 
by identical X-ray diffraction patterns. The syn­
thesis of the Cis hydrocarbon is now in progress.

The known and new derivatives of the two 
acids and their melting points are:
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1 Methyl isodextropimarate
Melting point, 

61-62
2 Methyl dextropimarate 68-69
3 Dihydroisodextropimaric acid 173-175
4 Dihydrodextropimaric acid 243-245
KU Lactone of 3 109-110
6 Lactone of 4 98-99
7 Methyl ester of 3 75-76“
8 Methyl ester of 4 78-79

a Mixed melting point with 8 shows a marked depression.

Experimental9
Hydrogenation of Dextropimaric Acid (II).—A 5.0-g. 

sample of dextropimaric acid, [a] 24d  + 75  ° , 10 melting point 
217-219°, was dissolved in 50 cc. of absolute ethanol and 
the solution agitated in a hydrogen absorption apparatus 
in the presence of 1.0 g. of 5% palladium-carbon catalyst 
until 408 cc. (1.0 mole) of hydrogen was absorbed. The 
reaction was carried out at room temperature and atmos­
pheric pressure and stopped completely after the absorp­
tion of 1.0 mole of hydrogen. The catalyst was removed 
by filtration, and the dihydro acid watered out of the warm 
alcoholic solution to obtain 4.9 g. of acid (98% yield) 
with rotation, [ o l ] 2 A d  + 1 9 °, and melting point 243- 
245°.

Hydrogenation of Isodextropimaric Acid (XII).—The
reaction was carried out in the same manner to obtain 
the dihydroisodextropimaric acid in the same yield with 
rotation, [ a ] 2AD 0°, and melting point 173-175°.

Anal. Calcd. for C2oH320 2: C, 78.88; H, 10.54.
Found: C, 78.91, 78.95; H, 10.66, 10.60. Hydrogen
absorption calcd. 0.66; found, 0.66.

Ozonization of Dihydro dextropimaric Acid (VII).—A 
1.0-g. sample of dihydrodextropimaric acid, [ a ] 24D 0°, 
was dissolved in 50 cc. of boiling carbon tetrachloride and 
the solution allowed to cool to room temperature and 
eventually to —20° in an acetone-Dry Ice-bath. The 
ozonolysis reaction was carried out for two hours with an 
oxygen throughput of 20-25 liters per hour using a genera­
tor issuing 3-5% ozone. At the end of this time, the sol­
vent was evaporated in vacuum at room temperature, the 
residue dissolved in a minimum amount of ether, water 
added, and the suspension boiled for four hours in the 
presence of 1.0 g. of powdered zinc. The reaction product 
was isolated in ether, the ether solution washed, dried, 
and the ether evaporated to obtain 0.80 g. (77% yield) 
of the ketoaldehyde, VIII, with neutral equivalent 330 
(theory 336). It was not possible to crystallize the keto­
aldehyde or a derivative thereof.

Anal. Calcd. for C2oH3204: C, 71.38; H, 9.60. Found: 
C, 70.40, 70.49; H, 9.41, 9.38.

The product gave a negative iodoform test.
Ozonization of Dihydroisodextropimaric Acid.—The 

results with this acid were almost identical with those 
of dihydrodextropimaric acid. A non-crystalline sub­
stance was obtained giving approximately the same 
analytical data and a negative iodoform test.

Anal. Calcd. for C2oH320 4: C, 71.38; H, 9.60. Found: 
C, 70.20,70.43; H, 9.45, 9.50.

Wolff-Kishner Reduction of the Ketoaldehyde, VIII, 
and of the Corresponding Product from Isodextropimaric 
Acid.—The disemicarbazones were prepared by dissolving 
2 g. of the ketoaldehyde in an alcoholic solution of semi- 
carbazide acetate, adding a few drops of pyridine and 
allowing the solution to stand for two days. The non- 
crystallizable derivative was then extracted in ether 
after the reaction solution was poured into a large volume 
of water. The ether was evaporated, the residue taken up 
in 35 cc. of alcohol containing 3.0 g. of sodium metal, 
and the solution heated at 200 ° for eight hours under 1800 
p. s. i. of nitrogen pressure.

(9) All melting points are corrected.
(10) All rotations are of 1% solutions in absolute ethanol.

The solution was poured into water and acidified with 
dilute mineral acid, and the organic material was dissolved 
in ether. The ether solution was washed free of mineral 
acid, dried, and the ether evaporated. The crude prod­
uct, IX , 0.9 g. (50% yield) was dehydrogenated.

The corresponding product from isodextropimaric acid 
was treated in a similar manner to obtain a crude product 
in the same yield.

Dehydrogenation of the Crude Product IX.—A 2.0-g.
sample of the powdered material was mixed intimately 
with 2.0 g. of 5% palladium-carbon catalyst and heated 
at 300-325° for four hours under a stream of carbon 
dioxide gas. At the end of this time, the dehydrogenated 
product was dissolved in ether and the catalyst filtered. 
The residue was dissolved in 1 cc. of 95% ethanol and 
treated with 10 cc. of a saturated solution of trinitroben­
zene. Upon concentrating to 5-cc. volume and cooling, 
light-yellow needles of the trinitrobenzolate of hydrocarbon 
X precipitated in 35-40% yield. The derivative was re­
crystallized to a constant melting point of 113-116°.

Anal. Calcd. for Ci8H24 (X) +  C6H3N306, C24H27-
N30 6: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.76, 
63.43; H, 5.75, 5.67; N, 9.14, 9.20. Molecular weight 
Calcd.: 227. Found (ebullioscopic method): 225, 229. 
Calcd. for C16H20 (VI) +  C6H3N30 6, C22H23N306: C,
62.11; H, 5.44; N, 9.88. Molecular weight calcd.: 213.

Dehydrogenation of Compound, Corresponding to IX, 
from Isodextropimaric Acid.—This reaction was carried 
out in the same manner to obtain a trinitrobenzolate of the 
hydrocarbon that melted at 113-116°. The identity of 
the two substances was shown by a comparison of their 
X-ray diffraction patterns, ultraviolet absorption curves, 
and a mixed melting point that showed no depression.

Anal. Calcd. for Ci8H24 +  C6H3N306 or C24H27N30 6: 
C, 63.56; H, 6.00; N, 9.27; mol. wt., 227. Found: C, 
63.60, 63.40; H, 5.85, 5.65; N, 9.22, 9.17; mol. wt., 
227, 230.

Isolation of Hydrocarbon X.—The trinitrobenzolate 
derivative (2.0 g.) was dissolved in 5 cc. of benzene and 
placed on a column of alumina (30 X 320 mm.). Upon 
elution with benzene, the hydrocarbon was washed through 
the column and the trinitrobenzene remained adsorbed. 
The benzene was evaporated under vacuum to obtain 1.0 
g. (95% yield) of a fluorescent hydrocarbon that could 
not be made to crystallize.

Anal. Calcd. for C18H24: C, 89.92; H, 10.08; mol. 
wt., 240. Found: C, 89.84, 89.87; H, 10.10, 10.10;
mol. wt., 237, 242.

Complete Ozonization of Dextropimaric Acid, II.—A 
1.0-g. sample was dissolved in 30 cc. of ethyl chloride and 
the solution cooled to —60° in an acetone-Dry Ice-bath. 
The reaction was carried out for two hours with an oxygen 
throughput of 20-25 liters per hour using a generator 
issuing 3-5% ozone. At the end of this time, the solvent 
was evaporated in vacuum, the residue dissolved in a 
minimum amount of ether, water added, and the suspen­
sion boiled for four hours in the presence of 1.0 g. of 
powdered zinc. Upon isolation in ether, the decomposed 
ozonide was dissolved in 5% alkali, and 2% hydrogen 
peroxide solution was added to oxidize the aldehyde to 
carboxyl groups, XI.

The aqueous solution was acidified and the precipitate 
dissolved in ether. The ether solution was extracted 
with bicarbonate solution and the product isolated in ether 
upon careful acidification of the bicarbonate solution. 
It could not be made to crystallize, so the data were ob­
tained on the powdered material.

Anal. Calcd. for C19H280 7 (X I): C, 61.82; H, 7.89. 
Found: C, 62.29, 62.89; H, 8.28, 8.00. Molecular
weight, calcd.: 368. Found: 373 (ebullioscopically).

Its 2,4-dinitrophenylhydrazone was prepared in the 
usual manner, melting point 185-188°. The semicarba­
zone was also prepared, m .p . 223-225°, and analyzed for 
nitrogen content. Calcd., 9.9; found, 10.35, 10.12.

Complete Ozonization of Isodextropimaric Acid, XII.— 
The reaction was carried out in the same manner to obtain
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a product of the same nature. Its dinitrophenylhydrazone 
also melted at 185-188° and its semicarbazone at 223- 
225 °. The identity of the two derivatives with the corre­
sponding ones from dextropimaric acid was shown by mixed 
melting points that showed no depression and also by the 
fact that their X-ray diffraction patterns were identical.

Dehydrogenation of Dextropimaric and Isodextropim­
aric Acids.—A 2.0-g. sample of the pure acid was mixed 
intimately with 1.0 g. of 5% palladium-carbon catalyst 
and heated at 300-330° for four hours. The catalyst was 
filtered from an ether solution of the mixture of hydro­
carbons.

Isolation of the Trinitrobenzolate of Ci8 Hydrocarbon 
(XIII or XIV) .—The dehydrogenation product (1.4 g.) 
was dissolved in 10 cc. of hexane and transferred to a 
column of silica gel. The chromatogram was developed 
with hexane and followed with ultraviolet light. The 
fraction (0.6 g.) taken was that which preceded the blue 
fluorescence due to pimanthrene.

The same trinitrobenzolate, m. p. 122-123°, was iso­
lated from the corresponding fraction obtained from each 
of the two resin acids as shown by identical X-ray dif­
fraction patterns and no depression in a mixed melting 
point. Once their identity was established, they were 
mixed and analytical data obtained.

Anal. Calcd. for Ci8H22 +  C6H3N306 (T. N. B .), 
C24H25N30 6: C, 63.56; H, 6.00; N, 9.27. Found: C, 
64.16, 64.10; H, 5.75, 5.75; N, 9.18, 9.34.

Isolation of Hydrocarbon XIII or XIV.—The procedure 
is the same as that described for the isolation of hydro-' 
carbon X. The first experiments were done with the pure 
trinitrobenzolates of the hydrocarbons obtained from each 
acid. Each was found to have a rotation of 0 ° in absolute 
ethanol or benzene.

Anal. Calcd. for Ci8H22: C, 90.65; H, 9.35. Found: 
C, 90.23, 90.64; H, 9.30, 9.35.

Dehydrogenation of Hydrocarbon XIII or XIV.—The 
same procedure was used as in the section on the dehydro­
genation of the free acids. The trinitrobenzolate of 
pimanthrene, m. p. 158-160°, was isolated in good yield.

Summary
The positions of the vinyl group and of the en­

docyclic double bond of dextropimaric acid have 
been established, hence the structure of the acid 
completed.

The structure of isodextropimaric acid has been 
determined and the stereoisomerism of the two 
acids demonstrated.
W ilmington, D elaw are  R eceived11 A ugust 12, 1947

(11) Original manuscript received August 9, 1946.

[Contribution  from the R esearch L aboratories of M erck  & Co., In c .]

Streptomyces Antibiotics. XVI. The Structures of bis-Desoxystreptose, 
Dihydrodesoxystreptose and Tetraacetyl-bis-desoxystreptobiosamine

B y  N orman G. B r in k , F rederick  A. K u e h l , Jr ., E d w in  H . F l y n n  a n d  K arl  F o lk ers

Treatment of ethyl tetraacetylthiostreptobios- 
aminide diethyl mercaptal,1’21, with Raney nickel 
catalyst gave tetraacetyl-bis-desoxystreptobiosam- 
ine, II, and tetraacetyldesoxystreptobiosamine,
III. Acid hydrolysis of tetraacetyl-bis-desoxy- 
streptobiosamine yielded N -methyl-L-glucosam- 
ine,3 IV, and bis-desoxystreptose, a 3,4-dihydroxy-
2,3-dimethyltetrahydrofuran,4 V. Details of these 
investigations and an account of the analogous 
degradation of pentaacetyldihydrodesoxystrepto- 
biosamine5’6 to dihydrodesoxystreptose are de­
scribed herein.

When a solution of ethyl tetraacetylthiostrepto- 
biosaminide diethyl mercaptal in 70% ethanol was 
refluxed in the presence of Raney nickel catalyst 
(not freshly prepared) and the products of the re­
action were chromatographed on alumina, two 
compounds were isolated. The first crystalline 
fractions from the chromatogram consisted of tet- 
raacetyl-bis-desoxystreptobiosamine, m. p. 159- 
160°, [a ]25D — 85°. The second product melted 
at 166-167°, [a ]25D — 81°, and was isolated from

(1) Kuehl, Flynn, Brink and Folkers, Th is Journal, 68, 2096 
(1946).

(2) Hooper, Klemm, Polglase and Wolfrom, ibid., 68, 2120 (1946).
(3) Kuehl, Flynn, Holly, Mozingo and Folkers, ibid., 68, 536 

(1946).
(4) Brink, Kuehl, Flynn and Folkers, ibid., 68, 2405 (1946).
(5) Brink, Kuehl, Flynn and Folkers, ibid., 68, 2557 (1946).
(6) Lemieux, Polglase, DeWalt and Wolfrom, ibid., 68, 2747 

(1946).

later fractions. It differed by the presence of one 
additional “oxygen atom, and was designated tet- 
raacetyldesoxystreptobiosamine. A mixture of 
the two compounds did not give a mixed melting- 
point depression, and the close correspondence of 
their physical properties added to the difficulties 
of separation. The bis-desoxy derivative was un­
changed by acetylation treatment, but the desoxy 
derivative on acetylation gave a pentaacetyl de­
rivative, VI, which melted at 111-112°. The pen- 
taacetyldesoxystreptobiosamine was considerably 
more soluble than either of the tetraacetates. 
This observation was of value for the purification 
of tetraacetyl-bis-desoxystreptobiosamine, because 
after acetylation it could be separated readily 
from pentaacetyldesoxystreptobiosamine by re­
crystallization. Crude tetraacetyldesoxystrepto- 
biosamine was purified by repeated chromatog­
raphy.

The conversion of tetraacetyldesoxystreptobios- 
amine to pentaacetyldesoxystreptobiosamine in­
dicated that the additional oxygen atom in the 
desoxy compound was present as a hydroxyl 
group, and it seemed likely that this group had 
been introduced by hydrolysis which competed 
with the hydrogenolysis during the treatment with 
Raney nickel catalyst. In support of this inter­
pretation was the observation that when the re­
action was carried out with Raney nickel catalyst 
which had been prepared immediately before use,
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the yield of the bis-desoxy derivative was greatly 
increased and no appreciable amount of the desoxy 
derivative could be isolated. Tetraacetyldesoxy- 
streptobiosamine gave a precipitate with 2,4- 
dinitrophenylhydrazine and reacted with one mole 
of hydroxylamine, as determined acidimetrically.7 
Treatment of tetraacetyldesoxystreptobiosamine 
with methanol containing hydrogen chloride, fol­
lowed by reacetylation, gave crystalline methyl 
tetraacetyldesoxystreptobiosaminide, VII. These 
observations establish that the hydroxyl group in 
tetraacetyldesoxystreptobiosamine is glycosidic, 
rather than alcoholic, and that this hydroxyl 
group marks the location of the thioglycosidic 
ethylmercapto group in the original ethyl thio- 
streptobiosaminide diethyl mercaptal.

The partial deacetylation of tetraacetyl-bis-des- 
oxystreptobiosamine with methanolic ammonia 
to N-acetyl-bis-desoxystreptobiosamine has been 
described.1 In like manner, N-acetyldesoxystrep- 
tobiosamine was prepared from tetraacetyldesoxy- 
streptobiosamine. Kuhn-Roth determinations 
on both of these N-acetyl derivatives indicated 
the presence of three C-methyl groups. In each 
case, the N-acetyl group accounted for one C- 
methyl group, and another C-methyl group was 
known to be present in the streptobiosamine skele­
ton.5 Hence, an additional C-methyl group had 
been introduced during the hydrogenolysis reac­
tion.

When the infrared spectrum of a sample of tet- 
raacetyl-bis-desoxystreptobiosamine, which had 
been purified by reacetylation and recrystalliza­
tion and carefully dried, was determined at high 
concentration (ca. 50%) in tetrachloroethane 
solution, a well-defined absorption band at 2.85 \x 
(-OH region) was observed. Further, in a Zere­
witinoff determination, the compound gave one

(7) B ryant and Sm ith, T his Journal, 57, 57 (1935).

-CHOH mole of methane. The presence in the 
bis-desoxy derivative of a free hydroxyl 
group, resistant to acetylation, was indi­
cated. Tetraacetyl-bis-desoxystrepto- 
biosamine was stable to chromic acid in 
90% acetic acid solution. In view of 
the resistance of this hydroxyl group to 
acetylation and its stability to chromic 
acid, it was presumed to be tertiary.

When a solution of pure tetraacetyl- 
bis-desoxystreptobiosamine in 5% sul­
furic acid was refluxed for six hours, and 
the acid solution then extracted continu­
ously with chloroform, the chloroform ex­
tract yielded crystalline bis-desoxystrep­
tose, C6Hi203. From the sulfuric acid 
solution after chloroform extraction, N- 
methyl-L-glucosamine was isolated as the 
pentaacetyl derivative.

Bis-desoxystreptose melted at 90-91° 
and was dextrorotatory. Kuhn-Roth 
determinations showed the presence of 
two C-methyl groups. No carbonyl group 

could be detected in the compound. That two 
of the three oxygen atoms were present as hy ­
droxyl groups was demonstrated by the prepara­
tion of a bis-£-nitrobenzoate. Bis-desoxystrep­
tose reacted with one mole of periodic acid, from 
which it followed that the two hydroxyl groups 
were on adjacent carbon atoms. The periodic 
acid cleavage product was characterized as a 
dicarbonyl compound of formula C6H10O3 by 
conversion to the crystalline bis-^-nitrophenylhy- 
drazone.

Three structures (VIII, IX and X) were to be 
considered for bis-desoxystreptose. Structure
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VIII seemed to be unlikely, because it did not 
contain a tertiary hydroxyl group. In order to 
decide which of these three structures was cor­
rect, the reactions of the periodic acid cleavage 
product C6H10O3 were studied.

Compounds of structures IX and X  on treat­
ment with periodic acid should yield products XI 
and XII, respectively; and these in turn, being 
ethers of a-hydroxy carbonyl compounds, should 
be readily hydrolyzed by acid, as shown. Further, 
treatment of the acid hydrolysis products with 
excess hydrazines would be expected to give osa­
zones of biacetyl (XIII) and osazones of pyruval- 
dehyde (XIV), respectively. A similar degrada­
tion of a compound of structure VIII would also
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be expected to yield osazones of pyruvaldehyde 
(XIV).
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Bis-desoxystreptose was allowed to react with 
one mole of periodic acid, the inorganic products 
were removed, and the solution was warmed 
briefly on the steam-bath with 50% acetic acid 
to effect the hydrolysis of the dicarbonyl com­
pound. Portions of the hot solution were then 
added to solutions of phenylhydrazine, p-nitro- 
phenylhydrazine and p -bromophenylhy drazine in 
hot dilute acetic acid. In each case, the corre­
sponding osazone of biacetyl (XIII) was ob­
tained. The products were identified by compari­
son with authentic specimens and, in the case of 
the phenyl compound, by oxidation to 5,6-di- 
methyl-2,3-diphenylosatetrazine.8 These results 
show that the structure of bis-desoxystreptose is as 
represented by formula IX and that the com­
pound is a 3,4-dihydroxy-2,3-dimethyltetrahydro- 
furan.

The acidity of a dilute boric acid solution was 
strongly increased by the addition of a slight ex­
cess of bis-desoxystreptose. The formation of 
such an acidic complex with boric acid indicates 
that the two hydroxyl groups are in the cis configu­
ration.9 The isolation of the phenylosazone of 4- 
desoxy-L-erythrose from streptobiosamine10

(8) H. v. Pechmann, Ber., 21, 2751 (1888).
(9) Böeseken, Rec. trav. chim., 40, 553 (1921).
(10) Fried, Walz and Wintersteiner, This Journal, 68, 2746 

(1946).

showed that carbon atom five of the tetrahydro­
furan ring of streptose possessed the L-configura- 
tion. Bis-desoxystreptose is thus a 3,4-dihydroxy-
2,3-dimethyltetrahydrofuran having a configura­
tion XV or XVI.

H

c h 2
/ ? '

1 /O H CH’ | .OHp- C’/'V*. / c
c h 3 OH OH

rH

/CH8

XV XVI

In tetraacetyl-bis-desoxystreptobiosamine, the 
presence of a free tertiary hydroxyl group re­
quires that N-methyl-L-glucosamine be attached 
through the secondary hydroxy group of the bis- 
desoxystreptose. That the two portions of the 
disaccharide are linked glycosidically through the 
aldehydic carbon atom of the methylamino hexose 
has already been established.1*2*4

When N-acetyl-bis-desoxystreptobiosamine was 
treated with an excess of sodium periodate in 
aqueous solution, one mole of oxidant was rap­
idly consumed, the reaction then proceding more 
slowly. At the time that one mole of periodate 
had reacted, a potentiometric titration of the re­
action solution showed the presence of 0.25 mole 
of a weak acid, presumably acetic acid formed by 
partial deacetylation. No formic acid could be 
detected. In another experiment, N-acetyl-bis- 
desoxystreptobiosamine was oxidized with ex­
actly one mole of sodium periodate. No formal­
dehyde could be isolated from the reaction solu­
tion. The rapid primary reaction of the disac­
charide with one mole of periodate without the 
formation of either formaldehyde or formic acid 
is consistent only with a pyranose ring structure 
for the N-methyl-L-glucosamine moiety.

The structure of tetraacetyl-bis-desoxystrepto- 
biosamine, on the basis of this evidence, is repre­
sented by formula XVII.

1 1 H*
hc: n PTT

o 6 3 I
c h 3c o h

J’pur

----y-

c h 3N
>n ! h

•Ah ,
c

Ac/
)

1
HCOAc

1
AcOCH

CH2OAc
XVII

Since carbon atom four (structure XVII) has 
been shown to have the L-configuration, 10 strep­
tose is an L-sugar by definition.

Tetraacetyldesoxystreptobiosamine, on the 
basis of this evidence, is represented by formula 
XVIII.4»11 Since the free hydroxyl group is gly-

(11) Kuehl, Flynn, Brink and Folkers, ibid., 68, 2679 (1946).
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cosidic, it must be located either at carbon atom 
one or four; from the structure of ethyl tetraacet- 
ylthiostreptobiosaminide diethyl mercaptal,11 it 
is evident that the group is at carbon atom one.

It can be seen that in bis-desoxystreptose the 
methyl group adjacent to the tertiary hydroxyl 
group must have been the one formed during the 
hydrogenolysis reaction. However, it was felt 
that a direct proof of this, and consequently of 
the position of the original streptomycin aldehyde 
group, would be of interest. For this reason, the 
hydrolysis of pentaacetyldihydrodesoxystrepto- 
biosamine5»6 was studied.

Pentaacetyldihydrodesoxystreptobiosamine was 
hydrolyzed with acid under conditions used for 
the cleavage of tetraacetyl-bis-desoxystreptobios- 
amine, but in this case the products could not be 
separated by chloroform extraction. Treatment 
of the neutralized acid hydrolysate with ion-ex­
change resins served, however, to remove N- 
methyl-L-glucosamine, and crystalline dihydrodes­
oxystreptose, C6H1204, was isolated from the elu- 
ates. Dihydrodesoxystreptose consumed two 
moles of periodate with the liberation of one equiv­
alent of an acid. One equivalent of formaldehyde 
was also formed upon periodate cleavage as dem­
onstrated by the isolation of the dimedone deriva­
tive. These results are consistent with the struc­
ture X IX  of dihydrodesoxystreptose, and support

HCOH
O |

HOCH2COH
I

-------------CH

CH3
XIX

the previously assigned position of the linkage of 
streptidine to streptobiosamine.11

Experimental
Tetraacetyl-bis-desoxystreptobiosamine (II) and Tetra- 

acetyldesoxystreptobiosamine (III).—A solution of 10 g. 
of ethyl thiostreptobiosaminide diethyl mercaptal hydro­
chloride in 20 ml. of pyridine was cooled in an ice-bath, 
and 15 ml. of acetic anhydride was added. The mixture 
was allowed to warm slowly to room temperature and 
stand overnight. Water was added to decompose the 
excess acetic anhydride, and the solution was concentrated 
in vacuo to a sirup which was dissolved in chloroform. 
The chloroform solution was washed with water, 5%

sulfuric acid, and twice with water. The chloroform 
was removed under reduced pressure and 12.6 g. (95%) 
of crude tetraacetate remained.

A solution of the tetraacetate in 1.4 1. of 70% ethanol 
was refluxed for one and one-half hours in the presence of 
350 g. of Raney nickel catalyst which had been prepared 
some weeks previously. The nickel was removed by cen­
trifugation and washed repeatedly with portions of hot 
methanol. The combined supernatant and washings were 
concentrated under reduced pressure to a volume of about 
150 ml. The organic material was removed by extraction 
with chloroform. The chloroform was distilled in vacuo 
giving 9.3 g. of oily residue. This oil was dissolved in 265 
ml. of a 78% benzene-22 % petroleum ether mixture, and 
the solution was poured on a column which was prepared 
with 91 g. of acid-washed alumina and petroleum ether. 
The material was eluted by solvents and solvent mixtures 
of increasing polarity. Details of the chromatographic 
separation are shown in Table I.

T ab le  I

Chromatographic Separation  of H ydrogenolysis

Products

Prod­
Frac­ ucts,0 M. p.,
tion Solvents mg. °C.

I 78% Benzene-22 % petroleum ether (265 Oil
ml.)

II 100% Benzene (120 ml.) Oil
III 80% Benzene-20% chloroform (120 ml.) Oil
IV 60% Benzene-40 % chloroform (120 ml.) 273 155-159
XT 40% Benzene-6u% chloroform (120 ml.) 967 158-160

VI 20% Benzene-80 % chloroform (120 ml.) 717 161-165
VII 100% Chloroform (120 ml.) 724 162-164

VIII 50% Chloroform-50 % acetone (480 ml.) 1460 166-167
a Yields and melting points refer to material crystallized 

from ether and recrystallized from chloroform-ether.

Fractions IV and V consisted of nearly pure tetraacetyl - 
bis-desoxy strep tobiosamine. For final purification, 980 
mg. of this material was reacetylated with pyridine and 
acetic anhydride. The product was worked up in the 
usual manner and crystallized from a chloroform-ether 
mixture, giving 846 mg., m . p . 158-160°. Two recrystal - 
lizations of this product from chloroform-ether gave pure 
tetraacetyl-bis-desoxystreptobiosamine, m. p. 159-160°, 
[a]25D —85° (c, 1.0 in chloroform).

Anal. Calcd. for C13H21N0 7 (CH3C0 )4: C, 53.04; H, 
7.00; N, 2 .95; O-acetyl, 27 .2 . Found: C, 52.98; H, 
6.75; N, 2.87; O-acetyl, 2 7 .7 .12

In a "Zerewitinoff determination carried out in anisole 
solution at room temperature on a sample dried in a 
weighing pig, 0.94 mole of methane was liberated from 
tetraacetyl-bis-desoxystreptobiosamine.

In tetrachloroethane solution at ordinary concentration 
(10-15%), tetraacetyl-bis-desoxystreptobiosamine showed 
absorption of 5.75 n (ester) and 6.12 /x (disubstituted 
amide). However, a very concentrated solution (about 
50%) showed a strong absorption band at 2.85 ju. (hy­
droxyl group region).

Fractions VI and VII contained mixtures of tetraacetyl - 
bis-desoxystreptobiosamine and tetraacetyldesoxystrepto- 
biosamine. These mixtures could not be separated by 
crystallization methods, but rechromatographing on 
alumina afforded some further separation.

Fraction VIII appeared to be pure tetraacetyldesoxy- 
streptobiosamine. Its properties could not be changed 
by recrystallization, nor did repeated chromatography 
give material of higher melting point. A sample for 
analysis was recrystallized from ether containing a small 
amount of chloroform. It melted at 166-167°, and had 
a specific rotation of (a)25d — 81 ° (c, 1.04 in chloroform).

Anal. Calcd. for Ci3H2iN 0 8(CH3C0)4: C, 51.32;
(12) Determined by the method of Kunz and Hudson, T his

Journal, 48, 1982 (1926).
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H, 6.77; N, 2.85; CH3CO, 35.0. Found: C, 51.29; H, 
6.94; N, 2.81; CH3CO, 33.6.

There was no appreciable lowering of the melting point 
of a mixture of the two pure products. ̂  The desoxy com­
pound (m. p. 166-167°) admixed with the bis-desoxy 
compound (m. p. 159-160°) melted at 162-165°.

Improved Preparation of Tetraacetyl-bis-desoxystrepto- 
biosamine (II).-—The acetylation product of 4.0 g. of 
ethyl thiostreptobiosaminide diethyl mercaptal hydro­
chloride was treated with Raney nickel catalyst exactly 
as described above, except that the catalyst was prepared 
immediately before use. The reaction products were 
isolated and chromatographed on alumina as in the previ­
ous example. The crystalline fractions were recrystallized 
separately from chloroform-ether. The lowest melting 
fraction melted at 153-156°; the highest melting fraction 
melted at 158-160 °. The total weight of the recrystal­
lized fractions was 1.91 g. They were combined and 
reacetylated, yielding 1.46 g. (33%) of tetraacetyl-bis- 
desoxystreptobiosamine, m. p. 157-159°.

In subsequent preparations, it was found that the 
chromatographic analysis of the reduction products could 
be omitted if freshly prepared Raney nickel catalyst had 
been used. The total organic material from the reduction 
was reacetylated and once recrystallized. This consist­
ently afforded essentially pure tetraacetyl-bis-desoxystrep- 
tobiosamine in yields of 30-35%.

N-Acetyldesoxystreptobiosamine.—A solution of 212 
mg. of tetraacetyldesoxy strep tobiosamine in 8 ml. of 
methanol was cooled in an ice-bath and saturated with an­
hydrous ammonia. The solution was allowed to warm 
gradually to room temperature, and after two hours the 
solvent was removed in vacuo. The residue was dissolved 
in 10 ml. of water and the aqueous solution extracted 
with three 5-ml. portions of chloroform to remove acet­
amide. The aqueous solution was concentrated to dry­
ness, the product dissolved in 1 ml. of isopropyl alcohol, 
and 15 ml. of chloroform added. The resulting gel was 
warmed gently, giving an oil which crystallized on stand­
ing. The product, 122 mg., melted at 224-226°. Pure 
N-acetyldesoxystreptobiosamine, m. p. 224-225°, was 
obtained by recrystallization from chloroform-methanol 
mixtures.

Anal. Calcd. for Ci3H24N08(CH3C 0 ): C, 49.30; H, 
7.45; N, 3.84; CH3CO, 11.7; C-methyl, 8.2 (2 moles)
12.3 (3 moles). Found: C, 49.34; H, 7.20; N, 4.19; 
CH3CO, 10.8; C-methyl, 9.8 (2.4 moles).

Pentaacetyldesoxystreptobiosamine (VI).—One hun­
dred milligrams of tetraacetyldesoxystreptobiosamine 
was acetylated overnight at room temperature with 1 ml. 
of acetic anhydride in 5 m l. of pyridine. The solvents were 
removed in vacuo and the residue was dissolved in ether. 
The solution deposited 40 mg. of needle-like crystals on 
standing, m .p .  60-63°. Several recrystallizations of the 
product from ether gave pure pentaacetyldesoxystrepto- 
biosamine, m. p. 111-112°, [ a ] 25D  —132° (c, 0.62 in 
chloroform).

Anal. Calcd. for Ci3H2oNQ8(CH3CO)ö: C, 51.78; H, 
6.61; N, 2.63; CH3CO, 40.2. Found: C, 51.90; H, 
6.56; N, 2.99; CH3CO, 36.0.

Methyl Tetraacetyldesoxystreptobiosaminide (VII) .— 
A solution of 200 mg. of tetraacetyldesoxystreptobios­
amine in 5 ml. of absolute methanol containing 1% of 
hydrogen chloride was allowed to stand overnight at room 
temperature. The solvent was removed in vacuo and 
benzene was added and distilled. The residue was 
evacuated on the oil pump for two hours and was then 
dissolved in 3 ml. of pyridine, cooled to 0°, and treated 
with 2 ml. of acetic anhydride. After standing overnight 
at room temperature, the acetylation mixture was treated 
in the usual manner, giving a colorless oil. This oil was 
dissolved in ether containing a small amount of chloro­
form. On standing for three hours, the solution deposited 
crystals; 68 mg., m. p. 152-165°. Recrystallization of 
the product from a small volume of cold methanol gave 
25 mg. of material, m. p. 176-180°. The combined 
mother liquors were chromatographed on 3 g. of alumina.

An additional 36 mg. of crystalline material, in. p. 177- 
181 ° and 172-175 ° (two fractions), was eluted by benzene- 
chloroform mixtures. The two highest melting fractions 
were recrystallized from methanol yielding pure methyl 
tetraacetyldesoxystreptobiosaminide; m. p. 179-180.5°, 
[«]26d -1 2 9 °  (c, 0.925 in chloroform).

Anal. Calcd. for C13H2oN07(CH30) (CH3CO)4: C,
52.27; H, 6.98; N, 2.77; CHsO, 6.1. Found: C, 52.21; 
H, 6.87; N, 2.65; CHsO, 5.0.

Volumetric Determination of Carbonyl in Tetraacetyl- 
desoxystreptobiosamine.—Sixty-seven milligrams (0.136 
millimole) of tetraacetyldesoxystrep tobiosamine, m. p. 
165-167 °, was added to a dilute alcohol solution containing 
pyridine, brom phenol blue, and an excess of hydroxyl- 
amine hydrochloride. After the solution had stood over­
night, titration with 0.105 N  sodium hydroxide in 90% 
methanol according to the method of Bryant and Smith7 
required 1.27 ml. to match the color of a blank prepared 
with hydroxylamine hydrochloride, pyridine, and brom 
phenol blue. This amount corresponded to 0.133 milli­
mole of pyridine hydrochloride formed, or 0.98 mole of 
carbonyl function in the compound tested.

Treatment of Tetraacetyl-bis-desoxystreptobiosamine 
with Chromic Acid.—Twenty-seven milligrams of tetra- 
acetyl-bis-desoxystreptobiosamine, m. p. 159-160°, was 
dissolved in 0.5 ml. of acetic acid and treated with a solu­
tion of 14 mg. of chromic anhydride in 0.5 ml. of 80% 
acetic acid. After two hours at room temperature, no 
appreciable color change could be detected. The chromic 
acid was then reduced with methanol. The solution 
yielded 18 mg. of crystals, m. p. 155-158°. Recrystal­
lization of this material from a chloroform-ether mixture 
gave pure starting material, m .p .  and mixed m. p. 159- 
160°.

bis-Desoxystreptose (3,4-Dihydroxy-2,3-dimethyltetra- 
hydrofuran) (V).—A solution of 1.52 g. of tetraacetyl - 
bis-desoxystreptobiosamine in 95 ml. of 5% sulfuric acid 
was refluxed for six hours. The solution was then ex­
tracted continuously with chloroform for six hours. The 
chloroform solution was shaken with solid sodium bicar­
bonate, filtered, and the chloroform distilled, leaving a 
mixture of crystals and red tar. The crystalline material 
sublimed readily at 50-60° and 10“4 mm. pressure. The 
sublimate was recrystallized from an ether-petroleum ether 
mixture, giving 98 mg. (22%) of needle-like crystals, m.p.  
90-90.5°. After recrystallization of this material from 
ether-petroleum ether and from ether, the product melted 
constantly at 90-91°; [ o»]25d  + 32° (c, 0.975 in chloro­
form); [a:j25d + 21° (c, 1.02 in water).

Anal. Calcd. for C6H120 3: C, 54.52; H, 9.16; 2 C- 
methyl, 22.7; mol. wt., 132. Found: C, 54.63; H, 8.93; 
C-methyl, 19.4; mol. wt., 141 (ebullioscopic in carbon 
tetrachloride).

In tetrachloroethane solution, bis-desoxystreptose 
showed 3 m (—OH group) absorption in the infrared; 
no carbonyl absorption could be detected. The com­
pound did not react with a solution of 2,4-dinitrophenyl- 
hydrazine hydrochloride, nor was it affected by treatment 
with hydroxylamine hydrochloride in the presence of 
pyridine.

The pure bis-desoxystreptose did not reduce Tollens 
reagent in the cold. Fehling solution was not reduced, 
even when boiled for several minutes.

Bis+-nitrobenzoate of Bis-desoxystreptose.—Sixty mil­
ligrams of bis-desoxystreptose, m. p. 89-91°, was con­
verted to the bis+-nitrobenzoate by treatment with a 
large excess of ^-nitrobenzoyl chloride in pyridine solu­
tion. The crude crystalline product (89 mg.) was re­
crystallized from ether and then twice from methanol, 
giving the pure ester, m . p .  141-142°.

Anal. Calcd. for C2oHi8N20 8: C, 55.81; H, 4.22; N, 
6.51. Found: C, 55.58; H, 4.00; N, 6.72.

Hydrolysis of Tetraacetyl-bis-desoxystreptobiosamine 
to Pentaacetyl-N-methyl-L-glucosamine and N-Methyl~ 
l-glucosamine Hydrochloride.—The 5% sulfuric acid 
solution from the hydrolysis of 1.52 g. of tetraacetylbis-
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desoxystreptobiosamine, after continuous chloroform 
extraction to remove the bis-desoxystreptose, was neu­
tralized with barium carbonate and the filtrate concen­
trated to dryness. A solution of the residue in 10 ml. of 
concentrated hydrochloric acid was refluxed for two hours, 
and the hydrolysis mixture was twice extracted with 
chloroform. The aqueous solution was concentrated to 
dryness in vacuo and the product acetylated. Three 
recrystallizations of the crude acetylated product from 
chloroform-ether mixtures gave 707 mg. of pentaacetyl-N- 
methyl-L-glucosamine,3 m. p. 160-160.5°. Hydrolysis 
of the pentaacetyl derivative with 10% hydrochloric acid 
gave 330 mg. of crude product,3 m. p. 151-155° (dec.), 
and recrystallization gave the pure N-methyl-L-glucos- 
amine hydrochloride, m. p. 161-165° (dec.), [a]26D —103° 
(four minutes) —► 88.5° (twelve hours, constant) in aque­
ous solution (c, 0.61).

Periodic Acid Oxidation of Bis-desoxystreptose. bis- 
p-Nitrophenylhydrazone of Oxidation Product C6Hio03 
(Glycolic Aldehyde Ether of Acetoin).—To a solution of
30.3 mg. of bis-desoxystreptose in 2 ml. of dioxane was 
added 2.19 ml. (1.0 equivalent) of a 0.105 M  solution of 
periodic acid in 90% dioxane. A white crystalline pre­
cipitate of iodic acid appeared immediately. After one 
hour at room temperature, the precipitate was removed 
by centrifugation and washed twice with dioxane. To 
the combined supernatant and washings was added drop- 
wise 0.1 N  barium hydroxide until the solution was neu­
tral. The small precipitate was removed and the filtrate 
concentrated in vacuo to a sirup. A solution of the sirup 
in 1 ml. of 50% acetic acid was added to a solution of 73 
mg. of ^-nitrophenylhydrazine in 1 ml. of 50% acetic 
acid. An orange crystalline precipitate formed and was 
centrifuged and washed with warm 50% acetic acid. The 
crude product, 55 mg., melted at 188-193°. Two re­
crystallizations of the product from alcohol gave tiny 
orange needle-like crystals, m. p. 204-206° (dec.).

Anal. Calcd. for Ci8H2oN605: C, 53.99; H, 5.04; N, 
20.99. Found: C, 53.95; H ,4.92; N ,21.42.

Hydrolysis of the Oxidation Product C6Hi0O3 (Glycolic 
Aldehyde Ether of Acetoin). Preparation of Phenyl - 
osazone of Biacetyl.—The freshly isolatèd product from 
the periodic acid cleavage of 37.6 mg. of bis-desoxystrep­
tose was dissolved in 1.5 ml. of 50% acetic acid and the 
solution was heated in the steam-bath for ten minutes. 
The solution was then added to a hot solution of 0.15 ml. 
of phenylhydrazine in 2 ml. of 50% acetic acid, giving a 
clear light brown solution. A crystalline precipitate 
began to form after about two minutes at 95-100°. The 
heating was continued in the steam-bath for one-half hour, 
after which the hot solution was centrifuged and the pre­
cipitate washed with dilute acetic acid, twice with water, 
and once with ethanol. The product, light tan, feathery 
needle-like crystals, weighed 28 mg., m. p. 226-237°. 
Two recrystallizations of this material from ethanol- 
pyridine (10:1) gave material melting constantly at 247- 
249°. A mixture of this product and an authentic 
sample of the pheny losazone of biacetyl13 (m.p.  246-250 °) 
melted at 246.5-250°.

Anal. Calcd. for C16H18N4: C, 72.15; H, 6.81; N, 
21.04. Found: C, 71.65; H, 6.69; N, 21.34.

5,6-Dimethyl-2,3-diphenylosatetrazine.—A solution of 
21 mg. of sodium dichromate in 1 ml. of 20% acetic acid 
was added to 22 mg. of the phenylosazone isolated from 
the hydrolysis of the dicarbonyl compound C6H10O3 
The suspension was heated at 100° for one hour. The 
mixture was cooled and the precipitate separated and 
washed with water and ethanol. Recrystallization of the 
material from 1 ml. of acetone gave red crystals; 14 mg., 
m. p. 153-155° (dec.). No depression of melting point 
was observed when this product was mixed with an 
authentic sample of 5,6-dimethyl-2,3-diphenylosatetra- 
zine8 of m. p. 151-155°.

^-Bromophenylosazone of Biacetyl.—The hydrolysis 
products of the glycolic aldehyde ether of acetoin gave,

(13) Neuberg and Reinfurth, Biochem. Z., 143, 563 (1923).

with excess ^-bromophenylhydrazine hydrochloride in 
hot 50% acetic acid solution containing sodium acetate, 
a crystalline compound which melted, after recrystalliza­
tion from chloroform, at 210-215° (dec.). Similar treat­
ment of an authentic sample of biacetyl gave crystals of 
m.p .  212-216° (dec.). A mixture of the “natural” and 
synthetic products melted at 209-215°.

p-H itr oph enyl osazone of Biacetyl.—In a manner similar 
to that described for the preparation of the phenylosazone, 
a ^-nitrophenylosazone of biacetyl was prepared. After 
two recrystallizations from pyridine, the product melted 
at 312-316° (dec.), varying somewhat with the rate of 
heating. Melting points of 316 °14 and 326 °15 are re­
ported for the ^-nitrophenylosazone of biacetyl.

Anal. Calcd. for Ci6Hi6N60 4: C, 53.93; H, 4.53; N, 
23.59. Found: C, 53.82; H, 4.39; N, 23.77.

Bis-desoxystreptose-Boric Acid Complex.—The acidity 
of an aqueous boric acid solution was greatly increased by 
the addition of a small molecular excess of the 3,4-di­
hydroxy-2,3-dimethyltetrahydrof uran. When the solu­
tion was titrated with alkali, the general region of binding 
was at about pH. 7.5, instead of at about pH 9, as is the 
case with boric acid alone.

Periodate Oxidation of N-Acetyl-bis-desoxystrepto- 
biosamine.—To a solution of 36.3 mg. (0.104 millimole) 
of N-acetyl-bis-desoxystreptobiosamine in water was 
added 3.00 ml. of 0.0955 M  sodium periodate solution, 
and water was added to make exactly 10 ml. of solution. 
The course of the reaction was followed by withdrawing 
1.00-ml. aliquot portions, adding sodium bicarbonate and 
potassium iodide, and titrating the iodine with standard 
arsenite solution. The results are presented in Table II. 
After one and eight-tenths hours, a portion of the reaction 
solution was titrated with alkali. There was found to be 
present 0.25 equivalent of a weak acid (pK  4.8), apparently 
acetic acid, since the p K  of acetic acid is 4.85, while that 
of formic acid is 3.8.

T able  II
T itration  R esults

Time, hours Periodate consumed, equivalents
0 0
0.10 0.21
0.50 0.53
1.36 1.08
2.25 1.17

A solution of 99.8 mg. (0.286 millimole) of N-acetyl- 
bis-desoxystreptobiosamine in 3 ml. of 0.07 M  phosphate 
buffer (pH 7) was treated with 61 mg. (0.286 millimole) 
of sodium periodate. After one and one-half hours, all 
of the periodate had been consumed. Water was added 
to a volume of 15 ml., and 10 ml. of the solution was dis­
tilled into 5 ml. of a saturated solution of 2,4-dinitro- 
phenylhydrazine in 2 N  hydrochloric acid. Centrifuga­
tion of the mixture gave 4 mg. of a gummy orange solid. 
In a control experiment, two-thirds of a solution of 9 mg. 
of formaldehyde in 15 ml. of very dilute pH 7 phosphate 
buffer was distilled into 2,4-dinitrophenylhydrazine hydro­
chloride solution, yielding 24 mg. of yellow, crystalline 
formaldehyde 2,4-dinitrophenylhydrazone.

Dihydrodesoxystreptose (XIX).—Nine-tenths gram of 
pentaacetyldihydrodesoxystreptobiosamine was dissolved 
in 75 ml. of 5% sulfuric acid and the solution was 
refluxed for eight hours. It was then neutralized by 
stirring with barium carbonate, filtered, and the filtrate 
(pH 8) concentrated in vacuo to a volume of 15 ml. This 
solution was passed over a column of 17 g. of freshly 
regenerated and washed Amberlite IR-100. The first 
10 ml. of eluate was discarded. Washing was continued 
with water until 65 ml. of eluate had been collected. The 
eluate was concentrated in vacuo to a volume of 12 ml., 
and passed over a column of 5 g. of Amberlite IR-4B.

(14) Hirsch, ibid., 131, 184 (1922).
(15) Neuberg and Kobel, ibid., 160, 255 (1925),
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The column was washed with water. In all, 30 ml. of 
eluate was collected and lyophilized.

The solid product was triturated with boiling chloroform, 
and the chloroform solution filtered. Concentration of the 
filtrate to a small volume gave crystals which were filtered 
and washed with cold chloroform. The yield of crystal­
line product, m. p. 75-77°, was 35 mg. Recrystallization 
of the product from chloroform gave pure dihydrodesoxy­
streptose, m. p. 78-79°.

Anal. Calcd. for C6H120 4: C, 48.64; H, 8.17. Found: 
C, 48.53; H, 7.96.

Periodate Oxidation of Dihydrodesoxystreptose.—A
solution of 15.2 mg. (0.102 millimole) of dihydrodesoxy­
streptose and 55.3 mg. (0.259 millimole) of sodium perio­
date in 10 ml. of water was allowed to stand at room tem­
perature for one hour. Titrations of aliquot portions 
showed the presence of 0.047 millimole of periodate and 
of 0.098 millimole of acid, corresponding to a consumption 
of 2.07 equivalents of periodate with formation of 0.96 
equivalent of acid.

In another experiment, 6.7 mg. of dihydrodesoxystrep­
tose in 2 ml. of water containing 14 mg. of sodium bi­
carbonate was oxidized with 19.3 mg. (2 equivalents) of 
sodium periodate. After one hour, no periodate could 
be detected, and a solution of 81 mg. of dimedone in 2 
ml. of ethanol was added. The crystalline precipitate 
which formed rapidly was collected, washed with 50% 
ethanol and dried. It weighed 11.6 mg. (88%) and melted 
at 182-189°. One recrystallization of this material from 
dilute ethanol gave pure dimedon e-formaldehyde con­
densation product, m. p. and mixed m. p. 191-194°.
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Summary
Treatment of ethyl tetraacetylthiostreptobios- 

aminide diethyl mercaptal with Raney nickel 
catalyst has given two products, tetraacetyl-bis- 
desoxystreptobiosamine and tetraacetyldesoxy­
strep tobiosamine.

The additional oxygen atom of the desoxy com­
pound is present as a glycosidic hydroxyl group. 
Tetraacetyldesoxystreptobiosamine was charac­
terized by the preparation of N-acetyldesoxy- 
streptobiosamine, pentaacetyldesoxystreptobios- 
amine and methyl tetraacetyldesoxystreptobios- 
aminide.

Acid hydrolysis of tetraacetyl-bis-desoxystrep- 
tobiosamine yielded N-methyl-L-glucosamine and 
bis-desoxystreptose.

Bis-desoxystreptose has been determined by 
periodic acid oxidation studies to be a 3,4-dihy- 
droxy-2,3-dimethyltetrahydrofuran. The two hy­
droxyl groups of bis-desoxystreptose appear to be 
in a cis configuration. The structure of tetra- 
acetyl-bis-desoxystreptobiosamine is given.

Pentaacetyldihydrodesoxystreptobiosamine was 
hydrolyzed with acid to give dihydrodesoxystrep­
tose. The periodate degradation of dihydrodes­
oxystreptose to yield formaldehyde and an acid 
was in agreement with the proposed structure of 
this product, and offered further evidence for the 
position of the linkage of streptidine to strepto- 
biosamine.
Rahw ay, N. J. R eceived February  11, 1948

[Contribution  from the R esearch L aboratories of M erck  & Co., I nc.]

Alkaloids of D ichroa F eb rifu g a  Lour.
B y  F red e r ic k  A. K u e h l , Jr., Claude  F . S p e n c e r  a n d  K arl  F olkers

The tests on extracts of about six hundred 
plants have shown that several plants possess in­
teresting unknown principles which exibit anti­
malarial activity.1 Of those plants containing ac­
tive principles which were investigated, Dichroa 
febrifuga Lour, was particularly interesting be­
cause of the high antimalarial activity of the al- 
kaloidal fraction isolated from it. Extractions 
were made on dried roots, stems and leaves of the 
plant obtained from both India and China. Un­
fortunately, the samples of Dichroa febrifuga Lour, 
from India, the material available when most of 
this work was done, contained only about one- 
tenth of the alkaloidal fraction present in the Chi­
nese samples.

A number of extraction procedures was investi­
gated. The best yields of the alkaloidal fraction 
from the Chinese root material were 0.1 to 0.15%. 
The yield of alkaloids from stem and leaf material 
was invariably much lower.

(1) Spencer, Koniuszy, Rogers, Shavel, Easton, Kaczka, Kuehl, 
Phillips, Walti and Folkers, Lloydia, 10, 145 (1947).

Nothing crystallized directly from the crude 
alkaloidal fraction. A solution of this material 
and oxalic acid, however, gave a characteristic 
crystalline oxalate, which represented more than 
75% of the antimalarial activity of the crude 
fraction. The yield of crude oxalate was 0.05% 
from the Chinese root sample and 0.005% from 
the Indian root sample. The recrystallized ox­
alate, m. p. ca. 212-214° (dec.), (a)25D + 18° (cf
1.5 in water), had a composition which was in 
agreement with the formula (CieHigNsOs^^LLCh.

When a sample of a recrystallized oxalate was 
converted to the free base, two different crystal­
line alkaloids appeared which were not separated 
satisfactorily by crystallization. Chromatography 
of the mixture over alumina gave crystalline alka­
loid I, m. p. 131-132°, (<t) 25d +31° (c, 1.5 in eth­
anol), (<t) 25d + 120° (c, 0.8 in chloroform) and 
the properties of this alkaloid were not changed 
after repeated crystallization. The results of ana­
lytical data, potentiometric titration and ebullio­
scopic molecular weight determination were in­
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dicative of the formula C16H19N3O3 for this alka­
loid.

A sample of alkaloid I was chromatographed 
over a mixture of Norite and filter paper pulp. 
The specific rotation of all twenty eluates was 
about the same, but the value was somewhat 
lower than that of the starting material. After the 
eluates were allowed to stand for two days, they 
acquired a yellow color. The combined fractions
1-16 yielded alkaloid I upon crystallization, and 
the mother liquor yielded alkaloid II, m. p. 140- 
142°, (a)17B + 21° (cy 1.4 in ethanol). The compo­
sition of alkaloid II was also indicative of the 
formula C16H19N3O3.

These results were interpreted as indicating 
that alkaloid I is unstable under certain conditions 
and may be converted to some extent into alkaloid
II. To test for this reaction or conversion, an al­
coholic solution of alkaloid I was refluxed for 
twleve hours, and it was observed that the specific 
rotation decreased and approximated that of alka­
loid II. In contrast, the specific rotation of alka­
loid II was unchanged after this treatment. In 
the extraction of the plant material, where the 
alkaloid undoubtedly exists as a salt, alkaloid I 
was isolated after the root was extracted for three 
days with hot methanol. It is of interest that 
despite the instability of alkaloid I in solution, 
reference samples of the crystalline alkaloid have 
been on hand for almost three years without evi­
dence of change.

Not only do alkaloids I and II appear to have 
the same formula C16H19N3O3, they also have in­
distinguishable ultraviolet and infrared absorp­
tion spectra. The ultraviolet absorption spectrum 
of alkaloid I in ethanol solution showed maxima at 
2250 A. (E% 900), 2650 A. (E%  267), 3020 A. 
(E%  125), and 3140 A. (E%  101); the spectrum 
of alkaloid II showed maxima at 2250 A. (E%  
895), 2660 A. (E%  246), 3010 A. [E%  109), and 
3130 A. (E%  98). The infrared absorption spec- 
tra of both compounds showed bands at 6.03,
6.26, 6.45 and 6.78 ix.

We are indebted to Dr. A. O. Seeler and Miss 
Christine Malanga of the Merck Institute for 
Thereapeutic Research for the antimalarial tests. 
The crude alkaloidal fraction at a level of 20 mg./ 
kg. orally showed an activity equivalent to a dose 
of 40 mg./kg. of quinine for essentially complete 
suppression of the trophozoite-induced infections 
of Plasmodium gallinaceum in chicks according to 
the described procedure.2 3 Alkaloid I at a level 
of 5 mg./kg. and alkaloid II at a level of 2.5 m g./ 
kg. orally were equivalent to a dose of 40 mg./kg. 
of quinine. The toxicity of these alkaloids to 
chicks was rather high since doses only twice the 
above-mentioned levels were toxic. A communi­
cation4 has appeared which announced the isolation 
of two alkaloids from Dichroa febrifuga Lour. The

(2) Seeler, Malanga and Pierson, Proc. Soc. Exp. Biol. Med., 69, 
291 (1945).

(3) Seeler and Malanga, ibid., 63, 194 (1946).
(4) Koepfli, Mead and Brockman, T his Journal, 69, 1837 (1947).

melting points, compositions, and ultraviolet ab­
sorption spectra of these two alkaloids correspond 
closely with the properties of the two alkaloids 
which we have isolated. Our supply of alkaloids, 
as well as plant material, is exhausted and further 
comparisons are not possible at present. It was 
also mentioned4 that isofebrifugine (alkaloid I) 
was converted to febrifugine (alkaloid II) by heat. 
Febrifugine showed approximately one hundred 
times the activity of quinine and isofebrifugine 
showed relatively slight activity against P. lop- 
hurae in ducks.

We also found4 no evidence of the two alkaloids 
dichroine A and dichroine B which were described5 
as being derived from Dichroa febrifuga Lour. 
(Ch’ang Shan).

Experimental
Crystalline Alkaloidal Oxalate from Dichroa febrifuga 

Lour, from China.—A 2467-g. portion of finely ground 
root material of Dichroa febrifuga Lour., W. M. Clark
18634,6 was moistened with water and extracted in a 
Soxhlet with methanol for three days. The methanol 
extract was evaporated in vacuo, and the aqueous solution 
remaining (ca. 800 ml.) was adjusted to pH 3 with dilute 
hydrochloric acid. The aqueous solution was extracted 
continuously with chloroform for twenty hours to remove 
impurities, and then the solution was adjusted to pH  8 
with sodium bicarbonate and the alkaloids were removed 
by continuous chloroform extraction for twenty hours. 
The alkaloidal fraction was obtained as a brown residue,
3.78 g. (0.15%), after removal of the chloroform. It 
was dissolved in 25 ml. of 50% methanol and oxalic acid 
was added to pH  3. The resulting solution was warmed, 
filtered and concentrated. The gummy residue was dis­
solved in methanol and treated with acetone, and 1.453 
g. (0.052%) of a crystalline oxalate, m. p. 199-201°, was 
obtained. After recrystallization from 50% methanol, 
the oxalate melted at 215-218° (dec. temperature some­
what dependent upon the rate of heating), («)25d + 17°  
(cf 1.0 in water).

Extraction of Dichroa febrifuga Lour, from India.—An
alternative extraction procedure to obtain the alkaloidal 
fraction was carried out as follows. A 4901-g. portion 
of ground root of Dichroa febrifuga Lour., National 
Institute of Health (Kaleshan) 18629, was moistened with 
water, added to ca. 151. of methanol and then the mixture 
was boiled for three hours. The extract was removed 
by filtration and the extraction was repeated two more 
times with fresh solvent. The combined extract was 
concentrated in vacuo to a volume of ca. 2 1. and the solu­
tion was adjusted to pH 8 and continuously extracted with 
chloroform. After distillation of the chloroform, the 
residue weighed 9.845 g. It was dissolved in 150 ml. of 
chloroform and the solution was extracted with 5-40 ml. 
portions of 3.5% hydrochloric acid. The aqueous ex­
tract was then adjusted to pH 8 and continuously ex­
tracted with chloroform to give 1.424 g. (0.029%) of the 
alkaloidal fraction.

Crystalline Alkaloidal Oxalate from Dichroa febrifuga 
Lour, from India.—Two kilograms of ground root ma­
terial of Dichroa febrifuga Lour., Biswas 18637, was ex­
tracted in a Soxhlet and the methanol extract was proc­
essed in the manner described above. The alkaloidal 
fraction yielded 98 mg. of crude oxalate, m. p. 195-210°. 
After two recrystallizations from 50% methanol, the 
oxalate melted at 213-214° (dec.), (a)25d + 1 8 ° (c, 0.5 
in water).

Anal. Calcd. for (C16H19N30 3)2 C2H20 4: C, 58.85; H, 
5.83; N, 12.10. Found: C, 58.97; H, 6.06; N, 12.37. 5 6

(5) Jang, Fu, Wang, Huang, Lu and Chou,. Science, 103, 59 (1946).
(6) The collector’s names and specimen numbers were assigned by 

Mr. B. A. Krukoff.
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Alkaloids I and II from the Oxalate from a Chinese 
Sample.—An aqueous solution of 4.38 g. of the oxalate, 
(a )25D + 1 7 °  (c, 1.0 in water), was treated with sodium 
bicarbonate to pH  8, and extracted continuously for three 
hours with chloroform. The chloroform extract was 
concentrated to a residue in vacuo. An alcohol solution 
of this residue deposited 2.74 g. of crystalline alkaloid I, 
m. p. 131-132° (softening at 127°), (a) 25d + 3 3 .6 °  (c,
1.7 in alcohol). On standing, the mother liquor deposited 
crude crystalline alkaloid II, m . p. 135-142°, ( a ) 25D 
+ 2 1 °  (cf 0.9 in ethanol).

Upon recrystallization of the first crop, two distinct 
fractions were obtained, the first crystallizing immediately 
in small needles, 1.700 g., m. p. 124-130°, (a )25D + 3 1 °  
(c, 1.1 in alcohol), and the second crystallizing in long 
needles on standing overnight, 0.359 g., m. p. 135-142°, 
(q9 25d + 2 3 ° (cf 0.9 in alcohol).

Separation of Alkaloid I and II by Chromatography.— 
A solution of 2.487 g. of a mixture of the two alkaloids in 
25 ml. of chloroform was passed through a column con­
taining 35 g. of acid-washed alumina. Elution with 800 
ml. of chloroform gave 1.604 g. of residue, ( a ) 25D + 3 1 °  
(c, 2.6 in ethanol). A second elution with 200 ml. of 
chloroform containing 5% methanol gave 749 mg. of 
residue, (a )25D + 2 1 0 (c, 2.0 in ethanol). Finally, elution 
with 200 ml. of methanol gave 106 mg. of material, 
(a) 25d + 2 0  ° (c, 1.3 in ethanol). The first eluted fraction, 
after recrystallization from benzene, gave 376 mg. of 
alkaloid I, m. p. 131-132°, ( a ) 25D + 3 1  ° (cf 1.5 in ethanol). 
Concentration of the mother liquor yielded a second crop 
of 0.984 g., m. p. 124-130°. Recrystallization of this 
second crop gave 0.775 g .,m .p . 128-132°, + ) 25d + 3 1 °  (c,
l .  9 in alcohol). This was combined with the first crop 
and recrystallized again from benzene, giving 0.829 g.,
m. p. 131-132°, (a ) 26d + 3 1 °  (alcohol), (a) 25d + 1 2 0 °  (c, 
0.8 in chloroform). The melting point of this material 
did not alter after further recrystallization from methanol.

Anal. Calcd. for Ci6H 19N30 3: C, 63.8; H , 6.4; N ,
14.0, mol. w t., 301. Found: C, 63.91; H, 6.50; N ,
14.10, eq. wt. (potentiometric titration) 314; mol. w t., 
281 (ebullioscopic in benzene).

Chromatography of Alkaloid I.—A solution of 1.6 g. of 
alkaloid I, (ck) 25d + 3 3 .6 °  (c, 1.7 in ethanol), in 5 ml. of 
ethanol was diluted with chloroform and the solution was 
concentrated in vacuo to a gum. This gum was dissolved 
in chloroform and the concentration was repeated to 
yield an alcohol-free gum. A solution of this gum in 
10 ml. of chloroform was poured onto a column composed 
of 25 g. of Norite and 2 g. of pulverized filter paper. 
The column was developed with 200 ml. of chloroform 
and then eluted with chloroform containing 2% ethanol. 
The data are shown in Table I.

The eluates were allowed to stand for two days, during 
which time they acquired a yellow color. Fractions 4, 
6, 8, 10 and 12 were combined to give 0.435 g. of residue, 
a total of 1.24 g. in all (78% ). Fractions 1 to 16 were com­
bined and concentrated in vacuo to a residue, which was 
dissolved in a small amount of alcohol and decolorized 
with a little charcoal. Upon cooling, 560 mg. of alkaloid 
I deposited as colorless needles, m. p. 131-132°, (q:)25d 
+ 3 2 °  (c, 1.7 in ethanol). After standing for several 
days, the mother liquor deposited 170 mg. of alkaloid II. 
After several recrystallizations, alkaloid II melted at 
140-142°, (« )25d + 2 1 °  (c, 1.4 in ethanol).

Anal. Calcd. for Ci9Hi6N 30 3: C, 63.80; H , 6.40; N ,
14.00. Found: C, 63.42; H , 6.56; N , 14.33.

T a b l e  I
C h r o m a t o g r a p h ic  D a t a  o n  A l k a l o id  I

Fraction Volume, ml.

W eight of 
residue, 

mg.
[aj25D

(in ethanol)

1 10 11 + 2 9 °
2 10 38
3 10 65 + 3 0 °
4 10
5 10 85 + 2 9 °
6 10
7 10 78 + 3 1 °
8 10
9 10 83 + 2 9 °

10 10
11 10 84 + 3 2 °
12 10
13 20 85 + 3 1 °
14 30 57 + 3 2 °
15 30 37 + 3 1 °
16 50 45 + 2 9 °
17 50 41 + 2 7 °
18 50 35 + 2 6 °
19 50 28 + 2 6 °
20 50 (methanol) 29 + 2 3 °

Stability Tests in Ethanol.—A solution of 22 mg. of
alkaloid I, m. p. 130-132°, ( ck) 25d  + 3 2 °  ( c ,  1.7 in ethanol), 
in 25 ml. of ethanol was boiled for twelve hours. The 
solvent was then removed in vacuo. The residue showed 
( a ) 25D + 2 4 °  (c, 1.5 in ethanol).

A solution of 23 mg. of alkaloid II, m. p. 140-142°, 
+ ) 25d  + 2 0 .5 °  (c, 1.4 in ethanol) in 25 ml. of ethanol 
was boiled for twelve hours. The residue showed ( « ) 25d  
+ 2 0 °  (ct 1.5 in ethanol).

Preparation of the Oxalate of Alkaloid I.— A mixture of 
33 mg. of alkaloid I, m. p. 131-132°, ( « ) 25d  + 3 1 °  (c, 
1.1 in ethanol) and 14 mg. of oxalic acid was heated in 1 
ml. of 50% methanol until the components dissolved. 
After standing in ice, 19 mg. of the oxalate salt deposited 
which, when recrystallized from 50% methanol to  constant 
melting point, was obtained as colorless crystals, m . p. 
212-213° (dec.), (a ) 25d + 1 9 °  (c, 0.3 in water).
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Summary
Two crystalline alkaloids have been isolated 

from Dichroa febrifuga Lour, which show antima­
larial activity. These two alkaloids appear to be 
isomeric, both having the composition C16H19N3O3. 
R a h w a y , N. J .  R e c e iv e d  J a n u a r y  8 , 1948
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Poly-condensation of a-Amino Acid Derivatives. III. Poly-lysine1
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In the previous papers of this series we have 
described the preparation and properties of some 
polymers of glycine2a and d,l alanine.2b As an ex­
tension of this work the study of the polymeriza­
tion of poly-functional a-amino acids was under­
taken. In the present paper the formation of 
poly-lysine by the polymerization of a 1-lysine 
derivative is described.

The following considerations had to be taken 
into account in the choice of a suitable monomer 
for polymerization: (a) the e-amino group of the 
lysine had to be masked in order to prevent its 
participation in the polymerization and thus to 
insure that all the —CONH— bonds in the poly­
mer are derived from the a-amino groups of the 
monomer. The e-amino group was masked by 
Bergmann’s method of introducing the carbobenz- 
oxy group; (b) the monomer must consist of a 
lysine derivative having a pronounced tendency 
to polymerize. e-Carbobenzoxylysine itself is 
comparatively stable owing to its zwitterionic 
structure, while its methyl ester yields mainly 
the corresponding diketopiperazine on heating;3 
both these lysine derivatives did not appear 
therefore to be the proper starting material. A 
more suitable monomer was eventually found in 
e-carbobenzoxy-a-carboxy 1-lysine anhydride.4 It 
was found that this substance polymerizes on 
heating with the evolution of carbon dioxide in a 
manner similar to the polymerization of N-car- 
boxyl anhydrides of other amino acids.5

The steps of preparation of poly-lysine from 
the chosen monomer are summarized in the first 
part of the scheme: e-carbobenzoxy-a-carboxyl-
1-lysine anhydride (I), yields on heating, under 
the catalytic action of water, poly-carbobenzoxy- 
lysine (II), carbon dioxide being evolved. The 
carbobenzoxy groups of (II) were removed by 
phosphonium iodide, and poly-lysine hydriodide
(III) obtained.

For each polymerization experiment, the start­
ing material, e-carbobenzoxy-a-carboxyl-1 -lysine 
anhydride, had to be freshly prepared from a,e- 
carbobenzoxy-1-lysine kept in stock. This was

(1) A manuscript under this title  was received from these authors 
on January  21,1946, for publication in the Journal. I t  was returned 
to  them  on February 21, 1946, for revision and further data.—The 
Editor.

(2) (a) Frankel and Katchalski, T h is  J o u r n a l , 64, 2264 (1942); 
(b) Frankel and Katchalski, ibid., 64, 2268 (1942).

(3) Katchalski, Grossfeld and Frankel, ibid., 68 , 879 (1946).
(4) Bergmann, Zervas and Ross, J . Biol. Chem., I l l ,  245 (1935).
(5) Leuchs, Ber., 39, 857 (1906); Leuchs and Manasse, ibid., 40, 

3243 (1907); Leuchs and Geiger, ibid., 41, 1721 (1908); Curtius 
and Sieber, ibid., 55, 1543 (1922); Wessely, Z. physiol. Chem., 146, 
72 (1925); Sigmund and Wessely, ibid., 157, 91 (1926); Wessely 
and Sigmund, ibid., 159, 102 (1926); Wessely and John, ibid., 
170, 38 (1927); Meyer and Go, Helv. Chim. Acta, 17, 1488 (1934); 
Go and Tani, Bull. Chem. Soc. Japan, 14, 510 (1939); Woodward 
and Schramm, T h is  Jo u r n a l , 69, 1551 (1947).

necessary, as it was found that while the freshly 
prepared substance undergoes rapid polymeriza­
tion at its melting point (100°), the same sub­
stance after having been allowed to stand for 
several weeks did not polymerize even at higher 
temperatures (160-170°), but decomposed slowly 
under such conditions. In this connection the ob­
servation of Bergmann, Zervas and Ross,4 may 
be recalled that the melting point of freshly pre­
pared e-carbobenzoxy- a-carboxyl-1 -lysine anhy­
dride rises on standing several months to above 
250°. Our attempts to recover the e-carboben­
zoxy-a-carboxyl-1-lysine anhydride with a melt­
ing point of 100° from the preparation having a 
high melting point by recrystallization were un­
successful as no solvent for the latter was found.

During search for other precautions to be taken 
in the polymerization of e-carbobenzoxy-a-car- 
boxyl-1-lysine anhydride, the following findings 
were useful: (a) pure a,e-di-carbobenzoxy-1 -ly­
sine, as well as pure carbobenzoxy-glycine, give no 
amino N values on using Van Slyke’s6 manomet- 
ric method for amino N determination.

(b) e-Carbobenzoxy-1-lysine yields practically 
the theoretical amount (96%) of carboxyl nitrogen 
in Van Slyke, MacFadyen and Hamilton ninhy- 
drin-C02 method7 when the reaction is carried out 
at pH 2.5.

(c) e-Carbobenzoxy- a-carboxyl-1 -lysine anhy­
dride evolved an amount of carbon dioxide equiva­
lent only to about 50% of its total a-nitrogen when 
analyzed by the usual ninhydrin-C02 method. 
The samples were boiled, after addition of cit­
rate buffer, pH  2.5, for thirty seconds to remove 
performed carbon dioxide. The solution was 
chilled and the N-carboxyl determination carried 
out as usual after addition of ninhydrin.

Finding (a) shows that during the carrying out 
of the amino nitrogen determinations, no cleavage 
of the NH-carbobenzoxy bond, leading to the 
liberation of free NH2 groups, occurs. It is thus 
possible to determine the free amino-N in mate­
rials containing NH-carbobenzoxy bonds, without 
fear that additional free amino groups, not present 
in the original material will be liberated on analy­
sis. Finding (b) permits the determination of e- 
carbobenzoxy-lysine in the presence of poly-car- 
bobenzoxy-lysine, Furthermore, in view of (b) 
and (c), it is clear that high values of carboxyl-N 
(determined according to the ninhydrin-C02 
method) indicate the presence of a considerable 
amount of either or both e-carbobenzoxy lysine 
and e-carbobenzoxy-a-carboxyl lysine anhydride. 
This conclusion enables us to estimate roughly the 
amount of “monomer” derivatives in the prepara-

(6) Van Slyke, J . Biol. Chem., 83, 425 (1929).
(7) Van Slyke, M acFadyen and Ham ilton, ibid., 141, 671 (1941).
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tions obtained on heating e-carbobenzoxy-a-car- 
boxyl lysine anhydride, even before removal of 
the carbenzoxy groups.

In Table I we summarize various analytical 
data concerning preparations obtained on heating 
e-carbobenzoxy- a-carboxyl-lysine anhydride, puri­
fied in different ways and using different condi-

T a b l e  I
A n a l y t ic a l  D a t a  o n  P r e p a r a t io n s  O b t a in e d  o n  H e a t ­
in g  6-C a r b o b e n z o x y -« -c a r b o x y l -l y s in b  A n h y d r id e  u n ­

d e r  V a r io u s  C o n d it io n s
,---- —Mg. of element (or group) per 100 mg. preparation— —-
Amino Carboxyl 

Prepn. N N

(a) 2 .00  1.09
(b) 1 .08 0.092

(c) 0 .22 0.025
(d) 0 .17 0.017

Total
N C H

10.7 6 3 .5  6 .9
10.7  ...............

10 .8  64 .2  6 .8  
1.3  63 .9  7 .1

Remarks
Transparent brit­

tle film, readily 
soluble in cold 
glacial acetic 
acid, insoluble 
in water

Transparent film 
soluble in hot 
glacial acetic 
acid, insoluble 
in water

(a) Obtained from e-carbobenzoxy-«-carboxyl-l-lysine 
anhydride recrystallized once from ethyl acetate and petro­

leum ether and then dried for several days over sulfuric 
acid. The dried anhydride was left to polymerize in an 
open vessel at 105° for twenty-four hours.

(b) Obtained from e-carbobenzoxy-a-carboxyl-1-ly­
sine anhydride recrystallized twice from ethyl acetate and 
petroleum ether and dried in a 20-mm. vacuum over phos­
phorus pentoxide for forty-five minutes. Polymerization 
was carried out in the drying apparatus by raising the 
temperature to 104°, and maintaining this temperature 
for several hours.

(c) Obtained from e-carbobenzoxy-«-carboxyl-1 -ly­
sine anhydride recrystallized three times from ethyl 
acetate and petroleum ether, and introduced immediately 
after the last recrystallization into a high vacuum ap­
paratus containing phosphorus pentoxide and liquid air 
trap. The monomer was dried in this apparatus for three 
hours at 50° and then the temperature raised to 104° 
for two hours. A high vacuum (10“ 4 mm.) was main­
tained throughout. The polymeric preparation repre­
sents a hard, colorless transparent substance.

(d) The preparation of this product is described in 
detail under the heading preparation of poly-carbobenzoxy- 
lysine (n average =  32 carbobenzoxy-lysine u n its).

tions of polymerization. Table II contains data 
concerning products derived on reduction of the 
corresponding preparations described in Table I.

Table I shows clearly that the purification of 
the €-carbobenzoxy-a-carboxyl-lysine anhydride 
by recrystallization from ethyl acetate and pe­
troleum ether and the thorough drying of freshly 
prepared monomer leads on heating to prepara-
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T able  II
A n alytical  D ata  on Products D erived  from the C orresponding Preparations D escribed  in  T able  I, on R educ­

tion with Phosphonium I odide
M g. group per  100 m g. preparate

----------------------------------------- M g . o f e lem en t (or group) per 10 m g. p rep aration ----------------------- --------- ~ a f t e r  h yd ro ly sis
A m in o , C arb oxyl, T o ta l, A m ino, C arb oxyl,

P r o d u ct N N N C H I R em ark s N N

(a')
(b0

5.40 1.120 10.8 28.4 5.3 50.8 Ï Soluble in water5.61 0.101 10.2 27.0 5.5 52.0 ƒ 10.1 5.0
(c0 5.32 0.023 10.8 27.6 5.3 49.9 \ Transparent brittle film, 10.6 5.5
(d') 5.30 0.019 10.7 27.6 5.2 50.0 ƒ soluble in water 10.7 5.4

tions with a small percentage of free amino-N 
and carboxyl-N. In accordance, Table II shows 
that products obtained on reduction of the prep­
arations prepared by heating purified and thor­
oughly dried €-carbobenzoxy-ct-carboxy-lysine an­
hydride, contain small amounts of free lysine. 
Some of the bulk products, (cf. b'c'd', Table II) 
obtained on reduction of the corresponding poly- 
carbobenzoxylysine preparations, were totally 
hydrolyzed by boiling with 20% hydrochloric 
acid for twenty-seven hours. In the hydrolyzate, 
practically a quantitative yield of lysine was 
found.

The loss in weight of highly purified and thor­
oughly dried e-carbobenzoxy- a-carboxyl-1 -lysine 
anhydride during polymerization was measured. 
It was found that this loss is equivalent to 98- 
100% of the theoretical amount of carbon dioxide 
which could evolve on polymerization.

The presence of amino nitrogen in the prepara­
tions described in Table I and the fact that the 
amino N content of these preparations is consid­
erably higher than that of the corresponding 
carboxyl-N’s seems to indicate that water plays a 
certain role in the carbon dioxide cleavage of e- 
carbobenzoxy-a-carboxyl-1-lysine anhydride, and 
its polymerization.

Time in minutes.
Fig. 1.—Per cent, of theoretical carbon dioxide, evolved 

on polymerization of e-carbobenzoxy-«-carboxyl-lysine 
anhydride versus time at 102°: monomer kept over
water for forty minutes; O, monomer dried over phos­
phorus pentoxide.

In order to evaluate the role of water in our 
case, the rate of carbon dioxide evolution of two

samples of e-carbobenzoxy-a-carboxyl-1-lysine an­
hydride containing different amounts of water 
was measured at 102° (cf. Fig. 1).

From these experiments, details of which are 
given in the experimental part, it became obvious 
that water acts as a catalyst during the polymeri­
zation of e-carbobenzoxy-ce-carboxyl-1-lysine an­
hydride. Catalytic action, but to a smaller ex­
tent, was found with methanol. This conclusion 
is in agreement with the findings of several pre­
vious authors,5 who found that N-carboxyl an­
hydrides of various amino acids, while relatively 
stable in dry atmosphere, undergo rapid poly­
merization when exposed to moist air.

By taking into account the previously discussed 
precautions, we could obtain poly-carbobenzoxy- 
lysine polymers and poly-lysines virtually free of 
monomer and possessing a considerable chain 
length.

In the following, we describe in some detail the 
preparation and properties of one such polymer.

e-Carbobenzoxy-a-carboxyl-lysine anhydride
recrystallized six times, and dried in high vacuum 
(10“4 mm.) over phosphorus pentoxide at 60° for 
three hours, in an apparatus equipped with a 
liquid air trap, yielded on heating to 105° in high 
vacuum (10~4 mm.) for one hour, a transparent 
glassy hard polycarbobenzoxy-lysine. This poly­
mer is insoluble in water and dissolves in hot gla­
cial acetic acid. It contains free terminal amino 
groups determinable by Van Slyke’s manometric 
method. Assuming that the above polymer is a 
mixture of poly-carbobenzoxy-lysine peptides of 
various chain lengths, an average chain length of 
32-lysine units was calculated from the values of 
free terminal amino-N.

The carbobenzoxy groups of the poly-carbo- 
benzoxylysine (n average = 32) were removed by 
reduction with phosphonium iodide according to 
the procedure used by Harington and Mead8; 
attempted reductions by the usual catalytic meth­
ods were unsatisfactory. Poly-lysine hydriodide
(III) thus obtained, is very readily soluble in wa­
ter, gives positive ninhydrin and biuret reactions, 
and negative picric acid test. The latter negative 
test indicated the absence of lysine anhydride in 
the poly-lysine hydriodide polymer obtained.

By making use of the ninhydrin-carbon dioxide 
method for determination of free amino acids it 
was found that (III n average = 32) contains a

(8) H arington  and  M ea d , B io l .  C h e m . 29, 1603 (1935).
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very small amount of free lysine (0.2 mg. free ly­
sine per 100mg. (III)).

Elementary analyses of poly-lysine hydriodide 
(n average = 32) and ratio of amino nitrogen to 
total nitrogen (found to be 1 to 2) are in agreement 
with the formula suggested. On hydrolysis, poly­
lysine, yields lysine quantitatively.

Independent support for the proposed consti­
tution for poly-lysine hydriodide (n average = 32) 
was obtained by using the procedure worked out 
by Sanger,9 who found that 2,4-dinitrofiuoroben- 
zene reacts with the free amino groups of a-amino 
acids, peptides and proteins in the presence of so­
dium bicarbonate at room temperature with 
elimination of hydrogen fluoride. The dinitro- 
phenyl-N-bond formed is relatively stable to acid 
hydrolysis. Thus, in the case of insulin, he was 
able, after coupling with 2,4-dinitrofluorobenzene 
and following acid hydrolysis, to isolate and deter­
mine quantitatively the 2,4-dinitrophenyl deriva­
tives of those amino acids which in insulin bear 
the free amino groups.

On coupling poly-lysine hydriodide (n average 
= 32) with 2,4-dinitrofluorobenzene at room 
temperature, a yellow substance was obtained in 
almost quantitative yields. The low value of 
amino N (Van Slyke 0.03%) in the polymer (IV) 
indicates the blocking of all amino groups by 2,4- 
dinitrophenyl groups. Dinitrophenyl-poly-lysine
(IV) was hydrolyzed in 50% (w/w) sulfuric acid 
during ten hours. The acid hydrolysate contains 
the a,e-di- (2,4-dinitrophenyl)-lysine and €-dinitro- 
pheny 1-lysine. The former is derived from the 
terminal lysine units of the poly-lysine containing 
two (a and e) free amino groups, the latter from 
the other lysine units containing only one (e) free 
amino group.

The a,e-di-(2,4-dinitrophenyl)-lysine contained 
in this hydrolyzate was quantitatively extracted 
with ether, while the e-2,4-dinitrophenyl-lysine 
remained in the aqueous acid solution. Both ly­
sine derivatives were purified chromatographi­
cally; a,e-di-(2,4-dinitrophenyl)-lysine by using 
butanol-chloroform 1% as developing solvent and 
e-2,4-dinitrophenyl-lysine by using methyl ethyl 
ketone-ether (66%) as developing solvent. Wa­
ter was the stationary phase in both cases. The R 
values found for a, €-di-(2,4-dinitrophenyl)-lysine 
and €-2,4-dinitrophenyl-lysine obtained from the 
acid hydrolyzate, were 0.6 and 0.2, respectively, 
under our conditions. The same values were ob­
tained for the corresponding substances prepared 
from 1-lysine. When each of the 2,4-dinitro- 
phenyl-lysine derivatives, obtained from the 
polymer hydrolysate, was mixed with the corre­
sponding synthetic substance, and each of the 
mixtures developed chromatographically by the 
suitable developing solvent only one yellow band 
was obtained which in each case shelved the char­
acteristic R value.

The quantitative estimations of a,e-di-(2,4-di-
(9) Sanger, B io c h e m .  J . ,  39, 507 (1945).

nitrophenyl)-lysine and €-2,4-dinitrophenyl-lysine 
were carried out colorimetrically according to 
Sanger. Sanger found that during acid hydrolysis 
of 2,4-dinitrophenyl derivatives of a-amino acids, 
partial decomposition occurs. This is taken into 
account in the evaluation of the amount of the 
terminal amino acids with free amino groups in 
the insulin molecule. In order to determine the 
percentage decomposition of the two dinitrophenyl 
lysine derivatives, under the hydrolytic conditions 
applied in the present case, parallel experiments 
were carried out with the corresponding 2,4-di- 
nitrophenyl-lysine derivatives obtained syntheti­
cally. It was found that on boiling with 50% (w/ 
w) sulfuric acid for ten hours, 38% of a,e-di-(2,4- 
dinitrophenyl)-lysine and 25% of e-2,4-dinitro- 
phenyl-lysine were decomposed. After correcting 
for the decomposition of each of the 2,4-dinitro- 
phenyl-lysine derivatives during hydrolysis of 2,4- 
dinitrophenyl-poly-lysine, the amounts and ratio 
between a,e-di- (2,4-dinitrophenyl) -lysine and e-
2.4- dinitrophenyl-lysine were determined; 4.80 
mg. of a,e-di- (2,4-dinitrophenyl) -lysine, and 98 
mg. of e-2,4-dinitrophenyl-lysine per 100 mg. of
2.4- dinitrophenyl-poly-lysine, were found. The 
ratio of the two compounds as determined in the 
hydrolysate was therefore: 31 moles of e-2,4-di~ 
nitro phenyl-lysine per 1 mole of a,e-di-(2,4-dini­
trophenyl) -lysine.

The above data indicate that poly-lysine hydri­
odide from which the 2,4-dinitrophenyl-poly-lysine 
was obtained, is built up on the average of 31 ly­
sine units. This conclusion is in satisfactory 
agreement with the average chain length ascribed 
to the above poly-lysine hydriodide from the 
value of the amino-N of the poly-carbobenzoxy- 
lysine from which it had been derived by reduc­
tion.

It must be emphasized, however, that the con­
siderable destruction of both dinitrophenyl-lysine 
derivatives during hydrolysis on the one hand, and 
the low amino nitrogen content of poly-carboben- 
zoxy-lysine on the other, may lead to some uncer­
tainty in the estimation of the average chain 
length. Nevertheless, the agreement between the 
two analytical methods justifies, in our opinion, 
the drawing of a conclusion concerning the order 
of magnitude of the average chain length of the 
poly-lysine derivatives synthesized.

From poly-lysine hydriodide (n average =  32), 
the picrate, picrolonate, hydrochloride and ben­
zoyl derivatives were prepared.

An indication for the presence of polymers of 
various chain lengths was found by carrying out a 
rough fractionation experiment. Poly-carboben- 
zoxy-lysine, containing a very small amount of 
monomeric lysine derivatives, yielded three frac­
tions which differed in terminal amino nitrogen 
content.

Preliminary enzymatic experiments were car­
ried out with poly-lysine and lysine anhydride. 
It was found that poly-lysine is split by glycerol
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extract of pancreatin as well as by crystalline 
trypsin. About 50% of the peptide bonds were 
split. Lysine anhydride is not split by pepsin.

Experimental
Preparation of e-Carbobenzoxy-«-carboxyll-lysine An­

hydride.—1-Lysine was prepared from the red corpuscles 
of ox blood according to Rice10; from it e-carbobenzoxy- 
«-carboxyl-lysine anhydride was prepared according to 
Bergmann, Zervas and Ross.4 The anhydride was re­
crystallized several times from ethyl acetate and petroleum 
ether, and the purified starting material used at once for 
polymerization experiments. The freshly purified prod­
uct dissolves readily in ethyl acetate, and its m. p. is 100°.

Estimation of Carbon Dioxide from e-Carbobenzoxy- 
carboxyl-lysine Anhydride on Heating to 102°.—1.140 g. 
of twice recrystallized e-carbobenzoxy-«-carboxyl-lysine 
anhydride dried over phosphorus pentoxide in vacuo was 
kept at 102° for two hours. Carbon dioxide evolution 
started on melting and a transparent, glassy polymer 
residue was obtained. The weight of polymer residue 
was found to be 0.979 g. The weight of carbon dioxide 
evolved (161 mg.) represents 98.5% of the theoretical.

Rate of Carbon Dioxide Evolution at 102° from e~ 
Carbobenzoxy-«-carboxyl-lysine Anhydride (a) Kept 
over Phosphorus Pentoxide; (b) Kept over Water.— 
The rate of carbon dioxide evolution at 102° was measured 
in an apparatus similar to that described by Hinshel­
wood.11 e-Carbobenzoxy-«-carboxyl-lysine anhydride 
twice recrystallized was dried over phosphorus pentoxide 
in vacuo during two days at room temperature. One 
sample from the dried preparation was put at once into 
Hinshelwood's apparatus, the apparatus sealed, and 
placed in a constant temperature bath at 102°. The 
rate of carbon dioxide evolution was calculated from the 
manometric readings of the apparatus.

The second sample of the dried e-carbobenzoxy-«- 
carboxy-lysine anhydride, weighing 67.85 mg., was put 
into a desiccator over water for forty minutes. After 
this period it was found to have gained in weight 0.870 
mg. The wet product was put into Hinshelwood^ ap­
paratus and the rate of carbon dioxide evolution at 102° 
measured as above.

A comparison of the rate of carbon dioxide evolution 
in both cases is given in Fig. 1.

The increase in rate of carbon dioxide evolution in the 
presence of water may be at least partly explained by the 
catalytic action of water on the polymerization of €- 
carbobenzoxy-«-carboxyl-lysine anhydride according to 
the first step of the general scheme. Nevertheless, it 
should be borne in mind that water may open the an­
hydride bond of the N-carboxyl anhydride, and thus lead 
to carbobenzoxy-lysine with carbon dioxide evolution. 
Regarding the latter possibility, it should be remarked, 
that for quantitative transformation of e-carbobenzoxy- 
« -carboxyl-lysine anhydride into e-carbobenzoxy-lysine, 
water in an amount of 5.9% of the weight of the anhydride 
is needed, whereas only 1.3% of water was taken up by 
e-carbobenzoxy-«-carboxyl-lysine anhydride in our case. 
The fact that this amount of water is sufficient to shorten 
the time of cleavage, involving the loss of 95% of the 
theoretical amount of carbon dioxide in e-carbobenzoxy- 
« -carboxyl-lysine anhydride, from ninety-five minutes to 
twenty minutes, justifies the conclusion that water acts 
under our experimental conditions mainly as polymeriza­
tion catalyst. This is borne out also by the polymeric 
properties of the reaction products.

Preparation of Poly-carbobenzoxy-lysine (n average =  
32 Carbobenzoxy-lysine Units).—The starting e-carbo- 
benzoxy-« -carboxyl-lysine anhydride for the polymeriza­
tion, was recrystallized six times from ethyl acetate and 
petroleum ether. The purified product was introduced 
immediately into a glass vessel connected to an apparatus 
with phosphorus pentoxide and a liquid air trap and dried

(10) R ice , J .  B i o l . C h e m . ,  131, 1 (1941).
(11) H insh elw ood , J .  C h e m .  S o c . ,  117, 156 (1920).

in high vacuum (10“4 mm.) at 60° for three hours. The 
temperature was then elevated to 105°; carbon dioxide 
evolution started at once with the melting of the an­
hydride. After one hour no further gas evolution was 
observed; a transparent, glassy hard residue remained in 
the reaction vessel.

The poly-carbobenzoxy-lysine preparation thus obtained 
is insoluble in water, ether or toluene. It is soluble in 
hot glacial acetic acid, and slightly soluble in hot alcohol. 
Part of the polymer precipitates from its solution in acetic 
acid on cooling, and from the supernatant solution a 
further precipitate of polymer may be obtained on adding 
water.

On heating the mixture of poly-carbobenzoxy-lysine 
in water with ninhydrin for half an hour, the polymers 
turn deep blue, while the water remains almost colorless.

The analytical data obtained correspond to a polymer 
having formula (II) with an average chain length n = 32.

Anal. Calcd. for (II) (^-average = 32 units): C, 
64.0; H, 6.9; N, 10.6; amino N, 0.17. Found; C, 
63.9; H, 7.1; N, 10.3; amino N, 0.17. The total nitro­
gen determinations, in this case as in other analytical 
data given in this paper, were carried out by the micro 
Dumas method.

Poly-lysine Hydriodide {n average = 32).—One gram 
of the above poly-carbobenzoxy-lysine (n average == 32) 
was dissolved in 25 ml. of hot glacial acetic acid and the 
solution kept at 50 °, while a stream of dry hydrogen was 
passed through it; 4 g. of phosphonium iodide was added 
in portions of about 1 g. during one to one and one-half 
hours. The reduction of the carbobenzoxy groups was 
accompanied by a strong evolution of carbon dioxide. 
During the reduction, the phosphonium iodide dissolved, 
and a voluminous precipitate formed on the walls of the 
vessel. At the end of the reaction, the clear liquid was 
decanted off and the residue washed several times with dry 
ether and dissolved in 2 ml. of water; to this solution 
about 5 ml. of absolute alcohol and 70 ml. of ether were 
added. After standing overnight in the ice box, the super­
natant fluid was decanted from the viscous material which 
had separated out. The latter was then dissolved in 
several ml. of water, and the solution filtered and evapor­
ated to dryness in a vacuum desiccator over sulfuric acid 
and sodium hydroxide. The transparent, solid film-like 
polymer thus obtained was washed several times with 
ether and dried. It was obtained in almost quantitative 
yield. Poly-lysine hydriodide was dried in a micro 
vacuum desiccator over phosphorus pentoxide at 80 ° 
before analysis.

Anal. Calcd. for (III) (n average =  32): C, 27.7; 
H, 5.0; N, 10.7; amino N, 5.5; I, 50.2. Found: C, 
27.6; H, 5.2; N, 10.7; amino N, 5.3; I, 50.0. The 
amino N value was obtained after shaking the polymer 
solution with H N 02 for five minutes; this value was not 
altered on further shaking for half an hour.

Poly-lysine hydriodide dissolves very readily in water 
and its aqueous solution gives a positive ninhydrin re­
action and a strong biuret reaction. A negative Abder­
halden test was obtained on heating with an alkaline 
solution of picric acid.

Poly-lysine hydriodide does not dissolve in the usual 
organic solvents.

Search for Free Lysine in Poly-lysine Hydriodide (n 
average =  32).—The amount of free lysine in the poly­
lysine hydriodide described above was determined by the 
ninhydrin-carbon dioxide method at pH. 2.5. In 100 mg. 
of polymer product described in the previous section 0.2 
mg. of free lysine was found.

Total Hydrolysis of Poly-lysine Hydriodide (n average 
= 32).—15.9 mg. of dried poly-lysine hydriodide was 
dissolved in 4 ml. of 20% hydrochloric acid and the 
solution boiled under reflux for twenty-four hours. The 
acid hydrolyzaté was neutralized with sodium hydroxide 
and brought to 15 ml.

In 2 ml. of the final solution the amount of carboxyl N 
was determined by using the ninhydrin-carbon dioxide 
method7; in the other 2 ml., the total free amino N (Van
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Slyke’s manometric method—on shaking half an hour 
with nitrous acid—was determined. From the data ob­
tained, the total amounts of carboxyl N and amino N 
in hydrolyzate were calculated.  ̂The amount of these 
groups per 100 mg. starting material are given below.

Anal. Calcd. for hydrolysis of 100 mg. poly-lysine 
hydriodide (n average =  32). Carboxyl-N 5.50 mg.; 
amino N, 10.60 mg. Found: carboxyl N, 5.4 mg.;
amino N, 10.7 mg.; on hydrolysis of 100 mg. of starting 
material.

The analytical data show that the total amount of 
amino-N is equal to twice that of carboxyl N and thus 
indicates the presence of free lysine in the hydrolyzate. 
Furthermore, it is proved that the starting poly-lysine 
hydriodide is built up quantitatively of lysine units.

Preparation of 2,4-Dinitrophenyl-poly-lysine.—150 mg. 
of poly-lysine hydriodide (n average =  32) and 3.1 g. of 
sodium bicarbonate were dissolved in 30 ml. water; 30 
ml. of ethanol and 5 ml. of 2,4-dinitrofluorobenzene were 
then added and the mixture mechanically shaken for two 
hours. A large excess of 2,4-dinitrofluorobenzene was 
necessary in order to assure complete coupling of the large 
number of free amino groups in poly-lysine hydriodide 
with the 2,4-dinitrophenyl reagent. The yellow precipi­
tate of 2,4-dinitrophenyl-poly-lysine was centrifuged and 
washed several times with water and ethanol and dried in a 
vacuum desiccator. 2,4-Dinitrophenyl-poly-lysine is a 
yellow powder, insoluble in water, alcohol, ether, and 
glacial acetic acid. It is soluble in concentrated sulfuric 
acid, and can be precipitated from it by addition of water.

Anal. Calcd. for 2,4-dinitrophenyl-poly-lysine (n 
average = 32): amino N, 0.0; N, 18.9. Found: amino 
N, 0.03; N, 19.0.

The amino N value found indicates that practically all 
of the amino groups of poly-lysine reacted with 2,4- 
dinitrofluorobenzene .

Hydrolysis of 2,4-Dinitrophenyl-poly-lysine; Identi­
fication and Estimation of «,e-Di-(2,4-dinitrophenyl)- and 
e-2,4-Dinitrophenyl-lysine Formed.—2,4-Dinitrophenyl- 
poly-lysine is not hydrolyzed quantitatively in 20% 
hydrochloric acid even on boiling for extended periods, 
as clumps of polymer settle to the bottom of the vessel 
and do not enter into solution. We thus looked for 
another acid in which the polymer would dissolve more 
readily before hydrolysis. It was found that total 
hydrolysis of 2,4-dinitrophenyl-poly-lysine can be carried 
out in 50% (w/w) sulfuric acid; the following hydrolytic 
experiment was therefore carried out in this medium.

Twenty mg. of 2,4-dinitrophenyl-poly-lysine was 
boiled under reflux for ten hours in 20 ml. 50% (w/w) 
sulfuric acid. After cooling, the solution was extracted 
five times with ether. The first two ether extracts showed 
a clear yellow color which could be attributed to the 
presence of «,e-di-(2,4-dinitrophenyl)-lysine in the hy­
drolyzate.

The ether extracts were washed with a small amount of 
water and the washings returned to the original aqueous 
solution. The collected ether extracts were reduced to 
dryness, and passed through an ether column prepared 
from 2 g. of silica, and again evaporated to dryness, and 
developed on a 1% butanol-chloroform column. There 
was a red band that moved rapidly (R — 1.5) and a yellow 
band which moved much more slowly (R — 0.6). After 
repeating the separation between the two bands on a 3 g. 
of 1% butanol-chloroform column, the red band was de­
canted and not explored further, as it seemed to represent 
a breakdown product of hydrolysis. The R of the yellow 
band was that found for synthetic a,e-di-(2,4-dinitro- 
phenyl)-lysine prepared from lysine and 2,4-dinitro­
fluorobenzene. Furthermore, in a  ̂ parallel hydrolysis 
experiment, it was found that on mixing the fraction of 
yellow band with synthetic a ,e-di-(2,4-dinitrophenyl) - 
lysine, evaporating to dryness and developing with 1% 
butanol-chloroform one band only with the anticipated R 
was formed.

The solution of the yellow band is thus identified as the 
solution of a,e-di-(2,4-dinitrophenyl)-lysine.

In order to estimate the « ,e-di-(2,4-dinitrophenyl) - 
lysine formed by the hydrolysis of 2,4-dinitrophenyl- 
poly-lysine quantitatively, the fraction of yellow band 
mentioned above was run out, taken to dryness, the resi­
due dissolved in 50 ml. of chloroform and estimated colon- 
metrically, with a photoelectric absorptiometer after 
plotting the standard curve of synthetic a,e-di-(2,4- 
dinitrophenyl) -lysine in chloroform; 0.596 mg. was 
found.

The acid solution, after extraction with ether, was 
diluted to 500 ml. with water, and the sulfuric acid re­
moved quantitatively by means of barium chloride. The 
precipitate of barium sulfate was filtered off and washed 
several times with water. The combined filtrate and 
washings were made up to 1000 ml. A 100-ml. sample 
from this solution was withdrawn and evaporated to 
dryness. The residue was passed through a 66% methyl 
ethyl ketone ether column on silica gel. One yellow band 
was formed having R  =  0.2. The same R  was obtained 
when synthetic e-2,4-dinitrophenyl-lysine prepared ac­
cording to Sanger was passed through this column, and 
when the residue from aqueous solution of hydrolyzate, 
described above, in another hydrolytic experiment, was 
mixed with synthetic e -2,4 -dinitrophenyl-lysine and the 
mixture passed through a 66% methyl ethyl ketone ether 
column. The presence of e-2,4-dinitrophenyl-lysine in 
the aqueous solution of hydrolyzate is thus proved.

In order to determine quantitatively the amount of 
e-2,4-dinitrophenyl-lysine obtained, the yellow band in 
the original column was run out, taken to dryness and 
made up to 50 ml. with N  hydrochloric acid. The amount 
of e-2,4-dinitrophenyl-lysine in this solution was estimated 
colorimetrically. A total amount of 14.7 mg. of €-2,4- 
dinitrophenyl-lysine was found in the 1000 ml. of aqueous 
solution.

In order to estimate the amount of «,e-di-(2,4-dinitro­
phenyl)-lysine and e-2,4-dinitrophenyl-lysine, decompos­
ing under the conditions prevailing in the hydrolysis of
2.4- dinitrophenyl-poly-lysine, weighed amounts of syn­
thetic « ,e-di-(2,4-dinitrophenyl)-lysine and e-2,4-dinitro- 
phenyl-lysine were kept in boiling 50% (w/w) sulfuric acid 
for ten hours. In the first case, the amount of «,e-di- 
(2,4-dinitrophenyl)-lysine and in the second case, the 
amount of €-2,4-dinitrophenyl-lysine which remained 
unaffected by the acid were determined as above.

A breakdown of 25% of e-2,4-dinitrophenyl-lysine and 
a breakdown of 38% of or,e-di-(2,4-dinitrophenyl)-lysine 
were observed under the hydrolytic conditions used.

If the values obtained on the hydrolysis of 2,4-dinitro- 
phenyl-poly-lysine are corrected by the last data for the 
breakdown of e-2,4-dinitrophenyl-lysine and «, e-di-(2,4- 
dinitrophenyl) -lysine, the following yield from 100 mg. of
2.4- dinitrophenyl-poly-lysine of « ,e-di-(2,4-dinitro­
phenyl)-lysine and e-2,4-dinitrophenyl-lysine, are ob­
tained: 4.80 mg. of «,e-di-(2,4-dinitrophenyl)-lysine
and 98.0 mg. of e-2,4-dinitrophenyl-lysine.

Although as already remarked by Sanger, “ the cor­
rection may not be strictly valid, as the stability of the 
derivatives while still condensed in the protein or in pep­
tide split products may not be the same as that found 
for the derivatives themselves,” it seems that at least a 
good approximation for the real estimation of the two 2,4- 
dinitrophenyl-lysine derivatives is thus obtained.

It can be seen that 31 moles of e-2,4-dinitrophenyl - 
lysine per 1 mole of a,e-di-(2,4-dinitrophenyl)-lysine was 
obtained in the hydrolyzate. As pointed out previously, 
these data are in fair agreement with the suggested struc­
ture for poly-lysine hydriodide (n average =  32).

Proof for the Practical Absence of «,e-Di-(2,4-dinitro­
phenyl) -lysine, in 2,4-Dinitrophenyl-poly-lysine .—In order 
to prove that the « ,e-di-(2,4-dinitrophenyl)-lysine is 
derived entirely from the original terminal lysine units 
of the 2,4-dinitrophenyl polymer, and does not partly 
originate from the coupling of 2,4-dinitrofluorobenzene 
with any free lysine monomer in the poly-lysine hydri­
odide (n average = 32), the following experiment was 
carried out.

A sample of 30 mg. of 2,4-dinitrophenyl-poly-lysine
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was dissolved without heating in 10 ml. of concentrated 
sulfuric acid, 20 ml. of water was slowly added under 
strong cooling, and the mixture shaken vigorously with 
ether. No yellow color indicating the presence of «,e- 
di-(2,4-dinitrophenyl)-lysine appeared in the ether ex­
tract.

On the other hand, when a sample of 2,4-dinitrophenyl- 
poly-lysine dissolved in 50% (w/w) sulfuric acid was 
boiled for about thirty minutes and the mixture then ex­
tracted with ether, the formation of small amounts of 
« ,e-di-(2,4-dinitrophenyl)-lysine düe to hydrolysis was 
apparent from the faint yellow color of the ether extract.

Poly-lysine Picrate.-—100 mg. of poly-lysine hydriodide 
(n average = 32) was dissolved in 2 ml. of hot water, and 
2 ml. of hot saturated solution of picric acid added. 
After standing overnight in the ice box, the yellow picrate 
was filtered off and washed several times with cold water 
and ether. Yield was 85% of the theoretical.

The product was thoroughly dried in vacuum desiccator 
at 100° before analysis.

Anal. Calcd. for poly-lysine picrate (n average =* 
32): C, 40.5; H, 4.2; N, 19.5. Found: C, 40.1; H, 
4.4; N, 19.4.

The picrate is soluble in hot water, slightly soluble in 
alcohol but insoluble in ether and benzene.

Poly-lysine Picrolonate.— 100 mg. of poly-lysine hy­
driodide (n average = 32) was dissolved in 2 ml. of water, 
and 5 ml. of hot saturated solution of picrolonic acid in 
water added. A voluminous precipitate separated at 
once. After standing overnight in the icebox, the pre­
cipitate was filtered and washed several times with 
water and ether. The material was thoroughly dried in 
a vacuum desiccator at 100° before analysis.

Anal. Calcd. for polylysine picrolonate (n average =  
32): C, 49.0; H, 4.9; N, 21.4. Found: C, 48.6; H, 
5.1; N, 21.1.

It is sparingly soluble in water and insoluble in the usual 
organic solvents.

Benzoyl-poly-lysine.—100 mg. of poly-lysine hydriodide 
(n average = 32) was dissolved in 2 ml. of water, 400 mg. 
of sodium bicarbonate added and the mixture cooled to 
0°. On further cooling, 0.5 ml. of benzoyl chloride in 
five portions was added with vigorous shaking. After 
forty-five minutes, the mixture was acidified to congo red 
with concentrated hydrochloric acid, and the white pre­
cipitate decanted and thoroughly washed with water, 
alcohol and ether. Benzoyl-poly-lysine was obtained in 
80% yield as a white powder. It is soluble in hot glacial 
acetic acid and concentrated sulfuric acid, but insoluble 
in ether, alcohol and water. For analysis the polymer 
was dried in vacuum desiccator at 100 °.

Anal. Calcd. for benzoyl poly-lysine (n average =  
32): N, 11.86. Found: N, 11.60.

Poly-lysine Hydrochloride.—0.65 ml. of N  hydro­
chloric acid was added to 150 mg. of poly-lysine picrate 
suspended in 5 ml. of water. The mixture was shaken 
several times with ether to remove the picric acid liberated. 
An equal volume of alcohol was then added to the aqueous 
solution and the mixture dried at room temperature in a 
vacuum desiccator over sulfuric acid and sodium hy­
droxide. The remaining hydrochloride was washed 
several times with dry ether and dried in vacuo. The 
yield was quantitative. The hydrochloride was further 
dried at 80° in vacuo over phosphorus pentoxide before 
analysis.

Anal. Calcd. for poly-lysine hydrochloride (n aver­
age = 32): Cl, 22.3. Found: Cl, 22.0.

Poly-lysine hydrochloride is very soluble in water and 
gives a strong violet biuret reaction. The ninhydrin 
reaction is positive, and when heated with an alkaline 
solution of picric acid, no red coloration is obtained. 
Polylysine hydrochloride is insoluble in usual organic 
solvents.

Preliminary Experiment in the Fractionation of a Poly- 
carbobenzoxy-lysine Preparation.—-This experiment was 
carried out with the material described under Table IC;

this preparation contains a very small percentage of 
carboxyl-N indicating a very small percentage of “mono­
mers.” 100 mg. of polymer was dissolved in 5 ml. of 
hot glacial acetic acid. The solution was allowed to cool 
and the precipitate (fraction 1) filtered. To the filtrate 
an equal amount of water was added and the turbid mix­
ture formed allowed to stand overnight in the icebox. 
The white precipitate (fraction 2) was filtered off and the 
filtrate concentrated in vacuo to dryness (fraction 3). 
In the three fractions the free amino N (Van Slyke) was 
determined.

W eigh t of
F ra ctio n  fraction , m g. A m in o  N , %

1 18 0.18
2 63 .23
3 19 .30

Discussion
The structure suggested for the polymeric de­

rivatives obtained from e-carbobenzoxy-«-car­
boxyl-lysine anhydride (cf. scheme) calls for proof 
of the presence of peptide bonds and free «-amino 
and «-carboxyl terminal groups.

The presence of the assumed -CONH- bonds is 
indicated by the positive biuret reaction, and 
proved by the formation of the expected equiva­
lent amounts of «-amino and «-carboxyl groups on 
hydrolysis of poly-lysine hydriodide. The pep­
tide structure of poly-lysine is also supported by 
the fact that crystalline trypsin causes cleavage of 
this polymer. This enzymatic result is in agree­
ment with the findings of Bergmann and Fruton,12 
that a typical trypsin substrate has to contain 
lysine or arginine residues.

Furthermore, the method of synthesis of poly­
lysine and the fact that it yields on hydrolysis ly­
sine quantitatively, leave little doubt that the 
polymer is built up of lysine residues bound by 
normal peptide tjORds.

The positive ninhydrin reaction in poly-lysine 
hydriodide and poly-carbobenzoxy-lysine indi­
cates the presence of «-amino groups. The pres­
ence of the «-amino end-group in poly-carboben­
zoxy-lysine is proved by the Van Slyke manomet- 
ric amino nitrogen determination, while the pres­
ence of the same terminal group in poly-lysine hy­
driodide is proved by the isolation of a,e-di-(2,4~ 
dinitrophenyl)-lysine from 2,4-dinitrophenyl-poly- 
lysine. The formation of the terminal groups 
can be explained by the observed catalytic action 
of water on the polymerization of e-carbobenzoxy- 
«-carboxyl-lysine anhydride.

The above facts support our view that the poly­
lysine derivatives described in this paper repre­
sent mixtures of straight chains of poly-lysine 
peptides probably of various chain length; never­
theless the presence of high rings in the polymeric 
mixtures cannot be excluded.

In connection with our previous work on the 
polycondensation of esters of «-amino acids,1»2 
the absence of diketopiperazine in the product ob­
tained on polymerization of e-carbobenzoxy-«- 
carboxyl-lysine anhydride is of interest. While

(12) B ergm ann  and  F ru ton , “ A dvan ces in E n zyrn o logy ,” I, 75
(1941).
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the methyl ester of e-carbobenzoxy-lysine yields 
on heating mainly e^'-dicarbobenzoxy-lysine an­
hydride,3 the corresponding N-carboxyl anhydride 
yields a polymer without any diketopiperazine. 
This difference may be connected with the fact 
that poly condensation of «-amino acid esters pro­
ceeds slowly, while the polymerization of the cor­
responding N-carboxyl anhydrides is rapid. Thus 
the methyl ester of €-carbobenzoxy-lysine con­
denses to e,6'-di-carbobenzoxy-lysine anhydride at 
105° over a period of several days, while the poly­
merization of e-carbobenzoxy-«-carboxyl-lysine 
anhydride is accomplished under the same condi­
tions within an hour.

Summary
e-Carbobenzoxy-«-carboxyl-lysine anhydride

(I) when heated to 102-105° evolves carbon diox­
ide and yields a polymeric preparation to which 
the structure of poly-carbobenzoxy-lysine (II) is 
ascribed.

The products of polymerization of (I) obtained 
under various conditions were studied.

On polymerization of (I) under special precau­

tions, a poly-carbobenzoxy-lysine was obtained 
with an average chain length of 32-carbobenzoxy- 
lysine units.

Poly-carbobenzoxy-lysine (II) (n average =  32) 
yields on reduction with phosphonium iodide poly- 
lysine hydriodide (III) (?z average =  32).

Poly-lysine hydriodide (n average =  32) con­
tains practically no free lysine or lysine anhydride. 
On hydrolysis it yields lysine quantitatively.

The following derivatives were prepared from
(III) (n average =  32): picrate, picrolonate, hy­
drochloride, benzoyl and 2,4-dinitrophenyl-poly- 
lysine.

The suggested formula for poly-lysine (n aver­
age =  32) is supported by the analytical data, and 
by the fact that 2,4-dinitrophenyl-poly-lysine (n 
average =  32) yields the expected amounts of 
«,e-di-(2,4-dinitrophenyl)-lysine and e-2,4-dinitro- 
phenyl-lysine on hydrolysis.

Independent support for the presence of pep­
tide bonds in (III) is given by its cleavage with 
crystalline trypsin.

R eceived  D ecem ber  9, 1947

[Contribution  from the Western R egional R esearch  L aboratory1]

Phosphorylation of Proteins with Phosphoric Acid Containing Excess Phosphorus
Pentoxide

B y  R o b e r t  E. F e r r e l , H a r o l d  S. O l c o t t  a n d  H e in z  F r a e n k e l -C o n r a t

When proteins are treated with cold concen­
trated sulfuric acid, the principal reaction is a 
transformation of the aliphatic hydroxyl groups to 
half-esters of sulfuric acid.2»3 The present study 
was undertaken in order to determine whether 
analogous reactions occur when proteins are 
treated with phosphoric acid containing excess 
phosphorus pentoxide. Levene and Schormüller4 
had used such a reaction mixture for the prepara­
tion of o-phosphoric acid esters of serine, hydroxy- 
proline and serine anhydride in small yield, and 
Plimmer,5 using the same medium at elevated tem­
peratures, had duplicated their findings and also 
reported the preparation of ö-phosphoric acid 
esters of tyrosine, threonine and isoserine.

In general, the reaction was carried out by per­
mitting a mixture of the material to be treated and 
the phosphoric acid-phosphorus pentoxide re­
agent to stand for three days at room temperature 
in a dry atmosphere (desiccator). The product

(1) Bureau of Agricultural and Industrial Chemistry, Agricultural 
Research Administration, U. S. Department of Agriculture. Article 
not copyrighted.

(2) Reitz, Ferrel, Fraenkel-Conrat and Olcott, T h is  J o u r n a l , 68, 
1024 (1946).

(3) The product obtained from wheat gluten was gel-forming and 
appeared to have possible industrial significance (Reitz, Ferrel and 
Olcott, Ind. Eng. Chem., 36, 1149 (1944)).

(4) Levene and Schormüller, J. Biol. Chem., 105, 547 (1934); 
106, 595 (1934).

(5) Plimmer, Biochem. J., 35, 461 (1941).

was isolated by pouring the reaction mixture 
over cracked ice, neutralizing, and dialyzing, 
first against ion-free water, then against 10% 
sodium chloride, and finally against distilled water 
until free of inorganic phosphates. Recoveries 
ranged from 70 to 100% based upon nitrogen 
analyses. The extent of reaction was estimated 
from the phosphorus-to-nitrogen ratio of the 
product.

Of the many polar groups in proteins available 
for reaction, only the aliphatic hydroxyl groups of 
serine, threonine and hydroxyproline, and to some 
extent the aromatic hydroxyl group of tyrosine 
were found to bind phosphorus in a stable man­
ner.6

The basic groups and the peptide bonds, how­
ever, appear to be responsible for an additional 
amount of phosphate, retained during dialysis 
against water but liberated by high salt concentra­
tion. Part of the peptide bonds were labile to

(6) This specificity contrasts with the non-specific action of other 
phosphorylating agents which are known to react with amines, 
guanidyl compounds, etc., as well as with alcohols and phenols. 
Mayer and Heidelberger7 phosphorylated horse-serum albumin in 
alkaline solution with phosphorus oxychloride. The derivatives 
contained 2-3% phosphorus, approximately half of which was ac­
counted for by reaction with the amino groups. The reaction of egg 
albumin under similar conditions was described by Heidelberger, 
el a l .8

(7) Mayer and Heidelberger, T h is  J o u r n a l , 68 , 18 (1946).
(8) Heidelberger, Davis and Treffers, ibid., 63, 498 (1941).
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hydrolysis when the lightly bound phosphate was 
present.

A considerable part of the ester-bound phos­
phorus was present as metaphosphate.

Reactivity of the Aliphatic Hydroxyl Groups.— 
That the aliphatic hydroxyl groups of proteins 
and model polypeptides bind phosphorus is 
shown in Table I, in which the amount of phos­
phorus introduced is compared with the (3-hy- 
droxyamiiio acid content. There is, in general,

T a b l e  I

C o m p a r is o n  o f  S t a b l y - I n t r o d u c e d  P h o s p h o r u s  w it h  
t h e  A l i p h a t ic  H y d r o x y a m in o  A c id  C o n t e n t s  o f  

P r o t e in s  a n d  M o d e l  S u b s t a n c e s

Equivalents per 104 g. original 
material

Phos­
phorus
intro­ Sulfate sulfur

Hydroxy­
amino

duced® introduced & acids®

Sericin 35.8 37.7 37.7
7-Globulin 14.2 17.3 16.8
Gelatin 15.6 15.2 14.2“
Silk fibroin 16.5 16.9 1 2 .8
Isinglass 13.7 13.7 1 0 .2 “
Bovine serum albumin 9.6e 1 0 .0
Edestin 9 .6e 9.3
Insulin 8.2 7.9 6 . 1
Globin 6.0 5.2
Gramicidin 6.1 5.9 4.8
Gliadin 7.4 7.9 4.6
Polyglutamic acid 0 . 2 1 . 6
Polyglutamine 0.3 0 .7
Nylon 1 .2 * 0.5
Tyrosine-formaldehyde 0 .4

polymer
Polyglycine 0 , 8 0.5
Crystalline egg albumin 15.5s 13.6 1 0 .0
Ovomucoid 16.7f 17.5 7.6
Gluten (soluble fraction)9 15.8f 7.5  (wt. av.) 5.6
Gluten (insoluble frac- 8 .3 f

tion)9
a Calculated from the phosphorus-to-nitrogen ratio 

of the phosphorus derivative and the nitrogen content (dry- 
basis) of the original material. Equivalents phosphorus 
introduced per 104 g. of original material =  (% N (orig. 
material) P /N  (derivative) X 100)/14. 6 For compari­
son, the results of previously reported sulfation experi­
ments with cold concentrated sulfuric acid2 have been 
included. «These data have been reported previously.2 
The total ft-hydroxyamino acid content may be expected 
to be low by 10% because of the known sensitivity of 
serine to acid hydrolysis. Also, the method used for 
their determination yielded recoveries of ammonia cor­
responding to only about 90% of added serine or threonine. 
d The values 9.5 and 3.4 have been added for the hydroxy- 
proline content of gelatin and isinglass, respectively. 
e In these samples significant amounts (over 10%) of 
the products were insoluble. Only trace amounts of 
phosphorus were bound in the insoluble fraction and values 
given here are for the soluble portion. * These derivatives 
are listed out of the normal order of decreasing hydroxy­
amino acid content, since they are the proteins known to 
contain significant amounts of carbohydrate, 26%, 10%, 
and 3%, respectively, for ovomucoid, gluten, and egg 
albumin. The role of carbohydrates in the reaction is 
discussed in the text. 0 Yield, approximately 50% by 
weight.

good correlation between the two values, although 
materials treated ranged in /3-hydroxyamino acid 
content from sericin, which contains 37 equiva­
lents per 104 grams (38% serine), to synthetic 
polypeptides containing none. Further evidence 
for the reactivity of the hydroxyl groups was the 
considerable amount of phosphorus bound by 
polyvinyl alcohol (18%).

The large amounts of phosphorus introduced 
into gelatin and isinglass were evidence that the 
hydroxyl group of hydroxyproline was as available 
for phosphorylation as was that of serine and 
threonine.

I t  appears significant in this connection that 
those proteins that bound amounts of phosphorus 
in excess of the ^-hydroxyamino acids present were 
generally the same proteins that bound excess sul­
fate sulfur when treated with concentrated sulfuric 
acid (Table I).2 This result may be attributed to 
the presence of unknown amounts of hydroxypro­
line, other hydroxyamino acids, or carbohydrate in 
the proteins. Of these, only the amount of carbo­
hydrate can be determined with any degree of 
accuracy. The role of carbohydrate is illustrated 
by ovomucoid (26% carbohydrate), which after 
phosphorylation was found to contain phosphorus 
much in excess of the hydroxyl groups present as 
jS-hydroxyamino acids (16.7 equivalents P/104 g. 
as compared to 7.6 equivalents /^hydroxyamino 
acids).

Other Polar Groups.—The phenolic hydroxyl 
group appears to react to a limited extent only. 
Model experiments with tyrosine and ^-cresol 
showed that these phenols were phosphorylated 
to the extent of 38 and 60%, respectively, (as 
determined colorimetrically with the Folin phenol 
reagent), after treatment with the phosphoric 
acid-phosphorus pentoxide reagent. The original 
chromogenic value was restored by acid hydroly­
sis. Conversely, a tyrosine-formaldehyde poly­
mer9 containing free phenolic groups bound only 
trace amounts of phosphorus. The extent to 
which the phenolic groups of proteins participate 
in the reaction was difficult to evaluate. Both in­
sulin and silk fibroin bound phosphorus in excess of 
their known aliphatic hydroxyl groups. These 
same proteins had previously been found to bind 
similarly high amounts of sulfate upon treatment 
with concentrated sulfuric acid (Table I).2 In 
that case, however, model experiments with tyro­
sine suggested that almost no phenol sulfates were 
formed with the usual sulfation procedure but only 
sulfonates, which did not yield sulfate upon hy­
drolysis. That the extent of phosphorylation of 
the phenolic groups was small was suggested by 
colorimetric measurements (Folin) on intact phos­
phorylated insulin and untreated insulin, which 
were found to correspond to 8.5 and 9.0% of tyro­
sine, respectively. The corresponding value for 
the water-soluble phosphorylated silk fibroin was 
6.0% tyrosine, but the fibroin derivative could not

(9) Olcott, in preparation for press.
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be compared with the original protein because of 
the insolubility of the latter.10

That the sulfhydryl groups did not react was 
suggested by the observation that the chromo- 
genic activity (Folin uric acid reagent) of cysteine 
was not affected when this amino acid was exposed 
to the phosphorylating mixture. Confirming evi­
dence for the comparative non-reactivity of the 
sulfhydryl groups was obtained with phosphory­
lated egg albumin, which, when prepared with spe­
cial precautions11 gave a strongly positive sulf­
hydryl test in the presence of guanidine hydro­
chloride. Titration indicated that slightly over 
half of the sulfhydryl groups were still present.

The non-participation of the guanidyl group was 
indicated with edestin, which contains 9.6 equiva­
lents of guanidyl per 104 g. of protein. This pro­
tein bound phosphorus only to the extent of its 
hydroxyl groups (Table I) . Further evidence was 
obtained with methylguanidine sulfate. No phos­
phorus appeared to be bound by this compound. 
An attempt was made to use salmine sulfate (ap­
proximately 66% arginine) as a further model. 
Precipitation techniques had to be used for the iso­
lation of these reaction products. Although con­
siderable amounts of phosphorus in excess of its 
hydroxyl groups were found in reacted salmine, it 
was possible to show that this excess was due to 
salt-linked metaphosphoric acid rather than to pri­
mary ester linkages (see Experimental).

That the amino group did not participate in the 
reaction was shown with the tyrosine-formalde­
hyde polymer (5 %  free amino nitrogen)9 which 
bound almost no phosphate stably (see above). 
Further evidence was the fact that proteins rich in 
amino groups bound phosphorus only to the extent 
of their aliphatic hydroxyl groups, and showed un­
changed or slightly increased amino nitrogen 
values. (Bovine serum albumin gave amino ni­
trogen values of 7.2 and 8.7% of the total nitrogen, 
respectively, before and after treatment.)

That the carboxyl group and peptide bond did 
not contribute to the stable fixation of phosphorus 
was shown with polyglutamic acid, nylon, poly­
glutamine and polyglycine. The labile fixation of

(10) Dispersion of both the phosphorylated and intact silk fibroin 
(5 mg.) in saturated lithium  iodide (0.2 ml.) made a comparison 
possible by colorimetry im m ediately after dilution with water; 
but the accuracy of these analyses was small, since lithium  iodide 
markedly augmented the chromogenic value of the standard tyrosine 
solution. The results obtained with the known samples were 
corrected by this apparent excess tyrosine. The tyrosine contents 
found by this technique were 11.5 and 12.7% , respectively, for phos­
phorylated and unreacted silk fibroin.

(11) In the first preparation of phosphorylated egg albumin no 
sulfhydryl groups could be detected. I t  was suspected that this 
might be due to the oxidizability of sulfhydryl groups of the dena­
tured protein during prolonged dialysis in neutral solution. In an 
attem pt to eliminate this factor, the reaction was repeated in an at­
mosphere of carbon dioxide and m ost of the acid was removed by 
dialysis without neutralization. The com pletely insoluble product 
was washed free of inorganic phosphorus, frozen, and dried from the 
frozen state in  vacuo  over sodium hydroxide flakes. Ten mg. of phos­
phorylated protein required 0.3 to  0.4 micromole of ^-chloro mercuri- 
benzoate as compared with 0.7 to  0.8 for unreacted egg albumin for 
the abolishment, of the nitroprusside test.

phosphate by the peptide linkage will be discussed 
below.

The non-reactivity of the imidazole group was 
suggested by the fact that globin (approximately 
9% histidine) bound phosphorus only to the ex­
tent of its hydroxyl groups (Table I).

Evidence that the indole group did not bind 
phosphorus was obtained with gramicidin which, 
although it contains almost 40% tryptophan, 
bound amounts of phosphorus only slightly in ex­
cess of its content of hydroxyl groups.

Nature of the Phosphate Bound.—Levene and 
Schormüller4 and Plimmer5 had found tha t the 
hydroxyamino acid phosphates prepared by re­
action with phosphoric acid-phosphorus pentoxide 
reagent were acid esters of o-phosphoric acid. 
However, the phosphate bound in proteins and 
model systems appears to be a mixture of the meta 
and ortho and possibly other forms. Possibly the 
low yields obtained by these investigators were 
due to the presence of similar mixtures in the 
amino acid reaction products.

The first indication that the phosphate was not 
entirely in the ortho form was obtained from titra­
tion data (Table II). While synthetic mono­
esters of phosphoric acid and a phosphoprotein 
obtained from egg yolk12 required approximately 
2 equivalents of alkali for each equivalent of phos­
phorus present in order to bring a solution from 
p H  2 to p H  8, the phosphorylated proteins re­
quired only 0.7 to 1 equivalent of alkali under the 
same conditions.

T a b l e  I I

E q u iv a l e n t s  o f  A l k a l i  R e q u i r e d  t o  T i t r a t e  P h o s ­
p h o r y l a t e d  P r o t e in s  a n d  M o d e l  S u b s t a n c e s  f r o m  

pH  2.0 t o  pH  8.0V

Sample

E quivalents of 
alkali per 

equivalent of 
phosphorus

Phosphorylated polyvinyl alcohol 0.8
Phosphorylated gelatin 1.0*
Phosphorylated sericin 0 .76
Phosphorylated bovine serum albumin 0 .8 5
Phosvitind 1.9
Sodium pyrophosphate0 2.1
Mono ethyl orthophosphoric acid0 1.9
Dimethyl orthophosphoric acid0 1.0

° Titrations were performed in 0.1 M potassium chloride. 
b Corrected for the titration of the untreated material over 
the same range. c Commercial preparations. d See foot­
note 12.

These findings were supported by acid group 
analyses by a dye method.13 Orthophosphoric 
monoesters of proteins behave as dibasic acids in 
fixing 2 dye molecules, as was shown with the nat­
urally occurring phosphoprotein.12 In the arti­
ficial phosphoproteins, however, the acid group in­
crease due to phosphorylation corresponded to 
only about 70% of the phosphorus, if the latter is

(12) Phosvitin , a protein containing 10.3% phosphorus; M echam  
and O lcott, F ed . P r o c . ,  7, 173 (1948).

(13) Fraenkel-Conrat and Cooper, / ,  B io l .  C h e m . ,  154? 239 (1944),
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assumed to be present as the dibasic monoester 
(Table III). Therefore either most of the phos­
phorus introduced into proteins by this method 
must be present as the diester, or, more likely, a 
smaller fraction in an uncharged (presumably the 
meta ester) form.

Table III
A p p a r e n t  O r t h o p h o s p h a t e  C o n t e n t  o f  S o m e  P h o s ­
p h a t e  D e r i v a t iv e s  b y  A c id  G r o u p  D e t e r m in a t io n s

Equivalents per 104 g. original material

Sam ples
Phosphorylated bovin 

serum albumin 
Phosphorylated seri­

cin
Phosphorylated poly­

vinyl alcohol 
Phosvitin*

Acid groups 
Deriva- U n- In- 

tive  treated crease

Phosphorus
As

ortho Total
e-

28.8 14.6 14.2 7.1 9.1

59.8 15.5 44.3 22.2 32.2

107.0
89.0 5.4

107.0
83.6

53.5
41.8

127.0
39.0

a Since phosvitin (footnote 12) is a naturally occurring 
phosphoprotein, the value of 5.4 acid groups in the 
untreated material was obtained by a determination on a 
90% enzyme-dephosphorylated sample and correcting 
for the phosphorus still present. The other values for 
phosvitin are calculated on the basis of this dephosphoryl­
ated material.

T o  support this conclusion b y  elementary ana­
lytical means, polyvinyl alcohol, chosen as a 
simple model of a polyhydroxy compound, was 
phosphorylated. Complete analyses were ob­
tained on the product, isolated both as the sodium 
salt and as the free acid after electrodialysis. The 
results corresponded to the following empirical 
formulas (per vinyl u n it): C2H3.40P0.55Na0.379O2.27, 
C2H3.60P0.485O2.04*

The phosphorus content indicated that about 
half of the vinyl alcohol units had reacted. Since 
titration data have shown that a t p H  7.5 (sample 
neutralized to this p H )  the ortho fraction is 90%  
neutralized, i .  e.} C 2H3.2P04Nai.8, then the first 
analysis indicates that about one-fourth of the 
units contain orthophosphate (or the equivalent of 
pyrophosphate), one-third contain metaphos­
phate, and the rest are unreacted. The analysis 
of the electrodialyzed preparation indicates that 
about 8%  of the hydroxyl groups are orthophos­
phate esters and about 40%  are metaphosphate 
esters.

Salt-Labile Phosphorus.— The usual method 
of purifying protein derivatives b y  extensive 
dialysis was inadequate for phosphorylated pro­
teins, in that it yielded materials having some­
w hat variable phosphorus contents, usually 
much higher than was to be expected from the 0-  

hydroxyamino acid content of the material. In 
some cases phosphorus was found in model sub­
stances having no aliphatic hydroxyl groups (ny­
lon, polyglutamine, polyglycine and tyrosine- 
formaldehyde polymers). This phosphorus, how­
ever, was shown to be only loosely held, since it 
was readily removed by dialyzing the material for 
five days against 10%  sodium chloride (Table IV).

The results obtained with some model polypep­
tides (Table IV) suggested that the labile fixation 
of extra phosphorus might be due to the formation 
of salt linkages with the basic groups and to an 
unknown type of linkage at the peptide bond.

T a b l e  I V

E f f e c t  o f  H ig h  S a l t  C o n c e n t r a t io n s  u p o n  L a b i l e  
P h o s p h o r u s  B o u n d  b y  S o m e  P r o t e in s  a n d  M o d e l  

S y s t e m s *
Equivalents phosphorus/1 0 / 

g. original material

Edestin

Before salt 
treatment^

68

After salt 
treatment®

9.6
Sericin 41 35.8
Bovine-serum albumin 36 9.6
Polyglutamine 58 0.3
Nylon 56 1.2
Polyglycine 20 0 .8
Tyrosine-formaldehyde polymer 13 0.4

"Dialysis for five days against 10% sodium chloride. 
6 These values were not constant but varied markedly 
with various preparations. c Longer dialysis did not 
change these values significantly.

The participation of the peptide bonds was also 
suggested by Van Slyke amino nitrogen analyses 
on samples of phosphorylated bovine serum albu­
min. A preparation not exposed to salt dialysis 
(containing 36 phosphorus equivalents per 104 g.) 
seemed to contain more amino nitrogen (13.5% of 
the total nitrogen) than either the salt-dialyzed 
(8.8%) or the untreated protein (7.2%), even 
though no loss of nitrogen occurred during either 
type of dialysis. This finding could be interpreted 
as indicating that some peptide-phosphate bonds 
are labile to hydrolysis under the condition of the 
Van Slyke amino nitrogen analysis. Removal of 
the phosphate by salt dialysis restores the sta­
bility. The situation appears to be analogous to 
the lability toward dilute acid hydrolysis of pro­
teins that have been exposed to concentrated sul­
furic acid for several days.2 Removal of the 
labily-bound sulfate by techniques that do not in­
volve exposure to dilute acid avoids the hydroly­
sis. A plausible interpretation might be that 
phosphate or sulfate introduced on the peptide 
bond activates it in some manner so that under 
certain conditions the peptide bond is split con­
comitantly with the liberation of the inorganic 
acid.14

Stability of the Phosphate Bond.—A neutral 
solution of phosphorylated sericin was stable for 
four months a t 4°. The phosphate bond was also 
stable at p H  2.2 and p H  11.5 for twenty-four hours 
at room temperature (23-25°). Exposure of the 
derivatives to 0.1 N  hydrochloric acid and 0.1 N  
sodium hydroxide for twenty-four hours resulted

(14) Of interest in this respect is nylon, approxim ately 20% of 
which became water-soluble during the phosphorylation. This frac­
tion contained large am ounts of labily-bound phosphorus (Table IV ). 
Subsequent salt dialysis not only liberated the phosphorus but split 
enough of the peptide linkages so that a major portion of the nitrogen 
was lost through the dialysis membrane.
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in the liberation of 5-10%.and 20-40%, respec­
tively, of their phosphorus as orthophosphate, 
while incubation at 40° for twenty-four hours in 
1% (0.25 N )  sodium hydroxide caused the libera­
tion of 60-80% of their total phosphorus as in­
organic orthophosphate. Plimmer and Bayliss15 
and Rimington and Kay16 reported that naturally 
occurring phosphoproteins were completely de- 
phosphorylated in twenty-four hours at 37° by
0.25 N  sodium hydroxide. Conversely, Plimmer5 
reported that the hydroxyamino acid phosphate 
monoesters were completely stable to both N  
hydrochloric acid and N  sodium hydroxide at 37°.

Gel-Forming Property.—The neutral product 
of the reaction of wheat gluten with concentrated 
sulfuric acid possessed the property of absorbing 
large amounts of cold water rapidly to form 
gels.2»8 The insoluble product obtained from 
wheat gluten and the phosphoric acid-phosphorus 
pentoxide reagent was also gel-forming but the 
gels were weaker than those obtainable with sul­
furic acid. The hydration capacity3 (ratio of 
grams water absorbed per gram gluten product) of 
the phosphorylated material was about 100 com­
pared to 200-300 for gluten sulfates. Most of the 
products obtained from other proteins were soluble 
at neutrality. The insoluble fractions, except for 
those obtained from wheat gluten, did not form 
gels.

Specificity.—The observation that the phos­
phorylation procedure described here is even 
more specific for the hydroxyl groups of proteins 
than is sulfation with sulfuric acid suggested 
that the reagent might be useful for studying the 
role of the hydroxyl group in biologically-active 
proteins.17 However, the reaction conditions are 
more drastic, with the result that more hydrolysis 
and denaturation occur. In contrast to sulfated 
insulin, which retains the biological potency of 
the untreated protein,18 a phosphorylated insulin 
sample had decreased activity.19

Experimental
Materials.—Wheat gluten, gelatin, nylon molding 

powder and crystalline bovine serum albumin were com­
mercial products. Crystalline egg albumin was prepared 
by the method of Kekwick and Cannan.20 Sericin was 
prepared by the method of Rutherford and Harris.21 The 
silk fibroin preparation was that portion of the raw silk 
remaining after four successive treatments with hot water. 
The sample of gliadin was obtained from D. K. Mecham 
of this Laboratory, who prepared it by fractional precipi­
tation with alkali from dilute acid solution. Poly glutamic 
acid was obtained from a culture of a particular strain of 
Bacillus brevis by the method of Bovarnick.22 The poly­
amide was synthesized from the peptide and has been

(15) Plimmer and Bayliss, J . P h y s i o l . ,  33, 439 (1905-1906).
(16) Rimington and Kay, B io c h e m .  J . ,  20, 777 (1926).
(17) Olcott and Fraenkel-Conrat, C h e m .  R e v . ,  41, 151 (1947).
(18) Glendenning, Greenberg and Fraenkel-Conrat, J .  B io l .  

C h e m . ,  167, 125 (1947).
(19) Fraenkel-Conrat and Fraenkel-Conrat, unpublished.
(20) Kekwick and Cannan, B io c h e m .  J ., 30, 227 (1936).
(21) Rutherford and Harris, J.  R e s ea rch  N a t .  B u r .  S t a n d a r d s ,  24, 

415 (1940).
(22) Bovarnick, J. B io l .  C h e m . ,  145, 451 (1942).

characterized previously.23 Protamine (salmine) sulfate 
and insulin were kindly furnished by the Eli Lilly Com­
pany, isinglass by the Connaught Laboratories, gramicidin 
by the Wallerstein Company, and edestin by D. M. 
Greenberg of the University of California. The tyrosine- 
formaldehyde polymer used was obtained by heating tyro­
sine with formaldehyde in acid solution.9 The product 
contained approximately 5%  amino nitrogen, 6.7% total 
nitrogen.

Phosphorylation Procedure.—Preliminary experiments 
showed that the following method introduced maximal 
amounts of phosphorus into proteins: The reagent was
prepared by quickly weighing 75 g. of phosphorus pent­
oxide into a beaker containing 100 g. of 85% orthophos­
phoric acid and heating the mixture with stirring to dis­
solve. Ten grams of the cooled reagent was weighed 
into a small beaker24 and 100 mg. of finely ground protein 
was dusted in with stirring to obtain a smooth dispersion. 
The beaker was then placed in a desiccator over phos­
phorus pentoxide to react for three days at room tem­
perature.25 The reaction mixture was stirred several 
times during the first twenty-four hours to disperse any 
lumps formed. After seventy-two hours, the viscous 
reaction mixture was diluted by adding finely crushed ice 
with vigorous stirring. The diluted mixture was then 
poured over more cracked ice and neutralized (pH 7 .5- 
8.0) with 10 N  sodium hydroxide, with stirring to prevent 
local overheating. More ice was added as needed to main­
tain the temperature at 5-10°. The neutralized mixture 
was transferred to dialysis tubing and dialyzed against 
running demineralized water26 overnight and then against 
successive changes of distilled water until the dialysate 
had the same conductivity as distilled water. Some 
preparations were analyzed at this stage. Others were 
next concentrated to small volume by placing the dialyzing 
bags in a stream of warm air, and then dialyzing for five 
days against 10% sodium chloride solutions to remove all 
labile phosphorus. The solutions were dialyzed free of 
salts with distilled water, centrifuged to remove any in­
soluble material, frozen, and dried in vacuo from the 
frozen state. Soluble portions were either lyophilized 
or stored in the refrigerator after addition of a few drops 
of toluene to prevent bacterial action. The extent of 
reaction was estimated from phosphorus-to-nitrogen ratios .

Analytical Methods.—Nitrogen was determined by the 
Kj eldahl procedure. Total phosphorus was determined by 
the Allen27 method. Inorganic orthophosphate was 
determined by the method of Lowry and Lopez.28 Amino 
nitrogen was determined by the ninhydrin method of 
Harding and Maclean,29 and by the Van Slyke mano- 
metric procedure (fifteen minutes).30

(23) Fraenkel-Conrat, Cooper and Olcott, T his J o u r n a l , 67, 314  
(1945).

(24) I t  was found advisable to  use freshly prepared acid mixtures 
each tim e to prevent solidification during reaction. The com posi­
tion of such mixtures has recently been elucidated, Bell, cited by  
Audrieth and Hill, J .  C h e m .  E d . ,  25, 80 (1948). A commercial 
phosphoric acid preparation containing 83-84%  total phosphorus 
pentoxide is available under the nam e “phospholeum .” The prod­
ucts obtained with this reagent were m ostly insoluble (about 70% ). 
The insoluble fractions contained very little  phosphorus. The  
soluble fractions contained am ounts of phosphorus similar to those  
obtained with the reagent prepared as described above (78% phos­
phorus pentoxide).

(25) Lower percentages of phosphorus pentoxide caused less  
phosphorus to be bound. E levated  temperatures could not be used  
to shorten the reaction tim e because of extensive protein degradation  
and losses on dialysis. The use of even traces of organic so lven ts  
as extenders and aids to  dispersion of the protein led to  lower phos­
phorus contents.

(26) Tap water could not be used, since insoluble calcium  and  
magnesium phosphates were formed and m ost of the protein was 
rendered insoluble, com plicating further purification and analysis.

(27) Allen, B io c h e m .  J . ,  34, 858 (1940).
(28) Lowry and Lopez, J .  B io l .  C h e m . ,  162, 421 (1946).
(29) Harding and M aclean, i b i d . ,  24, 503 (1916).
(30) Van Slyke, i b i d . ,  83, 425 (1929).
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Tyrosine was determined colorimetrically by Herriott’s 
modification31 of the Folin method. Total acid groups 
were determined by a dye technique.13 Cysteine was 
determined with the Folin uric acid reagent,32 protein - 
SH groups were determined with p -chloromercuribenzo- 
ate33 using nitroprusside as an external indicator.

Treatment of Low-Molecular-Weight Materials.— 
Several amino acids and other materials with molecular 
sizes too small to permit separation by dialysis were 
used as model systems. In general, they were handled 
in one of two ways: by colorimetric analyses performed on 
the complete, diluted reaction mixture or by measure­
ments on the material isolated by precipitation techniques. 
Specific methods are cited below.

Phenols.—The reactivity of the aromatic hydroxyl 
group of tyrosine and p -cresol was ascertained as follows: 
100 mg. each of tyrosine and -cresol were treated for 
three days at room temperature with 10 g. of the phos­
phorylating reagent. Parallel controls (100 mg. each) 
were treated with 85% o-phosphoric acid. The reaction 
products were diluted with cracked ice and ice water and, 
in the case of tyrosine, were neutralized by the addition 
of the necessary amount of sodium hydroxide as calculated 
by titration of an aliquot to neutrality with brom thymol 
blue as an indicator. Tyrosine crystallized from the con­
trol solution. The diluted -cresol reaction mixture had 
oily droplets present, hence alkali was cautiously added 
until these droplets were in solution. An aliquot was then 
titrated to neutrality and the main solution adjusted with 
the calculated amount of alkali. Colorimetric measure­
ments on these solutions showed that the chromogenic val­
ues for phosphorylated tyrosine and ^-cresol were reduced 
by 38 and 60%, respectively, while that for the ^-cresol con­
trol (treated with 85% phosphoric acid) was not affected. 
Hydrolysis in 6 N  hydrochloric acid at 120-125° for 
eighteen hours regenerated the full chromogenic activity.

Cysteine.—-To ascertain whether the sulfhydryl group 
was phosphorylated, the amino acid cysteine was treated 
as follows: 100 mg. of cysteine hydrochloride was intro­
duced into 10 g. of the phosphoric acid-phosphorus pent­
oxide reagent and 100 mg. was introduced into 10 g. of 
85% orthophosphoric acid and run parallel as a control. 
The samples were allowed to react for three days at room 
temperature in a desiccator and then diluted with cracked 
ice and brought to a volume of 100 ml. with water. Nitro­
gen and cysteine exterminations on aliquots of these solu­
tions showed that the sulfhydryl group had not reacted.

Salmine Sulfate.—500 mg. of salmine sulfate was 
treated for three days with the regular phosphorylating 
mixture. Since it could not be dialyzed, the reaction mix­
ture was poured into cold acetone. The water-insoluble 
precipitate was repeatedly dissolved in M  sodium chloride 
and reprecipitated as an oil by addition of distilled water 
until there was no free phosphate in the supernatant 
fluid. The final material contained considerable quantities 
of phosphorus in excess of its hydroxyl groups (30.4 equiva­
lents as compared to 4.3 equivalents per 104 g.), not pres­
ent as free orthophosphate. However, indications were 
obtained that the phosphorus was present in a labile form, 
possibly as a salt of a metaphosphoric acid. That this 
explanation is a plausible one was shown with the ortho- 
and metaphosphoric acid salts of protamine. These 
were prepared by quantitatively removing the sulfate from 
solutions of protamine sulfate with the calculated equiva­
lent amount of barium hydroxide and neutralizing the 
resulting free ba^e with ortho- or metaphosphoric acids. 
The resultant orthophosphate salt showed solubility 
characteristics different from those of the treated material 
and all of its phosphorus could be determined as inorganic 
orthophosphate. Conversely, the meta salt had the same 
solubility characteristics and the same phosphorus content 
as the phosphorylated material, and its phosphorus could 
not be determined as inorganic orthophosphate.

(31) H arriott, J . Gen. Physiol., 19, 283 (1935).
(32) Anson, ibid., 24, 399 (1940).
(33) Hellermann, Chinard and Dietz, J . Biol. Chem., 147, 443 

(1943).

In the light of these findings it was necessary to ascer­
tain that the metaphosphate ion was quantitatively re­
moved from typical proteins by our technique of dialysis 
against salt solution. To this end the meta salt of bovine 
serum albumin was prepared by acidifying a solution of 
the protein to pH  3.0 with dilute metaphosphoric acid and 
separating the precipitate. The 3.3% phosphorus origin­
ally present was completely removed by salt dialysis.

Methylguanidine Sulfate.—A 500-mg. sample of 
methylguanidine sulfate was treated in the usual manner 
and isolated by diluting the reaction product with ap­
proximately 4 volumes of cold acetone and pouring this 
diluted mixture into sufficient saturated barium hydroxide 
solution to keep the final mixture alkaline to brom thymol 
blue. The precipitate was separated and washed three 
times by centrifugation. Carbon dioxide was bubbled 
through the combined supernatants to remove excess 
barium. The suspension was then filtered and concen­
trated to a small volume. The extent of reaction was 
measured^ by nitrogen, total phosphorus, and inorganic 
orthophosphate determinations. No bound phosphorus 
was present.

Serine and Threonine.—Although the isolation in low 
yields of the orthophosphate esters of serine and threonine 
has been reported,4’5 repeated attempts to obtain such 
preparations in a pure state, either by the methods previ­
ously described or by variations in the techniques of 
phosphorylation and isolation were unsatisfactory.

Titration Method.—The following titration method was 
used for the estimation of the amount of orthophosphoric 
acid monoester present in the phosphorylated proteins: 
A sample of the phosphorylated protein of suitable size 
to contain approximately 100 mg. original protein (calcu­
lated from nitrogen content) was placed in a 100-ml. 
beaker and water was added to give a volume of 18 ml. 
To prevent salt concentration changes from materially 
affecting the results, 2 ml. of M  potassium chloride was 
added to make the solution 0.1 M  with respect to salt. 
It was then adjusted with N  hydrochloric acid to pH 
2.0 as measured with a line-operated continuous-indicating 
pH meter. 0.1 N  sodium hydroxide was then added in 
0.20-ml. portions from a 5-ml. buret (graduated in 0.02 
ml.) and the pH  recorded after each addition. A titra­
tion blank was made in the same manner on an equal 
sample (based on nitrogen) of the untreated protein. 
Titration curves were prepared by plotting the equivalents 
of sodium hydroxide required per gram of original material 
against pH . The amount of alkali required to titrate from 
pH 2.0 to pH  8.0, as determined from the curve and cor­
rected for the titration blank value, was used to determine 
the molar ratio of sodium consumed to phosphorus pres­
ent. This value can be used then as an approximate meas­
ure of the amount of phosphorus present in the sample in 
the form of o-phosphoric acid monoester (for orthophos­
phate monoesters the theoretical value is 2.0). Sodium- 
to-phosphorus ratios for our preparations varied from 0.7 
to 1.0 (Table II).

Stability.—A solution of phosphorylated sericin was 
stored for four months at 4 ° with toluene present to prevent 
bacterial action. It was then dialyzed against three 
changes of distilled water. The phosphorus-to-nitrogen 
was the same as that of the original derivative.

Stability at pH  2.2 and 11.5 was determined by adding 
5 ml. of pH  2.2 citrate and pH  11.5 phosphate buffers13 
to 5-ml. samples of phosphorylated protein solutions and 
dialyzing the solutions against 100 ml. of the respective 
buffers for twenty-four hours at room temperature. The 
samples were then dialyzed against 10% sodium chloride 
for five days and finally against distilled water until the 
conductivity of the dialysate was equal to that of distilled 
water. Phosphorus-to-nitrogen ratios of the products 
permitted an estimate of the stability of the phosphate 
bonds.

Inorganic orthophosphate determinations were used to 
measure the extent of liberation of phosphorus in samples 
exposed to 0.1 N  or stronger acid and alkali, since these 
conditions caused marked protein degradation leading to 
low nitrogen recoveries upon dialysis. Solutions of the
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materials to be treated were introduced into 50-ml. 
Erlenmeyer flasks, and an equal volume of 0.2 N  hydro­
chloric acid, 0.2 N  sodium hydroxide, or 2% sodium 
hydroxide were added. The flasks were stoppered and 
held for twenty-four hours at room temperature in the 
case of the 0.1 N  acid and alkali and at 40° in the case of 
the 1% sodium hydroxide. The samples were then neu­
tralized with an equivalent amount of alkali or acid, and 
inorganic orthophosphate determinations were made on 
aliquots of the solutions.

The data obtained included only a part of the inorganic 
metaphosphate that may have been liberated. Control 
experiments with sodium metaphosphate indicated that 
0.1 N  sodium hydroxide and hydrochloric acid hydrolyzed 
only 11 and 22%, respectively, to orthophosphate at 23° 
in twenty-four hours; 28% was converted by 1% sodium 
hydroxide at 40 ° in the same length of time.

Summary
Proteins reacted with phosphoric acid contain­

ing excess phosphorus pentoxide (78% total phos­
phorus pentoxide) for three days a t room tem­
perature. After neutralization and dialysis, the 
products contained considerable amounts of phos­
phorus, much of which could be removed by di­
alysis against 10% sodium chloride solution. The 
remaining stably-bound phosphate was found to 
be present as esters of ortho- and metaphosphoric 
acids on the hydroxyl groups of the serine, threo­
nine, and hydroxyproline residues. Possibly part 
of the phenolic hydroxyl groups, but probably no 
other type of protein group, participate in the 
stable fixation of phosphate.

The stability of the protein phosphate bonds in 
neutral and dilute acid and alkaline solutions has 
been determined.
Albany 6, California Received January 28, 1948

[ Contribution from the Converse Memorial Laboratory of Harvard University]

The Structure of Strychnine. Formulation of the N e o  Bases
B y  R . B . W oodward a n d  W a r r e n  J . B r eh m

Some years ago we were led to the view that 
strychnine was best represented by the expression1 
(I), rather than that (II) generally accepted at that 
time.2 We considered i.e. : (i) that (I) was pref-

I II

erable on biogenetic grounds3; (ii) that (I) con­
tains the skeletons of the main products of the 
drastic degradation of strychnine, viz., tryptam- 
ine,4 carbazole5 and in particular, /3-collidine,4b 6 
while the last could be formed from (II) only by 
rearrangement; (iii) that in any event little direct 
evidence was available concerning the mode of 
attachment of N b to the carbazole ring.

Since we have recently been able to provide
(1) This structure was proposed and discussed a t length in the lec­

tures by the senior author on the Chemistry of N atural Products 
during the summer term  of 1944. I t  was discussed with Sir Robert 
Robinson in August of 1945, and since th a t time, investigations have 
been proceeding independently in the Oxford and Harvard Labora­
tories with the objective of final clarification of the structural situa­
tion. Professor Robinson has very generously kept us informed from 
time to time of the more im portant results of his program through 
private communications, and we in turn  have let him know of ours.

(2) Holmes and Robinson, J .  C h e m .  S oc . ,  6 03 (1939).
(3) Woodward, N a t u r e ,  in press.
(4) Kotake, P r o c . I m p .  A c a d .  T o k y o ,  12, 99 (1936); Clemo, J .  

C h e m .  S oc . ,  1695 (1936).
(5) Perkin and Robinson, J .  C h e m .  S o c . ,  305 (1910); Clemo, 

Perkin and Robinson, i b i d . ,  1589 (1927).
(6) Clemo and Metcalfe, i b i d . ,  1519 (1937); Oechsner de Con- 

inck, A n n .  c h im . ,  [5] 27, 507 (1882); B u l l .  soc.  c h im . ,  [2] 42, 102 
(1884).

evidence that the part structure (III) is present in 
the strychnine molecule,7 only one major barrier

III
has remained in the way of the final acceptance of 
the expression (I) for strychnine. I t  will be clear 
that many of the reactions of the alkaloid will be 
as readily interpretable on the basis of (I) as of
(II).8 On the other hand, the acceptance of (I) 
has definite consequences in respect to the formu­
lation of the neo series of strychnine derivatives, 
and the previous knowledge of the reactions of the 
neo bases has indicated strongly that these conse­
quences did not obtain. In this communication, 
we describe experiments which provide conclusive 
proof in favor of particular expressions for rele­
vant portions of the molecules of the neo bases, and 
show that the expressions derived are those to be 
expected if strychnine be formulated as (I).

The first of the neo bases, methoxymethyldi- 
hydro^ustrychnidine, C21H24ON (N CH3) (OCH3), 
was formed when strychnidine methosulfate was 
treated with methyl alcoholic potassium hydrox-

(7) Woodward, Brehm and Nelson, T h is  J o u r n a l , 69, 2250 
1947).

(8) A review of the enormous literature on the subject is ou t­
side the scope of th is paper. An outline of the  main facts is given 
in H enry’s “ P lan t Alkaloids” (Blakiston’s Son, 1939) and an ex­
cellent and very complete review by Professor H. L. Holmes will ap ­
pear in the first volume of the forthcoming series of monographs on 
alkaloids, to  be published by the Academic Press under the  general 
editorship of Dr. R. H. F. Manske.
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ide.9 On boiling with dilute acids, the methoxy 
group of the new base was lost, and a new quater­
nary salt, isomeric with the original strychnidin- 
ium derivative, was formed.910 The chloride of 
the new series, methyl weostrychnidinium chlo­
ride, lost methyl chloride on pyrolysis with the 
formation of fze^strychnidine, an isomer of strych- 
ni dine.9 10 Further, the methyl Tze^strychnidinium 
salts, on treatment with methyl alcoholic potassium 
hydroxide, were reconverted to the same methoxy- 
methyldihydro^eöstrychnidine from which they 
were formed.9-10* Subsequently, exactly parallel 
transformations were effected in the strychnine 
series,11 and the important observations were 
made that wetfstrychnidine10 and ^eostrychnine11 
could be reduced catalytically to dihydro deri­
vatives identical with those obtained by the hy­
drogenation, respectively, of strychnidine and 
strychnine.12

From these observations, it was clear that in the 
formation of the neo bases, no rearrangement of 
the carbon skeleton had occurred, and that the 
double bond of the normal series had migrated to 
a new position. Further, the cleavage of the qua­
ternary salts of both series, as well as the ready re­
constitution of the quaternary salts of the neo 
series, was explicable if the double bond present 
were assumed to be in the fi,y (i . e., allylic) posi­
tion with respect to the quaternary nitrogen atom, 
and the fundamental changes outlined above were 
formulated in this sense

1+
-N — C H 3

— C H V / C H 2

è „
I

normal salt

C H 30 ©

l
CH:

N — C H s  

CH2OCH3

H^ — N — CHs

CHsO e - c V / CIi2

C H 2

methoxymethyl 
neo base

neo salt

Support for this view was found in the relatively 
sluggish cyclization (to quaternary salts) of those

(9) Clemo, Perkin and Robinson, J .  C h e m . S o c . ,  1589 (1927).
(10) Achmatowicz, Perkin and Robinson, i b i d . ,  486(1932).
(11) Achmatowicz, Clemo and Perkin, i b i d . ,  767 (1932).
(12) N e o  bases have been prepared by other methods, of less struc­

tu ral in terest, but of more preparative value. Kotake and Yoko­
ham a ( S c i .  P a p e r s  I n s t .  P h y s .  C h e m . R e s .  T o k y o ,  31, 321 (1937)) 
isomerized strychnine to  weostrychnine by heating with selenium. 
Recently Robinson and Chakravarti ( J .  C h e m .  S o c . ,  78 (1947)) 
have confirmed K otake’s observation, and have shown th a t the 
strychnos alkaloids are smoothly converted to  the corresponding 
neo isomers when heated in xylene in the presence of Raney nickel. 
This elegant method makes the neo bases readily accessible in quan­
tity  for the  first time.

methoxymethyl derivatives in which the double 
bond had been saturated.13

The validity of this scheme was challenged by 
facts which emerged from the further study of 
methoxymethyldihydro77£0Strychnine. It was 
found that the latter was converted by perbenzoic 
acid in excellent yield, with addition of two oxygen 
atoms, to a neutral oxidation product (named 
methoxymethyk/kmtfdihydrostrychnone) contain­
ing a carbonyl group. It was clear that the new

substance contained the group -N &—CO-, and 
its formation was assumed to involve the 
change1314:

Cv I . C ' |
XCH----N — CHs XCO------------- N — CH3

/( L  yCHsOCHs ^ /COv yCH2OCH3
Q/  0 /  X Ch /

When methoxymethylr/zawndihydrostrychiione was 
reduced by the Clemmensen method, the oxygen 
atom of its carbonyl function appeared to be re­
placed by two hydrogen atoms, and a new sub­
stance, methoxymethykte^tfdihy drostry chnane, 
was formed, which on Kuhn-Roth oxidation gave 
one mole of acetic acid.15 This fact was explained 
by assuming that the new methylene group 
(C—CH2—C) appeared as acetic acid during the 
Kuhn-Roth procedure; the assumption was 
hardly tenable in view of the fact that no such 
change had been observed even in more likely 
cases.16 The simple inference from the above 
facts was that methoxymethykfomtfdihydro- 
strychnone contained an aldehyde group
^thus, —C—CHO — >---C—CH3̂ , and although
negative evidence was brought forward against 
that view,13 no really convincing formulation of 
the substance was advanced; the recent demon­
stration17 that the double bond in the neo series 
is adjacent to N b served only further to compound 
the difficulty of the matter.
We turn now to a consideration of the structure 

of the neo bases in the light of the new strychnine

IV V

(13) Reynolds and Robinson, J .  C h e m .  Soc . ,  936 (1935).
(14) Briggs and Robinson, i b i d . ,  590 (1934).
(15) Reynolds and Robinson, i b i d . ,  592 (1934).
(16) C f .  K uhn and L ’Orsa, Z .  a n g ew .  C h e m . ,  44, 852 (1931), who 

show th a t even the methylene groups of malonic acid and 5,5- 
dimethyldihydroresorcinol (dimedon), do not appear as acetic acid 
in the C-methyl determ ination.

(17) Briggs, Openshaw and Robinson, J .  C h e m . S o c . ,  903 (1946).
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formula (I). It may be deduced at once that only 
one likely position is available for the double bond 
in the neo series if (I) be accepted.18 Steric con- 
sidérations prohibit the placement of unsaturation 
at A14-21, A13-14, A14"15, or A15-*16, and no reason­
able path is available for the migration of a double 
bond from A21-22 to A8-13 or A17-18. Only A20-21 
remains, and on the basis of (I), #g0Strychnine 
must be represented as (IV).

If 72£0strychnine be (IV), the views outlined 
above in connection with the formation of the 
methoxymethyl derivatives must be abandoned. 
An alternate scheme is available in the following 
terms: (i) the double bond of the methyl strych- 
ninium salt (VI) migrates into juxtaposition with 
the quaternary nitrogen atom19 (cf. V II); (ii)

is!
—c —

1+
- N — C H 3

\ c / CH2

e
is| /  OCHs

- C L -
■CI+

—N—CHs 
I

20,

22CH

VI

\ 2cV CH
I

22CH2
I

VII
the double bond in the new position facilitates20

(18) The following numbering of the strychnine skeleton is used 
in the sequel, and we should like to propose th a t it be adopted gener­
ally. Following general practice contiguous rings are numbered 
consecutively; the particular choice adopted has the distinct 
menmonic advantage th a t the designations of rings, V, VI and VII 
are identical with the respective ring sizes. The atoms have then 
been numbered consecutively, beginning with ring I, etc.

(19) The change is formally analogous in some respects to the well-
I I I I 1 I I I

known Shift — C = C — CH— CO ---- >  — CH— C = C — CO,

since the carbon atom  of — CO bears a considerable formal charge. 
On the other hand, the first order conjugation effects present in the 
carbonyl system cannot be operative in the case described above, 
since = N + is saturated. However, i t  may not be doubted th a t the

I I *1 + _
positive charge in — C = C — C H — N =  will facilitate the first step 
in the process, viz., proton release from C*; the operation of the 
same effect is seen in the very ready elimination of hydrogen bro­
mide from BrCH2CH2N +(CH3)3 (Renshaw, T his Journal, 34, 1618 
(1912); Schmidt and Bode, A nn., 267, 311 (1892)).

(20) No relevant information is available for analogous simple un­
saturated systems. However, i t  is abundantly clear th a t in the case 
in which a phenyl group replaces the C.20-C.21 double bond of (V II), 
cleavage analogous to  th a t outlined above takes place with particu­
lar ease (von Braun and Seemann, Ber., 55, 3820 (1922); cf. Ann. 
Rep. Chem. Soc., 103 (1920) for collected references to v. Braun’s 
results). Cases strikingly analogous to  th a t discussed above were 
studied by Vorlander and Spreckels (Ber., 52, 309 (1919)), who showed 
th a t the change CöH bN +R3 -+• ~OEt — C6H5N R2 +  RO Et was 
readily brought about when the quaternary salt was heated with

a direct bimolecular cleavage reaction (Sn2) in­
volving attack by methoxide ion at C.18 (VII, ar­
rows) to give (V).21 The greater ease of reconsti­
tution of quaternary salts from the unsaturated; 
as compared with the saturated methoxymethyl 
derivatives must be attributed to the lowering of 
the basicity of N & in the former by the adjacent 
double bond. Thus the attack of N b on C.18, 
with release of methyl alcohol (VIII, arrows) will 
be more or less facile as a smaller or greater propor-

1 8 C— O CH 3 
H

VIII
tion of the molecules contain a proton attached to 
N \

Ample analogy is now available22 for the cleav-
I I I  I I i ^age —N—C = C ------ > —N —CO OC— by perben­

zoic acid, and if (V) be methoxymethyldihydrow00- 
strychnine, the expression (IX) must be accepted 
for methoxymethyk&awdihydrostrychnone. The 
facts hitherto available could only with the great­
est difficulty be so construed as to commend this

view. On the one hand it was necessary to assume 
that a formamide system survived boiling for 
twenty-eight hours with concentrated hydrochlo­
ric acid16 (in the Clemmensen reduction of the 
strychnone), as well as heating for four hours with 
concentrated methyl alcoholic barium hydroxide13
sodium ethoxide in ethanol for a few hours. F u rther, the  ease of 
these reactions has a sound basis in theory, in th a t  the  breaking of 
the C— N  bond will be facilitated as the environm ent of th e  nitrogen 
atom  is such th a t the la tte r more readily accepts the released electron 
pair. The low basicity of nitrogen atoms attached to  double 
bonds, and the ultraviolet absorption characteristics of such systems 
(cf. Bowden, Braude, Jones and Weedon, J . Chem. Soc., 50 (1946)) 
are attributable  to  the same effect, which has its origin in  th e  res-

I I I  I I I
onance — C = C — N ------*---------- C—C = N —

. .  © +
(21) There is no direct evidence bearing on the  point of a ttachm en t 

of the methoxyl group. I t  seems probable th a t  a bim olecular sub­
stitution reaction of the type outlined above would tak e  place most 
readily a t C.18, which is primary, and possibly otherwise less h in­
dered, than  the alternative position (C.16). In  any event, the point 
has no special relevance in connection with the dem onstration which 
follows.

(22) W itkop, private communication. Dr. W itkop has made 
available to us a proof copy of a communication by himself and 
Fiedler which was subm itted in 1946 for publication in the  Annalen; 
we have been unable to  determine whether it  has appeared. In  it  
the very smooth oxidation of a series of indole derivatives to  o- 
acylaminophenyl ketones by perbenzoic acid is described.

180 H O C H 3

N —C H 3
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(in the transformation of methoxymethyk/zarcö- 
dihydrostrychnane to the corresponding strych- 
nanic acid, by cleavage of the N a lactam link). 
On the other hand, the presence of the group

—C— CHs in the Glemmensen reduction product of
I

the strychnone suggested that the carbon} !̂ group 

of the latter was present as —C—CHO. The ob­

vious inference from these facts was that the neo
:\b

bases contained —N—C = C H — C and indeed, these,
I

C
taken with other considerations, led recently to 
the proposal of a strychnine formula (X) which 
permitted this feature23 (double bond at * in the 
neo series).

X

We have now subjected these substances to 
further study. Methoxy me thy kAa/zödihy dro -
strychnone was converted by ethyl mercaptan 
in the presence of hydrochloric and acetic
acids to the corresponding mercaptal = 0  — >■ 

C (S E t)2)* Removal of the mercapto groups 
by treatment in alcohol with Raney nickel
( __(^(SEt) 2 ___> __C H 2)  £ a v e  a  substance, C 2 3H 3 0-
O4N2, m. p. 136-139°, different from, but isomeric 
with methoxymethykfomodihydrostrychnane (m.

(23) Robinson, Nature, 159, 263 (1947). The supporting evidence 
involved the  form ation from the neo bases of oxidation products 
containing one additional oxygen atom  by the action of bromine and 
water. The products are basic, and contain a carbonyl group;

I
the change was assumed to be -—N— C = C H — C  >■

— N — C H — CO— C. In a still more recent note, Robinson and

C hakravarti (Nature, 160, 18 (1947)) indicate th a t the substances 
are aldehydes, and th a t a rearrangem ent accompanies their forma­
tion. The opinion is further expressed th a t while the new evidence 
does not exclude the structure (X) (presumably in view of the

c
I I I

possibility — N— C = C H — C ---- >■ — N — C— CHO), it re-

i  i
moves the necessity for its proposal in so far as the oxidation reac-

I I
tion is concerned (since — N— C H = C —■ is transformable with

rearrangem ent to - —N  OHC— C— ) . In these circumstances, 
I__________I

W a r r e n  J. B r e h m Vol. 70

p. 163°). The new 
—C— C H 3 group.

compound contained no

It is now clear that methoxymethyk/wmodihy-
C

drostrychnone contains the group C— C = 0 ,  and 
that the formation of methoxymethykfewtfdihy- 
drostrychnane24 must be accompanied by rear-

CH

X CH

1

'XCH CH► ' | I1 1 --- 5
C H « C H 2
\ /

OCH2
0

X I

1 1 
^ C H —O

X II

rangement. It is not difficult to envisage the na­
ture of this change. Thus, in the part structure
(XI), present in the strychnone, the opportunity 
exists for: (i) reductive cleavage of the ether
linkage in the reactive /3-position to a carbonyl 
group (this change may well proceed through 0- 
elimination, followed by reduction of the result­
ant «,/3-unsaturated carbonyl system) ; (ii) re­
duction of  c —o  to  CHOH- (iii) ether forma­
tion involving the two hydroxyl groups formed in 
(i) and (ii). The strychnane, then, contains the
part structure (XII), and the presence o f—C—CH3
no longer constitutes a problem.

We turned next to an examination of the nature 
of the amide function in methoxymethyk/m/zodi- 
hydrostrychnone. Since this compound undergoes 
deep-seated changes in the presence of acid or 
base, it seemed unlikely that the isolation or char­
acterization of simple hydrolysis products would 
be possible. (We attribute these changes to the 
presence of the labile system —C0CH2CH20 —, 
which can readily suffer elimination, with the 
formation of the very reactive grouping 
—COCH=CH2). Consequently, we studied the 
behavior with hydrolytic reagents of (a) methoxy- 
methyk&a^tfdihydrostrychnane, (b) desoxometh- 
oxymethykfomödihydrostrychnone, m. p. 136- 
139°, from the Raney nickel desulfurization (see
above), and (c) a dihydroderivative (_c==0 — >
__C H O H )) 111 • P- 225-226°, obtained by the cata­
lytic hydrogenation of the strychnone. As might 
have been expected from earlier work with the 
strychnane, none of these substances liberated for­
mic acid even on prolonged treatment with con­
centrated bases. On the other hand, each of them 
readily gave exactly one mole of formic acid on hy­
drolysis with 2N sulfuric acid. After hydrolysis of 
methoxymethykAa^tfdihydrostrychnane (C23H30-

Robinson and C hakravarti, as “ the best hypothesis to guide fu­
tu re  work,” revert to  the expression (I), which for some years has 
been under consideration independently in the Harvard and in the 
Oxford laboratories.

(24) Actually the new substance, m. p. 136—139°, now properly 
deserves this name, but the adoption of the change would create 
unnecessary confusion. Consequently, we propose the designation 
desoxomethoxymethylc/mwodihydrostrychnone for the new isomer.
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O4N2), the corresponding base, C22H30O3N, m. p. 
86-86.5° was isolated. In view of the special
circumstances vis-a-vis the stability o f_jJj_m
these substances, it was necessary to eliminate the 
possibility that the formic acid owed its origin to 
an acid-catalyzed rearrangement (e. g., of an a- 
hydroxy (or alkoxy) amide). This was done by 
formylating the above base, m. p. 85-86°, through 
treatment with anhydrous formic acid and acetic 
anhydride. The formylation product was identi­
cal in all respects with methoxymethyk&awdihy- 
drostrychnane.

These facts are explicable only if in all of these
compounds the presence of the group  n—CHO
be accepted. The marked resistance to alkaline 
cleavage must be attributed to steric hindrance of 
the approach of hydroxide ion (models indicate 
the plausibility of this view), while the stability 
under the strongly acid conditions of the Clem- 
mensen reduction is probably a consequence of 
the relatively low activity of water in highly acid 
and concentrated salt (in this case zinc chloride) 
solutions.25

Taken all together our new observations provide

conclusive proof of the presence o f____qh=C_C
in the neo bases; we may now assign with confi­
dence the structures (IV), (V), (IX), (XIII) and 
(XIV),21 respectively, to weostrychnine, methoxy- 
methyldihydroneostrychnine, methoxymethykfoz- 
wodihy drostry chnone, methoxymethykte^tfdihy- 
drostrychnane and desoxomethoxymethyk/wmo- 
dihydrostrychnone. Since these are precisely the 
expressions required by the structure (I) for

XIV

strychnine, it is clear that the last major barrier in 
the way of the acceptance of (I) has collapsed.

(25) In any event, the slowing down of amide hydrolysis as the 
acid concentration is increased beyond a certain point appears to be 
a general phenomenon. Cf. H am m ett, “ Physical Organic Chemis­
try ,” p. 365 (McGraw-Hill Book Co., Inc., 1940). Further it should 
be mentioned th a t the formamide link of the strychnane is not com­
pletely stable under the above conditions, since we have been able to 
isolate some of the base C22H30O3N2 from Clemmensen reduction re­
action-mixtures.

It is therefore now pertinent to examine the 
general situation in order to determine whether 
the formula (I) represents a necessary as well as a 
sufficient solution to the structural problem. We 
take as the basis for the structural discussion the 
expression (XV), which follows from (i) the pres­
ence in strychnine of an ^-substituted N-acylanil- 
ine system8; (ii) Robinson's deduction, from the 
Leuchs degradations, of the nature of ring III and 
of the presence of the chain —OCH2CH== at
C.1226; (iii) the presence of a dihydroindole sys­

tem, suggested by a number of independent lines 
of evidence,8 and definitely confirmed by our 
recent elucidation of the changes accompanying 
the formation of strychnone.7 We now examine 
evidence which necessitates the elaboration of 
three independent chains of atoms, each of which 
originates at 3NP and terminates at some atom of
(XV): (a) the nature of the changes involved in 
the formation of strychnone requires7 that in 
strychnine the 0 position of the dihydroindole 
ring be linked by a methine bridge to N 6; (b) the 
formation of tryptamine by the alkaline degrada­
tion of strychnine necessitates a chain of two car­
bon atoms between C.7 and N &. We make the 
reasonable assumption that this chain bears four 
hydrogen atoms27; (0) the results of the present

(26) Robinson, Proc. Roy. Soc. (London), 130, 431 (1931). The 
original dem onstration did no t include the placing of a  hydrogen 
atom a t C.8 but, subsequently, Briggs, Openshaw and Robinson 
(ref. 17, footnote, p. 903) deduced the  presence of th is feature through 
the formulation of one of the colorless benzal derivatives of the  (iso) 
strychnine series as an (11-) benzyl «-pyridone. F urther, the  form a­
tion of strychnone (ref. 7) requires a hydrogen atom  either a t  C.7 or 
C.8, and the lack of reactiv ity  toward bromine of diketonucidine 
(ref. 2) provides evidence against C.7. We reach a  sim ilar conclu­
sion through a consideration of certain changes in the vomicine series 
(part formulation of the  salts of the catalytic hydrogenation prod­
ucts from desoxyvomicidine, isovomicidine and dihydrodesoxyvomi- 
cidine (Wieland and Huisgen, A nn., 556, 161, 166 (1944)) as (A )-note

th a t the typical color reactions of the o-aminophenol system  are not 
given by these bases w ith oxidizing agents in weakly acid solution!).

17 18
(27) The presence of such a chain (—CH2CH2—) has been ac­

cepted generally (cf. ref. 8). No conclusive direct proof of th a t  
feature is available b u t i t  m ay be considered unlikely th a t  try p t­
amine (ref. 4) would be a product of degradative processes involving 
the scission of carbon-carbon bonds to  these positions. The pres­
ence of = C H z in dim ethyld^strychnidine D (Achmatowicz and 
Dybowski, J . Chem. Soc., 1483 (1938)) has also been p u t forward

18 |b
as evidence in support of the presence of — CH2—-N— in strych­
nine.
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paper demonstrate that strychnine contains
l&

—N—CII2—C—C, and it is further clear that in
C*

order to account for the formation of strychni­
ne nic acid, one of the starred carbon atoms must 
be identical with C.22 (see XV).28

These considerations extend the development of 
the partial structure of strychnine to (XVI). Now 
Prelog’s recent demonstration29 that ring VI is six-

CH2-----—CH2

XVI XVII
membered, from which a certain amount of am­
biguity is removed by our new results,30 necessi­
tates the incorporation of the two carbon atoms 
lacking from XVI in a chain bridging C.16 and
C.21. The resulting expression (XVII) can be 
elaborated in only two ways, viz., to (I) or to 
XVIII, and the latter is excluded in view of the 
formation from N-methyktewpseudostrychnine 
of a dibenzal derivative31 and by the failure of 
strychninonic acid to be attacked by bromine at 
the position a to the carbonyl group.32 It is now

(28) We have presented the situation in the above terms for this 
reason: Robinson (ref. 26) postulated the presence of the system

|& 22
—N—CH2—C—CH—  (identical with tha t derived above) on

c
the basis of interpretations of (a) the methoxylating cleavage of 
strychninium  salts, and (b) the formation of strychninonic acid. I t  
will be clear from the earlier sections of this paper th a t the considera­
tions involved in (a) m ust now be rejected, bu t the alternative now 
adopted yields the same p art structure. Beyond that, in our opin­
ion the interpretation of the form ation of strychninonic acid has not 
hitherto  been free of am biguity. Thus, th

I I I
—N —N — N

I I I
—CH —COH —COH

| | — |
CH CH COOH

e scheme

N
V CO

—CH —CH —COOH —COOH
is a  p r i o r i  in no wise less satisfactory than  th a t originally proposed by 
Robinson (the concom itant form ation of dihydrostrychninonic acid 
can also be encompassed). The results of the present work, however, 
perm it the unequivocal rejection of the alternative scheme.

(29) Prelog and Szpilfogel, H e lv .  C h im .  A c t a ,  28, 1669 (1946).
(30) Thus, the work of the Swiss workers indicated th a t s t r y c h ­

n i n o n i c  a c i d  contains a six (or seven) membered ring. The considera­
tions advanced in ref. 28 indicate th a t hitherto the possibility was 
definitely present th a t a five-membered ring in strychnine itself might 
be transform ed into a six-membered ring in strychninonic acid.

(31) Blount and Robinson, J .  C h e m .  S o c . ,  2305 (1932).
(32) Leuchs, B e r . ,  72, 1588 (1939); cf. also Robinson, ref. 2, and 

Leuchs and Grunow, B e r . ,  72, 679 (1939). The phenomenon is ex­
plicable on the basis of (I) through the steric blocking of enolization, 
which necessitates a double bond a t C.14-C.21. I t is worthy 
of note th a t pseudostrychnine does not form anhydro salts

( — C = N  +— ) for a sim ilar reason  ( A 16:"19 im p ossib le).

clear that (I) provides a unique solution to the 
structural problem.

|l7
-C—

—CH-

\ A n % /
I 13l

x o c h 2-
XIX

118
— c —

I
— N 1 9  

\  20 
/CH2

xcy
r/CH

On the other hand, it is necessary to examine 
the consequences of rejecting the one assumption27 
in the above demonstration for which unambigu­
ous experimental evidence is not available. In 
that event the structural argument is more com­
plicated, but in our opinion is equally conclusive. 
Thus, if the four hydrogen atoms at C.17 and C.18 
be omitted, it is first possible to show that

17 18
—C—C— cannot be co-extensive with either of 
the chains of (a) or (0), above, since: (i) if C.16 
were identical with either C.17 or C.18, pseudo­
strychnine must be a (potential) cyclopropanone 
or a-iminoketone, and these possibilities may 
safely be discarded; (ii) C.20 cannot be identical 
with C.18, since the latter must be contained in a 
five-membered ring, and it has been shown earlier 
that C.20 cannot be so situated.29*30 These con­
siderations lead to the part structure (XIX).

I 20 21
Now the chain —N—CII2C— must be part of a

19
six-(or seven)-membered ring29*30; this ring can­
not be constructed from the chain 21-20-19-16-7- 
17, nor by the interpolation of a bridge containing 
one or both of the carbon atoms lacking from 
(XIX) between C.21 and C.17, since in that event 
the formation and properties of strychninonic 
acid (and to a greater extent, the formation of the 
lactam of cunine carboxylic acid33) would be in­
explicable.34 Precisely the same circumstances 
bar construction of the necessary ring by the 
union of C.13 and C.21. Finally, the ring cannot 
be constructed by bridging C.21 and C.18 by a 
chain of two carbon atoms, since in that event, 
N-methyk/^tmo pseudo strychnine could not form a 
dibenzal derivative,31 and the stable (and conse­
quently five- or six-membered) N&-lactam ring of 
strychnone7 could not be accounted for. The 
only remaining possibility, viz., the interpolation 
of two carbon atoms, to one of which two hydro­
gen atoms must be attached,31 between C.16 and

(33) Holmes, Openshaw and Robinson, J .  C h e m .  S c v ., 908 (1946).
(34) Since the amide link is stabilized by the resonance

e 0> c= ^< —  0> c- <
amides do not form a t the bridgeheads of bicyclic systems which 
prohibit double bonds to the bridgehead atoms; further, were such an 
amide obtainable by indirect means, it  would be expected to open 
very readily and i r r e v e rs ib l y  to the corresponding amino acid. The 
situation is discussed in detail by one of us (R. B. W.) in Chapter 
XV of the forthcoming monograph on the chemistry of penicillin 
(Princeton University Press).
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C.21, leads to (XX). Now bonds between C.14 
and C.17 or C.18 are excluded by considerations 
already advanced.34 Only three possibilities re­
main; of these, the first is I, and those obtained 
by linking C.13 to C.17 or to C.18 are excluded 
by the fact that strychninonic acid is not at­
tacked by bromine at the position a to the car-

1 7  1 8

bonyl group,32 and by the failure of pseudostrych­
nine to form anhydro salts.35

We conclude that the structure (I) for strych­
nine is established.

Experimental
Methylstrychnine.—The method36 employing strych­

nine and dimethyl sulfate in the absence of a solvent was 
found to be superior to the alternate method involving 
preliminary isolation of pure crystalline strychnine metho- 
sulfate.37

M ethoxymethyldihy droweostrychnine (V).—Since, in 
our hands, both the yield and purity of, product were 
similar whether methylstrychnine was treated with meth­
anolic sodium methoxide or with sodium amalgam in 
methanol, 11 we favor the former method because of its 
greater simplicity.

In an early preparative attempt, before any material 
with the reported melting point of 143 0 had been obtained, 
there was isolated a white crystalline substance of m. p. 
115-117°. Subsequent to the successful preparation of 
material with the higher melting point, this material was 
recrystallized and gave material, m .p . 139-141 °, identical 
with the higher melting sample obtained directly from the 
reaction-mixture. Hence this is apparently a case of 
polymorphism.

Methoxymethyk/mwodihydrostrychnone (IX).—This
compound was prepared14 in almost quantitative yield by 
treating a boiling ethereal solution of methoxymethyldi- 
hydroweostrychnine (V) with perbenzoic acid in ether. 
Ten recrystallizations from ethyl acetate-ether and 
acetone-ether were required to obtain a sample melting 
at 189-191°. This is in accord with the observations of 
the original workers. However, material melting at about 
160° (after two recrystallizations from benzene-ligroin) 
was found to be suitable for use in subsequent reactions.

When (IX) was heated with concentrated sulfuric acid, 
carbon monoxide was detected in the evolved gases by the 
production of black metallic palladium from a neutral 
palladous chloride solution. Under the same conditions 
the gases from strychnine itself caused no reduction. 
Anal. Calcd. for C23H28O5N2: mol. wt., 412.5. Found 
(method of isothermal distillation) :38 433.

M ethoxymethyk/jawodihydrostrychnone Semicarba­
zone.—Methoxymethyk&aTmdihydrostrychnone (IX) (2.0 
g .) , dissolved in the minimum amount of hot water (steam- 
bath), was treated with an aqueous solution of 2.0 g. of 
semicarbazide hydrochloride followed by 3.0 g. of an­

(35) L eu ch s, G runow  and  T essm ar, B e r . ,  70, 1701 (1937). Cf. 
also ref. 32.

(36) C lem o, P erk in  and R o b in so n , J . Chem. Soc., 1624 (1927).
(37) C lem o, Perk in  and R ob in son , ibid., 1599 (1927).
(38) Clark, “Semimicro Quantitative Organic Analysis,” Aca­

demic Press, Mew York, N. Y,, 1943, p. 78.

hydrous sodium acetate. After heating for one hour the 
solution was concentrated in vacuo; a yellowish gum 
precipitated. After a week crystals appeared, 0.65 g., 
m. p. 238-242°. After recrystallization from methanol 
the white needles melted at 242-244° (dec.). Anal. 
Calcd. for C24H31O5N5* C, 61.30; H, 6.60; N, 14.90. 
Found: C, 61.33; H, 6.70; N, 14.40.

Methoxymethyk^/zfldihydrostrychnol.—Methoxymeth - 
yk/wmödihydrostrychnone (IX) (Ö.995 g.) was dissolved 
in 75 cc. of ethanol and was stirred with 0.04 g. of pre- 
reduced Adams catalyst in an atmosphere of hydrogen. 
In twenty-four hours only 13.5 cc. of hydrogen was ab­
sorbed. After addition of 0.25 g. of pre-reduced catalyst
42.7 cc. of hydrogen was consumed in eleven hours, fol­
lowed by 6.2  cc. in four hours (theoretical consumption, 
54 cc.). The solution was filtered through charcoal and 
concentrated in vacuo. When the concentrated solution 
was diluted with ether, crystallization occurred; 0.67 g. 
of white crystals, m. p. 223-226°. After two recrystal­
lizations from ethanol-ether, 0.41 g. of short white needles, 
m. p. 225.5-226.5°, were obtained. Anal. Calcd. for 
C23H30O5N2: C, 66.64; H, 7.30; N, 6.76. Found: C, 
66.37; H, 7.30; N ,6.73.

When a repetition of this preparation was attempted on 
a larger scale using a more concentrated ethanolic solution, 
a larger excess of hydrogen was consumed and only an 
amorphous product was obtained. This would not 
crystallize under the conditions described above even with 
seeding. Similarly, none of the eluted fractions from a 
chromatographic adsorption of this material could be made 
to crystallize.

M ethoxymethylcfoiTmdihydrostrychnone Diethylmer - 
captal.—Methoxymethyk/fcmodihydrostrychnone (IX )
(4.12 g.), dissolved in 30 cc. of glacial acetic acid and 0.3 
cc. of concentrated hydrochloric acid and cooled in ice, 
was treated with 4.4 g. of ethyl mercaptan. After stand­
ing in the refrigerator for three days the volatile materials 
were removed in vacuo. The yellowish oily residue crystal - 
lized to a pasty mass on standing. After crystallization 
from ethanol there was 2.6 g., m. p. 177-181°. After 
recrystallizations from benzene-ligroin, carbon tetra­
chloride and ethanol the white prisms melted at 183- 
184.5°. Anal. Calcd. for C27H3804N2S2: C, 62.51; H, 
7.38; N, 5.40; S, 12.36. Found: C, 61.83; H, 7.64; N, 
5.21; S, 12.35.

Desoxomethoxymethyk&a/mdihydrostrychnone (XIV). 
—About 5 g. of Raney nickel, suspended in 50 cc. of 
ethanol, was added to a boiling solution of 0.25 g. of 
methoxymethykfowodihydrostrychnone diethylmercaptal 
in 50 cc. of ethanol. The reaction-mixture was boiled for 
thirty minutes and the nickel was filtered off and washed 
with fresh ethanol. When the solvent had been removed 
in an air stream on the steam-bath the residue weighed 
0.13 g. This was dissolved in benzene and the solution 
diluted with ligroin. On standing, rosettes of crystals ap­
peared, 100 mg., m. p. 140-143°. The melting point of 
a mixture with methoxymethyk^üw<?dihydrostrychnane 
(XIII) was 129-131°. After recrystallizations from ben­
zene-ligroin the white prisms melted at 136-139°. Anal. 
Calcd. for C23H3o0 4N2: C, 69.32; H, 7.59; N ,7 .03; C— 
CH3,0 .0 . Found: C, 69.73; H, 7.73; N, 6.73; C—CH3,
0 .12.

M ethoxymethyk/kwö dihy drostrychnane (XIII).—This 
material was prepared as reported15 by the Clemmensen 
reduction of methoxymethyk/mwodihydrostryehnone (IX ). 
By strict adherence to the published procedure the re­
ported yield was never obtained although the preparation 
was repeated many times (from 10 g. of IX  yields were 
0.2-0.9 g. instead of 3.5 g .) . Better yields were obtained 
when the period of heating was shortened to five hours or 
when mechanical stirring of the reaction mixture was em­
ployed (1.0 and 1.9 g., respectively). However, in these 
cases, the reported difficulty in purification was observed. 
This had not been previously encountered in the reactions 
which gave lower yields. Anal. Calcd. for C23H3o0 4N2: 
C— CHS, 6 .8 . Found: C—CHS, 6 .1 , 6.0.

The acidic mother liquor from the Clemmensen reduc­
tion of 6.0 g. of methoxy raethyk/wmtfdihydrostrychnone



2114 R . B. W oodward and W a rren  J .  B reh m Vol. 70

Volume (in cc.) of 0.0137 N  alkali consumed
No. of

Compound Amount
1st

fraction
2nd

fraction Total
N—CHO 
groups

N-Formylpenicillamine 0.0737 mmole. (13.0 mg.) 3.56 1.18 4.85 (4 fractions) 0.91
MethoxymethykAcwödihydro- 0.0397 mmole. (15.8 mg.) 0.14*

strychnane (XIII)
Desoxomethoxymethykfomtfdihydro- 0.0482 mmole. (19.2 mg.) 0.14 0.14 0.79 (5 fractions) 0.22

slrychiioiie (XIV)
MethoxymethykMwtfdihydro- 0.0487 mmole. (20.2 mg.) 0.27 0.38 3.05 (9 fractions) 0.86

strychnol
D esoxomethoxy met hy Man odihy dr o- 0.0461 mmole. (18.4 mg.) 0.256 0.34 2.39 (7 fractions) 0.71

strychnone (XIV)
° Here the amount of base consumed by the first fraction was so small that extra acid was added, and the solution re­

fluxed for a while so as to bring about acidic hydrolysis of the amide linkage. b In this determination the hydrolysis mix­
ture was refluxed overnight before acidification and distillation.

Volume (in cc.) of 0.0137 N  alkali consumed 

1st 2nd
No. of 

N—CHO
Compound Amount fraction fraction Total groups

Desoxomethoxymethyk/wmodihydro- 
strychnone (XIV)

0.0446 mmole. (18.0 mg.) 1.53 0.65 3.23 (4 fractions) 0.99

Methoxymethykfomodihydro- 
strychnane (XIII)

0.0479 mmole. (19.1 mg.) 2.07 0.85 3.45 (6 fractions) 0.99

Methoxymethyk/kwodihy dro- 
strychnol

0.0397 mmole. (15.8 mg.) 1.91 0.86 3.06 (4 fractions) 1.03

Methoxymethyk&GWodihydro- 
strychnone (IX)

0.0514 mmole. (21.2 mg.) 1.73 0.95 3.08 (4 fractions)® 0.56

* In this determination 0.00937 A  alkali was used.

(IX) (after extraction of the desired product (XIII) with 
chloroform) was poured into excess concentrated am­
monium hydroxide and extracted continuously with 300 cc. 
of ether. On evaporation the ether solution was found 
to contain 2.4 g. of orange-brown oil. In benzene solu­
tion this was chromatographed over alumina. Fractional 
elution with various solvents gave: (1) benzene, 0.67 g.; 
(2) benzene-ether (1:1), 0.37 g.; (3) ether, 0.20 g.;
(4) methanol-ether (1:1), 1.09 g .; (5) methanol, 0.06
g.; (6) methanol-water (1:1), 0.10 g. None of these
eluates was crystalline. On treating ethanolic solutions 
of fractions 2, 3 and 4 with an ethanolic solution of picric 
acid there was obtained a crystalline picrate, 0.55 g.; 
after recrystallizations from benzene and ethanol, 0.14 
g., m. p. 174-177°. This showed no depression on mixed 
melting point determination with the picrate of desfor- 
mylmethoxymethylAtmodihydrostrychnane (see below).

D esf ormylmethoxymethyk&üwödihy drostrychnane .— 
Methoxymethyk/zawodihydrostrychnane (XIII) (0.25 
g.) was refluxed for five hours with 15 cc. of 3 A  sulfuric 
acid. After cooling, the solution was extracted with 
chloroform to remove any unchanged starting material. 
The aqueous solution was made basic with 10 cc. of con­
centrated ammonium hydroxide, causing the precipitation 
of a whitish oil. This was extracted with chloroform. 
The second chloroform extract was dried over sodium 
sulfate and evaporated to dryness. The residual red oil 
was boiled with ligroin (b. p. 70-90°). After concen­
trating the ligroin solution crystallization was induced 
by cooling in Dry Ice and scratching the sides of the vessel 
with a glass rod. However, this material was still gummy, 
and it was found better to remove all the ligroin, dissolve 
the oil in ethanol and treat the solution with picric acid 
in ethanol. This gave 0.11 g. of picrate, m. p. 172.5- 
174°. After recrystallizations from benzene and ethanol 
the bright yellow wooly needles melted at 176-178°. 
Anal. Calcd. for CssHasOwN*: C, 56.09; H, 5.55; N, 
11.68. Found: C, 55.91; H ,5.86; N, 11.92.

The picrate was suspended in benzene and extracted 
with dilute ammonium hydroxide. The benzene solution 
on evaporation gave 60 mg. of colorless oil. This was 
crystallized from ligroin, 50 mg., m .p . 84.8-86°. After 
recrystallization from ligroin the white needles melted at

86.0-86.6°. Anal. Calcd. for C22H3o03N2: C, 71.32;
H, 8.16; N, 7.56. Found: C, 70.80; H, 8.08; N, 7.66.

When 40 mg. of this base was warmed with 2 cc. of 2 A  
perchloric acid, a crystalline perchlorate precipitated on 
cooling, 40 mg., m .p . 195-201°. After recrystallization 
from absolute ethanol, the white needles melted at 244.5- 
245.5°. Anal. Calcd. for C22H3i07N2Cl: C, 56.10; H, 
6.64; N, 5.95; Cl, 7.53. Found: C, 56.58; H, 6.86; N, 
6.05; Cl, 7.29.

Formylation of DesformylmethoxymethykAawodihy- 
drostrychnane. — D esf ormylmethoxymethyk/mwodihy dro­
strychnane (40 mg., m .p . 83-84°) was dissolved in 10 cc. 
of anhydrous formic acid39 and 4 cc. of acetic anhydride. 
After refluxing for fourteen hours the volatile materials 
were removed in vacuo, and the residue was dissolved in 
benzene. The benzene solution was twice extracted with 
dilute hydrochloric acid and then with water. After 
drying over sodium sulfate the benzene was evaporated 
leaving a tan-colored oily residue, 10 mg. This was dis­
solved in a little benzene, treated with charcoal, filtered 
and diluted with petroleum ether (b. p. 30-60°). On 
standing the cloudy solution deposited rosette-shaped 
clumps of crystals, m. p. 160-161.5° after washing with 
fresh petroleum ether. A sample, mixed with some 
methoxymethyk^awodihydrostrychnane of m. p. 163- 
164.5°, had a melting point of 161-162°.

An earlier attempt to effect this reaction omitting the 
use of acetic anhydride resulted in the isolation only of 
unchanged starting material.

N-Formyl Determinations.—About 20 mg. of the 
compound to be analyzed was refluxed for one hour with 
2 cc. of reagent grade methanol, 1 cc. of 5 A  sodium 
hydroxide and 2 cc. of water. The mixture was diluted 
with 5 cc. of water and the methanol distilled off. After 
acidification with 1 cc. of 33% sulfuric acid distillation 
was continued, and the volatile acid in the distillate deter­
mined by titration with standard alkali. The distillate 
was collected in 20-cc. fractions, water being added to the 
reaction-mixture at intervals to maintain its volume. 
These fractions were titrated separately, and the process 
continued until there was detected only a small constant

(39) Lorin, Bull. soc. chim., [2] 5 ,  10 (1866).
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quantity of volatile acid consistent with that obtained 
from a blank determination.

The small volume of acid in the first fraction, and the 
constancy of the amount in successive fractions of distillate, 
led to the conclusion that hydrolysis of the amide linkage 
was occurring at the same time as the acid produced was 
being distilled.

When acidic hydrolysis was employed the sample was 
refluxed for two hours with 2 N  sulfuric acid before dis­
tillation was started. Here again the collection of frac­
tions of distillate was continued until they contained 
constant amounts of volatile acid of the same size as was 
found in a blank determination.

Summary
It has been shown that the neo bases derived 

from the strychnos alkaloids contain the part 
C

|& Istructure —N—C H =C —C. This demonstration

resolves previous difficulties in the way of the ac­
ceptance of the structure (I) for strychnine. The 
general situation has now advanced to the point at 
which it is conclusive in favor of the expression 
(I), and the structure of the major strychnos alka­
loids is regarded as established.

C a m b r id g e , M a s s . R e c e iv e d  J a n u a r y  28, 1948

[C o n t r ib u t io n  N o . 232 f r o m  t h e  C h e m ic a l  D e p a r t m e n t , E x p e r im e n t a l  S t a t io n , E. I .  d u  P o n t  d e  N e m o u r s  &  Co.
I n c .]

Chemical Reactions of Caprolactam
B y  R ichard  E . B e n so n  and  T h eo do re  L. C a ir n s

This paper reports the results of a general in­
vestigation of the chemistry of caprolactam with 
emphasis on the O-alkyl imino ethers and their 
reactions, and on nitrogen-substituted derivatives 
obtainable by alkylation and acylation. The 
general reactivity of caprolactam parallels that of 
related open-chain amides but several unusual 
transformations were observed and some discrep­
ancies in the literature were clarified.

The preparation of O-methylcaprolactim (1) was 
accomplished by the direct action of dimethyl sul­
fate on caprolactam in benzene solution.la Dur-

(CH2)
C—OR

I, R = CH3 
II, R = C2H5

ing this preparative work, it was noticed that the 
proportion of N-methylcaprolactam formed along 
with the O-methylcaprolactim increased as the 
scale of the preparation was increased and that, 
in particular, the amount of N-methyl derivative 
formed was very much greater when all the di­
methyl sulfate was added at once compared with 
the amount formed when a gradual addition over 
a long period of time was used. These observa­
tions lead to the hypothesis that dimethyl sulfate 
reacts with I to convert it to N-methylcaprolac­
tam as shown in the equation
I  +  (C H 3) 2S 0 4 ■

(C H 2) 5
-C—OCH3I

- N — CHs
o s o 3c h 3~

(1) (a) Schlack, U. S. P atent 2,356,622. Other methods for the 
preparation of this and related imino ethers may be found in (b) 
French P aten t 673,628; Schmidt and Zutavern, German Patents 
532,969 and 531,403.

(CH2)5 I . +  (CH3)2S 0 4
^ N —CH3

That this may actually be the case is demon­
strated by the fact that treatment of O-methyl­
caprolactim in benzene solution with 0.1 mole 
equivalent of dimethyl sulfate brought about its 
conversion to N-methylcaprolactam in 80% yield. 
In addition, the action of excess dimethyl sulfate 
on the lactam gave the N-methyl derivative in 
70% yield. The report2 that the interaction of 
dimethyl sulfate and caprolactam leads only to the 
N-methyl derivative may well be accounted for 
by the assumption that a slight excess of the al­
kylating agent was used. O-Ethylcaprolactim
(II)lb was prepared in an analogous fashion. It 
was found that heating caused rearrangement of 
both I and II to the corresponding N-alkyl com­
pounds in a manner similar to that reported for 
open-chain imino ethers.3

O-Methylcaprolactim was found to be a water- 
insoluble basic material that could be converted 
by the action of boiling water into a mixture of 
caprolactam and €-aminocaproic acid. Treat­
ment of the imino ether with amines led to the 
corresponding amidines; these are listed in Table
I. In the case of the unsubstituted amidine it 
was found that the action of ammonia on the 
imino ether was not a satisfactory preparative 
method, while the use of ammonium chloride 
readily yielded the desired amidine as the hydro­
chloride, in accord with the experience of Knorr4

(2) Prochazka, Chem. Listy, 37, 208 (1943); C. A . ,  40, 2113 
(1946).

(3) Chapman, J . Chem. Soc., 1992 (1925).
(4) Knorr, Ber., 50, 229 (1917).
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T a b l e  I

A m i d i n e s  P r e p a r e d  b y  t h e  C o n d e n s a t io n  o f  O -M e t h y l c a p r o l a c t im  w it h  A m i n e s
/

(CH2)5<V

H
C—N—R
ii

■N
-Analyses, %-

Product, R  =
Yield,

%
M. p., 
°C.° Conditions Formula

Calculated 
C H  N C 6

Found
H& N&

— CeidUOCHj-o 83 86—8ort 175°, 3 hours - X T - A L A 71 52 8.31 12.83 71.70 8.66 12.98
— CeH4Cl-o 45 126-128d 190°, 3.5 hours Ci2H ibN 2C1 64.71 6.79 12.58 64.13 6.88 12.26

1 ml. 10% KOH (Cl, 15.92) (Cl, 16.4)
36 129—130d 100-110°, 65 hours C12H22N2 74.17 11.41 14.42 74.21 11.54 14.62

—-C18H 37e 85 7 3 -7 4 ' 165°, 4 hours C24H48N2 79.05 13.27 7.68 79.05 12.67 6.72
88 103.5-104.5h Steam-bath 0.5 hour

H
— N — Cs.

11 > (C H 2)5i 50 125.5-126.5<* Steam-bath 0.5 hour

H
— (CH 2)6N—-Cs

1! > (C H .).J
ISr

78 160-160.5h Methyl alcohol, steam-bath, 
17 hr.

C18H34N4 70.54 11.18 18.28 70.37 11.22 18.31

— H H C 1 85 159.5-160.5* N H4CI, abs. E tO H , room C6H i3N 2C1 48.48 8.82 18.85 48.35 8.70 18.80
temp., 3 days (Cl, 23.85) (Cl, 23.6)

a The in. p. values are uncorrected. b Average of two determinations. c From hexane-ether. d From acetone. 
e Oxalate salt, m. p. 105.5-107°, from ethanol. Anal. Calcd. for C24H48N2-C2H204: C, 68.68; H, 11.08; N, 6.16. 
Found: C, 68.56; H, 10.83; N, 6.82. f From ether. 9 Lit.5 m. p. 112°. h From benzene. i Lit.11 m. p. 126°. ^Prep­
aration described,1® but not isolated or characterized. k From absolute ethanol-ether.

with acetamidine. The hydrogenation of O- 
methylcaprolactim over Raney nickel, ruthenium 
oxide, or barium-copper chromite catalyst yielded 
hexamethylenimine, while the use of platinum 
gave the amidine derived from interaction of the
O-ether and hexamethylenimine.

In addition to N-methyl- and N-ethylcaprolac- 
tam, it was found that other nitrogen-substituted 
derivat’ '.s could be prepared from caprolactam 
by th following types of reactions: (1) addition 
to active unsaturated compounds, (2) reaction 
with formaldehyde, and (3) reaction with acid 
anhydrides. Treatment of caprolactam with acry­
lonitrile gave the corresponding N-jö-cyanoethyl 
derivative (III),6 and 2,5-dihydro thiophene-1- 
dioxide gave an analogous product IV.

(CH2)5 [
R

III, R *  — CH2CH2CN VI, — CH2—S— c2h 5
IV, — CH—CH2

i::H2 CH2
\ /

s o 2
V, —CH2OH

IX, — c — C6H4--COOHro
II
o

The N-methylol derivative V was obtained by the 
action of formaldehyde on caprolactam. Com­
pound V with mercaptans, such as ethyl mercap­
tan and 2-mercaptobenzothiazole, yielded the cor­
responding alkylthiomethyl derivatives VI and 
VII. Refluxing caprolactam with acetic anhy-

(5) Stolte, Ber., 63B, 1032 (1930).
(6) This compound is mentioned in Office of Publication Board 

Report 693 bu t no experimental details areqpveo.

dride formed N-acetylcaprolactam (VIII) as re­
ported by Prochazka.2 The structure of the prod­
uct obtained by Prochazka2 from caprolactam 
and phthalic anhydride is not clear, but it was 
apparently regarded as the bisamide from two 
moles of caprolactam and one mole of the anhy­
dride. Such a formulation is at variance with a 
German report7 which states that the compound 
is the monoamide, N-(0-carboxybenzoyl)-capro­
lactam (IX), and that the bisamide could not be 
formed. In our work only the monoamide IX was 
obtained.

Hydrolysis of N-methylcaprolactam with con­
centrated hydrochloric acid has been reported by 
Ruzicka8 to give the expected N-methyl-e-amino- 
eaproic acid, in. p. 130-131°, while the use of 10% 
sulfuric acid has been reported by Lukes and 
Smolek9 to form N-methyl- n-aminocaproic acid, 
m. p. 66°. We have repeated the work of Lukes 
and Smolek and obtained a compound melting 
at 66—67° which has been shown conclusively to 
be the dihydrate of N-methyl-e-aminocaproic acid 
and not the a-amino derivative. In view of the 
fact that the analytical data reported by Lukes 
and Smolek are correct for the free amino acid and, 
not the dihydrate, it is believed that the water of 
hydration was lost during drying of their sample 
for analysis and that they failed to observe the 
change in melting point which accompanies this 
dehydration.

Experimental
O-Methylcaprolactim (I).—A modification of the pro­

cedure given in the literature1® gave increased yields on 
large runs. To a refluxing, stirred solution of 678 g. (6 
moles) of caprolactam10 in 21. of benzene was added 569 ml.

(7) Office of Publication Board Report 621.
(8) Ruzicka, Helv. Chim. Acta, 4, 472 (1921).
(9) Lukes and Smolek, Coll. Czech Chem. Commun., 11, 506 (1939); 

C. A ., 34, 7868 (1940).
(10) Obtained from Explosives Departm ent, E. I, du Pont de 

Nemours & Company, Wilmington, Delaware,
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(6 moles) of dimethyl sulfate over a period of two and one- 
half hours. The mixture was refluxed for sixteen hours 
longer. The cold mixture was made alkaline with excess 
50% potassium carbonate, the organic layer was separated, 
and the product was distilled. There was obtained 517 g. 
(68% yield) of I, b. p. 65-67° (24 mm.), n2bi> 1.4610, d2h 
0.9598; lit.la*b b. p. 50-52° (4 mm.), 160°.

Anal. Calcd. for C7H13NO: C, 66.10; H, 10.30; 
N, 11.01. Found: C, 66.10, 65.86; H, 10.44, 10.31; 
N, 10.87, 11.04.

There was also obtained 10 g. (1.3% yield) of N- 
methylcaprolactam, b. p. 133-135° (26 mm.).

O-Ethylcaprolactim (II).—In a manner similar to the 
preparation of I, O-ethylcaprolactim was prepared in 52% 
yield, b. p. 81-82° (26 mm.), n2bd 1.4564, d2b4 0.9440; 
lit .,lb b. p. 180°.

Anal. Calcd. for C8H15NO: C, 68.04; H, 10.71; 
N, 9.92. Found: C, 67.71, 67.67; H, 10.63, 10.62; N, 
9.40, 9.56.

Hydrolysis of O -M ethylcaprolactim. A mixture of 15 
g. of I and 50 ml. of water was refluxed for ten minutes, 
and the resulting homogeneous solution was then cooled 
and extracted with ether. Concentration of the ether 
extract by distillation gave 2 g. (15% yield) of caprolactam 
m. p. 69-70°, mixed m. p., 69-70°.

Concentration of the water solution gave, after crystalli­
zation from ethanol-water, 7 g. (45% yield) of e-amino- 
caproic acid, m. p. 192-194°, mixed m .p . with authentic 
e-aminocaproic acid, m. p. 196°. The authentic sample 
melts at 196.5°.

N-Methylcaprolactam (Method A).—The preparation 
was similar to that of I except that 0.32 molar excess of 
the dialkyl sulfate was used per mole of the lactam. There 
was obtained a 70% yield, b. p. 120° (19 mm.), w25d 
1.4818, d2b4 1.0154.

Anal. Calcd. for C7H13NO: N, 11.01. Found: N,
10.92, 11.02.

Ruzicka8 has prepared this compound, b. p. 120° (15 
mm.), by the reaction of N-sodiocaprolactam and di­
methyl sulfate, while Prochazka2 states that only N- 
methylcaprolactam could be prepared by the action of di­
methyl sulfate and caprolactam.

Method B.—By action of dimethyl sulfate on I: A
solution of 25.4 g. (0.2 mole) of I, 1.9 ml. (0.02 mole) of 
dimethyl sulfate and 50 ml. of benzene was refluxed for six 
hours. The solution was shaken with excess 50% potas­
sium carbonate, the organic layer separated and distilled. 
There was obtained 20.5 g. of N-methylcaprolactam, b. p. 
128° (32 mm.), n2bd 1.4812.

Method C.—Thermal rearrangement of I: O-Methyl- 
caprolactim was heated in a steel bomb at 285° for ten 
hours. Distillation of the product gave a 67% yield of the 
N-methyl compound, b. p. 110-112° (10 mm.), n2bd 
1.4833.

N-Ethylcaprolactam.—O-Ethylcaprolactim (25 g.) was
heated for two hours at 180-250 ° in an atmosphere of ni­
trogen. Distillation gave 23.4 g. (85% yield) of N-ethyl- 
caprolactam, b. p. 97° (5.5 mm.), n2bd 1.4777, d2b4 0.9850.

Anal. Calcd. for C8Hi5NO: C, 68.04; H, 10.71;
N, 9.92. Found: C, 68.42, 68.20; H, 10.85, 10.70; N, 
9.48, 9.53.

Amidines.—The preparation of several cyclic amidines 
was achieved by heating I with the appropriate amine. 
The results are summarized in Table I . A typical example 
is given below.

A mixture of 25.4 g. (0.2 mole) of I and 24.6 g. (0.2 
mole) of ^-anisidine was heated at 175° for three hours, 
and the methanol continuously removed by distillation. 
The resulting 2-(£-anisidino)-l-aza-l-cycloheptene was 
crystallized from hexane-ether to give 36 g. (83% yield) of 
white needles, m.p. 85-87°. The analytical results are 
given in Table I .

2 - (1 '-Azacycloheptyl) -1-aza-l-cycloheptene. Method
A.—A solution of 83.3 g. (0.657 mole) of I and 65 g. (0.657 
mole) of hexamethylenimine was refluxed for nine hours 
and then the methanol was removed by distillation. The 
resulting product was fractionated through a 6" Vigreux

column to give 100 g. (78%) of the amidine, b. p. 165- 
170° (25-28 mm.), n2bn 1.5242; methiodide, m. p. 194.5- 
196°.

Method B.—A solution of 50 g. (0.394 mole) of I in 125 
ml. of absolute ethanol was shaken with platinum oxide 
catalyst under a hydrogen pressure of 20-30 lb ./sq . in. for 
twenty-four hours. The total pressure drop corresponded 
to about 0.25 mole of hydrogen. The alcohol was removed 
by distillation and the product fractionated to give 27.3 g. 
of I, b. p. 33-35° (1 mm.) and 15.2 g. of the amidine, b. p. 
98-105° (1mm.) (87% yield at 45% conversion of I) , n25d

l .  5248, d2bi 0.9956.
Anal. Calcd. for CX2H22N2: C, 74.17; H, 11.41;

N, 14.42. Found: C, 73.77, 73.92; H, 11.29, 11.34;
N, 14.18,14.03.

Methiodide, m .p. 193.5-194.5°: am ixedm .p . ofm eth- 
iodides of the amidine prepared by Methods A and B,
m . p. 194-196°.

Anal. Calcd. for C13H25N2I: N, 8.33; I, 37.74.
Found: N, 8.99, 8.70; 1,37.67,37.73.

Hexamethylenimine.—O-Methylcaprolactim was hy­
drogenated at 150° and 2000-3000 lb ./sq. in. hydrogen 
pressure using barium-copper chromite catalyst to give 
70% yield of the imine, b. p. 134-137°, n2bT> 1.4645, d2b4
O. 8806 (literature values,11 b .  p. 138°, w 23d  1.4654, d2b4 
0.8770). The imine was converted to its picrate, m. p.
144-145°, lit .11 m. p. 146.5°, and ^-toluenesulfonamide, 
m. p. 75-76°, lit.12 m. p. 76.5°. The hydrogenation of I 
at 3000 lb./sq. in. using Raney nickel catalyst at 140° 
gave 49% of the imine, while the use of ruthenium cata­
lyst at 125° gave 31% yield.

N-(jS-Cyanoethyl)-caprolactam (III).—To a solution 
of 113 g. (1.0 mole) of caprolactam in 300 ml. of dioxane 
and 6 ml. of “Triton’* B (trimethylbenzylammonium 
hydroxide) was added dropwise with stirring 56 g. (1.0 
mole) of acrylonitrile over a period of thirty-five minutes 
with the temperature maintained at 30-35°. Stirring was 
continued for two hours and the reaction mixture allowed to 
stand at room temperature for sixty-three hours. The 
solution was made slightly acid with hydrochloric acid, 
the dioxane and unreacted acrylonitrile removed by distil­
lation, and the product fractionated through an 8" Vigreux 
column to give 108 g. (65% yield) of III, b. p. 153-158° 
(1.5-1.8m m .), n2bd  1.4903, d2b4 1.074. On standing, the 
product crystallized to give white needles, m. p. 32-34°, 
readily soluble in water and most organic solvents.

Anal. Calcd. for C9H14N20 :  C, 65.03; H, 8.49; N,
16.85. Found: C, 64.97, 64.86; H, 8.49, 8.41; N , 17.11, 
16.93.

N-(0-Cyanoethyl)-caprolactam was hydrolyzed to 4- 
azasebacic acid in 40% yield by refluxing with 25% sul­
furic acid; m. p. 177-178° from 95% ethanol.

Anal. Calcd. for C9H17N 0 4: C, 53.19; H, 8.43; N , 
6.89. Found: C, 52.86, 52.93; H, 8.52, 8.56; N, 6.82, 
6.77.

N-(1,1 -Dioxotetrahydro-3-thienyl) -caprolactam (IV).—  
A mixture of 56.5 g. (0.5 mole) of caprolactam and 1 g. of 
potassium hydroxide was heated to 65° and 59 g. (0.5 
mole) of 2,5-dihydrothiophene-1 -dioxide added in 2-g. 
portions over a period of thirty minutes with constant 
stirring. The temperature rose to 70° and the mixture 
was heated and stirred at 65-75° for seven hours. The 
product was crystallized from ethanol and then from eth­
anol-ether to give 19 g. (16.5% yield) of white needles, 
m. p. 107-108°. An analytical sample melts at 108- 
109.5°.

Anal. Calcd. for Ci0H17NO3S: C, 51.92; H , 7.41;
N, 6.06; S, 13.86. Found: C, 51.81, 52.06; H, 7.48, 
7.59; N, 6.04, 5.92; S, 13.82, 13.78.

N-Methylolcaprolactam (V).13-—A mixture of 339 g. 
(3.0 moles) of caprolactam, 135 g. of paraformaldehyde,

(11) Müller and Sauerwald, Monatsh, 48, 727 (1927).
(12) Müller and Bleier, ibid., 50, 399 (1928).
(13) Prepared by Dr. Clarence E. Denoon; present address,

Rohm & Haas Co., Philadelphia, Pa.
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5 g. of sodium hydroxide and 500 ml. of 95% ethanol was 
stirred and heated at 140-150° for three hours. The 
mixture was filtered from a small amount of insoluble 
material and cooled in a Dry Ice-acetone-bath. There 
was obtained 184 g. of white, microcrystalline solid, V. 
Concentration of the filtrate yielded an additional 105 g. 
of V, m. p. 62-64°, total yield 289 g. (67%). Recrystalli­
zation from methanol gave an analytical sample, m. p. 
66- 66 ° .

Anal. Calcd. for C7H13N 02: N, 9.78. Found: N,
9.98.

N - (Ethylthiomethyl) -caprolactam (VI).13—A mixture 
of 113 g. (1.0 mole) of caprolactam, 45 g. of paraformalde­
hyde, 3 g. of sodium hydroxide, and 250 ml. of 95% eth­
anol was stirred and heated at 40-50° for fourteen hours. 
The mixture was cooled, 40 ml. of concentrated hydro­
chloric acid added and the precipitated sodium chloride 
removed by filtration. To the filtrate was added 93 g. 
(1.5 moles) of ethyl mercaptan and the resulting mixture 
allowed to stand overnight. To the mixture was added 100 
ml. of ether, the resulting organic layer washed with 5% 
sodium hydroxide and finally with water. The oil was 
dried over sodium sulfate and then distilled to give 122 g. 
(65% yield) of VI, b. p. 138-141° (5-6 mm.), n2bd 1.5189, 
d2h 1.0689.

Anal. Calcd. for C9H17NOS: S, 17.12. Found:
S, 17.30.

N-(Benzothiazolyl-2-thiomethyl) -caprolactam (VII) .13—■
A mixture of 113 g. (1.0 mole) of caprolactam and 30 g. of 
paraformaldehyde was heated at 80-90° for one-half hour. 
To this hot mixture was added 167 g. (1.0 mole) of 2- 
mercaptobenzothiazole and the mixture heated at 130-140 ° 
for two additional hours. The resulting liquid was poured 
into 2 1. of 5% sodium carbonate and stirred to give a 
yellow crystalline mass. The yellow product was ground, 
extracted again with sodium carbonate and finally with 
1500 ml. of 95% ethanol. The ethanol filtrate was de­
colorized with activated carbon, filtered and cooled to give 
150 g. (51% yield) of crystalline solid, m. p. 150-155°. 
An analytical sample from methanol melts at 157°.

Anal. Calcd. for C14H16N20S2: S, 21.93. Found:
S, 22.21.

N-Acetylcaprolactam (VIII).—A mixture of 678 g. (6.0 
moles) of caprolactam and 670 g. (6.65 moles) of acetic 
anhydride was refluxed for four hours. After removal of 
the unreacted anhydride and acetic acid, there was ob­
tained 775 g. (83.5% yield) of N-acetylcaprolactam, b. p. 
134-136° (26-27mm.) ; n25d 1.4885, d2h 1.094.

Anal. Calcd. for C8Hi3N 02: C, 61.91; H, 8.44;
N, 9.03; sapn. eq., 155.2. Found: C, 62.20, 61.90; H,
8.75, 8.70, N, 9.36, 9.06; sapn. eq., 159, 158.

This compound has been prepared previously2 but physi­
cal constants other than b. p. 130-131° (13 mm.) were not 
given.

N - (ö-Carboxybenzoyl) -caprolactam (IX) .—A mixture 
of 113 g. (1.0 mole) of caprolactam and 148 g. (1.0 mole) 
of phthalic anhydride was heated at 180-195° for eighteen 
hours. The product was distilled through a short column 
to give 231 g. of IX , b. p. 206-208° (0.20-0.25mm.), m. p.
104.5- 106.5°. Recrystallization from hexane-ethanol 
gave 210 g. (80% yield) of product, m. p. 105-107°. Fur­
ther recrystallization from benzene gave m .p . 107.5-108°. 
The product is soluble in sodium bicarbonate solution.

Anal. Calcd. for Ci4H15N 0 4: C, 64.35; H, 5.79; N, 
5.36; neut. eq., 261.3. Found: C, 64.38, 64.44; H, 
5.94,5.97; N, 5.51, 5.46; neut. eq., 254.4, 253.6.

Prochazka2 has reported that the above reaction using 
one-half mole of the anhydride per mole of lactam yields 
N-phthaloylcaprolactam, b. p. 279-282° (15 mm.), m. p.
108.5- 109°; while a German report7 states that only N- 
(<?-carboxybenzoyl)-caprolactam, b. p. 250° (2-3 mm.), 
m. p. 109-110°, can be prepared. Since no analytical 
data were available and the reported physical constants 
are similar, it was necessary to repeat the reaction to deter­
mine the exact structure of the resulting compound. The 
directions of Prochazka were followed but only unchanged

caprolactam and IX were obtained by distillation of the 
reaction mixture.

N-Methyl-e-aminocaproic Acid Dihydrate.—A solution 
of 130 g. of concentrated sulfuric acid, 1170 ml. of water 
and 130 g. (1.025 mole) of N-methylcaprolactam was re­
fluxed for ten hours. The hot solution was treated with a 
slight excess of barium hydroxide, filtered to remove the 
precipitated barium sulfate, the filtrate treated with solid 
carbon dioxide to remove the barium ions as barium carbon­
ate and the solid removed by filtration. The resulting 
filtrate was concentrated by distillation to give a sirupy 
residue that was treated with benzene and heated to re­
move most of the remaining water. The resulting product 
was crystallized twice from absolute ethanol-ether to give 
a white, crystalline solid, m. p. 66-67°. The directions 
followed were those of Lukes and Smolek9 who state that 
the product thus obtained was N-methyl-«-aminocaproic 
acid, m. p. 66°; however, Ruzicka8 has stated that the 
hydrolysis of N-methylcaprolactam with concentrated 
hydrochloric acid yields N-methyl-e-aminocaproic acid, 
m .p . 130-131°.

The product of m. p. 66-67° was identified as N-methyl- 
e-aminocaproic acid dihydrate by analysis, dehydration 
to N-methyl-e-aminocaproic acid, and ring closure to give 
N -methylcaprolactam.

Anal. Calcd. for C7Hi5N 0 2-2H20 : C, 46.39; H,
10.57; N, 7.73; neut. eq., 181.23. Found: C, 46.95; 
47.00; H, 10.44, 10.74; N, 7.37, 7.58; neut. eq., 180.4, 
180.8.

To check the structure of the above compound, a weighed 
amount of the air-dried material was placed in a drying 
pistol, evacuated by means of a vacuum pump and heated 
by boiling alcohol for fifteen hours. The solid did not 
melt but the crystalline material slowly changed to an 
amorphous powder. A weighed sample (1.4868 g.) of 
the compound lost 0.3068 g.; the calculated loss for the 
dihydrate is 0.2956 g . In addition, the amorphous powder 
thus obtained melted at 129-131°, lit. m .p . 130-131°for 
N-methyl-e-aminocaproic acid.8

The air-dried product was heated in a small distilling 
flask for fifteen minutes and most of the water collected. 
The temperature was raised and the major portion of the 
material distilled at 234°, w25d 1.4819. This is in good 
agreement with the values for N-methylcaprolactam, b. p. 
234°, » 25d  1.4818.

From the above data it is evident that the product ob­
tained by Lukes and Smolek was the dihydrate of N- 
methyl-e-aminocaproic acid rather than N-methyl-a- 
aminocaproic acid.

Summary
1. The reaction of caprolactam with dimethyl 

sulfate has yielded O-methylcaprolactim or N- 
methylcaprolactam depending on the amount of 
the sulfate used in the reaction. In addition, O- 
ethyl- and O-methylcaprolactim were rearranged 
thermally to the corresponding N-substituted 
derivatives.

2. The condensation of the methyl imino 
ether with amines yielded the corresponding cy­
clic amidines.

3. The reaction of caprolactam with active 
unsaturated compounds, with acid anhydrides 
and with formaldehyde gave other N-substituted 
compounds.

4. The hydrolysis of N-methylcaprolactam 
with 10% sulfuric acid was shown to yield the di­
hydrate of N-methyl-e-aminocaproic acid rather 
than N-methyl- a-aminocaproic acid as previously 
reported.
Wilmington 98, D elaware Received January 13, 1948
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The Preparation and Some Reactions of a-(w-Cyanoethyl)-j3~naphthol
By A. F.

Hoesch1 discovered that acetonitrile condenses 
with resorcinol in the presence of zinc chloride and 
hydrogen chloride to yield a compound which hy­
drolyzes to 2,4-dihydroxyacetophenone. Later 
Langley and Adams2 attempting the same type of 
condensation with /3-chloropropionitrile or acrylo­
nitrile and resorcinol obtained not a ketone, but
2,4-dihydroxyphenylpropionic acid.

More recently, it was shown that various cyano­
ethyl aryl ethers are obtained by treating phenols 
with acrylonitrile in the presence of about 1% of 
metallic sodium as catalyst. This represents the 
usual reaction between acrylonitrile and a phenol.

It has now been found that /3-naphthol and 
acrylonitrile in a solvent such as benzene condense 
in the presence of solid caustic soda. The caustic 
is used in equal or slightly more than equal molal 
quantities to the naphthol. Therefore, its func­
tion is not merely that of a catalyst. The product 
first obtained, as a viscous water-soluble layer 
under the organic solvent, is the sodium salt of a- 
(co-cyanoethyl)-jö-naphthol, from which the free 
naphthol is obtained by dissolution in water and 
acidification. This naphthol (I) is analogous to 
that obtained by Langley and Adams from re­
sorcinol and acrylonitrile. However, resorcinol, 
treated with acrylonitrile and caustic under the 
conditions described, does not react. In fact, this 
reaction appears to be specific to /^-naphthol; 
other phenols, including a-naphthol, failed to 
yield satisfactory products.

a- (w-Cyanoethyl) -^-naphthol is readily hydro­
lyzed to the corresponding propionic acid which 
on heating forms a lactone (II).

The lactone reacts with ammonia and various 
amines to yield well-crystallized amides of 2-hy- 
droxynaphthalenepropionic acid, and with alco­
hols to yield esters of the same acid. The esters 
cannot be distilled, but revert to lactones and 
free alcohols on heating.

a- (co-Cyanoethyl) -/S-naphthol also reacts like a 
typical nitrile to form amidines.

I II
Experimental3

«-(co-Cyano ethyl) -/3-naphthol (1).—A mixture of 29 
g. of -naphthol, 12 g. of acrylonitrile, 50 cc. of benzene 
and 9 g. of sodium hydroxide pellets was refluxed. The 
mixture boiled vigorously at first, and the sodium hy-

(1) Hoesch, Ber., 48, 1122 (1915).
(2) Langley and Adams, T h is  J o u r n a l , 44, 2326 (1922).
(3) The melting points reported are uncorrected.

H a r d m a n

droxide mostly went into solution. After about one-half 
hour the mixture began to separate into two layers. The 
heating was stopped after two hours, 100 cc. of cold water 
added and the water solution separated from the benzene, 
and acidified with acetic acid. The crude precipitate 
weighed 37 g. and after recrystallization from ethanol 
yielded white crystals melting at 142°.

Anal. Calcd. for C13H11ON: N, 7.1. Found: N,
6.85.

2-Hydroxy-1-naphthalenepropionic Acid.—A solution of 
50 g. (I) in 222 g. of 10% aqueous sodium hydroxide was 
refluxed for eight hours, then cooled and stirred slowly 
into dilute hydrochloric acid. The crude 2-hydroxy-l- 
naphthalenepropionic acid melting at 115-117° weighed 
54 g. and after recrystallization from benzene, melted at 
121° .

Anal. Calcd. for Ci3H120 3, neutral equivalent, 259. 
Found: neutral equivalent, 258.

Lactone of 2-Hydroxy-1-naphthalenepropionic Acid
(II).—One hundred forty-three grams of crude acid, 
(m .p. 114-115°) was refluxed in 100 cc. of toluene under 
a water trap, until no more water collected, about one- 
half hour. The toluene was removed by distillation and 
the lactone distilled under 5 mm. pressure, coming over 
mostly between 210 and 220°. The viscous liquid, which 
weighed 115 g., crystallized after stirring and seeding. 
After recrystallization from benzene-petroleum ether, the 
lactone melted at 69-70°.

2-Hydroxy-l -naphthalenepropionamide.— Dry ammonia 
was bubbled through a solution of 20 g. of the lactone (II) 
in 200 cc. benzene. The solution became warm and in 
a few minutes crystals began to separate. After satura­
tion, the mixture was allowed to stand overnight, then 
filtered, and the crystals washed with benzene. The yield 
was 21 g. of fine, white crystals melting with decomposi­
tion at 171-172°.

Anal. Calcd. for Ci3Hi30 2N: N, 6.52. Found: N, 
6.46.

2 -Hy droxy-1 -naphthalene -N -cyclohexyl-propionamide.
—Twenty grams of the lactone (II) was dissolved in 50 
cc. of benzene and 10 g. of cyclohexylamine was added. 
The solution became warm on adding the amine, and in a 
short time crystals began to separate. After standing over­
night, the fine white crystals were filtered off and washed 
with benzene. The yield was 28 g.; m .p . 172-173°.

Anal. Calcd. for Ci9H230 2N: N, 4.72. Found: N , 
4.81.

Table I below lists a number of other substituted amides 
which have been prepared by heating the lactone and the 
amine in an appropriate solvent.

T a b l e  I
*----- ----------- A m ide---------------- s

Amine M. p., °C.
N itrogen, %  

Calcd. Found
Diethylamine 124 5.17 5.26
Monoethanolamine 142-143 5.40 5.14
Ethylenediamine 188 6.14 5.87
Aniline 173-174 4.81 4.48
£-Aminophenol 142-143 4.56 4.32
tt-Naphthylamine 205-206 4.11 4.06
/3-Naphthylamine
£,/>'-Diaminodiphenyl-

193-194 4.11 3.91

methane 207 4.71 4.68

Methyl 2 -Hydroxy-1 -naphthalenepropionate.—A solu­
tion of 20 g. of the lactone (II) in 50 cc. of methanol to which
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a pinch of sodium methylate was added was refluxed 
for one-half hour. On cooling, 16 g. of the ester precipitated. 
After recrystallization from methanol, the product melted 
at 122-123°.

Anal. Calcd.forC14H14O3: sapn.equiv.,244. Found:
sapn. equiv^ 245,

2 -Hydroxy-1 -naphthalenepropio -N,N '-diphenylamidine.
—One hundred grams of (I) was refluxed with 125 g. of 
aniline. Ammonia came off rapidly at first, then more and 
more slowly. After eight hours 86% of the theoretical 
ammonia had been driven off. The mixture was cooled 
and stirred into 400 cc. of ethanol and allowed to stand 
overnight. The product, which was removed by filtration 
and washed with ethanol weighed 123 g. and melted at 
147°. After recrystallization from xylene, it melted at 
150-151°.

Anal. Calcd. for CmHmONj: N, 7.64. Found: N,
7.87.

It has been discovered in preliminary tests that the 2- 
hydroxy-1 -naphthalenepropionic acid is moderately ef­

fective as a root growth promoter when applied to chrysan­
themum cuttings and is of some value as a spray material 
to reduce premature apple drop. It is hoped that this 
publication will stimulate investigation by others in 
various fields of possible utility.

Acknowledgment. The author is indebted to 
Miss Marion Treiber for assistance in preparing 
a number of the amides tabulated above.

Summary
1. A new reaction is described in which a-(c0- 

cyanoethyl) -/3-naphthol is obtained in excellent 
yield from acrylonitrile and /3-naphthol.

2. Derivatives prepared from a-(co-cyano- 
ethyl)-/3-naphthol include 2-hydroxy-1-naphtha­
lenepropionic acid, its methyl ester, various amides 
and the N,N '-diphenylamidine.
A k r o n , O h io  R e c e iv e d  N o v e m b e r  26, 1947

[C o n t r i b u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n i v e r s i t y  o f  I l l in o i s ]

A New Synthesis of Atranol (2,6-Dihydroxy-4-methylbenzaldehyde) and the
Corresponding Cinnamic Acid

B y  R o g e r  A d a m s  a n d  J e a n  M a t h ie u

In experiments designed to prepare products 
suitable for the synthesis of natural tetrahydro­
cannabinol, 1 techniques for certain reactions were 
developed which may be of general interest. A 
new synthesis of atranol was also discovered. 
The compounds desired are 2,6-dihydroxy-4-n- 
amylcinnamic acid and its ester. This prelimi­
nary work, however, has involved the synthesis of 
the corresponding 4-methyl derivatives, since orci- 
nol is a much more readily accessible substance 
than olivetol (3,5-dihydroxy-n-amylbenzene).

Orcinol dimethyl ether can be formylated (1) in 
the position between the methoxyls by treating 
lithium orcinol dimethyl ether with methylform- 
anilide.lb Demethylation of this product was 
attained only after an exhaustive study of differ­
ent reagents. Anhydrous aluminum bromide 
proved successful and a 70% yield of 2,6-dihy- 
droxy-4-methylbenzaldehyde (II) resulted. This 
product is known as atranol. It was first isolated 
by degradation of atranorin, a product occurring 
in various lichens, and its structure was deter­
mined by oxidation to ^-orsellinic acid.2 It has 
been synthesized by Pfau in low yields by the 
introduction of an aldehyde group into ethyl 2,4- 
dihydroxy-6-methylbenzoate (orcinol carboxylic 
ester), followed by saponification and decarboxyla­
tion .3 The new method offers a much simpler and 
more satisfactory procedure. Anhydrous alumi­
num chloride under similar conditions gives pri­
marily resins, although in very small runs (0.1 g.), 
a 30% yield of atranol could be isolated. With

(1) (a) Adams, M cPhee, Carlin and Wicks, T h is  J o u r n a l , 65, 
356 (1943); (b) Adams and Carlin, ibid., 65, 360 (1943),

(2) Ffau, Helv. Chim. Acta, 9, 650 (1926).
(3) Pfau, ibid., *6, 282 (1933).

benzene as a solvent, aluminum chloride causes 
demethylation of only one methoxyl with forma­
tion of 2-hydroxy- 6-methoxy-4-methylbenzalde- 
hyde (atranol monomethyl ether). This com­
pound has been described by Asahina,4 who found 
it in the pyrolysate of stictinic acid and synthe­
sized it from atranol.

Although atranol dimethyl ether (I) condenses 
with malonic acid in presence of piperidine with 
formation of an almost quantitative yield of the 
corresponding cinnamic acid,lb the unmethylated 
product, atranol(II), did not react similarly under 
the same conditions. The conversion of substi­
tuted aromatic aldehydes to the cinnamic acids 
by the Knoevenagel reaction has been exhaus­
tively studied. In general the yields are excellent 
but previous investigators have noted the abnor­
mally low yields of products when 0- or ̂ -hydroxy- 
benzaldehydes were subjected to condensation 
under conditions entirely suitable to other substi­
tuted benzaldehy des.5 The conditions found 
most satisfactory for the condensation of salicyl- 
aldehyde with malonic acid5b were (a) the use of a 
small amount of pyridine as catalyst resulting in a 
yield of 51% of 3-carboxycoumarin or (b) heating 
at 80° followed by twenty-four hours at room 
temperature in presence of trace amounts of a 
variety of tertiary bases such as lutidine, quino­
line, etc. (methylacridinelc proved to be the best) 
resulting in a 66-77% yield of product. An ex­
planation of the difficulty in the condensation of
o- and ^>-hydroxybenzaldehydes was suggested by

(4) Asahina, Ber., 66, 943 (1933).
(5) (a) D utt, J . Indian Chem. Soc., 1, 297 (1925); 9, 309 (1932); 

(b) Kurien. and Pandja, ibid., 11, 823 (1934); (c) Proc. Indian Acad. 
Sci., IA, 440 (1935),
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Vorsatz,6 who pointed out that at the tempera­
tures usually employed the o- and ^-hydroxy- 
cinnamic acids readily decarboxylated with subse­
quent polymerization of the corresponding sty­
renes. He was able to overcome this side reaction 
by keeping the reactants at a relatively low tem­
perature for a period of many days. He also ob­
served that replacing the piperidine by aniline 
greatly accelerated the reactions. Thus, proto- 
catechuic aldehyde, and 2,3,4-trihydroxybenzalde- 
hyde condensed in better than 80% yield. In 
this investigation, the usual procedure with atra­
nol and malonic acid failed but that described by 
Vorsatz using pyridine and aniline proceeded very 
satisfactorily to give a 75% yield of 3-carboxy-5- 
hydroxy-7-methylcoumarin (III). Aniline thus 
appears to be a catalyst of general utility for o- 
and £-hydroxybenzaldehyde condensations. 
Whether the mechanism involves intermediate 
formation of a Schiff base is now under investiga­
tion.

Sastry and Seshadri7 have described the decar­
boxylation of 3,8-dicarboxy-5-hydroxy-7-methyl- 
coumarin and report the formation of 8-carboxy-
5-hydroxy-7-methylcoumarin. Since the melting 
point of their product is identical with that of the
3-carboxy derivative obtained in this research and 
prepared by an unequivocal method, it is probable 
that in the decarboxylation of the 3,8-dicarboxy 
derivative the 8-carboxyl group has been lost and 
that the product reported by Sastry and Seshadri 
is the 3-isomer.

The decarboxylation of 3-carboxy-5-hydroxy-7- 
methylcoumarin could not be accomplished with 
quinoline and copper and only a low yield of im­
pure product resulted when the metal alone was 
used. It was discovered that aqueous sodium bi­
sulfite was an excellent reagent for this purpose 
and 75-90% yields of 5-hydroxy-7-methylcou- 
marin (IV) was readily obtained. Presumably 
the coumarin is opened and carbon dioxide is lost 
without transforming the cis-citmamic acid inter­
mediate to the trans form. Sodium sulfite could 
not be used in place of sodium bisulfite.

The 5-hydroxy-7-methylcoumarin was hydrated 
to the £ra7W-2,6-dihydroxy-4-methylcinnamic acid
(V) in 65-85% yields by means of aqueous sodium 
sulfite. In the esterification of the acid produced, 
difficulties were encountered and only diazometh­
ane gave satisfactory results.

OCH* OH
o O e o  — >  c h 3̂ ch o  — ^

^^^OCHs X===OH
I II

Atranol
OH

CH,<f  % CH=C—COOH — >-
NsO— i o

___________  III
(6) Vorsatz, J . prakt. Chem., 145, 265 (1936).
(7) Sastry and Seshadri, Proc. Indian Acad., 12A, 498 (1940),

OH

CH3<f CH=CHCOOH
“OH 

V
trans

Experimental
2,6 -Dimethoxy -4 -methylb enzaldehy de (Atranol D i­

methyl Ether).—Modifications of Adams and Carlin’s 
method10 were introduced to avoid special apparatus and 
to increase the yield. In a 200-ml. round-bottom flask 
provided with a dropping funnel, a mechanical stirrer 
and a reflux condenser fitted with a calcium chloride tube 
was placed 2.5 g. of lithium hammered to paper thickness 
under a layer of paraffin oil. The lithium was washed 
twice with anhydrous ether by decantation and covered 
with 100 ml. of anhydrous ether. The stirrer was started, 
5 g. of n -butyl chloride was added all at once and the flask 
warmed gently to start the reaction. The reflux was 
maintained by dropwise addition of 15 g. of «-butyl 
chloride. Stirring was continued for about two hours 
when the lithium disappeared almost completely.

After addition dropwise of 25 g. of orcinol dimethyl 
ether, the stirrer was stopped and the flask placed in an 
oil-bath at 50° for eight hours. The oil-bath was re­
moved, the stirrer started and a mixture of 25 g. of N - 
methylformanilide and 25 ml. of anhydrous ether intro­
duced dropwise. At the end of the addition the mixture 
was heated for one more hour at 50°.

The product was poured over a mixture of 100 g. of 
crushed ice and 300 ml. of 3 A  hydrochloric acid and ex­
tracted twice with ether (200 ml., 100 ml., 100 m l.). 
The combined ether extracts were washed with A  hydro­
chloric acid, 10% aqueous sodium bicarbonate, water 
and dried over anhydrous sodium sulfate.

The ether was distilled and the residue was dissolved 
in 100 ml. of boiling cyclohexane. On cooling the alde­
hyde crystallizes in white needles and was filtered, washed 
twice with a little cyclohexane and finally with petroleum 
ether (b. p. 60-100°). The product was pure enough for 
the next step. From the mother liquor, a little more 
product was obtained but had to be crystallized from 
cyclohexane to be of acceptable purity. The yield in 
ten runs was between 12-16 g. (45-55%).

The melting point after crystallization from cyclohexane 
was 91-92° (Adams and Carlin,lb 91-92°).

2,6-Dihydroxy-4-methylbenzaldehyde (Atranol).—To a 
solution of 5 g. of atranol dimethyl ether in 250 ml. of car­
bon disulfide in a 500-ml. round-bottom flask fitted with 
a mechanical stirrer, 22 g. of aluminum bromide (3 moles 
per mole of aldehyde) in 250 ml. of carbon disulfide was 
added quickly with stirring. The addition complex pre­
cipitated as a red gum. After stirring for one hour the 
carbon disulfide was decanted into a separatory funnel and 
100 g. of crushed ice, 150 ml. of 3 A  hydrochloric acid and 
200 ml. of ether was added to the residual gum in the flask 
and stirred until it was completely dissolved (one to two 
hours). The carbon disulfide in the separatory funnel 
was washed with 50 ml. of 3 A  hydrochloric acid, the 
carbon disulfide layer discarded and the acid layer added 
to the mixture in the flask. The ether layer was removed 
and the aqueous layer extracted with two 200-ml. portions 
of ether.

The combined ether solutions were extracted with three 
50-ml. portions of A  aqueous sodium hydroxide. The 
atranol was precipitated from the alkaline solution by 
addition of 15 ml. of concentrated hydrochloric acid. 
The product was filtered, washed with a little water and 
crystallized from 125 ml. of boiling water (Norit). Yield, 
(average of twelve runs), 2.9 g. (70%) of slightly yellow 
product of adequate purity for the next step.
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The product can be purified by crystallization from 
water, or toluene, and sublimation. It forms white 
crystals which start shrinking at 117° and melt at 123°; 
Pfau2 reports m. p. 121° for his synthetic product and 
m . p .  124° for that obtained by degradation.

Anal. Calcd. for C8II80 3: C, 63.15; H, 5.30. Found: 
C, 63.58; H, 5.40.

It was found that when working with larger runs, the 
yield was not as satisfactory. The conditions described 
were the best observed after careful study of many cata­
lysts and solvents, modification of temperature and time.

Aluminum chloride, under similar conditions, gave 
only resins. In 0.1 g. runs, a yield of 30% could be ob­
tained with this reagent.

2 -Hydroxy-6-methoxy-4-methylbenzaldehyde (Atranol 
Monomethyl Ether).—A solution of 10 g. of atranol di­
methyl ether in 200 ml. of benzene and 10 g. of aluminum 
chloride was placed in a 250-ml. round-bottom flask and 
stirred mechanically at room temperature. The complex, 
a dark liquid, formed in about ten minutes and the mixture 
was then heated for ten minutes at 85° without stirring.

The product was poured onto a mixture of 100 g. of 
crushed ice and 100 ml. of 3 A  hydrochloric acid. The 
precipitate was not filtered but 250 ml. of 3 A  aqueous 
sodium hydroxide was added which took it into solution. 
The alkaline solution was washed with ether, acidified 
and extracted twice with ether. The combined ether 
extracts were washed with 10% aqueous sodium bicarbon­
ate, water and dried over anhydrous sodium sulfate. 
The residue from the ether was distilled under reduced 
pressure; b. p. 110-112° (1 mm.); yield, 7.4 g. (80%). 
After purification from toluene, it has a m. p. of 82—83°; 
Asahina4 reports a m. p. of 78°.

Anal. Calcd. for C9H10O3: C, 65.05; H, 6.06. Found: 
C, 65.64; H, 6.24.

2 -Hydroxy -6 -methoxy -4 -methylb enzaldoxime .-—The 
oxime was prepared in the usual way and purified from 
ethanol, m. p .  150-151°.

Anal. Calcd. for C9H n03N: C, 59.66; H, 6.12.
Found: C, 59.72; H, 6.06.

3 -Carboxy-5 -hydroxy-7-methylcoumariii.—A mixture of 
10 g. of atranol, 15 g. of malonic acid (2 moles per mole of 
aldehyde), 20 ml. of pyridine and 0.4 g. of aniline was 
heated in an open flask on an oil-bath at 55°. After 
about four hours, the product crystallized as a yellow mass.

It was heated one more hour and decomposed by tri­
turation with 200 ml. of A  hydrochloric acid. The prod­
uct was filtered with suction, dissolved in 200 ml. of A  
hydrochloric acid, and precipitated by addition of 20 ml. 
of concentrated hydrochloric acid. The yield was 11 g. 
(75%) of yellowish product of satisfactory purity for the 
next step. It may be purified by crystallization from ace­
tophenone, m. p. 270-271°.

A nal. Calcd. for CnH80 5: C, 60.00; H , 3.66. Found: 
C, 60.00; H, 3.80.

Aniline was the only catalyst used which resulted in 
a satisfactory yield of the desired product; pyridine, 
piperidine, pyridine with piperidine, pyridine with meth­
ylaniline, ammonia in alcohol, acetic acid and sulfuric 
acids failed as catalysts.

5 -Hydroxy-7 -methylcoumarin.—A mixture of 5 g. of
3 -carboxy-5-hydroxy-7-methylcoumarin and 60 ml. of a 
25% aqueous solution of sodium bisulfite was placed in a 
250-ml., round-bottom flask fitted with a mechanical 
stirrer and a dropping funnel. The flask was warmed 
with a bare flame until the solution was complete, the 
mixture stirred for about five minutes and then boiled 
for about thirty seconds. To the solution 50 ml. of a 
50% aqueous solution of potassium hydroxide was then 
introduced and at the end of the addition the solution 
was boiled for ten seconds.

The flask was cooled in a freezing mixture, and concen­
trated hydrochloric acid (about 40 ml.) was added drop- 
wise which resulted in formation of an abundant white 
precipitate. After one hour in the freezing mixture, the 
product was filtered with suction, washed twice with water 
and dried, The yield was 3.0 to 3»5 g* (75-90%). The

product was of satisfactory purity for the next step. It 
may be purified by crystallization from a 50% mixture of 
dioxane and water. The melting point was 215-216° 
identical with that reported by Sastry and Seshadri7 
for 8-carboxy-5-hydroxy-7-methylcoumarin. It is be­
lieved probable that Sastry and Seshadri had In hand the
3-carboxy derivative.

Anal. Calcd. for C10H 8O3: C, 68.18; H, 4.57. Found: 
C, 68.67; H, 4.99.

Decarboxylation by means of copper gave only a 10% 
yield of the same product. The use of quinoline-copper 
failed completely.

2,6 -Dihydroxy -4 -methyl -trans -cinnamic Acid .—A mix -
ture of 8 g. of 5-hydroxy-7-methylcoumarin and 60 ml. 
of a 25% aqueous solution of sodium sulfite in a 250-ml. 
round-bottom flask fitted with a mechanical stirrer and a 
dropping funnel was heated and stirred. When com­
plete solution had taken place, the mixture was brought 
to boiling and the flask placed for one hour and a half in 
an oil-bath at 100° without stirring.

The stirrer was started again and 30 ml. of a 50% aque­
ous solution of potassium hydroxide was added dropwise 
after which the mixture was brought to boiling for about 
fifteen seconds. Upon cooling in a freezing mixture and 
dropwise addition of concentrated hydrochloric acid 
(about 30 ml.) an abundant white precipitate formed. 
The yield was 7 to 8.5 g. (65-85%) of product of satis­
factory purity for the next step. The product may be 
purified by crystallization from glacial acetic acid, m. p. 
200° with evolution of carbon dioxide.

Anal. Calcd. for C10H10O4: C, 61.85; H, 5.19. Found: 
C, 62.10; II, 5.40.

M ethyl 2,6 -Dihydroxy-4 -methyl -trans -cinnamate.—A
current of diazomethane, prepared by heating a solution 
of diazomethane in ether, was passed into a stirred solution 
of 6 g. of 2,6-dihydroxy-4-methyl-trans-cinnamic acid 
in 200 ml. of dried ether. The esterification was followed 
by dipping blue litmus first in the ether solution and 
“revealed” by dipping in water (one test per minute). 
After about twenty minutes the esterification was com­
plete and 100 ml. of a 10% aqueous solution of sodium 
bicarbonate was added all at once to decompose the excess 
of diazomethane.

The liquid was placed in a separatory funnel and washed 
with A  hydrochloric acid, 10% aqueous sodium bicarbon­
ate, water and dried over anhydrous sodium sulfate. The 
yield was 6 g. (95%). It was purified by crystallization 
from 40 ml. of a mixture of water and ethanol (2:1), m. p. 
184-185°.

Anal. Calcd.for C11H12O4: C, 63.45; H, 5.81. Found: 
C, 63.82; H, 5.98.

The usual method of esterification with methanol 
and sulfuric acid, hydrogen chloride or p -toluenesulfonic 
acid was unsatisfactory. The use of silver oxide and 
methyl iodide also failed.

Summary
1. The preparation of 2,6-dimethoxy-4- 

methylbenzaldehyde has been simplified. By 
demethylation with aluminum bromide, 2,6-di- 
hydroxy-4-methylbenzaldehyde, atranol, is pro­
duced.

2. Atranol condenses with malonic acid in 
presence of pyridine and aniline to give 3-carboxy- 
5-hydroxy-7-methylcoumarin.

3. Aqueous sodium bisulfite readily causes de­
carboxylation of 3-carboxy-5-hydroxy-7-methyl­
coumarin to 5-hydroxy-7-methylcoumarin.

4. For hydration of the coumarin, aqueous 
sodium sulfite is satisfactory and 2,6-dihydroxy-4- 
methyl-Zraws-cinnamic acid results. The acid can 
be esterified with diazomethane.
Urbana, Illinois R eceived M arch 8, X948
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Hydrogen Transfer. I. Reaction of p-Cymene with Olefinic Hydrocarbons in the 
Presence of Sulfuric Acid and Hydrogen Fluoride Catalysts1,2

By V. N. Ipatieff, Herman Pines and R. C. OLBERG2a
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In the course of the study of terpenic hydro­
carbons which is being carried out in our labo­
ratory, the reaction of para-cymene with dihydro- 
limonene (l-methyl-4-isopropylcyclohexene) in 
the presence of either sulfuric acid or hydrogen 
fluoride at 0° was included. It was noticed that 
this reaction proceeded abnormally3 inasmuch as a 
60% yield of l-methyl-4-isopropylcyclohexane was 
obtained. This could not be attributed to a con­
junct polymerization4 of dihydrolimonene since 
the product obtained, including the high-boiling 
fractions, did not contain any olefinic hydrocar­
bons as determined by means of a potassium per­
manganate test.5 It was also noticed that the 
high-boiling fraction resulting from this reaction 
had a much higher index of refraction than that 
expected from a cycloalkylation reaction. This 
material corresponded, according to elementary 
analysis, to a tricyclic hydrocarbon of the formula 
C 2oH 2 4  (I). On the basis of these preliminary re­
sults, it was tentatively concluded that p-cymene 
acted as a hydrogen donor and dihydrolimonene as 
a hydrogen acceptor.

It was difficult to substantiate this conclusion as 
long as ̂ -cymene and dihydrolimonene, having the 
same skeletal arrangement, were used as reac­
tants. For this reason 3-methylcyclohexene was 
substituted for dihydrolimonene.

It was found in the reaction of p-cymene with 3- 
methylcyclohexene in the presence of either sul­
furic acid or hydrogen fluoride, 62-80% of the 
methylcyclohexene was converted to methylcyclo- 
hexane. The yield of the expected methylcyclo- 
hexyl-£-cymene was very small, whereas a large 
amount of the tricyclic hydrocarbon, C20H24, was 
obtained which was identical with compound I. 
It was also found that for each mole of C20H24 pro­
duced there was one mole of methylcyclohexane 
formed.

If, however, p-cymene and a branched open 
chain olefin, such as trimethylethylene, were con­
tacted in the presence of hydrogen fluoride, both 
an alkylation and a hydrogen transfer reaction 
occurred; the latter reaction was the predominant 
one. Isopentane and decanes were found among

(1) This work was made possible through the financial assistance 
of Universal Oil Products Company.

(2) This paper was presented in p art before the Organic Division 
of th e  American Chemical Society, September, 1946.

(2a) Present address: Paraffine Companies, Inc., Emeryville,
Calif.

(3) For the literature references pertaining to  the alkylation of 
arom atic hydrocarbons, see paper by V. N. Ipatieff, H. Pines and 
If. Schmerling, J . Org. Chem., 5, 253 (1940).

(4) V. N. Ipatieff and H. Pines, J . Org. Chem., 1, 464 (1936).
(5) V. N. Ipatieff, W. W. Thompson and H. Pines, Tnxs J ournal, 

?©, 1658 (1948).

the reaction products. The presence of decanes is 
attributed to the dimerization of the trimethyl­
ethylene, which through a subsequent hydrogen 
transfer reaction yields decanes. The major part 
of p -cymene which underwent reaction yielded 
the hydrocarbon, C2oH24, identical with the one 
described above.

In order to determine whether the hydrogen 
transfer reaction which involves para-cymene and 
an olefinic hydrocarbon is of a general nature, a se­
ries of experiments was made using various olefins.

It was found that cyclohexene6 or straight chain 
olefin such as 1-octene, react with ̂ -cymene in the 
usual manner yielding the corresponding mono- 
and disubstituted p-cymene; hydrogen transfer 
reaction did not occur.

The Structure of the C2oH24 Hydrocarbon (I).—
The facts described below and the postulated 
mechanism of hydrogen transfer reaction sug­
gested that the C2oH24 hydrocarbon corresponds to
1,3,3,6-tetramethyl-1 -/>-tolylindan (I). In order 
to establish conclusively the structure of com­
pound (I) 1,3,3,6-tetramethyl-1 -^-tolylindan was 
synthesized. The physical constants, nitro deriva­
tives, and ultraviolet absorption spectra of the 
synthetic sample were compared with the tricyclic 
hydrocarbon obtained from the hydrogen transfer 
reaction; the two compounds were identical.7

Infrared absorption spectra of the synthetically 
prepared compound I and that obtained from the 
hydrogen transfer reaction were taken (Graph I 
and II). The 1,3,3,6-tetramethyl-1 -^-tolylindan 
prepared from the latter reaction solidified on 
standing, so for that reason the infrared spectrum 
was taken in a carbon disulfide solution. The 
spectra of both compounds were found to be basi­
cally the same; the synthetic sample seems to be 
only about 95% pure. Due to the small amount 
of synthetic sample prepared, no attempt was 
made to purify it.

Compound I yielded on nitration a tetranitro 
derivative C20H20N 4O8 melting at 252-253°. A 
disulfonamide of the hydrocarbon was obtained 
melting at 227-228°. The tricyclic hydrocarbon 
yielded on oxidation a dicarboxylic acid, C20H20O4, 
melting at 294-295°.

(6) H. Pines, A. W eizmann and V. N. Ipatieff, "H ydrogen 
Transfer II.'* Papér presented before the Organic Division of the 
American Chemical Society, New York, September 15-19, 1946.

(7) The same tricyclic hydrocarbon, C20H24, was reported by N . 
Puranen (Ann. Acad. Sci. Fennicae, 37A, No. 10, 1-80 (1933); 
C, 1933 I I , 856) to  be formed by the treatm ent of ^-cymene with 
nitrosylsulfuric acid in sulfuric acid. The melting point of the  hydro­
carbon and its nitro derivatives agrees with those obtained from the 
hydrogen transfer reaction. Puranen assigned to this compound 
the structure of 1,3,3,6-tetram ethyl-l-£-tolylindan; he did not how­
ever prove the  structure by either degradative or synthetic means.
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8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
Graph I.— l,3,3,6-Tetramethyl-l~£-tolylindan; prepared by synthetic means.

Graph II.— 1,3,3,6-Tetramethyl-l-^-tolylindan; obtained from a hydrogen transfer reaction.

The C2oH24 hydrocarbon (I), on hydrogenation 
in the presence of a nickel-kieselguhr catalyst at 
100° and under an initial hydrogen pressure of 100 
atmospheres, absorbed six moles of hydrogen per 
mole of hydrocarbons to yield a compound corre­
sponding tO C20H36. (H).

The tricyclic hydrocarbon (I) on destructive 
hydrogenation at 240° under pressure in the pres-

CHa

ence of a copper oxide-alumina catalyst yielded 
toluene and a bicyclic aromatic hydrocarbon cor­
responding to C13H18 (III); some of the original 
tricyclic hydrocarbon was recovered.

The bicyclic hydrocarbon, Ci3Hi8 (III), ob­
tained from the destructive hydrogenation, was 
further hydrogenated under pressure at 100° in 
the presence of a nickel-kieselguhr catalyst. A 

bicyclic hydrocarbon corresponding 
to C13H24 (IV) was obtained.

The tricyclic hydrocarbon C2oH24 
(I) did not undergo dehydrogena­
tion when passed over platinized 
alumina at 300°.

Mechanism of Reaction.—The 
following mechanism is suggested 
to explain the hydrogen transfer 
reaction between trimethylethylene 
and p-cymene:

1. The olefinic hydrocarbons re - 
CH8 act with the catalyst; a carbonium 

ion is probably formed.

(IV)

CHs—C—CH- 

C)H3

-CH,
Cat.

3

CH3

X

- c —c h 2- 

c h 3 

r  CHS—

Cat.
-CH,3 <-

■c—c h 2- -CHs X -

L CHs J
X  =  HOSOs or Hn-1 F*

2. In the presence of an alkylat­
ing catalyst an exchange reaction
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probably occurs similar to the type described by 
Bartlett, Condon and Schneider.8

+ Cat.
+  CH3—C—CH2—CH3 ------ ^

CHs
CHs—CH—CH3

CHs

+  CHs—CH—CH2—CHs 

CHs

CHs—C—CHs

3. Part of the dimethyl-^>-tolyl carbonium ion 
formed may lose a proton to form 1-methy 1-4-iso - 
propenylbenzene; the latter on reaction with the 
dimethyl-/>-tolylcarbonium ion forms probably 
2,4-di-£-tolyl-4-methyl - 2 - penty lcarbonium ion. 
The latter through an internal addition to the ben­
zene ring and a subsequent loss of a proton yields 
1,3,3,6-tetramethyl-l-^-totylindan (I).

CHsCHs

(Catalyst)
+  H H

CH3—C—CH3 
+

h + +  x - :
CHs—C = C H 2 

—i  HX

HaC
' - / C H  

-̂--CH;

CHs

Ö—CHs +  H H

(I)

H + +  X -

In order to prove that the formation of 1,3,3,6- 
tetramethyl-1 tolylindan (I) may proceed 
through the above indicated mechanism, 1- 
methyl-4-isopropenylbenzene was prepared and 
the compound treated with hydrogen fluoride 
under experimental conditions similar to those re­
quired for a hydrogen transfer reaction. The 
product of the reaction was 1,3,3,6-tetramethyl-1 - 
£-toly lindane. This is in agreement with a similar 
result obtained by Bergmann, Taubadel and 
Weiss9 who found that the dimerization of iso- 
propenylbenzene in the presence of acid acting 
catalysts yields 1,3,3-trimethyl-1-phenylindan.

p -O y mene by itself does not undergo any 
changes when treated with either hydrogen fluo­
ride or sulfuric acid under the experimental con­
ditions used for the hydrogen transfer reaction.

1,3,3,6-Tetramethyl- 1-^-tolylindan (I) was
synthesized as follows.9

CHs

+
(Catalyst) +  CH3—C = C H —-CO—CH3

I
CH3

(A1CUHC1)

CHs—C—CH3 CH3—C—CH2+
CH3v /C H : 

s o /

HsO

(Catalyst)

CHs

(8) P. D. B artlett, F. E. Condon and A. Schneider, This Journal,' 
$6, 1531 (1944).

(V)

CHs—C—CH2—CO—CHs
I

CHs

^-CHsCeHiMgBr

CH: CHs

-C—CHs

(h p ) H3C/V \c/k:

a )

The para position of the substituents on the aro-
(9) The general schem e of the synthesis was similar to the method 

of E- Bergmann, H. Taubadel and H. W eiss, B er ,, 64, '1.493 (1931).
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T a b l e  I
Experiment number 1 2 3 4 5
Reagents used :

p-Cymene, moles 2.0 4 .8 4 ,0 0.8 1.0
Olefins, kind Trimethylethylene Methyley clohexene Dihydrolimonene Octene
Olefins, moles 1.0 2 .0 2 .0 0.4 0.5

t. 1_j 1 • 1V̂ ilLctiySL, JSJI1U HF h 2so 4 HF HF h 2so 4
Catalyst, moles 8.4 2 .4 6.6 3.3 0.6

Results obtained:
Hydrocarbon layer, grams 318 800 696 154 175
Hydrocarbon wt. % yield 94 96 96 94 92

Composition of hydrocarbon layer; based on total product recovered 
Saturated product formed, kind Isopentane Methylcyclohexane Paramenthane Octane
Saturated product formed, moles 0.33° 1.31 1.69 0.17 0
p-Cymene recovered, moles 1.29 3.28 2.19 .59 0.55
Alkylated product,® grams 51 42 39 5e 88

moles 0.25 0.18 0.17 0.02 0.36
1,3,3,6-Tetramethyl- 1-^-tolylindane, moles .23 .58 .75 .15 0

Evaluation of yield: original aromatic hydrocar­
bon converted to6
(1) Alkylated product,® mole % 25' 9 8 .5 5.0 72"
(2) 1,3,3,6-T etramethyl- l-£-tolylind an, mole % 46 58 75 75 0

Olefinic hydrocarbons converted to6
(1) Saturated hydrocarbons, mole % 4&d 65 84.5 42.5 0
(2) Alkylated product,® mole % 25/ 9 8.5 5.0 72°

a Hydrocarbons corresponding to the interaction of a mole of olefins with a mole of aromatic hydrocarbons charged. 
6 The yields were calculated on the basis of olefin reacted. c In addition to isopentane 0.05 mole of decanes was formed. 
d Includes decanes produced, which distilled at 145-155°, w20d  1.4182. Anal. Calcd. for C10H22: C, 84.41; H, 15.59. 
Found: C, 84.64; H, 15.65. e Estimated from the index of refraction. f It distilled at 94-96° at 4 mm., n20d 1.5021, 
Anal. Calcd. for Ci5H24: C, 88.16; H, 11.84. Found: C, 88.74; H, 11.42. * It distilled at 126-129° at 4 mm., w20d 
1.4842. Anal. Calcd. for C18H30: C, 87.73; H, 12.27. Found: C, 88.11; H, 11.78.

matic ring was proved by means of oxidation of 
compound (V) to terephthalic acid.

Experimental Part
The reactions of £ -cymene with olefins in the presence 

of catalysts were carried out by the following procedure.
Sulfuric Acid Catalyzed Reaction.—The apparatus 

consisted of an appropriately sized three-neck flask 
equipped with a mercury sealed stirrer, reflux condenser 
and a water-cooled dropping funnel. The flask was 
surrounded by a cooling bath of ice and water. A ther­
mometer was inserted into the reaction flask.

The sulfuric acid (96%) and one-half of the p -cymene 
were introduced into the flask and cooled at 0 °. The ole­
finic hydrocarbon and the remainder of the £ -cymene were 
mixed and added slowly with efficient stirring to the con­
tents of the flask. The rate of addition was controlled so 
as to maintain the temperature inside the flask between 0 0 
and 7°. After the addition was finished, the stirring was 
continued for a half hour.

The contents of the flask were poured into a separating 
funnel and allowed to stand for one to two hours in order 
to assure a complete separation of the acid and hydrocarbon 
layers.

The hydrocarbon layer was separated washed with 
water, with alkali, again with water, dried and distilled.

Hydrogen Fluoride Catalyzed Reaction.—The apparatus 
consisted of a copper flask provided with a copper stirrer 
and a dropping funnel. The flask was surrounded by a 
cooling bath of ice and water. The procedure was the 
same as that of sulfuric acid.

The contents of the flask were poured into a copper 
beaker containing ice precooled to about —30°. The 
hydrocarbon was separated and washed with dilute aque­
ous potassium hydroxide, followed by a water wash, then, 
dried over calcium chloride and distilled.

The experimental results obtained are given in Table I..
As an example of the methods used for the identification.

of the reaction product, Experiment 2 is described in 
detail.

Experiment 2 (£-Cymene-methylcyclohexene-Sulfuric 
Acid).—Distillation of 700 g. of hydrocarbon mixture 
yielded the following fractions:

Fraction 1, b. p. 101°, n20d 1.4220, 114 g., corresponds 
to methylcyclohexane, since on dehydrogenation over 
platinized alumina (Pt 7%) at 260°,10 it yielded toluene. 
The latter was identified by means of its dinitro derivative, 
which melted at 70°.

Fraction 3, b. p. 172-174°, n20d 1.4890, 378 g., consists 
of unreacted p-cymene, as determined by the ultraviolet 
absorption spectra.

Fraction 6, b. p. 124-126° at 4 mm., n20d 1.5305, d204 
0.9581, 28 g., corresponds to methylcyclohexyl-p-cymene.

Anal. Calcd. for C17H26: C, 88.63; H, 11.37. Found: 
C, 89.40; H, 10.68.

Nitro Derivative.—One ml. of the product was treated 
with 5 ml. of nitrating mixture composed of 1 vol. 72% 
nitric acid and 2 vol. 96% sulfuric acid. The nitro com­
pound was crystallized from ethanol. It melted at 152- 
153°.

Anal. Calcd. for Ci7H24N204: C, 63.75; H, 7.50; N,
8.75. Calcd. for C16H22N20 4: C, 62.74; H, 7.19; N, 
9.15. Found: C, 62.53; H, 6.91; N, 8.79.

According to elementary analysis, the nitro compound 
corresponds to isopropyl-(methylcyclohexyl) -dinitroben­
zene; it seems that a methyl group in the benzenoid 
ring was replaced by a nitro group. Such replacement 
is quite common.11

The sulfonamide was prepared by the procedure of 
Huntress and Autenrieth12 and crystallized twice from 
dilute alcohol and twice from benzene-pentane solution. 
It melted at 187-188°.

(10) H. Pines and V. N . Ipatieff, This Journal, 61, 1076 (1939).
(11) D. N ightingale, C h em . R e v ., 40, 117 (1947).
(12) E. H. Huntress and J. S. Autenrieth, This Journal, 63, 3446 

(1941).
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Anal. Calcd. for C17H27NSO2: C, 66.02; H, 8.74; N, 
4.53. Found: C, 66.22; H, 8.71; N, 4.65.

Fraction 9, b. p. 156° at 4 mm., n20d 1.5580, 128 g., 
corresponds to l,3,3,6-tetramethyl-l-/>-tolylindan.

Anal. Calcd. for C20H24*. C, 90.85; H, 9.15. Found: 
C, 91.31; H, 8.96.

The product crystallized out very slowly until it was 
seeded with (I). It melted at 37.5°.

Nitration.—One gram of the hydrocarbon C20H24 was 
dissolved in 5 ml. of chloroform, cooled to 0°, and to it 
was added 1.5 ml. of 96% sulfuric acid and 0.5 ml. of 72% 
nitric acid. A crystalline derivative was obtained, 
melting at 112-114°. After crystallization from ethanol 
it melted at 114-115°; it corresponded to 1,3,3,6-tetra­
methyl-5-nitro -1 - (4-methyl -3 -nitrophenyl) -indan.

Anal. Calcd. for C2oH22N20 4: C, 67.80; H, 6.21;
N, 7.90. Found: C, 68.12; H, 6.02; N, 7.89.

One-half ml. of the product was treated with 5 ml. of 
a nitrating mixture, composed of 1 vol. 72% nitric acid 
and 2 vol. 96% sulfuric acid, and heated for a few minutes 
to 70-80°. The product solidified while still hot; it was 
poured over ice, filtered and the solid crystallized from a 
hot ethanol-chloroform mixture. White glistening crys­
tals were obtained, which melted at 251-252°. The nitro 
compound corresponds to 1,3,3,6-tetramethyl-5,7-di- 
nitro-l-(4-methyl-3,5-dinitrophenyl)-indan. Mixed melt­
ing point with a synthetically prepared tetranitro deriva­
tive showed no depression.

Anal. Calcd. for C20H20N4O8: C, 54.05; H, 4.50; N, 
12.61. Found: C, 54.20; H, 4.43; N, 12.84.

The sulfonamide crystallized from water-alcohol mix­
ture; it melted at 227-228° and corresponded probably 
to 1,3,3,6 -t etr ame thy 1 -1 - (4 -methyl -3 -sulf onamido -phen - 
yl) -5-sulf onamido-indan.

Anal. Calcd. for C2oH2604N2S2: C, 56.87; H, 6.16; 
N, 6.63. Found: C, 57.57; H, 6.34; N, 6.34.

Oxidation.—One gram of the product was heated under 
reflux with a solution composed of 30 ml. of acetic acid, 
30 ml. of water, 5 ml. of 96% sulfuric acid and 7 g. of 
chromic anhydride. The mixture was heated for six 
hours. The solution was cooled and diluted with water; 
a solid precipitated out, which was filtered and washed 
with water. The solid was dissolved in dilute aqueous 
sodium hydroxide and extracted with ether to remove 
any neutral material which might be present. The 
aqueous solution was then acidified with dilute hydro­
chloric acid. The organic acid which separated out melted 
at 294-295°; it corresponds to 1,3,3-trimethyl-l-(4- 
carboxyphenyl) -6 -carboxyindan.

Anal, Calcd. for C20H20O4 (mol. wt. 324): C, 74.08;
H, 6.17. Found: C, 73.22; H, 6.78; neutral equivalent 
of the acid, 160.

Hydrogenation.—Fifteen grams of the hydrocarbon 
C20H24 was hydrogenated at 100 0 under an initial hydrogen 
pressure of 120 atmospheres and in the presence of 2.5 g. 
of a nickel-kieselguhr catalyst. From the pressure drop 
it was calculated that 6 moles of hydrogen were absorbed 
per mole of hydrocarbon.

The hydrogenated material distilled at 183° (13 mm., 
n20d 1.4982, d204 0.9248. It corresponds to 1,3,3,6- 
tetramethyl - 1 - (4 - methylcyclohexyl) - hexahydroindan 
(Compound II).

Anal. Calcd. for C20H36: C, 86.87; H, 13.13. Found: 
C, 86.70; H, 13.20.

Destructive Hydrogenation.—Twenty-seven grams of 
fraction 9 was submitted to destructive hydrogenation in 
the presence of 4 g, of a coprecipitated copper oxide- 
alumina catalyst (copper oxide 60% by wt.). The re­
action was carried out in a 450 cc. capacity rotating 
autoclave at 270° and at an initial hydrogen pressure of 
122 atm. measured at 28 °. The time of heating was seven 
hours; the maximum pressure was 230 atm.; the final 
pressure measured at 28° was 106 atm.

The gases were collected and analyzed; they consisted 
of 99.4% of hydrogen. The liquid product was fraction­
ally distilled and the following cuts were collected:

Cut 1, b. p. 108-110°, w20d 1.4940, 3.5 g., consisted of 
toluene. A dinitrotoluene was prepared melting at 70°.

Cut 3, b. p. 210-212°, n 20d 1.5071, 6.5 g., corresponded 
to 1,1,3,5-tetramethylindan (Compound III).

Anal. Calcd. for C13Hi8: C, 89.66; H, 10.34. Found: 
C, 89.47; H, 10.50.

Cut 4, b. p. 158° at 4 mm., n20D 1.5545, 12.5 g., cor­
responded to recovered compound I. It melted at 37.5° 
and yielded a tetranitro derivative melting at 250° and 
a sulfonamide melting at 123-124°.

Anal. Calcd. for C13H19SO2N: N, 5.53. Found: N, 
5.47.

A larger amount of 1,1,3,5-tetramethylindan was pre­
pared and 17 g. of the hydrocarbon was hydrogenated in 
the presence of 3 g. of nickel-kieselguhr catalyst at 100° 
and under an initial hydrogen pressure of 100 atmospheres 
at 25°. From the drop in hydrogen pressure it was cal­
culated that three moles of hydrogen was absorbed per 
mole of hydrocarbon. The hydrogenated product distilled 
at 213-215°, n20d 1.4622. It corresponds to 1,1,3,5-tet- 
ramethylhexahydroindan (Compound IV).

Anal. Calcd. for Ci3H24: C, 86.25; H, 13.75. Found: 
C, 86.77; H, 13.40.

Synthesis of 1,1,3,6-Tetramethyl-1 -p -tolylindan (I)
4-Methyl-4-£-tolyl-2-pentanone (V).—The reaction ves­

sel consisted of a 2-liter three-neck flask containing a 
mercury sealed stirrer, a dropping funnel and a reflux 
condenser. Toluene, 108 g. (2 M) and 200 g. of 
carbon disulfide were placed in the reaction flask which 
was surrounded with ice. To this solution was added 
160 g. (1.2 moles) of aluminum chloride; on the addition 
of the catalyst the solution turned a deep red color. To 
the contents of the flask 98 g. (1 mole) of mesityl oxide 
was added over a period of two and one-half hours. After 
the addition was completed, the stirring was continued for 
an additional two hours. During all this time a slow 
stream of hydrogen chloride was bubbled into the liquid. 
The content of the flask was then poured onto ice. Two 
layers were formed: the upper (organic) layer was sepa­
rated, washed with water, followed by sodium carbonate 
solution and again with water. The product was then 
steam distilled to remove the excess of toluene and carbon 
disulfide; the remaining material was separated from the 
water, dried and distilled under reduced pressure.

The 4-methyl-4-p~toly 1 -2-pentanone (V) formed, dis­
tilled at 160° at 37 mm., w20d 1.5082, d204 0.9594; yield, 
40%.

Anal. Calcd. for Ci3Hi80 : C, 82.11; H, 9.47. Found: 
C, 82.15; H, 9.37.

Semicarbazone, after two crystallizations from 60% 
ethanol, melted at 190-191°.

Anal. Calcd. for Ci4H2xON3: N, 17.00. Found: N, 
17.40.

Oxidation.—One half gram of the ketone was treated 
under reflux for three hours with a solution consisting of
3.5 g. of chromic anhydride, 15 ml. of glacial acetic acid, 
15 ml. of water and 4 ml. of 96% sulfuric acid. On dilu­
tion with water, a solid separated, which was filtered, 
washed with water and dried. It did not melt at 290°. 
The solid corresponded to terephthalic acid since the cor­
responding dimethyl ester melted at 1410 and did not show 
a depression in melting point when mixed with a known 
sample of dimethyl terephthalate.

4-Methyl-2,4-di-^-tolyl-2 -pentanol (VI)
p -Tolylmagnesium bromide prepared from 21 g. (0.12 

mole) of ^-bromotoluene and 2.9 g. (0.12 atom) of mag­
nesium was condensed with 19 g. (0.1 mole) of (V). The 
carbinol VI, 18 g., distilled at 160° (3 m m .); n20d 1.5520.

Anal. Calcd. for C20H26O: C, 85.11; H, 9.22. Found: 
C, 85.10; H, 9.17.

1,1,3,6-Tetramethyl-p-tolylindan (I)
Six grams of (VI) was dissolved in 15 g. of methyl­

cyclohexane and the solution was added, with stirring,
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to 17 g. of anhydrous hydrogen fluoride at 0°. The con­
tent of the copper flask was then poured onto ice. The 
hydrocarbon layer was separated, washed with potassium 
hydroxide, water, dried over calcium chloride and dis­
tilled. Three grams of (I) was obtained, boiling at 161° 
(7,5 nun.), n20d 1,5579.

The infrared and ultraviolet absorption spectra were 
taken.

Two-tenths gram of (I) was nitrated with 5 ml. of ni­
trating mixture consisting of 2 vol. 96% sulfuric acid and 
1 vol. of 72% nitric acid. The nitro compound obtained 
was crystallized from a solution of ethanol and chloroform. 
It melted at 251 °, and did not depress the melting point 
of the tetranitro derivative of the C20H24 hydrocarbon.

Dimerization of 1 -Methyl-4-isopropenylbenzene
A. Dimethyl-p-tolyl-carbinol.—The carbinol was pre­

pared from 256 g. (1.5 mole) of p-bromotoluene and 81 g. 
(1.4 mole) of acetone via a Grignard reaction according 
to the procedure of Sabatier and Marat.13 The carbinol 
distilled at 73° (2.5 mm.), w20d 1.5168; yield 66%.

B . 1 -Methyl-4-isopropenylbenzene.—Forty-three
grams of the carbinol was passed at 350° during a period 
of one hour over 40 cc. of activated alumina of a 10-12 
mesh size. The hydrocarbon distilled at 82° (21 mm.), 
n20d 1.5350; yield was over 80%.

C. Polymerization of 1-Methyl-4-isopropenylbenzene. 
—Eight grams'of 1-methyl-4-isopropenylbenzene dissolved 
in 7 g. of methylcyclohexane was added with agitation 
to 10 ml. of anhydrous hydrogen fluoride placed in a copper 
beaker. The mixture was stirred for fifteen minutes and 
then poured onto 15 g. of ice precooled to —40°= The 
hydrocarbon layer was separated, diluted with ether, 
washed with aqueous potassium hydroxide, dried, and 
distilled. Three grams of a hydrocarbon boiling at 171° 
(5 mm.) was obtained; w20d 1.5545, melting point 33°. 
According to ultraviolet analysis it consisted of 1,3,3,6- 
tetramethyl-1 -^-tolylindan (Compound I).

Anal. Calcd. for C2oH24: C, 90.85; H, 9.15. Found: 
C, 91.03; H, 9.11.

(13) P. Sabatier and M. M urat, C o m p t. rend., 156, 184 (1913); 
A nn. C h im .,  [9] 4, 253 (1915).

On nitration with nitrating mixture consisting of 2 vols. 
of sulfuric acid and 1 vol. of nitric acid it formed a tetra­
nitro derivative, which after two crystallizations from 
ethanol-chloroform solution melted at 248°, and did not 
depress the melting point of the tetranitro derivative pre­
pared from a known sample of Compound I.

Acknowledgment.—We are indebted to Mr. 
Don Strehlau for some of the derivatives, to Mrs. 
Margaret Ledyard for the elementary analyses 
and to Dr. W. S. Gallaway of the Universal Oil 
Products Company for the infrared analyses.

Summary
The reaction of p -cymene with trimethylethyl- 

ene, methylcyclohexene, dihydrolimonene, 1-oc- 
tene, and cyclohexene in the presence of either sul­
furic acid or hydrogen fluoride was investigated.

Hydrogen transfer occurs when ̂ -cymene reacts 
with the first three olefins; the products resulting 
from such reaction consist of isopentane, methyl­
cyclohexane, and ^-menthane, respectively, and
1,3,3,6-tetramethyl-1-^-tolylindan which is formed 
in each case.

1,3,3,6-Tetramethyl-1 -^-tolylindan was synthe­
sized.

A mechanism for the hydrogen transfer reaction 
is proposed:

The following new compounds and their deriva­
tives were prepared: (a) 4-methyl-4-^-tolyl-2-
pentanone, (b) 4-methyl-2,4~di -^-tolyl-2-penta- 
nol, (c) l,3,3,6-tetramethyl-l-(4-methylcyclo- 
hexyl) -hexahydroindan, (d) 1,1,3,5-tetrameth­
ylindan, and (e) 1,1,3,5-tetramethylhexahydro- 
indan.
E v a n s t o n , I l l i n o i s  R e c e iv e d  N o v e m b e r  17, 1947

[C o n t r i b u t io n  f r o m  t h e  C h e m i s t r y  D e p a r t m e n t , N o r t h w e s t e r n  U n i v e r s i t y  M e d ic a l  S c h o o l ]

The Acid Hydrolysis of Egg Albumin. 1. Kinetic Studies
B y  H e n r y  B. B ull  and  J. W ilfr id  H a h n

It becomes increasingly clear that a central 
problem of protein chemistry is the localization of 
the amino acid residues in the peptide chains, and 
it is possible that study of the hydrolysis of pro­
teins might shed light on this problem. While the 
literature on protein hydrolysis is extensive, there 
are certain features of this reaction which have 
not been explored. The present paper reports the 
results of an investigation of the hydrolysis of puri­
fied hen’s egg albumin at 30°, at 45° and at 60° by 
hydrochloric acid. The amino nitrogen, the free 
amino acids, the ammonia, the material insoluble 
in trichloroacetic acid as well as the heat coagula- 
ble material have been determined, and an inter­
pretation of these results is suggested.

Experimental
One volume of a solution of crystalline albumin prepared 

from fresh chicken eggs by the method of Kekwick and

Cannan1 was added to two volumes of concentrated hydro­
chloric acid. The flask containing the reaction mixture 
was securely stoppered and placed in a water-bath at the 
desired temperature and rotated occasionally. A single, 
clear, homogeneous phase resulted in a few minutes. At 
intervals, 20-cc. aliquots were removed and neutralized 
with powdered sodium bicarbonate, and the turbid solu­
tions resulting made up to 50 cc. with water. Ammonia, 
free amino acids and amino nitrogen were determined on 
these dilutions.

Material precipitable by trichloroacetic acid was meas­
ured on 5-cc. aliquots of the reaction mixture which were 
diluted to 50 cc. without neutralization. Five cc. of this 
dilution was treated with 10 cc. of a 4% trichloroacetic 
acid solution, and after fifteen minutes filtered and the 
total nitrogen of the filtrate determined.

The heat coagulable material was determined by ad­
justing a 5-cc. aliquot of the hydrolyzate to about pH 
4.5, heating on a boiling water-bath for five minutes, 
diluting to 50 cc. and filtering. Total nitrogen was run 
on the filtrate.

(1) Kekwick and Cannan, B io c h e m . J , ,  30, 227 (1936).



June, 1948 K inetic Studies of Acid Hydrolysis of Egg Albumin 2129

On the basis of total nitrogen in egg albumin,2 the re­
action mixture contained 4.25 g. of protein per 100 cc. 
The hydrochloric acid during the first part of the reaction 
was 7.95 N as determined by titration with standard base.

The ammonia was obtained by a steam distillation in 
the Pregl micro-Kjeldahl apparatus, using magnesium 
oxide as the alkalizing agent.

The amino nitrogen was measured in the Van Slyke 
volumetric apparatus by the Kendrick-Hanke modifica­
tion,3 and the reaction time was ten minutes. An am­
monia correction was determined by the method of Irv­
ing, Fontaine and Samuels4 and this correction, which 
amounted to 55% of the ammonia, was applied to the 
amino nitrogen values.

To calculate the rate of hydrolysis of peptide bonds 
from the amino nitrogen, it was necessary to assume that 
the bonds involving proline and hydroxyproline were, 
hydrolyzed at a rate proportional to their amounts5 in 
egg albumin.

The free amino acids released were measured by the 
ninhydrin titrimetric method at pH 2.5.6 Aspartic acid 
yields carbon dioxide from both its carboxyl groups, 
and the ninhydrin values are too large by this amount. 
Following Frost and Heinsen,7 we have assumed that 
aspartic acid is liberated at a rate proportional to its 
relative concentration8 in the protein, and the ninhydrin 
values corrected on this basis.

Controls were prepared by neutralizing 13.5 cc. of con­
centrated hydrochloric acid with sodium bicarbonate and 
then adding 6.67 cc. of the mother protein solution. Con­
trol values have been subtracted from each determination 
to give the groups actually produced by the hydrolysis.

Results
Tables I, II and III show the quantities of am­

monia, amino nitrogen and free amino acids pro­
duced by acid hydrolysis at 30°, at 45° and at 60° 
expressed in milliequivalents per gram of egg albu-

T able  I
M illiequivalents of A mmonia, A mino N itrogen and 
Free A mino A cids per  Gram of E gg A lbumin Pro­
duced by  A cid H ydrolysis at  30°. A lso Shown are

the Percentages of Peptide B onds H ydrolyzed

.------Amino nitrogen— ■—■>
Cor­

rected Free amino acids

Time
in

hours NH#

Cor­
rected

for
NHa

for
NHa
and

proline

Per
cent.

hydroly­
sis

Uncor­
rected

Corrected
for

aspartic
acid

2 0 . 0 5
4 . 0 9 0 . 1 7 0 . 1 8 2 . 0
9 . 2 1 0 . 7 3 0 . 7 6 8 . 5 0 . 0 1 9 0 . 0 1 7

2 2 . 3 6 1 . 5 9 1 . 6 6 1 8 . 6 . 1 5 2 . 1 4 2

2 9 . 5 . 5 0 1 . 8 6 1 . 9 4 2 1 . 8 . 2 4 8 . 2 3 2

4 8 . 5 . 6 0 2 . 5 0 2 . 6 1 2 9 . 3 . 3 5 7 . 3 3 4

7 2 . 2 5 . 6 6 3 . 0 2 3 . 1 5 3 5 . 4 . 5 1 5 . 4 8 2

1 2 0 . 7 0 3 . 4 4 3 . 5 9 4 0 . 4 . 9 3 5 . 8 7 5
1 4 4 . 7 1 3 . 8 8 4 . 0 4 4 5 . 4 . 9 3 0 . 8 7 0
1 9 5 . 6 9 4 . 3 2 4 . 5 0 5 0 . 5 1 . 1 4 1 . 0 7

2 4 0 . 7 2 4 . 4 2 4 . 6 2 5 2 . 0 1 ; 3 6 1 . 2 7

2 8 9 . 7 2 4 . 8 4 5 . 0 4 5 6 . 5 1 . 5 4 1 . 4 4

3 3 5 4 . 7 1 4 . 9 6 5 . 1 7 5 8 . 1 1 . 8 1 1 . 6 9

(2) Chibnall, Reese and Williams, Biochem. J., 37, 354 (1943).
(3) Kendrick and Hanke, J. Biol. Chem., 117, 161 (1937).
(4) Irving, Fontaine and Samuels, Arch. Biochem., 4, 347 (1944).
(5) Calvery, J. Biol. Chem., 94, 613 (1931).
(6) Van Slyke, MacFadyen and Hamilton, ibid., 141, 627 

(1941).
(7) Frost and Heinsen, ibid., 161, 517 (1945),
(8) Chibnall, Proc. Roy. Soc. (London), B131, 152 (1942).

T able  II

M illiequivalents of A mmonia, A mino N itrogen  and  
Free A mino A cids p er  G ram  of E gg A lbum in  Pr o ­
duced b y  A cid H ydrolysis a t  4 5 ° .  A lso Shown a r e  

the P ercentages of Peptide  B onds H ydrolyzed

Time
in

hours NH#

/-----Amino nitrogen—— ■«
Cor­

rected
Cor- for Per 

rected N H 3  cent, 
for and hydroly- 

N H 3  proline sis

Free amino acids 
Corrected 

for
Uncor- aspartic 
rected acid

0 . 5 0 . 0 3
1.0 . 1 0 0 . 5 1 0 . 5 3 6 . 0 0 . 0 7 1 0 . 0 6 6

1 . 5 . 1 5 . 5 7 . 5 9 6 . 6

2 . 0 . 2 0 . 8 1 0 . 8 4 9 . 5 . 0 3 8 . 0 3 5
3 . 0 . 3 0 1 . 0 0 1 . 0 4 1 1 . 7 . 1 4 0 . 1 3 1
3 . 1 . 3 2 1 . 0 6 1 . 1 1 1 2 . 5 . 1 0 2 . 0 9 6
4 . 0 . 3 7 1 . 1 4 1 . 1 9 1 3 . 4 . 1 7 9 . 1 6 7
6 . 1 . 5 0 1 . 6 6 1 . 7 3 1 9 . 4 . 2 3 6 . 2 2 1

1 0 . 0 . 6 2 1 . 9 3 2 . 0 1 2 2 . 6 . 3 3 8 . 3 1 6
2 4 . 0 . 7 0 3 . 2 0 3 . 1 4 3 5 . 3 . 8 1 2 . 7 6 0
3 0 . 5 . 7 0 3 . 7 6 3 . 9 2 4 4 . 0 . 9 6 5 . 9 0 3
4 8 . 0 . 6 5 4 . 5 1 4 . 7 0 5 2 . 9 1 . 3 8 1 . 2 9
7 7 . 0 . 6 8 5 . 1 3 5 . 3 5 6 0 . 0 1 . 8 8 1 . 7 6

1 0 3 . 0 . 7 2 5 . 5 4 5 . 7 7 6 4 . 8 2 . 6 0 2 . 4 3
1 2 7 . 0 . 6 9 5 . 6 0 5 . 8 4 6 5 . 5 2 . 7 5 2 . 5 7
1 4 5 . 0 . 7 2 5 . 6 8 5 . 9 2 6 6 . 5

T able  III
M illiequivalents of Ammonia, A mino N itrogen  and  
Free A mino A cids per  G ram of E gg A lbumin  Produced  
by A cid H ydrolysis at 6 0 ° .  A lso Shown ar e  th e  

Percentages of Peptide  B onds H ydrolyzed

/------ Amino nitrogen------•>

Time
in

hours NHa

Cor­
rected

for
NHi

Cor­
rected

for
NHa
and

proline

Per
cent.

hydroly­
sis

Free amino acids 
Corrected 

for
Uncor- aspartic 
rected acid

0 . 3 0 0 . 1 2 0 . 0 5 0 0 . 0 4 7
. 5 0 . 1 7 0 . 8 5 0 . 8 8 9 . 9 . 0 5 6 . 0 5 2

. 7 5 . 2 9 0 . 9 5 0 . 9 9 1 1 . 1 . 1 1 8 . 1 1 0
1 . 0 0 . 3 6 1 . 3 5 1 . 4 1 1 5 . 8 . 0 8 7 . 0 8 1
1 . 5 0 . 4 8 1 . 8 3 ' 1 . 9 1 2 1 . 4 . 2 0 6 . 1 9 3
2 . 0 0 . 5 7 2 . 1 1 2 . 2 0 2 4 . 7 . 2 2 4 . 2 1 0
2 . 5 0 . 5 9 2 . 3 0 2 . 3 9 2 6 . 8 . 3 3 0 . 3 1 9
3 . 0 0 . 6 3 2 . 6 2 2.73 3 0 . 7 . 3 8 7 . 3 6 2
4 . 0 8 . 6 5 2 . 9 4 3 . 0 6 3 4 . 4 . 5 1 6 . 4 8 3
5 . 0 0 . 6 6 3 . 2 4 3 . 3 7 3 7 . 8 . 6 1 0 . 5 7 1
6 . 0 0 . 6 8 3 . 5 3 3 . 6 8 4 1 . 4 . 7 1 8 . 6 7 2
7 . 0 0 . 6 8 3 . 8 8 4 . 0 4 4 5 . 4 . 8 5 5 . 8 0 0

min. From the average residue weight for egg 
albumin and on the basis of 4 peptide chains in 
this protein,8 there are about 8.89 milliequivalents 
of peptide bonds in one gram of protein. Percent­
age hydrolysis was calculated using this value 
after the proline correction had been applied.

Table IV shows the percentage of the total ni­
trogen in solution after treatment with trichloro­
acetic acid by the technique described above. 
Also shown is the per cent, of the total nitrogen in 
solution after isoelectric heat coagulation. The 
agreement between the.se sets of data is by no 
means perfect. We are inclined to believe that
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the isoelectric heat coagulation is more nearly a 
measure of the intact protein present in the hy­
drolysate than is trichloroacetic acid precipitation.

T able  IV
P er C en t, of the T otal N itrogen in  the F iltrate 
a fter  Precipitation  by  2.67% T richloroacetic 
A cid (TCA) and  by  Isoelectric H ea t  Coagulation 

(IHC)
✓—30° 
Time 

in
hours

Hydrolysis—

% Nitrogen 
TCA IHC

✓—45° 
Time 
in

hours

Hydrolysis—^

% Nitrogen 
TCA IHC

-—60° Hydrolysis—> 
Time

in % Nitrogen 
hours TCA IHC

2 8.27 8.64 0.5 7.46 10.10 0.25 18.70
4 21.70 25.50 1.0 22.65 31.65 .316 24.40
6 39.80 1.5 38.50 45.00 .50 43.7 50.0
8 51.70 2.0 47.50 55.40 .75 61.2 67.6
9 49.20 3.0 67.30 73.30 1.00 71.3 75.9

10 62.0 4.0 72.30 78.20 1.50 81.3 80.5
24.5 78.50 6.0 90.6 2.00 89.5 90.7

6.1 81.40

Discussion
The liberation of ammonia follows the kinetics 

of a first order reaction, and the rate constants for 
this reaction were 0.039, 0.22 and 0.79 mole per 
hour per mole at 30, at 45 and at 60°, respectively. 
These rates were proportional to 0.72, 0.72 and
0.71 millimole ammonia per gram of protein at 30, 
at 45 and at 60°, respectively. The values com­
pare favorably with that reported by Chibnall.4 
The energies of activation were 22,100 calories and 
17,700 calories for the temperature ranges 30-45 
and 45-60°, respectively.

Mm. peptide bonds hydrolyzed.
Fig. 1.—Rates of hydrolysis in millimoles of peptide 

bonds per hour per gram of protein. Open circles repre­
sent total peptide bonds and filled circles the liberation 
of free amino acid, 45° hydrolysis.

For a molecular weight of 45,000 for egg albu­
min, there are about 400 peptide bonds per mole­
cule and, accordingly, there are potentially a large 
number of simultaneous reactions to consider. 
This is a complex problem, and its complete solu­
tion must await the future. I t is not surprising 
that none of the measures of reaction velocity, 
with the exception of the ammonia liberation, fol­
lows with exactness any simple kinetic relation, 
and we do not regard speculation on the order of 
these reactions as profitable at the present.

The peptide bonds hydrolyzed and the amino 
acids liberated were plotted against the time of 
hydrolysis and the rates of rupture of the peptide 
bonds obtained from the slopes of the curves as a 
function of the bonds split. Shown in Fig. 1 is a 
plot of these rates a t 45° against the extent of 
hydrolysis. The rates at 30° and at 60° exhibit 
the same qualitative behavior as is shown in Fig. 1.

From Figure 1, it appears that there is a fast re­
action whose rate is 6 to 7 times greater than the 
slow reaction which accompanies it, and that the 
fast reaction is exhausted after a fraction of the 
peptide bonds have been hydrolyzed.

As a measure of the initial rates of reaction, we 
have determined the slopes of the tangents drawn 
from the origin for the various amount-time 
curves. From these rates we have calculated the 
ratio of the initial rate of hydrolysis of total pep­
tide bonds and the initial rate of liberation of 
amino acids to the initial rate of destruction of pro­
tein as judged by isoelectric heat coagulation. 
We have calculated the energies of activation from 
these initial rates. These results are shown in 
Table V.

The average ratio of the initial rate of hydroly­
sis of peptide bonds to initial rate of destruction of 
protein is 56.5, and the corresponding ratio for the 
rate of liberation of amino acids is 4.58. When 
the intact protein is measured by the trichloro­
acetic acid precipitation, the total peptide ratio 
is about 70 and the free amino acid ratio is about 6,

Shown in Fig. 2 is a plot of the number of milli­
moles of peptide bonds hydrolyzed per gram of egg 
albumin against the fraction of the protein hy­
drolyzed. I t will be noted that the experimental 
points lie on lines which apparently tend to con­
verge into a single straight line during the first 
part of the reaction. As the reactions proceed 
toward completion, the curves swing upward 
rather sharply. Expressing the slope of the linear 
portion of the curve in peptide bonds hydrolyzed 
per gram molecular weight of egg albumin, we find

T able V
Initial  R ates of H ydrolysis in  M illimoles per H our per Gram of Protein, the R atio of Initial  R ates to the 

Initial  R ate  of D estruction of Protein and the E nergies of A ctivation

Temp.,
°C. Rate

—Free amino 
Ratio to 
protein

acids------------v
Energy of 
activation Rate

— Total peptide- 
Ratio to 
protein

Energy of 
activation Rate

Protein---------- —
Energy of 
activation

30 0.0066 4.55 0.074 50.7 0.00146
45 .0294 4.23 19,100 0.43 61.1 22,500 .00695 20,000
60 .120 4.95 19,700 1.40 57.6 16,700 .0241 17,500
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that 55 peptide bonds and 4.3 free amino acids are 
liberated for each egg albumin molecule destroyed. 
These values compare favorably with those given 
in Table V.

As can be seen in Table V the energies of acti­
vation for the hydrolysis of peptide bonds, the 
liberation of free amino acids and the destruction 
of protein are all of the same order of magnitude, 
and the conclusion is drawn that the destruction of 
the protein molecule is initiated by the hydrolysis 
of a single peptide bond, and the simultaneous ac­
tivation of two or more peptide bonds is not neces­
sary. I t is to be noted that while the energy of 
activation for the liberation of amino acids is sub­
stantially constant over the temperature interval, 
the energy required for the activation of bonds 
leading to the destruction of the protein as well as 
the energy involved in the hydrolysis of total pep­
tide bonds decreases significantly with increasing 
temperature, reflecting the existence of a complex 
reaction. Probably of great significance for the 
problem of hydrolysis of peptide bonds is the reso­
nance energy of this bond. I t  can be estimated 
from bond distances that the peptide bond has 
about 45% double bond character and the activa­
tion of this bond, no doubt, blocks the resonance 
and weakens the bond by the extent of the reso­
nance energy. I t  should be noted that the hy­
drolysis of a peptide bond is an exothermic re­
action9 yielding between 2,000 and 4,000 calories 
per mole. Whether or not the release of this 
energy would be sufficient to start an energy chain 
is not known.

In light of the above results and discussion, we 
suggest that the most reasonable interpretation of 
the acid hydrolysis of egg albumin is as follows: 
There exist two classes of peptide bonds in the pro­
tein as far as ease of hydrolysis is concerned. 
About 56 peptide bonds out of the 400 in the pro­
tein molecule can be hydrolyzed rapidly. The frag­
ments produced by this initial split of the molecule 
are then further hydrolyzed, but at much slower 
rates. The rate at which a peptide bond is split 
is probably determined by the nature of the amino 
acid residues next to this bond.

(9) Haugaard and Roberts, This Journal, 64, 2664 (1942).

Fraction hydrolysate soluble.
Fig. 2.—Millimoles of peptide bonds hydrolyzed per 

gram of egg albumin plotted against the fraction of pro­
tein not heat coagulable at the isoelectric point. Open 
circles 30° hydrolysis, half circles 45° hydrolysis and filled 
circles 60° hydrolysis.

Acknowledgment.—It is a pleasure to ac­
knowledge the generous support afforded this 
research by Corn Products Refining Company.

Summary
1. The hydrolysis of egg albumin by hydro­

chloric acid has been studied at 30, at 45 and at 
60°.

2. The amino nitrogen, the free amino acids 
and the ammonia liberated have been deter­
mined. The material soluble in trichloroacetic 
acid as well as the amount which cannot be 
heat coagulated at the isoelectric point have 
been measured.

3. The hydrolysis of a protein is not a simple 
kinetic process. About 56 of the peptide bonds in 
an egg albumin molecule are rapidly hydrolyzed, 
but the remaining bonds are hydrolyzed at a much 
lower rate.
Chicago 11, I llinois R eceived  D ecem ber  6, 1947
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[Contribution  prom Chemistry D epartment, N orthwestern U niversity  M edical School]

The Acid Hydrolysis of Egg Albumin. II. Molecular Weight Distribution of
Peptides

By Henry B. Bull and J. W ilfrid Hahn

This paper describes a new method for the esti­
mation of the molecular weight distribution of the 
products resulting from the partial acid hydrolysis 
of proteins. The hydrolysate is spread on the sur­
face of an ammonium sulfate solution and com­
pressed. The peptides are forced into the sub­
strate solution. The film is re-expanded, and the 
average molecular weight of the peptides remain­
ing in the film determined by the application of 
the gas laws in two dimensions. By successive 
compressions to higher and higher pressures, it is 
possible to estimate the molecular weight distribu­
tion of the peptides in the hydrolysate. The 
hydrolysates have been described,1 and were 
obtained by the action of 7.95 N  hydrochloric acid 
on egg albumin a t 30, a t 45 and at 60°.

The Method
The general film technique has already been 

described.2 The Wilhelmy slides consisted of two 
thin microscope cover glasses suspended from an 
arm of a Chain-o-Matic analytical balance and 
were located at one end of a well paraffined cast 
aluminum tray which was 65 cm. by 14 cm. One 
milligram of weight was equivalent to 0.0409 dyne 
per centimeter film pressure.

The substrate solution was a 5% ammonium 
sulfate solution which had been treated with acti­
vated charcoal and filtered. Glycerol which had 
been exhaustively extracted with petroleum ether 
was added to the ammonium sulfate to the extent 
of 2% by volume. I t is not easy to obtain solu­
tion surfaces sufficiently free of surface active im­
purities, and care has to be exercised. Spreading 
was done with a Blodgett pipet whose delivery 
volume was 0.0850 cc. From 20 to 30 micrograms 
is a convenient weight of film for the size of tray 
used.

One minute after spreading, pressure readings 
were made as a function of film area up to a pres­
sure of about one dyne per centimeter. The film 
was then compressed to 5 dynes per centimeter and 
held at this pressure for five minutes by moving 
the barrier in as part of the film passed into solu­
tion. The film was then re-expanded and a series 
of pressure readings below one dyne per centi­
meter was made as a function of the film area. 
The film was then compressed to 10 dynes per 
centimeter and held at this pressure for five min­
utes. The film was re-expanded and the low pres­
sure measurements made. This process was re­
peated at 15, a t 20 and at 25 dynes per centimeter

(1) Bull and Hahn, This Journal, 70, 2128 (1948).
(2) Bull, ibid., 67, 4, 8 (1945); 68, 745 (1946); Adv. Prot.

Chem., 3, 95 (1947). See also Guastalla, Cahiers phys., 2nd set,, 
10,30 (1942).

pressure. I t was possible to determine the com­
plete molecular weight distribution of an hydroly­
sate in about an hour and a half.

When the film pressure is multiplied by the film 
area and this product plotted against the film 
pressure a straight line results, the equation of 
which is

FAx — axF 4- fa (1)

At zero film pressure, FA± is equal to 0i and when 
Ai is expressed in square meters per milligram, (3i 
is equal to ART which at 25° is equal to 24.6 X 
10 2/M . The slope is equal to ai which is the area 
occupied by the gaseous film molecules.

Before we can calculate the molecular weight we 
must know the weight of the film. To find this 
weight we proceeded in the following manner.

A known weight of intact egg albumin was 
spread on the surface and compressed to 5 dynes 
per centimeter, and it was found that 1.11 milli­
gram occupies one square meter at this pressure. 
An hydrolysate film was compressed to 5 dynes 
for five minutes. The film was then re-expanded 
and low pressure readings made. The area of the 
gaseous film was then determined with the use of 
equation 1. The relation between the gaseous 
area and the area at 5 dynes per centimeter for 
many different films is shown in Fig. 1. Evi­
dently, there is a close relation between these two 
areas. The average ratio between the gaseous 
area and the 5 dyne per centimeter area is 1.065. 
If we assume that the area per milligram of the 
hydrolysate film at 5 dynes per centimeter is the 
same as that of the film of intact egg albumin, we 
can calculate the weight of the hydrolysate film by 
multiplying the area of the gaseous film by 1.035.

Shown in Fig. 2 is a typical plot of FAi against 
F, and demonstrates the reversibility of the pres­
sure-area relation.

The weight of the Wilhelmy slides tends to in­
crease with time. This increase amounted in 
some cases to as much as 5 mg. in the course of 
one and one-half hours and tends to give a non­
linear relation when FAi is plotted against F, the 
apparent pressure being too small. I t can be de­
termined what weight must be added to the ap­
parent pressures to yield a straight line when FAX 
is plotted against F, and such values have been 
accepted as valid provided the weight which had 
to be added was what was to be expected from the 
apparent increase of the surface tension of the 
clean surface during the same interval of time.

The return of some of the displaced peptides to 
the surface after the expansion of the film to low 
pressures would not invalidate this method, but 
would render the fractionation of the hydrolysate
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Fig. 1.—Calculated gaseous areas («i) in square meters 
plotted against the observed film area at 5 dynes per centi­
meter pressure.

inefficient to the extent to which such return oc­
curs. To obtain a measure of this return to the 
surface the following experiment was done.

Fig. 2.—FAi in dynes per centimeter-square meter 
plotted against F in dynes per centimeter: open circles 
compression; filled circles, expansion.

An hydrolysate film was compressed to 25 dynes 
per centimeter and held at this pressure for five 
minutes. I t was then re-expanded and after a few 
minutes compressed to 5 dynes per centimeter. 
This expansion and compression to 5 dynes per 
centimeter was repeated several times and the re­
sults plotted in Fig. 3.

The return of peptides to the film is probably 
small during a determination of the molecular 
weight distribution. Judging from the results 
shown in Fig. 3, roughly 2 to 3% of the displaced 
peptides would be expected to return to the film 
during an actual measurement of the molecular 
weight.

No answer can be given as to the accuracy of the 
present method because no other method exists 
for the resolution of peptides on the basis of their 
molecular weights, and it is not practical to syn­

Fig. 3.—-Per cent, of return of peptides to the surface 
as a function of time: 60° hydrolysate with 1.41 millimoles 
of peptide bond per gram of protein hydrolyzed.

thesize a series of long chain peptides to calibrate 
the method. As shown previously,2 results on the 
determination of the molecular weight of intact 
proteins were satisfactory and in accord with the 
results from accepted methods. As shown in Fig. 
4, results from duplicate analyses of the molecular 
weight distribution of peptides are in reasonable 
agreement.

Fig. 4.—Number average molecular weights of peptides 
remaining in the film plotted against the per cent, of the 
total hydrolysate remaining in the film. The per cent, of 
the total peptide bonds hydrolyzed were as follows: Curve 
1, 9.9; curve 2, 11.14; curve 3, 15.85; curve 4, 21.45; 
curve 5, 24.75. Open circles represent one series of meas­
urements, while the filled circles are duplicates; 60° 
hydrolysates.

Results and Discussion
The partial hydrolysates used have been de­

scribed1 and were prepared for spreading by trans­
ferring 5 cc. of the hydrolysate resulting from the
sodium bicarbonate neutralization to a 250 cc.
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volumetric flask. A few drops of concentrated 
hydrochloric acid were added and after water was 
added nearly to volume, the flask was warmed to 
bring all of the hydrolysate into a clear solution. 
After cooling and making to volume the solutions 
were ready for spreading.

x u c  pxxxxxctx̂ y detect XCÖUXCXXXg XXV̂XXX CXX1D XXXvCSLlga-
tion are very extensive, and it is not practical to 
report them in detail. I t  was found that the 
molecular weight distribution is, within limits of 
experimental error, the same for 30°, for 45° and 
for 60° hydrolysates for a given extent of hydroly­
sis and we are confining our report mainly to re­
sults for the 60° hydrolysates.

Shown in Fig. 4 are the number average molecu­
lar weights in thousands of the material remaining 
in the film after being subjected to compression, 
plotted as a function of the per cent, of the total 
amount of material in the hydrolysates. The 
individual curves are identified as representing ma­
terial from different extents of hydrolysis at 60°. 
The open circles correspond to one series of meas­
urements and the filled circles to results obtained 
several weeks later during a second series of meas­
urements. While there is not perfect agreement 
between the two series, the agreement is reason­
ably satisfactory.

In order to express the results in Fig. 4 in a more 
understandable form, we have proceeded in the 
following manner:

The total number of moles of peptides remaining 
on the surface at any given compression have been 
calculated and these values plotted against the 
weight of the peptides in the film. The slopes of 
the smooth curves drawn through the points were 
measured with a Bausch and Lomb Tangent 
Meter. The reciprocal of these slopes is evidently 
equal to the molecular weight of the peptides being 
displaced from the film. These molecular weights 
were then plotted against the weight percentage of 
the peptides to give integral weight distributions 
which are shown in Fig. 5.

Fig. 5.—Integral molecular weight distribution curves 
for peptides resulting from the acid hydrolysis at 60°. 
The number of the curves corresponds to those shown in 
Fig. 4. Vertical lines at top of figure are the percentages 
of heat coagulabk material at the isoelectric point.

It will be noted from Fig. 5 that the amount of 
isoelectric heat coagulable material is consistent 
with the molecular weight distribution of peptides. 
All curves in Fig. 5 are smooth, and there is no evi­
dence for any appreciable accumulation of a pep­
tide of a particular molecular weight.

A 30°, two hour hydrolysate was subjected to 
isoelectric heat coagulation. The percentage of 
peptide bonds hydrolyzed in the soluble peptides 
was 12.7. The integral distribution curve for 
these peptides is shown in Fig. 6.

Fig. 6.—Integral molecular weight distribution curve 
of peptides after removal of isoelectric heat coagulable 
material: two hour hydrolysate at 30°. Also shown is 
the distribution of peptides on the basis of random hy­
drolysis for the same extent of hydrolysis (filled circles).

The molecular weight distribution of the pepides 
has been calculated for random hydrolysis with the 
theory of Montroll and Simha.3 In these calcula­
tions the molecular weight of the monomer was as­
sumed to be 111.34 and the number of residues to 
be 400. The fraction hydrolysis was 0.127. Fig­
ure 6 shows the results of these calculations, and 
it is clear that the hydrolysis of peptide bonds in 
egg albumin is far from being a random process.

Comparing the results shown in Fig. 6 with some 
of the conclusions drawn in the first paper of this 
series,1 we can say the following: The 56 fast 
hydrolyzing bonds must be rather evenly distrib­
uted throughout at least part of the protein mole­
cule, otherwise there would not be such a large 
fraction of low molecular weight peptides. On the 
other hand, there is a fairly large amount of pep­
tides with molecular weights between 1,000 and
10,000. There is no way of knowing whether this 
heavier material is simply an intermediate in the 
fast reaction or is an end-product of this reaction. 
It is perhaps significant that there is little material 
whose molecular weight is between 10,000 and 30,-
000. This seems to indicate that the initial at­
tack occurs on the ends of the peptide chains 
rather than in the middle.

(3) Montroll and Simha, J . Chem. Phys., 8, 721 (1940).
(4) Chibnall, Proc. Roy. $oc. (London), B m „  152 (1942).
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In order to obtain the relation between the 
molecular weight of the peptides forced into the 
substrate solution and the pressure exerted on the 
film, the percentages of the hydrolyzed material 
remaining in the film were plotted against the pres­
sures exerted. The corresponding molecular 
weights were then interpolated from Figs. 5 and 6. 
The logarithms of the molecular weight have been 
plotted against the pressures exerted and are 
shown in Fig. 7.

The points in Fig. 7 extrapolate at zero pressure 
to log molecular weight of about 3. This means 
that peptides whose molecular weight is about
1,000 or less pass spontaneously into the substrate 
solution and will not form a film.

The techniques described in this paper are being 
applied to the study of the molecular weight dis­
tribution of peptides resulting from the action of 
enzymes on proteins. These results will be re­
ported in due time.

It is a pleasure to acknowledge the generous as­
sistance granted this research by Corn Products 
Refining Company.

Summary
1. A new method has been described for the 

determination of the molecular weight distribution 
of peptides in a partial acid hydrolysate of a pro­
tein.

2. An hydrolysate is spread as a monomolecu­
lar layer on a 5% ammonium sulfate solution and 
is compressed to progressively increasing pres­
sures. The logarithm of the molecular weight of 
the displaced peptides is proportional to the pres­
sure exerted on the film. The molecular weight of

Fig. 7.—Logarithm of molecular weights of displaced 
peptides plotted against pressure exerted on the film. 
Open circles are 60° hydrolysates and filled circles two 
hour hydrolysate at 30° (protein free).

the peptides remaining in the film after exposure 
to a given pressure is determined by the appli­
cation of the gas laws in two dimensions.

3. The molecular weight distribution of egg 
albumin hydrolyzed by hydrochloric acid at sev­
eral degrees of hydrolysis has been reported.

4. I t is found that while the molecular weight 
distribution of peptides departs greatly from that 
expected for a random hydrolysis, there is no evi­
dence for the accumulation of any considerable 
amounts of a peptide of a given molecular weight. 
C h ic a g o  11, I l l in o is  R e c e iv e d  D e c e m b e r  6, 1947

[C o n t r ib u t io n  f r o m  t h e  U n it e d  Sh o e  M a c h in e r y  C o r p o r a t io n  R e s e a r c h  D iv is io n ]

Partition Chromatography of Amino Acids with Applied Voltage
By Gotfred Haugaard1 and Thomas D. Kroner

In the one dimensional partition chromatog­
raphy developed by Gonsden, Gordon and Martin2 
it is often very difficult to detect the bands of am­
ino acids whose RF values lie close together. To 
overcome this difficulty, two dimensional chro­
matography employing two solvents was devel­
oped by these workers.

In our work, we encountered overlapping of RF 
values between the basic, acidic and certain neu­
tral amino acids. We have effected a two di­
mensional chromatography by the passage of cur­
rent through paper treated with phosphate buf­
fer at pH  6.2.3 The negatively charged acids— 
aspartic and glutamic—move toward the anode;

(D Present address: National Dairy Corporation, Oakdale, Long 
Island, New York.

(2) R. Consden, A. H. Gordon and A. J. F. M artin, Biochem. J  
$8, 224 (1944).

(3) R, R. Goodall and A. A. Levi, Nature, 458. 675 (1946).

the basic acids—lysine and arginine—migrate 
toward the cathode and the neutral amino acids 
are unaffected by the voltage gradient a t the pH  
close to their isoelectric point.

Experimental
The papers used in the chromatograms were prepared 

as follows. Whatman no. 1 paper was dipped in M /15  
phosphate buffer at pH  6.2 and the excess fluid was re­
moved by pressing with a photographic roller over a glass 
plate. The paper strips (570 X 120 mm.) were air dried 
before use. We have employed aluminum, nickel and 
platinum as electrodes and have found little difference 
between them. The nickel ribbon (6.35 X 0.025 mm.) 
is woven into slits cut into the edges of the paper and the 
electrodes extend not more than one half the length of 
the paper. The electrodes may also.be attached to the 
paper by stapling. The mixture of amino acids consisted 
of two dicarboxylic acids—aspartic and glutamic; two 
basic acids—lysine and arginine; and six neutral amino 
acids—serine, glycine, alanine, valine, leucine and proline. 
The concentration of the individual amino acids in the



2136 G o t f r e d  H a u g a a r d  a n d  T h o m a s  D. K r o n e r Vol. 70

m ixture was 0.1 m g. of N H 2 -N /m l. and the m ixture was 
applied from a m icropipet a t the center of the strip . 
The chrom atogram s were developed overnight (sixteen 
to  eighteen hours) in a constant tem perature room (23 °) 
and phenol was the developing solvent. The potential 
used in m ost of the  experim ents was 100-105 v.

An example of the  separation obtained with platinum  
electrodes and a  po ten tia l of 105 v. is shown in Fig. 1. 
The separation of the bands is clear and sharp. I t  is 
obvious th a t little  or no differentiation would have been 
possible w ithout th e  applied voltage. The identity  of 
the  basic and acidic amino acids is substantiated  by both 
the  characteristic  Rp value and the direction of migration 
in th e  electric field.

Fig. 1.— P artition  chrom atography of amino acids with 
applied voltage: 1, lysine; 2, aspartic acid; 3, serine; 4, 
glycine; 5, glutamic acid; 6 , arginine; 7, alanine. Phenol 
is the developing solvent. Valine, leucine and proline with 
greater R? values than  alanine not shown.

In  T able I ,  is shown statistical analysis of R f values of 
26-32 determ inations on the  ten  amino acids. The error 
on th e  average values is no t tabu lated . The error in 
any  of the  determ ined Rf values is less than  0.01. The 
error in  a  single determ ination  is found in the table and 
varies betw een th e  lim its of =*=0.02-0.04.

T he R f values found by  us, except in the  case of glu­
tam ic acid, are for th e  m ost p a rt less th an  those reported 
by  Consden, et a l . T he presence of the salts and the fixed 
pH  m ay  account for th e  lower Rf values.

Discussion
The op tim u m  conditions for this method are (1)

a voltage of 100; (2) a run of sixteen to eighteen 
hours; (3) paper buffered with M J15 phosphate 
at pH 6.2; (4) controlled temperature. Chroma­
tograms have been carried out at 50 and 70 v.; the 
migration rates of the charged acids were a little 
lower but not as much as expected. The explana­
tion of this phenomenon was found experimentally 
by measuring the potential gradients across the 
paper. The largest gradients were close to the 
electrodes and the potential differences at the in­
terior of the paper were not proportional to the 
applied voltage. Chromatograms developed for 
eight hours at 100 v. failed to effect separation of 
the charged amino acids from the neutral acids. 
Tailing and spreading of the bands occurred on 
papers prepared with buffer at one-quarter and 
one-eighth strength. The optimum has been 
found to be 6.2.

In several runs, it was noticed that although 
separation had occurred some of the charged 
amino acids failed to give the typical color with 
ninhydrin. In these instances, it was shown by 
testing the paper with pH  indicators that a high 
pH and a low pH  zone extended, respectively, 
from the cathode and anode toward the midline. 
This phenomenon was associated with a final cur­
rent greater than 0.3 milliampere. We believe 
that excessive electrolysis of the buffer resulted in 
this marked change in the pH  of the paper. Care­
ful preparation of the paper is necessary to avoid 
too great salt concentration.

T a b l e  I
R f V a l u e s  o f  A m in o  A c id s  i n  P h e n o l ® o n  W h a tm a n  
No. 1 P a p e r  B u f f e r e d  w it h  M / 15 P h o s p h a t e  a t  pH  

6.2, a t  23°

Acid R f  values

Error on a 
single

measurement^

Serine 0 .2 1 =*=0.02
Glycine .28 =*= .04
Alanine .49 ±  .04
Valine .74 =*= .02
Leucine .82 =t= .02
Proline .86 *  .02
Aspartic acid .1 6 ± .02
G lutam ic acid .32 =*= . 03
Lysine .17 =*= .02
Arginine .32 =*= .03

Hydrogen cyanide added to  the tray . b V sóV O
1 ) .

Under the conditions of this study, histidine 
with an isoelectric point of pH  7.6 would not be 
expected to migrate. This has been found to be 
true experimentally.

We have observed that tailing of certain acids 
such as lysine, arginine, histidine, aspartic and 
glutamic acid has occurred on chromatograms de­
veloped on plain paper. Dipping the Whatman 
no. 1 paper in phosphate buffer at pH 6.2 has 
eliminated this phenomenon, except in the in­
stance of histidine.
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Control of temperature should be maintained 
to prevent (1) distillation of solvent from the 
paper to the walls of the chamber, (2) disruption 
of the single phase solvent system; also because 
temperature has an effect on the constancy of the 
R f  values.

The authors express thanks to Dr. John T. Ed­
sall for the interest he has taken in this work.

Summary
1. A study of partition chromatography with 

applied voltage has been presented.
2. Rf values for ten amino acids obtained un­

der the experimental conditions are given.
3. Paper buffered with phosphate at pH  6.2 

has been used.
Beverly, Massachusetts Received March 16, 1948

[Contribution from the Kedzie Chemical Laboratory, Michigan State College]

The Electrical Conductance of Strontium Chloride and Strontium Bromide in Ethanol-
W ater Mixtures1

By Richard Louis Bateman and Dwight T. Ewing

The earliest investigations of electrical conduct­
ance in mixed solvents were those of Lenz,2 and 
Stephan.3 This type of work was extended by 
other workers and particularly by Jones and co­
workers.4

In general, these investigations showed that the 
conductance of electrolytes in mixed solvents de­
creased as the solvent viscosity and degree of sol­
vation became greater but increased as the dielec­
tric constant of the solvent and temperature be­
came greater. A large part of these early investi­
gations concerned the uni-univalent electrolytes 
with less attention given to those of higher valence 
types. ' No recorded data are given for the con­
ductance behavior of strontium chloride and stron­
tium bromide in ethanol-water mixtures.

The purpose of the present investigation was to 
determine the influence of concentration, solvent 
composition and temperature on the conductance 
behavior of strontium chloride in ethanol—water 
solutions and to note the influence of viscosity and 
dielectric constant of the solvent on the conduc­
tance of these solutions. For purposes of com­
parison, a limited amount of work was also done 
on the conductance of strontium bromide in 
ethanol—water solutions.

Experimental
Purification of Materials.— J. T. Baker C. p . SrCl2-6- 

H20  was recrystallized from conductance water once above 
and once below the transition temperature (61.34°) by the 
method of Richards and Yngve5 and oven-dried to con­
stant weight.

J . T. Baker C . p . K C 1 designated “special crystals” 
(low in Ca, Mg and NH4OH ppt.) were twice recrystallized 
from conductance water. The salt was then partially fused 
in a platinum crucible and transferred to a closed bottle 
while still hot.

Ethyl alcohol was purified by distilling 95% alcohol
(1) This paper represents part of a thesis submitted by Richard 

Louis Bateman to the G raduate Faculty of Michigan State College 
in partial fulfillment of the Ph.D. degree, June, 1944.

(2) R. Lenz, Mem. de l’Acad, de St. Peter shout g, 7, 30 (1882).
(3) C. Stephan, Wied. A nn., 17, 673 (1882).
(4) H. C. Jones and co-workers, Carnegie Inst. Reports; No. 80

(1907), No. 180 (1913) and No. 210 (1915).
(6) Richards and Y ngve, T his Journal, 40, 91 (1918),

from concentrated sulfuric acid ( 2 0  m l. of acid per liter of 
alcohol) to  remove amines. T he d istillate was then  trea ted  
w ith alcoholic lead ace ta te 6 (3 g. of lead acetate  in 5 m l. of 
w ater and then  5 g. of K O H  in 25 m l. of alcohol) and 
distilled. Absolute alcohol was then prepared by  treating  
each liter of d istillate w ith  fresh calcium oxide ( 2 0 0  g. per 
liter of alcohol), refluxing and  distilling. In  these d istilla­
tions, the  first and last portions of d istillate were d is­
carded. T he w ater conten t was determ ined by density  
m easurem ent and reference to  standard  density  tab les . 7 

The alcohol thus obtained was 99.9%  absolute and had a 
specific conductance of 2.0 X 10~ 7 m ho a t  25°.

Conductance w ater was prepared by  distilling w ater 
containing a little  potassium  perm anganate through a 
block tin  condenser. A bout 50% of the distillate was 
allowed to  condense and only the  m iddle fraction was re ­
tained. A t 25° the  specific conductance of th is w ater was 
1.00-1.04 X 10" 6 m ho.

A pparatus.—A Leeds and  N orthrup  K ohlrausch slide 
wire bridge w ith extension coils, tunable  head phones, 
Curtis coil resistance boxes, adjustable a ir condensers and 
Leeds and N orthup audiooscillator were used. All parts  
of the bridge assembly were protected  by  properly grounded 
shields. A therm osta t b a th  filled w ith w ater was kept 
constant to  w ithin 0 . 0 1  ° during the series of m easurem ents. 
Tem perature m easurem ents were m ade on a therm om eter 
(N o. 23044) th a t  had been certified by  th e  B ureau of 
S tandards (certificate No. 49571). T em perature  fluctua­
tions were followed by a Beckm ann therm om eter. The 
conductance cells were of the  Jones and Bollinger8 type 
w ith the  filling tubes widely separated . The electrodes 
were no t p latin ized . 9 The prim ary  standard  solution for 
cell constants was the  0.01 dem al KC1 solution of Jones 
and B radshaw . 1 0  Cells having low constants were cali­
b rated  using a more dilute solution which had been com­
pared to  the  standard  0.01 dem al KC1 in ano ther cell.

Procedure.—The e thanol-w ater solvents were prepared 
by the weight m ethod. T he electrolytic solutions were 
prepared in volum etric flasks after a tta in ing  therm al 
equilibrium  in the  therm osta t b a th . The conductance 
cells were rinsed several tim es w ith th e  appropriate solu­
tion , brought to  therm al equilibrium  and the  conductance 
determ ined. All final readings were taken  near the center 
of the  bridge w ith the  air condensers adjusted  for the m ost 
satisfactory null-point. T he cells were selected so th a t  
the  resistance was ordinarily above 1000 ohms. D uplicate 
determ inations were m ade from  two independently  p re ­
pared solutions. The conductance of the solvent was de­
term ined im m ediately before the  preparation  of th e  elec-

(6) S. Kiczales, Ind. Eng. Chem., 20, 493 (1928).
(7) “ International Critical Tables,” 3, 118 (1928).
(8) Jones and Bollinger, This Journal, 55, 1780 (1933).
(9) J. R. Partington, J . Chem. Soc., 99, 1937 (1911).
(10.) Jones a n d  Bradshaw, T his Journal, 55, 1780 (1933),
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trolytic solution and the specific conductance of the solvent 
was subtracted from the specific conductance of the solu­
tion.

T a b l e  I
E q u iv a l e n t  C o n d u c t a n c e  o f  S t r o n t iu m  C h l o r id e  i n  

E t h a n o l - W a t e r  M ix t u r e s  a t  25°
Cb Ac0

40% Ethanol 0 5 20
0.1000 101.6 85.5 53.1 33.84

.0500 107.9 90.7 56.50 36.44

.0250 113.9 95.8 59.89 39.18

.0100 120.4 102.3 64.67 43.24

.0050 124.2 105.2 66.33 45.45

.0025 127.2 108.4 68.23 46.54

.0010 129.6 69.38 48.53

.0000 134.5 115.0 71.7 50.8
c 60 80 90 99.89

0.1000 23.54 15.31 . . .

.0500 26.05 17.51 13.17 . . .

.0250 28.74 20.19 15.44

.0100 33.12 24.57 19.38 9.75

.0050 35.62 27.51 22.23 11.80

.0025 37.87 30.96 25.76 14.27

.0010 40.96 30.73 16.92

.0000 44.2 41.4 37.4 22.1
A0 =  ohm'_1 X cm.2 X equivalent-*1. b c  =  n<

mality.
Discussion

Figure 1 shows the influence of concentration on 
the equivalent conductance of strontium chloride 
in various ethanol-water mixtures at 25°. The 
absence of experimental transference data for the 
ions in these solutions made it unfeasible to evalu­
ate Ao with the aid of the Onsager equation.11 
Curves similar to those in Fig. 1 were drawn on a

Fig. 1.—Equivalent conductance of strontium chloride 
in ethanol-water mixtures at 25°: A, 99.89%; B, 90%; 
C, 80%; D, 60%; E, 40%; F, 20%; G, 5% and H, 0% 
ethanol in solvent.

T a b l e  II
E q u iv a l e n t  C o n d u c t a n c e  o f  S t r o n t iu m  B r o m id e  in  

E t h a n o l - W a t e r  M ix t u r e s  a t  25 °
C

% E thanol A A®
40 60

0.1000 36.02 26.92
.0500 IIÜ.4 38.71 29.15
.0250 41.13 31.74
.0100 122.9 44.31 35.14
.0050 45.83 37.54
.0025 130.1 47.76 39.73
.0010 134.0 49.45 42.13
.0000 137.7 51.9 45.5

T a b l e  III
E q u iv a l e n t  C o n d u c t a n c e  o f  0.01 N o r m a l  S t r o n t iu m  
C h l o r id e  in  E t h a n o l - W a t e r  M ix t u r e s  a t  20, 25 a n doOCO

Temp.,
°C.

% Ethanol 0
Ac
40 80 99.89

20 106.7 35.81 21.10 8.59
25 120.4 43.24 24.57 9.75
30 131.6 49.28 26.40 10.76

large scale and the values for A0 were obtained by 
graphical extrapolation. As one might expect, 
the values of both Ac and Ao decrease as the per­
centage of ethanol becomes larger.

Figure 2 shows the influence of solvent compo­
sition on the equivalent conductance of 0.001,
0.005, 0.025 and 0.100 normal solutions of stron­
tium chloride. Increasingly larger percentages 
of ethanol cause progressively smaller change in 
the equivalent conductance up to a point of inflec­
tion. Beyond this point, the change in equivalent

Fig. 2.—Equivalent conductance of strontium chloride 
in ethanol-water mixtures at 25°: A, 0.1 N; B, 0.025 N} 
C, 0.005 N  and D, 0.001 N.(11) L. Onsager, Physik. Z.t 27, 388 (1926); 28, 277 (1927).
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conductance becomes progressively greater as the 
percentage ethanol increases. An explanation for 
this might be: in the less alcoholic solutions the 
change in viscosity is the most significant factor 
influencing conductance while in the more alco­
holic solutions the change in dielectric constant is 
more significant. Between these two extremes, 
the two solvent properties are of about equal im­
portance in influencing the conductance. Also, 
for an electrolytic solution of this type, the ionic 
“sizes” should vary with solvent composition giv­
ing a corresponding influence on conductance. 
From this, it would follow that Walden’s rule12 
(Aon = constant) should not apply very accu­
rately. The quantity Aorj/D has been applied to 
electrolytes13 and in the present case this quantity 
is more nearly a constant value than Aon- Table 
IV gives A0, Aon and Aorj/D for strontium chloride 
in different ethanol-water mixtures at 25° in which 
n is the viscosity and D is the dielectric constant of 
the pure solvents.

T a b l e  IV

L im it in g  C o n d u c t a n c e s  o f  S t r o n t iu m  C h l o r id e  i n  
E t h a n o l - W a t e r  M ix t u r e s  a t  2 5  °

% Ethanol ya
i n  s o lv e n t Ao poise Db Aon Avn/D

0 1 3 4 . 5 . 0 . 0 0 8 9 5 7 8 . 5 1 . 2 0 4 0 . 0 1 5 3

5 115.0 . 0 1 0 8 7 7 5 . 6 1 . 2 5 0 . 0 1 6 5

2 0 7 1 . 9 . 0 1 8 0 8 6 7 . 0 1 . 3 0 0 . 0 1 9 4

40 5 0 . 8 . 0 2 3 7 4 5 5 . 0 1 . 2 0 6 . 0 2 1 9

6 0 4 4 . 2 . 0 2 2 3 2 4 3 . 4 . 9 8 6 . 0 2 2 7

8 0 4 1 . 4 . 0 1 7 3 8 3 2 . 8 . 7 1 9 . 0 2 1 9

9 0 3 7 . 4 . 0 1 4 2 2 2 8 . 1 . 5 3 2 . 0 1 8 9

9 9 . 8 9 2 2 . 1 . 0 1 1 0 4 2 4 . 2 . 2 4 4 . 0 1 0 1

a “International Critical Tables,” 5, 22 (1929). h G. 
Akerlof, T h is  J o u r n a l , 54, 4133 (1932).

From Table IV it may be observed that iV0y/D  is 
relatively constant for solutions containing be­
tween 20 and 90% ethanol in the solvent.

Figure 3 illustrates, at 25°, the dependence of 
A0 and Aorj on the composition of the solvent for 
strontium chloride solutions and gives the values 
for the viscosities and dielectric constants of the 
pure solvents.

Figure 4 shows the influence of temperature on 
the equivalent conductance of 0.01 normal solu­
tions of strontium chloride in four different solvent 
compositions. In all cases the temperature coeffi-

T a b l e  V
T e m p e r a t u r e  C o e f f ic ie n t  o f  C o n d u c t a n c e  o f  0.01 
N o r m a l  S t r o n t iu m  C h l o r id e  i n  E t h a n o l - W a t e r  M i x ­

t u r e s  a t  25 °
% Ethanol 
in solvent A dA/d T (dA/d T )/A

99.89 9.75 0.20 0.0232
80 24.57 .51 .0208
40 43.24 1.47 .0340

0 120.3 2.55 .0125
(12) F. Walden, Z. physik. Chem., 55, 207, 246 (1906).
(13) Van Rysselberghe and Fristom , This Journal, 67, 680 

(1946).

Fig. 3.—Curve A, the fluidity <f> and curve C, the dielec­
tric constant D of ethanol-water mixtures at 25°: Curve 
B, the limiting equivalent conductance A0 and curve D, 
the conductance viscosity product Aqtj for strontium chlo­
ride at 25°.

dents are positive and become less as the tempera­
ture increases. From tangents to these curves at 
25° the information in Table V was obtained.

Temperature, °C.
Fig. 4.—Equivalent conductance of 0.01 N strontium 

chloride in ethanol-water mixtures as a function of tem­
perature: A, 99.89%; B, 80%; C, 40% and D, 0% 
ethanol in solvent.
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For the solvents used in Fig. 4, the temperature 
coefficients of the dielectric constants are negative 
and become smaller at the higher temperatures. 
This would tend to cause the conductance to be 
less at the higher temperatures and to influence 
the temperature coefficient of conductance less at 
the higher temperatures. For these same sol­
vents the temperature coefficients of viscosity are 
negative and have smaller values at higher tem­
peratures. This would cause an increase of con­
ductance with increasing temperature but the rate 
of increase should be less at higher temperatures. 
Even though these two solvent properties work in 
opposition to each other, they both favor a smaller 
temperature coefficient at higher temperatures.

Preliminary work on the conductances of 
magnesium and barium chlorides gave curves

of the same general form as those for strontium 
chloride.

Summary
The conductances of strontium chloride and of 

strontium bromide in different ethanol—water mix­
tures have been measured at 25° and the sig­
nificance of the results discussed.

The conductance of strontium chloride in differ­
ent ethanol—water mixtures has been measured at 
20, 25 and 30° and the temperature coefficients 
evaluated.

In strongly aqueous solutions the conductances 
are influenced mostly by the viscosity of the sol­
vent and in the strongly alcoholic solutions mostly 
by the dielectric constant of the solvent.
East Lansing, Michigan Received January 23, 1948

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  C a l if o r n ia ]

Repulsive Forces in Relation to Bond Energies, Distances and Other Properties
By Kenneth S. Pitzer

While the concepts of quantum theory have 
given a qualitative understanding of most chemi­
cal bond phenomena, there are a number of less 
prominent features that remain puzzling. Many 
of the ideas in this paper have been held by the 
writer and very likely by others for some time. 
However, they were based on conflicting and un­
certain data. The immediate reason for this 
paper is the recent developments in dissociation 
energy data which makes possible a greatly im­
proved and considerably changed table of bond 
energies.

Bond Energies.—Gaydon1 has recently pub­
lished a very fine compilation of dissociation 
energies. Furthermore his recommended value 
of ca. 170 kcal. for the heat of sublimation of car­
bon (to normal 3P atoms) has been fully confirmed 
by new thermodynamic measurements of Brewer 
and Gilles2 in this Laboratory. The heat of vapor­
ization values of Kelley3 together with some revi­
sions of these values by Brewer4 have been em­
ployed. These new data supplement the older 
values of Bichowsky and Rossini5 upon which 
Pauling6 based most of his bond energies. The 
conventions followed in Tables I and II follow 
Pauling’s system except that the dissociation en­
ergies of the nomal 32 states rather than excited 
singlet states are taken for 0 = 0 ,  S=S, etc. The

(1) A. G. Gaydon, “ Dissociation Energies and Spectra of Diatomic 
Molecules,” Chapman and Hall, London, 1947.

(2) L. Brewer and P. Gilles, unpublished data.
(3) EI. K . Kelley, U. S. Bureau of Mines, Bulletin 383, 1935.
(4) L. Brewer, “ The Thermodynamic and Physical Properties of 

the  Elem ents,” Declassified Atomic Energy R eport CC 2058, 1945.
(5) F . R . Bichowsky and F. D. Rossini, “ Thermochemistry of 

Chemical Substances,” Reinhold Pub. Co., New York, N. Y.f 1936.
(6) L. Pauling, “ The N ature of the Chemical Bond,” Cornell 

University Press, Ithaca, N. Y., 1939.

energy of dissociation of a molecule completely 
into atoms is taken as the sum of the energies of 
all bonds. Thus the C-H bond energy is not the 
energy change of the reaction of CH4 = CH3 +  H 
but rather one fourth of the energy for CH4 = 
C +  4 H. The values are for 0°K. Heat capacities 
from 0 to 300°K. were estimated where necessary.

In Table I there are listed values for single 
bonds in elements and for single bonds to hydro-

T a b l e  I
S in g l e  B o n d  E n e r g ie s  ( K c a l . / M o l e  a t  0°K.)

Elements Hydrides Chlorides
H-H 103.2 H-H 103.2 H—Cl 102.1
Li-Li 26 Li-H 58 Li—Cl 118.5
C-C 80 (85) C-H 98.2 C-Cl 78
N -N 37 N-H 92.2 N—Cl 46 (?)
0 - 0 34 O-H 109.4 O-Cl 49
F-F 50 (?) F-H 141 (?) F—Cl 60.3
Na-Na 17.8 Na-H 47 Na—Cl 97.7
Si-Si (45) Si-H 76 (?) Si—Cl 87
P-P (53) P-H 77 P-Cl 77
s-s 63 (?) S-H 87 (?) S-Cl 65 (?)
Cl-Cl 57.1 Cl—H 102.1 Cl-Cl 57.1
K-K 11.8 K-H 42.9 K—Cl 101.4
Cu-Cu Cu-H 62 Cu-Cl 83
Ge—Ge (39.2) Ge-H Ge—Cl
As-As (39) As-H 56 As—Cl 69
Se-Se (50) Se-H 67 Se-Cl 59
Br-Br 45.4 (53) Br-H 86.7 Br—Cl 52.1
Rb-Rb 11.1 Rb-H 39 Rb—Cl 101.0
Ag-Ag Ag-H 53 Ag—Cl 71
Sn-Sn (35) Sn-H Sn—Cl 76
Sb-Sb (42) Sb-H Sb-Cl 75
Te-Te (49) Te-H 59 Te—Cl
I-I 35.6 (51) I—H 70.6 L-Cl 49.6
Cs~Cs 10.4 Cs-H 41 Cs-Cl 103
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T a b l e  I I

M u l t ip l e  B o n d  E n e r g ie s  ( K c a l . / M o l e  a t  0 ° K .)
Single Double Triple

C-C 80 145 198
N -N 37 225.1
0 - 0 34 117.2
P-P (53) 116.0
s -s 63 (?) 101 (?)
As-As (39) 90.8
Se—Se (50) 65
Sb-Sb (42) 69
Te-Te (49) 53
C-N 66 209
C-O 79 173
P-N 138 (?)
S -0 120 (?)
T e-0 62.8

gen and chlorine. Table II gives values for mul­
tiple bond energies and includes the corresponding 
single bond energy for comparison. Naturally 
many more values could be included but these will 
serve as a basis of the discussion to follow.

In some cases the single bond energies for ele­
ments must be taken from solids where there may 
be additional weak bonding of a van der Waals or 
semi-metallic nature. Such values are inclosed 
in parentheses.
5 The first value given for the C-C bond is an 
average of several hydrocarbons.7 It would be
77.7 for ethane but approaches 81.0 for higher and 
branched paraffins. The value from diamond, 85 
kcal., is given in parenthesis. The values for N - 
N and 0 -0  come from hydrazine and hydrogen 
peroxide on the basis of the values for N-H and
O-H from ammonia and steam, respectively, The 
details for phosphorus will be typical of many 
other cases. The value for P==P is from Gaydon.1 
Since the P-P  bonds in P4 are considerably 
strained, red phosphorus was taken as a basis. 
Bichowsky and Rossini give 29.1 kcal. for the heat 
of vaporization to P2. Brewer gives 42 kcal. 
Adopting the latter, the heat of dissociation of 
two gram atoms of red phosphorus to atoms is 
therefore 42 +  116 = 158 kcal. Since this in­
volves three bonds per two atoms the value for 
P-P is 53 kcal.

Tetrahedral vs. p Orbital Bonding.—The very 
pronounced drop in bond energy from C-C 
to N-N must be connected in some way with 
the appearance of the unshared electron pair on 
nitrogen. Tetravalent carbon must be based 
on the 2s2p3, 5S state which is 96.4 kcal. higher in 
energy8 than the normal 2s22p2, 3P state. Thus 
to the 5S state the C-C bond energy would be 128 
kcal., the C-H bond energy 122.3 kcal., etc. How­
ever, according to Bacher and Goudsmidt9 the 
2s2p4, 4P state of nitrogen is 260 kcal. above the

(7) E. J. Prosen, K. S. Pitzer and F. D. Rossini, J. Research Natl. 
Bur. Standards, 34, 403 (1945).

(8) A. G. Shenstone, Phys. Rev., 72, 411 (1947).
(9) R. F. Bacher and S. Goudsmidt, “ Atomic Energy .States,” 

McGraw Hill Book Company, New York, N. Y., 1932.

normal 2s22p3, 4S state. The large increase arises 
because in nitrogen the 2s electron is moved to a 
half filled 2p orbital whereas in carbon the 2s elec­
tron was moved to a vacant 2p orbital. If the 
trivalent nitrogen atom were to bond with sp3 hy­
brid tetrahedral orbitals it would have to be ex­
cited 3/4 of the way to the 2s2p4 state which would 
then amount to 65 kcal. extra per bond per atom. 
On this basis the N-N bond energy becomes 167 
kcal. which is well above the value for C-C. How­
ever, it would seem more likely that the nitrogen 
bonding orbitals are mostly p with only a small s 
component. This avoids the large excitation en­
ergy but gives weaker bonds.6 The less than tetra­
hedral bond angles in ammonia, etc., tend to 
confirm this picture. Presumably the normal va­
lence bonding of all the 5th, 6th and 7th group ele­
ments is primarily p bonding since the bond angles 
for PH3, H2S, etc. approach the 90° value charac­
teristic of p orbitals.

If the drop in bond energy at nitrogen is caused 
hy the change to p bonds one is confronted by the 
absence of a corresponding drop from Si-Si to 
P-P. I believe this is closely related to the weak­
ness of multiple bonds below the first row which 
will be considered next.

Single and Multiple Bonds.—It has long been 
recognized that multiple bonds of strength equal 
or greater than a corresponding number of 
single bonds occur only with the first row ele­
ments oxygen, nitrogen, carbon and possible 
boron. Only carbon disulfide and a few less clean 
cut examples show stable multiple bonds between 
first and second row elements. Multiple bonds 
with heavier atoms are confined to molecules 
such as P2, Se2, etc., which are of higher energy per 
atom than single bond structures P4,S3 etc.

Figures 1 and 2 indicate crudely the approxi­
mate size of various orbitals in nitrogen and phos­
phorus. The inner shells are given Pauling’s 
“single bond” radii for N +ö and P +5, respectively. 
The outer radius is taken as Ö. 9 times the van der 
Waals radius also from Pauling.6 The value of 0.9 
was selected because it was felt the compressional 
forces within a molecule were rather larger than 
the intermolecular forces in a molecular crystal. 
The 2s orbital for nitrogen and the 3s for phos­
phorus were omitted to avoid confusion. Regions 
of bonding or attractive exchange overlap are 
diagonally cross hatched while the principal re­
gions of repulsive exchange overlap are lined hori­
zontally. The overlap of orthogonal orbitals such 
as 3px with 3pz will have only a secondary effect. 
The atoms are shown at the bond distances ex­
perimentally observed.

I t should be emphasized that orbitals do not 
have sharp boundaries and that Figs. 1 and 2 are 
therefore only crude representations. In particu­
lar the p orbitals gradually decreased in intensity 
from a maximum along their principal axis to zero 
in the plane perpendicular to that axis. They 
have been cut off at 44° from the axis to separate
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P -P
Fig. 1.—Diagrams of relative orbital sizes in N -N  and 

P—P bonds.

the p orbitals on the same atom. Also since the 
intensity decreases both radially and angularly, 
the outer corners are of particularly low intensity. 
These corners rounded to remind one of this situ­
ation. In spite of their limitations the figures 
are useful in illustrating qualitative differences 
between nitrogen and phosphorus.

Repulsive Effects of Inner Shells.—In hydro­
gen the attractive force of the bonding elec­
trons on the nuclei is balanced by the repulsive 
force of the two nuclei. However, in P2 we postu­
late that the repulsive interactions of the 3px orbi­
tal of one atom with the inner shell of the other 
constitute a more important repulsive force. Let 
us call this merely inner shell repulsion. In ni­
trogen the inner shell contains only two electrons 
as compared to ten in phosphorus. Consequently 
it is reasonable to suppose that this inner shell 
repulsive effect is much smaller in nitrogen. These 
ideas receive support in Fig. 2 in that the N=N. 
bond distance is so short that the 2px orbital of 
one atom extends completely across and beyond 
the inner shell of the other while in P=P  the 3px 
orbital only partially overlaps the inner shell of 
the other atom. Since other interactions in P2 
are attractive there would appear to be no other 
reason why the distance should remain relatively 
longer than in N2.

The increase in bond energy between the single 
and triple bonds comes from two principal sources. 
First, the interaction of the py and pz orbitals

S. Pitzer Vol. 70

changes from repulsive to attractive. Second, 
the bond distance decreases giving better overlap 
for all the bonding orbitals. If the px-inner shell 
repulsion keeps the bond distance large, both of 
these items are small. In the second case the 
reason is self-evident, and in the first it is because 
the py and pz overlap is small at large distances. 
For double bonds the same argument applies but 
only the py interaction is affected.

This inner shell repulsive effect will be general 
for all atoms below the first row. Consequently 
it will explain the relative weakness of multiple 
bonds for all atoms outside the first row. Next let 
us see if it will help account for other peculiarities.

Pauling6 suggests that p bonds should have 3/4 
of the energy of tetrahedral whereas we find a 
much smaller value for the ratio of N-N to C-C 
bond energy. However, Pauling’s value may be 
interpreted as the ratio of the attractive energies 
of the bonding electrons alone. The net bond en­
ergy will be less by the repulsive effects of non­
bonding interactions. We see in Fig. 1 that there 
is a considerable overlap of the 2pz (and 2py) orbi­
tals which is repulsive. A shift to tetrahedral 
orbitals would decrease this greatly because of the 
increase from 90° to 109.5° in the angle between 
orbital axes. Thus one concludes that in the first 
row elements, single bonds with p orbitals are 
weaker than with tetrahedral orbitals because of
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increased repulsive interactions. Let us call these 
valence shell repulsions.

In heavier elements than the first row, however, 
we have assumed that the inner shell repulsions 
are important. Consequently, the valence shell 
repulsive effect will be less important. There is 
another factor to be considered here. The char­
acter of bonding orbitals may be modified by lin­
ear combination with any vacant orbitals, al­
though only those of approximately the same en­
ergy can be important. Thus while the 3d orbi­
tals could have only a minor effect for first row 
elements, the orbitals of second row elements may 
be considerably modified. The electron density 
will be concentrated more along the bond axis 
and will not spread out so far to each side. This 
change means that the py and pz orbitals which 
are forming other single bonds perpendicular to 
the one shown in Fig. 1 will overlap even less than 
indicated there. Thus the absence of a marked 
drop in bond energy from Si-Si to P-P is also un­
derstandable.

Bond Distances.—While the concept of cova­
lent bond distances as sums of radii is un­
doubtedly but a first approximation, it has met 
with considerable success. Schomaker and Stev­
enson10 modified this simple concept for partial 
ionic bonding effects and have found generally 
improved agreement. The major failure which 
remained was the series of bonds Si-O, P-O, Si-F 
and P-F  (together with S -0  in S04=, C l-0 in 
CIO4-, etc.). These bonds are shorter than ex­
pected by about 0.10 A. on the Schomaker and 
Stevenson formula and by 0.12 to 0.27 A. on the 
Pauling and Huggins11 scale.

Pauling6 explains these effects as due to mul­
tiple bonds using 3d orbitals, but the writer has 
never regarded this acceptable because it is en­
tirely ad hoc and without confirmation from en­
ergies and other sources. Also logical extensions 
of Pauling’s structures lead to absurdities such as
diatomic argon with the structure: :A = A:.

Now it has been postulated in this paper that 
the N-N and similarly the 0 - 0  and F -F  distances 
are determined largely by the valence shell (2py, 
2pz) repulsion while the Si-Si, P-P, and S-S dis­
tances are determined principally by the repulsive 
interaction of the inner shell with the 3px orbital 
(or the tetrahedral hybrid in silicon). The basic 
radii are taken as half of the single bond distance 
with like atoms. However, when a phosphorus 
atom approaches an oxygen atom, for example, 
neither of these repulsive effects sets in at thé dis­
tance calculated from the radii because of this dif­
ference in type of predominant repulsion. This is 
shown clearly in Fig. 3 which depicts P -0  on the 
same basis as Figs. 1 and 2. Thus the upper dia­
gram shows the nuclei at 1.76 A. as calculated by 
Pauling and Huggins. The 2px orbital of oxygen

(10) V. Schomaker and D. P. Stevenson, This Journal, 63, 37 
(1941).

(11) L. P. Pauling and M. L. Huggins, Z. Krist., 87, 205 (1934).

hardly more than touches the inner shell of phos­
phorus and the pz (and py) orbitals have not 
overlapped partly because of the difference in 
atomic size. The 3px orbital of phosphorus over­
laps the inner shell of oxygen but the latter con­
tains only two electrons and was therefore re­
garded as less important.

D=l.a4A.
Fig. 3.—Diagrams of the P-O bond at distances indicated.

The lower diagram in Fig. 3 shows the atoms at 
the distance 1.64 A. observed in the P4Oö gas mole­
cule. Even there the respulsive overlap of various 
orbitals is moderate. Furthermore the S i-0  bond 
energy is quite normal. On Pauling’s electronega­
tivity formula, but using recent data, one calcu­
lates 106 kcal. for a single Si-O bond as compared 
to the observed 103 kcal. Data are not available 
for the normal P-O bond energy, but the values 
for Si-F are 159 kcal. calculated for a single bond 
and 138 kcal. observed. Thus the energies give 
no indication of multiple bonding.

In molecules such as P4Oi0 and P 0 4s  even 
shorter bonds arise. While double bonds involv­
ing 3d orbitals are more likely in these cases than 
before, even here a formal charge explanation is 
equally reasonable. If one maintains the octet for 
phosphorus in P4Oio then the four oxygens which
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are bonded to only one phosphorus have a net 
charge of — 1 and the phosphorus atoms ohave a 
+  1 charge. At the distance of about 1.6 A. these 
charges give an attractive force of 9 X 10 ~4 
dynes. The force constant for a normal P-O 
single bond is not known but may be expected to 
be about 4 X 10s dynes/cm. from comparison 
with other molecules. Thus the electrostatic 
attractive force may be expected to lower the 
bond distance by about 0.2 A. which is roughly 
that observed.

From these considerations, it is the writer’s 
opinion that in the oxygen and fluorine com­
pounds with second row elements multiple bond­
ing is not significant (in the sense of more than 
one pair of electrons shared between the two 
atoms). The short bond distances are explain­
able in terms of (I) the difference in type of re­
pulsive effect predominating in P-P, etc., from 
that in O-O, etc., and (2) the large polar effects.

Thus although the 3d orbitals undoubtedly play 
a part in the detailed nature of the p or sp3 bonds 
in second row elements, it appears that they are 
not available for additional bonds of significant 
strength.

Barriers to Rotation about Single Bonds.— 
TV very simplest quantum mechanical theory 
t  single bonds indicates no restriction of rota­
tion of the two groups connected by the bond. 
Thus the experimentally determined barriers of 1 
to 4 kcal. per mole must be related to some re­
finements of the simplest theory. In ethane, if 
the carbon atom orbitals are strictly sp3 hybrids, 
only H-H interactions are affected by rotation and 
they re too small. However, if the carbon orbi­
tals are concentrated just a little more along the 
C-H bond directions then these atoms are no 
longer axially symmetrical. The C-C bond is pull­
ing the two carbons together against the re Ision 
of these C-H bond electrons. Consequet t is 
reasonable to assume this repulsion to .ger 
when the C-H bonds at one end line up with those 
at the other end and to be le§s when the C-H 
bonds are staggered. The stability of the stag­
gered orientation is now well verified. Let us 
examine the consistency of the magnitude of the 
rotation restricting barriers listed in Table III 
with the concepts that the barrier arises from vari­
ation in the valence shell repulsion as defined above.

Whereas the axial symmetry of a carbon atom 
is disturbed by three hydrogens in ethane there 
are only two hydrogens on the nitrogen of methyl 
amine and one on the oxygen of methanol. Thus 
one might expect the barriers to decrease in the 
ratio 3 to 2 to 1. However, the decrease in bond 
angle from tetrahedral a t the carbon to smaller 
values for nitrogen and oxygen should increase 
this repulsive effect. The series ethane, methyl­
amine, methanol and the series propane, di­
methylamine, dimethyl ether both show increase 
from carbon to nitrogen followed by decrease to 
oxygen in reasonable accord with these ideas.

Table III
Potential Barriers Restricting Internal Rotation

(Kcal./Mole)
CH3CH812 2.8
CILNEu” 3.0
CH3OH18 2.3 ±  1(?) CH3SH14 1.5
(CHs)2CH213 3.4
(CH3)2N H 13 3.5
(CH3)20 13 3.1 (CH3)2S15 2.0
(CH3)4C " 4.3 (CH3)4Si13 1.3

Unfortunately, barrier values for bonds be­
tween two second row elements are now available. 
They should be small because the valence shell 
repulsion is largely replaced by the inner shell re­
pulsion discussed above. The situation for bonds 
between carbon and a second row element should 
be intermediate and the values in Table III are 
clearly consistent with this concept.

Bonds to Hydrogen.—Since hydrogen has no 
further electrons, there should be no electronic 
repulsion effects of the valence shell type. 
Consequently the bond energies should show 
greater regularity. Thus the decrease in bond 
energy from C-H to N -H  is very small com­
pared with that from C-C to N-N or from C-Cl 
toN -C l.

Conclusions.—In a single bond between two 
first row elements the attractive force of the 
bond itself is balanced principally against the 
repulsion of the remaining valence shell electrons. 
Between two second row or heavier eler °nts 
the repulsion between the bonding orbital a t h e  
inner shell becomes more important. The con­
cepts are shown to give qualitative explanation for :

1. The relative absence of stable multiple 
bonds except with first row elements.

2. The striking drop in bond energy from C-C 
to N-N.

3. The failure of bond radii to correctly pre­
dict the Si-F, P-O and related bond distances.

4. The relative magnitude of barriers to in­
ternal rotation about single bonds.

Certain predictions are made.
It does not seem likely that presently feasible 

quantum mechanical calculations could do more 
than confirm these qualitative conclusions. How­
ever, more quantitative relationships of an empiri­
cal nature might be developed.

Summary
A revised table of bond energies is calculated 

from recent sources.
The concept is introduced of a balance in a

(12) K. S. Pitzer, C h em . R e v ., 27, 39 (1940).
(13) J. G. Aston, Ind. Eng. C h e m ., 34, 514 (1942); C h em . R e v ., 27, 

59 (1940).
(14) H. Russell, D. W. Osborne and D. M. Yost, T his J ournal, 

64,165 (1942).
(15) D. W. Osborne, R. N. Doescher and D. M. Yost, ibid., 64, 169 

(1942).
(16) K. S. Pitzer, J . C h em . P h y s . ,  12, 310 (1944).
(17) K. S. Pitzer and J. E. K ilpatrick, C h em . R e v ., 39, 435 (1.946).
(18) B. L, Crawford, Jr., J. Chem. Phys., 8, 744 (1940).
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chemical bond between attractive and repulsive 
. forces both of electronic nature. In first row ele­
ments the repulsive effects for single bonds arise 
principally in the valence shell whereas for heavier

atoms the inner shells play a predominant role. 
The ideas are shown to account for several pe­
culiarities in bonding behavior.
B e r k e l e y , C a l i f o r n i a  R e c e i v e d  D e c e m b e r  2 2 ,  1 9 4 7

[Contribution  from the Chemical Laboratory of N orthwestern U niversity]

Susceptibility Isotherms for Supported Copper Oxide
By P. W. Selwood and Nick S. Dallas

The purpose of this work was to examine the 
structure of supported copper catalysts by use of 
the magnetic methods previously described.1 The 
present paper gives magnetic data on a series of 
copper-alumina catalyst systems, together with 
some X-ray and catalytic activity results.

Experimental
Preparation and Analysis of Samples.—Pure y -alumina 

of surface area approximately 200 sq. m ./g. and magnetic 
susceptibility —0.2 X 10_6 at —190°, was impregnated 
with copper nitrate solution, then filtered, dried, and 
ignited at 390° for twenty-four hours. Twelve samples 
of supported copper oxide were thus made, ranging in 
concentration from 0.60 to 34.7% copper.

The several samples were analyzed by dissolving them 
in nitric acid and titrating by the standard iodide-thio­
sulfate method. One catalyst sample was prepared by 
multiple impregnation. The copper nitrate impregnating 
solution was adjusted so as to give a catalyst containing 
about 1% copper. After ignition this catalyst was re- 
impregg^ted and ignited. The process was repeated until 
the cop % concentration reached 5.2%.

Most ' the catalyst samples were examined in the 
reduced edition as well as oxidized. Reduction was 
carried ou..- in hydrogen at 300° for twelve hours. No 
change was caused by raising the reduction temperature 
to 400°.

It is of interest to record that the oxidized catalyst 
systems were bluish-green in color at all lower concentra­
tions. The reduced catalysts were all jet black.

During the course of these studies it became necessary 
to prepare some supported silver oxide on alumina. This 
was obtained by impregnating 7 -alumina with dilute silver 
nitrate solution, followed by drying and ignition at 390°. 
The sample contained approximately 2% silver. This 
sample was reduced in hydrogen at 200 °. It may be men­
tioned that the oxidized silver supported on 7-alumina is 
rapidly changed from white to brown by mere exposure 
to hydrogen well below room temperature.

The reduced forms of all catalysts were readily reoxidized 
in air at room temperature. The lower concentrations 
were handled in the absence of air, although the reduced 
copper could be stabilized to a fair degree by exposure to 
carbon dioxide.

Catalytic Measurements.—Comparison of catalysts 
containing varying proportions of copper was made by 
mechanically mixing all samples, except the lowest in 
copper, with 7-alumina so that all samples contained 
3.2% copper. The catalytic measurements were not 
extended below that concentration. The reaction chosen 
was the dehydrogenation of isopropyl alcohol.

A pelleted catalyst sample containing 0.32 g. of copper 
in 10 g. of catalyst was placed in the reaction chamber. 
The catalyst was reduced in hydrogen at 400° for two * 69

(1) This is the third paper on the susceptibility isotherm from 
this Laboratory. The second paper appeared in This Journal,
69, 2698 (1947). Descriptions of magnetic, X-ray and surface area 
experimental methods will be found in the earlier papers.

hours. The temperature was then lowered and held at 
225°. Redistilled isopropyl alcohol was fed over the 
catalyst at the rate of 32 cc. (liquid) per hour. Tests 
were continued for one hour, and three successive such 
one hour activity runs were made for each catalyst.

The gaseous product was collected and the volume meas­
ured. The liquid product was fractionated in a simple 
column and a rough analysis was thereby obtained for 
acetone, unconverted isopropyl alcohol and higher boiling 
products.

The several catalysts used for the activity tests are 
conveniently described in the following manner. Catalyst 
3.2/10.3 means a sample containing 3.2% of copper but 
that this was obtained by mechanically mixing appropriate 
amounts of 7 -alumina and a Cu0/A120 3 impregnate which 
contained 10.3% of copper. Four such catalysts wefe 
tested. These are thus designated as 3.2/3.2, 3.2/10 3r 
3.2/13.3 and 3.2/22.9.

Results
Table I shows the magnetic susceptibility at 

three temperatures for all the oxidized copper 
catalyst samples except that prepared by multiple 
impregnation. Samples containing less than 3% 
copper are discarded as being too dilute to permit 
accurate estimation of the susceptibility of xthe 
copper. Figure 1 shows the susceptibility iso­
therms calculated from the data of Table I.

T able  I
M agne/’-'-* Susceptibility of 

Samples

CuO/Al2Os C atalyst

Weight pt- -w.t. x X 1 0 ® X X 10« x X io®
copper 25° 1 00 O 0 -190°

4.0 0 .5  (±0 .05) 0.9 2 .4
7.2 0.9 1.8 4.4

10.3 1.4 2.5 5.6
11.9 1.3 1.8 3 .8
13.3 1.0 1.4 3.1
16.5 0.9 1.2 2.6
22.9 1.0 1.4 2.6
28.4 1.3 1.5 2.6
30.6 1.4 1.7 2.6
34.7 1.7 1.7 2 .5

Reduction of the copper in the samples in all 
cases caused the magnetic susceptibility to drop 
substantially to zero. The susceptibility iso­
therms at —180° for oxidized, reduced and re- 
oxidized copper-alumina are compared in Fig. 2.

The magnetic susceptibility of the sample pre­
pared by multiple impregnation was 2.45 X 10 ~6 
at —170°. The susceptibility of the copper in 
this catalyst, which contained 5.2% copper, was, 
therefore, 51 X 10~6 at —170°.
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Fig. 1.—Susceptibility isotherms for supported copper 
oxide on 7 -alumina.

The single sample of supported silver on 7- 
alumina had a susceptibility of substantially zero 
both at 25° and at —170°.

The X-ray diffraction results showed clearly the 
principal lineso of cupric oxide at 2.51, 2.30, 1.86, 
1.58 and 1.50 A. down to a concentration of 11.9% 
copper. But at 10.3% copper no cupric oxide 
lines, or any lines other than those of 7-alumina, 
were observed. There is, therefore, a parallelism 
between the disappearance of the cupric oxide 
lines and the region of maximum rise of suscepti­
bility in the isotherm.

The results of the catalytic activity tests are 
summarized in Table II, which gives results for 
the second of three concordant runs in each case.

R e l a t iv e  C a t a l y t ic

T a b l e  II 
A c t iv it y  o f C o p p e r - A l u m in a

Catalyst
C a t a l y s t s

% Acetone % High boiling
Pure alumina None None
3 .2 /  3 .2 52 10
3 .2 /10 .3 31 4
3 .2 /13 .3 31 4
3 .2 /22 .9 22 3

In addition, it should be stated that the more 
dispersed systems gave a relatively smaller volume 
of higher density gaseous product, and that these 
systems also lost activity much more rapidly dur­
ing use than did the less dispersed systems.

Conclusions.—The susceptibility isotherm is 
generally characterized by a large increase of 
susceptibility at low concentrations. Copper 
shows this effect to a greater extent than any 
other element so far studied. The susceptibility 
of copper in supported cupric oxide at low concen­
trations is about twenty times larger than that of 
copper in massive (unsupported) cupric oxide.

Below about 10% copper the susceptibilities of 
the several samples accurately follow the Curie- 
Weiss law, from which it is possible to compute the 
Weiss constant and the magnetic moment. In 
this region the Weiss constant is small, but slowly 
rises, showing the normal effects of decreasing 
copper-copper distance. At the lower concentra­

Fig. 2.-—Susceptibility isotherms for copper and copper 
oxide on 7-alumina, all at —190°.

tions the magnetic moment is 1.8 Bohr magnetons. 
This corresponds exactly with the moment pre­
dicted from the “spin-only” formula for cupric ion. 
There is, therefore, no inductive effect of the sup­
port on the valence of the copper.

The most striking feature of the susceptibility 
isotherm for copper is the sharp rise in the neigh­
borhood of 11% copper. The magnetic data, 
taken in conjunction with the X-ray results, sug­
gest that this is the concentration region below 
which it is impossible to maintain extensive organ­
ization of the copper and oxide ions into unit cells. 
I t  might be said that cupric oxide crystallites do 
not exist below about 11% copper. Nevertheless, 
the copper can scarcely be considered as atomi­
cally dispersed even below 11%. This is shown 
by the gradual decrease of the Weiss constant and 
by considerations on the magnetic properties of 
the reduced copper.

Our general picture of the oxidized copper cata­
lysts is, therefore, not dissimilar to that earlier ob­
tained for the chromia-alumina system. The 
tendency in such supported systems is shown defi­
nitely to be toward inhomogeneity and formation 
of ionic assemblies, and not toward two-dimen­
sional solid solution except at the greatest dilu­
tions.

Turning now to the results on the reduced cop­
per-alumina systems we are faced with a difficulty. 
The isotherm for the oxidized form strongly sug­
gests that below 10% copper we are approaching 
infinite magnetic dilution because the suscepti­
bility is not rising very rapidly. This is in con­
trast to the case for chromia-alumina.

It is well known that massive copper is slightly 
diamagnetic, but isolated copper atoms ought to 
be paramagnetic because they contain an odd 
number of electrons. I t would be anticipated 
that the higher supported copper concentrations 
would become diamagnetic on reduction because 
the massive cupric oxide present is being converted 
to massive copper metal. But if the cupric ions 
were atomically dispersed at very low concentra­
tions, then reduction should have no effect on the 
susceptibility.

Some very careful efforts were made to detect
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this effect. But the low susceptibilities and the 
ubiquitous trace of ferro-magnetic impurity com­
bined to make it difficult to examine this region. 
We can say, however, that certainly no more than 
10% of the copper atoms can be considered as 
atomically dispersed.

I t was hoped that the multiple impregnation 
catalyst would lead to higher, more readily meas- 
ureable, susceptibilities and to greater dispersion, 
but such was not the case. I t  was also hoped that 
dispersed silver might yield a more readily observ­
able result. The reason for the choice of silver 
was that the oxidized form is here diamagnetic. 
But certainly no large fraction of the supported 
reduced silver became paramagnetic.

Our conclusion from all these negative results 
is that the tendency for aggregation is so strong 
that even when the support must be, of necessity, 
mostly unoccupied surface, still the supported 
atoms tend to cling together. I t  will be noted 
that the larger size of the reduced atoms may lead 
to greater exchange interaction as compared with 
the oxidized forms; even though the ion centers do 
not appreciably move during the oxidation-reduc­
tion cycle.

When reduced supported copper is reoxidized the 
susceptibility goes as high as or higher than in the

original oxidized sample. This shows tha t no ag­
gregation into crystallites occurs during the oxi­
dation-reduction cycle. In fact the slight increase 
of susceptibility shown in Fig. 2 may be due to 
three-dimensional solution of cupric ions in the 
alumina.

The results on catalytic activity support in a 
general way this picture of the active surface. 
The more highly dispersed copper would normally 
be expected to show greater activity, and such is 
the case. I t  is somewhat surprising tha t no change 
of activity occurs in the anomalous 11% concen­
tration region. This result must mean tha t the 
mere aggregation into definite cupric oxide crys­
tallites has no effect on the activity. There is, of 
course, the possibility that in the reduced form 
there is no such obvious structural change occur­
ring in this concentration region.

Summary
Susceptibility isotherms are given for copper 

oxide supported on 7 -alumina, for the reduced 
catalyst, and for related systems. The magnetic 
data are related to X-ray diffraction studies, and 
to catalytic activity results on the dehydrogena­
tion of isopropyl alcohol.
E v a n s t o n , I l l i n o i s  R e c e i v e d  F e b r u a r y  1 9 ,  1 9 4 8

[ C o n t r i b u t i o n  f r o m  A r g o n n e  N a t i o n a l  L a b o r a t o r y  a n d  D e p a r t m e n t  o f  P h y s i c s , U n i v e r s i t y  o f  C h i c a g o ]

Double Fluorides of Potassium or Sodium with Uranium, Thorium or Lanthanum
B y  W. H. Zach ariasen

This paper summarizes the results of studies of 
the systems KF-UF4, KF-TI1F4, KF-LaF3, NaF- 
UF4, NaF-ThF4 and NaF-LaF3. The investi­
gations were carried out within the Manhattan 
Project during 1945.

The systems were studied by means of the X-ray 
diffraction method. The systematic survey ex­
tends over the entire composition range except for 
a gap between 35 and 65 mole per cent. ThF4 in the 
NaF-ThF4 system.

1. The Chemical Preparations.—All chemi­
cal preparations were made by the writer. 
The systematic studies were carried out by 
determining the phase compositions of solidified 
melts by means of X-ray diffraction patterns. 
Thermal analysis data were not taken, however. 
In the systems involving potassium fluoride pre­
cipitates from solutions were also examined.

The dry method preparations were made by 
melting together the component fluorides in a 
platinum crucible. The uranium tetrafluoride 
was from the Harshaw Chemical Company. Dr. 
Ralph Livingston had prepared the thorium fluo­
ride by treating ThF4*xH20  with HF. The Los 
Alamos Laboratory supplied the lanthanum fluo­
ride.

The wet way preparations were obtained in the 
following ways:

1. Solutions of potassium chloride and ura­
nium tetrachloride, of potassium nitrate and tho­
rium or lanthanum nitrate were precipitated with 
hydrofluoric acid.

2. Solutions of uranium tetrachloride, of tho­
rium nitrate or of lanthanum nitrate were precipi­
tated with a potassium fluoride solution.

3. Solutions of K3U 02Fö or of uranyl nitrate 
and potassium fluoride were reduced with formic 
acid and direct sunlight whereby precipitates were 
formed.

2. The Identification of the Phases.—The
chemical identity of the various phases was de­
duced through interpretation of the X-ray 
diffraction patterns. This unorthodox method 
of analysis had to be used because the chemical 
analysts were busy with more important work. 
Direct chemical analyses of a few single phase 
preparations were, however, made. These direct 
analyses were rather unsatisfactory because the 
alkali content was not determined and because of 
the customary difficulty in obtaining reliable re­
sults for the fluorine percentage.

Because the method is unknown to most chem-
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ists it may be useful to discuss in some detail how 
the chemical formulas of the various phases were 
determined from the X-ray data.

The method presupposes that the lattice dimen­
sions of the various phases can be deduced from 
the X-ray diffraction patterns. The observed 
diffraction intensities can with good approxima­
tion be attributed to the heavy atoms since the 
scattering powers of potassium, sodium and fluo­
rine are small compared to those of uranium, tho­
rium and lanthanum. A small number of degrees 
of freedom being involved it may accordingly be 
assumed that intensity considerations have led to 
a determination of the number and positions of the 
heavy atoms within the unit cell. The volume of 
the unit cell, V, and the number of heavy atoms 
within it, Nx, may thus be regarded as accurately 
known experimental quantities.

The volume of the unit cell for fluorides of the 
heavy elements under consideration can with good 
approximation be attributed to the fluorine atoms 
alone with the heavy metal atoms fitting into the 
interstices between the anions. The volume re­
quirement of a fluorine atom may be set at Ff = 
18 A .3 as shown by the experimental values of 
Table I.

' T a b l e  I

V o l u m e  R e q u ir e m e n t  o f  a  F l u o r in e  A to m

Com­
pound UF3 UF4 U2F9 a-UF6 /3-UF5 UF6 LaF3

V f 18.1 19.4 16.9 19.0 17.0 19.3 18.2

The mean values for the volume requirement of 
a sodium or potassium atom as obtained from a 
number of known crystal structures are Fk = 
21 A.3 and Fna =  7 A.3.

For the volume of the unit cell we have
V =  Na V a +  Af Ff

where N a and N f are the number of alkali atoms 
and the number of fluorine atoms per unit cell, 
and where F a is the volume requirement of an 
alkali atom. The numbers N a, N x. and Af are not 
independent since the valences must be balanced. 
Making use of this fact it becomes possible to 
determine the unknown quantities N a and Af in 
terms of the experimentally known quantities F, 
F f, F a and Nx- The result is

I.

II.

Systems A F-X F4 
*T F - 4 A x Ff 
* a ~ “ Va + W

Systems AF-XF3 
V -  3A x Ff

N a  = Fa +  Ff

Af
V + 4 Ax Fa 

Fa +  Ff
(2a)

A f
F +  3 Ax Fa 

Fa +  Ff
(2b)

Since the writer succeeded in determining the 
lattice dimensions and the number and positions of 
the heavy atoms in the unit cell for all the observed 
phases through interpretation of the X-ray diffrac­
tion patterns, the chemical formulas of all the 
compounds could be determined in this novel 
manner. The results of this method of analysis

for the KF-UF4 and NaF-ThF4 systems are shown 
in Tables II and III for purposes of illustration.

T a b l e  I I

I d e n t if ic a t io n  o f  t h e  P h a s e s  in  t h e  KF-UF4 S y s t e m
Phase

no. V iVu A k  A f
Deduced
formula

1 951 A 3 12 2 .2  «  2 50.2 «  50 k u 6f 25
2 497 6 1.7 «  2 25.7 «  26 K U 3F 13

3 697 8 3.1 « 4  35.1 «  36 K U 2F 9

4 684 6 6 .5  «  6 30.5 ~  30 KUFe
5 209 1 .6 « 4 /3  2 . 4 »  8/3 8 .8 «  8 a-KaUFe
6 139 1 1 . 7 « 2  5 .7 «  6 &-K 2U F 6

7 149 1 2 .0  «  2 6 .0 «  6 /32-K2U F 6
8 781 4 12.6 »  12 28.6 «  28 a-KsUF?
9 1558 8 25.2 «  24 57.2 « 5 6 a '-K 3UF7

T a b l e  III
I d e n t if ic a t io n OF t h e  P h a s e s  in  t h e NaF-ThF4

S y s t e m
Phase

no. V A  Th ANa A f
Deduced
formula

1 660 A.3 8 3 .4  «  4 35.4 « 36 NaTh2F9
2 119 1 1.9 «  2 5.9 « 6 /32-Na2ThF6
3 241 2 3.9 «  4 11.9 « 12 5-Na2ThF6
4 2054 12 47.6 «  48 95.6 « 96 Na4ThF8

The results from eqs. (2) should correspond to 
rational stoichiometric ratios and should give 
values N x  and Atf which are compatible with the 
observed space group symmetry. As a further 
check one knows, of course, the gross composition 
of the melts from which the phases were prepared.

N x  assumes fractional values for the a-phase 
compounds A2XF6 and for the /3-phase compounds 
AXF4. These phases have disordered crystal 
structures involving A-atoms and X-atoms in 
structurally equivalent positions. In these in­
stances N a +  Nx, rather than Nx, is experimen­
tally determined from the intensity calculations. 
Thus N a  +  N x  = 4 for «-A2XF6 and N A +  N x  = 
3 for 0-AXF4.

When the A-atoms and X-atoms are regarded as 
structurally equivalent the formulas for a-A2XF6 
and /3-AXF4 may be written as YF2 where Y repre-

T a b l e  IV
R e s u l t s  o f  C h e m ic a l  A n a l y s e s

-——Experimental-----•

Compound Theoretical
Direct

method
X -ray

method
k u 2f 9 U 69.5% 69.6% 70.7%

F 24.9 23.4 24.8
K 5.6 4 .5

KTh2F9 T h  6 8 .8 67.0 68.7
F 25.4 22.0 25.4
K 5.8 5.9

ck-K2UF6 U 55.3 55.0 54.2
F 26.5 26.5 26.5
K 18.2 . . 19.3

frrK2UF6 U 55.3 59.9 57.7
F 26,5 24.9 26.2
K 18.2 16.1

&-KLaF4 La 54.6 52.6 54.7
F 29.9 26.7 29.9
K 15.5 15.4
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sents the A-atoms as well as the X-atoms. Thus, 
the a-A2XF6 and the /3-AXF4 phases may be re­
garded as pseudo-difluorides, and the unit cell will 
contain an integral number of formula weights 
YF2. The unit cell of a-A2XF6 contains four 
molecules YF2 and that of /3-AXF4 three molecules.

The method of analysis is remarkably accurate. 
This is demonstrated in Table IV where the re­
sults of this method are compared with those of 
the orthodox, direct method of chemical analysis 
for some of the phases. C. Carter and B. Holt 
carried out the conventional analyses.

3. The Phase Composition of the Prepara­
tions.—Tables V-X show the phase composi­
tions of the preparations made from melts as 
determined by analysis of the X-ray diffraction 
patterns. I t  is seen that the two lanthanum 
systems are very simple ones while the uranium 
and thorium systems are exceptionally complex.

T a b l e  V
P h a s e  C o m p o s it io n  o f  M e l t s  in  t h e  S y st e m  KF-UF4
Mole % Phases present

u f 4 M ajor Minor Trace
89 KUeFae '+ UF4
86 KU6F26 KU2F9 +  u f 4
83 KUbFjb KU2F9 u f 4
80 KU2F9 +  KU6F26 UF4 + KUsFu
75 KU2F9 +  KUeFas KUsFxs +  UF4
67 KU2F9 KU6F25 +  KU3F13 4- k u f b
60 KU2F9 +  u f 6
50 k u f 5
45 KUFs /3i-K2UF6
40 KUFb +  iSi-KaUFe
36 /3x-K2UF6 «-KaUFe
33 (a)“ /3x-K2UF6

(b) /3i-K2UF6 a-KaUFe
(c) fr'-KaUFe5
(d) ^2-k 2u f 6

29 /Sx-K2UF6 +  a-KaUFj
25 (a) a'-KsUF?

(b) a-K3UF7
22 a-KaUF?
20 a-KaUF? KF
17 «-KaUF7 KF
14 OC-K3UF7 KF

a Symbols (a), (b), (c), (d) are used to indicate dif-
ferent rates of cooling, a indicating the lowest rate.
b &  - A2XF6 is a disordered form of fti — A2XFö in-
volving isomorphous replacement between A-atoms and 
X-atoms.

T a b l e  VI
P h a s e  C o m p o s it io n  o f  M e l t s  in  t h e  KF-ThF4 S y st e m

Mole % . Phases present
T hF4 M ajor Minor

86 KTh6F25 ThF4 +  KTh2F9
75 KTh2F9 +  KTh6F26
67 KTh2F9 KThF5 +  KTh6F25
50 KThFg
40 KThFg +  /3i-K2ThF6
33 (a)a ft-K2ThF6

(b) jSi-KaThFg , <*-K2ThF6
(c) ft'-K 2ThF6

29 j8i-K2ThF6
25 ft-KaThFe K5ThF9
20 K5ThF9
17 KsThF9

T a b l e  VII
P h a s e  C o m p o s it io n  o f  M e l t s  i n  t h e  KF-LaF3 S y s t e m

Mole % Phases present
LaFa M ajor M inor

67 LaF3 -j- a-KLaF4 /?i-KLaF4
58 a-KLaF4 LaF3 -f- ft-KLaF4
50 (a)® fti-KLaF4

(b) /3i-KLaF4 a-KLaF4
33 ft-KLaF4 +  KF
25 ft-KLaF4 +  KF

T a b l e  VIII
P h a s e  C o m p o s it io n  o f  M e l t s  i n  t h e  NaF-UF4 S y s t e m
Mole % Phases present

UF 4 M ajor M inor
67 NaUF5 +  UF4
50 NaUF5
40 or-Na2UF6
36 a-Na2UF6
33 (a)“ 7-Na2UFö

(b) 7~Na2UFe f t - Na2UF6 +  «-Na2UF6
(c) /32-Na2UF6 +  a-Na2UF6 -j- 7-Na2UF6

31 7-Na2UF6
29 Na3UF7
27 Na3UF7
25 Na3UF7
20 Na3UF7 NaF

T a b l e  IX
P h a s e  C o m p o s it io n  o f  M e l t s  in  t h e  NaF-ThF4 S y s t e m

Mole % Phases present
T hF4 M ajor M inor
67 NaTh2F9
33-67 Not investigated5
33 (a)“ 5-Na2ThF6

(b) /32-Na2ThF6
29 5-Na2ThF6 Na4ThF8
25 Na4ThF8 5-Na2ThF6
20 Na4ThF8
14 Na4ThF8 +  NaF

6 Preliminary data indicate two new phases in this 
range.

T a b l e  X
P h a s e  C o m p o s it io n  o f  M e l t s  in  NaF-LaF3 S y s t e m

Mole % 
LaF3

Phases present

67 ft-NaLaF4 +  LaF3
50 ft-NaLaF4
33 ft-NaLaF4 +  NaF
25 ft-NaLaF4 +  NaF

The systems involving potassium were also ex­
amined by means of samples precipitated from 
solutions. The precipitates from lanthanum solu­
tions all proved to consist of anhydrous lanthanum 
fluoride irrespective of the potassium concentra­
tion in the solution. However, some of the po­
tassium-uranium and potassium-thorium fluo­
rides can be prepared in the wet way.

KU2Fa and KTh2F9 are obtained as pure and 
anhydrous phases by precipitation from solutions 
containing large excess of uranium or thorium over 
potassium. Anhydrous KUF5 and KThF5 are 
present as pure phases in the precipitates from
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solutions containing potassium and uranium or 
thorium in equal amounts. Single phase precipi­
tates of anhydrous ck-K2UF6 or ct-K2ThF6 are ob­
tained from solutions with large excess of potas­
sium over uranium or thorium provided the rate of 
precipitation is high. Solutions with high potas­
sium concentration yield KUF5 or KTI1F5 at low 
precipitation rates. These are the only double 
fluorides of potassium and uranium or thorium 
which the writer has observed in the precipitates.

The various phases which have been found in the 
systems under consideration are compiled in Table 
XI. Phases listed in the same horizontal row of 
the table represent isomorphous compounds.

T a b l e  XI 
O b s e r v e d  P h a s e s

K -U K -T h N a -U N a -T h K -L a N a-L a
KUeFas
K UsFu

KTheFas

K U 2F 9 KThaFg
N aT h2Fg

K U F 8 KThFe NaUFe ?
a-KaUFe a-KaThFe a-NaaUFö ? a-K LaF 4

/3i-KaUFe- 
jSe-KaUFe

/3i-K2T h F 6

/32-N a 2UF6 j32-N a 2ThF6
/Si-KLaFe

/32-NaLaF4
Y-Na2UF6

5-Na2ThF6
a-K3UF7
a '-K 3U F 7

N a3U F 7
N a4ThFs

I t seems that only a few of the twenty-seven 
phases listed in Table XI have been previously de­
scribed in the literature.

As stated earlier, the writer has succeeded in 
determining lattice dimensions and the positions of 
the heavy atoms for all the phases. Complete 
crystal structures have been found for NaTh2F9, 
the a*-phase compounds, the /3-phase compounds, 
y-Na2UF6 and Na3UF7. These crystal structure 
determinations will be treated in another paper to 
appear elsewhere.

Some of the structural constants are listed in 
Table XII, together with the number of molecules 
per unit cell, nt and the calculated densities p.

4. Other Isomorphous Compounds.—Com­
pounds isomorphous with those listed in Table 
X I and involving other elements have been ob­
served. These compounds were encountered in 
incidental preparations submitted to the writer 
for X-ray diffraction study.

KNp2F9 was observed as the only crystalline 
phase in a sample labeled “Np(V)-fluoride” which 
had been prepared by T. LaChapelle and L. B. 
Magnusson. Another sample prepared by the 
same investigators and labeled “Np (IV)-fluoride” 
was found to contain KNp2F9 as a minor and 
K2SiF6 as the major phase.

KPu2F9 was the only crystalline phase in a 
sample labeled “H-Pu (IV)-fluoride” which H. H. 
Anderson had prepared.

The compounds NaPuF5, KPuF5, and RbPuF5 
were prepared by H. H. Anderson and the correct

T a b l e  XII
C r y s t a l  S t r u c t u r e  D a t a  f o r  D o u b l e  F l u o r id e s

Compound Sym m etry
Unit cell 

dimensions, A. n P
KUeFae Hexagonal = 8.18 ± 0 .0 1 2 6.73

KTheF25
Cu/'mmc
Hexagonal

az = 16.42 ± 0 .0 2  
ai =  8.32 ±  0.01 2 6.25

KU3F13
Cg/m m c
Orthorhombic

53 =  16.78 ±  0.02 
ai — 8.03 ±  0.03 2 6.64

KUaFg

Pmcm

Orthorhombi c

a2 — 7.25 ± 0 .0 3  
a.\ =  8.53 ±  0.04 
ax =  8.68 ±  0.01 4 6.49

K Th2F9

Pnam

Orthorhombic

a2 =  7.02 ±  0.01 
az =  11.44 ± 0 .0 4  
ai — 8.85 ± 0 .0 3 4 6.04

KNpaFg

Pnam

Orthorhombic

a2 =  7.16 ± 0 .0 2  
a3 = 11.62 ±  0.04 
ax =  8.63 ±  0.05 4 6.54

K P u2F9

Pnam

Orthorhombic

a2 =  7.01 ±  0.05 
az =  11.43 ± 0 .0 7  
ax =  8.56 ±  0.04 4 6.73

NaThaFg

Pnam

Cubic

a2 — 6.95 ± 0 .0 4  
az =  11.33 ± 0 .0 6  
a = 8.705 ±  0.001 4 6.58

KThFe
I43m
Rhombohedral a =  9.510 ±  0.005 6 5.10

NaUFs
R3
Rhombohedral

a  =  107° 17' ±  5 ' 
a =  9 .08  ±  0.01 6 5.81

KUFs
R3
Rhombohedral

a  = 107° 56' 
a =  9.387 ±  0.002 6 5.38

NaPuFs
E.3
Rhombohedral

=  107° 15' 2 ' 
a — 8.93 ±  0.03 6 6.03

KPuFe
R3
Rhombohedral

« =  107° 28' ±  10' 
a = 9.27 ±  0.03 6 5.66

RbPuFe
R3
Rhombohedral

« =  107° 2 ' ±  10' 
a =  9.46 ±  0.03 6 5.88

a-KaThFe
R3
Cubic

a  =  106° 56' ±  10' 
a =  5.994 ±  0.004 4/3 4.33

«-NaaUFe
Fluorite
Cubic a =  5.565 ±  0.004 4/3 5.08

a-KaUFe
Fluorite
Cubic a =  5.934 ±  0.001 4/3 4.53

a-K LaF4
Fluorite
Cubic a =  5.931 ±  0.001 2 4.06

0i-K2T hF6
Fluorite
Hexagonal ai =  6.565 ±  0.002 1 4.91

/3i-K2UF6
C62m
Hexagonal

az =  3.815 ±  0.001 
ax — 6.54 ±  0.01 1 5.10

/3i-KLaF4
C62m
Hexagonal

az =  3.76 ±  0.01 
ax — 6.526 ±  0.002 3/2 4.52

/32-K2UF6
C62m
Hexagonal

az =  3.791 ±  0.001 
ax =  6.53 ±  0.02 1 4.77

/32-Na2UFe
C32
Hexagonal

az — 4 .04  ± 0 .0 1  
ax =  5.94 ± 0 .0 1 1 5.74

/32-Na2ThFe
C32
Hexagonal

a$ =  3 .74 ±  0.01 
ax =  5.99 ±  0.02 1 5.46

/32-NaLaF4
C32
Hexagonal

az — 3.81 ± 0 .0 1  
ax == 6.167 ±  0.001 3/2 4.68

/32-N aPuF4
C32
Hexagonal

az =  3.819 ±  0.002 
ax = 6 .1 2  ±  0.02 3/2 6.87

7-Na2U F6
C32
Orthorhombic

az =  3 .75 ± 0 .0 1  
ax — 5.56 ±  0.02 2 5.06

S-NaaThFe

T m m m

Hexagonal

a2 =  4.01 ± 0 .0 1  
az =  11.64 ± 0 .0 4  
ax = 6.14 ±  0.01 2 5.37

Q5-K3UF7 Cubic
az = 7 .36 ± 0 .0 2  
a =  9.21 ±  0.01 4 4.12

a'-KaUF? Tetragonal ax =  9 .20 ± 0 .0 2 8 4.13

NaaUF?
I4 /am d
Tetragonal

az =  18.40 ±  0.06 
ax =  5.448 ±  0.007 2 4.49

N a4ThFs
I4/m m m
Cubic

az =  10.896 ±  0.014 
a =  12.706 ±  0.002 12 4.59

KBThF9 Orthorhombic ax =  12.87 ±  0.04 4 3.58
Ccmm a2 =  7 .90 ± 0 .0 2  

az =  10.83 ±  0.03
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formulas deduced by him with the aid of direct 
chemical analyses. X-Ray diffraction patterns of 
these preparations showed the compounds to be 
isomorphous with the corresponding uranium and 
thorium compounds.

NaPuF4 was found in a sample which was sup­
posed to be plutonium metal. L. Baumbach had 
prepared this sample.

The isomorphous compounds of neptunium and 
plutonium are also listed in Table XII.

Miss Anne Plettinger gave valuable aid by tak­
ing most of the numerous X-ray diffraction pat­
terns which were required. Mr. W. C. Koehler 
helped by measuring some of the diffraction pat­
terns. Miss C. Carter and Mr. B. Holt contrib­
uted to the work by carrying out direct chemical 
analyses for some of the phases. The loan of 
micro-preparations of neptunium and plutonium 
made by Drs. T. LaChapelle and L. B. Magnus- 
son, H. H. Anderson and L. Baumbach is gratefully 
acknowledged. The writer is also indebted to Dr. 
R. Livingston for some pure thorium tetrafluoride.

Abstract
A large number of double fluorides have been 

found in the systems K F-U F4, K F-ThF4, K F- 
LaF3, N aF-UF4, NaF-ThF4 and NaF~LaF3. In 
addition to the terminal compounds the following 
phases have been observed:

In the KF-UF4 system: KU6F25, KU3Fi3, KU2F9,
KUF5, a-K2UF6, ft-KaUFe, ft-K2UF6, tt-KsUFy, and 
a'-K 3UF7.

In the K F-T I1F4 system: K T h 6F 25, K T h 2F 9, K T h F 5, 
a-K2ThF6, ft-KVThFe, and K 5T h F 9.

In the KF-LaFs system: a-KLaF4, ft-KLaF4.
In the NaF-UF4 system: NaUFs, «-Na2UF6, ft-Na2- 

UFö, 7-Na2UF6, and Na3UF7.
In the NaF-ThF4 system: NaTh2F9, ft-Na2ThF6,

5-Na2ThFe, and Na4ThF8.
In the NaF-LaFs system: ft-NaLaF4.

Lattice dimensions are given for all the phases. 
Some results for isomorphous neptunium and plu­
tonium compounds are reported.
Chicago, Illinois Received February 27, 1948

[Contribution from N oyes Chemical Laboratory, U niversity of Illinois]

A Versatile Technique for X-Ray Single Crystal Structural Analysis Applied to 
Benzaldehyde 2,4-Dinitrophenylhydrazone and Zinc Salts of Salicylic and Benzoic

Acids
By George L. Clark and Hung Kao

I t is well known among crystal structure ana­
lysts that Weissenberg diffraction photographs 
provide distorted projections of the levels of a 
reciprocal lattice, from which the true reciprocal 
lattice, and thence the direct lattice, may be re­
constructed after more or less elaborate measure­
ment and interpretation; whereas the compara­
tively new precession technique devised by 
Buerger1 gives X-ray diagrams which are undis­
torted images of the reciprocal lattice and thus 
easily interpreted by inspection only. Although 
the precession method records only a limited part 
of the reciprocal lattice, especially in case of n- 
levels and has some other disadvantages, it has 
some distinct advantages over Weissenberg meth­
ods in that it requires a less perfect crystal, shorter 
time of exposure and above all simpler inter­
pretation. Moreover the precession method 
makes it possible to precess along two crystal axes 
without changing a crystal setting if the angle be­
tween the two axes is known; thus two reciprocal 
lattice photographs which will give all three linear 
constants and two angles can be obtained.

Inasmuch as new Weissenberg and precession 
cameras designed by Buerger and made by one 
instrument maker2 under the same conditions of

(1) M. J. Buerger, “ The Photography of the Reciprocal Lattice,” 
ASXRED Monograph No. 1, 1944.

(2) Charles Supper, Newton Centre, Mass.

precision were available, the crystal holders for the 
two cameras could be interchanged. Thus it 
seemed possible that a combination usage of the 
precession and Weissenberg cameras might pro­
vide a simpler and more dependable technique 
than any single method. This paper is a brief re­
port of our first experience in using the precession 
camera, presented in the hope that it may be help­
ful in other laboratories, as well as a record of 
crystallographic information so obtained for benz­
aldehyde 2,4-dinitrophenylhydrazone, zinc salicyl­
ate trihydrate, zinc benzoate and zinc hydrogen 
benzoate dihydrate.

Notes on the Precession Method 
A few remarks concerning our own experience 

on this method may be useful. The first step in 
crystal analysis of course is to adjust a crystallo­
graphic axis to the precession axis. The tech­
niques are discussed in detail in Buerger’s mono­
graph. An improved technique which we have 
used is the pre-usage of a 57.3 mm. Weissenberg 
camera. Since the 57.3 mm. Weissenberg camera 
and the precession camera have an interchange­
able adjustable crystal holder, transfer from one to 
the other is easily accomplished without disturb­
ing the crystal. From the zero-level Weissenberg 
pattern the possible zones and the angles between 
them can be determined by simple inspection.
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One of these zone axes can be located and set 
parallel to the X-ray beam by several trials on the 
precession camera. Once it is identified any of 
the others can be located by turning the crystal 
through the angle between them followed by re­
adjustment of the crystal. (In the eases of an 
orthorhombic, a tetragonal crystal or a monoclinic 
crystal oriented on its 5-axis the other axis can be 
located by simply turning the crystal.) By this 
method even in the case where the crystal does not 
possess any well developed faces, it is still possible 
to locate its axes unambiguously. Moreover the 
data from the 0-layer line Weissenberg film will 
provide the best criterion to check whether the 
correct zone axis is chosen for precession.

Various methods have “been discussed in the 
monograph for the determination of J* (reciprocal 
lattice spacing) values for n-level photographs. 
From the information obtained from a 0-layer 
Weissenberg film as described above, the value of 
d* for one crystallographic axis can be determined 
easily from the precession photograph along the 
other axis and vice versa. For example, for a 
monoclinic crystal whose 5-axis is parallel to the 
axis of the crystal holder and whose /3-angle is 
known from the Weissenberg pattern with the 
crystal rotating along this axis, a precession photo­
graph is made along one axis, say the a-, and then 
after turning the crystal through 0° another pre­
cession photograph is made along the c-axis. The 
former will give the d* value for n-level precession 
along the latter axis and vice versa.

I t has been found, in the case of zinc hydrogen 
benzoate dihydrate, that the value of d*, derived 
from precession along the £-axis with Cu K a radia­
tion, is so small that the annular slit of the layer- 
line screen will permit more than one level of the 
reciprocal lattice to register simultaneously, if the 
layer-line screen is set a t the usual distance from 
the crystal. This will yield patterns with entirely 
anomalous extinctions. The difficulty can be 
avoided by selecting the n-level such that the 
layer-line screen will be as far from the crystal as 
possible. An alternative way is, of course, to 
change the X-ray radiation to one with longer 
wave length (for example Cr K a radiation).
The Suggested Simple Technique for Single 

Crystal Structural Analysis
After considerable experience a simple pro­

cedure has been adopted by utilizing both the
57.3 mm. Weissenberg camera and precession 
camera, especially for needle crystals, where the 
orientation of the crystal along the axis other than 
needle axis is very difficult, if not impossible, as 
follows:

(1) Set the crystal on its holder so that the 
needle axis coincides with the horizontal axis of 
the crystal holder. Suppose that the needle axis 
is the 5-axis of a monoclinic crystal. Take a rota­
tion pattern from which the approximate value of 
5 can be determined simply by means of a Bernal 
chart.

(2) Take zero- and first-layer Equi-inclination 
Weissenberg photographs from which the angle 
0* can be accurately measured and a* and c* 
uniquely determined.

(3) Remove the crystal holder from the Weis­
senberg camera to the precession camera and 
make a zero-level photograph along one of the 
other axes, say the a-axis, from which 5*, c* and 
a* are determined by inspection.

(4) Turn the crystal 0* or 180°-/3* and make 
the zero-level precession photograph along £-axis, 
and thus determine a*, 5*, 7 *. Take the n-level 
precession photographs using the d* value ob­
tained from (3).

(5) Turn the crystal back to the position (3) 
and make n-level photographs along a-axis using 
the d* found in (4).

By these operations all lattice translations and 
angles of the reciprocal and hence of the direct lat­
tice can be found. The space group can be deter­
mined by examining the extinction data from these 
two sets of precession photographs. This is 
usually enough, but additional n-layer line Weis­
senberg photographs along the 5-axis can be made, 
if necessary.

The Crystal Structure of Benzaldehyde- 2,4- 
Dinitrophenylhydrazone

This compound was chosen as a logical exten­
sion of the work in the laboratory on the X-ray 
diffraction and crystallography of the 2,4-dinitro- 
phenylhydrazones of aldehydes and ketones.3

The benzaldehyde derivative was prepared by 
the method of Shriner and Fuson.4 Orange crys­
tals with sharp melting point 233-4° were obtained 
after four recrystallizations from ethyl acetate. 
No polymorphism was observed in crystallization 
from other solvents such as glacial acetic acid. 
Well-defined crystals were easily obtained. The 
density of the crystal determined by flotation in a 
solution of silver nitrate was 1.54. The “ideal” 
density calculated from X-ray data was 1.569.

X-Ray Data.—The results obtained by using 
the above procedure for single crystal analysis 
and that obtained by the Weissenberg method 
are summarized as follows for comparison:

From  From
Precession Weissenberg

(1) Unit cell ƒ a
constants \  j8
number of molecules 

per unit cell 
a (A. U.) 
b 
c

90°
92.7° ±  0.2° 

4
12.8  ±  0.1  
6.78 =*= 0.01 

14.26 ±  0.02

90°
92.8° 0.2°

4
13.1 ±  0.1 
6.79 ±  0.01 

14.20 ±  0.05
(2) Space-group 

Extinctions 
(from both):

P 2i/c P V  c
ƒ hOl appears only when l — 2n 
\  0&0 appears only when k = 2n

(3) G. L. Clark, W. I. Kaye and T. D. Parks, Ind. Eng. Chem., 
Anal. Ed., 18, 310 (1946).

(4) “ Identification of Organic Compounds,” 2nd ed., 1940.
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The Crystal Structure of Zinc Salicylate Tri­
hydrate

Because of some interest in zinc salts of salicylic 
(o-hydroxybenzoic) and benzoic acids and their 
complexes with boric acid as antiseptics, a deter­
mination of structure may have added significance. 
Zinc salicylate trihydrate is formed by mixing 
equal volumes of 2-molar sodium salicylate and
1-molar zinc sulfate solutions at room tempera­
ture. A white powder rapidly separates which 
may be recrystallized to fine single crystals. I t  
has been claimed that the crystals are needles, 
but only in the first stage of crystallization was this 
found to be true since the crystals lost their acicu- 
lar shape during growth. The composition of the 
crystal as zinc salicylate trihydrate, Z^CyHsCbV 
3H20, is verified by its powder pattern, and by 
chemical analysis.

For this crystal a procedure similar to that just 
described was used. From the Weissenberg data 
the following results are obtained:

ft =  94°
a = 15.40 dt 0.02 A. U.
6 = 5.36 0.01 A. U.
c «  9.18 = 0.01 A. U.

Extinctions: hkl appears only when h +  k = 2n 
hOl, h = 2n; 060, k = 2n

Space group C2/m, C2, or Cm

From zero, first and second layer fine precession 
photographs around all three axes, the following 
data are obtained

ft = 93.8° =*= 0.2° 
a = 15.40 =*= 0.02 A. U. 
b = 5.37 ±  0.01 A. U. 
c = 9.18 0.01 A. U.

Extinctions and space group as above.
The measured density is 1.64 from which about 

2 molecules per unit cell are found. The ideal 
density for n — 2 is 1.653 g./ml.

June, 1948 X -R ay Structures of

The Crystal Structure of Zinc Benzoate
These crystals were prepared by double recrys-

Compounds
Crystal
habits

Crystal
system

Benzaldehyde 2,4-dinitro­
phenylhydrazone ■ Orange plates Monoclinic

Zinc salicylate trihydrate • Colorless plates Monoclinic

Zinc benzoate * Colorless plates Monoclinic

>
Zinc hydrogen benzoate 

dihydrate
i
 ̂ White needles Orthorhombic

tallization from a pure commercial material, or 
from the product obtained by treating zinc carbon­
ate with benzoic acid followed by slow evapora­
tion of the solvent. Chemical analysis indicated 
pure anhydrous Zn(C6H5COO)2, with a measured 
density of 1.54 by flotation in chloroform and car­
bon tetrachloride. Both equi-inclination Weis­
senberg and precession patterns gave concordant 
data as follows:

Monoclinic ft =  94° 26' 
a a  10.67 ±  0.02 A. U.
6 = 12.94 ±  0.02 A. U. 
c =  19.22 ±  0.02 A. V.

Systematic extinctions: hkl all appear
&0£ appears only when / =  2n 
0&0 appears only when k =  2n

Space group P2i/c
Number of molecules per unit cell 8. The “ideal” 

density calculated 1.546 g./ml.

The Crystal Structure of Zinc Hydrogen Benzo­
ate Dihydrate

The compound was prepared either by adding 
zinc chloride to an aqueous solution containing so­
dium benzoate and benzoic acid or by the reaction 
of benzoic acid with zinc carbonate in aqueous 
solution. I t  was also obtained, as observed in 
this work, by the addition of benzoic acid to zinc 
borate which was suspended in hot water; from 
such solutions benzoic acid first settled out, then 
long colorless needles of ZnH2(C6H5C0 0 )4-2H20 
crystallized out (for zinc found 11.17%; calcu­
lated 11.13%). The compound is soluble in ether 
and alcohol and slightly soluble in benzene. The 
crystals have about the same density as pure 
chloroform at 32°, 1.47 g./ml.

The usual series of equi-inclination Weissenberg 
and precession patterns in 0, 1 and 2-levels were 
made yielding the following data :

Orthorhombic, with shortest translations

a =  5.20 =fc 0.02 A. U.
6 = 25.4 0.02 A. U.

Benzoates and Salicylates

c = 40.0 ±  0.5 A. U.

Cell Space “ Ideal”
constants

a 12.8 =b 0.1 A. U. 
6 6.79 ±  0.01

group n density

c 14.23 *  0.02 
0 92.8° *  0 .2°  
a 15.4 *  0.02

P2GC 4 1.569

65.36 =*= 0.01 
c 9.18 *  0.01 
ft 94.0° 0.2° 
a 10.67 0.02

C2/m or C2 
or Cm

2 1.653

612.94 ±  0.02 
c 19.22 ±  0.02 
0 94.4° i  0.2° 
a 5.20 ±  0.02

P2i/c 8 1.546

6 25.4 ±  0.2  
c 40.0 =*= 0.5

F d  d 8 1.47
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Systematic extinctions:
hkl appears only when all odd or all even 
0kl appears only with k =  2n and l = 2n 
hOl appears only with h =  2n, l =  2n and h +  l =  4n 
hk0 appears only with h =  2n, k =  2w and h +  k — 4n
Space group: F d d

The number of molecules per unit cell is 8 and 
the “ideal” density of the crystal is 1.478 g./ml. 
The compound is unusually interesting because of 
the very small a spacing in comparison with b and 
c, probably indicating very flat molecules lying 
extended in the be plane, also probably with hy­
drogen bonding. Hence this offers an excellent 
opportunity for a two-dimensional Fourier analy­
sis of electron densities which is now being carried 
out.

Summary
1. A new simple procedure for single crystal 

analysis by the combination of the equi-inclination 
Weissenberg and the Buerger precession methods 
has been investigated and its application has been 
illustrated with practical problems. This new 
procedure provides a simple solution for needle 
crystals the orientation of which, along the crystal­
lographic axes other than needle axis, is extra­
ordinarily difficult.

2. Determinations were made of crystal habits, 
densities, lattice constants and probable space- 
groups of four compounds, for which no previous 
X-ray and erystallographical data are available, 
as tabulated on the preceding page.
U r b a n a , I l l i n o i s  R e c e i v e d  F e b r u a r y  9 ,  1 9 4 8

[C o n t r ib u t io n  f r o m  t h e  P a c if ic  E x p e r im e n t  S t a t io n , B u r e a u  o f  M i n e s , U n it e d  S t a t e s  D e p a r t m e n t  o f  t h e
I n t e r io r ]

Heat Contents at High Temperatures of Vanadium Dichloride and Vanadium
Trichloride1

B y  E . G . K in g 2

In continuation of a program of study of the 
thermodynamic properties of vanadium com­
pounds, high-temperature heat contents of vana­
dium dichloride and vanadium trichloride were 
measured. No previous similar values exist for 
these substances, but low temperature heat capac­
ity and entropy data have been reported by Sho­
mate.3

Materials
The samples used in this work were portions of 

the materials prepared for previous low tempera­
ture heat capacity measurements, and the meth­
ods of preparation and the analyses were described 
by Shomate.3 Before the present measurements 
were begun, both compounds were given a pre­
liminary heating in vacuum, the dichloride to 850° 
and the trichloride to 150°.

Measurements and Results
The high temperature heat content measure­

ments were made by the “dropping” method 
with previously described4»5 apparatus. Frequent 
calibrations of the furnace thermocouple at the 
gold point were made by the method described by 
Southard.4

The samples were contained in platinum-rho­
dium alloy capsules. Two capsules were em­
ployed for the dichloride, containing, respec­
tively, 8.9608 and 8.6643 g. (corrected to vacuum)

(1) Published by permission of the  Director, Bureau of Mines, 
U. S. D epartm ent of the Interior. N ot copyrighted.

(2) Chemist, Pacific Experim ent S tation, Bureau of Mines.
(3) Shomate, This Journal, 69, 220 (1947).
(4) Southard, ibid., 63, 3142 (1941).
(5) Kelley, N aylor and Shomate, Bur. Mines Tech. Paper, 686, 

1946, 34 pp.

of sample. These capsules were sealed by plati­
num welding after replacing air in the pore space 
by helium. One capsule, containing 7.4429 g. 
(corrected to vacuum) of sample was used for the 
trichloride. I t  was sealed by gold soldering, after 
the pore space was filled with helium. Corrections 
for the capsules were made by means of separate 
measurements of the platinum-rhodium alloy and 
the known heat contents of gold and platinum. 
These corrections amounted to 25% of the total 
measured heats for the dichloride and 28% for the 
trichloride.

The experimental results, expressed in defined 
calories6 (1 cal. =  4.1833 int. joules), are in Table

T a b l e  I
H ig h -T e m p e r a t u r e  H e a t  C o n t e n t  o f  VC12

(Mol. wt. -  121.86)
H  T — .0298.16, H  t  — H298.16,

r ,  °k . c a l . /m o le T, °K. ca l . /m o le

339.9 760 875.9 10,730
389.0 1670 971.3 12,620
393.9 1745 1029.5 13,850
471.7 3125 1072.7 14,640
570.4 4895 1172.9 16,660
673.8 6830 1272.5 18,740
773.8 8740

H ig h -T e m p e r a t u r e  H e a t  C o n t e n t  o f  V C ls
(Mol. wt. -  1 5 7 . 3 2 )

HT — -0298.16, H  T — #298.16,
T, °K. c a l . /m o le T , °K. c a l . /m o le

3 4 3 . 1 1 0 7 0 7 0 4 . 9 9 , 8 7 5

4 0 0 . 3 2 4 0 5 8 0 3 . 8 1 2 , 4 2 0

5 0 2 . 2 4 7 7 5 9 0 2 . 5 1 4 , 8 7 0

6 0 1 . 9 7 2 2 5

(6) Mueller and Rossini, Am . J . Phys., 12, 1 (1944).
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I. Molal weights accord with the 1947 Interna­
tional Atomic Weights.

Measurements of the dichloride could not be 
extënded beyond 1272°K. because of swelling of 
the capsule from vapor pressure of the substance. 
Pressure of tetrachloride from the disproportiona­
tion reaction of the trichloride precluded obtaining 
results above 902°K. for the latter substance.

The heat content curves are shown in Fig. 1. 
No anomalous behavior of either substance was 
observed.

Smooth curve values of the heat contents and 
entropy increments calculated from them are in 
Table II. The average deviation of experimental 
points from the smooth curves is 0.15% for the di­
chloride and 0.3% for the trichloride.

Table I I

Heat Contents and Entropies above 298.16°K.
------------VCI2------------ ,----------------- — v c is ---------- :— «

JÏX — JÏ298.16, $T —  *$298.16, S  T  — i?298.16, $T —  $298.16 ,
c a l . / d  e g . / c a l . / d e g . /

T,  °K. c a l . / m o l e m o le c a l . / m o l e m o le

4 0 0 1 , 8 4 0 5 . 3 0 2 , 3 6 0 6 . 8 0

5 0 0 3 , 6 2 0 9 . 2 7 4 , 7 3 0 1 2 . 0 9

6 0 0 5 , 4 5 0 1 2 . 6 1 7 , 1 8 0 1 6 . 5 5

7 0 0 7 , 3 3 0 1 5 . 5 0 9 , 7 0 0 2 0 . 4 3

8 0 0 9 , 2 5 0 1 8 . 0 7 1 2 , 2 7 0 2 3 . 8 5

9 0 0 11,200 2 0 . 3 6 1 4 , 8 6 0 2 6 . 9 0

1000 1 3 , 1 8 0 2 2 . 4 5

1100 1 5 , 1 9 0 2 4 . 3 6

1200 1 7 , 2 2 0 2 6 . 1 3

1 3 0 0 1 9 , 2 7 0 2 7 . 7 7

For VC1,
H r  -  .H a ,8 . i6  =  2 2 . 9 9 F  +  1 . 9 6  X  1 0 ~ s r 2 +  1 . 6 8  X  

l O T - 1  -  7 5 9 2
( 2 9 8 - 9 0 0 ° K . ;  0 . 2 % )

CP =  2 2 . 9 9  +  3 . 9 2  X  1 0 - 3 r  -  1 . 6 8  X  1 0 5 r - 2

2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0  1 2 0 0

T, ° K .

Heat content equations, representing the data, 
were derived by the method of Shomate,7 use 
being made of his values3 of the heat capacities 
at 298.16°K. The average deviations from
smooth values and temperature ranges of validity 
are given in parentheses. Corresponding molal 
heat capacity equations also are listed.

For VC12
H t  -  # 2 9 8 .1 6  =  1 7 . 2 5 T  +  1 . 3 6  X 10~3r 2 +  0.71 X  

105^-1 -  5502
( 2 9 8 - 1 2 0 0 ° K . ;  0 . 3 % )

Cp =  1 7 . 2 5  +  2 . 7 2  X  1 0 ~ 3 r  -  0 . 7 1  X  lObT ~ 2

Fig. 1.—High temperature heat content of vanadium chlo­
rides: upper curve, VC13; lower curve, VC12.

Summary
High-temperature heat contents of vanadium 

dichloride and vanadium trichloride were meas­
ured from 298.16°K. to 1272°K. and 902°K., 
respectively.

Tables of heat contents and entropy increments 
above 298.16°K. are assembled and heat content 
and heat capacity equations are derived.

(7) Shomate, T his Journal, 66, 928 (1944). Berkeley, California Received January 3 0 ,  1 9 4 8
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A Hydrofluoric Acid Solution Calorimeter and the Determination of the Heats of 
Formation of Mg2S i04, M gSi03, and CaSiOa1

By D. R. Torgeson2 and Th. G. Sahama3

Heats of formation of most silicates are not 
amenable to determination by either combustion 
or ordinary solution calorimetry. However, many 
silicates can be studied with a hydrofluoric acid 
solution calorimeter, operating near 75°. This 
paper describes a calorimeter of this type and pre­
sents values of the heats of formation of magne­
sium orthosilicate, magnesium metasilicate and 
calcium metasilicate.

Materials
The materials employed were artificial magnesium 

metasilicate (clinoenstatite), natural calcium metasilicate 
(wollastonite), a series of 6 natural solid solutions in the 
Mg2Si04-Fe2Si04 system with a wide range of magnesium: 
iron ratios, artificial ferrous orthosilicate (fayalite), 
natural quartz, artificial magnesium hydroxide, and 
artificial calcium oxide.

The magnesium metasilicate and ferrous orthosilicate 
were the materials used in previous measurements by 
Kelley.4»5 The former contained 92.0% ivlgSi03, 5.6% 
Mg2Si04, and 2.4% uncombined Si02. The latter was 
virtually 100% pure.

The calcium metasilicate was that described by South­
ard.6 It contained about 0.6% impurities.

The quartz was the purest available grade. It was 
crushed, screened through 325-mesh, washed with hot 
hydrochloric acid for several days, water-elutriated to 
eliminate the coarser particles, and finally dried. Anal­
yses indicated at least 99.9% silica content.

Magnesium hydroxide was prepared from reagent- 
grade magnesium oxide in a manner simitar to that used 
by Taylor and Wells.7 In this instance, the washed 
oxide was calcined at 900 ° and then hydrated with steam 
at 150 lb . per sq. in . pressure. The wet hydrate was dried

in vacuum at 120 °. Analysis showed 0.1% carbon dioxide 
content (equivalent to 0.19% MgC03) and 99.78% mag­
nesium hydroxide.

Calcium oxide was prepared by calcining special reagent 
grade calcium carbonate at 1150°. Analysis of the 
product showed 99.98% calcium oxide.

The Mg2Si04-Fe2Si04 samples are described in Table 
I, using the classification proposed by Deer and Wager.8 
Before chemical analysis, the samples were purified by 
hand sorting, table classification, magnetic separation, 
and gravity separation with Clerici solution (aqueous 
solution of thallium formate and thallium malonate). 
Final products were examined microscopically.

Apparatus and Method
The calorimetric assembly is shown in Fig. 1. As it is 

expected that several researches employing this equip­
ment will be published, a brief description is warranted.

The calorimeter, V, is a cylindrical platinum vessel, 
10 cm. diam. and 12.5 cm. high, filled with hydrofluoric 
acid to the level indicated at Y. Chimneys, V and W, 
provide for admission of the stirrer, X , and for insertion 
of samples. A cylindrical well, K, 2.2 cm. diameter, 
extending from 1.3 cm. above the bottom to 2.5 cm. above 
the top, houses the resistance thermometer and calibrating 
heater coils.

The resistance thermometer, L, and heater, N, are 
wound on the hollow copper cylinder, M, which has 
closed ends. This cylinder has 0.1-mm. wall thickness 
except at the ends where projecting flanges were left to 
anchor the coils and provide thermal contact with K. The 
resistance thermometer consists of B. & S. No. 40, 
single silk-covered and enameled copper wire and has
104.7 ohms resistance at 73.7°, the sensitivity being 308 
juV. per degree. (As both calibration and reaction 
heats are measured in terms of mv., actual conversion 
to degrees never is necessary.) The heater is a 100-ohm 
coil of B. & S. No. 34, double-silk-covered manganin

T a b l e  I

Mg2Si04-Fe2Si04 S a m p l e s
/—-—Analysis for m ajor constituents, wt. % 9------* Microscopically

Sample Source S i02 FeO MgO Fe203 TiOü MnO estimated impurities
(A) Forsterite Dreis, Eifel, Germany 40.60 8.35 49.60 0.96 0.00 0.16 None
(B) Forsterite Ultenthal, Tyrol, Austria 40.72 9.48 49.52 0.10 .12 0.13 None
(C) Chrysolite10 Marjalahti, Finland 40.24 10.92 48.08 0.68 .00 0.28 None
(D) Hyalosiderite Lake Leistilanjarvi, 

Nakkila, Finland
35.20 35.40 25.94 2.60 .45 0.60 2% titanomagnetite

(E) Hyalosiderite11 Susimaki, Vampula, Fin­
land

35.12 36.98 25.42 2.10 .10 0.53 0.75% magnetite and 
ilmenite

(F) F errohort onolit e12 St. Utterviks Hage, 29.80 64.06 
Tunaberg, Södermanland, Sweden

2.22 0.00 .00 4.38 1 % magnetite

(1) Published by permission of the Director, Bureau of Mines, 
U. S. D epartm ent of the Interior. N ot copyrighted.

(2) Chemist, Pacific Experim ent Station, Bureau of Mines.
(3) Professor of Geochemistry, University of Helsinki, Finland, 

and a t present Visiting Investigator of the Carnegie Institution of 
W ashington, associated with the staff of the Geophysical Laboratory. 
Acknowledgment is gratefully made of support received from the 
Carnegie Institution of W ashington throughout the  course of this 
work.

(4) Kelley, This Journal, 65, 339 (1943).
(5) Kelley, ibid., 63, 2750 (1941).
(6) Southard, ibid., 63, 3142 (1941).
(7) Taylor and Wells, Bur. Standards J. Research, 21, 133 (1938).

wire. Paraffin was used to fill the annular space between 
cylinder M and the walls of K. The top of K is closed by 
the cork, I, to which radiation shield, J, is attached.

Lead wires, A, from the resistance thermometer and

(8) Deer and Wager, Am . Mineralogist, 24, 18 (1939).
(9) Chemical analyses were made by O. v. Knorring, University of 

Helsinki, Finland.
(10) Described by Borgström, Bull. Comm. Geol. Finlande, 14 

(1903).
(11) Described by Palmunen, Fennia, 45, No. 9 (1925).
(12) Described by Palmgren, Bull. Geol. Inst., Upsala, 14, 109 

(1916).



June, 1948 Heats of F ormation of Mg2Si04, M gSi03 and CaSi03 2157

heater coils are protected from acid vapors by the bakelite 
tube B, which ends in the vapor seal E containing heavy 
silicon grease.

The calorimeter is supported by the bakelite ringstand, 
O, which also supports the thin, gold-plated copper sur­
rounding shield, F.

The outer container, G, is of heavy, gold-plated brass. 
It is attached to the top, D, by means of a bolted flanged 
joint, the seal being made by a tygon gasket. The top 
has three chimneys in line with the calorimeter chimneys 
and well. Chimneys R and C, for admission of the 
stirrer and the lead wire protection tube, are shown in 
Fig. 1. A third chimney, not in the plane of the drawing, 
admitted samples.

The stirrer, X , is pure platinum. Attachment to the 
drive mechanism is made through the teflon assembly Q-T 
which also houses two sets of ball bearings. The lower 
part of T serves as a closure for calorimeter chimney V.

The entire assembly is immersed in an oil-bath to the 
level indicated at U. The oil bath is thermostatically 
controlled at 73.7 0.1°.

Readings of resistance thermometer e. m. f. and cali­
brating heater current are made with a White 100,000 m 
v. range double potentiometer. This instrument also 
serves in fixing and maintaining constant the resistance 
thermometer current which is 900.000 =*= 0.002 m amp. 
Energy input times for calibrations are measured with a 
stopwatch, calibrated against a standard chronometer of 
the Astronomy Department of the University of Cali­
fornia. The resistance of the manganin heater coil is 
determined at operating temperature by direct comparison 
with a 100-ohm standard resistance.

All samples are contained in gelatin capsules, sizes O 
and OO being the most convenient. These are dropped 
from room temperature through chimney W into the 
calorimeter at operating temperature. Platinum weights 
are enclosed with the samples to assure immediate sinking 
of capsule and contents.

In each heat of reaction measurement, 856.0 g. of 20.1% 
(by weight) hydrofluoric acid was used. Amounts of 
reacting materials were in stoichiometric proportion: 
0.6750 g. of quartz, 1.1281 g. of magnesium metasilicate, 
2.2900 g. of ferrous orthosilicate, 0.6556 g. of magnesium 
hydroxide, 1.3053 g. of calcium metasilicate, 0.6303 g. of 
calcium oxide, 1.6482 g. of sample A, 1.6510 g. of sample 
B, 1.6649 g. of sample C, 1.8931 g. of sample D, 1.9061 
g. of sample E, and 2.2482 g. of sample F (all corrected 
to vacuum).

Reagent grade hydrofluoric acid was employed. This 
was obtained in case lots consisting of 25 one-pound plastic 
bottles of approximately 48% acid. The case lots were 
sampled for uniformity and analyzed in transparent 
bakelite containers by titration against standard alkali. 
Each 856.0 g. batch of 20.1% acid was made up separately 
by weight, correction being made to vacuum.

The time required for complete reaction and attainment 
of final steady state conditions after dropping a sample 
into the calorimeter ranged from ten to thirty minutes, 
depending upon the substance. The temperature rise 
varied from 120.70 mv. for magnesium hydroxide to 
400.64 m v . for olivine A.

All heat-of-reaction values are adjusted to correspond 
with the process, Reactant (solid, 25°) —► Product 
(73.7°). This was accomplished by measuring the 
temperature of the gelatin capsule and contents just before 
dropping into the calorimeter and making the minor 
correction resulting from deviation of room temperature 
from 25°. Although reaction with the hydrofluoric acid 
occurs at 73.7°, this method of adjustment leads to values 
of heats of formation at 25°.

Measured heats of reaction were corrected for the 
sensible heat and heat of solution of the gelatin capsules. 
For the process, gelatin (solid, 25°) —► gelatin (in solution, 
73.7°), six measurements gave, respectively, 22.06, 
22.15, 22.80, 22.79, 22.85, and 22.63 cal. per g., the mean 
being 22.63 =*= 0.22 cal. per g. The gelatin correction 
ranged from 1 to 2%, depending upon the substance. 
Correction, from 0.2 to 1%, also was made for the sensible

heat in the platinum sinkers, using #73.7 — #25.0 =  1-70 
cal. per g. The magnitude of the corrections for impuri­
ties will be considered later.

An electrical calibration was made either just before or 
just after each heat-of-reaction measurement, in terms of 
the defined calorie (1 cal. =  4.1833 int. joules).13 The 
maximum spread in calibration values during the course of 
this work was 0.2%.

Measurements and Results
Each of the heats of formation is obtained as a 

resultant of the measurement of the heats of sev­
eral reactions for which skeleton equations are 
given in Tables II, III, and V. The method of 
ascribing uncertainties to the individual reaction 
heat values and their resultant follows Rossini 
and Deming.14

Heat of Formation of M gSi03.—Table II 
summarizes the data for obtaining the heat of 
formation of magnesium metasilicate from the 
component oxides. In this and subsequent tables 
various symbols are employed: c = crystals,
1 = liquid, p = precipitate, and sol. = in solution.

Six determinations of the heat of reaction (1) 
were made, the results being —29,901, —29,102, 
-29,069, -29,095, -29,060 and -29,111 cal. 
per mole. The mean is —29,090 =±= 20. These 
results include a net correction of 35 cal. for the
0.19% magnesium carbonate impurity. By net 
correction is meant the difference between the 
actual reported value and what would have been 
reported if the impurity had been neglected. I t

(13) Mueller and Rossini, Am . J . Physics, 12, 1 (1944).
(14) Rossini and Deming, J . Wash. Acad. Sci., 29, 416 (1939).



2158 D. R. T orgeson and Th . G. Sahama Vol. 70

T a b l e  I I

H e a t  o f  F o r m a t i o n  o f  M g S i 0 3 ( C l i n o e n s t a t i t e )  ( C a l .  

p e r  M o l e )

Reaction AH
Uncer­
tain ty

(1) Mg(OH), (c, 25°) -1- 2IIF (sol., 
73.7°) — MgF2 (p, 73.7°) +  
2K20  (sol., 73.7°) —29,090 20

(2) SiO, (c, 25°) +  6HF (sol., 73.7°) 
H2SiF6 (sol., 73.7°) +  2H20  

(sol., 73.7°) -33,000 20
(3) MgSiOa (c, 25°) +  8HF (sol., 

73.7°) -*  MgF2 (p, 73.7°) +  
H2SiF„ (sol., 73.7°) +  3H20  
(sol., 73.7°) -63,060 140

(4) MgO (c, 25°) +  H20  (1, 25°) 
Mg(OH)2 (c, 25°) -  8,850 25

(5) H20  (1, 25°) H20  (sol., 73.7°) 810 5

(6) MgO (c, 25°) +  SiO, (c, 25°) - *  
MgSiOs (c, 25°) -  8,690 150

A# 6  — A # i  +  A#2 — AH z  -f* A#4 — A#5

should be noted that to make the final solution 
from reaction (1) equivalent in H2SiF6 content to 
those of reactions (2) and (3), the magnesium hy­
droxide reacted with a solution in which had al­
ready been dissolved the stoichiometrical amount 
of silica.

Seven determinations of the heat of reaction (2) 
gave -33,003, -33,033, -32,981, -32,983,
— 33,003, —33,008, and —33,019 cal. per mole, 
the mean being —33,000 =*= 20. These values 
include a net correction of 40 cal. for adsorbed wa­
ter, which was determined to be about 0.1%.

For reaction (3), seven values of the heat were 
measured. The results are —62,869, —63,195, 
-63,059, -63,299, -63,232, -62,893, a n d -62 ,- 
899 cal. per mole. The mean is — 63,060 =*= 140. 
The net correction included for impurities, mag­
nesium orthosilicate and uncombined silica, is 90 
cal.

The heat of reaction (4), the hydration of mag­
nesium oxide, was not determinable in the hydro­
fluoric acid calorimeter because of slowness of 
reaction of the oxide. Recourse was taken to the 
ordinary solvents calorimeter described by South­
ard15 and Young16 and used by Shomate and Huff­
man17 in their determination of the heat of forma­
tion of magnesium oxide.

Six determinations of the heat of solution of 
magnesium hydroxide in 1.000 N  hydrochloric 
acid were conducted under conditions virtually 
identical with those of Shomate and Huffman for 
the oxide and with equivalent stoichiometrical 
amounts of materials. The results were —26,948, 
-26,957, -26,953, -26,942, -26,948, and
— 26,968 cal. per mole. The mean, —26,950 =*= 
10, is AU298.i6 for the reaction

Mg(OH)2(c) +  2H + =  M g++ +  2H20(1)
(15) Southard, Ind . Eng. Chem., 32, 442 (1940).
(16) Young, T h is  J ournal , 67, 257 (1945).
(17) Shomate and Huffman, ibid., 66 , 1625 (1943).

Corrections included in these results are 10 cal. 
for the heat of dilution by the two moles of water 
formed in the reaction and 35 cal. net correction 
for the magnesium carbonate impurity. Shomate 
and Huffman obtained = “-35,799 =*=
21 cal. per mole for the reaction

MgO(e) -f  2H + -  M g++ +  H20(1)
Combination of these values leads to Ajff298.i6 = 
— 8,850 =*= 25 cal. per mole for the reaction

Mg(OH)2(c) -  MgO(c) +  H20(1)
which is reaction (4) of Table II.

Four determinations of the heat of reaction (5) 
were made, obtaining 816,815,811 and 807, with a 
mean of 810 =*= 5 cal. per mole. Because of the 
low heat, these determinations were made with 8 
to 12 times the stoichiometrical amount of water, 
to realize a higher over-all accuracy. To be spe­
cific, amounts of water ranging from 1.597 g. to 
2.418 g. were dissolved in 856.0 g. of 20.1% hydro­
fluoric acid to which had already been added 
amounts of magnesium hydroxide and silica cor­
responding to those employed in reactions (1) and 
(2).

The summation, Ai?6_ = AiJi +  AH2 — AH3 +  
A#4 — Aiis, gives Aft298.i« = —8,690 =±= 150 as 
the heat of formation of magnesium metasilicate 
from magnesium oxide and quartz.

Heat of Formation of Mg2Si04.—Data for 
obtaining the heat of formation of magnesium 
orthosilicate are summarized in Table III.

T a b l e  III
H e a t  o f  F o r m a t i o n  o f  M g 2 S i 0 4 ( F o r s t e r it e ) ( C a l .  p e r  

M o l e )

Reaction AH
Uncer­
tain ty

(7) 2Mg(OH)2 (c, 25°) +  4HF (sol., 
73.7°) -*  2MgF2 (p, 73.7°) +  
4H20  (sol., 73.7°) -58,180 40

(8) Si02 (c, 25°) +  6HF (sol., 73.7°) 
-*  H2SiF6 (sol., 73.7°) +  2H20  
(sol., 73.7°) -33,000 20

(9) Mg2Si04 (c, 25°) +  10HF (sol., 
73.7°) -*  2MgF2 (p, 73.7°) +  
H2SiF6 (sol., 73.7°) +  4H20  
(sol., 73.7°) -95,380 200

(10) 2MgO (c, 25°) +  2H20  (1, 25°) 
— 2Mg(OH)2 (c, 25°) -17,700 50

(11) 2H20  (1, 25°) — 2H20  (sol., 
73.7°) 1,620 10

(12) 2MgO (c, 25°) +  Si02 (c, 25°) =  
Mg2Si04 (c, 25°) -15,120 210

A # i2 =  A# 7  -j- AH$ A# 9  -f- A H  io — A H  ii

Heats of reactions (8), (10), and (11) were dis­
cussed previously as heats of reactions (2), (4) 
and (5), respectively. Reaction (7) is the same as 
reaction (1) except that twice the amount of mag­
nesium hydroxide is concerned. However, it was 
determined quantitatively that no measurable 
difference in molal heat of reaction resulted from
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T a b l e  IV

H e a t s  o f  R e a c t io n  o f  Fe2S i04 a n d  Mg2Si04-Fe2Si04 S o l id  S o l u t io n s  w it h  20.1% H y d r o f l u o r ic  A c id

Sample
N um ber 
of detns.

Composition, mole % 
Mg2Si04 Fe2SiÓ4

N et
correction

for
impurities

AH, cal./m ole 
Meas. Calcd. Diff.

A 4 90.6 9.4 100 -94,250 =fc 160 -94,060 -1 9 0
B 4 90.2 9.8 70 -93 ,590  *  80 -94,000 410
C 5 88.2 11.8 160 -93,930 =*= 140 -93,720 -2 1 0
D 4 56.0 44.0 590 -89 ,070 =fe 100 -89,200 130
E 4 54.2 45.8 470 -88 ,820 =fc 160 -88,940 120
F 4 5.9 94.1 750 -82 ,080  160 -82,160 80
Fe2Si04 6 0 .0 100.0 0 -81 ,330  =*= 50 -81,330 0

the use of 1.3112 g. rather than 0.6556 g. of mag­
nesium hydroxide with 856.0 g. of hydrofluoric 
acid. Consequently, the heat of reaction (7) is 
just twice that of reaction (1).

The heat of reaction (9) was obtained by extra­
polation of results for the Mg2Si04-Fe2Si04 solid 
solutions. This was necessary because a suitable 
sample of pure magnesium orthosilicate was not 
available. Table IV summarizes the heat of re­
action data for the six solid solutions and for pure 
ferrous orthosilicate. Corrections were made for 
the principal impurities, the net correction being 
shown in column (5) and the resulting adjusted 
molal composition in columns (3) and (4).

The mean measured values in column (6) are 
represented by

Six determinations of the heat of reaction (13) 
gave -54,973, -54,974, -54,937, -54,965,
— 54,963, and —54,959 cal. per mole, the mean 
being —54,960 =*= 20.

The heat of reaction (14) was discussed pre­
viously as the heat of reaction (2) . Six measure­
ments were made of the heat of reaction (15). 
The results are -66,711, -66,785, -66,795,
— 66,705, —66,605, and —66,681 cal. per mole. 
The mean is —66,710 =*= 120. In this instance 
the calculated uncertainty has been doubled, an 
estimated allowance for neglect of impurities.

The summation, A#i6 = AI#l3 +  AHU — 
AHi5, gives AU298.16 = —21,250 =*= 130 as the heat 
of formation of calcium metasilicate from calcium 
oxide and quartz.

AH  =  -81 ,330  -  140.5 X Ml Discussion
in which X-Mg is the molal % of magnesium ortho­
silicate. Values calculated from the equation are 
in column (7). Extrapolation to 100% magne­
sium orthosilicate leads to AH  = —95,380 =*= 
200 cal. per mole, which is the value adopted for 
the heat of reaction (9).

The summation, AH12 — AII7 +  AHs — AI# +  
AHxo — AHii, gives AH298.16 — —15,120 =*= 210 as 
the heat of formation of magnesium orthosilicate 
from magnesium oxide and quartz.

Heat of Formation of CaSi03.—Data for ob­
taining the heat of formation of calcium meta- 
silicate are summarized in Table V.

T a b l e  V
H e a t  o f  F o r m a t io n  o f  CaSi03 (W o l l a s t o n it e ) (C a l . 

p e r  M o l e )

Reaction AH
Uncer­
tain ty

(13) CaO (c, 25°) +  2HF (sol., 73.7°) 
-♦  CaF2 (p, 73.7°) +  H20  (sol., 
73.7°) -54,960 20

(14) Si02 (c, 25°) +  6HF (sol., 73.7°) 
-* H 2SiF„ (sol., 73.7°) +  2H20  
(sol., 73.7°) -33,000 20

(15) CaSi03 (c, 25°) +  8HF (sol., 
73.7°) -► CaF2 (p, 73.7°) +  
H2SiFe (sol., 73.7°) +  3H20  
(sol., 73.7°) -66,710 120

(16) CaO (c, 25°) +  Si02 (c, 25°) 
CaSiOs (c, 25°) -21,250 130

A H u  — AH iz +  A H u  — A # i5

The only previous data with which comparison 
can be made are for wollastonite. Bichowsky and 
Rossini18 list a heat-of-formation value for 
291.16°K. that corresponds to —22,800 cal. per 
mole for the heat of formation of wollastonite 
from calcium oxide and quartz. Their result is a 
weighted mean of values covering a range of some
10,000 cal. The two best of these values appear 
to be those attributed to Roth and Chall and Wag­
ner which lead, respectively, to —19,660 and 
—21,460 cal. per mole heat of formation from the 
oxides. A more recent value of Troitzsch19 is 
— 21,750 cal. per mole at 293.16°K. The present 
value, AH298.16 = —21,250, intermediates these 
results and is considered the most reliable.

Using entropy data listed by Kelley20»21 the re­
ported heat values lead to the following free ener­
gies of formation from the component oxides: 
A#298.16 = —8,540 =±= 160 for magnesium meta­
silicate, A # 2 9 8 . 1 6  =  —14,970 =*= 230 for magnesium 
orthosilicate, and A#0 = —21,250 =*= 160 for cal­
cium metasilicate.

Summary
A hydrofluoric acid solution calorimeter, employ­

ing 20% acid and operating near 75°, is described.
(18) Bichowsky and Rossini, “ Thermochemistry of the Chemical 

Substances,” Reinhold Publishing Corporation, New York, N. Y., 
1936.

(19) Landolt-Börnstein, “ Physikalisch-chemische Tabellen,” 
Julius Springer, Berlin, 3rd Supplement, vol. 3, 1936, p. 2763.

(20) Kelley, Bureau of Mines Bulletin, 434 (1941).
(21) Kelley, T h is  J ournal , 65, 339 (1943).
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Heats of formation from the component oxides measuring heats of solution and reaction of the 
were obtained for magnesium metasilicate, mag- pertinent substances in hydrofluoric acid, 
nesium orthosilicate, and calcium metasilicate by B e r k e l e y , C a l i f o r n ia  R e c e iv e d  J a n u a r y  3 0 , 1 9 4 8

C o n t r i b u t i o n  f r o m  t h e  P a c i f i c  E x p e r i m e n t  S t a t i o n ,  B u r e a u  o f  M i n e s ,  U n i t e d  S t a t e s  D e p a r t m e n t  o f  t h e

I n t e r i o r ]

High-Temperature Heat Contents of 3Ca0-B20 3, 2Ca0*B20 3, Ca0-B20 3, and
CaO*2B20 31

By E. G. K in g ,2 D. R. T orgeson2 a n d  O. A. C ook3

In two recent papers,4»5 heats of formation and 
low-temperature heat-capacity and entropy data 
were presented for the four calcium borates, 
3Ca-B20 3, 2Ca0-B20 3, Ca0-B20 3, and CaO-
2B20 3. These are all the compounds in the CaO- 
B20 3 system, according to the work of Carlson.6 
The present paper reports high temperature heat 
content values, thus completing basic data needed 
for thermodynamic calculations of reactions of 
these compounds in both the crystalline and liquid 
states. The results have additional interest in 
that this is the first complete series of interoxidic

3 0 0  7 0 0  1 1 0 0  1 5 0 0
T ,  °K.

Fig. 1.—Heat contents of calcium borates: A, CaOB20 3; 
B, 2Ca0-B20 3; C, 3Ca0*B20 3.

(1) Published by permission of the  Director, Bureau of Mines, 
U. S. D epartm ent of the Interior. N ot copyrighted.

(2) Chemist, Pacific Experiment Station, Bureau of Mines.
(3) Formerly chemist, Pacific Experiment Station, Bureau of 

Mines.
(4) Torgeson and Shomate, T h is  J ournal , 69, 2103 (1947).
(5) Kelley, Todd and Shomate, ib id . ,  accepted for publication.
(6) Carlson, B u r. S ta n d a r d s  J .  R e se a rc h , 9, 825 (1932).

compounds for which high temperature heat con­
tent measurements have been carried beyond the 
melting points so that adequate heat of fusion 
values are available. No previous high tempera­
ture heat content data exist for any of these sub­
stances.

Method and Materials
Measurements were made by the “dropping” 

method, using previously described apparatus.7»8 
During measurement, the samples were enclosed 
in platinum-rhodium alloy capsules, pure plati­
num being used in welding shut the capsule necks 
after evacuating and filling the pore space with 
helium. The heat contents of the empty capsules 
were determined by separate experiments. At 
the highest temperatures, small pinholes devel­
oped in the capsules, and it was necessary to weigh 
capsules and contents after each measurement. 
The total loss in weight during a complete series 
of measurements never exceeded 0.5% of the orig­
inal sample weight. Correction was made on 
the assumption that boric oxide was lost by 
volatilization and that the equivalent amount of 
the borate next higher in calcium oxide had 
formed. As the net correction always was less 
than 0.2%, no appreciable error in reported re­
sults is involved.

The preparation, analysis, and X-ray diffrac­
tion examination of the borates was described by 
Torgeson and Shomate,4 whose samples also were 
used in the present work. It should be noted 
that the sharpness of the observed melting points 
and the agreement with results of the National 
Bureau of Standards6»9 substantiates the purity 
of the materials.

Results and Discussion
The experimental heat content values are given 

in Table I and Figs. 1 and 2, being expressed in 
defined calories (1 cal. = 4.1833 int. joules)10 per 
mole (in vacuum) of borate. Molal weights ac­
cord with the 1947 International Atomic Weights. 
Values marked (t) and (p) show, respectively, 
effects of pretransition and of premelting or in-

(7) Southard, T h is  J ournal , 63, 3142 (1941).
(8) Kelley, Naylor and Shomate, B u r . M in e s  T ech . P a p e r  686 

(1946), 34 pp.
(9) F lin t and Wells, B u r . S ta n d a r d s  J .  R esea rch , 17, 727 (1936).
(10) Mueller and Rossini, A m . J .  P h y s . ,  12, 1 (1944).



June, 1948 H igh T emperature Heat Contents of Calcium B orates 2161

complete melting. Table II gives smooth values 
of heat contents and entropy increments above 
298.16° K. at 100° intervals and at transition and 
melting points.

The compound 2Ca0 *B203 has a transition at 
804° K., with a heat absorption of 1,100 cal. per 
mole and an entropy change of 1 .37 e. u.

With the exception of Ca0-2B20 3, the com­
pounds melted and recrystallized reversibly un­
der the prevailing experimental conditions. The 
molten diborate solidified completely in the glassy 
state (single phase) when dropped from the fur-

T a b l e  I

H e a t  C o n t e n t  o f  3CaOB20 3 a b o v e  298.16° K. 
Base, crystals at 298.16° K. Mol. wt., 237.88

T, °K.
H  T — # 2 9 8 .1 6 ,  

cal./m ole T, °K.
# T  — #298 .16 ,

cal./m ole
Crystals 1473 73,660

372.5 3,656 1545 78,940
491.1 10,025 1660 87,250
586.0 15,370 1725 93,280(p)
682.2 21,180 1738 94,820 (p)
771.7 26,720 1757 98,450(p)
860.7 32,410 Liquid
973.8 39,750 1771 131,310

1083.7 46,990 1784 132,210
1165.1 52,510 1829 136,500
1281.1 60,260 1856 139,150
1380 66,990

H e a t  C o n t e n t  o f  2CaO*B20 3 a b o v e  298.16° K .
Base, «-crystals at 298.16c’ K. Mol. wt., 181.80

a:-Crystals 1135.2 42,270
381.8 3,295 1137.4 42,340
491.4 7,905 1235.9 47,910
594.3 12,690 1374 55,420
670.4 16,410 1472 60,770
723.3 18,990 1510 63,370
760.2 20,820 1531 64,200
776.4 21,730(t) 1564 67,070(p)
782,2 22,130 (t) 1582 89,470(p)
787.9 22,820(t) 1585 87,840(p)
794,3 23,280 (t) 1587 75,910(p)

0-Crystals Liquid
804.6 23,990 1599 92,300
819.3 25,030 1623 93,970
850.6 26,730 1700 98,980
906.5 29,820 1740 101,630
946.9 32,030 1764 103,600

1048.6 37,460 1821 107,790
H e a t  C o n t e n t  o f  CaO B2Q3 a b o v e  298.16° K .
Base, crystals at 298.16° K. Mol. wt., 125.72

Crystals 1375 40,260(p)
435.8 3,944 1417 42,560 (p)
558.2 7,822 1422 43,370(p)
667.3 11,630 1427 45,800(p)
765.7 15,260 1433 54,070(p)
858.3 18,800 Liquid
990.9 24,090 1439 60,620

1076.8 27,500 1471 62,650
1176.5 31,610 1575 69,020
1265.5 35,350 1678 75,480

H e a t  C o n t e n t  o f  Ca0*2B20 3 (C r y s t a l s ) a b o v e  
298.16° K.

Base, crystals at 298.16° K. Mol. wt., 195.36
Crystals 948.9 37,390

369.3 3,045 991.0 40,200
426.9 5,755 1043.5 44,010
433.6 6,155 1076.7 46,250
542.6 11,820 1091.5 47,140
605.1 15,500 1130.0 49,970
645.6 17,810 1173.2 52,870
749.2 24,310 1178.2 53,530(p)
764.8 25,220 1220.7 57,650(p)
874.1
906.2

32,330
34,570

1259.1 68,790 (p)

H e a t  C o n t e n t  o f  CaO2B20* (G l a s s  
a b o v e  298.16° K .

a n d  L iq u id )

Base, glass at 298.16° K. Mol. wt., 195.36
Glass Liquid

392.1 4,173 1260.7 73,620
603.2 15,290 1279.3 75,900
794.0 26,970 1296.0 77,540
850.1 31,260 1327 80,670

1005.3 44,620 1355 84,020
1101.1 49,310(m) 1406 89,730
1131.3 50,750(m) 1521 101,850
1143.6 58,920 1645 114,490
1204.7 66,020(m) 1747 124,350

nace into the calorimeter. It could be reconverted 
to the crystalline state by heating for a short 
time in the region just below the melting point 
of the crystals. This behavior agrees with the ob7

300 700 1100 1500
7 \ °K.

Fig. 2.—Heat content of Ca0*2B20 3: open circles, crystals 
and liquid; black circles, glass and liquid.
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H e a t  C o n t e n t s  (C a l . / M o l e ) a n d  E n t r o p ie s  (C a l . / D e g . / M o l e ) a b o v e  298.16° K .
3C aO B 20 3(c,l) 2C a0-B 20 3(c,l) C aO B 2Os(c,l) C a 0 2 B 2Oa(c,l) a C a 0 2 B 2Oj(gl,l) b

T, H  t  - S t  ~ i? T - •St — # T  “ •St — H  t - •St — #  t ~ •St -
°K. # 2 9 8 .1 6 S298.16 # 2 9 8 .1 6 •5298.16 # 2 98 .16 •5228.16 # 2 9 8 .1 6 •5298.16 #2 9 8 .1 6 •5298.16

400 5,180 14 88 4 010 11.53 2,840 8.16 4,470 12 . 83 4,470 12.85
500 10,520 26.79 8,310 21.11 5,950 15.09 9,500 24.03 9,500 24.05
ar\r\\JKJ\J i  a o r A 37 .22 ■i r\ a r\i ^ y w 29.55 9,280 21.16 15,130 34.29 15,130 34.28
700 22,220 46.42 17,830 37.08 12,820 26.61 21,170 43.59 21,180 43.59
800 28,410 54.69 22,880 43.82 16,550 31.59 27,510 52.05 27,710 52.30
804 23,080(a ) 44.07
804 24,180(0) 45.44 . . . .
900 34,780 62.19 29,410 51.57 20,420 36.14 34,090 59.79 35,210 61.13

1000 41,300 69.06 34,860 57.32 24,410 40.35 40,870 66.94 44,100 70.49
1100 47,950 75.40 40,330 62.54 28,480 44.22 47,820 73.56 54,390 80.29
1200 54,720 81.28 45,840 67.33 32,630 47.84 54,920 79.74 66,080 90.46
1260 59,340 (c) 83.33 73,760 (gl) 96.71
1260 86,400(1) 104.81 73,760(1) 96.71
1300 61,590 86.78 51,380 71.76 36,870 51.23 90,650 108.11 78,010 100.01
1400 68,540 91.93 56,930 75.87 41,210 54.44 101,280 115.99 88,640 107.89
1435 42,740(c) 55.52
1435 60,410(1) 67.83 . . . .

1500 75,600 96.80 62,490 79.71 64,420 70.57 111,910 123.34 99,270 115.23
1585 67,260(0) 82.80
1585 91,350(1) 98.00 . . . . . . . .

1600 82,790 101.44 92,370 98.64 70,590 74.55 122,540 130.19 109,900 122.09
1700 90,110 105.88 99,190 - 102.77 76,760 78.29 133,170 136.63 120,530 128.52
1760 94,550(c) 108.44
1760 130,040(1) 128.60
1800 133,800 130.71 106,010 106.68 143,800 142.72 131,160 134.62
1900 143,200 135.79 112,830 110.37

a Base =  crystals at 298.16° K. 6 Base — glass at 298.16° K.

servations of Carlson.6 As a consequence, direct 
measurements were made of the heat content of 
the crystals with respect to crystals at 298.16° K. 
as the base, and of the heat content of glass and 
liquid with respect to glass at 298.16° K. as the 
base.

Results marked (m) in Table I were obtained 
under conditions that resulted in partial reconver­
sion of glass to crystals. These values are given 
no weight and are not plotted in Fig. 2. Results 
for the glass are, of necessity, sparse in the region 
just below the melting point and of lower accu­
racy than the other values.

It was necessary to obtain the heat of fusion of 
crystalline Ca0-2B20 3 by an indirect method. 
This was accomplished by use of the calorimeter 
described by Southard11 and Young12 and also 
used by Torgeson and Shomate4 in their heat of 
formation determinations of the calcium borates. 
Using 1.000 N  hydrochloric acid as solvent, 3.4836 
g. of Ca0*2B20 3-glass was dissolved in 1845.5 g. 
of acid (identical with procedure of Torgeson and 
Shomate) and the heat of solution was measured. 
Three determinations were made, yielding, re­
spectively, — 22,720, —22,730, and —22,700 cal. 
per mole, the mean being —22,720 =*= 20 for 
C a02B 20 3-glass. Torgeson and Shomate ob­
tained —10,080 =*= 10 cal. per mole as the heat of

(11) South ard , I n d .  E n g .  C h e m . ,  32, 442  (1940 ).
(12) Y ou n g , T h is  J o u rnal , 67, 257 (1945).

solution of Ca0-2B20 3-crystals. The difference, 
12,640 =±= 30 cal. per mole, is the heat of transfor­
mation of crystals to glass at 298.16° K. Combina­
tion of this result and heat content values of crys­
tals and glass from Table II yields 27,060 cal. per 
mole as the heat of fusion of the crystals at the 
melting point, 1260° K.

Melting points and heats and entropies of fu­
sion are summarized in Table III. The melting 
point temperatures are in substantial agreement 
with determinations of the National Bureau of 
Standards except in the case of 2Ca0*B20 3. The 
entropies of fusion are remarkably constant when 
considered on a mean gram-atom basis, 1.69 to
1.83 e. u.

T a b l e  III 
F u s io n  D a ta

Substance

Melting point, °K. 
This
work N. B. S.M

AH  (fusion), 
cal./mole

AS (fusion), 
cal./deg ./ 

mole
3CaO-B2Os 1760 1761 35,490 20.16
2Ca0*B203 1585 1571 24,090 15.20
Ca0-B203 1435 1427 17,670 12.31
Ca0-2B203 1260 1259 27,060 21.48

Heat content equations for crystals and liquids, 
derived by the method outlined by Shomate,13 are 
listed below. In each instance there are indicated 
the temperature range of validity and mean devia-

(13) S hom ate , ib i d . ,  66, 928  (1944).
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tion from the experimental data, excluding those 
marked (t) and (p) in Table I.

3CaO-B2Os(c)
Hr  -  #258.16 =  56.44T +  5.21 X lC T #2 +  13.02 X 

lO^r-1 -  21,658 •
(298-1760° K.; 0.4%)

3CaO-B20 3(l)
# t -  # 298.i6 =  94.00r -  35,400

(1760-1900° K.; 0.1%)
2C a0B 20 3(«)
# T -  #298.16 =  43.75T +  5.75 X lC T #2 +  10.69 X 

1 0 T -1 -  17,141
(298-804° K.; 0.5%)

2C a0B 20 3(|8)
# t  -  # 298.i6 =  52.29T  +  1.20 X IO - # 2 -  18,633

(804-1585° K.; 0.3%)
2CaOB20 3(l)

#T -  #298.16 =  68.20r -  16,750
(1585-1900° K.; 0.2%)

CaO-B20 3(c)
# t -  #298.16 =  31.02r +  4.88 X K T T 2 +  8.07 X 

-  12,389
(298-1435° K.; 0.3%)

CaOB2Oj(l)
# t -  #298.16 =  61.70r -  28,130

(1435-1700° K.; 0.1%)
Ca0-2B20 3(c)
Ht -  #298.16 =  51.34# -F 9.58 X KT3# 2 +  17.16 X 

IO®#"1 -  21,914
(298-1260° K.; 0.4%)

CaO 2B20 3(1)
H t -  #298.i6 = 106.30# -  47,540

(1260-1800° K.; 0.2%)

The corresponding molal heat capacity equa­
tions are:
3CaO B20 3(c): Cv =  56.44 +  10.42 X IO"3#  -  13.02 X

10®# 2
3CaO B a 0 0 3(l): Cp =  94.00
2CaOB20 3(«): C9 =  43.75 +  11.50 X 10"3#  -  10.69 X

105# " 2
2CaO B2O3(0): Cp =  52.29 +  2.40 X 10~3#  
2CaO-B20 3(l): Cp =  68.20
Ca0 B20 3(c): Cp =  31.02 +  9.76 X IO-3#  -  8.07 X

10®# 2
Ca0*B20 3(l): CP =  61.70
CaO-2B20 3(c): Cp =  51.34 +  19.16 X 10~3#  -  17.16 X

10® #  2
Ca0-2B20 3(1): Cp =  106.30

Summary
High temperature heat contents of the calcium 

borates, 3CaOB203, 2CaOB2C>3, CaOB20 3 and 
CaO-2B20 3, were measured from 298.16° K. to tem­
peratures well above their melting points. Melt­
ing point temperatures and heats of fusion were 
determined and also the transition temperature 
and heat of transition in the case of 2CaOB20 3.

Heat content and heat capacity equations, 
adequately representing the measured data, were 
derived for each borate in the crystalline and liq­
uid states.

Entropy increments above 298.16° K. at 100° 
intervals and at phase-change points are tabulated, 
together with smooth values of the heat contents. 
Berkeley, California. Received January 30, 1948

[Co n t r ib u t io n  from  th e  D epa rtm en t  of Ch e m ist r y , C olum bia  U n iv e r sit y ]

Electrophilic Attack on Halogen in a Homogeneous Medium: Reaction of Mercuric 
Nitrate with some Primary and Secondary Alkyl Bromides

B y  O. T heodor B e n f e y *

Introduction
In the work of Dostrovsky and Hughes1 on the 

series of bromides, methyl, ethyl, ^-propyl, iso­
butyl, neopentyl, reactions expected to proceed by 
the nucleophilic substitution mechanism S n 2  gave 
the rate sequence

Me >  Et >  n-Pr > /so-Bri Neopentyl
The sharp fall from isobutyl to neopentyl is at­
tributed to a pronounced steric effect, the remain­
ing rate sequence being explainable on the postu­
lation of an inductive effect of methyl groups even 
on the /3-carbon, opposing the approach of the 
nucleophilic reagent. Steric hindrance is a con­
tributory factor except for methyl.

In order to bring out the alternative ionization 
mechanism SnI, the behavior of the halides was 
studied by these workers both in the highly ioniz­
ing solvent formic acid, and in the presence of the 
electrophilic reagent silver nitrate, which acts by

* Present address: Department of Chemistry, Haverford College,
Haverford, Pa.

(1) Dostrovsky and Hughes, J. Chem. Soc., 157 ff. (1946).

virtue of its affinity for halogen. In these re­
actions the rate sequence was changed to 

Me <  Et >  n -P r >  iso-Bu  >  Neopentyl
Steric hindrance was shown to be absent, and the 
last member reacted by a pure Sn I mechanism. 
The fact that the M e-Et rate sequence is inverted 
speaks strongly for the idea that the ethyl halide 
reacts largely by the same mechanism, the induc­
tive effect being operative in assisting the breaking 
of the carbon-halogen bond. This strongly sug­
gests that the intermediate members also react 
by this mechanism in spite of the rate sequence 
Et > n-Pr > iso-Bu being opposite to that ex­
pected from the influence of the inductive effect. 
The authors’ suggestion that the wrong sequence 
beyond ethyl is due to an appreciable incursion of 
mechanism Sn2 is therefore unlikely. An alterna­
tive explanation in the case of the silver ion cata­
lyzed reaction is that the catalytic effect of solid 
silver halide produced during the reaction de­
creases along this series.

In the reaction of alkyl halides with mercuric
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ion, the mercuric halide produced, though largely 
un-ionized, is appreciably soluble, and the catalytic 
effect of solid metal halide is thus eliminated. 
The reaction of mercuric nitrate with ethyl, n- 
propyl and isobutyl bromides was therefore stud­
ied. Roberts and Hammett2 have presented 
strong evidence in the case of benzyl chloride that 
the reaction proceeds by way of a rate determining 
formation of a carbonium ion intermediate

Hg + + +  R X — > H g X + + R  +

followed by fast reactions to form the alcohol or 
alkyl nitrate. The reaction rate of alkyl halides 
in ionizing solvents is normally accelerated by a 
factor of several hundred on addition of small con­
centrations of mercuric nitrate. The acceleration 
is no doubt due to the driving force derived from 
the energy of formation of a mercury-halogen 
bond. Mercuric ion and mercuric salts have a 
strong affinity for halogen, as shown by the small 
ionization of the mercuric halides,3 and by their 
ability to form complex ions such as HgCl4— .4 
Mercuric nitrate converts neopentyl iodide, no­
toriously unreactive toward nucleophilic re­
agents,1 into the rearranged #amyl alcohol.5

Cyclohexyl chloride and bromide react in some 
reactions like typical secondary halides, while in 
others their rates are considerably slower.6 Mer­
curic ion has a larger accelerating effect than silver 
ion on the reactions of alkyl halides and is conse­
quently expected to favor even more the mecha­
nism involving an ionic intermediate. A compari­
son was therefore made between the rates of re­
action of cyclohexyl and isopropyl bromides with 
mercuric nitrate.

Experimental
Apparatus.—The thermostat at 12.50° was the one de­

scribed previously.7 That at 25.00° was of the conven­
tional type. The temperatures were determined with 
thermometers calibrated by the U. S. Bureau of Stand­
ards. The thermostat temperatures were constant to 
=±=0.02°.

Materials.—Technical 1,4-dioxane was purified in 2- 
to 3-liter quantities by a modification of the method of 
Beste and Hammett.8 After treatment on the steam- 
bath with sodium hydroxide, the filtered product was 
boiled with 200 cc. of water and 25 cc. of concentrated 
hydrochloric acid for twelve hours, in a stream of air or 
nitrogen to carry away the aldehyde formed. The acid 
was neutralized and the aqueous portion removed with 
sodium hydroxide pellets. The dioxane was then refluxed 
over sodium wire for twelve hours and distilled through 
a 15-plate glass-helices packed column; b. p. 100.9- 
101.1° (760 mm).

w-Pentane and w-hexane used for extraction of alkyl 
halides in the fast kinetic runs were found to be free of 
halide and were used directly.

Eastman Kodak Co. ethyl bromide was distilled through
(2) Roberts and H am m ett, T h is  J o u r n a l , 59, 1063 (1937).
(3) Sillén and Infeldt, Svensk Kem. Tid . ,  58, 52, 61 (1946); 

M orse, Z. physik. Chem., 41, 709 (1902).
(4) Nicolet and Stevens, T h is  J ournal , 50, 135 (1928).
(5) W hitmore, W ittle and Popkin,ifefd., 61, 1586 (1939).
(6) (a) Tronow and Ladigina, Ber., 63, 3060 (1930) ; (b) Conant 

and Hussey, T h is  J ou r n a l , 47, 476 (1925).
(7) Price and H am m ett, ibid .,  63, 2387 (1941).
(8) Beste and H am m ett, ib id .,  62, 2481 (1940).

a 15-plate column, b. p. 38.5-38.6°. Analysis for bro­
mide gave 100.0%.

Eastman Kodak Co. n -propyl bromide and A. D. 
Mackay isopropyl bromide were washed with concen­
trated hydrochloric acid and dilute sodium hydroxide and 
dried over sodium sulfate. On fractional distillation n- 
propyl bromide boiled at 71.6-71.7° (761 mm.), isopropyl 
bromide at 59.1-59.5°.

Eastman Kodak Co. isobutyl bromide was shaken with 
water for one hour to hydrolyze any £-butyl bromide. It 
was washed with concentrated hydrochloric acid and a 
10% sodium carbonate solution, dried over sodium sulfate 
and fractionated, b. p. 91.6-92.0° (762 mm.).

Eastman Kodak Co. bromocyclohexane (b. p. 61- 
62° (15 mm.)) was twice distilled at reduced pressure 
through a Vigreux column. It was colorless and free from 
acid.

Colorless C. p. J. T. Baker analyzed nitric acid was 
used in making up the reaction mixtures.

Primary standards for titration were Mallinckrodt ACS 
grade potassium acid phthalate, and ACS grade potassium 
chloride which was recrystallized, and dried at 130° 
in vacuo over phosphorus pentoxide.

Merck reagent grade mercuric nitrate and C. p. mercuric 
bromide were used directly.

Method.—The titration method for following the pro­
duction of bromide is described in detail by Roberts.9»2

The same solvent, “70% dioxane by volume, ** was 
used throughout. It was made up by mixing seven parts 
of dioxane with three parts of water containing the 
amount of nitric acid required for an acidity of the solvent 
within the limits 0-281-0.286 N. Mercuric nitrate 
(0.025 N  appr.) was added and its concentration as well 
as that of the nitric acid determined by titration. A 
known volume, usually 100 cc., was transferred into the 
reaction flask, and placed in the thermostat. For all 
runs except that of isopropyl bromide at 25°, the alkyl 
bromide (0.022 N  appr.) was weighed out in a 1-cc. 
weighing bottle closed with a well-fitting ground glass 
stopper. The bottle was inserted in the reaction flask 
which was shaken rapidly till the bottle opened. The 
initial time was then taken. It was found that this 
method was accurate even for appreciably volatile com­
pounds, while the alternative of taking infinity readings 
was invalidated, except for the very fast runs, by slow 
complicating reactions, probably between mercury salts 
and the solvent. In the case of isopropyl bromide the 
approximate quantity was transferred with a weight 
pipet, and reproducible infinity readings were obtained.

At measured intervals 10-cc. samples were pipetted 
out and the reaction stopped by delivering into 5 cc. of 
0.1 N  potassium chloride. The excess chloride ion was 
then determined. In the case of isobutyl bromide this 
simple sampling method could not be used because of the 
formation of a precipitate. The reaction was started as 
before, but when the reaction had proceeded for a few 
minutes, 10-cc. samples were transferred into a series of 
25-cc. erlenmeyer flasks and were tightly closed with 
rubber stoppers. To stop the reaction 5 cc. of standard 
potassium chloride solution was added to the flask which 
was then allowed to stand so that the precipitate could 
react completely. On first addition the precipitate turns 
white and then slowly dissolves. The contents of the flask 
were washed into a larger erlenmeyer flask and titrated 
as before.

For the fast reactions of isopropyl and cyclohexyl 
bromides a pipet with an outflow time of eleven seconds 
was used. The pipet delivered accurately reproducible 
volumes. However, the reaction was not completely 
stopped by addition to potassium chloride solution, and 
the end-points were not sharp. Samples were therefore 
delivered into a mixture of 5 cc. of 0.1 N  potassium chlo­
ride, 5 cc. of -pentane (or w-hexane) and 5 cc. of water. 
The organic layer took up the bulk of unreacted alkyl 
halide, it was separated and washed several times with 
small amounts of water, the washings being added to the

(9) Roberts, Ind .  Eng.  Chem. An al .  Ed . ,  8, 365 (1936).
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aqueous layer. The aqueous portion was titrated as 
before, and gave very sharp end-points.

Roberts and Hammett2 mention that an impurity in 
the dioxane slowly reacts with mercuric nitrate forming 
mercurous salt, but that the error introduced was found to 
be negligible under the conditions of their kinetics.

In the work here described a fine white precipitate was 
observed to form slowly in mercuric nitrate solutions in 
70% dioxane, when the concentration of nitric acid was 
Ó.015 N . Good kinetics were observed for the fast 
reactions, but considerable interference took place in the 
slower runs. On increasing the concentration of nitric 
acid to 0.3 N  no precipitate appeared except after long 
ageing of the dioxane before use. This concentration 
was therefore used throughout.

Rate Calculations
A possible reaction scheme would be

kx
RBr +  Hg + +   ^  R + -I- HgBr+ (A)

RBr +  HgBr+ R+ +  HgBr2 (B)
with an equilibrium controlling the concentrations 
of the two mercuric ions.

H g++ -F HgBr2 7 " ^  2HgBr + 
_  [HgBr+]2 

[Hg + +] [HgBr2]
The following abbreviations are used

( C )

(1)

Xq =  2[Hg + +]o = initial concentration of mercuric ion 
in equivalents

x — 2[Hg + +] +  [HgBr+] = concentration of total mer­
curic ion in equivalents

yo = [RBr]o = initial concentration of alkyl halide. 
y = [RBr]

Two methods are used for the approximate evalua­
tion of initial rate constants10

Method I.—Assuming that K  = 0, i. e., that 
an HgBr+ ion when formed immediately dispro- 
portionates into 1/ 2Hg++ +  V2HgBr2, the second 
order rate equation becomes

2 ln yyx 
(xo — yo) t x0y (2)

where t is the time in minutes. The factor 2 is re­
quired because one mole of mercuric ion reacts 
with two moles of alkyl halide. The values of &a 
will rise or fall during the reaction depending on 
the actual values of k2 and K } but will extrapolate 
at zero reaction to the correct value k\.

Method II.—Assuming that k2 is negligible 
and that an HgBr+ ion when formed does not 
disproportionate, a value of k may be calculated, 
taking one mole Hg++ and one mole RBr as 
equivalent quantities. The rate equation then 
becomes

kb

-  dx/dt = kh [Hg + +] [RBr]
= 1 lri yo (V2X0 -  (y0  -  y))

(V 2X0 — yo) V 2X0 y

(3)
(4)

If HgBr+ disproportionates or reacts further, the 
titration of total mercüric ion will indicate greater 
reaction than expected, and the values of kb will 
rise. In the case where 1/ 2x0 < yo, the values of

(10) A similar method is described by Skrabal, “Homogenkinetik,”
Steinkopf, Dresden, 1941, p. 165.

kb will approach infinity as (yo—y) approaches 
y 2Xo. At zero reaction kh = ki.

For a full analysis of the observed data into 
k\y k2 and K f we have
*0 =  2[Hg + +]0 =  2[H g++] -F 2[HgBr+] +

2[HgBr2] (5)
*o -  X =  [HgBr+] +  2[HgBr2] (6)

Substituting for [Hg++] and [HgBr2] in the equi­
librium equation
7T =  [HgBr+]2 _

[Hg++] [HgBr2] “
___________ 4[HgBr+]2 m
(x -  [HgBr+])(x0 ~  x -  [HgBr+])

Solving for [HgBr+] we obtain
[HgBr+]/x  =

- xq/ x -F V ( x 0/x )2 -F H xq/ x ~  1) ( 4 /#  -  1)
2(4/ K  -  1) W

[H g++]/x  =  y 2 -
-X o /x  +  V (x o /x )2 -f 4(xq/ x -  1 )(4 /K  -  1) ,

4(4 / K  -  1) { }
Now -  dx/dt  =  fex[RBr] [Hg++] -F 2̂[RBr] [HgBr+] (10)

*—dx/[RBr]xd/ =  ^ [H g++]/x  +  &2[HgBr+]/x  =  N
(11)

In the special case when K  — 4
[HgBr+]/x = 1 -  x/xo, [H g++]/x =  V2x/x0 (12)

For any value of K , tables and graphs may be set 
up giving values of [Hg++]/x and [HgBr+]/x  as 
a function of x /x0.

Experimental Results and their Analysis
Initially all rate constants were calculated ac­

cording to Method I, assuming K  =  0. The re­
sulting values of ka invariably showed an appre­
ciable decrease during the reaction, the final value 
of &a being approximately 50% lower than the 
initial one for ethyl, ^-propyl and cyclohexyl bro­
mides, while that for isopropyl was even lower. 
The isobutyl case will be dealt with in the next sec­
tion.

Values of kb were calculated by method II, and 
were found tp increase rapidly, approaching in­
finity as (yo—y) approaches 1/ 2Xo. On extrapola­
tion of &a and kb to the point of zero reaction, a 
good estimate of the actual initial rate constant k\ 
is obtained. The value, however, is very sensi­
tive to small variations in the initial values of ka 
and kh and it is subject to the inherent uncertain­
ties of non-linear extrapolation. I t  may there­
fore be in error by up to 5%. A plot of &a and kb 
against per cent, alkyl halide reacted is shown for 
w-propyl bromide in Fig. 1.

Isobutyl Bromide. Formation of an Olefin- 
Mercuric Complex.—In runs in the presence of 
this halide, an orange yellow precipitate ap­
peared very soon after the beginning of the re­
action.

The precipitate (I) was isolated on a large scale 
using 7 g. of isobutyl bromide in 200 cc. of 3N  
nitric acid. Approximately two equivalents of 
mercuric nitrate were required to react with the 
alkyl bromide. The precipitate was filtered,
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Fig. 1.—Approximate determination of kc. [w-PrBr] =  
0.02185 N, [Hg(N03)2] -  0.02575 N, [HNOs] =  0.281 N, 
7 0 %  dioxane, 25°.

washed with hot water and dried on a porous plate 
and in a desiccator. I t is insoluble in hot and cold 
water, alcohol, ether and chloroform. Analysis 
showed the presence of mercuric ion and the com­
plete absence of mercurous. The compound could 
not be prepared from isobutanol which is one of the 
reaction products, nor if mercuric nitrate is replaced 
by mercuric bromide. Now it is to be expected 
that an electrophilic attack on isobütyl bromide 
will produce isobutene as one of its major products. 
Many reactions of olefins with mercuric salts are 
reported in the literature,11 the simplest being an 
addition compound of one mole olefin to one mole 
mercuric salt.

A compound of similar properties has been 
reported by Denigès12 as being the product of the 
mercuric nitrate reaction with /-butanol or iso­
butene. The above procedure was repeated using 
tertiary butanol instead of isobutyl bromide, and 
an orange yellow solid (II) was quickly precipi­
tated. Both compounds had the same properties 
toward solvents, both evolved a gas on treatment 
with concentrated hydrochloric acid. On heating 
slowly, their color changed to orange and red, on 
placing suddenly in an environment at 200° both 
decomposed, the /-butanol compound with detona­
tion. Contrary to Denigès no mercurous mercury 
was detected in the /-butanol compound, nor did it 
decompose in sunlight.

Since Denigès has reported the formation of the 
precipitate from isobutene, this gas was tested 
for in the original precipitate I by treating it with 
concentrated hydrochloric acid and passing the 
gas evolved into a nitric acid solution of mercuric 
nitrate. A yellow precipitate III  was formed of 
similar properties to those of I and II. That their 
physical properties are not identical is probably 
due to the presence of Hg-Br linkages in I, and to 
differences in the amount of washing and drying.

The common intermediate from the three start­
en) (a) Whitmore, “ Organic Compounds of M ercury,” Chemical 

Catalog Co., Reinhold Publ. Corp., New York, N. Y., 1921, p. 106; 
(b) Lucas, Hepner and Winstein, T h is  J ou r n a l , 61, 3102 (1939).

(12) Denigès, Ann. chim. phys., [7] 18, 387 (1899).

ing materials can only be isobutene. Rough ti­
trations on the precipitates suggest the presence of 
one mercury atom to one isobutene molecule. 
This suggests the composition of the product from 
isobutyl bromide to be C4H8-HgY2, and C4H8- 
HgBrY where Y is N 03 or OH.

The formation of a compound C4H8Hg(N03)2 
under similar conditions to ours is reported by 
Lucas, Winstein and co-workers.13 *llb A similar 
compound with cyclohexene and one of isobutene 
with silver ion14 have also been shown to exist.

N-Propyl and Ethyl Bromides. The Cause of 
the Decrease in Values of ka—The fall in ka 
during the ^-propyl bromide reaction may be 
due to the removal of mercuric ion by olefin to 
form a soluble complex.

Instantaneous rate constants k ra were calcu­
lated from the formula

w _  _______ 2 , îX2
a (xo -  yo)(h -  h) X iy2

where (xi,yi,/i), (x2,y2,Z2), correspond to alternate 
reaction samples. Their values for the reaction 
of ^-propyl bromide in the usual conditions are 
given in Table I, together with the corresponding 
mean concentration of alkyl halide. Detailed

T able I
Calculation of Instantaneous Rate Constants in 
the w-Propyl Bromide-M ercuric N itrate Reaction 

in  70% D ioxane at 25°
[H g(N 03)2] = 0.02575 

[HNOs]
N, [»-PrBr] = 

=  0.281 N
= 0.02185 .

h ,
min.

h ,
min. Xi a X2a

Mean
[RBr]

mol./l. k's.
mol.-1 min.

70.50 247.50 9 .42 8 .14 0.01821 0.0917
154.60 368.30 8 .67 7.52 .01650 .0777
247.5 485.0 8 .14 7 .07 .01526 .0748
368.3 751.0 7 .52 6.29 .01352 .0700
485.0 1384.0 7 .07 5.21 .01158 .0618
751.0 2113.5 6 .29 4 .46 .00964 .0555

1384.0 2857.0 5.21 3 .98 .00767 .0493
a Xi, x2, expressed in cc. of 0.02520 N  H g(N 03)2 per 

9.99 cc. sample.

analysis of the rate constants gives an initial rate 
k± =  0.105 mole"“1min.“ 1l. (next section). A 
second run was carried out, using half the usual 
concentrations of ^-propyl bromide and mercuric 
nitrate, and adding 0.0125 N  mercuric bromide. 
This duplicates the conditions of the run tabulated 
in Table I, a t the point of half reaction. If the 
fall in rate constants is due to olefin formation in 
the first case, then its absence here should yield a 
rate constant of a value approximately 0.10. If 
the fall in rate is due to the equilibrium between 
mercuric ion and mercuric bromide, rate constants 
in this run should duplicate the previous ones for 
the same mean alkyl bromide ion concentration.

The values of k ra for both runs are plotted 
against mean alkyl halide concentration in Fig. 2. 
The results leave no doubt that olefin complex for-

(13) Lucas and Eberz, T h is  J ournal , 56, 460 (1934).
(14) Eberz, Welge, Yost and Lucas, ibid., 59, 45 (1937).
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Table II
w-Propyl Bromide-Mercuric Nitrate Reaction in 70% Dioxane at 25°

[Hg(N03)2] =  0.02575 N, [n-BrBr] =  0.02185 N, [HN03] = 0.281 N; N  =  -dx/[RBr]xd2, x expressed in cc. 0.02520 N  
H g(N03)2 per 9.99 cc. sample; K  =  4; [Hg++]/x  and [HgBr+]/x  calculated by eqn. 12. By extrapolation methods

ki =  0.107 mol.-1 min.- 1 1.
ti, min. 0 247.5 368.3
t2, min. 247.5 368.3 485.0
Xi 10.21 8.14 7.52
x2 8.14 7.52 7.07
[RBr](mol./l.) 0.01922 0.01584 0.01450
N .0474 .0414 .0364
H cor. .0482 .0400 .0370
[Hg++]/* .450 .384 .358
[HgBr+]/»: .101 .233 .285
0,107 [Hg++]/x .0482 .0411 .0383
kl =  lVcor./[Hg++]/jC .107 .104 .103

mation is not the cause of the fall in rate. I t is
likely therefore that the decrease in rate constant 
is due to an equilibrium between mercuric ion, 
mercuric monobromide ion, and mercuric dibro­
mide.

In a run using mercuric bromide instead of mer­
curic nitrate, it was shown that catalysis of the re­
action by mercuric bromide is negligible under the 
conditions of the kinetics. Mechanisms A and B 
alone should therefore account for the rate data.

The value of N  was calculated for ^-propyl bro­
mide according to the left-hand side of equation 
11, where dx/dt = (x2—-Xi)/(/2 — h), with (xi,/i), 
(x2,/2), referring to consecutive points. The 
values of N  were plotted against the mean x/xo, 
and a smooth curve drawn through the points to 
give the corrected values of N. This procedure is 
necessary because of the small increments (x2—Xi). 
The calculated and corrected values of N  for n- 
propyl bromide are shown in Table II.

Using the approximate value of the initial rate 
constant k±y determined by extrapolation to zero 
reaction of ka and kh, the quantity ki [Hg++]/x is 
calculated for differing values of K. The differ­
ence N  — &i[Hg++]/x gives a measure of the rate 
of reaction B f i. e.f &2[HgBr+]/x. Hence k2 may 
be obtained which must be constant during the 
reaction. The only constants that fitted the re­
sults were K  = 4, k2 = 0. For K  < 4, k2 is nega­
tive, for K  > 4, k2 increases during the reaction,

Table III
E thyl B romide- M ercuric  N itrate R eaction in 70%  

D ioxane  at 25°
[H g(N03)2] =  0.02538 N, [EtBr] =  0.02201 A, [H N03] 
= 0.286 N; xu x2 expressed in cc. 0.02518 N  H g(N 03)2 
per 10.00 cc. sample; K  =  4; kx = iVcor./[H g++]A

h ,
min.

te,min. XI X2 2Vcor-
mole-1 

min. ~11.
0 4 5 .8 10 .0 8 9 .1 4 0.1033 0 .2 1 7

4 5 .8 9 2 .7 9 .1 4 8 .4 0 .0913 .210
9 2 .7 153 .9 8 .4 0 7 .7 3 .0824 .206

153.9 2 4 0 .9 7 .7 3 6 .9 9 .0746 .204
2 4 0 .9 51 0 .3 6 .9 9 5 .5 9 .0646 .207
5 10 .3 1354 5 .5 9 3 .8 8 .0510 .217

4 8 5 .0 7 5 1 .0 1384 .0 2 1 1 3 .5
7 5 1 .0 1384 .0 2 1 1 3 .5 2 8 5 7 .0

7 .0 7 6 .2 9 5 .2 1 4 .4 6
6 .2 9 5 .2 1 4 .4 6 3 .9 8
0 .01294 0 .01059 0 .0 0 8 2 7 0 .00671

.0339 .0280 .0257 .0228

.0336 .0292 .0253 .0223

.327 .282 .237 .207

.346 .437 .5 2 7 .5 8 7

.0350 .0302 .0254 .0221

. 103 .104 .107 .1 0 8

the increase being more pronounced the greater 
the value of K.

Mean [RBr].
Fig. 2.—-Runs to test the cause of the fall in rate: O,

[n-BrBr] =  0.02185 A, [Hg(N03)2] =  0.02575 A, [H N 03] 
= 0.281 N, ® [w-PrBr] = 0.00995 A, [H g(N 03)2] =  
0.01246 N, [H N03] = 0.284 N, [HgBr2] =  0.0125 N; 
70% dioxane, 25°.

If this analysis is correct, the ethyl bromide re­
sults should yield good rate constants if the same 
value of K  is used. This was found to be the case 
k2 again being zero. We may therefore calculate 
the rate constant ki for reaction A  from the ratio 

N 1 dx
[Hg + +]/x [RBr] [Hg++] d* kl

Details of the calculation are given for ^-propyl 
bromide in Table II. Results for ethyl bromide 
are shown in Table III.

Isobutyl Bromide.—Due to the formation of 
an olefin-mercuric salt complex, the rate co­
efficients &a fell far more rapidly than in the 
case of other alkyl halides. An empirical equa­
tion of the form

b =  2 ln yo (Xo -  3(yo -  y))
(xo — 3y0)̂  x0 y

gave constant values of k during a major part of 
the measured reaction. I t  derives from the ex­
pression — dx/dt = ky{xo — 3(y0 — y)) and there-
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fore coincides with ki when (yo—y) is small. The 
rate constant obtained in this way had the value 
ki — 0.0289 mole^min.-1!. (average deviation of 
mean =«=0.0002).

Now for ethyl and n-propyl bromide the equi­
librium constant is given by K  = 4, and the rate 
constant k2 is negligible. The first condition must 
apply also for isobutyl bromide, since we have 
only changed the alkyl halide, while the second is 
highly probable.

Knowing K  and an approximate kXj as well as 
the experimentally determined dx/d/, we may cal­
culate the value of x that is responsible for this 
rate of change of concentration. The difference 
between calculated and observed values of x gives 
the amount of total mercuric ion complexed for a 
given amount of alkyl bromide reacted. From 
this result the proportion of olefin in the product 
can be determined if we assume that the complex is 
a mixture of C4H8HgY2 and C4H8-HgBrY (Y is 
NO3 or OH) in the proportion in which Hg++ and 
HgBr+ appear in solution, and that olefin when 
formed is immediately complexed. A very rough 
value of 63% olefin formation is obtained for the 
isobutyl reaction.

Knowing the proportion of olefin formed, we 
may calculate the amount of total mercuric ion in 
solution from the experimental titer by subtract­
ing the amount removed by complex formation. 
This value is used in the rate equation. If the 
analysis is correct, calculation of the ratio — dx/ 
[RB r] [Hg++] dt should yield constant values of 
ki. The results are given in Table IV. Since the 
rate fell rapidly values of Ax are small, and liable 
to appreciable error. The values of N  did not 
warrant the determination of corrected values 
iVcor. Rate constants were therefore calculated 
directly from N.

Table IV
I sobutyl  B romide- M ercuric N itrate R eaction in  

70% D ioxane  at 25°
[H g(N 03)2] =  0.02567 A, [iso-BuBr] =  0.02218 A, 
[HNOs] =  0.286 A; xi', x2' =  experimentally determined 
total concentration of mercuric ion; x =  mean concentra­
tion of total mercuric ion not complexed with isobutene, 
assuming 63% olefin formation, and immediate complex- 
in g. x'i, x'2, x, expressed in cc. 0.02534 A  H g(N 03)2 per 
10.00 cc. of sample. x0 — x =  ( 1 + 2 X  0.63)(x0 — x') =  
2.26(x0 — x'); xo = 10.13. Ax/At determined for alter­

nate reaction samples.
t l ,

min.
te,

min. X l' X i' X ,N

k i ,
mole-1 

min.-1 1.
16 3 .3 3 5 2 .0 9 .4 7 9 .0 7 8 .1 9 0 .01295 0 .0283
2 5 4 .2 4 7 1 .0 9 .2 9 8 .8 4 7 .7 3 .01375 .0308
3 5 2 .0 591 9 .0 7 8 .6 5 7 .2 6 .01275 .0291
471 777' 8 .8 4 8 .4 0 6 .7 2 .01165 .0274

A slight fast reaction was observed at the start of the 
reaction, probably due to a small amount of Lbutyl bro­
mide impurity. This was corrected for in the rough de­
termination, of klp it does not affect the accurate deter­
mination, as instantaneous rate constants were calculated 
in this case.

Isopropyl Bromide.—Steady rate constants 
(&i = 30.5 mole-hmn,- 11. (.K  = 4)) were obtained

in the reaction of this halide at 25°, up to 55% of 
alkyl halide reacted, followed by a decrease. I t 
suggests slow formation of a soluble olefin-mer­
cury complex due to a few per cent, olefin in the 
product. Small proportions of olefin (3-7%) are 
reported as products in the hydrolysis of the halide 
in formic acid15 and in dry ethyl alcohol.16

An analogous run at 12.5° gave results that 
fitted the theoretical equations if the equilibrium 
is given by K  = 8 and ki = 8.81 mole~1min.~1l. 
There wa!s no decrease in the constants during the 
reaction, suggesting that the amount of olefin in 
the product is sharply reduced as the temperature 
falls. Hughes and Ingold16 give evidence that in 
the SnI reactions of tertiary halides an analogous 
situation is observed. From the rate constants 
obtained at the two temperatures, an activation 
energy for the reaction of 16.8 kilocalories per 
mole is obtained.

Cyclohexyl Bromide.—Numerous reactions of 
this halide are cited in the literature in which 
the predominant product is cyclohexene.17 Lu­
cas, Hepner and Winsteinllb have shown that un­
stable complexes are formed between cyclohexene 
and mercuric ion, followed by the precipitation of 
a solid which probably has the structure of a true 
addition compound. In an experiment using 8 g. 
of mercuric nitrate, 4 g. of cyclohexene, 25 cc. of 
6 N  nitric acid and 25 cc. of dioxane, a pale yellow 
precipitate was formed after one day. Since the 
reaction of the halide in our conditions is complete 
in a few hours, there may be little interference by 
reaction between cyclohexene and mercuric ion. 
This was actually found to be the case. Rate 
constants during the reaction in the usual con­
ditions at 25° were kx = 8.16, 8.13, 8.16, 8.31, 
8.72 mole"”1min.“ 1l. The slight rise in rate as the 
reaction proceeds may be due to a slight incursion 
of attack by HgBr+. The mean of the first three 
points gives kx =  8.15 mole“ 1min.'“1l.

Discussion
General.—Sillén and Infeldt3 have recently 

measured the equilibrium constant at 25° for the 
equilibrium Hg++ '+  HgX2 <=> 2HgX+ (X = Br 
or Cl), in aqueous solution with excess perchlo­
rate ion. The values obtained were K  = 5.8 =*=
0.5 for X = Br, K  = 1.8 ±  0.1 for X = Cl, where 
K  is defined by equation 1, and its analog for the 
mercuric chloride case. In the measurements here 
recorded a value of K  = 8 a t 12.5°, and of K  = 4 
at 25°, were obtained.

The rate data given in this paper can be ana­
lyzed into good second order rate constants de­
rived according to the system

RBr +  Hg + + ----R + +  HgBr +
if the relative concentrations of the two mercuric 
ions are controlled by the above equilibrium.

Roberts and Hammett2 calculated rate con-
(15) Bateman and Hughes, J . Chem. Soc., 945 (1940).
(16) Hughes and Ingold, Trans. Faraday Soc., 37, 657 (1941).
(17) Loevenich, Utsch, Moldrickx and Schaefer, Ber., 62, 3084 

(1929).
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stants ka for the benzyl chloride reaction assuming 
K  = 0 (Method I), and found these values to be 
constant or drifting upward in 60% dioxane while 
drifting downward in 75% and 95% dioxane. 
The fact that these drifts are far smaller than with 
alkyl bromides is explained by the far lower value 
of K  when X = Cl. The upward drifts can only 
be explained if attack by HgCl+ and probably by 
HgCl2 contribute to the total reaction rate. This 
is possible since even the reaction of benzyl chlo­
ride in absence of mercuric nitrate is easily meas­
urable at 50°.8

The accelerations caused by nitrate and perchlo­
rate ion in all three media can be explained by 
their salt effect on the equilibrium. The thermo­
dynamic equilibrium constant K 0 is related to the 
experimentally determined constant K  by the 
equation K0 = Kfi2/ f2, w here/i,/2 are the activity 
coefficients of HgCl+ and Hg++, respectively. 
According to the Debye-Hückel theory for dilute 
solutions the activity coefficient of an ion is inde­
pendent of the nature of other ions present, being 
related only to the ionic strength of the solution 
according to the equation —log ƒ = where
z is the charge of the ion, /x the ionic strength and 
A  a constant for all ions in the same conditions. 
I t follows that K  = K 010~2Â V An increase in­
ionic strength decreases K  and therefore increases 
the concentration of doubly charged mercuric ion 
whose reaction is far faster than that of HgCl+. 
In solvents of low dielectric constant, the Debye- 
Hückel theory breaks down even at quite low ionic 
strengths, and the specificity of ions soon becomes 
apparent. The differing accelerations caused by 
nitrate and perchlorate ions are probably due to 
this cause.

By the postulation of the equilibrium C, the 
effects of added nitrate ion and perchlorate ion be­
come understandable without the assumption that 
complexes of the type HgC104+, HgN03+ react at 
differing rates. I t may be that these complexes 
do exist, but the rate calculations suggest that the 
only factor influencing the rate of reaction of mer­
curic mercury is the number of halogens with 
which it is combined.

The Rate Sequence Ethyl, w-Propyl, Isobutyl.
—The rate constants for the reaction of these 
halides were as follows: EtBr 0.210, n-PrBr
0.105, iso-BuBr 0.0289 mole^min.-1!. These 
rate changes Et > n-Vr > iso-Bu are in the same 
order and of similar magnitude to those found in 
the reaction with silver nitrate. Heterogeneous 
catalysis by solid metal halide is therefore elimi­
nated as a cause of the fall in rate along this series. 
Now the rate series Me < Et > n-Pr > iso-Bu can 
be explained if the determining factor in the sta­
bilization of the transition state is the contribution 
of hyperconjugation due to the jö-hydrogen atoms. 
Contribution in the transition state of resonance 
forms of the type

H + h = = = ^ /  Br“ . . ,H g++
/  X

would greatly facilitate ionization on the attack of 
an electrophilic reagent on halogen. The effect 
would be far greater in the transition state than 
in the ground state, and it would be much more 
marked in a mechanism involving ionization 
than in one where electron transfer from a 
nucleophilic reagent compensates the electron de­
mand created by the breaking of the carbon- 
halogen bond (Sn2).18 Hyperconjugation effects 
increase with an increase in the number of avail­
able jö-hydrogen atoms and therefore explain the 
rate sequence.

Hughes19 objects to this explanation on the 
ground that in the tertiary halides, the rate of 
ionization increases along the series /-butyl, 7- 
amyl, a, a-diethyl neopentyl, in spite of the pro­
gressive decrease in the number of /3-hydrogen 
atoms. Crowding of methyl groups and hydro­
gen atoms however increases along this series and 
the decrease in these compression energies on a t­
taining to the planar carbonium ion configuration 
may greatly influence the rate sequence.20 Fur­
ther progress in attributing rate changes unambig­
uously to specific electronic or steric influences can 
only be made when accurate energies and entro­
pies of activation become available.

Cyclohexyl and Isopropyl Bromides.—The re­
sults (ki(Cyclohexyl bromide) = 8.15, &i(Iso- 
PrBr) = 30.5 mole^m in.-1!.) show tha t these 
halides have rates of the same order of magnitude 
in their reaction with mercuric nitrate. Evidence 
indicates that the rates of cyclohexyl chloride and 
bromide are far lower than those of the corre­
sponding isopropyl halide toward iodide ion,6b 
pyridine and piperidine6a while the rates are nor­
mal toward sodium methoxide.6a An inspection 
of Fisher-Hirschfelder atomic models shows that 
there is considerable steric hindrance toward the 
approach of a nucleophilic reagent at the a-carbon 
atom if the bromine atom is in the radial position. 
A reagent whose reactivity toward carbon is much 
greater than that toward hydrogen (e. g.y iodide 
ion) should therefore react at a very slow rate. 
Methoxide ion however has a strong affinity for 
hydrogen and can attack the /3-hydrogen atom by 
the bimolecular elimination mechanism E2.16 In 
agreement with this, the preponderant product is 
cyclohexene.17 There should be no steric hin­
drance in the reaction of cyclohexyl bromide with 
mercuric ion, and its rate as well as that of attack 
by methoxide ion is found to be of similar magni­
tude to that of isopropyl bromide.
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(18) Hughes, Ingold and Taher, J . Chem. Soc., 949 (1940).
(19) Hughes, Trans. Faraday Soc., 37, 624 (1941).
(20) H. C. Brown, paper presented before the Organic Division of 

the American Chemical Society a t its New York meeting, September, 
1947.
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Summary
The reaction of mercuric nitrate with the pri­

mary alkyl bromides, eth}# #-propyl, isobutyl and 
the secondary bromides isopropyl and cyclohexyl 
has been studied in aqueous dioxane. The re­
action is shown to occur by the rate determining 
attack of doubly charged mercuric ion on halogen, 
with an equilibrium determining the relative con­
centrations of mercuric ion, mercuric monobro­
mide ion and mercuric dibromide. Of the three 
mercuric species involved in the equilibrium only 
the first is shown to contribute perceptibly to the 
rate.

A precipitate of the probable composition C4H8- 
HgY2 and C4H8 HgBrY (Y = N 03 or OH) forms 
during the reaction of isobutyl bromide. On mak­
ing allowance for this secondary reaction the halide 
fits into the general reaction scheme.

The experimentally determined rate sequence 
ethyl > n-propyl > isobutyl is explained by a hy­
perconjugation effect. The approximate equality 
of rates between isopropyl and cyclohexyl bro­
mides is expected because of the absence of steric 
hindrance in this reaction.

The work of Roberts and Hammett2 on the anal­
ogous benzyl chloride reaction falls in line with 
the reaction scheme here outlined.
N e w  Y o r k , N . Y. R e c e iv e d  F e b r u a r y  10, 1948

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a to r y  o f  t h e  G e n e r a l  E l e c t r ic  C o m pa n y ]

Methyl Silicate from Silicon and Methanol
B y E ug ene  G. R ochow1&

Knowing that hydrocarbon halides will react 
with elementary silicon in the presence of certain 
catalysts to yield the corresponding alkyl or aryl 
halosilanes,1-2’3’4 it is of interest to inquire whether 
alcohols will react in similar fashion to form or- 
ganosilanols or organosiloxanes

catalyst — HoO
2ROH +  S i-----------^  R2Si(OH)2-------^  [R2SiO]*

I t was found that of the several lower alcohols 
tried, only methanol reacted readily to form recog­
nizable products. While the methanol responded 
to the action of the same copper catalyst used for 
the reaction of methyl chloride and silicon,1 it 
followed an entirely different course of reaction 
and produced methyl silicate.

Cu
4CH3OH +  S i ------Si(OCH3)4 +  4H

250°

Some of the hydrogen resulting from the reaction 
appears in the effluent as molecular hydrogen, 
while the rest combines with the reactants to form 
silane linkages and reduction products of meth­
anol :

CH3OH +  2 H ---->  CH4 +  H20

The reaction further is complicated by the action 
of the water on some of the methyl silicate to form 
condensed methoxysilanes, 2Si(OCH3)4 +  H20  —> 
(CH30 )3Si0Si(0CH3)3 +  2CH3OH, etc. A small 
fraction of the methyl groups later were shown to

(la) Present address: H arvard University, Cambridge, Mass.
(1) Rochow, T h is  J ournal , 67, 963 (1945).
(2) Rochow and Gilliam, ibid., 67, 1772 (1945).
(3) H urd, ibid., 67, 1813 (1945).
(4) U. S. Patents 2,380,995 and 2,383,818.

be bonded directly to silicon ( CIL—Si— i in theV \ J
manner of the first equation given; no individual 
methylmethoxysilanes were isolated, however, 
and the effect was noticed only upon extensive 
analysis of the intermediate distillation fractions 
and the solid polymers produced.

Anhydrous ethanol was found to react sluggishly 
with silicon a t 280 to 325° in the presence of cop­
per as a catalyst to convert about 10% of the al­
cohol to condensed ethyl silicates. A search for a 
more effective catalyst was fruitless. A small 
amount of material containing C2H5~Si bonds was 
found after one run, but it does not seem likely at 
this time that ethyl silicate or ethylethoxysilanes 
can conveniently be prepared from ethanol and 
silicon in this way .

Experimental
A glass tube 2 cm. in diameter and 50 cm. long was 

packed with pellets of 90% silicon5 and 10% copper pre­
pared by pressing the mixed powders in a die and heating 
the pellets in hydrogen at 1050° for two hours. The tube 
was sealed to a water condenser leading to a receiver, and 
the uncondensed products were led through traps held at 
—80 and —196°. A dropping funnel was connected to 
the other end of the tube. The tube was heated to 280 °6 
and 57.2 g. of anhydrous methanol was allowed to drip 
in slowly from the funnel. An exothermic reaction set 
in at once, and the furnace current had to be reduced. 
A combustible gas (hydrogen) issued from the —196 ° 
trap. Thirty-eight grams of liquid was recovered from 
the receiver, 8.4 g. from the —80° trap, and 2.0 g. from 
the —196° trap. The liquid in the receiver was found 
upon distillation to consist of methyl silicate (b. p. 120- 
122°, m. p. 2°), a little unchanged methanol, some 
water, and small amounts of materials boiling above and 
below methyl silicate. The —80° condensate melted at

(5) Commercial massive silicon, 98% Si, crushed to  pass a 60 
mesh sieve.

(6) As measured by a therm ometer embedded in the silicon.
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T able 1
Sample and origin H, % c, % Si, % Probable composition

Product of CH3OH and Si, no catalyst 12.1 37.2 - 0 .0 3 Pure CH3OH
Fr. 3, b. p. 80-118° 8.33 31.2 21.6 CH3Si(OCH3)3 and Si(OCH3),
Fr. 6, b. p. 155-183° 10.4 35.6 12.0 C6.94H24.2SiO6.14
Product, b. p. 121° 9.82 34.3 12.4 Si(OCH3)4
Fr. 2a, b, p. 100-110° 8.28 30.7 22.2 (CH3)o.i7Ho.7oSi(OCH3)3.,
Same, after hydrolysis® 1.59 1.89 44.5 (CH3)o.loHo.25Si01.6i(OH)o.45
Same, after hydrolysis® +  heating to 150° 18 hr. 1.39 2.10 4 6 .6 (CH3)o.l0Ho.25SiOi.88

* In the samples so designated, methoxy groups were hydrolyzed off so that CH3-S i and H—Si groups could be deter­
mined more accurately.

about 0° and appeared to consist of the same substances, 
carried over by uncondensed gas. The —196 ° condensate 
had melting and boiling points corresponding to those of 
methane; when a portion was vaporized through a jet 
it burned with a hydrocarbon flame, and when the rest 
was passed through a bunsen burner it burned with a blue 
flame and formed no white smoke. Examination of the 
powder left in the tube showed some particles of silicon 
dioxide, some copper (I) oxide, and some gummy material 
that appeared to be a condensed silicon ester resin.

Two similar experiments were carried out at 250 and 
300° to determine the yield of methyl silicate. Eighty 
grams of methanol was allowed to drip into a tube of 
fresh copper-silicon pellets over a period of five hours, 
and the liquid in the receiver (59 g.) was distilled through 
a column of about five theoretical plates. Neglecting 
the amount that may have been in the intermediate frac­
tions, 32.2 g. of methyl silicate (2° boiling range) was ob­
tained. This represents 40.2% of the weight of methanol 
used, 43.6% of the total products recovered, 51.0% of 
the distillate, and 48.0% of the theoretical yield if all the 
methanol were converted to methyl silicate. With the 
silicon at 250 a similar charge of methanol gave methyl 
silicate equivalent to 44.4% of the weight of methanol, 
47.8% of the total products recovered, 53.4% of the dis­
tillate, and 53% of the theoretical conversion. A slight 
advantage is shown in operating at 250°.

The reaction was carried out on a larger scale in a steel 
tube 2.5 cm. in diameter and 240 cm. long, heated to 220° 
by circulating tricresyl phosphate .7 The tube was charged 
with 1315 g. of powder consisting of 90% silicon and 10% 
copper, previously fired in hydrogen at 1000° for one hour. 
Several gallons of methanol were pumped into the tube 
over a period of ten days by injecting approximately 40 g. 
per hour with a proportioning pump. The 477 g. of con­
densate from the first 745 g. of methanol yielded 357 g. 
of methyl silicate, which represents about 75% of the 
weight of condensate and about 49% of the weight of 
methanol. The yield of methyl silicate decreased over the 
period of operation of the tube and fell to zero after about 
5700 g. of methanol was injected. The total methyl 
silicate obtained from the run (1358 g.) represented about 
250 g. of silicon. Besides silicon dioxide, copper (I) 
oxide, and unused silicon and copper, the used powder 
contained solid materials which were shown by analysis 
to have Si-H and Si-C bonds. No carbon was deposited.

Analysis.—Many unknown products were obtained 
during the distillation of the reaction mixtures, most of 
which could be investigated only by combustion analysis. 
An arrangement of a weighable silica combustion tube and 
absorbers was set up, similar to that previously employed 
for the analysis of silicone resins,1 except that ground -

(7) The help of R. C. Faught in carrying out this experiment is 
gratefully acknowledged.

in glass stoppers were fitted to the combustion tube during 
weighing. Liquid samples were weighed in a glass bubbler 
equipped with ground plugs, and were vaporized by the 
stream of oxygen passing into the combustion tube. Solid 
samples were weighed in small porcelain boats which were 
inserted directly into the combustion tube and in which 
the sample was oxidized at a minimum temperature deter­
mined by experiment. The apparatus otherwise was 
operated as previously described.1

The apparatus was tested by analyzing pure ethyl sili­
cate: calcd.: C, 46.1; H, 9.66; Si, 13.5. Found:
C, 45.1; H, 9.55; Si, 13.9. The results obtained 
on a few of the fractions are summarized in Table I. It 
is seen that some of the samples contained Si-H and Si- 
CHS groups, but that they are mixtures of liquids and 
complex polymeric solids rather than pure compounds. 
The presence of Si-H bonds could readily be demonstrated 
in most of the fractions boiling above and below methyl 
silicate by the vigorous evolution of hydrogen obtained 
by treating the sample with 10% aqueous sodium hy­
droxide. Some of these samples also developed a pressure 
of hydrogen upon long standing in tightly-capped soft 
glass bottles.

Warning.—Methyl silicate is believed to be 
an exceedingly dangerous substance, since small 
quantities of the liquid or its vapor coming in 
contact with the eye will cause perforating 
ulceration of the cornea and possible blindness.8 
The investigation reported herein was conducted 
before this information was available, but fortu­
nately no ill effects were experienced. Either 
there must be great variation in personal suscepti­
bility, or there is some deleterious ingredient in 
the methyl silicate prepared by previous methods. 
A study of this point would be very welcome. In 
the meantime, it would be well for investigators to 
exercise extreme care in handling methyl silicate.

Summary
Methanol vapor is shown to react with elemen­

tary silicon a t elevated temperatures and in the 
presence of copper as a catalyst to produce methyl 
silicate and hydrogen. The various by-products 
which are observed are believed to be produced by 
the action of the hydrogen upon the reactants. 
S c h e n e c t a d y , N. Y. R e c e iv e d  J a n u a r y  31, 1948

(8) Chem. Eng. News, 24, 1690 (1946) (note under Industrial 
News).
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The Location of the Reactive Carbon in IP-Methylnicotinamide
By W. E u g en e  K n o x  an d  W illia m  I. G ro ssm a n

One uncertainty remaining in the structures of 
Coenzyme 1 and II as worked out by Warburg,1 
Karrer2 and Schlenk,3 involves the site of the 
reversible oxidation-reduction of the nicotin­
amide moiety. This uncertainty was recognized 
by Karrer in his first experiments using N^meth- 
ylnicotinamide iodide as a model compound. Re­
duction occurs a to the ring nitrogen, but until 
now means have not been available to locate the 
reactive carbon in one of the two «-positions. 
From consideration of the properties of the qui­
nine-oxidizing enzyme detailed below, the oxida­
tion of N^methylnicotinamide by this enzyme to 
the corresponding 6-pyridone4 enables us to lo­
cate the center of reactivity and therefore the 
site of oxidation-reduction in the 6-position of this 
quaternary nicotinamide ring. However, there 
is no direct evidence yet available about the ar­
rangement obtaining in the pyridinonucleotide 
coenzymes themselves.

Oxidation by the quinine-oxidizing enzyme of 
rabbit liver is restricted to the unsaturated ex­
position of many pyridine, quinoline and pyrazine 
compounds.5 This is referrable to the fact that 
only the pseudo-base forms are oxidized, as is 
evident from the parallelism between the rate of 
oxidation of various compounds and the ease of 
their pseudo-base formation.6 In addition, the 
enzyme has been found to oxidize 1,2,2,5,5- 
pentamethyl - 6 - hydroxy - tetrahydropyrazine, 
which is itself a stable pseudo-base prepared by 
Dr. John G. Aston.7 Consequently, if a com­
pound is oxidized by the enzyme, it will be oxi­
dized in the reactive «-position which is the site 
of unsaturation and of pseudo-base formation. 
Identification of an enzymic oxidation product 
will therefore locate the reactive carbon. In 
compounds such as pyridine, where both positions 
are similar, neither is ‘ ‘reactive’’ and no oxidation 
occurs.

The enzymic oxidation product of quinoline
(1) W arburg, Christian and Griese, Biochem. Z., 282, 157 (1935).
(2) K arrer, Schwartzenbach, Benz and Solmssen, Helv. Chim. 

Acta, 19, 811 (1936).
(3) Schlenk, J . Biol. Chem., 146, 619 (1942).
(4) Knox and Grossman, J . Biol. Chem., 166, 391 (1946>.
(5) Knox, J . Biol. Chem., 163, 699 (1946).
(6) Sidgwick, Taylor and Baker, “The Organic Chemistry of 

N itrogen,” Oxford University Press, Oxford, 1937, pp. 526, 550, 556.
(7) Aston, T his J o u r n a l , 52, 5259 (1930).

has previously been identified as carbostyril. We 
have also obtained 34 mg. of isocarbostyril, identi­
fied by mixed melting point, from enzymic oxida­
tion of 40 mg. of isoquinoline. The reactivity in 
these compounds of carbon atoms 2 and 1, re­
spectively, as shown by the enzyme reaction, thus 
agrees with the sites identified by other means.8»9 
Similarly, the product of the enzymic oxidation of 
N^methylnicotinamide chloride (I) has been 
identified as l-methyl-3-carboxylamide-6-pyridone
(II). Assay of the product in the enzyme mixture 
by its ultraviolet absorption at 259 and 290 my 
has shown it to be the sole product of the enzymic 
oxidation of N^methylnicotinamide chloride.10

Qx "
CH,

I

ryJ
O

n h 2

( ✓ y
CH3

II

This oxidation thus identifies the 6-carbon of N 1- 
methylnicotinamide as the reactive carbon. Be­
cause of the limits of enzyme specificity, the rate 
of oxidation of pure Coenzyme I by the enzyme is 
so slow as to preclude isolation of palpable 
amounts of the product for identification of the 
reactive carbon in this compound. However, N 1- 
methylnicotinamide also forms a reversibly oxidiz- 
able tf-dihydro compound analogous in every way 
to the reduced coenzymes. The recent crystalliza­
tion of this derivative is evidence that only one of 
the possible 0-dihydro compounds is formed,11 and 
it follows that this is the 1,6-dihydro derivative.

Summary
Oxidation of N^methylnicotinamide chloride 

to the corresponding 6-pyridone by the quinine- 
oxidizing enzyme shows that the 6-carbon is the 
reactive position of the quaternary nicotinamide 
ring.
N e w  Y o r k , N . Y. R e c e iv e d  N o v e m b e r  7, 1947

(8) Renshaw, Friedman and Gajewski, ibid., 61, 3322 (1939).
(9) Mills and Smith, J . Chem. Soc., 121, 2724 (1922).
(10) Knox and Grossman, J . Biol. Chem., 168, 363 (1947).
(11) K arrer and Manz, Helv. Chim. Acta, 29, 1152 (1946); Karrer 

and Blumen, ibid., 30, 1157 (1947).
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The Preparation of a,a,a'-4,4'-Pentachlorobibenzyl, an Isomer of DDT
B y  E lm e r  E. F l e c k

June, 1948 Preparation of «,«,«'-4,4 'Pentachlorobibenzyl 2173

Various attempts have been made to correlate 
the insecticidal action of DDT and related com­
pounds with the presence of the ^-chlorophenyl 
groups1 or the trichloromethyl group2 and with 
the ease with which hydrogen chloride is elimina­
ted from the molecule.3 Martin4 has stated 
that, while high toxicity was not found in all 
the DDT analogs that are readily dehydrohalo- 
genated, all the analogs that showed high toxi­
city dehydrohalogenated readily in dilute alco­
holic alkali.

I t was thought to be of interest to prepare an 
isomer of DDT which retained the ^-chlorophenyl 
groups and was readily dehydrochlorinated, but in 
which both carbon atoms of the ethyl group were 
substituted with a ƒ;>-chloro phenyl group. Such 
a compound has been prepared by the chlorina­
tion of m-«,4,4'-trichlorostilbene to form d l- 
«,«, «',4,4'-pentachlorobibenzyl (I). This com-

C1 Cl

I

pound melted at 97-98°. When refluxed for fif­
teen minutes with 0.1 N  alcoholic alkali, it readily 
lost hydrogen chloride to form c£s-«,«',4,4'-tetra- 
chlorostilbene (II). Anhydrous ferric chloride 
also dehydrochlorinated I, in the molten condi­
tion, to form II, just as DDT is dehydrochlo­
rinated.5

The identity of II was established by chlorinat­
ing it to form the known compound « ,«,« ',« ',4,4'- 
hexachlorobibenzyl.

Insecticidal tests6 show that I is ineffective, 
against house flies, pea aphids, celery leaf tiers, 
red spider mites, and European corn borers. 
These results provide evidence that insecticidal 
action is due to the molecule as a whole rather 
than to the presence of toxic groups or specific 
reactions.

(1) Lauger, M artin  and Müller, Helv. Chim. Acta, 27, 892 
(1944).

(2) M artin and Wain, Nature, 154, 512 (1944).
(3) Busvine, ibid., 156, 169 (1945); Domenjoz, Helv. Chim . 

Acta., 29, 1317 (1946); Müller, ibid., 29, 1560 (1946); Metcalf and 
Gunther, T his  J ou r n a l , 69, 2579 (1947).

(4) M artin, / .  Soc. Chem. Ind., 65, 405 (1946).
(5) Fleck and Haller, T h is  J ournal , 66 , 2095 (1944).
(6) Unpublished.

Experimental
Preparation of dl-ot,cx,<x ',4,4 '-Pentachlorobibenzyl.—

Chlorine was passed through a solution of 7 g. of cis- 
a,4,4 '-trichlorostilbene7 in 75 ml. of carbon tetrachloride 
for two hours at room temperature. The solution was then 
concentrated on a steam-bath to a volume of about 15 
ml. The prisms that separated, when this solution was 
cooled in ice, were collected and dried at room temperature 
in a vacuum; yield, 6.1 g. After recrystallization from 
alcohol the product melted at 97-98°. No yellow color 
was given with tetranitromethane.

Anal. Calcd. for Ci4H 9C15: C, 47.43; H, 2.56;
Cl, 50.01. Found: C, 47.63; H, 2.928; Cl, 50.32.

cis-a,a' ,4,4'-T etr achlor ostilb en e .—A solution of 0.5 g. 
of dl-otyCLfOL',4,4'-pentachlorobibenzyl in 50 ml. of 0.1 N  
alcoholic sodium hydroxide was refluxed for two hours. 
Water was then added to the hot solution until crystal­
lization occurred. The cooled solution yielded 0.45 g. 
of material that melted at 83-85°. Repeated recrystal­
lization from acetone yielded needles which melted at 
166-167°.9 With tetranitromethane a yellow color was 
obtained.

When this experiment was repeated quantitatively with 
a 100-mg. sample and a fifteen-minute reflux period, 

*  ̂ -med indicated that 0.92

a .,a , a  ,
The same v, 

removal of hydrogen
a,a,a^4,4'-pentachloroDibeAizyi  ̂ l
ferric chloride was heated in a current of air in a U-tuuc 
at 90-95° for half an hour.5 Gas evolution was complete 
at the end of five minutes. Recrystallization of the 
product yielded needles that melted at 166-167°. Mixed 
melting points showed this product to be identical with 
that obtained by alkaline hydrolysis.

A quantitative determination showed that 0.98 mole 
of hydrogen chloride was eliminated by the catalyst.

a ,a ,a ',a ',4,4 '-Hexachlorobibenzyl.—Chlorine was 
passed through a solution of 0.1 g. of cis-a,a',4,4'-tetra.- 
chlorostilbene (obtained by hydrolysis) in 5 ml. of carbon 
tetrachloride for two hours at room temperature. The 
solution was evaporated to dryness on a steam-bath, and 
the residue was recrystallized from chloroform. The 
product melted at 191-192°, and no depression of the 
melting point was found when this material was mixed 
with authentic ',4,4'-hexachlorobibenzyl.9

Summary
A DDT isomer, (//-«,«, «',4,4'-pentachlorobi­

benzyl, has been prepared which has two ^-chloro- 
phenyl groups, a hydrolyzable chlorine atom, and 
sensitivity to the catalytic action of anhydrous 
ferric chloride similar to DDT, but which has lit­
tle insecticidal action.
B e l t s v il l e , M a r y l a n d  R e c e iv e d  M a r c h  10, 1948

(7) Fleck, J . Org. Chem., 12, 708 (1947).
(8) Analysis by N. Green.
(9) Kenner and W itham, J . Chem. Soc., 97, 1965 (1910).
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The Reaction of /3-Cyclohexanedione (Dihydroresorcinol) and its Ethyl Enol Ether
with Phenylmagnesium Bromide

By G. Forrest Woods and Xrwxn Wr. Tucker

The reaction of dimedone with phenylmagne- 
sium bromide has been previously investigated.1 
We have now studied the corresponding reaction 
of dihydroresorcinol (I) whose structure is very 
similar to that of dimedone.

Three products (II, III, and IV) and a tar were 
isolated after decomposing the Grignard complex.

C öH s C öH s C öH ö

II III IV
The first two substances, II and III, are readily 
accounted for by the mechanism proposed by 
Kohler and Erickson2 for the reaction of strongly 
enolic /3-diketones with Grignard reagents as 
shown below applied to dihydroresoreinol

/x  /O H  /x  /OMgBr
(  Y  C.H-MgBr (  v  -

/ >

i
c 6h 6

II III
The formation of 1,3-diphenylcyclohexadiene- 

1,3 (IV), however, is difficult to explain. Although 
this substance would obviously be the product of 
a double addition of phenylmagnesium bromide 
to dihydroresoreinol in the /3-diketonic form, this 
concept is hardly acceptable since dihydroresorci­
nol is known to be strongly enolic.3 A more rea­
sonable mechanism is shown

C6H5
■OH

/OMgBr a-
u

^O : +  (MgBr) +

I^OM gBr
C6H5
V

I'^-OM gBr
CéH5
VI

/ °
+  (OMgBr)”

C6H5
___________  III

(1) Woods, T h is  J ou r n a l , 69, 2549 (1947).
(2) Kohler and Erickson, ibid., 53, 2301 (1931).
(3) (a) Blout, Eager and Silverman, ibid., 68 , 566 (1.946); (b)

Schwarzenback and Felder, Helv. Chim. Acta , 27, 1044 (1944).

If it is assumed that some degree of ionization ex­
ists in the magnesium enolate bond of structure 
(V) leading to structure (VI), then (VI) stabilizes 
itself by the ejection of the (O-Mg-Br) “ ion, which 
had been activated by both the phenyl group and 
the ethylenic link, along with a concurrent elec­
tron shift. Thus, 3-phenyl-A2-cyclohexenone
(III) is generated and then reacts with phenyl­
magnesium bromide, the addition product subse­
quently losing water to give IV. In this connec­
tion it is interesting to note that the hydrocarbon
(IV) was obtained in higher yield almost to the 
exclusion of the other products by continued re­
fluxing of the Grignard solution after displace­
ment of the ether with benzene. The tar formed 
in the reaction of dihydroresoreinol with phenyl­
magnesium bromide is assumed to be a polymer 
of l,3-diphenylcyclohexadiene-l,3, a substance 
which contains both butadiene and styrene-like 
structures.

1 to prove the structure of 3-phenyl- 
^vciione and 1,3-diphenylcyclohexadi- 

^  ±,3 by an independent mode of synthesis, and 
to obtain a good preparative method for these sub­
stances. The preparation of the ethyl enol ether 
of dihydroresoreinol and the subsequent reaction 
of this substance with phenylmagnesium bromide 
accomplished the above two points.

The white crystalline silver salt of dihydrore­
sorcinol was obtained by mixing dihydroresoreinol 
and silver nitrate in water and adjusting the pH of 
the solution. The silver salt thus prepared readily 
reacts with ethyl iodide in refluxing benzene to 
yield the ethyl enol ether of dihydroresoreinol.4 
We found this method of preparation superior to 
the reaction of dihydroresoreinol with sodium 
ethylate and ethyl iodide, with diethyl sulfate and 
aqueous sodium hydroxide, or with absolute 
ethyl alcohol and sulfuric acid. This last method 
was the mode of preparation of the ethyl enol 
ether of dimedone.5

Dihydroresoreinol ethyl enol ether (VII) reacts 
with phenylmagnesium bromide to yield 3- 
phenyl- A2-cyclohexenone (III) as shown

OC2H5

+  C6H5MgBr

OC2H;

OMgBr 
C6H5 
VIII

The intermediate product (the keto alcohol from 
VIII) was not isolated and it was found, as had 
been anticipated from previous work, that the

(4) Merling, A nn., 278, 28 (1894).
(5) Crossley and Renouf, J . Chem. Soc., 93, 640 (1908).
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enol ether linkage of VIII was readily cleaved and 
the molecule dehydrated on treatment with dilute 
sulfuric acid under the conditions of steam dis­
tillation. The product, obtained in 80-85% 
yield, was identical with the 3-phenyl-A2-cyclo- 
hexenone obtained by the reaction of dihydro­
resorcinol with phenylmagnesium bromide.

3-Phenyl- A2-cyclohexenone (III) had pre­
viously been synthesized by Abdullaho6 by the 
condensation of phenyl vinyl ketone with aceto­
acetic ester and the subsequent hydrolysis and 
decarboxylation of the condensation product. 
The constants of our product and its derivatives 
are in good agreement with his. Further, 3- 
phenyl- A2-cyclohexenone is readily converted to 
m-phenylphenol by dehydrogenation over palla­
dium-charcoal7 or hydrogenated with palladium- 
charcoal to 3-phenylcyclohexanone.

The fact that substance II, 3-pheny Icy clohex- 
ane-3-ol-l-one, was readily dehydrated by reflux­
ing in benzene in the presence of a trace of iodine 
to yield 3-phenyl- A2-cyclohexenone establishes 
the structure of the former.

The structure of substance IV, 1,3-diphenyl- 
cyclohexadiene, was established by its synthesis 
from 3-phenyl- A2-cyclohexenone (III) and phenyl­
magnesium bromide in good yield and superior 
quality

c 6h 5 c 6h 5
III IV

This substance was identical with the correspond­
ing product obtained from the reaction of dihydro- 
resorcinol with phenylmagnesium bromide. That 
this structure was correct was also shown by the 
conversion of 1,3-diphenylcyclohexadiene by de­
hydrogenation over palladium-charcoal to the 
known m-diphenylbenzene8 and by the isolation 
of an adduct, for which the structure IX is 
written, from the Diels-Alder reaction of 1,3-di­
phenylcyclohexadiene- 1,3 with maleic anhydride.

Experimental
Reaction of Phenylmagnesium Bromide with Dihydro - 

resorcinol.-—An ethereal solution (1400 ml.) of phenyl -
(6) Abdullaho, J . Indian Chem.. Soc., 12, 62 (1935).
(7) Horning and Horning, T h is  J o u rnal , 69, 1359 (1947).
(8) France, Heilbron and Hey, J. Chem. Soc., 1288 (1939).

magnesium bromide from 1.0 mole of bromobenzene and 
magnesium turnings was prepared in the pot of a Soxhlet 
extractor. Finely ground dihydroresoreinol9 (28 g., 
0.25 mole) was introduced into the extraction thimble 
and the extraction process continued until only a small 
residue (3 g.) remained unextracted. The Grignard 
complex solution, which set to a solid on cooling in an ice- 
bath, was hydrolyzed with dilute aqueous ammonium 
chloride. The ether solution, dried over anhydrous mag­
nesium sulfate, concentrated to 300-500 ml. and chilled, 
gave 8 g. of solid which was recrystallized from acetone- 
petroleum ether (80-100°). This product was 3-phenyl- 
cyclohexan-3-ol-one (II) and melted at 155-155.5°. 
Anal. Calcd. for C12Hi40 2: C, 75.77; H, 7.42, Found: 
C, 75.94, 75.89; H, 7.70, 7.58.

The ethereal filtrate, after the removal of the above 
product, was then distilled under reduced pressure. Two 
substances (III and IV) were obtained after the removal 
of bromobenzene and biphenyl. Impure 3-phenyl-A2- 
cyclohexenone (III) was collected which distilled over the 
range of 106-185° (10 mm.). The main portion of this 
material distilled from 165-185° (10 m m.). The yield 
was 15-20 g. This material, which solidified on cooling, 
yielded coarse white crystals upon recrystallization from 
petroleum ether (30-60°) which melted at 64.5-66.0°. 
Anal. Calcd. for Ci2Hi20 :  C, 83.68; H, 7.03. Found: 
C, 83v55, 83.64; H, 7.22, 7.17.

The second product, 1,3-diphenyl-cyclohexadiene-1,3 
(IV), distilled over the range of 130-190° (0.2 m m.). 
The main fraction (5 g.) distilled at 176° (0.2 m m.). 
This substance was decolorized with norite and crystal­
lized from petroleum ether (30-60°). Upon further 
recrystallization white crystalline platelets were obtained 
which melted at 98-99°.10 Anal. Calcd. for Ci8Hi6: 
C, 93.10; H, 6.94. Found: C, 93.14, 92.97; H, 6.62, 
6.65.-

In subsequent reactions 3-phenylcyclohexan-3-ol-l-one 
(II) was not isolated since it was readily converted in the 
following operations to 3-phenyl-A2-cyclohexenone (III), 
a desired product. The original ethereal solution from 
the Grignard complex was made acid with dilute sulfuric 
acid arid subjected to steam distillation. In this manner 
the troublesome impurities of bromobenzene and biphenyl 
were readily eliminated, since 3-phenyl-A2-cyclohexenone 
and 1,3-diphenylcyclohexadiene-1,3 are only slightly 
volatile with steam.

Conversion of 3 -Phenylcyclohexan-3 -ol-l -one to 3- 
Phenyl-A2-cyclohexanone.—3-Phenylcyclohexan - 3 - ol - 1 -
one (II) (0.6 g.) was refluxed in toluene (25 ml.) after 
the addition of a small crystal of iodine. The toluene 
was removed by distillation under reduced pressure and 
the residue dissolved in ether and decolorized with norite. 
The product was recrystallized from petroleum ether 
which was added after removal of most of the ether. This 
material melted at 64.5-66.0° and gave no depression in a 
mixed melting point determination with a sample of 3- 
phenyl-A 2-cyclohexenone obtained previously as above.

Preparation of Dihydroresoreinol Ethyl Ether11 (VII) .— 
Dihydroresoreinol9 (50 g.) and silver nitrate (76 g.) were 
dissolved in 400 ml. of water. To this solution was added 
dropwise with stirring 1.0 M  sodium hydroxide until the 
pH of the solution was 5.5-6.0. During this process 
silver oxide precipitated locally but gradually redissolved 
while silver dihydroresorcinate precipitated in a white 
crystalline form. Excessive amounts of sodium hydroxide 
caused a noticeable darkening of the precipitate and a 
subsequent lowering in yield of the ultimate product.

(9) “ Organic Syntheses,” Vol. 27, John Wiley and Sons, New 
York, N. Y., p. 21.

(10) This product becomes contam inated readily with either the  
substances of polymerization or with some m-terphenyl (from the  
oxidation of the diphenylcyclohexadiene). Thus th is melting 
point is obtained only with difficulty.

(11) The development of this method of preparation of the  ethyl 
enol ether of dihydroresoreinol was done by M r. Bernard Arm brecht. 
The details given by Merling (Ann., 278, 28 (1894)) are so brief as 
to am ount only to an indication of procedure.
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The silver salt of dihydroresoreinol was isolated by suc­
tion filtration and pressed reasonably free of water. The 
moist precipitate (80-85 g.) was placed in a three-neck 
flask to which was fitted a mechanical stirrer, a separatory 
funnel, and a moisture receiving tube itself connected to 
a reflux condenser. Benzene (300 ml.) was introduced 
into the three-neck flask and the mixture refluxed with 
stirring until all the water was removed. To the benzene 
solution was then added 0.5 mole of ethyl iodide and the 
refluxing and stirring continued for fifteen minutes. The 
solution, after removal of the silver iodide by suction 
filtration, was subjected to distillation under reduced 
pressure. Ethyl enol ether of dihydroresoreinol (36 g. 
51%) distilled at 95-105° (1 mm.). In this preparation 
it was found that the yield of the ethyl enol ether was not 
favored by any excess of ethyl iodide while the yield was 
adversely affected by longer refluxing periods of ethyl 
iodide with the silver salt of dihydroresoreinol in benzene.

Preparation of 3-Phenyl-A2-cyclohexenone (III) from 
Dihydroresoreinol Ethyl Ether.—Dihydroresoreinol ethyl 
ether (70.0 g.) dissolved in 300 ml. of ether was added 
slowly with stirring to a solution (600 ml.) of phenyl­
magnesium bromide prepared from bromobenzene and 
magnesium (0.75 mole). The Grignard complex was de­
composed with dilute sulfuric acid. This mixture was 
subjected to steam distillation until all the bromobenzene 
and most of the biphenyl had been removed. The residue 
in the steam pot was extracted with ether. The ether 
solution was washed with dilute sodium bicarbonate and 
water, decolorized with norite, and dried over magnesium 
sulfate. After removal of most of the ether by heating on 
a steam-bath, the residue was dissolved in petroleum ether 
(30-60°). This solution deposited white to pale yellow- 
colored crystals (71 g., 87%) which upon recrystallization 
melted at 64.5-66° and which gave no depression in a 
mixed melting point determination with the previously 
obtained samples of this oorrmniinH

.... r ui s,jui£> pi uuuei was prepared in the usual man­
ner and recrystallized from alcohol-water. The melting 
point of the product so obtained was 102-111° and only 
upon repeated recrystallizations from both alcohol-water 
and ether-petroleum ether was a product melting at 113.5- 
118° obtained. Abdullaho6 reported a melting point of 
117-118° for this substance. Anal. Calcd. for C12H13ON: 
C, 76.98; H, 7.00. Found: C, 76.95, 77.25; H, 6.59,6.58.

The red 2,4-dinitrophenylhydrazone of 3-phenyl-A2- 
cyclohexenone prepared in the usual manner melted at 
228-230°. Anal. Calcd. for Ci8Hi60 4N4: C, 61.36;
H, 4.58. Found: C, 61.21, 61.60; H, 4.17, 4.22.

The semicarbazone of 3-phenyl-A2-cyclohexenone which 
was prepared in the usual manner and recrystallized from 
alcohol melted at 227-229° with decomposition. Anal. 
Calcd. for Ci3H15ON3: C, 68.10; H, 6.59. Found: C, 
67.89; H, 6.23.

The ^-nitrophenylhydrazone of 3-phenyl-A2-cyclohexe- 
none prepared in the usual manner melted at 182.5- 
185°. Anal . Calcd. for Ci8Hi7N30 2: C, 70.35; H,
5.71. Found: C, 70.16, H, 5.67. Abdullaho6 reported 
a melting point of 184-185° for this substance.

Reduction of 3-phenyl-A2-cyclohexenone (3.0 g.) was 
accomplished in ethyl alcohol at atmospheric pressure and 
room temperature with palladium-charcoal. The hydro­
genation was arrested after a 5% excess of hydrogen 
calculated for saturation of one ethylenic link had been 
adsorbed. After removal of the catalyst one half of the 
solution was used for the preparation in the usual manner 
of the semicarbazone of 3-phenylcyclohexanone which 
melted at 163.5-164.5° after recrystallization from 
alcohol-water.12 Anal. Calcd. for Ci3HnON3: C,
67.51; H, 7.41. Found: C, 67.35; H, 7.03. The re­
maining half of the above solution was used *to prepare the
2,4-dinitrophenylhydrazone of 3-phenylcyclohexanone, 
which was yellow and which melted at 183-186°. Anal. 
Calcd. for Ci8Hi80 4H4: C, 61.01; H, 5.12. Found: C, 
61.14, 61.20; H, 5.18, 5.51.

(12) A melting point of 167° has been reported for this substance
(Boyd, Clifford and Probert, J. Chem. Soc., 117, 1383 (1920)).

Preparation of 3-Phenylphenol from 3-Phenol-A2- 
cyclohexenone.—The procedure for dehydrogenation and 
isolation of the phenol is essentially that of Horning.7 
3-Phenyl-A2-cyclohexenone (2.0 g.), palladium-charcoal 
catalyst13 (0.7 g. 5% Pd), and 15 ml. of cymene were 
heated under reflux for approximately ninety minutes. 
This solution upon cooling was filtered and the filtrate 
extracted three times with Claisen solution (30 ml.). 
The Claisen solution was extracted once with benzene 
and then with petroleum ether (30-60°). The alkaline 
solution was then diluted with an equal volume of water 
and acidified with concentrated hydrochloric acid. The 
solid phenol was extracted with ether and the extract dried 
over magnesium sulfate. Upon evaporation of most of the 
ether and addition of petroleum-ether (30-60°), 1.25 g. 
of 3-phenylphenol crystallized on standing. This product 
after recrystallization from water was a white solid melting 
at 73.5-74.5°.14 Anal. Calcd. for Ci2H10O: C, 84.68; 
H, 5.92. Found: C, 81.95, 84.71; H, 6.00, 6.00.

The phenylurethan of 3-phenylphenol was prepared in 
the usual manner and recrystallized from petroleum ether 
(90-100°) to which benzene was added to effect solution. 
The white crystalline product melted at 135-135.5°. 
Anal. Calcd. for C19H150 2N: C, 78.87; H, 5.23. Found: 
C, 79.19; H, 5.54.

Preparation of l,3-Diphenylcyclohexadiene-l,3 (IV).— 
To a solution of phenylmagnesium bromide prepared from
18.3 g. of bromobenzene and 2.8 g. of magnesium in 100 
ml. of ether was added 10 g. of 3-phenyl-A2-cyclohexenone 
dissolved in 100 ml. of ether. After addition of the ketone 
the reaction mixture was refluxed for thirty minutes, 
cooled in an ice-bath, and decomposed with cold 6% 
sulfuric acid. The ether extract was washed with aqueous 
sodium carbonate and with water and finally dried over 
anhydrous magnesium sulfate. On evaporation of the 
ether, 14 g. of solid residue was obtained which corre­
sponds to a theoretical yield of 1,3-diphenylcyclohexadi- 
ene-1,3. This material, recrystallized from 95% ethanol, 
gave 9 g. of product (67%) melting at 96-98°. Recrystal­
lization of this material from ethanol and decolorization 
with charcoal yielded colorless plates melting at 98-99°. 
Anal. Calcd. for Ci8H16: C, 93.10; H ,6.94. Found: C, 
93.14, 92.97; H, 6.65, 6.62.

Maleic Anhydride Adduct of 1,3-Diphenylcyclohexadi- 
ene-1,3 (IX) .-—Maleic anhydride (1.1 g.) and 1,3-di- 
phenylcyclohexadiene-1,3 (2.5 g.) were heated for four 
hours at 130-150 °. The product on cooling was pulverized 
and warmed with 300 ml. of 10% sodium hydroxide solu­
tion. The small residue which remained undissolved was 
removed by filtration. The alkaline filtrate was acidified 
to congo red with hydrochloric acid. The precipitate 
was removed after cooling by filtration and redissolved in 
acetone and decolorized with Norite. The product 
(2.0 g.) crystallized upon cooling after the addition of 
water to the acetone solution, m .p . 149-151.5°. Anal. 
Calcd. for C22Hi80 3: C, 79.98; H, 5.49. Found: C, 
80.17, 80.22; H, 5.70, 5.60.

Preparation of m-Diphenylbenzene from 1,3-Diphenyl- 
hexadiene-1,3.— l,3-Diphenylcyclohexadiene-l,3 (2.0 g.) 
in 15 ml. of cymene was heated under reflux in the presence 
of 0.7 g. of 5% palladized charcoal for three hours, 
following which time most of the cymene was removed by 
distillation. The final portion of cymene was removed by 
using low pressure distillation. The residue was dissolved 
in hot ethyl alcohol and the catalyst removed by filtration. 
On cooling, the filtrate deposited m-terphenyl (1.3 g.) 
which was isolated by filtration, m .p . 86.5-86.8°. This 
product gave no depression with an authentic sample kindly 
furnished us by Dr. C. F. H. Allen. Anal. Calcd. for 
C18H14: C, 93.88; H, 6.12. Found: C, 94.02; H, 6.25.

Summary
1. The reaction of dihydroresoreinol with

(13) “ Organic Syntheses,” Vol. 26, 1946, p. 77.
(14) Jacobsen and Loch (Ber., 36, 4085 (1903)) reported 78°, and 

Errera and La Spada (Gazz. chim. ital., 35, II, 552) reported 75° 
for the melting point of this substance.
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phenylmagnesium bromide has been shown to 
yield 3-phenylcyclohexan-3-ol-l-one, 3-phenyl- A2- 
cyclohexenone and 1,3 -diphenylcyclohexadiene-
1,3. A mechanism by which the latter substance 
could be formed is discussed.

2. The syntheses of 3-phenyl-A2-cyclo- 
hexenone from the ethyl enol ether of di­
hydroresorcinol and of 1,3-diphenylcyclohexa-

diene-1,3 from 3-phenyl-A2-cyclohexenone, are 
reported.

3. 3-Phenylphenol and m-terphenyl are con­
veniently prepared by the catalytic dehydrogena­
tion, using palladized charcoal, of 3-phenyl- A2- 
cyclohexenone and 1,3-diphenylcyclohexadiene-
1,3, respectively.
C o l l e g e  P a r k ,  M a r y l a n d  R e c e i v e d  J a n u a r y  28, 1948

[ C o n t r i b u t i o n  f r o m  t h e  G e n e r a l  L a b o r a t o r i e s  o f  t h e  U n i t e d  S t a t e s  R u b b e r  C o m p a n y ]

The Partition of Acrylonitrile between Styrene and Water
By Wendell V. Smith

A satisfactory discussion of the emulsion copoly­
merization of styrene and acrylonitrile requires a 
knowledge of the partition of the acrylonitrile be­
tween the water phase and the oil phase, since 
acrylonitrile is appreciably water soluble. For- 
dyce and Chapin1 have compared the composition 
of the copolymer of styrene and acrylonitrile ob­
tained in emulsion polymerization with that ob­
tained in bulk polymerization and have found the 
emulsion copolymer to be consistently richer in 
styrene by a small amount than the bulk polymer 
produced from the same initial monomer composi­
tion. They have suggested that this difference 
may be due solely to the decrease in acrylonitrile 
content of the oil phase resulting from the water 
solubility of the acrylonitrile. The present in­
vestigation, which provides the data necessary to 
test this suggestion, has been carried out primarily 
to aid in discussing the emulsion copolymerization 
of these two monomers.

Under the conditions employed in emulsion 
polymerization, the ternary system, styrene- 
acrylonitrile-water, can be described sufficiently 
by specifying the compositions of two liquid 
phases, one of which may be called the aqueous 
phase, and the other the oil phase. A good ap­
proximation may be made by neglecting the solu­
bility of styrene in the aqueous phase, also a fair 
approximation is obtained by neglecting the solu­
bility of water in the oil phase (this is a good ap­
proximation when the oil phase is rich in styrene 
but becomes progressively less satisfactory as the 
acrylonitrile content of the oil phase increases).

Suppose that the system consists of
a volumes acrylonitrile 
s volumes styrene 
w volumes water

At equilibrium the oil phase will contain practi­
cally all the styrene and as volumes of acrylonitrile 
while the water phase will contain practically all 
the water and aw volumes of acrylonitrile, where

a =  aB +  öw (1)
(1) Reid G. Fordyce and Earl C. Chapin, T h is  Jo u r n a l , S9,

581 (1947).

It is convenient to define a partition coefficient, 
a,.by the relation

After having determined a  it is then possible to 
reverse the calculation and obtain the equilibrium 
composition of any mixture of water and oil phase. 
This may be done by rearranging equation 3 to 
obtain the quadratic
Aa2 -  [R (a  -  s/a  +  6-) +  1 ]AS +  Raa/a  +  s =  0 (4)
where R  = (a +  s) /  (a +  s +  w) • The most con­
venient method of solving equation 4 for A s is by 
successive approximation. Since the first term is 
small, a first approximation for A s may be ob­
tained by neglecting A s2 and estimating a from 
Fig. 1 and an estimated value of A s. From this 
first approximation a new value of a may be ob­
tained from Fig. 1 and the small correction due to 
the first term may be calculated. Then a second 
approximation for A s may be calculated from 
equation 4. This may be continued to give any 
degree of approximation warranted by the experi­
mental work.

One other problem which is treated in the ex­
perimental section is that of calculating the acrylo­
nitrile content of a water solution by equilibrating 
the water solution with styrene and determining 
A s, the equilibrium acrylonitrile content of the

Experimentally this partition coefficient may be 
determined by equilibrating a styrene-acryloni­
trile solution of known composition with water and 
determining the resulting change in acrylonitrile 
content of the oil phase. If this change in acrylo­
nitrile content is represented by

A A = - A ----------
a -j- 5 as

and if the equilibrium a cry Ion i I
oil phase is represented by

4 S = as/aa -f- s
then equations 1 and 2 give

a = 4 S [ l  +  ( ~ J  (1 A/ S)]  (3)
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Volume fraction acrylonitrile in oil phase.
Fig. 1.—Partition coefficient of acrylonitrile between 
styrene-acrylonitrile solutions and water: 26°, O; 60°,© .

styrene solution. In this problem s, a +  w and 
A s are measured, a is known from the relation be­
tween a and A Sf and it is desired to calculate 
a/(a  +  w). This is done from equations 1 and 2 
giving as a result

a
a -J- w GrrsKr^sX1

Experimental
The compositions of all the styrene-acrylonitrile solu­

tions used in the partition experiments were obtained 
from refractive index measurements. The relationship 
between refractive index and composition was established 
by making styrene-acrylonitrile solutions of known com­
positions, saturating them with water by adding a very 
slight excess of water and measuring the refractive indices 
with an Abbe refractometer. The results used to establish 
the relationship are given in Table I.

T a b l e  II
P a r t it io n  C o e f f ic ie n t s  o f  A c r y l o n it r il e  b e t w e e n  

S t y r e n e  a n d  W a t e r

Temp., w a
°C. a +  s a s As a

26 3 0 .197 U. 125 4 .7 3
26 3 .379 .281 6 .5 5
26 3 .586 .485 7 .9 0
26 3 .788 .723 9 .9 5
26 5 .200 .101 4 .6 7
26 5 .400 .247 6 .3 2
26 5 .600 .434 7 .8 4
26 5 .800 .679 9 .6 8
60 5 .200 .100 4 .6
60 5 .400 .243 6 .1
60 5 .600 .416 7 .0
60 5 .800 .660 8 .7

minutes, there was evidence that polymer was present at 
the end. Also the boundaries in the refractometer were 
quite fuzzy on the samples which had been equilibrated 
with water at 60 °; this was probably due to the formation 
of a cloudy suspension of water when the styrene solution 
was cooled down to 20 ° for making the refractive index meas­
urement. Table II shows that the partition coefficient, a, 
is a function of the equilibrium acrylonitrile content.

To extend the investigation to even higher acrylonitrile 
contents, the limiting value of the partition coefficient as 
the styrene approaches zero was determined from the 
water solubility of acrylonitrile. This was done first by 
making use of the above determined partition coefficients. 
Water was saturated with acrylonitrile by shaking with 
an excess and allowing it to stand in contact with the 
acrylonitrile overnight in a separatory funnel. The 
saturated water was then withdrawn and shaken with 
styrene, then the refractive index of the styrene layer 
determined. The results are given in Table III.

T a b l e  I I I

T a b l e  I

R e f r a c t iv e  I n d ic e s  o f  S t y r e n e - A c r y l o n it r il e  S o l u ­
t io n s  S a t u r a t e d  w it h  W a t e r  

A s  0 .0 0  0 .2 0  0 .4 0  0 .6 0  0 .8 0  1 .0 0
n™ d  1 .5460 1 .5167  1 .4852  1 .4536  1.4220 1.3912

W a t e r  S o l u b il it y  o f  A c r y l o n it r il e  fr o m  E q u il ib r iu m

w
w it h  S t y r e n e  a t  25°

a
a +  5 As a a -f- w

10 0 .3 1 0 6 .9 0 .0878
5 .213 5 .9 .0882

The solutions were made from measured volumes of 
each ingredient and the above volume fractions of acrylo­
nitrile, A Sf are based on the assumption that the volumes 
are additive.

The results indicate substantially a linear relationship 
between refractive index and volume fraction. All com­
positions were obtained by linear interpolation of the data 
in Table I.

The partition coefficients were determined by shaking 
styrene-acrylonitrile solutions with water and determining 
the refractive indices of the solutions at equilibrium. 
The initial compositions of the solutions and the initial 
volume of water and solutions were known. It was found 
that equilibrium was established rapidly (i . e., in less than 
one-half hour at room temperature) as judged by con­
stancy of the refractive index. The results are given in 
Table II.

The second column gives the ratio of the initial volume 
of aqueous to oil phase. The third and fourth columns 
give the volume fractions of acrylonitrile in the initial 
and equilibrated oil phases, respectively; they were ob­
tained from the measured refractive indices and the data 
of Table I. The partition coefficients, a, in the last 
column were calculated from the other values using 
equation 3. The data obtained at 60° are considerably 
more uncertain than those at 26°. While the solutions 
and water were only allowed to remain at 60° for twenty

The water solubilities (yolume fraction of acrylonitrile, 
a/a 4- w) given in the above table were calculated from 
equation 5, using values of a given by Fig. 1.

In order to verify this calculated water solubility and 
at the same time to get an independent check on our values 
for the partition coefficients, ol,  a direct determination of 
the solubility was made. It was found that 9.2 cc. of 
acrylonitrile in a total of 100 cc. of water solution gave a 
single homogeneous phase at 27°, while 9.4 cc. gave a very 
small amount of a second phase which would not dissolve. 
Thus, the direct determination gives the solubility as 
between 9.2 and 9.4%. This is in satisfactory agree­
ment with the value calculated from the equilibration 
with styrene and thus serves as an independent check on 
the partition coefficients. Taking the water solubility 
to be 0.088 (volume fraction) the limiting “partition 
coefficient’’ for 0% styrene is 11.3; this neglects the 
effect of the solubility of water in the acrylonitrile which 
may give a 10% error in a.

As is to be expected, ol varies with the composition of 
the equilibrium phases. In Fig. 1 cl is plotted against 
the volume fraction of acrylonitrile in the hydrocarbon 
phase at equilibrium.

Discussion
The partition data given here make it possible to 

calculate the compositions of the oil phases used
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by Fordyce and Chapin1 in their study of the emul­
sion copolymerization of styrene and acrylonitrile. 
In their work the value of R  was 0.367 and the 
temperatures were 60 and 75°. The results of 
this calculation are given in Table IV.

T a b l e  IV
A c r y l o n it r il e  C o n t e n t s  o f  t h e  O il  P h a s e s  P r e s e n t  
D u r in g  t h e  E m u l s io n  C o p o l y m e r iz a t io n  S t u d ie s  o f  

F o r d y c e  a n d  C h a p in 1

Initial mole % 
Equilibrium 

mole % 
Initial mole % 
Equilibrium 

mole %

8.24 9.36 14.86 17.90 18.83 24.93
5.76 6.63 10.9 13.4 14.1 19.4

32.92 36.32 45.68 66.25 94.64

26.5 29.7 38.9 60.5 93.6

The values given for the initial mole % ’s in the 
table are the acrylonitrile contents of the oil 
phases before adding to the emulsion while the 
values for the equilibrium mole % ’s are the acrylo­
nitrile contents of the oil phases present in the 
emulsions during the polymerization. These lat­
ter values were calculated from the initial values 
using equation 4 and values of the partition coeffi­
cient, a, given by Fig. 1.

Having calculated the compositions of the oil 
phases actually present during the emulsion co­
polymerizations, it is now possible to compare the 
compositions of copolymers produced in emulsion 
with those produced in bulk from oil phases of 
identical composition. The data of Fordyce and 
Chapin1 so treated are shown in Fig. 2. I t is seen 
that this correction of the compositions of the 
emulsion oil phases makes the emulsion and bulk 
copolymerization composition curves identical 
within the accuracy of the data. Thus, the sug­
gestion of Fordyce and Chapin that the consistent 
difference which they found was due to the water

solubility of the acrylonitrile is substantiated by 
this investigation.

0 20 40 60 80 100
Mole per cent, acrylonitrile in oil phase.

Fig. 2.—Monomer-polymer composition curve for 
styrene-acrylonitrile with correction for water solubility 
of the acrylonitrile: bulk polymerization, O; emulsion 
polymerization, • .

Summary
The compositions of styrene-acrylonitrile solu­

tions in equilibrium with water-acrylonitrile solu­
tions have been determined. These equilibrium 
compositions have been used to calculate the acry­
lonitrile contents of the oil phases present in the 
emulsion copolymerization experiments of For­
dyce and Chapin. I t  is shown that when this is 
done the above authors' emulsion data are identi­
cal with their bulk polymerization data in regard 
to composition of polymer produced from a given 
oil phase.
P a s s a ic , N e w  J e r s e y  R e c e iv e d  J u l y  12, 1947

[C o n t r ib u t io n  f r o m  S c h o o l  o f  M in e s  a n d  M e t a l l u r g y , U n iv e r s it y  o f  M is s o u r i]

Some Equilibrium Relations in the System Magnesium Oxide-Sulfur Dioxide-Water 
(Acid Region) at Pressures below Atmospheric1

B y  F r a n k  H. C onrad  and D o n a t  B . B r ic e

I. Introduction
This is a report of the study of the equilibrium 

MgS03*6H20 +  solution +  vapor, in the system 
magnesium oxide-sulfur dioxide-water. It pre­
sents the pressure-composition relations at con­
stant temperature (15 and 25 °). The liquid phase 
of this system consists of a solution of the bisulfite 
of magnesium containing a small amount of the 
monosulfite. The vapor phase consists of S02 and 
water vapor.

(1) This paper is based on a D issertation presented by Donat B. 
Brice in May, 1947, to  the Faculty  of the  Graduate School of the 
School of Mines and M etallurgy, University of Missouri, Rolla, 
Missouri, in candidacy for the degree of M aster of Science in 
Chemical Engineering.

These relations were desired because of the 
contemplated use of magnesia base cooking 
liquors in the “Sulfite Pulping Process" in place 
of calcium base liquor. Hatch2 has pointed out 
that magnesia base liquor has the advantages:
(a) the spent liquor may be used to recover 
both the magnesia and the sulfur dioxide;
(b) heat is supplied to the process from the 
burning of the organic solids in the evaporated 
spent liquor; and perhaps most important; (c) 
the problem of disposing of the spent liquor is 
eliminated.

(2) R. S. H atch , Paper Trade J ., 122, No. 11, 54-56 (M arch 14, 
1946).
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II. The Experimental Part
The materials used were “ C. p. Analyzed” magnesium 

oxide containing negligible quantities of sulfate and cal­
cium. The sulfur dioxide and water were treated as 
described by Conrad and Beuschlein.3

The apparatus used in determining the equilibrium 
pressures was almost identical to that described in “refer­
ence 3 .” The materials for making the equilibrium mix­
ture were prepared in the same manner with the exception 
of the magnesium oxide.

After equilibrium was obtained, as shown by constant 
pressure readings, the solid was allowed to settle and a 
portion of the saturated solution was withdrawn to a 
weighing pipet. The solution (9 to 12 g.) was drained 
and washed into a volumetric flask nearly full of water. 
The tip of the pipet was kept below the surface of the 
water to prevent the loss of sulfur dioxide. The flask 
was then filled to volume and the aliquots were withdrawn 
in a manner similar to the removal of water from a wash 
bottle. This method was used to avoid the loss of any 
sulfur dioxide.

Aliquots were analyzed for the total and combined 
sulfur dioxide by the Hohn method the essentials of which 
are given by Birchard.4 The free sulfur dioxide is ob­
tained by subtracting the combined sulfur dioxide from 
the total sulfur dioxide. The free sulfur dioxide is the 
actual free sulfur dioxide plus half of the sulfur dioxide in 
the bisulfite of magnesium, and is more properly called 
the “available sulfur dioxide” as it indicates the sulfur 
dioxide in excess of that required to form the monosulfite. 
The combined sulfur dioxide represents that required to 
form the monosulfite. These definitions are as set forth 
by the Technical Association of Pulp and Paper Institute.5 
The standard solutions used in these analyses were sodium 
thiosulfate and iodine of approximately 0.1 N  and sodium 
hydroxide approximately 0.2 N . Standardizations of the 
iodine and thiosulfate were made by the appropriate 
use of sodium oxalate and potassium permanganate. 
Since these solutions were standardized frequently the 
potassium permanganate was used. The sodium hy­
droxide was standardized against potassium acid phthal­
ate.

The equations for the chemical reactions during an­
alysis and for calculation of the combined sulfur dioxide 
are similar to those of “reference 3 ,” only replacing the 
calcium atom by magnesium.

Before making any tests on the ternary system and in 
order to test the reliability of the results with the par­
ticular apparatus used in these experiments, the vapor 
pressure of water was determined at two temperatures. 
The vapor pressures obtained agreed with values read 
from the “ International Critical Tables”6 within 0.5 mm. 
pressure in all cases. As a further check on both the 
accuracy of the pressure readings and the analytical 
reagents used in analysis, the solubility of sulfur dioxide 
in water at 25° was determined at various pressures. 
The equilibrium flask was charged with water and sulfur 
dioxide, agitated at constant temperature in a thermostat, 
connected to the manometer and pressure readings ob­
tained. It was noted that after two or three minutes 
the pressure remained constant although tests were 
allowed to stand for one and one-half hours to ensure that 
equilibrium had been attained. These data were in good 
agreement with those given in the “ International Critical 
Tables,”7 as well as the data of reference 3. The maxi­
mum deviation of any one point was 0.1 g. of sulfur dioxide 
per 100 g. of water. It was concluded from these prelimi­
nary tests that the apparatus and method would give results 
which were sufficiently accurate for the ternary system.

(3) F. H. Conrad and W. L. Beuschlein, T h is  J ournal, 56, 2554 
(1934).

(4) W. H. Birchard, Paper Industry, 8 , 793 (1926).
(5) T. A. P. P. I. Standards, “ Analysis of Bisulfite Cooking 

Liquor,” T  604 m-45, corrected, Sept., 1945.
(6) “In ternational Critical Tables,” Vol. I l l ,  McGraw-Hill Book 

Company, New York, N. Y ., 1928, p. 21 2u
(7) Ibid., Vol. I l l ,  p. 302.

III. Experimental Results
Results of analysis of the liquid phase at 25 and 

at 15° are given in tabular form in Tables I and 
II, respectively, and are shown in graphical form 
in Figs. 1 and 2.

T a b l e  I

A n a l y s is OF THE -L/IQUIu xr HASE OF THE S y s t e m  M a g -
n e s i u m  O x i d e - S u l f u r  D i o x i d e - W a t e r  E q u il ib r iu m  a t  

2 5 °
Total ,----Grams per 100 grams of water---- '

pressure, Total Free Combined
Expt. mm. s o 2 S 0 2 SO2

1 1 3 0 .2 2 8 . 2 1 4 .0 1 4 .2
2 1 5 4 .4 2 8 . 0 1 3 .1 5 1 4 .8 5
3 2 1 3 . 2 3 5 . 6 1 7 .4 1 8 .2
4 2 6 4 .3 3 5 . 2 1 7 .3 1 7 .9
5 2 8 8 . 0 3 7 . 5 1 8 .7 5 1 8 .7 5
6 3 2 6 . 5 4 0 . 7 2 0 .3 5 2 0 .3 5
7 4 1 0 . 9 4 2 . 1 20.8 2 1 . 3
8 5 6 0 .7 5 0 .3 2 4 . 9 2 5 . 4
9 6 3 8 . 4 5 1 . 6 2 5 .3 2 6 .3

10 7 2 6 . 8 5 0 . 7 2 4 .8 5 2 5 .8 5
11 7 2 8 . 4 5 2 . 0 2 5 . 8 2 6 . 2
A® 7 2 8 . 7  5 0 .1  

® E x p e r im e n t  A  m a d e  a t  3 5 ° .

T a b l e  II

2 4 . 4 2 5 . 7

A n a l y s is OF THE L iq u i d  P h a s e OF THE S y s t e m  M a g -
n esitjm  O x id e - S u l f u r  D io x id e - W a t e r  E q u il ib r iu m  a t  

15°
Total ,----Grams per 100 grams of water---- -

pressure, Total Free Combined
mm. SO2 SO2 SO2
75.5 30.4 14.7 15.7
87.5 28.05 13.3 14.75

110.7 29.65 14.6 15.05
156.8 32.9 16.0 16.9
162.3 31.4 14.85 16.55
245.5 39.9 18.9 21.0
419.3 46.9 23.35 23.55
448.7 44.8 22.4 22.4
726.8 54.6 26.8 27.8
730.3 53.3 26.55 26.75

I t was possible to remove only one sample of 
clear saturated liquid without disturbing the 
equilibrium in the flask. Duplicate analytical de­
terminations made on some samples checked to 
within 0.6 g. of sulfur dioxide per 100 g. of water.

Saturation of the liquid phase, with respect to 
both gas and solid, was approached from both the 
supersaturated and the unsaturated conditions. 
In all experiments at 25° except those at atmos­
pheric pressure the temperature at which the gas 
was admitted was three to five degrees below the 
final equilibrium temperature. Also, in order to 
remove any insoluble gaseous impurities admitted 
with the sulfur dioxide, solutions were boiled at 
reduced pressures. As sulfur dioxide is more sol­
uble at low temperatures and high pressures, these 
experiments were approached from supersatura­
tion with respect to the gas.

Equilibrium at 15° was approached from the 
unsaturated state with respect to both gas and
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0 10 20 30 40 50
Concentration, g. S 02 per 100 g. of water.

Fig. 1.—Pressure-concentration curves for liquid phase of 
system M g0-S 02-H 20; temperature, 25°.

0 10 20 30 40 50
Concentration, g. S02 per 100 g. of water.

Fig. 2.—Pressure-concentration curves for liquid phase of 
system M g0-S 02-H 20; temperature 15°,

solid. The temperature at which the gas was ad­
mitted was five to eight degrees higher than the 
equilibrium temperature. The pressure was
greater when the fiask was placed in the thermo­

stat than at final equilibrium. Thus these experi­
ments were approached from the unsaturated 
side with respect to the gas.

In experiments 4 and 6 of Table I sulfur dioxide 
was added until all the solid phase was dissolved. 
After the solid was dissolved the solution was 
subjected to vacuum until solid phase reappeared. 
When the solid was again present the flask was 
placed in the thermostat and treated in the same 
manner as other experiments. Experiments 4 and 
6 of Table I thus were approached from the su­
persaturated condition with respect to both gas 
and solid.

The curves of Figs. 1 and 2 have been con­
structed from data obtained. The correlation of 
these data by smooth curves is good.

In order to show the effect of temperature upon 
the concentration of sulfur dioxide, experiment 
“A" (Table I) was made at 35° and atmospheric 
pressure (in this case 728 mm.). The results of 
this experiment and the corresponding values at 
the same pressure (the 15° run was at 727 mm.), 
read from the curves in Figs. 1 and 2 are plotted 
in Fig. 3. The temperature concentration rela­
tions for the system calcium oxide-sulfur dioxide- 
water from “reference 3” are also plotted for com­
parison. I t  should be noted that the amount of 
sulfur dioxide in a solution is much greater for 
the magnesia system than for the calcium system 
at the same pressure. In the magnesia system the 
amount of combined sulfur dioxide was always 
greater than the free, in contrast to that for the 
calcium oxide system where it was much less. 
The amounts of combined and free were very 
nearly equal, the combined being always greater,

0 10 20 30 40
Temperature, °C.

Fig. 3.—Temperature-concentration curves for liquid
phase of the systems MgO-S02-H aO and C a0-S02-H 20  at 
atmospheric pressure.
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representing slightly more than 0.5 of the total. 
The combined was never more than 0.52 of the 
total.

IV. Analysis of the Solid Phase
Samples of the solid, assumed to be MgS03= 

6H20, were removed from the equilibrium flask 
and analyzed. Samples for experiments 1, 2 and 
3, Table III, were drained with suction and then 
dried to constant weight over 67% sulfuric acid in 
an atmosphere of carbon dioxide. Hartog8 re­
ports that crystals of MgS03*6H20  are deposited 
when a solution of Mg(HS03)2 is concentrated in 
vacuo a t temperatures below 100° and then 
cooled. The magnesium oxide was determined by 
the pyrophosphate method and the sulfur dioxide 
by the Hohn method as previously referred to in 
the analysis of the liquid.

The mole ratio magnesium oxide to sulfur diox­
ide indicated a compound containing one mole of 
magnesium oxide to one of sulfur dioxide, but the 
amount of magnesium oxide was somewhat high 
in samples 1 and 2. I t  was thought that possibly 
oxidation was taking place in spite of all precau­
tions. I t was therefore decided, as other solid 
samples were removed from the equilibrium flask, 
to wash them with distilled water until free of solu­
tion and analyze a portion immediately for sulfur 
dioxide and magnesium oxide, Another portion of 
these same samples was dried as described and 
analyzed for the magnesium oxide content. I t is 
thus possible to calculate from the weight of the 
dried sample and the magnesium oxide-sulfur di­
oxide ratio of the same sample, the amount of mag­
nesium sulfite it would contain and to obtain the 
hydrate water by difference. Results of these an­
alyses and calculations are shown for samples 5 to 
8 (Table III).

T a b l e  III
C o m p o s it io n  o f  t h e  S o l id  P h a s e  f o r  t h e  S y st em  

M a g n e s iu m  O x id e —S u l f u r  D io x id e - W a t e r
Mole
ratio Moles water

Expt. MgO, g. SO2, g. MgO/S02 Mole MgSOs
1 0.1081 0.143 1.20
2 .1031 .135 1.21
3® .0860 . 128 1.06
4® .0730 . 1043 1.11
5 .0290 .0395 1.17 6.22
6® .1086 .0294 1.002 5.77
7 .0522 .0615 1.35 6.35
8® .0280 .0416 1.07 5.68
9® .0362 .054 1.06
M gS03*6H20 40.32 64.06 1.000 6.00

° Equilibrium approached from supersaturation.

Samples of solids were obtained from solutions 
in which the equilibrium had been approached 
from both the unsaturated and the supersaturated 
conditions as in the liquid phase investigation. 
The time allowed for equilibrium to be reached in 
the preparation of the solid samples was identical

(8) Hartog, Compt. rend., 104, 1793 (1887),

with that used in the liquid phase work. Also 
constancy of pressure readings was likewise used 
as a criterion of equilibrium, and hence the tests 
should be comparable with those for the liquid 
phase. Examination of the results in Table III 
shows that solids obtained from experiments ap­
proached from the supersaturated side have close 
to the theoretical ratio of one to one for magne­
sium oxide to sulfur dioxide. The fact that this 
ratio is slightly greater than one may indicate a 
small amount of oxidation even though the sam­
ples were analyzed for sulfur dioxide without dry­
ing. Those approached from the unsaturated side 
deviated considerably more and the ratio varied 
from one run to another. I t  is the opinion of the 
authors that although equilibrium in the liquid 
phase was established, such that pressure-concen­
tration curves could be constructed, there was ac­
tually some magnesium oxide occluded by the 
magnesium monosulfite in the solids prepared 
from the unsaturated side.

Sulfur dioxide was permitted to react with a 
suspension of magnesium oxide in water, which 
amounted to having a particle of magnesium oxide 
as the core with magnesium hydroxide covering 
the oxide. The sulfur dioxide reacted with the 
hydroxide and formed a coating of magnesium 
monosulfite hexahydrate around the magnesium 
oxide. These particles then after long standing 
were in equilibrium with the solution of bisulfite 
of magnesium. Thus, even if occluded magnesium 
oxide were present it would have little effect upon 
the liquid phase investigation.

It is realized that the removal of the solid phase 
from equilibrium with the liquid and gaseous 
phases may in some cases change the composition 
of the solid. Attempts were made to obtain data 
satisfactory for the construction of a modified 
Schreinemakers diagram as used by Conrad and 
Beuschlein3 but the intersections were at such 
acute angles and so erratic as to make the method 
of little value.

Summary
1. The total pressure-composition relation­

ships have been determined for the system magne­
sium oxide-sulfur dioxide-water in the acid region 
up to atmospheric pressure at 15 and 25°.

2. The total, free and combined sulfur dioxide 
has been determined for saturated solutions in 
equilibrium with solid magnesium monosulfite 
hexahydrate at total pressures of sulfur dioxide 
and water vapor from the vapor pressure of water 
to atmospheric pressure for the temperatures 15 
and 25°.

3. The temperature-composition relationship 
has been determined for the total pressure of 728 
mm. a t temperatures of 15, 25 and 35°.

4. The analysis of the solid removed from the 
equilibrium is in agreement with the assumed 
formula of MgSOa-öHgO.
R o l l a , M is s o u r i  R e c e iv e d  A u g u s t  4, 1947
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A New Synthesis of Acetyl Dihydrogen Phosphate1
B y  R onald B e n t le y2

HOv , 0XHCX nO—COCHs

Acetyl dihydrogen phosphate (I) was first syn­
thesized by Lynen3 who used the catalytic de- 
benzylation of acetyl di­
benzyl phosphate. Later,
Lipmann and Tuttle4 de­
scribed its preparation 
from silver dihydrogen 
phosphate and acetyl chlo­
ride; in each case the ace­
tyl dihydrogen phosphate 
was characterized as its
sparingly water soluble disilver salt. I t has 
now been found that it may be conveniently 
and rapidly prepared by acetylating phosphoric 
acid with ketene, thus confirming the previous 
observation of Hurd and Dull5 tha t “ketene was 
quantitatively absorbed by phosphoric acid, pre­
sumably with the formation of acetylphosphoric 
acid."

lide. Analogous reactions were observed with 
ammonia.

RNH2 in RNH;
---------- >-

ether RNHsO-> < °c v  \r>.

HO\  X>P< +  CH2:
HCK X)H

=CO •
H ( \ p / 0

HCK N d—COCH3

II
aq. RNH2J

Heat in RNH3CX

O—COCHs EtOH RNH80 /  N dH
+

CH3COOC2H5

r n h 3o>

RNH;

o
>H

+  RNHCOCHs

Dibenzyl hydrogen phosphate reacted smoothly 
with ketene to yield the mixed anhydride, acetyl 
dibenzyl phosphate, which was converted to acetyl 
dihydrogen phosphate using Lynen’s method. 
Acetyl dibenzyl phosphate could also be used as an 
acetylating agent. With aniline in the absence of 
solvent there was a vigorous reaction; acetanilide 
and dibenzyl hydrogen phosphate were obtained. 
Choline chloride dissolved in glacial acetic acid 
was also acetylated, in the cold, on addition of 
acetyl dibenzyl phosphate.

I
Solutions of the free acetyl dihydrogen phos­

phate were obtained by reaction of the disilver 
salt with hydrogen sulfide in aqueous suspension 
or by reaction with ethereal hydrogen chloride. 
The aqueous solution of the free acid was stable for 
some hours at 0°; on neutralization with barium 
hydroxide and addition of silver nitrate, the di­
silver salt was recovered.

Acetyl dihydrogên phosphate has been widely 
considered as a possible acetylating agent and also 
as a phosphorylating agent in physiological sys­
tems.6 I t was therefore of interest to study its re­
actions with various compounds. Aqueous solu­
tions of the sodium salt were found to acetylate 
ammonia and aniline, but only with low yields. 
In neutral aqueous solutions no acetylation of 7- 
phenylaminobutyric acid, choline chloride, guani­
dine or hydroquinone was observed.

When ethereal acetyl dihydrogen phosphate was 
treated with aniline, bis-phenylammonium acetyl 
phosphate (II, R = C6H0) precipitated and evapo­
ration of the ethereal mother liquor gave a small 
amount of acetanilide. Subsequent reaction of 
the bis-phenylammonium salt with aqueous aniline 
gave bis-phenylammonium phosphate and acetani-

(1) Presented before the  Division of Biological Chemistry a t the 
A tlantic C ity Meeting of the  American Chemical Society, April 
15, 1947.

(2) Commonwealth Fund Fellow. Present address: National
Institu te  for Medical Research, Ham pstead, London.

(3) F. Lynen Ber., 73B, 367 (1940).
(4) F. Lipmann and L. C. T uttle, J . Biol. Chem., 153, 571 (1944)*
(5) C, D. Hurd and M. F. Dull, T his Journal, 54, 3427 (1932),
(6) F. Lipmann, Advances in  Bm ym oL, 6» 242, 257 (1946)*

Experimental7
Preparation of Disilver Acetyl Phosphate.—In a typical 

run, sirupy phosphoric acid (85%, 10 ml.) dissolved in 
dry ether (150 ml.) was treated with a ketene stream for 
thirty minutes with ice cooling. (A ketene lamp similar 
to that described by Williams and Hurd8 was used, which 
produced about 10 g. of ketene in that time. Ten ml. of 
85% phosphoric acid required about 12.5 g. of ketene for 
reaction with the water and phosphoric acid present.) 
The ketene was led in through a sintered glass bubbler, 
with vigorous stirring to avoid high local concentrations. 
The ether solution was extracted with ice water (3 X 
50 ml.; all apparatus used was previously chilled in ice) 
and the aqueous extract rapidly neutralized (pH 7.0) 
by dropwise addition of saturated barium hydroxide 
solution, with ice cooling and vigorous stirring. The 
precipitated barium phosphate was centrifuged off and 
the solution of barium acetyl phosphate was treated with 
excess of ice cold 10% silver nitrate solution. The pale 
creamy precipitate was washed with ice-water, alcohol 
and ether (16.7 g.). Dilution of the mother liquor with 
one-third volume of ethanol gave a second crop of crystals 
(5.0 g.).

For recrystallization the disilver salt (7.2 g.) was 
ground to a smooth paste with ice water, shaken with ice 
cold 0.25 M  sodium chloride (150 ml.—a slight deficiency) 
and allowed to stand for fifteen minutes. The solution 
was filtered, and treated with 25% silver nitrate (3 m l.). 
This first precipitate was rejected, and excess 25% silver 
nitrate was then added. Disilver acetyl phosphate (5.5 
g.) formed white prisms, not having a definite m. p.

Anal. Calcd. for C2H30 5PAg2: Ag, 60.9; P, 8.75. 
Found: Ag, 60.25; P, 8.7.

Acetyl determinations were performed by repeated 
steam distillation of 15 mg. samples with water (10 ml.) 
and concentrated sulfuric acid (2 ml.) in a Kjeldahl type 
apparatus: 35-ml. portions of distillate were collected
until a constant blank titration was obtained. Anal.

(7) All melting points are uncorrected.
(8) J. W. Williams and C. D. H urd, J . Org. Chem., 6, 122 (1940).
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Calcd. for C2H30 5PAg2: CH3CO, 12.2. Found: CH3CO,
12.7. The acidity produced on warming 40-50 mg. 
samples with water at 70-75° for two hours was deter­
mined by titration of the filtered solution with 0.01 N  
potassium hydroxide.
3C2H30 5PAg2 +  5 0 H - = 2Ag3P 0 4 +  HPOr +

8CH3COO- +  2H20
Calculated per cent, purity, 101.3.

Preparation of Acetyl Dihydrogen Phosphate.— (1)
Aqueous solution: Disilver acetyl phosphate (1.5 g.)
suspended in ice water, was treated with excess hydrogen 
sulfide, silver sulfide filtered off, and the filtrate freed 
from hydrogen sulfide by aeration at 0°. The filtrate 
was made up to 70 ml.: 40 ml. was immediately neu­
tralized with barium hydroxide solution at 0 °, and re­
precipitated with silver nitrate (recovery, 0.7 g.). The 
remaining solution was kept for ninety minutes at 0°, and 
treated in the same way (recovery, 0.4 g.). The pre­
cipitates were recrystallized and the per cent, purity deter­
mined by hydrolysis with water as previously described: 
first precipitate, 104.0%; second precipitate, 100.3%.

(2) Ethereal solution: Finely powdered disilver acetyl 
phosphate (2.0 g.) was suspended in absolute ether (25 
m l.), cooled in ice and ethereal hydrogen chloride (1.33 
N, 8.0 ml.) added dropwise with vigorous stirring. Stir­
ring was continued for a further ten minutes, the mixture 
filtered, and the silver chloride washed with a little absolute 
ether to yield an ethereal solution of acetyl dihydrogen 
phosphate.

Reaction with Aniline in Aqueous Solution.—Disilver 
acetyl phosphate (2.0 g.) was converted to sodium salt 
using 0.25 Ivf sodium chloride (45 m l.). The filtered 
solution was treated with aniline (1.2 ml., a large excess) 
and acetone (5 ml.) to homogenize the solution. The 
solution, initially at 0°, was brought to room temperature 
after two hours, and allowed to stand overnight. Hydro­
chloric acid (1.068 N, 18.0 ml.) was added (£H 3.0), 
and the solution extracted with ether: the dried extract 
was evaporated to yield white, lath-like crystals, m. p. 
114-115° (109 mg., 14% yield); no m. p. depression in 
admixture with authentic acetanilide.

Reaction with Aniline in Ethereal Solution.—An ethe­
real solution of acetyl dihydrogen phosphate (from silver 
salt 2.0 g.) was cooled to 0°, and treated with aniline 
(2.0 g.) in dry ether (15 m l.). A white precipitate of 
bis-phenylammonium acetyl phosphate (II, R = C6H5) 
(1.7 g .), m. p. 104-105°, soluble in sodium bicarbonate 
solution with effervescence. (The ethereal mother 
liquor was extracted with 2 N  hydrochloric acid to remove 
excess aniline and yielded a little acetanilide on evapora­
tion.)

Anal. Calcd. for C14Hi90 öN2P: CH3CO, 13.2. Found: 
CHsCO, 13.1.

On attempted recrystallization from absolute ethanol, 
shining plates m. p. 174-175° were obtained (unchanged 
on recrystallization). With bis-phenylammonium phos­
phate there was no depression in m. p.

Bis-phenylammonium acetyl phosphate (320 mg.) was 
dissolved in ice-water and aniline (1.0 ml.) and acetone 
(3.0 ml.) added. The mixture was placed in an ice-bath, 
allowed to warm up to room temperature, and kept over­
night. A white crystalline precipitate formed (170 mg.), 
m. p. 174-175°, recrystallizing from ethanol in plates; no 
depression in admixture with bis-phenylammonium phos­
phate. The mother liquor was made acid to congo red, 
extracted with ether, and the dried extract evaporated; 
the white solid was recrystallized from chloroform- 
petroleum ether to form white needles (66 mg., including 
a second crop)5 m. p. 111-112°. No m. p. depression in 
admixture with acetanilide.

Bis-phenylammonium acetyl phosphate (200 mg.) was 
treated with 2 N  ammonia (5 m l.), when an oil separated; 
the mixture was allowed to stand overnight, extracted with 
ether, and the aqueous solution evaporated to dryness 
in vacuo. The solid residue was extracted with warm 
chloroform, filtered, and the filtrate diluted with petro*

leutn ether (b. p. 30-60°). White crystals separated, 
m. p. 81°, no depression in admixture with acetamide.

Reaction with Ammonia in Ethereal Solution.—Disilver 
acetyl phosphate (1 g.) was converted to the free acid in 
ether. The solution at 0° was treated with an excess of 
dry ethereal ammonia when diammonium acetyl phos­
phate crystallized in white plates m .p . 128-130°. It did 
not analyze too well.

Anal. Calcd. for C2Hn05N2P: N, 16.1; CH3CO,
24.5. Found: 1ST, 17.1; CH3CO, 23.0.

The solid was allowed to stand overnight in a little 
aqueous ammonia, and evaporated to dryness in vacuo: 
the crystalline solid was extracted with warm ethanol, 
the extract being evaporated. The residue was twice 
recrystallized from chloroform-petroleum ether (b. p. 30- 
60°), to form white crystals, m. p. 82°, showing no de­
pression with an authentic sample of acetamide.

Preparation of Acetyl Dibenzyl Phosphate.—Dibenzyl 
hydrogen phosphate was prepared substantially as de­
scribed by Lossen and Köhler9; it was found preferable, 
however, to saponify the tribenzyl phosphate by refluxing 
for some hours with 10% alcoholic potassium hydroxide. 
Evaporation of solvent, solution of the residue in water, 
acidification and recrystallization from chloroform- 
petroleum ether gave dibenzyl hydrogen phosphate, m .p . 
79.5°.

Dibenzyl hydrogen phosphate (1.0 g.) was dissolved 
in absolute ether containing a little chloroform, and 
treated with a ketene stream (about 0.5 g., an excess) 
at ice temperature. Solvent was removed in vacuo (bath 
temperature, 25°) to yield acetyl dibenzyl phosphate as 
a viscous, neutral oil, in almost the theoretical yield.

Anal. Calcd. for C16H17O5P: CH3CO, 13.4. Found: 
CH3CO, 13.3.

The oil was dissolved in dry ether (50 ml.), palladium 
charcoal (500 mg.) was added and the solution hydro­
genated with dry hydrogen, about 200 ml. being taken 
up at S. T. P. After filtration, the ether was extracted 
with water (2 X 15 ml.) and the solution neutralized with 
barium hydroxide solution at 0°. Precipitated barium 
phosphate was filtered off, and silver nitrate solution 
added. Disilver acetyl phosphate was precipitated (300 
m g.); per cent, purity as determined by titration of 
acid produced on hydrolysis, 95.9.

Reaction of Acetyl Dibenzyl Phosphate and Aniline.— 
A portion of acetyl dibenzyl phosphate was treated with 
a slight excess of aniline, the mixture warming up consider­
ably. After reaction, chloroform was added, and excess 
aniline extracted with 2 N  hydrochloric acid. The chloro­
form was next extracted with saturated sodium bicarbon­
ate solution; acidification of this extract gave a white 
solid, which recrystallized from chloroform-petroleum 
ether to form plates, m. p. 80°; no m. p. depression ad­
mixed with dibenzyl hydrogen phosphate. The chloro­
form solution was washed with water, dried and evapo­
rated in vacuo: the residue quickly crystallized, and was 
recrystallized from chloroform-petroleum ether, forming 
white needles, m. p. 115°; mixed m. p. with acetanilide, 
115°.

Reaction of Acetyl Dibenzyl Phosphate and Choline.—
Dibenzyl hydrogen phosphate (1.0 g.) was converted to 
its acetyl derivative, the oil being held in vacuum for some 
time to remove any traces of ketene. Choline chloride 
(500 mg.) was added, and glacial acetic acid (1 ml.) 
to form a clear solution. After forty-eight hours, the 
acetic acid was evaporated in vacuo, the residue treated 
with 2 N  hydrochloric acid (5 ml.) and an insoluble oil, 
extracted with ether. The filtered aqueous solution was 
treated with a slight excess of auric chloride solution; 
the yellow precipitate (0.762 g.) had m. p. 163-164°, 
unchanged on recrystallization from hot water. (Litera­
ture m. p. of acetylcholine aurichloride is 166°; no 
depression in admixture with an authentic sample.)

Summary
1. Acetyl dihydrogen phosphate may be con-

(9) W* Lossen and A. Kohler, A nn., 262, 211 (1891).
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veniently prepared by the acetylation of phos­
phoric acid with ketene in ethereal solution, and is 
recovered as disilver acetyl phosphate. Similar 
acetylation of dibenzyl hydrogen phosphate yields 
acetyl dibenzyl phosphate.

2. Acetyl dihydrogen phosphate will acetylate 
ammonia and aniline under various conditions. 
No evidence of phosphorylating reactions could be 
obtained.
N ew  Y ork , N . Y . R eceived  Janu a ry  13, 1948

[Contribution  N o . 239 from  the  Chemical D epartment, E x perim ental  Station , E . I. du  P ont d e  N emours &
Company]

The Structure of Neoprene. I. The Molecular Weight Distribution of Neoprene
Type GN

B y  W. E. M o ch el , J. B. N ich ols a n d  C. J. M ig h to n

I t has been recognized that synthetic high poly­
mers in general are non-homogenous, particularly 
in respect to molecular weight. Therefore, the 
molecular weight of a particular polymer cannot 
be characterized accurately by a single value and 
there is required a knowledge of the distribution of 
molecular weights. Any single molecular weight 
value for a heterogeneous polymer must perforce 
be an average value and will differ appreciably 
with the method of averaging. Although it has 
been shown recently that the tensile strength of 
some polymers, e. g., cellulose acetate, depends ex­
plicitly on the number average molecular weight 
regardless of the distribution of molecular 
weights,1 other properties of high polymers such as 
plasticity,2 are influenced markedly by the hetero­
geneity of molecular weights. The present in­
vestigation of the molecular weight distribution of 
neoprene (polychloroprene) is a part of an exten­
sive study of the structures of these polymers.

There have appeared recently several new meth­
ods for determination of molecular weight distri­
bution3 but the standard method continues to be 
that of careful fractionation and examination of 
each fraction. This method also furnishes poly­
mer samples of sufficient homogeneity that they 
can be used to calibrate the intrinsic viscosity- 
molecular weight relationship with an absolute 
method such as osmotic pressure. The two most 
common methods for fractionation of high poly­
mers are: (1) precipitation by successive addi­
tions of a non-solvent to a solution of the polymer 
and (2) successive extractions of the polymer with 
solvent/non-solvent mixtures of increasing solvent 
concentration. I t has been shown that neither 
method can give a really sharp separation of spe­
cies4 but the first method appears to be satisfac-

(1) A. M. Sookne and M. Harris, Ind. Eng. Chem., 37, 478 (1945); 
P. J. Flory, T h is  J ournal , 67, 2048 (1945); Ind. Eng. Chem., 38, 417
(1946) .

(2) R. L. Zapp and F. P. Baldwin, ibid., 38, 948 (1946).
(3) D. R. Morey and J. W. Tam blyn, J . Appl. Phys., 16, 419 

(1945); R. F. Boyer and R. D. Heidenreich, ibid., 16, 621 (1945); 
P. M. Doty, B. H. Zimm and H. M ark, J . Chem. Phys., 13, 159 
(1945); L. H. Cragg and H. Hammerschlag, Chem. Rev., 39, 79 (1946); 
D. R. Morey and J. W. Tam blyn, J . Phys. Colloid Chem., 51, 721
(1947) .

(4) G. Gee, Trans. Faraday Soc., 38, 276 (1942); P. J. Flory, 
J . Chem. Phys., 12, 425 (1944); R. L. Scott, ibid., 13, 178 (1945); 
£», R. Morey and J, W. Tam blyn, J . Phys, Chem., 50, 12 (1946).

tory for practical purposes if certain precautions 
are taken. Thus, it is advisable to use a reason­
ably dilute solution, precipitate at constant tem­
perature and wash the precipitated fractions to re­
move low molecular weight material.

Experimental
Materials.-—A sample of standard, commercial Neoprene 

Type GN of plasticity classification5 P3 and age two 
months was selected for fractionation. Neoprene Type 
GN is a polychloroprene polymerized in aqueous emulsion 
in the presence of sulfur and is stabilized with tetraethyl 
thiuram disulfide.6 (Neoprene Type GN is identical 
with GR-M currently manufactured at Louisville by the 
Office of Rubber Reserve, Reconstruction Finance Cor­
poration.) To obtain the pure polychloroprene, essenti­
ally free from soap residues, stabilizers and adjuvants 
used in the polymerization, 55 g. of the finely-cut neoprene 
was dissolved in 500 ml. of thiophene-free, dry benzene, 
and 500 ml. of C. p. methanol was added slowly with 
stirring, to precipitate the polymer. Further addition 
of methanol to the clear, supernatant liquid produced no 
cloudiness. The polymer was washed twice with 100-ml. 
portions of methanol and dried at room temperature under 
vacuum. The dry polymer weighed 50.5 g. In these 
operations and all subsequent handling, the polymer, its 
solutions and the fractions were kept under an atmosphere 
of nitrogen.

The benzene-methanol mixture left after precipitation 
of the polymer was combined with the methanol wash 
liquors and evaporated to dryness under vacuum. The 
residue, consisting of 4.6 g. of dark brown, very viscous 
oil, was not investigated further.

Fractionation.—The purified polychloroprene prepared 
as described above (50.5 g.) was dissolved in 5 1. of 
thiophene-free, dry benzene and to the solution was 
added 0.5 g. of phenyl -a. -naphthylamine to inhibit 
degradation of the polymer. After a sample (150 ml.) 
of the solution of whole polymer had been removed for 
test, fraction A was precipitated by the slow addition of 
methanol, with mechanical stirring, until the solution 
became hazy at 25°. It was then warmed gently until 
it became clear, at about 26-28°. Precipitation of the 
first fraction required 1200 ml. of methanol. The clear, 
warm solution was cooled slowly to 25 ° and maintained 
overnight at constant temperature, during which time 
the precipitated polymer settled out as a very viscous 
liquid containing the high molecular weight polymer in 
solution. The clear, supernatant solution was siphoned 
off and the fraction was washed twice with a benzene- 
methanol mixture of the same concentration as the mix­
ture from which the fraction had precipitated. These 
washings were added to the main solution and the fraction

(5) P3 corresponds to  a Williams plasticity range of 116-121; 
see A. M . Neal and P. Ottenhoff, Ind. Eng. Chem., 86, 653 (1944), 
this corresponds approxim ately to  Mooney 2.

(6) A, M, Collins, U. S, P aten t 2,264,173»
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was dissolved immediately in 200 ml. of thiophene-free, 
dry benzene. A benzene/methanol azeotrope was dis­
tilled from this solution at 30 ° under vacuum until about 
100 ml. had been removed; then another 100 ml. of ben­
zene was added and the distillation was continued until 
the refractive index of the distillate checked that of pure 
benzene. The remaining solution of the fraction in pure 
benzene was used for subsequent measurements.

The above-described procedure was followed for the 
preparation of the first three fractions since it had been 
found that evaporation of these fractions to dryness re­
sulted in the formation of small amounts of gel.7 Re­
maining fractions were coagulated with methanol after 
being washed and were then evaporated to dryness under 
vacuum at room temperature. After approximately half 
of the polymer had been fractionated a single washing 
of each fraction was considered sufficient. Eventually, 
when 28 g. of the neoprene had been precipitated it was 
necessary to concentrate the solution to about 1% solids 
again before proceeding with the final fractionations. 
This was done at 25-30 ° under vacuum with a slow stream 
of nitrogen through a fine capillary tube. Finally, when 
no more material could be precipitated, the remaining 
solution was evaporated to dryness.

An attempt to improve the homogeneity of neoprene 
fractions further by solution and reprecipitation gave 
meaningless results, presumably because of degradative 
changes occurring during the longer time required for the 
additional operations. Consequently the neoprene frac­
tions described here were not reprecipitated. Repeated 
measurements on the whole polymer gave good checks on 
intrinsic viscosity and osmotic pressure. To diminish the 
effects of degradative changes, the fractions were dis­
solved and their molecular weights measured within a 
few days after preparation.

A total of 17 fractions was obtained from the purified 
polychloroprene. The dried fractions were dissolved in 
thiophene-free, dry benzene to make solutions containing 
1 g. of polymer and 0.0050 g. of phenyl-a-naphthylamine 
per 100 ml. of solution. Solids content of each solution 
was accurately determined by evaporation to dryness at

Fig. 1.—ir/c vs. c curves for representative Neoprene Type 
_______ _ GN fractions.

(7) A similar observation was made in the  case of natural rubber 
by G. F. Bloomfield and E. H. Farm er, Trans. Inst. Rubber Ind :, 
16, 69 (1940) j G, Gee and X., R, G, Treloar, ibid,, 1$, 184 (1940),

70° of a 25.00-ml. aliquot (measured at 25.0°) and the 
remaining solution was used for the determination of 
number average molecular weight and intrinsic viscosity. 
To obtain a check on the results a rough fractionation 
was carried out analogously to get 6 different fractions 
which would approach the above in homogeneity.

Osmotic Pressures.—The number average molecular 
weights in benzene solution were measured by means of 
static type osmometers using gel cellophane membranes 
(regenerated cellulose that has not been dried) . The 
osmometers used were similar to those described by Schulz 
and by Wagner8 and the membrane preparation was the 
same as that of Wagner.

For each sample, duplicate determinations were made 
at each of four different concentrations. To minimize the 
error due to thermometer effect, especially with the ben­
zene solutions employed, the temperature was regulated 
within ±0.01°. The capillary correction for benzene 
was measured and since the correction for most solutions 
in organic solvents does not differ much from that of the 
pure solvent, separate measurements were not made for 
each individual solution. The measurements for each 
sample were plotted as ir/c vs. c and extrapolated to zero 
concentration assuming a straight line relationship

which appeared to fit within experimental error in the 
range of concentrations employed, i. e., 0.25-1.50 g. 
per 100 ml. Representative curves are given in Fig. 1.

Intrinsic Viscosity.—Viscosities were measured in ben­
zene solution using an Ubbelohde suspended level viscom­
eter9 modified by substitution of a 50-ml. reservoir for 
the usual 5-10 ml. bulb. Since the operation of the 
suspended level viscometer, unlike that of the Ostwald 
types, is not affected by the volume of liquid in the vis­
cometer, it was possible to make carefully weighed addi­
tions of a 1-2% solution of polymer to solvent in the vis­
cometer. Thus the viscosity at various concentrations 
could be measured without having to clean and refill the 
viscometer before each determination. The viscometer 
dimensions were such that the kinetic energy error was 
only 0.4% in the kinematic viscosity of benzene, having 
an efflux time of 116.4 seconds, and no correction was 
applied.

The dry, thiophene-free benzene used as solvent was 
measured at 25.0° in calibrated pipets and the efflux times 
were determined at the same temperature with a maximum 
fluctuation of =*=0.02°. The efflux times were checked 
within =i=0.2 second. Normally four additions of the 
polymer solution were made, keeping the relative viscosity 
between 1.15 and 1.4.

The concentration of the polymer by weight in 
the master solution was calculated using 1.23 as 
the specific gravity of polychloroprene10 and
0.8735 as the specific gravity of benzene at 25°. 
The concentration of each solution measured was 
calculated in g. per 100 ml. and used to determine 
reduced viscosity, rjsp/c. Using a differencing 
technique11 the four sets of rjsp/c vs. c values were 
fitted to the best straight line for thé equation 
developed by Huggins and others12

^  -  h i  +  * 'f o )*c ( l )

(8) G. V. Schulz, Z. physik. Chem., A176, 317 (1936); R. H . 
Wagner, Ind. Eng. Chem., Anal. Ed., 16, 520 (1944).

(9) L. Ubbelohde, ibid., 9, 85 (1937); G. B. Taylor, T h is Journal, 
69, 635 (1947).

(10) D. A. Wood, N. Bekkedahl and F. L. R oth, Ind. Eng. Chem:, 
34, 1291 (1942).

(11) J. H. Awbery, Phys. Soc. Proc., 41, 384 (1929).
(12) M . L. Huggins, T h is  J ournal , 64, 2716 (1942); Q. V, 

S<shul*5 F, Bl»@ehke, J . prakt. C h e m 3J8, 13Q (1941),
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The intrinsic viscosity was thus obtained as the 
limiting reduced viscosity and simultaneously the 
constant k' was evaluated. The experimental re­
sults are shown graphically in Fig. 2.

0 0.20 0.40 0.60 0.80 1.00
** c in g./100 ml.

Fig. 2.—r)ap/c vs. c curves for Neoprene Type GN fractions.

Results and Discussion
The purified polychloroprene was divided into 

17 fractions, the last one of which gave such erra­
tic osmotic measurements that its molecular 
weight could not be calculated. The total weight 
of fractions isolated from the 49.0 g. of polymer 
fractionated (50.5 g. minus 1.5 g. for a sample of

T a b l e  I
F r a c t io n a t io n  o f  N e o p r e n e  T y p e  GN

Frac­
tion

Weight,
g. % a I n Bc hi kf

Whole (49.0) (100) 114,000 2.14 1.07 0.43
A 3.026 6.5 959,000 1.71 2.88 .92
B 4 .56& 9.8 488,000 1.68 2.38 .65
C 4 .13& 8.9 387,000 1.36 1.65 .62
D 6.33 13.6 322,000 1.61 1.56 .48
E 4.71 10.1 190,000 1.55 1.05 .44
F 3.69 7.9 152,000 1.73 0.93 .37
G 2.56 5.5 127,000 1.70 .80 .30
H 1.92 4.1 121,000 1.90 .82 .47
I 1.65 3.6 103,000 2.05 .69 .44
J 2.27 4.9 100,000 2.29 .62 .45
K 1.65 3.6 86,400 2.05 .56 .43
L 1.75 3 .8 83,000 1.80 .54 .30
M 0.70 1.5 52,000 1.95 .49 .38
N 1.78 3 .8 42,000 1.76 .36 .48
O 2.64 5.7 34,500 2.10 .30 .47
P 2.10 4 .5 20,500 2.31 .20 .40
Q 1.02 2.2 •04(?)

a Per cent, of the total isolated in the fractions. 6 Cal­
culated weight; see procedure* c Slope term of the os* 
motie pressure relationship.

whole polymer) was 46.48 g. There was thus a 
loss of 2.52 g. of polymer during the fractionation. 
On the assumption that this loss had been uni­
formly distributed over all fractions, the total 
weight of the isolated fractions was used in calcu­
lating what per cent, of the whole each fraction 
constituted. The results obtained are given in 
Table I.

Note in Table I that although the number aver­
age molecular weight of the whole polymer was
114,000 there was present a broad range of molecu­
lar species, from 959,000 to less than 20,500 mo­
lecular weight. This range, of course would be 
widened by any degradation which occurred in the 
period of almost four weeks which elapsed between 
the precipitation of fraction A and isolation of the 
final fraction. However, the calculated number 
average of the molecular weights of the individual 
fractions was 105,000 compared with 114,000 for 
the original polymer indicating that degradation 
had not been extensive.

Fig. 3.—Integral molecular weight distribution for Neo­
prene Type GN.

In Fig. 3 is plotted the molecular weight of each 
fraction as a part of the whole polymer and from 
the smoothed curve there is calculated the differ­
ential molecular weight distribution given in Fig.
4. This illustrates very well the broad range of 
molecular weights and shows that the polymer 
species most abundant are those having molecular 
weights of about 100,000. The extension of the

Fig, 4.-—Differential molecular weight distribution for
Neoprene Type GN,
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neoprene distribution curve at the high molecular 
weight end suggests that there is present some sol­
uble branched and/or cross-linked material, since 
it has been shown13 that 10-100 p.p.m. °f a cross- 
linking agent (diisopropenyldiphenyl) in polysty­
rene gave completely soluble polymers but altered 
the shape of the distribution curve and markedly 
increased the length of the high molecular weight 
end as the concentration of cross-linking agent was 
increased from 10 to 100 p.p.m.

Decreasing complexity of the fractions as the 
molecular weight decreases is indicated by the 
highly significant (probability of occurrence by 
chance alone is less than 1 in 100) decrease in è' of 
the viscosity equation (1) from 0.93 for fraction A 
to 0.406 as an average for fractions D to P. This 
constant is said to be a characteristic of any given 
solute-solvent system and is independent of molec­
ular weight.14 From studies in this laboratory it 
appears that k f is larger for complex molecules in a 
given homologous series than for simple, i. e.f linear 
ones. The greater-than-average values of k' for 
fractions A, B, and C indicate that approximately 
25.2% of the neoprene is branched and/or cross- 
linked appreciably more than the major portion of 
the polymer. This corresponds to 5.4% of the 
molecules by number. The major portion of the 
polymer appears to be uniform in structure, at 
least within experimental error.

This increase of k' with polymer chain com­
plexity is indicated also by the work of others. 
For example, Speiser and Whittenberger15 showed 
that k' was higher (1.47) for the branched struc­
ture, amylopectin, than for the unbranched mole­
cule, amylose (k ' = 0.58). Also Morrison,
Holmes and McIntosh16 found that k f of solutions 
of polyvinyl acetate in bis-(2-chloroethyl) ether 
containing small amounts of ferric chloride in­
creased as the viscosity increased and the solution 
gelled, indicating branching and cross-linking re­
actions, but in the presence of air the viscosity de­
creased, indicating chain scission, while kr re­
mained constant. Furthermore, Spurlin, Martin 
and Tennent17 demonstrated that k' is greatest for 
solutions where the solvents are poorest. Simi­
larly, a given liquid would be a poorer solvent for 
cross-linked molecules than for linear molecules of 
the same species. The present investigation has 
shown that k f for polychloroprene solutions is not 
increased by heterogeneity of molecular species,18

(13) I. Valyi, A. G. Janssen and H. M ark, J . Phys. Chem., 49, 
461 (1945). Addition of cross-linking agent does not necessarily 
result in the  theoretical num ber of cross-links; see J. W. Breiten- 
bach, Experientia, 3, 239 (1947).

(14) M. L. Huggins, Ind. Eng. Chem., 35, 980 (1943); T. Alfrey, 
A. Bartovics, and H. M ark, T h is  J ournal , 65, 2319 (1943); M. L. 
Huggins, ibid., 66 , 1991 (1944).

(15) R. Speiser and R. T. W hittenberger, J . Chem. Phys., 13, 349 
(1945).

(16) J. A. Morrison, J. M. Holmes and R. McIntosh, Can. J.. of 
Res., 24, 179 (1946).

(17) H. M. Spurlin, A. F. M artin  and H. G. Tennent, / .  Polymer 
Sci., 1, 63 (1946).

(18) W. E . Davis, T h is  J ou r n a l , 69, 1453 (1947), reports similar 
results for cellulose nitrate.

as was reported for polystyrene in toluene.19 The 
whole polymer had a lower k f than several of the 
fractions and k' was not raised by mixing two frac­
tions together, e. g., two fractions having respec­
tive [77] and k' values of 1.56-0.60 and 0.60-0.40, 
when mixed in approximately equal parts gave 
[77] = 0.99 and k ' = 0.43. Unfortunately the 
error in k r, particularly at low intrinsic viscosity, is 
frequently quite large, depending in calculation as 
it does upon the square of the intrinsic viscosity.

The same change in complexity of the fractions 
is suggested by the change in the slope term B of 
the osmotic pressure relationship20

x RT  ö u v RTdx f 7 = —  + Be, where 3  = ^ ( 0 . 5 -

c is the solute concentration, M x and M% are the 
molecular weights and d\ and d2 the densities of 
the solvent and solute, respectively. The con­
stant y, which depends upon the entropy and heat 
of mixing for each solvent-solute combination, ap­
proaches the value 0.5 for poor solvents, causing 
B to approach zero. Thus the somewhat lower 
values of B for early fractions indicate poorer solu­
tions as would be expected if there were present 
branched and/or cross-linked polymers, but it is 
recognized that the variations in B may be in­
fluenced also by the different molecular weights of 
the fractions. #

The intrinsic viscosities of Neoprene Type GN 
fractions ranged from 2.88 to 0.20 as noted in 
Table I. The calculated weight average of the 
individual values was 1.18 which is not as close to 
the observed value, 1.07, for the whole polymer as 
would be desired. There is apparently an error in 
the value for fraction G or H since the viscosity 
would be expected to decrease in going from G to
H. The discrepancies, however, are not large 
enough to nullify the general conclusions drawn in 
this paper.

The intrinsic viscosity is a measure of the vis­
cosity average molecular weight, which ap­
proaches the weight average value fairly closely 
for most polymers, whereas the osmotic pressure 
determination measures the number average mo­
lecular weight. These relationships can be indi­
cated as follows21

, 2NMnumber average: Mn =  -- ATSiV
— /T N M a+1\ 1̂ aviscosity average: ikfv =  ( s N M ~)

■ . „ — s  n m 2weight average: Mw =  ^  -

Of course, if a polymer is homogeneous, i . e.f all 
molecules are of the same size, these averages all 
reduce to the same value. Consequently by as­
suming that the neoprene fractions were reason­
ably homogeneous it was possible to calibrate the

(19) R. S. Spencer and R. F. Boyer, Polymer Bull., 1, 129 (1945).
(20) M . L. Huggins, T h is  J ournal , 64, 1712 (1942); P. J . F lo ry , 

J .  Chem. Phys., 10, 51 (1942).
(21) P. J, Flory, T h is  J o u r n a l , 66 , 380 (1943).
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viscosity-molecular weight relationship against 
the osmotic pressure determinations. The only 
check on homogeneity of the neoprene fractions 
was obtained on a fraction from a later, similar, 
careful fractionation, where the osmotic molecular 
weights ( M f )  of 186,000 and 190,000 in duplicate 
determinations, were, within experimental error, 
the same as those ( M w) } 192,000 and 193,000, ob­
tained by light scattering. The excellence of this 
agreement was probably fortuitous but the results 
demonstrate that the fraction was essentially 
homogeneous.

Fig. 5.—Log M n vs . log [77] for Neoprene Type GN frac­
tions.

The values of M n and [77] for fractions A to P are 
plotted on a log-log scale in Fig. 5. The calcu­
lated best straight line is seen to account fairly 
well for the majority of the experimental points. 
The equation of this line is log M  = 5.2466 +
1.367 log [77] or M  = 1.76 X 1 0 5 [7 7 ] 37 which can 
be rearranged into the usual form: [77] — K M a 
wherein = 1.46 X 10 “ 4 and <2 — 0.73. A dupli­
cate fractionation of only six fractions gave the 
equation [77] = 1.26 X 10~ 4 Af0*75. This expres­
sion confirms the one above within experimental 
error but is less accurate because of the fewer frac­
tions and consequent lower homogeneity of the 
fractions. I t is of interest to note that the expo­
nent ‘V ’ has a higher value than the 0.66 re­
ported for GR-S* 22 and the 0.67 reported for natural 
rubber, 23 indicating that polychloroprene chains 
are somewhat stiff er than those of GR-S or rubber.

Using the data of Table I the weight average 
and viscosity average molecular weights can be 
calculated by the above formulas

M y  =  257,000
____  M v  =  233,000
(22) D. M. French and R. H. Ew art, A n a l .  C h e m 19, 165 (1947).
(23) W. C. Carter, R. L. Scott and M, Magaf. T his J o u r n a l , 88,

1480 (1946).

The ratio M v / M w = 0.91 indicates that the vis­
cosity average approaches the weight average 
reasonably closely. From M w/ M n =  2.25 the 
Lansing and Kraemer24 non-uniformity coefficient 
was obtained: 0  = 1.27. This value shows that 
Neoprene Type GN is less homogeneous than sol 
natural rubber ( 0  = 0.7) 25 but is more homogene­
ous than GR-S as indicated by 0  = 1.60, calcu­
lated from the data of French and Ewart. 22

A comparison of distribution curves calculated 
from the non-uniformity coefficients by means of 
the logarithmic function of Lansing and Kraemer24 
is given in Fig. 6 .26 The neoprene molecular

M olecular weight, M  X 10 5.
Fig. 6.— Comparison of molecular weight d istribution 

curves for Neoprene Type GN, natural rubber sol and a 
peptized n a tu ra l rubber.

weight distribution curve is unlike that of sol nat­
ural rubber both in shape and in the molecular 
weights of the most abundant species, which un­
doubtedly accounts for some of the differences in 
physical properties of these rubbers. Natural 
rubber sol appears to have a somewhat narrower 
distribution of molecular weights and a more 
nearly symmetrical curve with a broad maximum 
at M  = 2-300,000. Note, however, that natural 
rubber peptized with phenylhydrazine26 exhibits a 
distribution curve which in shape is more like that 
of Neoprene Type GN although it does not extend 
to as high molecular weight as the latter. From 
the data available it would appear that the dis­
tribution curve for GR-S is similar to that of Neo­
prene Type GN in shape but that the peak occurs 
at somewhat lower molecular weight.

I t  is to be noted that the experimental distribu­
tion curve for neoprene exhibits a positive skew­
ness and is fairly well represented by the normal 
logarithmic distribution of Lansing and Kraemer

(24) W. D. Lansing and E. O. Kraemer, ibid., 57, 1369 
. (1935).

(25) E. O. Kraem er and J. B. Nichols in T. Svedberg and K. O. 
Pedersen, “ The U ltracentrifuge,” Oxford Press, 1940, p. 353. A 
value of /3 =  1.0 is reported here for an early experimental sample of 
polychloroprene.

(26) Similarly calculated distribution curves based on u ltra ­
centrifuge measurements made in this laboratory for GR-S sol ru b ­
ber, low viscosity (peptized) rubber and an early, experimental 
sample of neoprene before and after peptization have been published; 
E. O. K raem er and J. B. Nichols, ib id . , p. 423; L, B. Sebrell, I n d , 
Eng. Chem.,  35, 736 (1943).



2190 A l e x a n d e r  R .  S u r r e y Vol. 70

(see Fig. 4). Attempts to apply a two parameter 
distribution function27 of the Schulz type to these 
data have not given particularly consistent results. 
The Lansing-Kraemer logarithmic distribution is 
considered a better representation of the data for 
Neoprene Type GN within the experimental errors 
of fractionations and molecular weight deter- 
minations.

Acknowledgment.—The authors gratefully 
acknowledge the helpfulness of preliminary 
experiments on the fractionation of neoprene 
carried out in this laboratory by Dr. S. L. Scott, 
now of the Service Department of the du Pont 
Company. Acknowledgments likewise are made 
to Dr. F. T. Wall and Dr. H. Mark for many 
helpful discussions during the course of this re­
search and to Miss B. L. Price for her assistance 
in the osmotic pressure measurements.

Summary
Polychloroprene rubber, Neoprene Type GN, 

has been fractionated by partial precipitation from
(27) G. V. Schulz, Z. ph ys ik .  Chem.,  B43, 25 (1939); R. F. 

Boyer, In d .  Eng.  Chem., A n a l .  E d . ,  18, 342 (1946); I. Jullander, J . 
P o lym e r  Sci. ,  2, 329 (1947).

dilute solution in benzene and the fractions ex­
amined both osmotically and viscometrically in 
benzene solutions.

The molecular weight distribution curve for 
Neoprene Type GN based on osmotic pressure 
measurements shows a pronounced maximum at
1 0 0 , 0 0 0  but has a long extension to molecular 
weights of over one million, indicating the pres­
ence of branched or cross-linked material which is 
still soluble. The uniformity is somewhat less 
than that of sol natural rubber, while in shape the 
neoprene distribution curve resembles more closely 
that of a peptized natural rubber than fresh sol 
rubber.

Observed variations in the slopes of the tt/ c v s . 
c and the rjsp /c  vs• c curves also indicate the pres­
ence in solution of complex, branched and/or 
cross-linked molecules.

Calibration of the intrinsic viscosity-molecular 
weight relationship by osmotic pressure measure­
ments gave good agreement with the equation 
[77] = K M ay where K  — 1.46 X 10 ~ 4 and a  =
0.73.
W il m in g t o n , D e l a w a r e  R e c e iv e d  F e b r u a r y  12 , 1 9 4 8

[C o n t r ib u t io n  f r o m  t h e  S t e r l in g - W in t h r o p  R e s e a r c h  I n s t it u t e ]

Basic Esters and Amides of 4-Quinolylmercaptoacetic Acid Derivatives
B y A l e x a n d e r  R . S u r r e y

The present investigation was undertaken to 
synthesize 4-quinolyloxy-, 4-quinolylamino- and
4-quinolylmercaptoacetic acid derivatives to make 
them available for pharmacological study.

I t  was observed that, in alcohol solution, 4,7-di- 
chloroquinoline1 reacts with thiourea to yield a 
thiouronium salt which on treatment with sodium 
carbonate gives 7-chloro-4-quinolinethiol (I) and 
a small amount of 7,7'-dichloro-4,4'-diquinolyl- 
sulfide. The thiol (I) reacts with chloroacetic acid

SH
ClCH2COOH

ci//U ~ *
I

OH

Cl(
c ic h 2c o o h  ------------------^

III

s—c h 2c o o h

II
o

c h 2c o o h
IV

to give (7-chloro-4-quinolyl)-mercaptoacetic acid
(II). The fact that compound II was also ob­
tained by the reaction of 4,7-dichloroquinoline 
with mercaptoacetic acid indicates that the struc­
ture of II must be correct.

The behavior of the thiol, I, with chloroacetic 
acid is strikingly different from that of the corre­
sponding 4-hydroxyquinoline, III. The reaction 
of III with chloroacetic acid yields only the 4- 
keto-l(4)-quinolineacetic acid IV. Similarly, 
when ethyl chloroacetate was allowed to react with
4-amino-7-chloroquinoline, ethyl 7-chloro-4-imino- 
l(4)-quinolineacetate (V) was obtained. The 
formation of IV and V is not unexpected when one 
considers the known behavior of similar com­
pounds on treatment with alkyl iodide. 2 Hy­
drolysis of V with 5% sodium hydroxide solution 
gives the quinolone IV. Both V and the ethyl 
ester prepared from IV are high melting solids, in­
soluble in the usual organic solvents. A compari­
son of the ultraviolet absorption spectra of IV with 
the mercaptoacetic acid, II, is shown in Fig. I . 3

Inasmuch as the 4-amino- and 4-hydroxyquino- 
lines did not give the desired intermediates, the 
present work was confined mainly to the 4- 
quinolylmercaptoacetic acid derivatives. The 
acids (Table I) were prepared from the correspond­
ing 4-chloroquinoline by treatment with mercapto­
acetic acid. The basic esters were prepared by 
ester interchange. Accordingly, the appropriate 
methyl ester (Table I) was refluxed in Skellysolve

(2) F. W. Bergstrom, Chem. Rev ., 35, 133, 135, 177 (1944).
(3) The absorption spectra were determined in these laboratories 

under the direction of Dr. G. W. Ewing, present address Union 
College, Schenectady, N. Y.(1) Surrey and H am m er, T his Journal , 68, 113 (1946).
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T a b l e  I
SCH2COOH SCH2COOCH3

Yield, Nitrogen, % N itrogen, %
X Y % M. p., °C. Calcd. Found M. p., °C. Calcd. Found

7-C1 H 90 228-229 253.5° 254.1 99.5-100.5 5.23 5.13
5-C1 H 67 2 2 1 - 2 2 2 5.52 5.49 102.5-103.5 5.23 5.02
6-OCHs H 50 236-237 5.62 5.65 82.5-83.5 5.31 5.35
H H 63 233-234 6.39 6.28 192-193& 5.19 5.27
7-C1 2 -CH3c 50 229-230 S, 11.96 12.08 105-106 4.97 4.97
7-C1 3-CHsd 63 186-188 5.23 5.18 77-78 4.97 4.97
5-C1 3-CH3d 61 189-190 5.23 5.12
8-OCH3 3-CH3e 28 178-180 5.31 5 .12 81.5-82 . 5.05 5.04
6-OCH3 3 - C H / 76 189-191 5.31 5.29 57-58 5.05 5,05
H 3-C H / 89 179-181 6 .0 1 5.98 62-63 5.67 5.65
8-CH3 3-CH8® 78 170-172 5.67 5.67 55-56 5.36 5.34
8-OC2H5 3-CH/ 52 198-199 5.05 4.97 81-82 4.81 4.88
6-Br 3-CH3-̂ 56 197-199 4.49 4.35 76-77 4.30 ^4.28
7 -0 3-Br 58 202-204 4.21 4.03 78-79 5.05 5.05
* Neutral equivalent. b Hydrochloride. c For the corresponding 4-chloro compound see Steek, Hallock, Holland and 

Fletcher, T h is  J o u r n a l , 70, 1012 (1948). d For the corresponding 4-chloro compound see Steek, Hallock and Holland, 
ib id ., 68 , 380 (1946). * Page 132. '  Page 129.

E with an aminoalcohol or a primary tertiary 
amine, removing the methanol continuously as it 
formed to yield the basic ester (Table II) or basic 
amide (Table III). In one instance, the basic 
ester, diethylaminoethyl- (5-chloro-4-quinolyl) -
mercaptoacetate, was prepared by heating the cor­
responding acid with l-chloro-2 -diethylamino- 
ethane . 4

Experimental5 6
7-Chloro-4-keto-l(4)-quinolineacetic Acid.— A mixture 

of 11 g. of 7-chloro-4-hydroxyquinoline, 5.8 g. of chloro­
acetic acid and 5.4 g. of sodium hydroxide in 32 cc. of 
water, was heated to dryness in a beaker over a free flame. 
The solid residue was dissolved in water, filtered hot with 
charcoal and the filtrate acidified with acetic acid. The 
separated solid was purified by dissolving in bicarbonate 
solution, filtering from any insoluble material, and acidify­
ing the filtrate with acetic acid. The yield was 7 g. of 
a product that melted at 268-269°.

A n a l.  Calcd. for ChH 8C1N03: neut. equiv., 237.6.
Found: neut. equiv., 237.7.

The ethyl ester was prepared by refluxing 2 g. of the 
acid in 50 cc. of absolute ethanol containing 2.5 cc. of 
concentrated sulfuric acid for three hours. It was re­
crystallized from a large volume of ethanol, m. p. 194- 
195°.

A n a l.  Calcd. for C i3Hi2C1N03: N, 5.27. Found: N, 
5.46.

Ethyl 7-Chloro-4-imino-l (4) -quinolineacetate.6— A mix­
ture of 5.4 g. of 4-amino-7-chloroquinoline and 4 g. of 
ethyl chloroacetate in 1 1  cc. of pyridine was heated on the 
steam-bath for five minutes, cooled and diluted with 
water. The product which separated was recrystallized 
from 100 cc. of ethanol; yield, 3 g., m. p. 265-266° 
(immersed at 240 °) .

A n a l.  Calcd. for C i3H13C1N20 2: N, 10.58. Found:
N, 10.37.

Hydrolysis with 5%  sodium hydroxide solution gave
7-chloro-4-keto-l (4)-quinolineacetic acid.

(4) Horenstein and Pahlicke, Ber., 71, 1644 (1938).
(5) All melting points are uncorrected.
(6) Frepared in this laboratory by M r. Henry F. Hammer, present 

address Rensselaer Polytechnic Institu te , Troy, New York.

X X 10""2 mjx.
Fig. 1.— Ultraviolet absorption curves: — , compound IV ; 

----- , compound II.

7-Chloro-4-quinolinethiol (I) .— Thiourea (7.6 g.) was 
added to a warm solution of 19.8 g. of 4,7-dichloroquino- 
line in 200 cc. of absolute alcohol. After shaking for a 
few minutes the entire contents of the flask solidified. 
The white solid was filtered off, dissolved in water and the 
solution made alkaline with sodium carbonate. The 
yellow-orange solid which separated was filtered off and 
dissolved in dilute sodium hydroxide solution. A  small 
amount of insoluble material was obtained which was 
recrystallized from pyridine, m . p . 166-167 °. I t  analyzed 
for 7,7'-dichloro-4,4'-diquinolylsulfide.

A n a l .  Calcd. for CisH ^CLN ^: S, 8.96. Found:
S, 8.90.

The alkaline solution was acidified with acetic acid to
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T a b l e  I I

SCH2COOCH2CH,R

X  R
H N (C2H5)2

6-C1 N (CH s)2

5-C1 N (C 2H6)2

5-C1 n A U )

5-C1 \ A T ) o

6 - OCH5 N(C2H6)2

7- C1 N(CH 3)2

7-C1 N (C2H5)2

\ / W

Yield,
%

M. p.,
°C.

-’Analyses, % -
Nitrogen Chlorine®

Calcd. Found Calcd. Found

H y d r o c h l o r id e s  X — -

Recryst. solvent
Isopropanol 
Methanol-ethyl acetate 
Ethanol

Ethanol

Methanol—acetone

Isopropanol 
Ethanol 
Ethanol

Ethanol

Methanol—ethyl acetate

71 154-155 7 . 1 6 6

37 180-181 7.76
84 199-201 7.20

50 179-180 6.406

42 214r-215 6.37*

55 154-155 7.28
36 170-172 7.76
60 145-146 7.20

70 165-166 6.98

21 199-201 6.376

6.97 18.16 18.18
7.80 9.83 9.60
7.14 9.14 8.88

6.69 16.23 15.90

6.40 16.15 15.81

7.20 9.23 9.19
7.50 9.83 9.72
7.19 9.14 8.85

6.72 8.85 8.80

6.37 16.15 15.84

a Ionic chlorine. 6 Dihydrochloride.

T a b l e  III
S C H 2C O N H C H 2C H 2N (C 2H5)2

V W
-Hydrochlorides 
Analyses, %

Nitrogen, % a Sulfur Chlorine6
X Y M. p., °C. Calcd. Found M. p., °C. Calcd. Found Calcd. Found

7-C1 H 98-99 11.95 12.24 130-131 N, 11.03 10.83 9.15 9.24
5-Cl H 87-88 7.97 7.95 131-133.5 8.25 8.09 9.15 9.16
6 -OCH3 H 54-55 8.06 8 .0 2 159-160 8.34 8.40 9.26 9.43
H H 61-62 8.83 8.77 114-115 9.05 9.06 10.04 1 0 .0 0

7-C1 2-CH3 108.5-109.5 7.66 7.65 127-128 7.96 7.85 N, 10.43 10.24
7-C1 3-CH3 162-163 7.96 7.77 8.83 8.59
S-OCH3 3-CHs 102.5-103.5 7.76 7.65 138-139 8.05 8 .2 0 8.93 8.75
6 -OCH 3 3-CH3 78-79 7.76 7.72 137-138 8.05 8.09 8.93 8 .6 8

H 3-CH3 130-131 8.71 8.65 9.66 9.56
8 -CH 3 3-CH3 85-87 8 . 1 2 8.06 114-116 8.41 8.32 N, 11.01 10.82
8 -OC2H5 3-CHs 94-95 7 . 4 7 7.41 130-131 7.78 7.78 8.63 8.54
6 -Br 3-CHs 166-168 7 .17 7.06 7.95 7.88
7-C1 3-Br 130-131 9 . 7 5 9.72 165-168 6.85 6.92 N, 8.99 8.83

a Titration of basic nitrogen by the Toennies and Callan method//. B io l. Chem ., 125, 259 (1938)). 6 Ionic chlorine.

give the yellow thiol which was recrystallized from acetic 
acid; yield, 12.5 g., m. p. 196-197°.

A n a l .  Calcd. for C 9H5CINS: N, 7.16. Found: N, 
6.96.

7-Chloro-4-quinolylmercaptoacetic Acid. Procedure A.
— A- mixture of 7-chloro-4-quinolinethiol, chloroacetic 
acid and sodium hydroxide was treated in the same manner 
as for the 4-hydroxy compound above. The yield was 
almost quantitative. The acid was purified by solution 
in 10% sodium carbonate solution followed by precipita­
tion with acetic acid.

Procedure B .— A pyridine solution of 19.8 g. of 4,7- 
dichloroquinoline and 11 g. of thioglycolic acid was re­
fluxed for three hours, sodium hydroxide added and the 
pyridine removed by steam distillation. The alkaline 
solution was treated with acetic acid, the separated solid 
was heated on the steam-bath with ethanol, and further 
purified as above; yield 8.5 g. A  mixed melting point 
determination with the acid prepared above showed no 
depression. Similarly, the methyl esters prepared from 
both acids were identical.

Procedure C.— The following method was used for the 
acids described in Table I. Three hundred grams of 4,7- 
dichloroquinoline, 147 g. of thioglycolic acid and 256 cc. 
of ..35% sodium hydroxide solution in 1.7 liters of absolute 
ethanol was refluxed with stirring for one hour. The 
sodium salt of the acid which separated was filtered off, 
dissolved in water and purified as above. Where the so­
dium salt failed to separate, refluxing was continued for 
eight to sixteen hours, the alcohol removed by distillation 
and the residue dissolved in water and purified as above.

Methyl 7-Chloro-4-quinolylmercaptoacetate.— The 
methyl esters described in Table I were prepared by reflux­
ing the acids in methanol containing coned, sulfuric acid. 
The above ester was also prepared from the acid chloride. 
Five grams of 7-chloro-4-quinolylmercaptoacetic acid 
and 3.4 g. of phosphorus pentachloride in 100 cc. of dry 
benzene was refluxed with stirring for one hour. After 
distilling off the solvent, the residue was refluxed for one 
hour with methanol. The residue, after removing most 
of the methanol, was dissolved in water and the solution 
treated with sodium carbonate solution. The methyl
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ester which separated was filtered off and recrystallized 
from Skellysolve C; yield 2 .5 g .,m .p . 98-100°.

The ethyl ester, after recrystallization from Skelly­
solve B, melted at 60-61°.

A n a l. Calcd. for C i3H12C1N02S: N, 4.97. Found:
N, 4.82.

The amide was prepared from the methyl ester with 
alcoholic ammonia at room temperature. After recrystal­
lization from acetic acid and then ethanol it melted at 
213-214°.

A n a l. Calcd. for CnH9ClN2OS: N, 11.09. Found:
N, 11.04.

a -(7-Chloro-4-quinolyl) -mercaptopropionic Acid.— The
acid was prepared from ethyl a-bromopropionate and 7- 
chloroquinolinethiol (I) by refluxing in dilute sodium 
hydroxide solution; yield 83%. After recrystallization 
from ethanol, the acid melted at 202-204°.

A n a l. Calcd. for C i2H10C1NO2S: N, 5.23; neut.
equiv., 267.5. Found: N , 4.95; neut. equiv., 265.1.

The methyl ester hydrochloride was recrystallized 
from isopropanol, m. p. 167-168°.

A n a l. Calcd. for C13H13C12N 02S : N, 4.40; C D ,
11.17. Found: N, 4.14; C l" , 10.84.

/3-(7-Chloro-4-quinolyl)-mercaptopropionic Acid.— Pre­
pared from (3-chloropropionic acid and I; yield 52%, 
m. p. 212-214°.

A n a l. Calcd. for C i2H10C1NO2S : N , 5.23; neut.
equiv., 267.5. Found: N, 5.24; neut. equiv., 261.5.

The methyl ester after recrystallization from Skelly­
solve B, melted at 84.5-86°.

A n a l. Calcd. for C i3Hi2C1N02S: N, 4.97. Found:
N, 4.69.

Ethyl (5-Chloro-4-quinolyl) -mercaptoacetate.— Pre­
pared from the corresponding acid, m. p., 40-41°, from 
Skellysolve A.

A n a l. Calcd. for C i3H12C1N02S : N, 4.97. Found:
N, 4.97.

The amide, recrystallized from ethanol, melted at 
226-228°.

A n a l. Calcd. for C hH 9C1N2OS: N, 11.09. Found:
N, 11.06.

(3 -Diethylamino ethyl a - (7 -Chloro -4 -quinolyl) -mercapto - 
propionate Dihydrochloride.— The procedure described 
below is the general method used for the preparation of 
the basic esters described in Table II.

A mixture of one mole of methyl a-(7-chloro-4-quinolyl) - 
mercaptopropionate and four moles of diethylaminoethanol 
in Skellysolve E was refluxed with a water separator for 
about six to twelve hours or until no more methanol 
separated. The rate of reflux was maintained at 
such a rate that practically no Skellysolve E was collected 
along with the methanol. In most cases the theoretical 
amount of methanol was collected.

The Skellysolve was distilled under reduced pressure 
and the crude residue was dissolved in ether and washed 
thoroughly with water. After removing the ether by

distillation the residue (60-95% yields) was dissolved 
in ten volumes of acetone, filtered with charcoal, and to the 
filtrate was added a slight excess of alcoholic hydrogen 
chloride. If necessary ether was added to precipitate 
the hydrochloride. The product was recrystallized from 
ethanol, yield 45% , in. p. 199-201°.

A n a l.  Calcd. for C18H23C1N20 2S-2HC1: N, 6.37; C D ,
16.16. Found: N, 6.05; C D , 15.92.

0-Diethylaminoethyl /3- (7-chloro-4-quinolyl) -mercap­
topropionate recrystallized from a mixture of isopropanol 
and acetone, m. p. 175-176.5°.

A n a l.  Calcd. for C i8H23C1N20 2S-2HC1: N, 6.37; Cl~,
16.16. Found: N, 6.20; C D , 15.94.

7  -Diethylaminopropyl 7 -chlor o-4-quinolylmer cap to ace­
tate recrystallized from isopropanol, yield 60%, m. p.
157.5-158.5°.

A n a l.  Calcd. for C18H23C1N20 2S-HC1: N, 6.95; C D , 
8.81. Found: N, 6.87; C D , 8.78.

/3-Diethylaminoethyl (5-Chloro-4-quinolyl) -mercapto­
acetate Hydrochloride.— To a hot suspension of 12.7 
g. of 5-chloro-4-quinolylmercaptoacetic acid in 60 ml. 
of dry isopropanol was added 6.8 g. of 2-chloro-l-diethyl - 
aminoethane. After stirring for fifteen minutes a clear 
solution was obtained. After twenty minutes the contents 
of the flask solidified, crude yield, 16.5 g., m. p. 177- 
188°. The product was purified by several recrystalliza­
tions from ethanol.

N-2-Diethylaminoethyl 4-Quinolylacetamides (Table 
III).— The general procedure for the preparation of the 
basic amides is essentially the same as for the basic esters 
described above. The appropriate methyl ester (0.1 
mole) was refluxed with 0.2 mole of N,N-diethylethylene- 
diamine in 200 cc. of Skellysolve E for about eight 
hours or until no more methanol was collected. In most 
instances, a solid product was obtained after removal of 
the solvent under reduced pressure. These amides could 
be recrystallized from one of the Skellysolve fractions. 
The hydrochlorides were prepared in the usual manner.

Acknowledgment.—The author wishes to ac­
knowledge the technical assistance of Miss Marcia 
Rukwid. The analyses reported were per­
formed by the analytical staff of this Institute.

Summary
The reaction of 7-chloro-4-hy droxy quinoline or

4-amino-7-chloroquinoline with chloroacetic acid 
or ethyl chloroacetate results in the formation of
1-quinolineacetic acid derivatives. Under similar 
conditions, 7-chloro-4-quinolinethiol yields the 
corresponding 4-quinolylmercaptoacetic acid.

The preparation of several 4-quinolylmercapto­
acetic and propionic acid derivatives is reported.
R e n s s e l a e r , N e w  Y o r k  R e c e iv e d  F e b r u a r y  3, 1948
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[Contribution  from  the E astern  R egional R esearch  Laboratory1]

Allyl Ethers of Carbohydrates. VI. Polymerization of Allyl Ethers
B y  A .  N . W r i g l e y  a n d  E . Y a n o v s k y

The second paper of this series2 presented data 
on the gelation time for a number of allyl ethers of 
polyhydroxy compounds. A rather guarded opin­
ion was expressed regarding the relation between 
the number of allyl groups in the molecule and the 
gelation time of the ether, but more direct evi­
dence on this subject was desirable. Experiments 
with mannitol of different degrees of allylation 
show clearly the difference in the rate of polymeri­
zation of these compounds. Another point of in­
terest is the relation between the configuration 
and the polymerization rate of isomeric com­
pounds. In the article cited, the gelation time of 
two such compounds—hexaallylmannitol ( 2 2 0  
minutes) and hexaallylsorbitol (240 minutes)— 
seemed to be identical within experimental error. 
Similar results were obtained for another pair of 
isomeric compounds, allyl tetraallyl-a-D-glucoside 
(274 minutes) and allyl tetraallyl-ct-D-galactoside 
(283 minutes) . 3 I t seemed desirable, however, to 
verify this point with a larger number of com­
pounds. Accordingly, besides some of those pre­
viously reported, a number of new compounds 
were made, such as allylated derivatives of eryth- 
ritol, xylitol, arabitol, dulcitol, talitol and iditol, 4 

and their gelation time and the rate of oxygen ab­
sorption were measured. And finally some theo­
retical considerations regarding the polymerization 
of allyl ethers are presented.

To study the gelation of allyl-D-mannitol of 
different degrees of allylation, hexaallyl-D-manni- 
tol was prepared as described previously.2 Ap­
proximately tetraallyl-D-mannitol was prepared 
essentially by the same method but with less con­
centrated alkali, and 3,4-diallyl-D-mannitol was 
made by allylating 1,2:5,6-diisopropylidene-D- 
mannitol, and removing the isopropylidene groups 
by hydrolysis with dilute hydrochloric acid. Di- 
ally Imannitol is a crystalline compound.5 The 
gelation time for the three compounds was deter-

(1) One of the laboratories of the Bureau of Agriculture and Indus­
tria l Chemistry, Agricultural Research Administration, United 
S tates D epartm ent of Agriculture. Article not copyrighted.

(2) Nichols and Yanovsky, T h is  J o u r n a l , 67, 46 (1945).
(3) Talley, Vale and Yanovsky, i b i d . ,  67, 2037 (1945).
(4) Our thanks are due to Prof. C. S. Hudson and Dr. R. M. H ann 

of the National Institu te  of H ealth for samples of talitol, iditol, 
xylitol and arabitol, and to Prof. M. L. Wolfrom of Ohio State 
University for a sample of xylitol.

(5) Incidental to the preparation of diallylmannitol, some mono- 
allyl-D-mannitol was obtained, which from the method of preparation 
was judged to be 3-allyl-D-mannitol. M alaprade’s reaction ( B u l l ,  
soc. chim., [4] 43, 683 (1928); [5] 4, 906 (1937)), was used to confirm 
the position of the substituent. A water solution of 0.5556 g. of the 
monoallylmannitol was treated  with 20 ml. of 0.4070 M  aqueous 
sodium m etaperiodate and diluted to 50 ml. After three hours, 5 
ml. and 20 ml. aliquots were titra ted  for periodate and formic acid, 
respectively. For each mole of monoallylmannitol, 3.24 moles of 
periodate were consumed and 1.12 moles of formic acid formed. 
Somewhat higher results than  expected theoretically are due to a 
reaction between the periodate and the  allyl group.

mined a t 1 2 0 u (above the melting point of diallyl­
mannitol), with oxygen bubbling through at the 
rate of 7.5 liters per hour. The gelation time was 
95 minutes* for hexaallylmannito], 165 minutes for 
the tetraallyl compound, and 425 minutes for the 
disubstituted mannitol. This clearly shows that 
increase in the degree of allylation (for the same 
compound) reduces the time of gelation.

The rate of oxygen absorption and the gelation 
time of various completely allylated sugar alcohols 
a t 80° are given in Table I. All the figures in the 
table represent an average of two or more well 
agreeing results. I t  will be observed that with the 
increase of the chain from 3 to 6  carbons the gela­
tion time decreased from 974 minutes for allyl 
glycerol to 900 for erythritol, to 602 for pentitols, 
and to 502 for the hexitols.

T able  I
G elation T ime and  Ox yg en  Absorption of Allyl 

E thers at 80°

Compound
Triallylglycerol
Tetraallylerythritol
Pentaallylxylitol
Pentaallyl-D-arabitol
Hexaallyl-D-mannitol
Hexaallyl-D-sorbitol
Hexaallyldulcitol
Hexaallyl-D-talitol
Hexaallyl-L-iditol

Gelation time

Oxygen 
absorption 

(micrograms 
per gram 

per minute)
974 158
900 83
504 92
700 91
466 77
474 74
565 77

85
. . . 81

On the other hand, the rate of oxygen absorption 
decreased gradually (with the exception of erythri­
tol) from 158 micrograms per gram per minute for 
glycerol to 92 for pentitols and 79 for hexitols. I t 
is not clear a t present why allylxylitol gels faster 
than allylarabitol or why allyldulcitol gels more 
slowly than either allylsorbitol or allylmannitol.

In a previous paper2 Nichols and Yanovsky pro­
posed a scheme based on the hydroperoxide theory 
of Criegee, Pilz and Flygare and of Farmer and 
Sundralingam to explain the oxidative polymeri­
zation of allyl ethers. I t  explained satisfactorily 
the presence of peroxide, epoxide6 and acrolein 
during oxidation of allyl ethers. In addition to 
these products, water appears during the process 
of gelation. Thus in one experiment 200 g. of 
hexallylmannitol was heated at 80°, while oxygen 
was passed through the liquid. The outgoing 
oxygen was led through two traps immersed in 
solid carbon dioxide-chloroform-carbon tetrachlo­
ride mixture. About 4.4 g. of liquid was collected

(6) Nichols, Wrigley and Yanvosky, T his Journal, 68, 2020
(1946).



T a b l e  II
P h y s ic a l  a n d  A n a l y t ic a l  D a t a  f o r  A l l y l  E t h e r s

Yield,
% of Molecular
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Compound
/V
theo­

retical
Boiling point 

°C. Mm. Formula n20D d*>i
refraction 

Calcd. Found
Allyl, % 

Calcd. Found
Carbon, % 

Calcd. Found
Hydrogen, % 

Calcd. Found
Tetraallylerythri-

tol 57 102-104 0.01 C16H26O4 1.4590 0.9555 80.79 80.79 58.2 58.2 68.1 68.1 9 .3 9.1
Pentaallylxylitol 65 125-127 .01 C20H32O5 1.4667 .9728 100.44 100.48 58.3 57.7 68.2 68.2 9 .2 9 .2
Pentaallyl-D-

arabitol® 65 129-131 .01 C20H32O5 1.4662 .9756 100.44 100.10 58.3 58.3 68.2 68.1 9 .2 9.1
Hexaallyldulcitol 60 128-130 .01 C24H38O6 1.4715 .9892 120.09 119.50 58.3 57.8 68.2 68.3 9.1 9 .2
Hexaallyl-D-talitöl 48 113-115 .01 C24H38O6 1.4695 .9810 120.09 120.06 58.3 58.1 68.2 68.4 9.1 8 .9
Hexaallyl-L-iditol5 55 130-133 .01 C24H38O6 1.4705 .9831 120.09 120.03 58.3 58.0 68.2 68.4 9 .1 9.1

® [q:]25d of an 8% solution in absolute alcohol, —3.5° . 6 [«] 25p of an 8% solution on absolute alcohol, +3.0°.

in the traps. The analysis showed that the liquid 
had about 60% acrolein and about 30% water. 
Clover7 found that hydroperoxides of ethers can 
break down, with the formation of an ester and 
water. In the case of ethyl benzyl ether hydro­
peroxide, the principal decomposition product was 
ethyl benzoate. I t  is evident that if a similar re­
action takes place in allyl ethers, it will proceed 
according to the equation 

OOH

R—O—CH—C H = C H 2  >- H 20  +  CH2= C H —COOR
In other words, formation of acrylic ester might be 
expected.

This hypothesis was put to a test. Allylmanni- 
tol (113 g.) was heated at 80° while oxygen was 
passed through the liquid. The process was 
stopped at about three-quarters of the way to gela­
tion. Determination of ester equivalent gave the 
figure 764, corresponding to 9.3% acrylate, or 
about 0 . 5  acrylate group per mole of the original 
allylmannitol. An attem pt to identify the acrylic 
acid as its ^-bromophenacyl ester was unsuccess­
ful, perhaps because most or all of the acrylate was 
in a polymerized state. Acrylic ester, if present, 
probably takes part in the polymerization of allyl 
ethers.

Experimental
Preparation of 3,4-Diallyl-D-mannitol —1,2:5,6-Diiso- 

propylidene-D-mannitol was prepared according to direc­
tions of Baer.8 The crude product (m. p., 116-117° 
as compared with 122° for the recrystallized material) 
was used for the preparation of 3,4-diallyl-l,2:5,6- 
diisopropylidene-D-mannitol.

To a well-stirred mixture of 122 g. of diisopropylidene 
mannitol in 150 ml. of dioxane and 452 g. of allyl bromide 
heated at 80-85°, 298 g. of 50% sodium hydroxide solu­
tion gradually was added during th irty  minutes. The 
heating and stirring was continued for six hours. The 
organic layer was dried with anhydrous sodium sulfate, 
and its volatile constituents were removed by distillation 
a t atmospheric pressure. The residue was distilled in  
va cu o , and the fraction distilled a t 110-118° a t about 1 
mm. was collected. The yield was 132 g. of crude di- 
allyl-diisopropylidene-mannitol.

A n a l .  Calcd. for Ci8H3o0 6: allyl, 24.0; isopropylidene,
24.6. Found: allyl, 27.6; isopropylidene,9 10 26.1.

Without further purification this substance was used 
for the preparation of diallylmannitol. One part of 
diallyl-diisopropylidene-mannitol was hydrolyzed in eight

(7) Clover, T h is  J o u r n a l , 46, 419 (1924).
(8) Baer, ibid., 67, 338 (1945).
(9) Eisner, Ber 16, 2364 (1928).

parts of 50% alcohol containing 0.2% hydrochloric acid 
a t 70°.10 After eight hours the hydrochloric acid was 
removed with silver oxide. The precipitate was filtered 
off and the filtrate evaporated to dryness, yielding 104 g. 
of crude diallylmannitol from 129 g. of crude diallyl- 
diisopropylidene-mannitol. The product was purified by 
dissolving one part in five parts of hot methyl alcohol. 
Eighteen parts of hot benzene and some decolorizing 
carbon were added. After removing most of the methyl 
alcohol by azeotropic distillation, the solution was filtered 
and allowed to crystallize. After two recrystallizations 
a constant melting point, 111-112° (cor.), was reached. 
Diallylmannitol is soluble in water, methyl and ethyl 
alcohol, pyridine and glacial acetic acid bu t insoluble in 
benzene, toluene, ether and hexane, [a ] 2̂  for a 4% 
solution was +42.3° in absolute alcohol and +44.7° in 
water.

A n a l .  Calcd. for Ci2H220e: hydroxyl, 25.9; allyl,
31.3; C, 54.9; H, 8.45. Found: hydroxyl, 26.4; allyl, 
30.1; C, 54.8; H , 8.55.

Preparation of Monoallyl-D-mannitol.—Sixty grams of 
crude diallylmannitol was dissolved in 100 ml. of hot 
methyl alcohol, and the solution was clarified with de­
colorizing carbon. To the boiling solution 800 ml. of hot 
benzene was gradually added. Boiling was continued 
for a while after the entire am ount of benzene was added. 
When the to tal volume was about 800 m l., the solution 
was allowed to crystallize. The next day 13.5 g. of 
crystals was filtered off. On further evaporation the solu­
tion yielded crystals of diallylmannitol. The 13.5 g. 
of crystals was dissolved in 80 ml. of boiling methyl 
alcohol to  which 900 ml. of boiling benzene was added. 
On cooling, 6.5 g. of crystals was obtained, which on 
one recrystallization gave a constant melting point, 119- 
120° (cor.); [«] 25d  for a 4% solution in water was +15 .8°. 
On further evaporation of the filtrate, 4.5 g. of diallyl­
mannitol was obtained.

A n a l .  Calcd. for CgHisOe: hydroxyl, 38.3; allyl,
18.5; C, 48.6; H , 8.16. Found: hydroxyl, 37.1; allyl, 
18.1; C, 48.4; H , 7.94.

Preparation of Tetraallyl-D-mannitol.— A lly lm a n n i to l  
with approximately four allyl groups was prepared by 
adding gradually (half an hour) 448 g. of allyl bromide 
to a stirred and heated (75°) mixture of 56 g. of mannitol 
and 740 g. of 20% sodium hydroxide solution. The mix­
ture was then stirred and heated for three hours more, 
after which it was worked up in the usual manner. I t  
yielded 38% of the theoretical value of a product boiling 
a t 159-162° (1 m m .). Analytical results, 46.4% allyl and 
11.2% hydroxyl, indicate the presence of 3.8 allyl groups.

Allylation of Polyhydric Alcohols.—Completely allylated 
sugar alcohols not described previously were prepared by 
the two-step method described in an earlier paper.2 
In some cases (talitol, for example, where only a small 
quantity of substance was available) a larger excess of 
allyl bromide was used to increase the volume of liquid 
for better stirring and handling. The physical properties 
and analytical results for these compounds are given in 
Table II.

(10) Irvine and Paterson, J . Chem. Soc., 105, 898 (1914).
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Determination of W ater.—The water in the acrolein- 
water mixture was determined with acetylpyridinium 
chloride reagent.11

Determination of Acrolein.—The acrolein was deter­
mined by the sulfite m ethod.12

Determination of Ester Equivalent.—The ester equiv­
alent was determined—by C. O. Willits and M. S. Gaspar 
of this Laboratory—by refluxing partially polymerized 
allyl ether with 0.2 N  alcoholic sodium hj^droxide, for one 
hour, continuing the refluxing for another hour after an 
equal amount of water had been added, and titrating the 
excess alkali electrometrically with 0.1 N  acid.

Determination of Allyl Groups.—For completely sub­
stitu ted  compounds the mercuric acetate modification of 
the Wijs m ethod13 gave the most accurate results.

Acknowledgment.—The assistance of Mrs. 
M, F. Durchsprung in making Barcroft-War-

(11) Sm ith and Bryant, T h is  J o u r n a l , 57, 841 (1935); also R. L. 
Shriner, “ Q uantitative Analysis of Organic Compounds,” 1944, p. 40.

(12) Adams and Adkins, T h is  J o u r n a l , 47, 1358 (1925); also, 
R. L. Shriner, ref. 11, p. 46.

(13) Hoffman and Green, Oil and Soap , 16, 236 (1939); also, 
Boyd and Roach, Analytical Chemistry, 19, 158 (1947).

burg and allyl group determinations, and of 
Miss M. J. Welsh in making carbon and hydro­
gen analyses is acknowledged.

Summary
Completely substituted allyl ethers of erythri- 

tol, xylitol. arabitol, dulcitol, talitol and iditol 
were prepared. With the increase of the chain 
from three to six carbons, the gelation time de­
creased, from 974 minutes for allylglycerol to 900 
for erythritol, to 602 for pentitols, and 502 for 
hexitols. On the other hand, the rate of oxygen 
absorption decreased with the increase of the 
length of carbon chain. The relation between the 
configuration and the time of gelation of isomeric 
allyl ethers is not quite clear. The possibility of 
the formation of acrylic ester during the oxidative 
polymerization of allyl ethers is suggested. 
P h il a d e l p h ia  18, P a . R e c e iv e d  F e b r u a r y  24, 1948

[C o n t r ib u t io n  f r o m  t h e  C o n v e r s e  M e m o r ia l  L a b o r a t o r y  o f  H a r v a r d  U n iv e r s it y ]

1 -Alkyl-1,2,3 f4-tetrahydro-2-naphthols
B y  B . C. M cK u s ic k 13

Following the finding that l,2,3,4-tetrahydro-2- 
naphthol is an outstanding mosquito-repellent, 
several of its esters and four of its 1 -alkyl homologs 
(I) were prepared as part of a project sponsored by 
the Office of Scientific Research and Development 
(lb) for the synthesis of new insect-repellents. 
The tetrahydronaphthols were prepared by hydro­
genation of the corresponding l-alkyl-2 -naphthols 
over copper chromite. 2’3 4 The reductions were 
not perfectly cleancut; decahydro-2 -naphthols 
and probably 5,6,7,8-tetrahydro-2-naphthols were 
by-products.

C C r
I

The 2-naphthols were synthesized by standard 
methods, such as reduction of l-allyl-2 -naphthol or 
1 -acyl-2 -naphthols obtained, respectively, by the 
Claisen or Fries rearrangement. When an a t­
tempt was made to hydrogenate l-n-butyro-2 - 
naphthol to l-^-butyl-2 -naphthol over copper 
chromite at 130°, a major reaction was carbon- 
carbon hydrogenolysis to 2 -naphthol and n -buta-

(la) Present address: Chemical D epartm ent, Experimental
Station, E. I. du Pont de Nemours and Company, Wilmington, 
Delaware.

(lb ) Contract NDCrc-136 with H arvard University, under the 
direction of Paul D. B artle tt as official investigator.

(2) Musser and Adkins, T h is  J o u r n a l , 60, 664 (1938).
(3) Adkins and Reid, ibid., 63, 741 (1941).
(4) A paper which includes details on the hydrogenation of 2- 

naphthol is being prepared by Dauben, McKusick and Mueller,

nol. In contrast, l-aceto-2-naphthol is reduced 
to l-ethyl-2 -naphthol under the same conditions. 2 
Clemmensen reduction gave 1 -w-butyl-2 -naphthol 
in satisfactory yield.

Although allyl-2-naphthyl ether underwent a 
Claisen rearrangement in the normal manner, the 
product obtained on heating /3-methylally 1-2 - 
naphthyl ether (II) was not the expected 
methylallyl)-2-naphthol (III), but a neutral sub­
stance believed to be the isomeric dihydronaph- 
thofuran (IV). I t  has been observed previously5 

that 2 -(/?-methylallyl)-phenols cyclize to dihydro- 
benzofurans much more readily than do 2 -allyl- 
phenols.

Esters were prepared from l,2,3,4-tetrahydro-2- 
naphthol and its 1 -methyl homolog by treating 
them with acid anhydrides.

(5) Bartz, Miller and Adams, T h is  J o u r n a l , 57, 371 (1935) ; 
Tarbell in Adams, “ Organic Reactions,” V©1, 2, John Wiley and 
Sons, Inc, New York, N. Y ., 1944, p, 16.
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-Analyses, %-

Ri Rs
Boiling point 
°C. mm.

Yield,
% Form ula

Carbon
Calcd. Found

Hydrogen 
Calcd. Found

H° CHsCO 138 1 1 1.5269 93 Ci2H 140 2 . . , . . . . .

H & C2H 5CO 148 1 2 1.5185 95 C13H 16O2 76.7 76.4 7.9 7 .9
H W-C3H 7 CO 133-134 3 1.5129 93 Ci4H i8 0 2 77.0 77.1 8.3 8 .4
CH 8 H 105-107 0 . 2 1.5570 58 CiiH i4 0 81.4 80.8 8.7 8 . 8

CH 3 CH 3 CO 147-150 14 1.5234 85 Ci3H i60 2 76.4 76.9 7 .9 8 . 2

c 2h 5 H 125-130 3 1 .556c 59 C12H 16O 81.8 81.1 9 .2 9 .5
n -C3H 7 H 102-107 0.3 1.540 89 Ci3H i8 0 82.1 81.7 9 .5 1 0 . 0

»-C4H 9 H 114-119 0.3 1.534 61 Ci4H 2oO 82.3 82.1 9.9 10.3
a Bamberger and Lodter, B e r . , 23, 197 (1890). 6 Pickard and Kenyon, J .  C h em . S o c ., 101,1427 (1912), prepared the l -

ester. c Did not crystallize; Musser and Adkins2 report m. p. 88—89°.

Experimental
1  -Alkyl - 2  -naphthol s .— 1 -Methyl -2 -naphthol was ob - 

tained in 65% yield by heating 1 , 1 -methylene-bis-(2 - 
naphthol) with sodium methoxide6; it was isolated by 
distillation rather than extraction with hot water. 1 - 
E thyl-2-naphthol7 was prepared from 1 -aceto-2 -naphthol 
by high-pressure hydrogenation over copper chromite 
a t 130°.2 1-w-Propyl-2-naphthol, 8 m. p. 55-57° (re­
crystallized from hexane), was obtained in 91% yield by 
low-pressure hydrogenation of 1-allyl-2-naphthol9 in 95% 
ethanol a t 25° in the presence of Adams platinum oxide 
catalyst. l-/z-Butyl-2-naphthol, m. p. 82-83°, was 
prepared by the Clemmensen reduction of 1-w-butyro-2- 
naphthol . 8

1 -Alkyl- 1 ,2,3,4 -tetrahydro-2 -naphthols.—These were 
obtained by hydrogenation of the corresponding 2 -naph­
thols in the presence of copper chromite catalyst a t 2 0 0  ° 
under hydrogen pressures of 3000-5000 lb ./sq . in . 2 >3 - 4 The 
hydrogenations were generally complete in two to five 
hours. They were equally successful with or without a 
solvent; usually none was used, but an equal volume of 
absolute ethanol was sometimes added. The weight of 
catalyst was 5-15% of the weight of naphthol. For the 
best results it was desirable to distil the naphthols over 
2% by weight of Raney nickel before hydrogenation. 
Alternatively, poisons could be removed from a naphthol 
by shaking it a t 2 0 0  ° with copper chromite and hydrogen 
under high pressure; one had then but to add a fresh 
batch of catalyst to the mixture and hydrogenate in the 
usual way.

To work up a reaction mixture , 4 it was diluted with an 
equal volume of benzene, the catalyst was removed by 
filtration, and the filtrate was extracted several times with 
1 0 % sodium hydroxide solution (no final washing with 
w ater), dried with magnesium sulfate, and distilled through 
a short Vigreux column.

In the case of 1-methyl-2-naphthol as with 2-naphthol, 4  

there was no tendency for the reduction to go beyond the 
tetrahydro stage. The higher homologs slowly took up 
hydrogen after the calculated quantity had been absorbed 
and it was apparent from the fact th a t the fore-runs had 
lower indices of refraction than the main cuts tha t some 
decahydronaphthol had been formed. Contrary to ex­
perience in the preparation of 1,2,3,4-tetrahydro-2-naph­
thol , 4 the after-runs and residues from the distillations 
usually contained some unchanged starting material.

(6) Cornforth, Cornforth and Robinson, J. Chem. Soc., 682 
(1942).

(7) Fries and Engle, A nn., 439, 232 (1924).
(8) Gulati, Seth and Venkataram an, J . prakt. Chem., 137, 47

(1933).
(9) Hurd and Schmerling, T h is  J o u r n a l , 59, 107 (1937); Adams

wad Rindfusz, ibid., 41, 648 (1919); Claisen, Ber,, 45, 3157 (1912),

Some of the final products may well have contained 
several per cent, of impurities. In  the first place, in con­
trast to the situation in the preparation of 1 ,2,3,4-tetra - 
hydro-2 -naphthol , 4 it was difficult to extract unchanged 
starting material or isomeric 5,6,7,8-tetrahydro-2-naph- 
thol with alkali, the difficulty increasing with molecular 
weight. Secondly, purification by distillation was h in­
dered by the closeness in boiling points of a product and 
its possible impurities, i . e . ,  the decahydronaphthol (boil­
ing point lower), the naphthol (boiling point higher), 
and most troublesome of all, the isomeric 5 ,6 ,7 ,8-tetra- 
hydro-2-naphthol (boiling point about the same) . The 
presence of 5,6,7,8-tetrahydro-2-naphthols was not ac tu ­
ally demonstrated in the present reductions bu t their 
presence is probable from the fact th a t 6 - 1 0 % of one is 
formed during the hydrogenation of 2 -naphthol under the 
same conditions . 4

The tetrahydronaphthols together with their properties 
are listed in Table I.

1,2,3,4-Tetrahydro-2 -naphthyl Esters.—The acetate, 
propionate and butyrate of l,2,3,4-tetrahydro-2-naph- 
thol4 and the acetate of 1 -methyl-1 ,2 ,3,4-tetrahydro-2- 
naphthol were prepared by heating the alcohols with a 
2 0 % excess of the proper anhydride for several hours on a 
steam-bath and distilling the reaction mixtures under 
reduced pressure. The properties of the esters are listed 
in Table I.

l,2-Dihydro-2,2-dimethylnaphtho[2,l-b]furan (IV ).— 
/3-Methylallyl chloride (139 g.) was added to a well- 
stirred mixture of 200 g. of 2-naphthol, 79 g. of 95% 
sodium methoxide, 3 g. of potassium iodide and 1 liter 
of methanol in an ice-bath. The mixture stood a t room 
temperature for several days, was diluted with water, 
and the oil which precipitated was taken up in ether. 
The extract was washed successively with 10% sodium 
hydroxide solution and water, dried and distilled. The 
crude d-methylallyl 2-naphthyl ether ( II) , 142 g. of m a­
terial distilling a t 90-137° (0.3 m m.), was heated a t 200° 
under nitrogen for six hours and distilled. The product 
was collected a t 96-99° (0.3 mm.), w25d 1.6024, weight 
100 g. (36% yield based on 2-naphthol). I t  was insoluble 
in Claisen10 alkali, did not reduce dilute potassium per­
manganate in acetone, and only very slowly decolorized 
bromine in carbon tetrachloride. No hydrogen was a b ­
sorbed when an alcohol solution was shaken with hydrogen 
at 25° and a pressure of 3 atm . in the presence of Adams 
platinum oxide catalyst. A n a l .  Calcd. for C1 4H 1 4O: 
C, 84.8; H, 7.1; Found: C, 84.4; H, 7.6.

Hydrogenolysis of 1  -n  -Butyro - 2  -naphthol.—A mixture 
of 35.8 g. of 1 - n -butyro-2-naphthol8 and 4 g. of copper 
chromite catalyst was heated a t 130° under an initial 
hydrogen pressure of 4000 lb ./sq . in. Approximately

(10) Claisen, Ann,, 4 4 8 ,  96 (1919).
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two molar equivalents of hydrogen was absorbed in 
twenty minutes, after which no more was absorbed. 
The reaction mixture was taken up in acetone, filtered and 
distilled. Redistillation of the fore-run gave 3.4 g. of 
w-butanol (27% yield), identified by odor, boiling point 
(116.5-117.5°) and refractive index ( n 2bd 1.3970). The 
am ount obtained was less thaii the actual yield due to 
accidental loss of part of the fore-run. The main distillate, 
a  solid weighing 24 g., was collected a t 117—146° (1.0 
m m .). I t  proved to  be a mixture of 2-naphthol and 1 - n -  
buty l-2-naphthol, with over half of it by weight the 
former. Fairly pure samples of each, melting a t 120- 
121° and 77-80°, respectively, were isolated by fractional 
crystallization from hexane, but complete separation by 
this means was not practical.

Summary
Four l-alkyl-l,2,3,4-tetrahydro-2-naphthols 

have been prepared by hydrogenation of the corre­
sponding l-alkyl-2 -naphthols over copper chro­
mite.

Instead of undergoing the Claisen rearrange­
ment, /3-methylallyl 2 -naphthyl ether rearranges 
to what is believed to be a dihydronaphthofuran. 
Hydrogenation of 1-^-butyro-2 -naphthol gives 77- 
butanol and 2-naphthol besides the expected 1 -77- 
butyl-2 -naphthol.
W il m in g t o n , D e l a w a r e  R e c e iv e d  F e b r u a r y  27, 1948

[C o n t r ib u t io n  f r o m  t h e  C o b b  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  V ir g in ia ]

Arylcycloalkylamines. I. 2-Phenylcyclopropylamine
B y  A lfred  B u rg er  and W illiam  L. Y ost1

Both l-phenyl-2-aminopropane and l-amino-2- 
phenylpropane exhibit such striking effects on the 
central nervous system that structural variations 
of these drugs have received wide attention. I t 
appeared of interest to investigate what changes 
in the pharmacological action of these drugs would 
result from the incorporation in a ring of the two- 
carbon chain separating the aryl from the amino 
group. The cyclopropyl ring was chosen as the 
first example because of the known analgesic and 
anesthetic properties of cyclopropane, cyclopropyl 
methyl ether (Cyprome), cyclopropyl ethyl ether 
(Cypreth), cyclopropylcarbinol, and related com­
pounds. 2 I t has been suggested3 that “alicyclic 
residues might confer desirable pharmacological 
properties if introduced into compounds contain­
ing auxapharm groups. . . The auxapharm 
group in the compounds under consideration in 
this article is the phenethyl group.

The synthesis of the geometrically isomeric 2- 
phenylcyclopropylamines is reported here. The 
starting material was ethyl 2 -phenylcyclopro- 
panecarboxylate which had first been obtained by 
Buchner and Geronimus4 from the condensation 
of styrene with ethyl diazoacetate. These authors 
heated the reagents in a sealed tube and had to 
cope with the high pressures of nitrogen from the 
reaction. These conditions were improved in the 
present work by slowly dropping a stoichiometric 
mixture of the diazo ester and styrene into an ex­
cess of styrene at 125°. Fractionation of the re­
action mixture yielded from 75 to 85% of ethyl 2- 
phenylcyclopropanecarboxylate as a colorless oil of 
b .p . 103-105° (0.5-0.7mm.).

Buchner and Geronimus hydrolyzed their ester 
to an acid of m. p. 105° to which they assigned the 
structure of £ra77S-2-phenylcyclopropanecarboxylic

(1) Smith, Kline and French Laboratories Fellow.
(2) Adriani, “ The Chemistry of Anesthesia,” Charles C. Thomas, 

Publisher, Springfield, 111., 1946, pp. 130, 174.
(3) Braker, Pribyl and L ott, T his J o u r n a l , 69, 866 (1947).
(4) Butëhuer and Geronimus» Mèf,, 86, 8782 (1903),

acid. They arrived at this conclusion by nitrating 
their acid, reducing the nuclear nitro group, and 
oxidizing the resulting aminophenylcyclopropane- 
carboxylic acid with permanganate to t r a n s - c y c io -  
propanedicarboxylic acid. When we saponified 
our ester, a mixture of two isomeric carboxylic 
acids was always obtained which could be sepa­
rated by fractional crystallization from water. 
The less soluble material, which we designate as 2- 
phenylcyclopropanecarboxylic acid A, crystallized 
as slender needles, m. p. 93°, and represented 74% 
of the total mixture.

Benzene extraction of the mother liquors of this 
acid yielded about 13% of a material melting at 
106-107° for which we propose the name of 2 - 
phenylcyclopropanecarboxylic acid B. Its iden­
tity with that described by the earlier investiga­
tors was corroborated by conversion of its chloride 
to the amide of m. p. 187-188° [190-191°(cor.)]. 
The amide reported in the literature4 melts at 187- 
188°.

The relation of the two acids was established 
when it was found that the acid chloride of either 
product may be hydrolyzed to the A-acid, or am- 
monolyzed to the same amide of m. p. 190-191°. 
This indicates that the B-acid is probably in­
verted by thionyl chloride to the same acid chlo­
ride as that obtained from the A-aeid, but the less 
likely possibility must be considered that a B-acid 
chloride first formed is inverted to derivatives of 
the A-series by hydrolysis or ammonolysis. These 
observations coupled with the predominant forma­
tion of the A-acid in their preparation from sty­
rene, permit the conclusion that the acid of m. p. 
93° is the more stable of a pair of geometrical iso­
mers. I t  should be noted that the amide described 
by Buchner and Geronimus is a derivative of the 
lower-melting isomer they never isolated.

We considered the possibility that the addition 
of ethyl diazoacetate to styrene might have led to 
esters containing the ethylenic bond. This is, 
however, unlikely because the presence of the cy-
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clopropane ring system had already been estab­
lished4 for the acid melting a t 106-107°, and the 
acid A can be obtained from it by means of re­
agents which are known not to open the cyclopro­
pane ring.

The absolute configuration of the isomeric 2- 
phenylcyclopropanecarboxylic acids has not been 
established with certainty. The greater stability 
of the A-isomer casts some doubt on the previous 
assignment of the tr a n s  configuration to the B- 
isomer. The isomerization of the higher- to the 
lower-melting isomer by thionyl chloride is in ac­
cord with the general ease of conversion of cis-to 
tr a n s  isomers by acids, acid halides, etc.

2-Phenylcyclopropane carboxamide A with­
stood Hofmann degradation under a number of 
experimental variations, and no amine could be 
obtained in this manner. Likewise, the A-acid 
(m. p. 93°) did not respond to the Schmidt re­
action. However, it was found possible to subject 
its chloride to the Curtius degradation with so­
dium azide in boiling toluene; the isocyanate 
formed by this procedure was hydrolyzed readily 
to an oily 2 -phenykyclopropylamme which was

characterized as the hy­
drochloride and benzoyl 
derivative. The yield of 
amine was 83%.

Since acid B furnishes 
the same chloride as its 
stereoisomer, it could ob­
viously not be degraded 
to the amine of its own 
configuration by the 
same procedure. I t  was 
possible, however, to 
convert the methyl ester 
of acid B to a crystalline 
hydrazide which differed 
from the hydrazide of 
acid A prepared for com­
parison. Diazotization 
of the B-hydrazide, ther­
mal rearrangement of the 
azide, and hydrolysis of 
the isocyanate led to a 
new 2 -phenylcyclopro- 
pylamine, different from 
that obtained by Curtius 
degradation of acid A. 
The properties of the 
hydrochloride and ben­

zoyl derivatives confirmed this difference.
N-(2-Phenylcyclopropyl)-benzamide A was 

treated with phosphorus pentoxide in boiling 
toluene in a reaction patterned on the Bischler- 
Napieralski synthesis. The base obtained from 
this reaction analyzed for 1-phenyl-3,4-dihydro-3,- 
4-cyclopropanoisoquinoline. I t differed in its 
physical properties (m. p. 109.5-110°) from 1- 
phenyl-3-methylisoquinoline (m. p. 89-900)5 and 
l-phenyl-4 -methylisoquinoline [liquid, b. p. 2 1 0 ° 
( 2 0  mm . ) ] 6 which might have conceivably been 
formed by rearrangement.

Methyl- (2 -phenylcyclopropyl) -amine was pre­
pared from 2-phenylcyclopropylamine A by the 
Decker method ,7 and dimethyl-(2-phenylcyclo­
propyl)-amine by methylation of the primary 
amine with formaldehyde and formic acid.

The pharmacological action of the amines de­
scribed in this article will be reported by Dr. E. J. 
Fellows of Temple University Medical School.

Acknowledgment.—We are grateful to Smith, 
Kline and French Laboratories for a generous 
grant which made this investigation possible.

Experimental8

Ethyl 2-Phenylcyclopropanecarboxylate.—This ester was 
prepared by a modification of the directions of Buchner 
and Geronimus.4 A solution containing 167 g. (1.61 
moles) of stabilized styrene and 183 g. (1.61 moles) of

(5) Wolfes and Dobrowsky, German P aten t 456,709 (1930); 
Chem. Abstr., 27, 310 (1933).

(6) Boedecker and Heymons, German P aten t 674,400 (1939); 
Chem. Abstr., 33, 5004 (1939).

(7) Decker and Becker, A nn., 395, 366 (1913).
(8) All melting points are corrected. The microanalyses were 

performed by Clark' Miew»»Rlyfi(!»l Laboratories Urb*»** Illinois
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ethyl diazoacetate was cooled to 0° and dropped into
83.5 g. (0.803 mole) of styrene with stirring, in a dry 
nitrogen atmosphere, a t 125-135°. The rate of addition 
was so adjusted th a t the exothermic reaction held the 
temperature without heating. After eight hours, the 
gas evolution stopped, and the pale reddish mixture was 
distilled. A low-boiling fraction consisting largely of 
unchanged styrene (41% of the total amount used) was 
separated, and the ester was collected. I t  boiled a t 103- 
105° (0.5-0.7 m m .), 105-110° (1-2 m m .), or 131° (10 
m m .). The yield was 208 g. (68% based on ethyl diazo­
acetate, 77% based on unrecovered styrene).

2-Phenylcyclopropanecarboxylic Acid A.—A solution 
of 207.8 g. of the ester and 64.5 g. of sodium hydroxide in 
80 cc. of water and 600 cc. of ethanol was refluxed for 
nine hours, the alcohol was removed by distillation, and 
the residue was dissolved in water. The carboxylic acid 
was liberated with 200 cc. of concentrated hydrochloric 
acid. I t precipitated as an oil which solidified soon, or 
directly as crystals which were filtered and washed with 
water. The amber solid was recrystallized from boiling 
water in which it is soluble to  about 1%.

The cooled solution deposited 131.6 g. (74.5%) of 
colorless felted needles which melted, after further re- 
crystallization, a t 93°.

A n a l .  Calcd. for CioH io0 2: C, 74.05; H, 6.22; mol. 
weight, 162.2. Found: C, 74.24; H, 6.35; mol. weight, 
161.8.

2-Phenylcyclopropanecarboxylic Acid B.—When the 
aqueous mother liquors from the recrystallization of the 
A-acid were concentrated and extracted with benzene, 
addition of low-boiling petroleum ether to the extract 
caused precipitation of compact crystals. The material 
weighed 12-13% of the calculated amount and melted, 
after recrystallization from boiling water, or benzene- 
petroleum ether, a t 106-107°.

A n a l .  Calcd. for C10H 1 0O2 *. C, 74.05; H, 6.22; mol. 
w t., 162.2. Found: C, 74.27; H, 6.09; mol. wt.,
161.7.

2-Phenylcyclopropanecarbonyl Chloride.—A solution of
4.62 g. (0.0285 mole) of 2-phenylcyclopropanecarboxylic 
acid A or B in 15 cc. of dry benzene was refluxed with 4 
cc. (c a . 0.057 mole) of thionyl chloride for five hours, the 
volatile liquids were removed, and the residue once more 
distilled with benzene. Fractionation of the residue 
yielded 4.82 g. (93.6%) of a colorless oil boiling a t 108- 
110° (2-2.1 m m .).

Hydrolysis of the acid chloride with cold water always 
furnished a quantitative yield of the pure A-acid, m. p. 
93°.

2-Phenylcyclopropanecarbonamide A.—When the acid 
chloride just described was mixed with ice-cold 20% 
ammonium hydroxide, the amide formed in a yield of 81%. 
Recrystallized from boiling water, the pale brown platelets 
melted a t 190-191°.

The mixture melting point of the amides obtained inde­
pendently from the A- or B-acid v ia  their common chloride 
showed no depression.

2-Phenylcyclopropanecarboxylic Acid Hydrazide A.—A
solution of 0.9 g. of methyl 2-phenylcyclopropanecarboxyl- 
ate A (n27’bD  1.5263, prepared from the acid with diazo­
methane in almost quantitative yield) and 15 cc. of 100% 
hydrazine hydrate in 2 cc. of absolute ethanol was re­
fluxed gently for five hours, and most of the liquid re­
moved under reduced pressure. The residue was dried 
in a vacuum desiccator over phosphorus pentoxide, and 
recrystallized from absolute ethanol with the aid of some 
dry ether. The yield of colorless crystals was 0.75 g. 
(84%), m. p. 127.5-129.5°.

A n a l .  Calcd. for Ci0H i2N2O : N, 15.90. Found: N, 
15.97, 16.15.

2-Phenylcyclopropylamine A.—A three-necked flask was 
equipped with a mercury-sealed stirrer, a dropping funnel, 
and a reflux condenser, and the condenser was connected, 
through a drying tube, with an azotome ter arranged to 
collect nitrogen over w^ter * A mixture of 15 g. of tech*

n ic a l  sodium azide9 and 50 cc. of dry toluene was stirred 
and warmed and a solution of 10 g. of 2-phenylcyclo- 
propanecarbonyl chloride in 50 cc. of dry toluene was 
added slowly. Evolution of nitrogen began almost im­
mediately and was essentially complete when the solvent 
began to  boil. After forty minutes 96 to 98% of nitrogen 
had collected in the azotometer.

Inorganic salts were filtered and washed well with dry 
benzene, and the solvents were removed under reduced 
pressure. The residual isocyanate was a clear red oil of 
characteristic odor. I t  was cooled to 10°, and treated 
cautiously with 100 cc. of 35% hydrochloric acid in small 
portions with shaking. After most of the evolution of 
carbon dioxide had subsided the mixture was refluxed 
for thirteen hours, the cooled solution was diluted with 
75 cc. of water and extracted with three 50-cc. portions 
of ether. The acid solution was evaporated under reduced 
pressure with occasional additions of toluene to reduce 
foaming.

The almost dry residue was cooled to  0°, and made 
strongly alkaline with a 50% potassium hydroxide solution. 
The amine was extracted into several portions of ether, 
dried over potassium hydroxide, the solvent was removed, 
and the base fractionated. The colorless mobile oil boiled 
a t 69-71° (0.5 m m .), 74-81° (1.7 m m .), and weighed 
6.15 g. (83%).

Conversion to  the hydrochloride proceeded best in 
ethyl acetate-ether solution. Over-neutralization had to 
be avoided because of the formation of yellow decomposi­
tion products. The crude salt, obtained in a yield of 
95%, was recrystallized by dissolving it in the least 
amount of cold methanol, and precipitating with absolute 
ethyl acetate and ether. The colorless needles thus ob­
tained sintered a t 151.5°, m. p. 153.5-156.5° (dec.).

A n a l .  Calcd. for C9H 12C1N: C, 63.71; H, 7.13; N, 
8.26; Cl, 20.90. Found: C, 63.55; H, 7.53; N, 8.13; 
Cl, 21.05.

The benzoyl derivative was prepared by a Schotten- 
Baumann reaction. The colorless crystals were recrystal­
lized from absolute methanol, m. p. 122-123.5°.

A n a l .  C alcd.forC 16H i5N O : N ,5.90. Found: N ,6.03.
2-Phenylcyclopropanecarboxylic Acid Hydrazide B.— 

Methyl 2-phenylcyclopropanecarboxylate B was prepared 
from the acid with diazomethane in a yield of 92%. The 
oily ester showed w29d 1.5215. The hydrazide was ob­
tained from the ester in the same manner as the A-isomer. 
The yield was 83.8%. The colorless crystals, collected 
from alcohol-ether, melted a t 111-112°. The hydro­
chloride melted a t 188-191°.

A n a l .  Calcd. for C10H i3C1N2O: N, 13.16. Found:
N, 13.17.

The isopropylidene derivative, prepared from the 
hydrazide and acetone, melted at 166-166.5°.

A n a l .  Calcd. for Ci3H16N20 : N, 12.95. Found: N, 
13.18.

2-Phenylcyclopropylamine B.—To a stirred solution o f
7.5 g. of the B-hydrazide in 70 cc. of water and 20 cc. 
of 35% hydrochloric acid, a solution of 3.6 g. of sodium 
nitrite in 10 cc. of ice water was added a t —3° to 4-5°. 
A yellow oil precipitated from the mixture. After another 
ninety minutes a t 0 to 5°, the mixture was extracted with 
four 30-cc. portions of ether, the combined extracts were 
dried over sodium sulfate, and the ether was removed at 
20°. The light red residue was dissolved in toluene and 
decomposed by heating until the evolution of nitrogen 
ceased. The solvent was stripped under reduced pressure, 
the dark isocyanate hydrolyzed by refluxing with 25 
cc. of 35% hydrochloric acid for five and one-half hours, 
and the acid was distilled in  va cu o . The residue was 
made strongly alkaline with 40% potassium hydroxide 
solution a t 0 °, the liberated amine extracted into ether, 
and dried over potassium hydroxide. After removal of 
the ether, the colorless oil boiled a t 79-80° (1.5-1.6 m m .). 
The yield was 2.5 g. (44%).

(9) Fro*» Fairmcwnt Gbemieal Newark, N. J.
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The hydrochloride crystallized from ethyl acetate and 
ether. The colorless crystals melted a t 164-166° (dec.).

A n a l .  Calcd. for C9H i2C1N: C, 63.71; H, 7.13.
Found: C, 63.62, 63.89; H, 7.13, 7.36.

A mixture melting point with the stereoisomeric hy­
drochloride (m. p. 153.5-156.5°) was 94-104° (dec.).

The benzoyl derivative crystallized from dilute ethanol, 
m. p. 119-120°.

A n a l .  Calcd. for CiöH isNO: N, 5.90. Found: N,
6.07.

A mixture melting point with the A-benzoyl derivative 
(m. p. 122-123.5°) showed a 20-30° depression.

(2-Phenylcyclopropyl) -dimethylamine.—Following gen­
eral directions10 for the methylation of primary amines,
10.2 g. of a 40% aqueous formaldehyde solution was added 
to a cooled solution of 5 g. of 2-phenylcyclopropylamine 
A in 13.2 g. of 90% formic acid, and the mixture was 
refluxed overnight. The cooled reaction mixture was 
treated with 5.5 cc. of concentrated hydrochloric acid, 
the solution was evaporated under reduced pressure, 
the residue was made alkaline with a 50% potassium hy­
droxide solution, and the amine extracted into ether. After 
drying over potassium hydroxide and distillation of the 
ether, the colorless amine boiled a t 70-70.5° (1.3-1.5 
m m .) .

The hydrochloride was prepared in dry ether solution 
and weighed 2.0 g. (27%). After recrystallization from 
ethyl acetate-ether, the colorless crystals showed m. p. 
187-189° (dec.).

A n a l .  Calcd. for ChH 16C1N: C, 66.82; H, 8.16.
Found: C, 66.85, 66.93; H , 8.20, 8.22.

(2-Phenylcyclopropyl)-methylamine.—A solution of 5 
g. of 2-phenylcyclopropylamine A and 4.3 g. of benzalde­
hyde in 10 cc. of absolute ethanol was refluxed for three 
hours, the solvent was stripped under reduced pressure, 
and the benzal derivative distilled once. The colorless 
oil boiled a t 170-172° (2 m m .). I t  was not purified 
further. The yield was 6 g. (70% ).

A mixture of 6 g. of (2-phenylcyclopropyl) -benzalamine 
and 7.7 g. of methyl iodide was heated in a sealed tube at 
95° for seven hours. The dark red viscous reaction prod­
uct was boiled with 75 cc. of 95% ethanol for four hours, 
the solvent was removed under reduced pressure, the 
base was liberated with 40% potassium hydroxide solu­
tion and extracted with ether. The extract was dried 
over potassium hydroxide, the ether evaporated, and the

(10) Clarke, Gillespie and Weishaus, T h is  J o u r n a l , 55, 4571 
(1933).

amine distilled. The colorless mobile distillate, obtained 
in a yield of 25%, boiled a t 88-90° (1.5 m m .).

The colorless hydrochloride crystallized from ethanol- 
ether, m. p. 99-124.5°. Repeated recrystallizations did 
not narrow this melting point range.

A n a l .  Calcd. for Ci0H14C1N: N, 7.63. Found: N, 
7.53.

1 -Phenyl -3,4 -dihydro -3,4 -cyclopropanoisoquinoline.—
A solution of 5 g. of N-(2-phenylcyclopropyl)-benzamide 
A in 100 cc. of dry toluene was refluxed with 5 g. of phos­
phorus pentoxide for twenty minutes. Another 5 g. of 
phosphorus pentoxide was added, and boiling was con­
tinued for forty minutes. The mixture was cooled, the 
toluene decanted, and the residue was decomposed with 
ice and slow warming until the ice was melted. The 
resulting solution was cleared, washed with ether, and 
made strongly alkaline with a 40% potassium hydroxide 
solution. The reaction product was extracted with 
four 75-cc. portions of benzene, and the solvent was evap­
orated. The oily residue solidified to pale brown prisms 
which were recrystallized from absolute ethanol. The 
yield was 21%, m. p. 109.5-110.5°.

A n a l .  Calcd. for Ci6H i3N : C, 87.64; H, 5.97. Found: 
C, 88.17; H , 5.75.

The hydrochloride was hygroscopic. The diliturate 
consisted of yellow prisms which were recrystallized from 
water and melted a t 137-140° with darkening, and de­
composed a t 156-161°.

A n a l .  Calcd. for C2oHi6N40 5: N, 14.28. Found: N, 
14.04.

Summary
Condensation of styrene with ethyl diazoacetate 

yields two stereoisomeric 2 -phenylcyclopropane­
carboxylic acids. The higher-melting member of 
this pair rearranges to the lower-melting one by 
way of their common chloride. Both acids have 
been degraded to the corresponding stereoiso­
meric 2 -phenylcyclopropylamines by different 
modifications of the Curtius reaction. Second­
ary and tertiary amines in this series have been 
prepared, and the benzoyl derivative of the more 
readily accessible 2 -phenylcyclopropylamine has 
been cyclized to a compound which probably is 1 - 
phenyl-3,4 -dihydro-3,4 -cyclopropanoisoquinoline. 
C h a r l o t t e s v il l e , V a . R e c e iv e d  J a n u a r y  26, 1948

[C o n t r ib u t io n  f r o m  t h e  C h e m is t r y  L a b o r a t o r y , N a t io n a l  I n s t it u t e  o f  H e a l t h , U. S. P u b l ic  H e a l t h  S e r v ic e ]

Methyl 2,6-Anhydro-a-D-altroside and Other New Derivatives of Methyl a-D-
Altroside1

B y D avid  A. R o sen feld , N elson  K. R ichtm yer  and C. S. H udson

In continuation of earlier researches in this 
Laboratory on methyl a-D-altroside,2 we now wish 
to describe a number of new crystalline deriva­
tives of this glycoside. Our primary objective 
was the study of 6-desoxy-D-altrose (D-altro- 
methylose), the corresponding L-form having been 
obtained previously as a sirup by Freudenberg and 
Raschig.3 From methyl a-D-altroside, following

(1) Presented in p art before the Division of Sugar Chemistry and 
Technology a t the Atlantic City meeting of the American Chemical 
Society, April 14, 1947.

(2) N. K. Richtm yer and C. S. Hudson, T h is  J o u r n a l , 63, 1727 
(1941).

(3) K. Freudenberg and K. Raschig, Ber., 62, 373 (1929).

the general procedure described by Haskins, Hann 
and Hudson,4 we were successful in preparing, in 
crystalline form, methyl 2,3,4-tribenzoyl-6-tosyl- 
a-D-altroside (I), methyl 2,3,4-tribenzoyl-6-iodo-
6-desoxy-<r-D-altroside (II), methyl 6-iodo-6-des- 
oxy-a-D-altroside, and methyl 2,3,4-tribenzoyl-6- 
desoxy-a-D-altroside (III). However, our at­
tempts to transform this last-named compound to 
the desired methyl 6-desoxy- a-D-altroside and to
6-desoxy-D-altrose have so far yielded only sirups. 
Gut and Prins5 have also described these two com-

(4) W. T. Haskins, R. M. H ann and C. S. Hudson, T h is  J o u r n a l , 
68, 628 (1946).

(5) M, G ut and D. A, Prins, Helv. Chim. Acta , 29, 1555 (1946),
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pounds recently as sirups, as well as the triacetyl 
derivatives analogous to our crystalline tribenzo­
ates. A sirupy D-altromethylose has been re­
ported also by I wadare.6

The reaction of methyl a-D-altroside with ben­
zoyl chloride in pyridine readily yields the ex­
pected tetrabenzoyl derivative (IV). The reac­
tion with one equivalent of triphenylchlorometh- 
ane in pyridine, followed by benzoylation, pro­
duces methyl 2,3,4-tribenzoyl-6-trityl-o'-D-altro- 
side (V); the corresponding triacetyl derivative 
has also been crystallized. By removal of the tri- 
phenylmethyl residue from V, and subsequent to- 
sylation of the free hydroxyl group, we have con­
verted this trityl compound to the tosyl derivative 
(I).  A  second correlation has been achieved by 
the action of phosphorus pentabromide upon V, 
whereby the trityl ether group was replaced by a 
bromine atom, and the resulting methyl 2,3,4-tri- 
benzoyl-6-bromo-6-desoxy-a-D-altroside (VI) was 
then reduced with hydrogen and Raney nickel to 
methyl 2,3,4- tribenzoyl - 6 - desoxy - a - d - altroside
(III).

Haskins, Hann and Hudson4 have shown that 
methyl 2,3,4-tribenzoyl-6-tosyl-a-D-mannoside is 
converted readily by an excess of warm sodium hy­
droxide to methyl 3,6-anhydro-«-D-mannoside. 
Under identical conditions, methyl 2,3,4-triben- 
zoyl-ö-tosyl-a'-D-altroside (I) likewise undergoes 
debenzoylation and loss of the tosyl group to form 
an anhydride, which melts at 98° and has [a ]20D +  
44.6° in water. In the sugars which are known to 
form a 3,6-anhydroglycopyranoside from a 6-sub- 
stituted glycopyranoside, namely, D-glucose, d- 
mannose and D-galactose,7 the hydroxyl group on

(6) K. I  wad are, Bull. Chem. Soc. Japan, 17, 296 (1942); C. A ., 41, 
4457g (1947).

(7) See S. P eat’s review of the chemistry of anhydro sugars in 
“ Advances in Carbohydrate Chem istry,” Vol. 2, Academic Press 
Inc., Publishers, New York, N. Y „ 1946, pp. 37-77.

carbon 3 is on the same side of the sugar ring as 
the side chain carbon 6, that is, on the left in the 
usual Fischer projection formula; in the D-altro- 
side only the hydroxyl on carbon 2 can be written 
on the left. A 2,6-anhydro ring might thus be an­
ticipated rather than a 3,6-anhydro ring, and the 
new compound was indeed proved to be methyl
2.6- anhydro-a-D-altropyranoside (VII and Vila). 
The simplest method of distinguishing between a
2.6- ring and a 3,6-ring, assuming the original 1,5- 
ring to be intact, was to apply the method of 
periodate oxidation. A 3,6-anhydride would not 
be expected to react with sodium metaperiodate; 
our 2 ,6 -anhydro compound, having two adjacent 
hydroxyl groups, consumed rapidly one equivalent 
of oxidant, and liberated neither formic acid nor 
formaldehyde.

Further proof of the structure of methyl 2,6-an- 
hydro- a-D-altropyranoside (VII) was secured by a 
series of reactions which ruptured the 1,5-ring and 
left the 2,6-ring intact. The glycosidic methyl 
group was first removed by mild acid hydrolysis, 
and the resulting 2,6-anhydro-D-altrose (VIII) was 
reduced with hydrogen and Raney nickel to an 
anhydrohexitol (IX) which might be named 2,6- 
anhydro-D-altritol, but is preferably called 1,5-an- 
hydro-D-talitol. While neither VIII nor IX has 
yet been obtained in crystalline form, the latter 
yielded a tetraacetyl derivative (X) which sepa­
rated as prisms melting at 107°, and with [a ] 20D 
— 16.2° in chloroform. These data are in good 
agreement with those of the prismatic crystals of 
melting point 108° and [a ]22D —15.3° described 
by Freudenberg and Rogers.8 Their compound, 
prepared by the catalytic hydrogenation of 2,3,4,-
6-tetraacetyl~2-hydroxy-D-galactal (XI), could be 
either 2,3,4,6 - tetraacetyl -1,5- anhydro - p - talitol

(8) W. Freudenberg and E. F. Regers, This Journal, 69, 1604
(1937).
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(X) or 2,3,4,6 -tetraacetyl-1,5-anhydro-D-galacti- 
tol (X II), because the addition of hydrogen to the 
ethylenic linkage could give rise to either or both 
of these isomers. Our work identifies their com­
pound as the D-talitol derivative (X) because only 
that one is possible if we start with a D-altrose de­
rivative. The recent synthesis in this Laboratory 
of 2,3,4,6 -tetraacetyl-1,5-anhydro-D-galactitol
(XII) , 9 which is quite different from the compound 
first described by Freudenberg and Rogers, and 
now by us, completes the series of compounds and 
correlates all three researches.

We have prepared the methyl 2,6-anhydro-a- 
D-altroside (VII) by the action of alkali not only 
upon the 6 -tosyl derivative (I) but also upon the
6 -bromo derivative (VI) and the 6 -iodo derivative
(II). Although the formation of methyl 3,6-an- 
hydroglycosides from 6 -bromo compounds has 
been reported previously, 10 we believe that this is 
the first time that a cyclic anhydride of a glycoside 
has been obtained from a 6 -iodo compound. 
However, the reaction was accompanied by the 
formation of a highly colored solution with attend­
ant low yield of the anhydro compound, and the 
reaction cannot be recommended for preparative 
purposes.

I t will be interesting to learn whether the com­
pound reported by Steiger and Reichstein11 to be 
an isopropylidene derivative of a methyl anhydro- 
D-altroside, of melting point 132° and [oJ 18d 
—43.0°, is the 3 ,4 -isopropylidene derivative of 
methyl 2,6-anhydro-/3(or a)-D-altroside.

Although methyl 2,6-anhydro-a-D-altropyrano- 
side does not show the extreme sensitivity to acids 
that is shown by the 3,6-anhydro derivatives of 
methyl ce-D-galactopyranoside12 and methyl a-d- 
glucopyranoside,13 and appears to be completely 
stable under ordinary conditions in the labora­
tory, it is hydrolyzed readily by N  hydrochloric 
acid at 20°. We were unable to compare the rate 
of hydrolysis of methyl 2,6-anhydro-a-D-altro- 
pyranoside with that of methyl a-D-altropyrano- 
side because D-altrose, the hydrolysis product of 
the latter, readily forms 1,6-anhydro-D-altrose 
(=  D-altrosan<l,5> /3<  1,6>) in acid solution. 
However, sucrose is hydrolyzed about twenty-two 
times faster, and methyl a-D-glucopyranoside only 
about one-ninetieth as fast as methyl 2,6-anhydro- 
a-D-altroside under comparable conditions.

Experimental Part
Methyl a-D-altroside was prepared from methyl a - d- 

glucoside essentially as described in a preceding publica­
tion,2 except th a t ethylene dichloride was used as a solvent

(9) H. G. Fletcher, Jr., and C. S. Hudson, T his Journal, 70, 310 
(1948).

(10) E. g., th a t of the jS-D-glucoside by E. Fischer and K. Zach 
[Ber., 45, 456 (1912)], th a t of the oHD-galactoside by F. Valentin 
[Coll. Czechoslov. Chem. Commun., 4, 371 (1932)], and th a t of the 
tt-D-mannoside by F. Valentin [ibid., 6 , 354 (1934)].

(11) M. Steiger and T. Reichstein, Helv. Chim. Acta, 19, 1011 
(1936).

(12) W. N . Haworth, J. Jackson and F. Smith, J . Chem. Soc., 620
(1940).

(13) W. N. Haworth, L. N . Owen and F. Smith, ibid., 88 (1941)*

whenever possible instead of the more expensive chloro­
form. The methyl 2 , 3  -ditosyl -4,6-benzylidene -a -d  -gluco - 
side14 which was used in our earlier study crystallized 
as needles melting a t 147-148°. A new modification has 
since been obtained in large, chunky prisms which melt 
at 154-155°. The two forms have identical rotations,
[ a ] 20D + 11.8° in chloroform (c , 6 ). In  contrast to  the 
behavior of the two modifications of the corresponding 
derivative of methyl /3-d -glueoside reported by L ittm ann 
and Hess , 1 4  either form of our compound can be obtained 
as desired by inoculating an ethylene dichloride solution 
of either form with the appropriate seed crystal.

A n a l .  Calcd. for C2 8 H 3 0O10S2 : C, 56.93; H , 5.12.
Found (155° fo rm ): C, 57.04; H, 5.28.

In the transformation of each 100 g. of ditosyl com­
pound to the methyl 2 ,3 -anhydro -4, 6  -benzylidene -d  -  
allóside it was necessary to  use 1500 ml. of ethylene d i­
chloride and 450 ml. of methyl alcohol (including 0.85 
mole of sodium methoxide) to  maintain a  homogeneous 
solution.

In our most recent preparations of methyl a-D-altroside 
we have found it unnecessary to isolate the methyl 2 ,3 - 
ditosyl -4 , 6  -benzylidene -ol -d  -glucoside, and considerable 
time may be saved by using a modified procedure. Thus, 
100 g. of well-dried, crude methyl 4,6 -benzylidene-a-d -  
glucoside was dissolved in 600 ml. of a ‘'practical** grade 
of pyridine (dried over sticks of potassium hydroxide, 
and filtered) and 250 g. of ^-toluenesulfonyl chloride was 
added. The reaction mixture, after three days a t room 
temperature, was decomposed with ice and water, and the 
product extracted with ethylene dichloride. Pyridine 
was removed from this extract by washing with cold dilute 
sulfuric acid, and after further washing with water, 
aqueous sodium bicarbonate, and water, and drying with 
granular calcium chloride, the volume was adjusted to 
1500 ml. The solution was cooled in the refrigerator and 
to it was added a cold solution of 450 ml. of methyl 
alcohol containing 1.4 moles of sodium methoxide (twice 
the theoretical amount required to effect detosylation and 
anhydride formation on the assumption th a t the starting 
material was all in the form of the ditosyl compound). 
The mixture was kept in the refrigerator for three days, 
with occasional shaking a t first to prevent the separation 
of the liquid into two layers, and then allowed to stand 
at room temperature for two additional days. The 
solution was diluted with water, and the ethylene dichloride 
layer and extracts washed with water, dried over granular 
calcium chloride, and concentrated in  va cu o . The crystal­
line anhydroalloside, filtered and washed with the aid of 
ether, weighed 70 g., representing 75% of the theoretical 
amount based on the 100 g. of methyl 4,6-benzylidene-a- 
d-glucoside.

T h e  a lk a l in e  h y d r o ly s is  o f  t h e  a n h y d r o a llo s id e  t o  m e t h y l
4 ,6 -b e n z y l id e n e -a - D - a l t r o s id e  a n d  th e  s u b s e q u e n t  m ild  
a c id  h y d r o ly s is  t o  m e t h y l  « - D -a lt r o s id e  w e r e  t h e n  c a r r ie d  
o u t  a s  p r e v io u s ly  d e s c r ib e d .2

Methyl 2 ,3 ,4,6  -T etrab enzoyl -a -d -altroside (IV).—A 
solution of 5  g. of methyl ol-d -altroside in 75 ml. of pyridine 
was cooled in an ice-bath, and to  it was added 15 ml. of 
benzoyl chloride. After standing for twenty-four hours 
at room tem perature, the mixture was poured into one 
liter of ice and water, and the precipitated gum was 
washed thoroughly by stirring with fresh portions of water 
several times during the course of the next few days. 
Crystals were first observed after the gum had stood 
under water in the refrigerator for about two m onths. 
The crystalline product weighed 7 g. and was recrystallized 
five times from ethyl alcohol as large, brilliant prisms; 
the m. p. was 94-96°, and [qt]20d +32 .6° in chloroform 
(c, 4).

A n a l .  Calcd. for C3 5H 3 0O1 0 : C, 68.84; H , 4.95.
Found: C, 68.97; H , 4.94.

(14) H. Ohle and K. Spencker, Ber., 61, 2392 (1928); D. S. 
M athers and G. J. Robertson, J . Chem. Soc., 696 (1933); O. L itt­
mann and K. Hess, Ber., 67, 524 (1934); H. Ohle and F, Just, ibid., 
68, 601 footnote 5 (1935).



Methyl 2,3,4-Triacetyl-6-trityl-«-D-altroside.15—A mix­
ture of 6.75 g. of methyl «-D-altroside and 13 g. of tri- 
phenylchloromethane in 50 ml. of pyridine was heated 
for three hours on the steam -bath, cooled, 25 ml. of acetic 
anhydride added, and the mixture allowed to stand for 
three days at room tem perature. At the end of tha t time 
the flask contained a considerable number of large, color­
less crystals which were rem oved by  filtration., washed with 
pyridine, and recrystallized from a mixture of chloroform 
and oentane a s  p r is m s  melting at 175 °, The action of 
hot aqueous sodium hydroxide upon the compound liber­
ated pyridine, which was recognized by its odor, and tr i­
phenylcarbinol, which was identified by its melting point 
and by a mixed melting point with an authentic specimen. 
These properties, together with analyses of the substance, 
indicate th a t it is the double compound of pyridine 
hydrochloride with triphenylcarbinol (probably present 
as an impurity in the triphenylchloromethane), melting 
at 174°, which was described by Helferich and Sieber.16 * * *

A n a l .  Calcd. for C24H22ClNO: C, 76.68; H, 5.90;
Cl, 9.43; N, 3.73. Found: C, 76.69; H, 6.05; Cl, 
9.57; N, 4.01.

The filtrate from the double compound was diluted with 
ice water and the precipitated solid extracted with chloro­
form. The chloroform solution was washed with 20% 
aqueous copper sulfate or cold, dilute sulfuric acid to re­
move the pyridine, then with water, aqueous bicarbonate, 
and water, dried with granular calcium chloride, and con­
centrated to a sirup which crystallized readily. The prod­
uct weighed 9 g. I t  was recrystallized three times from 
chloroform by the addition of ether and isopentane, and 
then twice from alcohol. The elongated prisms melted 
a t 165-166 0 after sintering a few degrees lower, and showed 
[a ]20d  +44.8° in chloroform (c , 2).

A n a l .  Calcd. for C3 2H 3 4O 9 : C, 68.31; H, 6.09.
Found: C, 68.55; H , 6.17.

Methyl 2,3,4 -Tribenzoyl-6-trityl-«-d-altroside (V).—
Ten grams of methyl a -d -altroside in 100 ml. of pyridine 
was heated for three hours with 15.8 g. of triphenylchloro- 
methane, then cooled, and 27.4 ml. of benzoyl chloride 
added. After two days the mixture was decomposed by 
pouring into ice water. The next day the precipitated 
gum was extracted with chloroform, and the solution 
washed successively with water, cold dilute sulfuric acid, 
water, aqueous sodium bicarbonate, and water. This 
solution was dried with Drierite, filtered, and concentrated 
in  va cu o  to a sirup. The first crystalline material was 
obtained by fractional extraction of this sirup with ethyl 
alcohol; the radiating clusters of small needles melted 
about 96-98°, and were not very soluble in alcohol. 
When these crystals were found to  be readily recrystalliz- 
able from ether, the several alcohol solutions and residue 
were combined and concentrated again to  a sirup which 
was dissolved in ether and crystallized with the aid of 
isopentane. The product separated in large prisms, 
and weighed 29 g. The melting point of 83-85° with 
evolution of gas indicated solvent of crystallization; the 
material lost weight slowly a t room temperature, and 
finally reached a constant weight, when heated a t 70°, 
with a loss corresponding to one molecule of ether of 
crystallization.

A n a l . Calcd. for C4 7H 4o0 9 -(C2H 5 ) 2 0  : ether, 9.01.
Found: ether, 8.86.

Finally, the compound was purified by recrystallizing it 
from chloroform by the addition of absolute alcohol, from 
which it separated in small plates. After five recrystal­

(15) F irst prepared by M r. F rank G. Young in this Laboratory 
during the summer of 1940.

(16) B. Helferich and H. Sieber, Ber., 59, 600 (1926). A double 
compound presumed to consist of pyridine and triphenylchloro-
methane, melting a t 173-174°, has been described by C. A. Kraus
and R. Rosen [T h is  J o u r n a l , 47, 2744 (1925)]; the analyses, re­
ported only for chlorine, are no t sufficient to enable one to  decide
whether their compound was also identical with tha t of Helferich
and Sieber.

2 2 0 4  D a v id  A . R o s e n f e l d , N e l s o n  K .

lizations the melting point was 139-140°, and the rotation, 
[a ]  20d , was +15.2 ° in chloroform (c, 4).

A n a l .  Calcd. for C4 7H 4 0O9 : C, 75.38; H, 5.38.
Found: C, 75.43; H, 5.49.

Methyl 2,3,4-Tribenzoyl-6-tosyl-a-D-altroside (I), (a)
From Methyl a -d-Altroside.—A solution of 10 g. of methyl 
«-D-altroside in 150 mb of pyridine was cooled in an ice- 
bath and stirred vigorously while a cold solution of 1 1  g. 
of £ -toluenesulf onyl chloride ( 1 . 1  molecular equivalents) 
in 20 ml. of pyridine was added dropwise. The mixture 
was left for six hours a t 20°, then 20 ml. (3.3 molecular 
equivalents) of benzoyl chloride was added and the mix­
ture kept a t 20° for an additional eighteen hours. De­
composition was effected by pouring the mixture into 2  

liters of ice and water. The aqueous layer was decanted, 
and the gummy residue was triturated with water, twice 
with 2 0 0  ml. of 2 % aqueous sodium bicarbonate solution, 
then three times with water, and drained as well as pos­
sible. The heavy gum was extracted twice with boiling 
ethyl alcohol, two 2 0 0 -ml. portions usually being sufficient 
to dissolve the material. The solutions deposited about 
7 g. (2 1 %) of product melting a t 144-146°; small addi­
tional amounts were obtained by reworking the mother 
liquors. A number of variations on this procedure failed 
to improve the yield, and no methyl 2,3,4,6-tetrabenzoyl- 
« -D-altroside could be isolated from the non-crystalline 
residues. The methyl 2,3,4-tribenzoyl-6 -tosyl-«-d-altro- 
side was purified by several recrystallizations from alcohol; 
it formed acicular prisms which melted a t 149-150° and 
showed [<*]20d +30.3° in chloroform (c, 3).

A n a l .  Calcd. for CssHaaOnS: C, 63.63; H , 4.88.
Found: C, 63.77; H, 4.74.

(b) From Methyl 2 ,3,4 -Tribenzoyl-6 -trityl-a-d-altro- 
side (V).—In order to correlate the 6 -trityl derivatives 
with the 6 -tosyl derivatives, the following experiment was 
performed. Five grams of the methyl 2,3,4-tribenzoyl -
6 -trityl- a -D-altroside was dissolved in 1 0 0  ml. of warm 
glacial acetic .acid, the solution was cooled to room tem ­
perature, and 3 ml. of glacial acetic acid saturated with 
gaseous hydrobromic acid was added. After thirty  minutes 
the mixture was poured into one liter of ice water, and 
extracted with chloroform; the chloroform solution was 
washed with aqueous bicarbonate and water, dried with 
Drierite, and concentrated in  vacu o  to a sirup. Upon 
the addition of methyl alcohol the sirup yielded 0.64 g. 
of triphenylcarbinol. The mother liquor was concen­
trated to a dry sirup, taken up in pyridine, and 5  g. 
of £ -toluenesulf onyl chloride added. After three days at 
room temperature the reaction mixture was decomposed 
with ice and water, and the product extracted with 
chloroform, which was then washed, dried, and concen­
trated to a sirup in the usual manner. The product was 
crystallized with the aid of ether and pentane to yield
1 . 6  g. of the desired methyl 2 ,3,4-tribenzoyl-6 -tosyl-«-D- 
altroside; after two recrystallizations from ethyl alcohol 
the acicular prisms melted a t 149-150° and showed [a ]  20d  
+29.9° in chloroform (c , 2 )  in good agreement with the 
values reported in the preceding paragraph. A mixture 
of the two samples showed no depression in melting point.

M ethyl 2 ,3,4 -Trib enzoyl -6 -iodo -6 -desoxy-a -d  -altroside 
(II).—A solution containing 5 g. of methyl 2 ,3,4-tri­
benzoyl-6 -tosyl-a-D-altroside and 5  g. of sodium iodide 
in 40 ml. of acetonylacetone was heated a t 70 0  for eighteen 
hours. The precipitated sodium £ -toluenesulf onate, 
filtered from the solution after cooling, weighed 1.4 g. 
(theory, 1.5 g .). The filtrate, upon dilution with water, 
deposited 4.8 g. of product which was recrystallized 
several times from acetone by the slow addition of water. 
The acicular prisms of the purified substance melted at 
143-145°, and showed [ « ] 20d  + 2 .5° in chloroform ( c ,  
4).

A n a l .  Calcd. for C2 8H 2 5I 0 8: C, 54.56; H , 4.09.
Found: C, 54.98; H , 4.27.

Methyl 6 -Iodo-6 -desoxy-a-D-altroside.—Debenzoyla- 
tion of the preceding compound catalytically with barium 
methoxide, followed by removal of the barium ions by

R ic h t m y e r  a n d  C. S. H u d s o n  Vol. 70
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precipitation with the equivalent amount of sulfuric acid, 
yielded almost the theoretical amount of methyl 6-iodo -
6-desoxy-«-d-altroside. The product, recrystallized four 
times from chloroform by the addition of ether or isopen­
tane, formed clusters of rectangular prisms melting at 
105-106°. The [«]20d value was +91.4° in chloroform 
(c, 1) and +79.3° in water (c, 1).

A n a l .  Calcd. for C7H 13I 0 5: C, 27.65; H, 4.31.
Found: C, 27.76; H , 4.58.

M ethyl 2,3,4 -Trib enzoyl -6 -bromo -6 -desoxy -« -d -altro ~ 
side (VI).—To a solution of 22.9 g. of methyl 2,3,4- 
tribenzoyl-6-trityl-«-D-altroside in 200 ml. of dry, al­
cohol-free chloroform was added a mixture of 12.2 g. 
of phosphorus tribromide and 7.2 g. of bromine in 200 ml. 
of chloroform, corresponding to  a 50% excess of the 
amount of phosphorus pentabromide required for the re­
action. After three hours the reaction mixture was de­
composed with ice water, and the chloroform layer sepa­
rated and washed successively with water, aqueous bi­
carbonate, water, aqueous thiosulfate, and water, dried 
with Drierite, and concentrated in  vacu o  to a sirup. The 
product crystallized readily upon the addition of methyl 
alcohol in a yield of 13.2 g. (76% ); from the mother 
liquor, concentrated to a sirup and taken up in ether, 
was obtained 6.8 g. (85%) of triphenylcarbinol which had 
been formed by hydrolysis of the other cleavage product, 
triphenylbromomethane.

The methyl 2,3,4-tribenzoyl-6-bromo-6-desoxy-«-D- 
altroside was freed from a small amount of levorotatory 
material by six recrystallizations from hot methyl alcohol; 
the rotation [«]20d ^=0.0° in chloroform (c , 8; Z, 4) was 
unchanged by eight additional recrystallizations from a 
mixture of chloroform and pentane. The product 
separated as prisms melting a t 146-147°.

A n a l .  Calcd. for C28H25Br08: C, 59.06; H, 4.43.
Found: C, 59.11; H, 4.46.

Methyl 2,3,4-Tribenzoyl-6-desoxy-«-D-altroside (III).
—-Five grams of powdered methyl 2,3,4-tribenzoyl-6-iodo -
6-desoxy-«-D-altroside and 1 ml. of Raney nickel catalyst 
were suspended in 200 ml. of methyl alcohol containing 1.7 
ml. of diethylamine, and the mixture was shaken with 
hydrogen a t atmospheric pressure. The absorption of 
one equivalent of gas was complete in about fifty minutes. 
The catalyst was removed by filtration, and the filtrate 
was concentrated in  va cu o . The crystalline residue was 
stirred with several portions of water to remove the di­
ethylamine hydroiodide, and the residue was recrystallized 
from methyl alcohol in a  yield of 2.7 g. After three 
additional recrystallizations the small, chunky prisms 
melted a t 134-135° and showed [«]20d —15.5° in chloro­
form (c , 3).

A n a l .  Calcd. for C28H260 8: C, 68.56; H, 5.34; OCH3, 
6.33. Found: C, 68.69; H , 5.18; OCH3, 6.32.

In the same manner, 5.0 g. of slightly impure methyl 
2,3,4 -tribenzoyl -6 -bromo -6 -desoxy -« -d -altroside yielded 
3.0 g. of reduction product. After two recrystallizations 
from methyl alcohol the small, chunky prisms melted at 
133-134°, and a mixture with the compound prepared from 
the iodo derivative melted a t 133-135°; the specific ro ta­
tion, however, was —19.6° in chloroform, and after 
twenty-five recrystallizations the substance still contained 
a small amount of more levorotatory impurity as shown 
by the value [«]20d —-17.3°.

Methyl 2,6-Anhydro-«-d-altropyranoside (VII). (a)
From Methyl 2,3,4-Tribenzoyl-6-tosyl-«-D-altroside (I). 
—A mixture of 10 g. of methyl 2,3,4-tribenzoyl-6-tosyl-«- 
d-altroside, 150 ml. of methyl cellosolve, and 67 ml. of 1 
N  sodium hydroxide (4.4 molecular equivalents) was 
heated on the steam -bath for one hour. The solution was 
cooled, neutralized with carbon dioxide, and concentrated 
i n  vacu o  to dryness; a 50-ml. portion of ethyl acetate was 
added, and the mixture concentrated again to dryness. 
The product was removed from the mixture of solid 
sodium salts by extracting three times with 100-ml. por­
tions of boiling anhydrous ethyl acetate. The extract, 
upon concentration in  va cu o , left a sirup which crystallized

after standing a few days. The average yield from a num ­
ber of such experiments was 1.7 g. The m ethyl 2,6- 
anhydro-«-D-altroside was recrystallized first from acetone 
by the cautious addition of ether, and then from ethyl 
acetate, as large elongated prisms, melting, when pure, 
at 97-98°, and with [ « ] 20d  +44.6° in water (c, 2).

A n a l .  Calcd. for C7H120 5: C, 47.72; H , 6.87; OCH3, 
17.61. Found: C, 47.74; H, 6.97; OCH3, 17.55.

(b) From Methyl 2,3,4-Tribenzoyl-6-bromo-6-desoxy- 
«-D-altroside (VI).—The catalytic debenzoylation of 
methyl 2,3,4 -tribenzoyl -6 -bromo -6 -desoxy -« -d -altroside 
with sodium methoxide, unlike tha t of the analogous iodo 
compound, failed to yield a crystalline product. Ac­
cordingly, 50 ml. of an aqueous solution of such a prepara­
tion, containing about 2.6 g. of methyl 6-bromo-6- 
desoxy-«-D-altroside ([« ]20d about + 8 0 °  in w ater), was 
heated for two hours on the steam -bath with 2.5 g. of 
sodium hydroxide. The light-brown solution was neu­
tralized with carbon dioxide, decolorized with activated 
carbon, and concentrated in  va cu o  to dryness. The prod­
uct was extracted with hot ethyl acetate, and 1.6 g. of 
methyl 2,6-anhydro-«-D-altroside was obtained; it was 
identified, after several recrystallizations, by its melting 
point, mixed melting point, and rotation.

(c) From Methyl 6-Iodo-6-desoxy-«-D-altroside.—A 
solution containing 2.2 g. of methyl 6-iodo-6-desoxy-«-d- 
altroside and 2.2 g. of sodium hydroxide in 35 ml. of 
water was heated on the steam -bath for two hours. The 
dark, reddish-brown solution was neutralized with carbon 
dioxide, treated with carbon, concentrated to  dryness, 
and extracted with ethyl acetate as above. Evaporation 
of the ethyl acetate left 0.85 g. of a yellowish-red sirup 
which did not crystallize when inoculated with the ex­
pected 2,6-anhydro compound. The sirup was there­
fore acetylated with acetic anhydride and pyridine a t 
room tem perature. The product was isolated in the usual 
manner, yielding 1.5 g. of a sirup which crystallized when 
inoculated with the known diacetate of the 2,6-anhydro 
compound (see below). One recrystallization from chloro­
form by the addition of pentane produced 1.0 g. of yellow­
ish prisms; the colored impurity was removed by a frac­
tional recrystallization, and the diacetate was obtained 
as the characteristic colorless elongated prisms, identical 
in melting point and rotation with those described in the 
following paragraph.

M ethyl 2 ,6 -Anhydro -3,4 -diacetyl -« -d  -altroside .—Acet - 
ylation of the purest 2,6-anhydroaltroside (prepared from 
methyl 2,3,4-tribenzoyl-6-tosyl-«-D-altroside) with acetic 
anhydride and pyridine in the usual manner furnished 
the diacetate in practically quantitative yield. The 
product was recrystallized twice from chloroform by the 
addition of pentane, separating as elongated prisms cf 
m. p. 100-101° and [ « ] 20d  + 32.5° in chloroform (c , 2). 
These values were unchanged by two additional recrystal­
lizations .

A n a l .  Calcd. for CnH160 7: C, 50.76; H , 6.20;
OCH3, 11.92. Found: C, 50.96; H, 6.53; OCH3,
11.80.

Oxidation of Methyl 2, 6-Anhy dro -« -d -altroside with 
Sodium Metaperiodate.—To a solution of 0.5292 g. of 
the anhydro compound in 75 ml. of water was added 15 
ml. of 0.4445 M  sodium periodate solution, and the 
mixture diluted exactly to 100 ml. with water. The first 
rotation was observed twenty minutes after adding the 
reagent and was unchanged after four days; the value 
[ « ] 20d  +113.5° was calculated for the expected oxidation 
product, the dialdehyde C7Hio05. The first determination 
of the amount of reagent consumed showed th a t the 
reaction was complete a t the end of forty-five minutes, 
and the value of 1.03 molecular equivalents of periodate 
had changed only to 1.07 molecular equivalents after 
four days. Neither formic acid nor formaldehyde could 
be detected in the reaction m ixture.

Hydrolysis of Methyl 2,6-Anhydro-«-D-altroside with 
Hydrochloric Acid.—In 0.1 N  hydrochloric acid at 20° 
there was no appreciable hydrolysis of the anhydroaltro- 
side in nineteen hours; when the solution was heated.in a
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boiling water-bath, hydrolysis appeared to be complete 
within one hour. For a 2% solution of the anhydro- 
altroside in 0 . 0 1  N  hydrochloric acid at 98°, the unimolec- 
ular velocity coefficient, calculated in minutes and deci­
mal logarithms, was 0.0062; the time required for 50% 
hydrolysis was forty-nine minutes. Methyl «-D-glucoside 
in 0.1 N  hydrochloric acid, other conditions being the 
same, yielded a unimolecular velocity coefficient of 0.00068; 
on the assumption that the rate is proportional to the 
acidity, this indicates that methyl 2,6-anhydro-«-d- 
altroside is hydrolyzed about ninety times as rapidly 
as methyl «-D-glucoside.

The hydrolysis of methyl 2,6 -anhydro-«-D-altroside by 
1  N  hydrochloric acid a t 20° was readily observed with 
the saccharimeter. A 4% solution required 2712 minutes 
for 50% hydrolysis, and the velocity coefficient was cal­
culated to  be 0.000111. An equimolecular solution of 
sucrose (7.8%) under the same conditions had a velocity 
coefficient of 0.00244 and the time required for 50% 
hydrolysis was 121 minutes. Hence, sucrose is hydrolyzed 
about 2 2  times as rapidly as an equimolecular solution of 
the anhydroaltroside.

The solutions obtained by the hydrolysis of the an­
hydroaltroside had a rotation, calculated as a 2,6-an­
hydro-D-altrose, of [ « ] 20d  — 21°. A. few drops of solution 
restored the color to Schiff reagent within a few seconds; 
crystalline D-altrose restored the color slowly, and d - 
glucose not at all. In a separate experiment, using N  
sulfuric acid followed by neutralization with solid barium 
carbonate, we have been unable to obtain a crystalline
2,6-anhy droaltrose.

Hydrogenation of 2 ,6 -Anhydro ~d  -altrose and the Isola­
tion of Tetraacetyl-1.5-anhydro-D-talitol (X).—'The solu­
tion obtained by the hydrolysis of several portions of 
m ethyl 2 ,6 -anhy dro-«-D-altroside (total weight 4.0 g ) 
with dilute hydrochloric acid were combined, neutralized 
to  litmus with dilute sodium hydroxide, and concentrated 
i n  va cu o  to 50 ml. The solution was transferred to the 
glass liner of a steel bomb, and hydrogenated, in the 
presence of 3 g. of Raney nickel, for six hours at 100° 
under a  pressure of 1500 lb. per square inch. The solu­
tion no longer reduced Fehling solution. I t  was concen­
tra ted  in  va cu o  to  a dry sirup, and acetylated with 50 ml. 
of acetic anhydride and 50 ml. of pyridine. The acetyl­
ated product was isolated in the usual manner, and crystal­
lized spontaneously from its concentrated ether solution. 
The yield was 5.5 g., or 73%. The tetraacetyl-1,5- 
anhydro-D-talitol thus obtained was recrystallized twice 
from ether, then twice from chloroform by the addition of

pentane. The elongated prisms melted at 106-107°, 
and showed [«] 20d —16.2° in chloroform (c , 5); Freuden­
berg and Rogers8 reported prisms of m. p. 108° and [«] 22d 
— 15.31° in chloroform (c , 2).

A n a l . Calcd. for C14H 2 0O9 : C, 50.60; H , 6.07.
Found: C, 50.62; H , 6.13.

The Specific Rotation of 1,5 Anhydro n  talitol (IX).— 
The deacetylation of 2.4566 g. of tetraacetyl-1,5-anhydro- 
d -talitol by 0.5 ml. of 3% sodium methoxide in 50 ml. of 
methyl alcohol, followed by careful concentration of the 
solution in a desiccator over granular calcium chloride, 
yielded a sirup which in separate experiments we have been 
unable to  crystallize. This sirup was dissolved and 
transferred quantitatively to a 25-ml. volumetric flask, 
and its rotation determined in a 4-dm. tube. Óur value 
[ « ] 20d  —11.4° in water (c , 4.85) is somewhat higher than 
the [ « ] 23d  —7.34° reported by Freudenberg and Rogers 
for their sirup which was prepared in a different manner.

Acknowledgment.—The authors wish to thank 
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Summary
Ten new crystalline derivatives of methyl a-D- 

altroside have been described. One of these, pre­
pared by the action of alkali on the 6-tosyl, 6- 
bromo, or 6-iodo derivative, is methyl 2,6-an­
hydro-a-D-altropy rano side ; this is a new type of 
anhydroglycoside, in contrast to the 3,6-anhydro- 
glycosides of D-glucose, D-mannose, and D-galac- 
tose.

The acid hydrolysis of methyl 2,6-anhydro-a-D- 
altroside, followed by catalytic hydrogenation of 
the 2,6-anhydro-D-altrose, yields 1,5-anhydro-D- 
talitol; the crystalline tetraacetate of this sub­
stance has been identified with the product ob­
tained previously by W. Freudenberg and K. F. 
Rogers by the catalytic hydrogenation of 2,3,4,6- 
tetraacetyl-2-hydroxy-D-galactal.
B e t h e s d a , M a r y l a n d  R e c e iv e d  F e b r u a r y  11, 1948

[C o n t r ib u t io n  f r o m  t h e  O r e g o n  F o r e s t  P r o d u c t s  L a b o r a t o r y  a n d  t h e  D e p a r t m e n t  o f  C h e m is t r y , O r e g o n  St a t e
C o l l e g e ]

The Constituents of Sie rra Juniper Wood (Jun iperus occidentalism Hooker)
By E. F. Kurth and Homer B. Lackey*

Sierra Juniper is native to altitudes ranging 
from 3,000 to 11,000 feet in California, Oregon, 
Washington, and Western Idaho. I t is a low, 
broadheaded tree, 2 0  to 65 feet high, with thick 
trunk and stout horizontal branches. The larger 
trees may reach a circumference of nine feet and 
an age of 2,000 years. The heartwood is pale 
reddish-brown and the sap wood is nearly white.

I t  appears that no previous investigation has 
been made of the extractive from this species. 
Because large numbers of the trees are found in

* A  p a rt of th e  research  reported  in  th is  paper was sub m itted  in
p artia l fu lfillm en t of th e  requirem ents for degree of M aster of Science
in  C h em istry , Oregon S ta te  C ollege, June, 1948.

proposed reclamation areas, it became advisable 
to ascertain the constituents of the extractives 
from the wood.

Experimental
The material for the investigation was collected from 

trees felled for the purpose in the vicinity of Bend, Oregon, 
and included cross sections from the top and bottom of 
logs, stump wood and rootwood. After the bark was 
removed, representative specimens of sapwood, heart- 
wood, whole wood, stump wood and rootwood were 
shredded separately in a Greundler Peerless Grinder. At 
the time of shredding, the moisture content of the wood 
was roughly 40 to 50%. For quantitative yield of ex­
tractive, samples of the shredded wood were room-dried 
to under 1 Q% moisture content and then further ground in 
a Wiley mill to pass a 40-mesh standard U. S. sieve.
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The results of extractions with ethyl ether in Pyrex 
glass Soxhlet extractors, and calculated on the oven-dry 
weight of wood, are shown in Table I. Further extrac­
tion of the ether extracted wood with acetone gave roughly 
an additional 1 % of reddish-brown phlobaphene.

T a b l e  I
Y ie l d  o f  E x t r a c t  w it h  E t h y l  E t h e r

M aterial Per cent.
Top log 4.21
B utt log 3.36
Stumpwood 2.96
Rootwood 4.01
Sapwood 3.52
Heartwood 6.50

For the purpose of obtaining sufficient quantities of 
extractive to determine its chemical composition, the 
freshly shredded moist wood was extracted with acetone 
in a large metal Soxhlet-type extractor. This extractor 
held about 1 0  pounds of wood and the solvent was con­
tained in a 45-liter, round bottom Pyrex-glass flask, 
which was externally steam-heated.

The acetone extracts from the wood samples were con­
centrated by distillation at reduced pressure in a water- 
bath. After the acetone had been removed, the dark 
colored sirupy extracts were steam distilled to remove 
volatile oil.

Composition of the Volatile Oil.—The aqueous conden­
sates from the distillation with steam of the extracts from 
cross sections from the bole of the tree contained a crust 
of colorless crystals. After drying on a porous plate the 
crystals melted a t 78° and when recrystallized from hot 
methanol, melted a t 87°. They formed a urethan, m .p . 
106-107 ° with phenyl isocyanate. These are the properties 
of cedrol, CisH+O, a tertiary alcohol occurring in few other 
conifers. The yield was 0.9 to 1.25% of the weight of 
the wood.

The volatile oils from the stumpwood and rootwood 
were nearly colorless liquids from which crystals did not 
separate. They were removed from the aqueous layer 
by shaking out with petroleum ether in a separatory fun­
nel.

Thirty-five grams of the oil from the rootwood extract 
was distilled a t a pressure of 9 mm. from a 60-ml. round- 
bottomed flask heated in an oil-bath. Twenty-eight 
grams of a clear colorless oil distilled between 130 to 170°. 
A dark brown residue, presumably decomposition and 
polymerization products, remained. The oil was frac­
tionally distilled a t 41 mm. into two distinct fractions. 
The first fraction, a clear colorless oil amounting to 49.3% 
of the original rootwood oil, was identified as cedrene, 
C15H 2 4 . I t  had the following properties: b. p ., 131-
133° (18 mm.), 264° (759.8 m m .); sp. gr. 0.9322 20/ 20; 
sp. rotation, [ « ] 20d  in chloroform — 58 0  5 ';  refractive 
index, 1.500820°. A dilute solution in 95% ethanol gave 
an immediate reddish color which changed to red-violet 
Upon the addition of a solution of one-tenth g. of vanillin 
dissolved in 1 0 0  ml. of concentrated hydrochloric acid.

The second fraction was the white crystalline solid 
cedrol, Ci5H 260 . I t  distilled between 155 to 165° a t 41 
mm., melted a t 8 6 °, and had a specific rotation, [ « ] 20d 
+ 8 ° 29'. The urethan from phenyl isocyanate melted 
a t 106-107°. The cedrol crystals when dissolved in 
absolute ethanol and dehydrated with concentrated phos­
phoric acid gave cedrene, which gave the typical color with 
the vanillin-hydrochloric acid reagent.

Separation of Phlobaphene.—The thick, dark-colored 
residues from the separation of the volatile oil were placed 
in a separatory funnel and shaken with successive portions 
of ethyl ether. The insoluble material was then refluxed 
for an hour with more ether, whereupon a reddish-brown 
residue was obtained th a t dried to an amorphous powder.

This material gave a green-black coloration with dilute 
solutions of iron salts, precipitated gelatin from solu­
tion, and upon methylation with dimethyl sulfate in al­

kaline solution followed by oxidation with potassium 
permanganate gave veratric acid, m. p. 177°, methyl 
ester m .p .  55-57°. The dried product was only slightly 
soluble in water. This indicated th a t a catechol phloba­
phene is present in Sierra juniper wood. The yield was 
roughly 1 % of the weight of the whole wood.

Separation of Petroleum Ether Solubles.—The ether 
solutions from the separation of the phlobaphene were 
washed with water, dried over anhydrous sodium sulfate, 
and the solvent was removed under reduced pressure. The 
dark colored resinous material was then extracted with 
petroleum ether. This solvent extracted a reddish 
yellow product and gave a dark colored resinous precipi­
tate.

The petroleum ether solutions were next shaken in a 
separatory funnel with successive portions of 5% potas­
sium carbonate solution to separate acidic substances from 
neutral materials. Complete separation of the sap wood 
extract, as judged by the color of the aqueous layer, was 
comparatively sharp after shaking with four portions of 
potassium carbonate solution. The coloring m atter was 
more difficult to remove with the other wood extracts, 
which required up to 9 extractions with fresh portions of 
potassium carbonate solution. The petroleum ether 
solutions were then washed with water and dried over 
anhydrous sodium sulfate overnight. The ether was 
removed under reduced pressure and the residues weighed. 
The amounts of neutrals and acids found, as well as those 
of other components, are given in Table I I .  The rdethod 
of separation is summarized in Fig. 1.

T a b l e  II
C o m p o s it io n  o f  P e t r o l e u m  E t h e r  E x t r a c t  f r o m  
S ie r r a  J u n ip e r  (Y ie l d  f r o m  S a p w o o d  2.53%; f r o m  

W h o l e  W o o d  3.01%)
Per cent, of to tal 
pet. ether extract

Sapwood W hole wood
Free acids 27.9 43.6

F atty  acids 2 1 .6 26.4
Resin acids 6.3 17.3

Combined acids 27.1 6 .9
F atty  acids 27.1 6 .9
Resin acids 0 . 0 0 . 0

Total acids 55.0 50.5
Saturated fatty  acids 30.9 14.6
Unsaturated fa tty  acids 17.7 16.0
Resin acids 6.3 17.3

Unsaponifiables 45.0 49.5
Volatile oils 1 .0
Phytosterol 45.0 5 .0
Resene 43.5

W ater solubles None Trace
Esterification of the dry acidic fractions with ethanol 

and sulfuric acid gave a separation into fa tty  acids and 
resin acids. The resin acid fraction from all of the wood 
extracts was dark colored and non-crystallizable from a 
variety of solvents. The neutral equivalent varied from 
297 to 337, whereas th a t for abietic acid is 302.4.

The fatty  acid fractions were further separated into 
presumably saturated and unsaturated acids by the dif­
ference in solubilities of their lead salts in ether. The 
unsaturated fatty  acids thus obtained were red colored 
liquids, which gave iodine numbers by the Hanus method 
ranging from 56.7 to 68.1 and neutralization equivalents 
ranging from 338 to 346. This indicated th a t acids with 
more than 18 carbon atoms were present. Oxidation with 
cold alkaline potassium permanganate resulted in the 
isolation of dihydroxystearic acid, m. p. 129.5°, which 
indicated tha t oleic acid was present in the mixture.
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Fig. 1.—Separation of the juniper wood extract 
Acetone solubles
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-------- i
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(None)

“Saturated acids”

The saturated fatty  fraction was soluble in warm meth­
anol and crystallized from this solvent on standing. After 
several recrystallizations, white waxy solids were obtained, 
which melted a t 72.5-73°. Decomposition took place at 
temperatures above 1 0 0 °, which demonstrated a relative 
low stability to heat. The crystals were soluble in warm 
dilute sodium hydroxide, but were insoluble in 5% sodium 
bicarbonate solution. Neutralization values of 677 to 
684 were obtained. Other investigators have obtained 
similar acids from Jack pine and Swedish Tall oil1 -2 *3 and 
considered them lactonic acids.

After refluxing the crystals for one-half hour with an 
excess of alcoholic potassium hydroxide, acidifying the 
solution, extracting with ether, drying and recrystallizing, 
the neutral equivalent was lowered to between 396 to 
422. This indicates th a t the material could be the di­

l l)  H, H ibbert and J. B. Phillips, Can. J . Research, 4, 1 (1931).
(2) T ,  Hasselstroem, Paper Trade J . ,  83, No. 2, 66 (1926),
(3) H. Sandquist, Z,  Angew . Chew., 3§, 531 (1922).

basic lactonic acid of the same melting point described by 
Sandquist . 3

The neutral fractions were saponified with 7% alcoholic 
potassium hydroxide by the modified Kerr-Sarber method 
of Jamieson4 and separated into unsaponifiable matter 
and acids. No resin acids or ether soluble lead salts were 
found present in the acid fraction. The only acid isolated 
had the same properties as tha t described in the preceding 
paragraphs.

Unsaponifiabies.—A one per cent, solution of the un- 
saponifiables in absolute ethanol was heated and to it 
was added an equal volume of a 1 % solution of digitonin 
in 95% ethanol. After standing in a refrigerator for 
forty-eight hours, white crystals of phytosterol digitonide 
separated. The yield of digitonide was quantitative from 
the sapwood unsaponifiable matter inasmuch as no residue 
was found in the filtrate. The unsaponifiable from the 
whole wood contained only approximately 1 0 % of sterols. 
The bulk of the unsaponifiable m atter from this extract 
was not precipitated by digitonin.

The phytosterol was recovered from the unsaponifiable 
matter by crystallization from hot dilute alcohol. The 
light colored crystals, which separated, were decolorized 
with charcoal, and recrystallized successively from hot 
dilute ethanol and acetone. The properties are shown in 
Table I II . From the experimental data in this table, 
the product appears to be a mixture of a lp h a  and beta  
sitosterol.

T a b l e  I II
P r o p e r t ie s  o f  t h e  P h y t o s t e r o l

Sierra juniper a-Sito-
wood sterol4

Melting point, °C. 134-136.5 135-136
Melting point of ace­

tate, °C. 125.5-128
Specific rotation

[ a ] 20d in CHCh -2 1 .2 5  -1 3 .4 5

/3-Sito­
sterol4
139-140

127-128

-3 6 .1 1

The filtrate from the precipitation of the phytosterol 
digitonide from the whole wood unsaponifiabies was con­
centrated and diluted with water, whereupon a resene 
was precipitated. This was recrystallized successively 
from hot dilute ethanol, methanol and acetone and had 
a melting point of 76-78.5°. I t was slightly soluble in 
hot water and very soluble in petroleum or ethyl ether, 
benzene and chloroform. The compound was optically 
inactive. Molecular weight, as found by the Rast cam­
phor method, together with carbon and hydrogen analyses 
indicated the empirical formula to be C1 8 H 31O.

Calcd. for C1 8 H 3iO: C, 82.10; H, 11.86; molecular
weight, 263.4. Found: C, 81.72; H, 12.10; molecular 
weight, 262.0.

An acetate was formed by refluxing the resene for one- 
half hour with acetic anhydride and anhydrous sodium 
acetate. I t  had a melting point of 102-104°. Forma­
tion of the acetate established the resene as an alcohol.

Petroleum Ether Insoluble Fraction.—Investigation of 
this fraction gave many variable results. I t  appeared 
to be in various stages of oxidation and polymerization. 
In addition to being soluble in ethyl ether it was soluble 
in ethyl acetate, partly soluble in hot methanol and hot 
benzene. The product from the top log cross section, 
amounting to 46.2% of the ethyl ether extract, upon 
saponification with sodium hydroxide gave an insoluble 
sodium salt. The material soluble in sodium hydroxide 
was a mixture of resin and fatty  acids. Decomposition 
of the insoluble sodium salt with dilute acid precipitated 
a light brown granular solid with a neutral equivalent of 
791.

The product from a cross section of a bu tt log with some 
dry rot a t the core gave on redissolving in ethyl ether and 
upon slow evaporation of the solvent, light fluffy crystals.

(4) Jamieson, George S., “ Vegetable Fats and Oils,” A. C. S. 
Monograph No. 58, 2nd ed., Reinhold Publishing Oorp., New York, 
N. Y\, 1943,
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These were recrystallized from hot benzene and then had 
the following properties: insoluble in water, petroleum
ether and carbon tetrachloride; slightly soluble in ethyl 
ether, benzene, and ethyl acetate; and soluble in alcohol, 
acetone, and sodium bicarbonate solution; m. p. 229°, 
neutral equivalent 153, molecular weight 294, C 60.8%, 
and H 7.42%. This indicated an empirical formula of 
C+H22O6 . Methoxl groups were absent.

The compound formed a mono methyl ester with meth­
anol in the presence of concentrated sulfuric acid that had 
the following properties: m .p . 136-137°, neutral equiva­
lent 290, saponification equivalent 164. The ester was 
soluble in sodium bicarbonate solution and after saponi­
fication the original compound was recovered. These 
properties indicated a dibasic acid.

The compound was obtained in only small yield from 
one specimen of Sierra juniper wood containing dry rot.

Inasmuch as it was not isolated from sound wood it is 
questionable whether it is a normal constituent of wood 
with no decay.

Summary
1. The ethyl ether soluble content of Sierra

juniper wood was found to range between 2.96 to 
6 .5%. Approximately an additional one per cent, 
of material is soluble in acetone which is chiefly a 
catechol phlobaphene. A part of the ethyl ether 
extractive is soluble in petroleum ether. This 
amounted to 2.53% on the weight of sapwood and 
3.01% on the weight of the whole wood from a 
cross section of the trunk. A detailed analysis of 
the petroleum ether solubles is tabulated.

2. The constituents of the petroleum ether ex­
tract were resin acids, oleic acid and high molecu­
lar weight lactonic acids, a mixture of alpha and 
beta sitosterol and a hydroxy resene, C18H 31O. 
The resin acids occurred only in the free state.

3. The volatile oil from the trunk of the tree 
ranged from 0.9 to 1.25% and was apparently 
entirely cedrol. That from the rootwood was a 
mixture of cedrene and cedrol.
C o r v a l l is , O r e g o n  R e c e iv e d  M a r c h  16, 1948

[ C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  M in n e s o t a ]

The Jacobsen Reaction. IX.1 6,7-Dialkyltetralins
B y L e e  I rvin  Smith  and C h ie n -P en  L o2

The only tetraalkylbenzenes so far studied with 
reference to their behavior under the conditions 
of the Jacobsen rearrangement are those in which 
the alkyl groups are methyl and ethyl. Tetra­
alkylbenzenes of known structure, having alkyl 
groups above ethyl, and with straight or branched 
chains, are practically unknown, and the variety 
and number of such compounds necessary for an 
extended study of the Jacobsen reaction make 
the preparation of the starting materials and ref­
erence compounds a very formidable task. In the 
previous paper1 it was shown that a cyclic chain 
attached at two ortho-positions to a benzene ring 
could take the place of two alkyl groups in a 
tetraalkylbenzene, and it was shown that 6,7-di- 
ethyltetralin (a 1,2,4,5-tetraalkylbenzene) under­
went the Jacobsen reaction in the normal fashion 
to produce 5 ,6 -diethyltetralin (a 1,2,3,4-tetraalkyl- 
benzene). Indeed, Schroeter and Gotzky3 had al­
ready shown that two cyclic chains, involving the
1,2,4,5-positions of a benzene ring could replace 
four alkyl groups, for these authors observed that 
octahydroanthracene, subjected to the conditions 
of the Jacobsen reaction, underwent rearrange­
ment to octahydrophrenanthrene, a 1 ,2,3,4-tetra- 
substituted benzene. 6,7-Dialkyltetralins are 
quite readily prepared in some variety; moreover, 
these substances, as well as their rearrangement 
products, are readily dehydrogenated to the cor­
responding naphthalenes, so that the problems of

(1) No. V III, Arnold and Barens, T h is J o u r n a l , 66, 960 (1944).
(2) Abstracted from a thesis by Chien-Pen Lo, presented to the 

Graduate Faculty of the University of Minnesota, in partial fulfill­
ment of the requirements for the Ph.D. degree, September, 1947.

(3) Schroeter and Gotzky, Ber., 60, 2035 (1927).

identification can be solved without much diffi­
culty.

Arnold and Barnes1 have recently proposed a 
theory for the mechanism of the Jacobsen reac­
tion. According to this theory, the migrating al­
kyl group is detached from the sulfonic acid mole­
cule as a cation; this cation then replaces the 
more hindered sulfonic acid group of the (di)-sul­
fonic acid, leading to the rearranged sulfonic 
acid. As a necessary consequence of this theory, 
migration of a w-propyl group in a polyalkylben- 
zene would involve simultaneous isomerization of 
the group to iso-propyl, since the latter is the 
more stable of the two propyl cations under the 
conditions of the rearrangement.

With the objectives of testing this corollary of 
the suggested mechanism, and of extending the 
data on the Jacobsen reaction to groups other 
than methyl and ethyl, five (four of them new 
compounds) 6,7-dialkyltetralins have been pre­
pared and subjected to the conditions of the Jacob­
sen rearrangement. Each tetralin was dehydro­
genated to the corresponding naphthalene and the 
latter identified—hence, incidental to this work, a 
number of new 2,3- and 1,2-dialkylnaphthalenes 
have been prepared and characterized.

I, R  =  R ' =  CH3
II, R  =  CH3, R ' =  rc-CsHr
III , R  =  CHs, R ' =  iso-C3H7
IV, R  =  C2H5, R ' == iso-C3H7
V, R  =  R ' =  w-C3H7

When 6,7-dimethyltetralin (I) was subjected to 
the conditions of the Jacobsen reaction, it was 
converted into 5,6-dimethyltetralin, in analogy
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with the previously studied conversion of 6,7- 
die thy 1 tetralin into the 5,6-isomer. 1 However, 
when the two alkyl groups are identical, the rear­
rangement of 6,7-dialkyltetralins to the 5,6-com­
pounds gives no clue as to whether an alkyl group, 
or the cyclic chain has migrated, for in either case 
the product would be the same 5 ,6 -dialkyltetralin. 
Hence it became necessary to study some 6,7- 
dialkyltetralins in which the substituents were 
different; for this purpose tetralins II, III, and IV 
were prepared and characterized; compound V, 
with two w-propyl groups, was also included for 
comparison.

6-w-Propyl-7-methyltetralin II, under the con­
ditions of the Jacobsen rearrangement, was con­
verted into a liquid hydrocarbon which yielded 
benzene-l,2,3,4-tetracarboxylic acid upon oxida­
tion and l-^-propyl-2 -methylnaphthalene upon 
dehydrogenation. The liquid product was there­
fore 5 -?z-propyl-6 -methyltetralin. There are, a  
p r i o r i , four routes for a rearrangement: (a) the 
propyl group may migrate from the 6 - to the 8 - 
( = 5) position; (b) the methyl group may mi­
grate to the 5- ( — 8 ) position; (c) the tetrameth- 
ylene ring may open and then close in the 0 -posi- 
tion to the methyl group; and (d) the ring may 
open and then close in the 0 -position to the propyl 
group. The product resulting from (a) would, 
in accordance with the theory of Arnold and 
Barnes, be 5-isopropyl-6-methyltetralin, and not 
the ^-propyl isomer; from (b) and (c) there would 
result 5 -methyl-6 -^-propyltetralin; route (d) is 
the only one which would lead to the product ac­
tually obtained, namely, 5-^-propyL6-methyl- 
tetralin. Hence, the rearrangement proceeded v ia  
route (d) unless the very improbable assumption 
is made that a ^-propyl cation does not rearrange 
to isopropyl but is stable in the presence of a great 
excess of sulfuric acid.

6-Isopropyl-7-methyltetralin III, under the con­
ditions of the Jacobsen rearrangement, was 
converted into 6 -methyltetralin, identified by de­
hydrogenation to 2-methylnaphthalene. In this 
rearrangement, the ^ 0 -propyl group became de­
tached and did not re-enter the molecule, a be­
havior of isopropyl groups for which there is much 
precedent. 4

6-Isopropyl-7-ethyltetralin IV, and 6,7-di-w- 
propyltetralin V, when subjected to the conditions 
of the Jacobsen rearrangement, gave only small 
amounts of oily products which could not be 
identified. The bulk of the material was destroyed 
or else converted into sulfonic acids which were 
hydrolyzed to hydrocarbons with difficulty—a 
fact which excluded sulfonic acids of 1 ,2,3,4-tetra- 
alkylbenzenes.

The results of these experiments, together with 
those of Arnold and Barnes, show that 6,7-dialkyl­
tetralins undergo the Jacobsen rearrangement to
5 ,6 -dialkyltetralins when one or both of the alkyl 
groups are methyl or ethyl, or when one group is

(4) F or exam p le , see N ew to n , T his Journal, 65, 2439 (1943).

methyl and the other is w-propyl. In the last 
case, however, it is the tetramethylene ring which 
migrates rather than either alkyl group. When 
one of the alkyl groups is methyl and the other is 
isopropyl, the isopropyl group is lost and the 
product is a 6 -monoalkyltetralin. Moreover, 
there are certain 6,7-dialkyltetralins which give as 
products only small amounts of complex mixtures 
—a behavior paralleling that of 5,6,7,8-tetrahy- 
drobenz(f)-indan and of s-hydrindacene, studied 
by Arnold and Barnes. 1

Experimental Part5

The Jacobsen Reactions.—The general procedure was 
as follows: a mixture of the 6,7-dialkyltetralin (18 g.) 
and sulfuric acid was stirred and slowly heated. The 
color became red, then dark. Complete solution usually 
occurred a t a temperature of about 80°. The mixture 
was kept a t 95° for fifteen minutes, and then allowed to 
cool to room temperature and stand overnight. The 
mixture was diluted somewhat with water, and was then 
distilled with superheated steam (temperature pf the re­
action mixture, 150 °). The distillate was extracted with 
ether, the extract was washed with aqueous sodium hy ­
droxide, the solvent was evaporated and the residual 
material was distilled.

6.7- Dimethyltetralin (18 g.) yielded a light yellow oil 
(5 g.) which, on redistillation, gave colorless 5,6-dimethyl- 
tetralm (4.3 g.) boiling a t 110 115° (7 mm.) and having 
n 20D 1.5530. This material (8 drops) was heated with 
aqueous nitric acid (3 cc. 1:2) to  199-200° for three and 
one-half hours. The solution was evaporated to dryness, 
the residue was dissolved in ether, and to this solution was 
added an ethereal solution of diazomethane (from 2 g. 
of nitrosomethylurea). The ether was evaporated and 
the residue, crystallized twice from methanol, melted at 
130-131 ° alone or when mixed with an authentic specimen 
of tetramethyl benzene-1,2,3,4-tetracarboxylate. De­
hydrogenation of the 5,6-dimethyltetralin (1 cc.) led to
l ,  2-dimethylnaphthalene, identified as the picrate, m. p. 
and mixed m. p ., 129-130°.

6-w-Propyl-7-methyltetralin (18 g.) yielded 5 -propyl-
6-methyltetralin (4.8 g., 25%), b. p. 140-145° (13.5 
mm.). The product was converted to tetramethyl 
benzene-1,2,3,4-tetracarboxylate, m. p. and mixed m. p. 
130-131°, as described above, and was dehydrogenated to 
1 -7 2-propyl-2-methylnaphthalene, identified as the picrate,
m. p. and mixed m. p. 118-119°.

6-Isopropyl-7-methyltetralin (18 g.) yielded a yellow 
oil (7 g.), separated into three fractions by distillation: 
I, b. p ., 95-105° (4.5 mm.) (2.1 g.), II, h i p. 122-130° 
(4.5 mm.) (3.0 g .) , I II , residue (0.8 g.). Fraction II  
gave no benzene tetracarboxylic acid upon oxidation, 
and was identified as 6-methyltetralin by dehydrogenation 
to 2-methylnaphthalene, m. p. and mixed m. p. of the 
picrate 115-117°.

6-Isopropyl-7-ethyltetralin (8 g.) (oleum, 10% sulfur 
trioxide, 40 cc. used instead of sulfuric acid) yielded an 
oil (1.2 g.) which gave no benzene tetracarboxylic acid on 
oxidation and which gave no picrate after dehydrogenation.

6.7- Di-ft-propyltetralin (18 g.) gave less than 1 cc. of 
yellow oil from which no identifiable material could be 
isolated.

1-Tetralone was prepared from tetralin in 36% yield 
by the procedure of Thompson.6 The product boiled at 
125-126° (8 mm.), and gave a semicarbazone which, after 
crystallization from aqueous ethanol, melted at 215-217°.7

l-M  ethyl-1-tetralol.—To an ethereal solution of methyl­
magnesium iodide (prepared from magnesium 1.7 g.,

(5) Microanalyses by Sherman Sundet, Roger Amidon, Jay  S. 
Buckley.

(6) Thompson, Org. Syntheses, 20, 94 (1940).
(7) Kipping and Hill, J . Chem. Soc., 75, 148 (1899), reported the 

m. p. as 217°.
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methyl iodide 5.5 cc. and e ther 30 cc.) was added a solu­
tion of 1-tetralone (6.7 g.) in e ther (10 cc .). The m ix­
tu re  was refluxed, and th en  decomposed by addition of 
iced ammonium chloride solution. The m ixture was 
extracted w ith ether, th e  ex tract was washed w ith am ­
monium chloride solution, and the  solvent was removed. 
The residue (7 g ., 94% ) solidified and then  melted a t 77- 
79°. A fter recrystallization from petroleum  ether, the 
substance melted a t 86 -87°.8

1 -M ethylnaphthalene.—A m ixture of 1 -m ethyl-1-tet- 
ralol (3 g.) and a palladium -charcoal catalyst (0.3 g., 
10%) was heated a t  230-270° for three hours. The 
product was dissolved in ether, the cata lyst was removed, 
and the solution was washed w ith aqueous sodium h y ­
droxide (5% ). Rem oval of the  ether left 2.5 g. (95%) 
of residual oil which boiled a t 94-96° (5 m m .), and had 
n20 d 1.6037.9

P icrate.—The above oil (0.5 cc.) was added to  m eth ­
anolic picric acid and the  solution was cooled. The 
yellow needles were rem oved and recrystallized from m eth ­
anol. The product then  m elted a t 141-142°.10 A nal. 
Calcd. for Q 7H 13O7N 3 : C, 54.99; H , 3.53. Found: C, 
54.54; H , 3.56.

6 -Propionyltetralin.11— Propionic anhydride (43.4 g.) 
was slowly (one hour) added to  a cooled (0 °) and stirred 
mixture of te tra lin  (6 . 6  g .) , nitrobenzene (2 0 0  cc.) and 
alum inum chloride (150 g .). The m ixture was gradually 
(two and one-half hours) allowed to  a tta in  room tem pera­
tu re  and then was poured over ice and hydrochloric acid 
(100 cc.) and extracted  w ith benzene. The extract was 
washed with w ater, aqueous sodium carbonate ( 1 0 %) 
and w ater and dried over calcium chloride. Benzene, 
tetralin  and nitrobenzene were rem oved by distillation 
under reduced pressure, and the  residue was distilled. 
The product weighed 43 g. (6 8 % ), boiled a t 160-163° 
(11 mm .) and had n29d 1.5508.

The semicarbazone, after crystallization from ethanol, 
melted a t 209°.12 A nal. Calcd. for C14H 19ON3 : C,
69.11; H , 7.87. F ound: C, 69.33; H , 8.06.

6 -n ~Propyltetralin.—A m ixture of am algam ated zinc 
(360 g., 20 m esh), w ater (360 cc .), acetic acid (480 cc.), 
hydrochloric acid (720 cc.) and 6 -propionyltetralin (61 
g.) was refluxed for seventy-six hours, more hydrochloric 
acid (to tal 900 cc.) being added from tim e to  tim e. The 
cooled mixture was extracted  w ith ether, the extract was 
washed with w ater, aqueous sodium hydroxide ( 1 0 % ), 
and w ater, the solvent was rem oved, and the residue was 
distilled. The product, a  colorless liquid, weighed 53 
g. (92% ), boiled a t  123-125° (10 m m .) and had n29d 
1.5253. Anal. Calcd. for Ci3H i8: C, 89.60; H , 10.41. 
Found: C, 89.29; H , 10.47.

Trinitro -6 -72-propyltetralin.—The te tra lin  (1 g.) was 
slowly dropped in to  a  cold (0 °) m ixture of sulfuric acid 
(5 cc.) and fum ing nitric  acid (5 cc .). The mixture was 
allowed to  stand for ten  m inutes and was then poured over 
ice and extracted w ith e ther. The ex tract was washed with 
w ater, dilute sodium hydroxide, w ater, and was dried. 
The solvent was rem oved and the  residue was crystallized 
twice from m ethanol. The colorless prisms (0.5 g.) 
melted a t 97-98° and  becam e first yellow, then red, when 
allowed to  stand in  the  light. No a ttem p t was made to  
determine the position of the  n itro  groups. A nal. Calcd. 
for C13H 150 6N3: C, 50.5; H , 4.85. Found: C, 50.7; H , 
5.12.

6 -n-Propyltetralin Sulfonam ide.— Chlorosulfonic acid 
(5 cc.) was added dropwise to  a cold solution of the 
te tra lin  (1 g.) in chloroform (5 c c .) . The mixture was 
allowed to  a tta in  room tem perature and was poured over

(8) von Auwers, A n n . ,  415, 169 (1918), reported the m. p. as 88- 
89°.

(9) Anderson and Short, J .  Chem. Soc., 485 (1933), reported the 
b. p. as 100-105° (5 mm.).

(10) Lesser, A n n . ,  402, 10 (1913), and Meyer and Fricke, Ber., 47, 
2770 (1914), reported the m. p. as 141-142°.

(11) Barnes, Ph.D . Thesis, University of Minnesota, 1943.
(12) Barbot, Bull.  soc. chim.,  [4] 47, 1314 (1930), reported 224-

225°, but gave no analysis.

ice. The organic layer was removed, washed with water, 
and evaporated. The residual sulfonyl chloride was an 
oil which was converted directly to the sulfonamide by 
boiling it with ammonium hydroxide (5 cc.) for five 
minutes. The solid was dissolved in aqueous sodium 
hydroxide (5% ), the solution was filtered, and the filtrate 
was acidified. The solid, after crystallization from 
ethanol, melted a t 117-119°. No attem pt was made to 
determine the position of the sulfonamide group. A n a l .  
Calcd. for Ci3H190 2NS: C, 61.5; H, 7.5. Found: C, 
61.8; H , 8.1.

- (4 - 7 2  -Propyl) -b enzoylpropionic Acid.—Aluminum
chloride (75 g.) was added, in small portions, to a cooled 
(0°) mixture of succinic anhydride (25 g .), nitrobenzene 
(250 cc.) and n -propylbenzene (33 g .) .13 The mixture 
was stirred for two hours and then poured over iced hy ­
drochloric acid and steam-distilled. The oily residue, 
which solidified on cooling, was dissolved in aqueous so­
dium carbonate (10%), the solution was warmed with char­
coal, filtered, and the filtrate was acidified. The solid 
was removed and crystallized from methanol. I t  weighed 
35 g. (63%) and melted a t 108-115 °. After two recrystal­
lizations from benzene, the substance melted a t .120-121°. 
A n a l .  Calcd. for Ci3Hi60 3: C, 70.89; H , 7.32. Found: 
C, 70.97; H , 7.60.

The p -phenylphenacyl ester, recrystallized twice from 
ethanol, melted a t 85-86°. A n a l .  Calcd. for C2 7H 2 6 0 4 : 
C, 78.3; H , 6.28. Found: C, 78.7; H , 6.51.

The semicarbazone, after crystallization from dilute 
ethanol, melted a t 171-172°. A n a l .  Calcd. for C14H i9- 
0 3N3: C, 60.6; H , 6.91. Found: C, 60.1; H , 7.15.

3 - (4 -72 -Propyl) -phenylpyridazinone -6, prepared from 
the acid by the procedure of Gabriel and Colman,14 
and crystallized from dilute ethanol, melted a t 103.5- 
104.5°. A n a l .  Calcd. for C13H16ON2: C, 72.2; H , 7.46. 
Found: C, 72.6; H, 7.62.

y-(4-72-Propyl) -phenylbutyric Acid.—The above keto 
acid (55 g.) was refluxed with amalgamated zinc (100 g.), 
hydrochloric acid (175 cc.) and water (75 cc.) for twenty- 
four hours, during which time three 50-cc. portions of 
hydrochloric acid were added. The top layer solidified 
when the mixture was cooled; the solid was removed and 
crystallized from petroleum ether (b. p . 30-60°), when 
it weighed 36.5 g. (71%) and melted a t 65-66°. A n a l .  
Calcd. for Ci3H180 2: C, 75.69; H, 8.79. Found: C, 
75.93; H , 9.01.

The p -phenylphenacyl ester, crystallized from ethanol, 
melted a t 105-106°. A n a l . Calcd. for C27H2803: C,
80.97*; H , 7.05. Found: C, 81.23; H , 7.19.

7-72-Propyl-1-tetralone.—Sulfuric acid (150 cc., 80%) 
and y-(4-72-propyl)-phenylbutyric acid (30 g.) were heated 
on the steam bath for one hour. The cooled solution was 
poured over ice and extracted with ether. The ether ex­
tract was washed with aqueous sodium hydroxide (5% ), 
dried, and the solvent was removed. The residue, on 
distillation, gave 19.5 g. (71%) of a colorless liquid which 
boiled a t 150-155° (8 mm.) and had 72 29d  1.5455. A n a l .  
Calcd. for C13Hi60 :  C, 82.93; H, 8.57. Found: C,
82.51; H , 8.70.

The semicarbazone, crystallized twice from ethanol, 
melted a t 197-198°. A n a l .  Calcd. for Ci4H i9ON3: C, 
68.54; H , 7.81. Found: C, 68.70; H, 7.86.

6 - 7 2 -Propylt etralin.—The above 7 - 7 2  -propyltetralone 
(14.5 g.) reduced by the method of Clemmensen as 
previously described, gave the hydrocarbon (6.6 g., 49%) 
boiling a t 105-109° (5 m m .). Converted to the sulfon­
amide, as described above, the product melted a t 117.5- 
118.5° alone or when mixed with the sulfonamide prepared 
from the tetralin resulting from reduction of 6-propionyl­
tetralin.

2-72-Propylnaphthalene Picrate.—6 - 7 2 -Pr opyltetralin 
(1 cc.) and a palladium-charcoal catalyst (10%, 0.1 g .)15 
were heated at 200-240 0  under a current of carbon dioxide 
for three hours. The product was taken up in ethanol,

(13) Gilman and Catlin, “ Org. Syntheses,” Coll. Vol. I, 471 (1941).
(14) Gabriel and Colman, Ber.,  32, 399 (1899).
(15) Linstead and Thomas, J .  C h e m .  S o c . ,  1127 (1940).
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the catalyst was removed and ethanolic picric acid (15 
cc.) was added to the filtrate. The cooled solution de­
posited yellow needles which, after crystallization from 
ethanol, melted a t 91°.16

6-Acetyltetralin.—This was prepared by the procedure 
of Barnes11 essentially as described for the propionyl 
derivative, but substituting acetic anhydride for propionic 
anhydride. The product, obtained in 60% yield, was 
a vellow oil which boiled a t 151-156° (10 mm.) and had 
7229d 1.5593.

The semicarbazone, recrystallized from ethanol, melted 
a t 233-234°.17

6-Tetralyldimethylcarbinol.—A solution of 6-acetyl - 
tetralin (43.5 g.) in ether (20 cc.) was slowly (forty-live 
minutes) added to a Grignard reagent prepared from 
magnesium (6 g.), methyl iodide (36 g.) and ether (120 
cc.). After addition was complete, the mixture was re^ 
fluxed for thirty  minutes, then cooled and poured care­
fully over iced ammonium chloride. The ether layer was 
removed and the aqueous layer was extracted with ether. 
The combined organic solutions were washed with am­
monium chloride solution and dried over sodium sulfate. 
The solvent was removed and the residue was distilled. 
The product (39.3 g., 83%) boiled a t 138-141° (5 mm.), 
and had n 20d 1.5497. A n a l.  Calcd. for Ci3H i80 : C,
82.1; H, 9.53. Found: C, 82.5; H, 9.23. Although 
water (1.8 cc., calcd. 2.7 cc.) was eliminated from the 
carbinol (29 g.) when it was heated to 150-160° with fused 
potassium acid sulfate (25 g.), the product (12.5 g.) was 
a mixture (b. p. 133-160° (10 mm.)) from which no pure 
material could be isolated. When heated with hydriodic 
acid and red phosphorus, the carbinol was converted into 
a thick oii which did not distill a t 200° (5 m m .).

6-Isopropyltetralin.—The above carbinol (24 g.) was 
dissolved in ethanol (24 cc.) and the solution was refluxed 
with Raney nickel catalyst (1 g.) for an hour. The cata­
lyst was removed, the filtrate was diluted with ethanol 
to 60 cc. and reduced over copper chromite catalyst (6 
g .)18 in a bomb at a temperature of 225° and initial 
hydrogen pressure of 1670 lb. The reduction was com­
plete in one hour. The reaction product, processed in 
the usual way, yielded 19 g. (86%) of a colorless liquid 
which boiled at 120-123° (12 m m.), and had n 29d 1.5246. 
A n a l.  Calcd. for Ci3H18: C, 89.6; H, 10.41. Found: 
C, 89.9; H, 10.58.

Trinitro-6-isopropylt etralin.—The trinitro compound, 
prepared as described above for the w-propyl isomer, 
melted a t 141-142°. I t  also became yellow, then red, 
in the light. A n a l.  Calcd. for C13Hi50 6N3: C, 50.5;
H, 4.85. Found: C, 50.9; H, 5.27.

6-Isopropylsulfonamide.—-The hydrocarbon was con­
verted into the sulfonamide by the procedure described 
above for the w-propyl isomer. The product, after crystal­
lization twice from dilute methanol, melted at 157-158°. 
The position of the sulfonamide group was not deter­
mined. A n a l.  Calcd. for C13H i9 0 2 NS: C, 61.5; H,
7.51. Found: C, 61.6; H, 7.95.

6-Isopropyltetralin was also prepared by direct alkyla­
tion of tetralin (396 g.) with isopropyl bromide (123 g.) 
a t 60° in the presence of aluminum chloride (20 g.). The 
product was processed in the usual way. The fraction 
boiling a t 123-125° (15 mm.) weighed 43 g. (24%), had 
n 29d 1.5429, and gave the same sulfonamide, m. p. 158°, 
described above. When tetralin (500 cc.) and isopropyl 
acetate (52 g.) reacted in the presence of aluminum chlo­
ride (80 g.), a product resulted from which, on distillation, 
a fraction (30 g., 34%) was isolated having n 29d 1.5250 
and boiling a t 113-115° (8-9 m m .). This likewise 
gave the sulfonamide, m. p. 157°. The middle fraction 
(25 g.), b. p. 149-152° (8-9 m m .), solidified on cooling 
and, after two crystallizations from ethanol, melted at

(16) Haworth, Letsky and Mavin, J . Chem. Soc., 1784 (1932), 
gave the m. p. as 89—90°.

(17) Hesse, Ber., 53, 1645 (1920), reported 234-235°; Barbot 
(ref. 12) reported 257-258°.

(18) C atalyst 37 KAF, Connor, Folkers and Adkins, T h is  J o ur­
n a l , 54, 1140 (1932).

73-74°. I t  was identified as octahydroanthracene by 
the m. p. and analysis.19 A n a l .  Calcd. for C14H i8: C, 
90.33; H, 9.68. Found: C, 90.45; H, 9.68. The
mother liquor from this solid was a colorless oil boiling at 
150-155° (10 m m .), and having n 29d 1.5579. I t  was 
identified as 6-acetyltetralin by the m. p. and mixed 
m. p. (232-235°) of the semicarbazone. The high boiling 
fraction was a yellow oil, b. p. 215-220° (9 mm.) having 
the composition C2oH24 . Analysis and b. p. indicated 
that this was «-phenyl-5-2-tetralylbutane.20 A n a l .  Calcd. 
for C20H24: C, 90.85; H, 9.15. Found: C, 90.99; H, 
9.11.

fi-(4-Isopropyl)-benzoylpropionic acid (64.8 g., 59%) 
was prepared from succinic anhydride (50 g.) and iso­
propylbenzene (66 g.) by action of aluminum chloride 
(150 g.) in nitrobenzene (500 cc.) essentially according to 
Barnett and Sanders.21 The product, crystallized twice 
from benzene, melted a t 141°. The ^-phenylphenacyl 
ester, crystallized from ethanol, melted a t 101.5-102.5°. 
A n a l . Calcd. for C27H260 4: C, 78.26; H, 6.28. Found: 
C, 78.42; H, 6.42. The semicarbazone, crystallized from 
ethanol, melted a t 182-182.5° (dec.). A n a l . Calcd. for 
C14H190 3N3: C, 60.63; H, 6.91. Found: C, 60.48; H,
7.08. 3-(4-Isopropyl)-phenylpyridazinone, prepared by 
action of hydrazine and alkali upon the keto acid, and 
crystallized from ethanol, melted at 166-167°. A n a l .  
Calcd. for C13H160 2N2: C, 72.19; H, 7.46. Found: C, 
72.18; H, 7.16.

7-4-(Isopropyl)-phenylbutyric acid (37 g., 72%) was 
prepared from the above keto acid (55 g.) by Clemmensen 
reduction, according to the procedure of Barnett and 
Sanders.22 The product boiled at 180-185° (11 mm.) 
and solidified on standing. Recrystallized from petro­
leum ether (b. p. 30-60°) it formed colorless prisms 
melting a t 48-50°. The />-phenylphenacyl ester, after 
crystallization from ethanol, melted a t 91-92.5°. A n a l .  
Calcd. for C27H280 3: C, 80.97; H, 7.05. Found: C,
81.22; H, 7.25.

7-Isopropyl-1-tetralone (16.5 g., 72%) was obtained by 
action of sulfuric acid (80%, 125 cc.) upon the above 
phenylbutyric acid.23 The product boiled a t 153-155° 
(12 mm.) and melted a t 36°. The semicarbazone, after 
crystallization from ethanol, melted a t 199-200°. A n a l .  
Calcd. for Ci4H 19ON3: C, 68.54; H, 7.81. Found: C, 
68.65; H, 7.97.

This tetralone (14.5 g.) was refluxed with amalgamated 
zinc (100 g.), water (75 cc.) and hydrochloric acid (175 
cc.) for ten hours, during which two 50-cc. portions of 
hydrochloric acid were added. There resulted 9.7 g. 
(72%) of 6-isopropyltetralin, which boiled a t 123-125° 
(9 mm.) and had n 29d 1.5245. The sulfonamide melted a t 
158-159° and was identical with the one described above.

2-Isopropylnaphthalene.—The tetralin (17.4 g.) and 
sulfur (6.4 g.) were heated a t 200° (temperature of the 
metal-bath) for one hour, and then a t 265-270° for thirty 
minutes. The reaction mixture was distilled; the dis­
tillate weighed 12 g. (70%), boiled at 126-129° (10 mm.) 
and had n 29d 1.5730. The picrate, obtained by dissolving 
the hydrocarbon in methanolic picric acid and cooling the 
solution, melted a t 93-94°.24

6-Methyltetralin was prepared by catalytic reduction 
of 2-methylnaphthalene, according to the procedure of 
Fieser and Jones,25 although it was found tha t the s ta rt­
ing material had to be pre-treated with Raney nickel 
catalyst before a smooth reduction occurred. The prod­
uct, obtained in 94% yield, boiled at 220-222° (736 mm.), 
100-103° (12 m m .), and had n 2Qd 1.5358.

(19) Schroeter, Ber., 57, 1990 (1924), reported the m. p. as 73-74°
(20) Schroeter, Ref. 19, reported the b. p. of this substance as 

236-237° (13 mm.).
(21) B arnett and Sanders, J . Chem. Soc., 435 (1933), who give 

the m. p. as 142°.
(22) Ref. 21. The m. p. is here given at 50°.
(23) B arnett and Sanders, ref. 21. The m. p. is here given as 36°.
(24) Haworth, Letsky and M avin, Ref. 16, reported the m. p. as 

93-95°.
(25) Fieser and Jones, T h is  J o u r n a l , 60, 1940 (1938).
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6-Acyl-7-alkyltetralins.—These were prepared from the 
alkyltetralins, by action of the corresponding acid anhy­
dride in the presence of aluminum chloride, with nitroben­
zene as the solvent. A representative procedure is given.

6 -Acetyl-7-methyltetralin.—Acetic anhydride (50 cc.) 
was added slowly (forty minutes) to a cooled (0 °) and 
stirred mixture of 6 -methyltetralin (62 g.), nitrobenzene 
(350 cc.), and aluminum chloride (143 g.). The mixture 
was stirred a t room temperature for two hours and then 
was decomposed by pouring it into iced hydrochloric acid. 
The mixture was extracted with benzene and the extract 
was washed successively with hydrochloric acid, aqueous 
sodium hydroxide (10%), and water. The solvents 
were removed by distillation under reduced pressure and 
the residue was distilled. There resulted 62 g. (77%) 
of a yellow oil which boiled a t 155-159° (10 mm.) and 
had n 29d 1.5511. A n a l .  Calcd. for Ci3H i60 :  C, 82.93; 
H, 8.57. Found: C, 83.04; H , 8.78. The 2,4-dinitro­
phenylhydrazone, crystallized once from acetone and 
twice from a mixture of ethyl acetate and methanol, 
melted a t 172-173°. A n a l .  Calcd. for C1 9H 2 0O4 N4 : C, 
61.92; H, 5.47. Found: C, 62.09; H , 5.67.

6 -Propionyl-7-methyltetralin: yield 76%, b. p. 162-
166° (11 mm.), n 29d 1.5479. A n a l .  Calcd. for C14Hi80 : 
C, 83.12; H, 8.97. Found: C, 82.72; H, 8.84. The
2.4- dinitrophenylhydrazone, crystallized twice from ethyl 
acetate, melted a t 153-154°. A n a l .  Calcd. for C2oH22- 
0 4 N4: C, 62.81; H, 5.80. Found: C, 63.07; H, 5.78.

6 -Acetyl-7-w-propyltetralin: yield 72%, b. p. 150-155° 
(5 m m .); n 29d 1.5445. A n a l .  Calcd. for C15H 20O: C, 
83.28; H, 9.32. Found: C, 82.94; H , 9.20. The 2,4-di­
nitrophenylhydrazone, crystallized twice from ethyl ace­
tate-methanol, melted a t 133-134°. A n a l .  Calcd. for C2i- 
H 24 0 4 N4: C, 63.69; H, 6.25. Found: C, 63.81; H, 6.31.

6-Propionyl-7-w-propyltetralin: yield 78%, b. p. 182- 
186° (16 mm.), n 20d 1.5350. A n a l .  Calcd. for Ci6H 22 0 : 
C, 84.42; H, 9.63. Found: C, 83.84; H, 9.95. The
2.4- dinitrophenylhydrazone crystallized twice from ethyl 
acetate-methanol, melted a t 123-124°. A n a l .  Calcd. 
for C22H 2 6 0 4N4: C, 64.37; H, 6.38. Found: C, 64.63; 
H, 6.51.

6 -Acetyl-7-isopropyltetralin: yield 6 6 %; b. p., 147-
150° (4 mm.), ^ 20d 1.5460. A n a l .  Calcd. for C15H 2 0O: 
C, 83.28; H, 9.32. Found: C, 82.73; H, 9.45. The
2.4- dinitrophenylhydrazone, crystallized twice from ethyl 
acetate-methanol, melted a t 166-167°. A n a l . Calcd. 
for C2iH 24 0 4 N4: C, 63.69; H, 6.25. Found: C, 63.84; 
H, 6.31. I t  was planned to convert 6 -acetyl-7-isopropyl­
tetralin into 6,7-diisopropyltetralin, v ia  the dimethyl 
carbinol which would result by addition of methylmag­
nesium iodide to the acetyl compound. However, the 
only product isolated as a result of this reaction was 
unchanged 6 -acetyl-7-isopropyltetralin (20 g. from 30 g. 
used), b. p., 138-141° (2 m m.), n 20T> 1.5408, m. p. and 
mixed m. p. of the semicarbazone, 166-167°. No further 
study of this reaction was made; it is likely that the re­
action involved almost entirely enolization of the ketone, 
but this was not investigated.

6 -Propionyl-7-isopropyltetralin: yield 57%, b. p.
170-175° (14.5 mm.), n20d 1.5382. Anal. Calcd. for 
Ci6H 220 :  C, 83.42; H, 9.63. Found: C, 83.53; H,
9.69. The 2,4-dinitrophenylhydrazone, crystallized twice 
from ethyl acetate-methanol, melted a t 141-142°. 
A n a l .  Calcd. for C22H 2 60 4 N4: C, 64.37; H, 6.38.
Found: C, 64.85; H, 6.57.

6.7- Dialkyltetralins.—These were, except where noted 
otherwise, prepared from the corresponding 6 -acyl-7- 
alkyltetralins, by the Clemmensen method. The pro­
cedure, in general, followed those already given above for 
similar reductions.

6 .7- Dimethyltetralin (57 g., 89%) was prepared by 
reduction of 2 ,3 -dimethylnaphthalene (62 g.) in ethanol 
in the presence of Raney nickel catalyst . 20 The product 
boiled a t 112-115° (9.5 m m . ) 26 27 and had n 29d 1.5360.

(26) Craig, Ph.D. Thesis, University of Minnesota, 1947.
(27) Coulson, J. Chem. Soc., 1305 (1938), reported the b. p. as

244-246°,

6,7 -Dimethyltetralin-5 -sulfonamide .—Chlorosulfonic 
acid (2.8 cc.) was dropped into a cold (0°) solution of the 
tetralin (1 cc.) in chloroform (5 cc.). The mixture was 
allowed to  stand a t room temperature for twenty minutes, 
then was poured over ice and extracted with chloroform. 
The extract was washed with water, dried, the solvent was 
removed, and the residual oil was boiled with ammonium 
hydroxide. The mixture was diluted with water, and the 
solid was removed and crystallized several times from 
some dilute ethanol. I t  then melted a t 135-136°.28 
A n a l .  Calcd. for Ci2H170 2NS: C, 60.22; H , 7.16.
Found: C, 60.48; H, 7.27. 6-Ethyl-7-methyltetralin,
from 6-acetyl-7-methyltetralin: yield 81%, b. p. 121-
124° (10 m m .), n 20d 1.5272. A n a l .  Calcd. for Ci3H i8: 
C, 89.59; H , 10.41. Found:. C, 89.34; H, 10.71.

6 -(7-Methyltetralyl) -dimethylcarbinol.—A solution of 
6-acetyl-7-methyltetralin (37.6 g.) in ether (20 cc.) was 
slowly added to  a Grignard reagent prepared from mag­
nesium (4.8 g.), methyl iodide (13 cc.) and ether (40 cc.). 
The mixture was refluxed for th irty  minutes, then cooled, 
poured into iced ammonium chloride solution and ex­
tracted with ether. The extract was washed with aqueous 
ammonium chloride and water, the solvent was removed 
and the residue was distilled. The carbinol (32 g., 78%) 
formed a light yellow oil which boiled a t 135-136 0  (3 mm.) 
and had n 29T> 1.5435. A n a l .  Calcd. for Ci4H20O: C,
82.3; H, 9.87. Found: C, 83.0; H, 9.50.

6 -Isopropyl-7-methyltetralin.—The above carbinol (32 
g.) in ethanol (32 cc.) was refluxed with Raney nickel 
catalyst for one hour. The catalyst was removed and the 
filtrate was diluted to 70 cc. by addition of ethanol. This 
solution, together with copper chromite catalyst (9 g.) 
was heated to 220-225° for two hours in a bomb under an 
initial hydrogen pressure of 1820 lb. The catalyst was 
removed by centrifugation, the solvent was removed by 
distillation under reduced pressure, and the residue was 
distilled. The product, a colorless liquid, boiled a t 113- 
116° ( 6  mm.) and had n 2QD  1.5250. A n a l .  Calcd. for 
G 4H 2 0 : C, 89.29; H, 10.71. Found: C, 89.46; H , 
10.84. The hydrocarbon (8 drops) and nitric acid (3 
cc., 1:2) were heated a t 190-200° for sixteen hours. The 
solution was evaporated to dryness and the residue was 
taken up in ether. Ethereal diazomethane (from 2 g, 
of nitrosomethylurea) was added, the solution was 
evaporated, and the residue was crystallized twice from 
methanol. The product melted at 141-142° alone or 
when mixed with an authentic specimen of tetram ethyl 
pyromellitate.

6-w-Propyl-7-methyltetralin, from 6-propionyl-7-m eth­
yltetralin: yield 84%, b. p ., 130-135° (11 m m .), n 29d
l .  5250. A n a l .  Calcd. for Ci4H20: C, 89.30; H, 10.71. 
Found: C, 88.87; H, 10.62. Oxidation of the hydrocar­
bon, as described above, gave tetramethyl pyromellitate,
m. p. and mixed m. p. 141-142°.

6 -n  -Propyl -7-ethyltetralin, from 6-acetyl-7-w-pr opyl­
tetralin: yield 78%, b. p. 114-117° (2.5 m m .), n 29d
1.5228. A n a l .  Calcd. for Ci5H22: C, 89.04; H, 10.96. 
Found: C, 88.66; H, 10.95.

6,7-Di - n -propyltetralin, from 6 -propiony 1-7-n  -propyl - 
tetralin: yield 80%, b. p. 157-162° (12 m m .), n 29d
l .  5234. Oxidation of the hydrocarbon, as described 
above, gave tetramethyl pyromellitate, m. p ., and mixed
m. p., 141-142°. A n a l .  Calcd. for Ci6H24: C, 88.82;
H, 11.18. Found: C, 88.95, 88.61; H, 11.51, 11.15.

6-Isopropyl-7-ethyltetralin, from 6-acetyl-7-isopropyl - 
tetralin: yield 61%, b. p. 127-130° (5 m m .), n 29T> 1.5200. 
A n a l . Calcd. for Ci5H22: C, 89.04; H , 10.96. Found: 
C, 89.50; H , 11.02.

6-Isopropyl-7- n -propyltetralin, from 6-propiony 1-7-iso­
propyltetralin : yield 53%, b. p. 157-160° (15 m m .),
n 29d 1.5238. A n a l .  Calcd. for Ci6H24: C, 88.82; H ,
11.18. Found: C, 88.59; H, 11.04.

2,3 -D ialkylnaphthalenes.—These were prepared by 
dehydrogenation of the corresponding 6,7-dialkyltetralins 
by heating them to 220-250 0  in a current of carbon dioxide 
and in the presence of a palladium-charcoal (10%)

(28) C oulson , ref. 2 7, reported  th e  m. p. as 135°,
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catalyst for approximately three hours. The catalyst 
was used in an amount roughly 10% of th a t of the dialkyl- 
tetralin taken. The reaction product was taken up in* 
ether, the catalyst was removed, and the naphthalene 
was distilled. The picrates were prepared by dissolving 
the hydrocarbon in methanolic picric acid and cooling the 
solution. They were recrystallized from ethanol or 
methanol.

2-Ethyl-3-m ethylnaphthalene. from 6-ethyl-7-methyl- 
tetralin: yield 85%, b. p. 109-112° (3 mm.), 1.5658.
A n a l .  Calcd. for C13H i4: C, 91.71; H , 8.29. Found: 
C, 91.17; H , 8.67. Picrate, yellow needles, m .p .,  129- 
130°. A n a l .  Calcd. for C19H170 7N3: C, 57.14; H, 4.29. 
Found: C, 57.45; H , 4.57.

2-Isopropyl-3-methylnaphthalene, from 6-isopropyl-7- 
m ethyltetralin: yield 99%, b. p. 130-132° (7 mm.),
w20d 1.5599. A n a l .  Calcd. for Ci4H i6: C, 91.25; H,
8.75. Found: C, 91.54; H , 8.83. Picrate, yellow
needles, m. p ., 133-136°. A n a l .  Calcd. for C2oH i9- 
0 7N3: C, 58.11; H , 4.63. Found: C, 58.17; H, 4.66.

2 - n  -Propyl -3 -methylnaphthal ene, from 6-w-propyl-7- 
methyltetralin: yield 70%, b. p. 121-123° (3 mm.),
n 29d 1.5647. A n a l .  Calcd. for Ci4H16: C, 91.25; H,
8.75. Found: C, 91.20; H , 8.95. Picrate, yellow
needles, m. p ., 110-112°. A n a l .  Calcd. for C2oHi90 7N3: 
C, 58.11; H, 4.63. Found: C, 57.85; H, 4.87.

2-w-Propyl-3-ethylnaphthalene from 6-w-propyl-7 -ethyl - 
te tralin : yield 81%, b. p. 131-134° (4 mm.), n 29d 1.5752. 
A n a l .  Calcd. for Ci5H i8: C, 90.85; H , 9.15. Found: 
C, 90.47; H , 9.02. Picrate, yellow needles, m. p., 92- 
93°. A n a l . Calcd. for C2iH2i0 7N3: C, 59.01; H,
4.95. Found: C, 59.15;^ H, 5.09.

2 ,3 -D i-?7 -pr opyinaphihai ene from 6, / -di-n-propyltet- 
ralin: The tetralin (17.2 g.) and sulfur (4.8 g.) were
heated a t 200-205° for one hour and then a t 270-275° for 
one hour. The product was distilled, then allowed to 
stand over sodium for several hours, and redistilled. I t 
weighed 13 g. (77%), boiled a t 155-158° (8.5 mm.), 
and had n 29d 1.5601. A n a l .  Calcd. for C16H20: C, 90.50;
H, 9.50. Found: C, 90.33; H, 9.56. Picrate, yellow 
needles, m. p., 83-84°. A n a l .  Calcd. for C22H2307N3: 
C, 59.86; H, 5.25. Found: C, 59.70; H, 5.38.

2-Isopropyl-3-ethylnaphthalene, from 6-isopropyl-7 - 
ethyl te tralin : yield 95%, b. p., 132-135° (5 mm.), n 29 d
I .  5742. A n a l . Calcd. for Ci5H i8: C, 90.85; H, 9.15.
Found: C, 90.58; H, 9.11. Picrate, yellow needles,
m. p ., 117-119°. A n a l .  Calcd. for C21H2i0 7N3: C,
59.01; H, 4.95. Found: C, 58.66; H, 5.06.

2-Isopropyl-3-w-propylnaphthalene, from 6-isopropyl-
7 - n - p r opyltetralin: yield 95%, b. p., 135-138° (5 mm.), 
n 20r> 1.5604. A n a l .  Calcd. for Ci6H20: C, 90.50; H,
9.49. Found: C, 90.27; H, 9.90. This naphthalene
failed to form a picrate when treated with methanolic 
picric acid.

2-Methoxalyl-l-tetralone, m. p., 64-65°, was prepared 
from 1-tetralone in 59% yield by the procedure of Bach­
mann and Thomas,29 who reported it to melt at 65.5-66.5°.

2-Carbomethoxy-1-tetralone was prepared from the 
methoxalyl compound in 91% yield, according to Bach­
mann and Thomas.29

2-Methyl-2-carbomethoxy-1-tetralone, m. p., 58-59.5°, 
was prepared in 80% yield by alkylation of the carbo- 
methoxytetralone with methyl iodide, following Bachmann 
and Thomas29 who reported the m. p. as 56.5-57.5°.

2-Methyl-1-tetralone, b. p. 138-140° (15 m m .),30 
was obtained in 91% yield by alkaline hydrolysis of 2- 
methyl-2-carbomethoxy-l-tetralone according to the gen­
eral procedure of Kloetzel.31 The semicarbazone, crystal­
lized from ethanol, melted a t 201-202°.32

(29) Bachmann and Thomas, T h is  J o u r n a l , 63, 598 (1941).
(30) Tishler, Fieser and Wendler, ib id ., 62, 2866 (1940), reported 

th e  b. p, as 136-137° (16 mm.).
(31) Kloetzel, ibid., 62, 1708 (1940).
(32) Krollpfeiffer and Schaefer, Ber., 56, 631 (1923), give 199- 

201°; Mayer and Stamm, Ber., 56, 1424 (1923), give 200-201°; 
Kloetzel, Ref. 31, gives 203-205°; and Tishler, Fieser and Wendler, 
Ref. 30, give 205-206°.

2-M ethyl-1 -7t-propyltetralol.—A solution of w-propyl- 
magnesium bromide (prepared from magnesium 1.1 g., 
n -propyl bromide 4.5 cc., and ether 30 cc.) was cooled 
and stirred while a solution of 2-methyl-1-tetralone (5 
g.) in ether (20 cc.) was slowly added. The mixture was 
refluxed for one and one-half hours, then poured into 
ammonium chloride solution and extracted with ether. 
The extract was washed successively with aqueous am­
monium chloride and wa ter; the solvent was removed, and 
the residue was distilled. The product, 4.8 g. (75%) 
was a colorless liquid boiling a t 146-150° (14-15 mm.), 
which solidified on cooling. Twice crystallized from 
petroleum ether (b. p. 30-60°), the substance melted at 
82-83°. A n a l .  Calcd. for Ci4H20O: C, 82.4; H, 9.8. 
Found: C, 83.1; H , 9.7.

2-M ethyl-1 - n -propylnaphthalene.—The above tetralol 
(3 g.) was heated to 230-270° for three hours with pal­
ladium-charcoal catalyst (0.3 g., 10%). The mixture 
was taken up in ether, the catalyst was removed, and the 
solvent was evaporated. There resulted 2.4 g. of oil 
which boiled a t 102-105° (5 mm.), and had n 29r> 1.5961. 
A n a l . Calcd. for Ci4H i6: C, 91.25; H, 8.75. Found: 
C, 91.08; FI, 8.97.

Picrate.—The naphthalene (0.5 cc.) was dissolved in 
methanolic picric acid (6 cc.), the solution was cooled and 
the yellow crystals were removed and crystallized from 
methanol. The picrate then melted a t 118-119°. A n a l .  
Calcd. for C20H19O7N3: C, 58.11; H, 4.63. Found: C, 
57.98; H , 4.49.

2 -M ethyl -1 -isopropyl -1 -tetralol.—A solution of iso­
propylmagnesium bromide (prepared from magnesium
1.5 g., isopropyl bromide 6 cc., and ether 30 cc.) was 
cooled and to it was added a solution of 2-m ethyl-l- 
tetralone (6.4 g.) in ether (20 cc.). The reaction mixture 
was then processed as described for the w-propyl isomer. 
The product (5.4 g.) boiled a t 126-129° (14 m m.), 
and had n 29d 1.5562. A n a l .  Calcd. for Ci4H2oO: C,
82.4; H , 9.8. Found: C, 84.0; H , 8.4. This tetralol 
(4 g.) was not dehydrated when it was refluxed with 
acetic acid (40 cc.) for one hour; there was recovered 
3 g. of unchanged material, b. p. 127-131° (14 mm.), 
having n 29d 1.5568.

2-Methyl-l -isopropylnaphthalene.—The above tetralol 
(3 g.) was dëhydrated and dehydrogenated in one opera­
tion by heating it to 230-270° for three hours with pal­
ladium-charcoal catalyst (0.3 g., 10%). Isolated as 
described above for the -propyl isomer, the product 
(1.8 g.) boiled a t 92-95° (4 mm.), and had n 29D 1.5992. 
A n a l . Calcd. for Ci4II16: C, 91.25; H, 8.75. Found: 
C, 91.02; H, 8.62.

Picrate, prepared as described above and crystallized 
from methanol, formed needles melting a t 142-143°. 
A n a l . Calcd. for C2oHi90 7N3: C, 58.11; H, 4.63.
Found: C, 58.15; H , 4.85.

The methods used for synthesis of the 2-methyl-l - 
propylnaphthalenes failed when applied to the synthesis 
of the 1 -methyl-2-propyl isomers. Thus, 2-carbomethoxy - 
1-tetralone could not be alkylated with # -propyl bromide, 
by the procedure of Bachmann and Thomas29; the only 
product th a t could be isolated was recovered 2-carbo- 
methoxy-1-tetralone (75%). Nor was the direct alkyla­
tion of 1-tetralone successful. Action of methyl iodide 
upon the sodium derivative of the tetralone in liquid am ­
monia failed to produce any methyltetralone; action of 
isopropyl bromide upon the sodium derivative of the 
tetralone, formed in benzene by action of freshly prepared 
sodamide likewise failed; nor was the action of potassium 
£-but oxide in butanol effective in bringing about any 
reaction between 1-tetralone and isopropyl bromide.

Summary
1. Five 6,7-dialkyltetralins have been sub­

jected to the conditions of the Jacobsen rearrange­
ment. 6,7-Dimethyltetralin rearranged to 5,6- 
dimethyltetralin; 6 -methyl-7 -w-propyltetralin re­
arranged to 6-methyl-5-w-propyltetralin, the struc-
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ture of the w-propyl group remaining unaltered. 
6-Isopropyl-7-methyltetralin gave 6 -methyltetra­
lin, the isopropyl group being eliminated. 6 -Iso- 
propyl-7 -ethyltetralin and 6 ,7-di-^-propyltetralin 
were largely decomposed to products obtained in 
small yields only, and which could not be identi­
fied.

2. The theoretical aspects of these results 
have been discussed with reference to the theory 
of Arnold and Barnes on the mechanism of the 
Jacobsen rearrangement.

3. Satisfactory laboratory methods for prep­
aration of the two 6 -propyltetralins, n -  and is o - ,  
have been developed, and it has been shown that 
the structure of the ^-propyl group remains unal­

tered when w-propylbenzene undergoes a Friedel- 
Crafts reaction with succinic anhydride.

4. Seven new 6,7-dialkyltetralins have been 
synthesized, in which one or both of the alkyl 
groups is methyl, ethyl, iz-propyl or isopropyl.

5. The corresponding 2,3-dialky lnaphthalenes 
(and their picrates) have been prepared by dehy­
drogenation of the 6,7-dialkyltetralins. Synthe­
ses of l-isopropyl-2 -methylnaphthalene and of 1 - 
methylnaphthalene have been developed.

6 . Several new intermediate ketones (acyl te- 
tralins) and carbinols have been synthesized and 
characterized.
M i n n e a p o l i s  1 4 , M i n n e s o t a

R e c e iv e d  F e b r u a r y  2 1 , 1 9 4 8

[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  M in n e s o t a ]

The Reaction between Tetralin and /3,/3-Dimethylacrylic Acid
By Lee Irvin Smith

The reaction between benzene or an alkylben- 
zene and /?,/Ldimethylacrylic acid in the presence 
of aluminum chloride leads to a /ö-aryl-isovaleric 
acid. 2 However, when a polyalkylbenzene is used 
in this reaction, one or more of the following ab­
normal transformations may occur: (a) the con­
densation may occur at a position other than the 
one involved when the acid chloride (ordinary 
Friedel-Crafts reaction) is used, as is the case with
1 ,2 ,3 -trimethylbenzene3; (b) one of the alkyl
groups may rearrange to another position on the 
benzene nucleus, as is the case with 1,2,4-tri- 
methylbenzene3; (c) one of the alkyl groups may 
be eliminated during the reaction, as is the case 
with 1,3,5 -trimethy lbenzene. 4

In order to explore the limits of this reaction, 
tetralin has been condensed with 0 t /3-dimethyl- 
acrylic acid in the presence of aluminum chloride. 
Only one acid (70% yield) was isolated; this was 
identified as /L(6 -tetralyl)-isovaleric acid, I, by 
comparison with a specimen synthesized by an in­
dependent method. Thus tetralin, unlike other 
polyalkylbenzenes, behaves normally in this con­
densation.

6 -(Tetralyl)-dimethylcarbinol, I I , 5 was con­
verted by action of hydrochloric acid into the 
chloride III, which (without isolation) was used to 
alkylate diethyl malonate. The substituted ma­
lonic ester IV (also without isolation) was hy­
drolyzed to the malonic acid V, and V, on decar­
boxylation, gave the isovaleric acid I, identical 
with the product obtained from 0 , /3-dimethyl- 
acrylic acid and tetralin.

(1) Abstracted from a thesis by Chien-Pen Lo, presented to the 
Graduate Faculty of the University of Minnesota, in partial fulfil­
ment of the requirements for the Ph.D . degree, September, 1947.

(2) (a) Eijkman, Chem. Weekblad, 5, 655 (1908); (b) Hoffman, 
T his Journal, 51, 2542 (1929).

(3) Smith and Prichard, T his J o u r n a l , 62, 771 (1940).
(4) Sm ith and Spillane, ibid., 65, 202 (1943).
(5) Sm ith and Lo, ibid., 70, 2209 (1948).

and Chien-Pen Lo1

V I
I, R  =  —CH2COOH IV, R  =  —CH(COOC2H 5)2
II, R  = OH V, R  =  —CH(COOH)2
III, R = Cl

Cyclization of the acid I, by action of sulfuric 
acid, in view of the work of Cauquil and Barrera6 
on the closely related 0 - (6 -tetralyl)-butyric acid, 
should lead to a mixture of two tetrahydrobenz- 
hydrindones, linear and angular. However, cy­
clization of 0 -  (2 -naphthyl) -propionic acids gener­
ally leads to only one benzindanone, the angular.7 
The acid I was therefore converted into the methyl 
ester and the latter was smoothly dehydrogenated 
to methyl /?-(2 -naphthyl)-iso valerate by action of 
palladium-charcoal catalyst—a result substantiat­
ing the findings of Newman and Zahm8 tha t a car­
bomethoxy group is not affected by the hydrogen 
evolved during dehydrogenation. The methyl 
ester was hydrolyzed to 0 -  (2 -naphthyl) -isovaleric 
acid, and the acid, subjected to the action of sul­
furic acid was dehydrated to a single benzhydrin- 
done assigned structure VI.

Experimental9

/?-(6-Tetralyl) -isovaleric Acid (1).—To a stirred and 
cooled ( — 10°) solution of /3,/3-dimethylacrylic acid (7.5 
g.) in tetralin (37.5 g.), powdered aluminum chloride 
(13.3 g.) was added (fifteen minutes) in small portions. 
The mixture was thereafter stirred a t —10 ° for one hour, 
at room temperature for two hours, and poured into iced 
hydrochloric acid. The acid fraction of the product, a

(6) Cauquil and Barrera, Compt. rend., 223, 679 (1946).
(7) Johnson, “ Org. Reactions,” Vol. II, John Wiley and Sons, Inc., 

New York, N. Y., 1944, p. 125.
(8) Newman and Zahm, T h is  J o u r n a l , 65, 1097 (1943).
(9) Microanalyses by R. Amidon and S. Sundet.
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yellow oil, was dissolved in dilute acetic acid and the so­
lution was set aside in a refrigerator. The yellow solid, 
twice recrystallized from petroleum ether (b. p., 30-60°), 
weighed 9 g. (6 8 %) and melted a t 8 8 °.

A n a l .  Calcd. for Ci5H 2ü0 2: C, 77.81; H, 9.02. Found: 
C, 77.55; H, 8 .6 8 .

f t - (o-Tetralyl) - /3-methvl-«-carboxypropionic Acid (V). 
—A solution of 6 -tetralyldimethylcarbinol6 (II) (19 g.) 
in petroleum ether (20 cc., b. p ., 40-75°) was saturated 
with dry hydrogen chloride a t 0 °, allowed to stand at 
room temperature for th irty  minutes, then washed several 
times with water and dried over sodium sulfate. This 
solution of the crude chloro compound was added to an 
ethereal suspension of sodiomalonic ester (from ethyl 
malonate 16.5 g., sodium 2.3 g., ether 100 cc.) and the 
mixture was refluxed for several hours. Water was 
added carefully, and the organic layer was removed and 
washed successively with water, dilute hydrochloric acid, 
and water, and dried. The solvents were removed and 
the residual red oil was hydrolyzed by refluxing it for six 
hours with a solution of potassium hydroxide (22.5 g.) 
in methanol (70 cc.). The mixture was diluted with 
water and thoroughly extracted with ether. The aqueous 
layer was warmed to remove dissolved ether, and was 
acidified with dilute sulfuric acid. Some solid separated; 
the whole was extracted with ether and the ether solution 
was extracted with aqueous sodium carbonate ( 1 0 % ). 
Ether was removed from the aqueous extract, which was 
then acidified and set aside in a refrigerator. The prod­
uct deposited as an oil which later solidified; after crystal­
lization from ethanol, it weighed 4 g. and melted a t 154- 
155° with effervescence.

A n a l .  Calcd. for C10H 2 0O4 : C, 69.54; H, 7.30. Found: 
C, 69.66; H, 7.62.

/3-(6-Tetralyl)-isovaleric Acid (I).—The above malonic 
acid ( 2  g.) was heated a t 180° until effervescence ceased 
(about thirty  minutes). The residue was recrystallized 
from petroleum ether (b. p. 30-60°), when it melted at 
88-89°, alone or when mixed with I prepared from di- 
methylacrylic acid.

Methyl /3-(6-Tetralyl)-isovalerate.—The acid I (7 g.) 
was refluxed in methanol (30 cc.) with sulfuric acid (1 
cc.) for two hours. The methyl ester (5.2 g., 70%), 
isolated in the usual way, boiled a t 161-164° ( 1 1  mm.) 
and had n 20 d  1.5250. A n a l .  Calcd. for Ci6H 2o0 2: 
C, 78.01; H, 9.00. Found: C, 78.02; H, 8.75.

Methyl /3-(2-Naphthyl)-isovalerate.—The above ester 
(4 g.) was heated in a stream of carbon dioxide with 
palladium-charcoal catalyst (0 . 1  g.) a t 220-260° for 
three hours and then a t 300° for thirty minutes. The 
product was dissolved in ethanol, the solution was filtered 
from the catalyst, and solvent was removed, and the resi­
due was distilled. The distillate (2,8 g,, 7 1 % )  boiled 
a t 174-177° (10 m m .), and had n 20D  1.5700. A n a l .  
Calcd. for C16H 1 80 2: C, 79.31; H, 7.49. Found: C, 
79.03; H, 7.20.

f t - ( 2 -Naphthyl) -isovaleric Acid.—The above methyl 
ester (2 . 6  g.) was hydrolyzed by refluxing it with aqueous 
sodium hydroxide (20 cc., 20%) for one hour. The acid 
was obtained as a colorless solid (2.4 g., 98%) which, 
after crystallization from petroleum ether (b. p. 30- 
60°) melted a t 86-87°. The mixed m. p. with I (m. p. 
8 8 °) was 79-81°. A n a l .  Calcd. for C16H 1 60 2: C, 78.92; 
H, 7.06. Found: C, 78.93; H, 7.36.

3,3-Dimethylbenz(e)indanone-l (VI) .■—A solution of 
the above acid ( 1  g.) in sulfuric acid ( 8  cc.) was allowed 
to stand a t room temperature for five hours. I t  was then 
poured over ice, the semi-solid precipitate was removed 
by ether extraction and crystallized twice from aqueous 
ethanol, when it melted a t 65.5-67°.

A n a l .  Calcd. for Ci5H]40 : C, 85.68; H, 6.71. Found: 
C, 85.04; H, 6.81.

Summary
1. The reaction between tetralin and 0 , /3-di­

methylacrylic acid in the presence of aluminum 
chloride has been shown to yield predominantly 
(70%) a single acid, identified as /3-(6-tetralyl)- 
isovaleric acid by an independent synthesis. No 
other product was isolated.

2. This acid has been converted (3 steps) into
0 -  (2 -naphthyl) -isovaleric acid, and the latter has 
been cyclized to a benzhydrindone.

3. Tetralin, unlike other polyalkylbenzenes, 
behaves normally in this condensation.
M in n e a p o l is  14, M in n e s o t a

R e c e iv e d  F e b r u a r y  21, 1948

IA J o in t  C o n t r ib u t io n  f r o m  t h e  I n s e c t ic id e  F e l l o w s h ip , M e l l o n  I n s t it u t e , a n d  t h e  R e s e a r c h  L a b o r a t o r y ,
D o d g e  & O l c o t t , I n c .]

Methylenedioxyphenyl Cyclohexenones
By O scar F. H edenburg  and H erm an  W achs

In the search for new synthetic insecticidal ma­
terials which were to take the place of pyre­
thrins, 3-alkyl-5- (3,4-methylenedioxyphenyl)-2- 
cyclohexene- 1 -ones were prepared. These com­
pounds are of very definite value where they are 
used as such, but they are of particular interest 
because of their ability to synergize the action of 
pyrethrins to an extraordinary degree. 1 2  They 
also share with pyrethrins the property of being 
practically nontoxic to warm-blooded animals.

The alkyl 3,4-methylenedioxystyryl ketones, 
precursors of the cyclohexenones, were prepared 
by the condensation of piperonal with methyl ke­
tones in the presence of alkali. For example, 
methyl hexyl ketone gives hexyl 3 ,4 -methylene-

(1) Hedenburg, pending paten t applications.
(2) Wachs, Science, 105, 530 (1947).

dioxystyryl ketone I. This crystalline product is 
effective as an insecticide against flies, but is of 
little practical use because of its limited solubility 
in the usual vehicles, kerosene and Freon. Re-

H2 C<
CHO +  CH 3 COC6H 13

H 2 C<
o

>—CH =CH COC 6H 13

I
duction of the ethylenic bond of I gave a liquid, 
soluble in kerosene and Freon but with little in­
secticidal activity.

The condensation of hexyl 3,4-methylenedioxy-
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styryl ketone with ethyl acetoacetate3*4 gave a 
50% yield of crystalline 3-hexyl-5-(3,4-methylene­
dioxyphenyl) -2-cyclohexen-1 -one (III). Saponi­
fication of the mother liquor gave more of the 
cyclohexenone, presumably formed from the 
initial cyclized addition product II. Saponifica-

(COOC2H 5)—COv^
CH20 2C6H3—CH CH

[2----- -----C(C 6H 13) ^
II

/ C H 2- C O ^
CH20 2C6H 3—CH

^ C R r- -C (C oH13)
III

tion equivalents of the crude reaction product 
indicated approximately 30% of II. The crude 
reaction mixture is being used for insecticidal pur­
poses, under the name of “Piperonyl Cyclonene.”

The condensation of ethyl acetoacetate with the 
isobutyl styryl ketone gave approximately the 
same proportion of ketone and ester but only 15% 
of the ketone could be obtained in crystalline 
form. The amyl compound failed to give any 
solid product.

Catalytic hydrogenation of III gave the cyclo­
hexanone, which was ineffective as an insecticide. 
It is therefore apparent, at least in this series of 
substances, that the conjugated system, = C H — 
CO—, is essential for insecticidal activity.

Experimental
Hexyl 3,4-Methylenedioxystyryl Ketone, I.—To a 

stirred mixture of 38.4 g. (0.3 mole) of methyl hexyl 
ketone, 48 g. of methanol and 7.5 g. of 20% sodium 
hydroxide was added 45 g. (0.3 mole) of piperonal over 
a period of th irty  minutes, keeping the temperature be­
tween 20 and 25°. Stirring was continued until crystal­
lization began and the mixture was then allowed to stand 
overnight. The usual manipulations gave 68 g. of solid 
product which can be either recrystallized from methanol 
or distilled in  va cu o . The ketone boils from 175-185° 
at 1 mm. and gives light yellow crystals melting a t 61°.

A n a l .  Calcd. for C16H20O3: C, 73.82; H, 7.74; CO, 
10.73. Found: C, 73.61; H, 7.63; CO, 10.84.

Amyl 3,4-Methylenedioxystyryl Ketone.—The amyl 
ketone, prepared by the above method, boils from 171- 
181° a t 1.3 mm. and melts a t 73°.

A n a l .  Calcd. for CisHisOs: C, 73.15; H, 7.37; CO, 
11.37. Found: C, 73.41; H, 7.48; CO, 11,34.

Isobutyl 3,4-Methylenedioxystyryl Ketone.—The iso­
butyl ketone boils from 166-173° a t 2 mm. and melts at 
66.5°.

A n a l .  Calcd. for Ci4Hi60 3: C, 72.39; H, 6.94; CO, 
12.05. Found: C, 72.51; H, 7.14; CO, 11.88.

Piperonylmethyl Hexyl Ketone.—An alcohol solution of 
I was hydrogenated a t room temperature and under 20 
lb. pressure, using palladium-charcoal catalyst, until one

(3) Michael, J . prakt. Chem., 35, 351 (1887).
(4) Knoevenagel, Ber., 37, 4464 (1904).

mole of hydrogen was absorbed. The liquid product 
boils a t 204° a t 4.5 mm., has a specific gravity of 1,0539 
a t 25° and a refractive index of 1.5109 a t 20°.

A n a l .  Calcd. for Ci6H220 3: C, 73.25; H , 8.46; CO, 
10.69. Found: C, 73.39; H, 8.23; CO, 10.31.

3-Hexyl-5-(3,4-Methylenedioxyphenyl)-2-cydohexen- 
1-one, III.—To a stirred solution of 24.1 g. of sodium in 
600 cc. of absolute alcohol was added 260 g. of I and then, 
over a period of fifteen minutes, 143 g. of ethyl aceto­
acetate. During the addition the bath tem perature was 
21.5° while the tem perature of the solution rose to  24°. 
Stirring was continued for one hour while the bath  tem ­
perature was raised to 33°. One hundred cc. of benzene 
was then added to dissolve the remaining solid, after 
which the solution was allowed to stand in the bath over­
night.

The solution was poured into 100 g. of concentrated 
hydrochloric acid in 1200 cc. of water, 350 cc. of benzene 
was added, the mixture was thoroughly agitated, the 
bottom layer separated and extracted with 50 cc. of ben­
zene. The combined benzene solution was washed with 
salt water, neutralized with sodium bicarbonate, shaken 
with Celite, filtered, and the benzene was finally removed 
in  va cu o . The product, weighing 320 g., was a thick, 
reddish oil of specific gravity 1.136 a t 25° and with a 
saponification value of 60. After standing for five weeks, 
the solid which had crystallized from the oil was isolated 
by centrifugation. About 160 g. of white crystals was 
obtained melting a t 59 ° after recrystallization from 
alcohol.

A n a l .  Calcd. for Ci9H240 3: C, 75.8; H , 8.0. Found: 
C, 75.9; H, 8.1.

Saponification of the above mother liquor with 0.5 N  
potassium hydroxide gave more of the cyclohexenone, 
identified by mixed melting point.

3 -Hexyl-5 - (3,4-methylenedioxyphenyl) -cyclohexanone. 
—An alcohol solution of the cyclohexenone readily ab ­
sorbed one mole of hydrogen a t room temperature and 
atmospheric pressure, using palladium-charcoal catalyst. 
The cyclohexanone is a liquid which could not be crystal­
lized a t —20°. I t  has a specific gravity of 1.0754 a t 
25° and a refractive index of 1.528 a t 20°.

A n a l .  Calcd. for Ci9II260 3: C, 75.46; H , 8.66; CO, 
9.26. Found: C, 75.21; H , 8.69; CO, 9.15.

3-Isobutyl-5-(3,4-methylenedioxyphenyl) -2-cyclohexen- 
1-one.—Prepared by the procedure used for the hexyl 
compound, there was obtained a pale orange product, 
which melted a t 70.5° after recrystallization from alcohol.

A n a l .  Calcd. for Ci7H 20O3: C, 74.9; H , 7.4; CO,
10.28. Found: C, 74.9; H , 7.2; CO, 10.35.

The oxime of the isobutyl cyclohexenone melts a t 
106.5°.

A n a l .  Calcd. for C17H 21OsN: C, 71.08; H , 7.37; N, 
4.87. Found: C, 69.84; H , 7.29; N, 4.80.

Summary
Alkyl 3,4-methylenedioxystyryl ketones, as well 

as their condensation products with ethyl aceto­
acetate, were prepared and found to be useful as 
non-toxic insecticides and as synergists for pyre­
thrins.

Hydrogenation of the methylenedioxystyryl ke­
tones and of the cyclohexenones destroys the in­
secticidal activity.
P it t s b u r g h , P e n n s y l v a n ia
B a y o n n e , N e w  J e r s e y  R e c e iv e d  M a r c h  17, 1948
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The Claisen Rearrangement of Allyl 3,4-Dimethylphenyl Ether1
By C. S. Marvel and N. A. Higgins2

In connection with an investigation of inhibitors 
we had need for a sample of 3,4-dimethyl-6-pro- 
pylphenol (IV) and prepared it by the Claisen re­
arrangement of allyl 3,4-dimethylphenyl ether (I) 
followed by hydrogenation

ment 70 =*= 5% of the 6  isomer (III) and 30 =*= 5% 
of the 2 isomer (II) was produced. Hence the 
pure 72-propyiphenoi which was obtained by hy­
drogenation must have been the desired 3,4-di- 
methyl-6 -^-propylphenol (IV).

OCH2C H = C H 2 OH

OH
|j/ ^ C 0 2H

c h 3
V III

c h 2c h =
OH

=c h 2 c h 2= c h c h 2/ \
+

OH

<Jc h 3

v o h

^c h = c h c h 3
V O H

CH8CH==CHff

«-C3H t-

^c h 3

\ / CH3
CHs
VI

u OH OH
A h o 2c —II 1 —>  II |
V CH3 V CH;

CH3 c h 3
IX X

We found that the rearrangement of the allyl 
ether (I) gave rise to a mixture of phenols (II and 
I'll) as might be expected from the report of Clai­
sen and Eisleb3 on the behavior of allyl 3 -methyl- 
phenyl ether. Reduction of this mixture gave a 
mixture of the two propyl phenols from which a 
single isomer separated as a crystalline solid, m .p. 
59°, in 52% yield.

Since it appears that no one has carefully ex­
amined the isomers that may be formed in an al­
lyl rearrangement of this type , 4 we have estab­
lished the structure of the two isomers and deter­
mined their ratio in our rearrangement mixture.

The mixed phenols (II and III) were isomerized 
with alkali to give the mixed propenyl phenols 
(V and VI), which were then ozonized to give the 
mixed aldehydes (VII and IX). These aldehydes 
are known compounds5 and have different crystal­
line forms so the mixture obtained by ozonization 
could be separated mechanically into the two pure 
aldehydes. The identities of these aldehydes 
were confirmed by oxidation to the known acids 
(VIII and X ) . 5

By the quantities of the two aldehydes obtained, 
it was established that in the original rearrange-

(1) This investigation was carried out under the sponsorship of the 
Office of Rubber Reserve, Reconstruction Finance Corporation, in 
connection with the Governm ent Synthetic Rubber Program.

(2) Present address: Rayon D epartm ent, E. I. du Pont de Nem­
ours and Company, Buffalo, New York.

(3) Claisen and Eisleb, A nn., 401, 21 (1913).
(4) Tarbell, “ The Claisen Rearrangem ent” (“ Organic Reactions,” 

Vol. I I , John Wiley and Sons, Inc., New York, N. Y., 1944).
(5) Clayton, / .  Chem. Soc., 97, 1404 (1910).

Experimental
Allyl 3,4-Bimethylphenyl Ether.—To 175 ml. of absolute 

alcohol in a 500-ml., three-necked flask, fitted with 
stirrer, dropping funnel, and cöndenser were added 11.5 
g. (0.5 mole) of sodium chips. When solution was ef­
fected, 61.0 g. (0.5 mole) of 4-hydroxy-l,2-dimethyl- 
benzene was added and the flask heated in an oil-bath to 
85-90°. The mixture was stirred, and 41.8 g. (0.55 
mole) of distilled allyl chloride was added slowly. The 
reaction mixture was heated for fifteen hours, stirring being 
discontinued after seven hours. The cooled reaction mix­
ture was poured into 1 liter of water in a separatory funnel 
and the layers separated. The aqueous layer was ex­
tracted with two 100-ml. portions of petroleum ether 
(b. p. 35-45°) and the extract was combined with the 
previous organic layer. This solution was washed with 
10% sodium hydroxide solution to remove unreacted 
starting material, dried over anhydrous magnesium sul­
fate, and distilled in a modified Claisen flask. The allyl
3,4-dimethylphenyl ether, 66.1 g., b. p. 75-79° (3 mm.), 
n 20~D 1.5200, d 204 0.9543, was obtained in 82% yield.

A n a l . Calcd. for CiiH 140 :  C, 81.45; H, 8.70; MR, 
49.87. Found: C, 81.40; H, 8.70; M R, 51.28.

Mixed 2- and 6-Allyl-3,4-dimethylphenols.—Allyl 3,4- 
dimethylphenyl ether, 66.1 g. (0.41 mole), was rearranged 
by heating with one-half its weight of freshly distilled 
diethylaniline in a 245° bath for one-half hour. The 
boiling point of the mixture rose gradually during this 
time from 218 to 231 °. The cooled mixture was dissolved 
in petroleum ether (b. p. 35-45°) and the diethylaniline 
removed by several washes with dilute sulfuric acid. The 
product was then removed as the potassium salt by ex­
traction with aqueous-alcoholic potassium hydroxide 
(35 g. of potassium hydroxide, 25 g. of water, 90 g. of 
methanol) in four equal portions. The alkaline solution 
was washed with petroleum ether, acidified, and extracted 
exhaustively with petroleum ether. The petroleum 
ether solution was dried over anhydrous magnesium sul­
fate and distilled in a modified Claisen flask. The mixed 
2- and 6-allyl-3,4-dimethylphenols distilled a t 82-85°
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(1 mm.), n 2Qd 1.5434, d204 0.9671. The yield was 46.8 
g. or 71% of the theoretical amount.

Mixed 3,4-Dimethyl-2-propylphenol and 3,4-Dimethyl- 
6-propylphenol.—Hydrogenation of 46.8 g. of the mixed 
2- and 6-allyl-3,4-dimethylphenols in ethanol solution 
a t 25 ° with a Raney nickel catalyst proceeded smoothly 
and the theoretical amount of hydrogen was absorbed in 
twenty minutes. The catalyst was removed by filtration 
and the mixture distilled in a modified Claisen flask to 
yield 30.6 g. (65%) of mixed 3,4-dimethyl-2-propyl- 
phenol and 3,4-dimethyl-6-propylphenol, b. p. 77- 
77.5° « 1  m m .).

3.4- Dimethyl-6-propylphenol.—The mixture of 3,4- 
dimethyl-2-propylphenol and 3,4-dimethyl-6-propylphenol 
was a very viscous oil. When this material had stood 
for two weeks, crystals began to form; crystal growth pro­
ceeded, but the whole of the material did not crystallize. 
The crystals were removed by filtration through a sin­
tered glass filter; thus 16.0 g. (52%) of the material 
was obtained as a white crystalline solid. This was re­
crystallized four times from petroleum ether (b. p. 35- 
45°) to a constant melting point of 59°.

A n a l .  Calcd. for CuH iöO: C, 80.45; H, 9.75. Found: 
C, 80.49; H, 9.83.

Mixed 3,4-Dimethyl-2-propenylphenol and 3,4-Di­
methyl-6-propenylph enol .—To a 500-ml. round-bottomed 
flask containing 152 g. of n -amyl alcohol was added 105 
g. of potassium hydroxide flakes. The mixture was re­
fluxed for a short time, the clear supernatant liquid 
decanted, and to it was added 40 g. (0.247 mole) of the 
rearrangement product from allyl 3,4-dimethylphenyl 
ether (2- and 6-allyl-3,4-dimethylphenols). The solu­
tion was heated a t the boiling point for twenty-four 
hours, the amyl alcohol removed by steam distillation, 
and the remaining solution acidified with phosphoric 
acid. The acidified solution was extracted with four 100- 
ml. portions of ether and the ether solution dried over 
anhydrous magnesium sulfate and distilled without frac­
tionation. A yield of 24.6 g. (61.6%) of mixed 3,4- 
dimethyl-2-propenylphenol and 3,4-dimethyl-6-propenyl- 
phenol was obtained.

A n a l .  Calcd. for ChH i40 : C, 81.45; H, 8.70. Found: 
C, 81.90; H, 8.59.

4.5- and 5,6-Dimethylsalicylaldehydes.—A solution of
8.4 g. (0.052 mole) of mixed 3,4-dimethyl-2-propenylphenol 
and 3,4-dimethyl-6-propenylphenol in 400 ml. of chloroform 
was ozonized for six hours a t 0° with approximately 4% 
ozone. The chloroform solution of the ozonide was 
treated with 120 ml. of water, and the chloroform was 
distilled from the mixture under reduced pressure. After 
the chloroform had been completely removed, the flask 
was heated vigorously and the contents distilled. A 
yield of 4.95 g. (63.8%) of aldehyde was obtained from 
the steam-distillate by ether extraction, while 1.4 g. of 
material remained in the pot.

The aldehyde thus obtained was converted to  the b i­
sulfite addition product by shaking vigorously with nearly 
saturated sodium bisulfite solution a t about 40°. The 
white crystalline addition product was removed by suc­
tion filtration, washed repeatedly with ether, and finally 
decomposed with 150 ml. of warm 3% hydrochloric acid. 
The purified aldehyde was recovered by ether extraction, 
drying of the extract, and removal of the solvent by d is­
tillation. The solid, light-yellow aldehyde thus obtained 
was recrystallized from petroleum ether (b. p. 35-45°), 
the solution being allowed to  cool very slowly so th a t large 
crystals formed. Two types of crystals were formed, 
long spike-like needles of 5,6-dimethylsalicylaldehyde and 
lustrous plates of the 4,5-isomer; a quantity  of the m a­
terial was separated into its component crystals mechani­
cally. Thus it was determined th a t 70 =*= 5% of the m a­
terial crystallized as plates and 30 ±  5% as needles. The 
two crops of crystals were separately recrystallized first 
from dilute alcohol and then from petroleum ether (b. p. 
35-45°). The plates of 4,5-dimethylsalicylaldehyde 
melted a t 69° and the needles of 5,6-dimethylsalicylalde­
hyde a t 70°.

A n a l .  Calcd. for CgH^C^: C, 72.00; H , 6.72. Found: 
Plates—C, 72.04; H , 6.65; Needles—C, 72.10; H , 6.60.

Clayton5 who prepared a similar mixture of aldehydes 
from a Reimer-Tiemann reaction on 3,4-dimethylphenol 
found th a t 4,5-dimethylsalicylaldehyde crystallized in 
plates, m. p. 71°, and the 5,6-isomer in needles, m. p. 
72°.

4.5- Dimethylsalicylic Acid.—About 0.1 g. of 4,5- 
dimethylsalicylaldehyde was sprinkled into 0.6 g. of fused 
sodium-potassium hydroxide (50-50 containing a little 
water) at 210° in a nickel crucible. As soon as gas evolu­
tion had ceased the mixture was cooled, dissolved in 
water, filtered, and acidified. The 4,5-dimethylsalicylic 
acid which precipitated was collected on a filter, dried, 
and recrystallized from aqueous methanol. The purified 
product melted a t 197.6°. The literature5 reports a 
melting point of 198-199°.

5.6- Dimethylsalicylic Acid.—This material was p re­
pared from 5,6-dimethylsalicylaldehyde exactly as de­
scribed above for 4,5-dimethylsalicylic acid. The 5,6- 
dimethylsalicylic acid melted a t 140°. Clayton5 de­
scribes this acid as melting a t 142-143°.

Summary
The rearrangement of allyl 3,4-dimethylphenyl 

ether gives 70 =*= 5% of 6-allyl-3,4-dimethylphenol 
and 30 =±= 5 % of 2 -allyl-3,4-diniethylphenol.

Reduction of this mixture of allyl phenols gives 
a 50% yield of crystalline 3,4-dimethyl-6-w-pro- 
pylphenol.
U r b a n a , I l l in o i s  R e c e i v e d  F e b r u a r y  2 6 , 1 9 4 8
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[C o n t r ib u t io n  f r o m  W e s t e r n  R e g io n a l  R e s e a r c h  L a b o r a t o r y 1]

The Thiocyanation of Polysaccharide Tosyl Esters
B y J. F. Carson and W. D ayton M aclay

The replacement of tosyloxy groups in the pri­
mary position of carbohydrates by iodine2 as a 
method of distinguishing primary from secondary 
hydroxyl groups has had a wide application. In 
polysaccharide chemistry, the reaction has been 
applied quantitatively to cellulose,3 partially sub­
stituted ethyl cellulose4 and cellulose acetate,4-5 
and to arabogalactan6 from larch wood. I t has 
now been found that polysaccharide tosyl esters 
undergo an analogous reaction with alkali thio­
cyanates to yield thiocyano derivatives. The re­
placement of tosyloxy in a number of polysaccha­
ride tosyl esters by thiocyanate has been investi­
gated, and the reaction has been found to have 
approximately the same degree of specificity for 
primary tosyloxy groups as the familiar iodination 
reaction.

Müller and Wilhelms7 found that tetra-acetyl-6- 
tosyl /3-glucose and triacetyl-6-tosyl a-methylglu- 
coside when heated with potassium thiocyanate 
in acetone at 130° formed the corresponding 6- 
thiocyanates according to the equation

i

I +  KSCNi
H— C—O

I
CHs-OTos

The 6-thiocyanates were observed to be very 
stable in contrast to the previously known 1- 
thiocyanates and showed no tendency to rearrange 
to the isothiocyanates even at elevated tempera­
tures. A tosyl or mesyl group in the 3 position 
was found to be unreactive to thiocyanate. The 
apparent specificity of thiocyanate substitution 
for primary tosyloxy groups in glucose derivatives 
cannot be extended to non-carbohydrate ma­
terials, since tosyl esters of secondary alcohols 
have been observed to react with thiocyanates 
under mild conditions. Cholesterol p - toluene- 
sulfonate8 and ethyl a-tosylpropionate9 both re­
act with potassium thiocyanate in acetone or alco­
hol solution to yield the corresponding thiocyano 
derivatives.

(1) Bureau of A gricultural and Industrial Chemistry, Agricultural 
Research A dm inistration, U. S. D epartm ent of Agriculture. Article 
no t copyrighted.

(2) O ldham and  R utherford , T h is  J o u r n a l , 54, 366 (1932).
(3) Honeyman, J . Chem. Soc., 168 (1947).
(4) Cramer and Purves, T h is  J o u r n a l , 61, 3458 (1939); Mahoney 

and Purves, ibid., 64, 9, 15, 1539 (1942).
(5) M alm, Tanghe and L aird (abstract of paper delivered a t Divi­

sion of Cellulose Chem istry, American Chemical Society, New York, 
Sept., 1947).

(6) Low and W hite, T h is  J o u r n a l , 65, 2430 (1943).
(7) M üller and W ilhelms, Ber., 74B, 698 (1941).
(8) M üller and B atyka, ibid., 74B , 705 (1941).
(9) Gerrard, Kenyon and Phillips, J. Chem. Soc., 153 (1937).

O +  KO-Tos

H-
I

- C -

c h 2s c n

In the present work, potato starch, cellulose, 
guar mannogalactan, and corn-cob and lima-bean 
pod hemicelluloses have been tosylated and the 
esters reacted with sodium thiocyanate in acetonyl 
acetone at 110-112°. The tosyl esters were also 
iodinated by heating at 110-112° with sodium 
iodide in acetonyl acetone, and the primary hy­
droxyl content as determined by iodine substitu­
tion was compared with values obtained by thio­
cyanation. The results are compiled in Table I.

Discussion of Results
A potato starch tosyl ester, when treated with 

sodium thiocyanate for varying periods of time, 
yielded tosyl thiocyano derivatives containing ap­
proximately 0.94 equivalent of thiocyanate per 
anhydroglucose repeating unit. Iodination of the 
same tosylate likewise yielded iodo compounds 
containing 0.93 to 0.95 equivalent of iodine per 
repeating unit.10

Thiocyanation and iodination of the cellulose 
tosyl esters gave more variable results than starch , 
but approximately one thiocyano group was intro­
duced per anhydroglucose unit. Thiocyanation 
of a tosyl ester of wood pulp cellulose yielded de­
rivatives containing 0.95 to 1.03 equivalents per 
repeating unit. Iodination of the same ester for 
seven hours produced a derivative with 0.98 equiv­
alent of iodine per unit. Thiocyanation of a 
tosyl ester of regenerated cellulose (Cellophane) 
yielded derivatives with thiocyanate contents 
varying from 0.90 to 1.09.

Two different tosyl esters of guar mannogalac­
tan, the water-soluble polysaccharide of guar endo­
sperm ( C y a m o p s is  te tra g o n o lo b a  Taub) when thio- 
cyanated for different periods of time yielded de­
rivatives with thiocyanate contents varying from
0.44 to 0.52 equivalent per anhydrohexose unit. 
Iodination gave slightly higher replacement values 
from 0.50 to 0.56 equivalent per anhydrohexose 
unit. If the two reactions are assumed to be spe­
cific for primary hydroxyl in this polysaccharide, 
approximately half of the primary alcohol groups 
must be blocked by linkages of the 1,6 type.11 
This observation is at variance with the report of 
Moe, Miller and Iwen12 who postulated 1,4 link-

(10) The theoretical thiocyanate or iodine content should be 
slightly less than  unity  because of the presence of a small number of 
1,6 linkages in the amylopectin component of potato starch.

(11) Swanson (abstract of paper delivered a t Division of Sugar 
Chemistry, American Chemical Society, New York, Sept., 1947) has 
obtained by hydrolysis of m ethylated guar polysaccharide 2,3,4,6- 
tetram ethylgalactose and unidentified trim ethyl and dimethyl sugars. 
From the quantities isolated, the author suggests th a t the poly­
saccharide consists of a main chain of anhydromannose units with a 
side unit of galactose attached to every other mannose unit.

(12) Moe, Miller and Iwen, T his J o u r n a l , 69, 2621 (1947).
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T a b l e  I

T h io c y a n a t io n  o f  P o l y s a c c h a r id e  T o s y l  E s t e r s
*---------------------------- T osyl estei

Polysaccharide
%
S®

Num ber of 
tosyl groups Re- 

per action  
repeating tim e, 

unit hr.
%
N&

-Thiocyanation--------
Equiva­
lents of 

SCN per
repeating % 

unit0 Found®
s

Calcd.
T im e,

hr.
%Id

-Iodination  
E quiva­
lents of 

I per 
repeating 

u n ite
% s

Found® Calcd.
White potato starch 13.19 1.82 3 3.72 0.91 16.89 17.2 3 .5 30.0 0.95

4 3.76 .91 16.98 17.2 7 29.2 .93 6.97 7.16
6 3.91 .94 17.11 17.4 9 29.7 .94
9 3.89 .94 17.09 17.3

12 3.96 .95 17.03 17.4
Cellulose (wood pulp) 13.05 1.77 7 4.06 0.95 16.80 17.3 3 .5 29.6 0.92

9 4.41 1.01 5 30.2 .94 6.3 6.79
11 4.52 1.03 17.4 17.8 7 31.6 .98 6.3 6.51

Cellulose (cellophane) 13.38 1.90 7 3.55 0.90 16.9 17.2
8 4.23 1.02 17.6 18.0
9 4.61 1.09 18.2 18.4

Guar (mannogalactan) 13.50 1.95 4 1.56 0.46 14.95 15.2 6 15.6 0.54 10.04 10.3
8 1.72 0.50 15.20 15.4 8 16.1 .56 9.90 10.2

13.78 2.07 6 1.44 .44 15.15 15.4 3 13.8 0.50
9 1.61 .49 15.20 15.5 6 13.7 0.50

10 1.73 .52 15.41 15.7 9 15.2 0.55
12 1.49 .46 14.83 15.4 12 14.8 0.53

Lima bean pod hemi­ 7.67 0.534 6 1.05 .15 8.19 8.32 6 8.58 0.15 5.42 5.73
cellulose 7.5 1.01 .15 8.17 8.29

9.5 1.06 .16 8.20 8.32
12 0.86 .13 8.12 8.20

13.03 1.53 5 .81 .20 13.83 13.9 4 10.0 0.29 11.1 11.06
7 .84 .21 13.89 13.9 6 11.5 .33 10.7 10.73
8 .82 .21 14.03 13.9
9 .98 .24 14.02 14.1

11 .92 .23 14.14 14.0
Corn-cob xylan 13.96 1.81 7 .62 .18 5 5.65 0.18 12.3 12.8

8.5 .78 .22 14.71 14.8
9 .74 .21

10 .75 .21 14.80 14.8
a Sulfur was determined gravimetrically by the Parr bomb method. h Nitrogen was determined by the Kjeldahl 

method. c The number of equivalents of thiocyanate (m) per repeating unit was calculated from nitrogen analyses by the 
formula

_  u -f- 154.18n 
m ~  113.11 +  (1401/iV)

where n = number of tosyl groups per repeating unit in original ester; N =  % nitrogen; and u =  average repeating unit, 
i .  e . ,  162.1 for a hexosan. For the corncob and lima bean pod hemicelluloses, the calculated values of u were, respectively, 
137 and 141, on the assumption that the material unaccounted for as xylan, uronic anhydride, and methoxyl is hexosan. 
The theoretical percentage of sulfur was calculated by the formula:

% S = 3206n
u +  154.18^ -  113.11ft

Calculation of thiocyanate content from sulfur analyses would have yielded slightly lower values in each case. d Iodine 
was estimated by the method of Clark, “Semimicro Quantitative Analysis,” Academic Press, New York, N. Y., 1943, p. 
62. 0 The number of equivalents of iodine per repeating unit was calculated from iodine analyses assuming no loss of
tosyl ester except by replacement.

ages from the observation that guar mannogalac- 
tan consumes one mole of periodate.13

Thiocyanation and iodination of a corn-cob
(13) Investigations in this Laboratory of the periodate oxidation 

of mannogalactan are also in disagreement with the report of Moe, 
et a l . 12 I t has been observed th at in the oxidation of guar poly­
saccharide, formic acid is always produced (0.3 to  0.4 mole per equiva­
lent of polysaccharide) and th at consum ption of paraperiodic acid
(buffered at pH  5) or of sodium m etaperiodate at temperatures from  
5° to 25° was greater than one mole, the rate curve having such a 
shape th at it was difficult to determine the exact consumption of 
oxidant.

hemicellulose tosylate gave unexpectedly high 
values for thiocyanate and iodine substitution. 
Analysis of the hemicellulose indicated that ap­
proximately 96% could be determined as xylan14 
and methoxy uronide. Lignin content was not 
greater than 1%. Since the anhydroxylose units

(14) B ennett (J. Agr. Res., 75, [1] 43 (1947)), in in vestigations  
of an unfractionated sam ple of corn cob hem icellulose, reported the  
presence of a trace of L-arabinose in the acid hydrolysate. Our 
hemicellulose fraction was found to be free of arabinose to  th e extent  
that no test coitld be obtained with diphenyl hydrazine or benzyl- 
phenylhydrazine.
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of the xylans are considered to be in the pyranose 
form,15 the actual replacement by iodine or thio­
cyanate should not be greater than 0.04 equivalent 
per average repeating unit. A tosyl ester contain­
ing 1.81 tosyl groups per average repeating unit 
yielded thiocyanates containing 0.18 to 0.22 
equivalent of thiocyanate per repeating unit and 
iodination gave a replacement of 0.18 equivalent.

The lima bean pod hemicellulose fraction had 
analyses indicating that 82% of the polysaccha­
ride could be accounted for as xylan, uronic an­
hydride and methoxyl. Arabinose could not be 
detected. On the assumption that the material 
unaccounted for by these analyses is hexosan, the 
maximum degree of replacement should be ap­
proximately 0.18 equivalent per average repeating 
unit (weighted average of xylan, methoxy uro- 
nide and hexosan). Thiocyanation and iodination 
of a tosylate with a low ester content (0.53 equiva­
lent of tosyl per unit) seemed to confirm this sup­
position. Both reactions proceeded to the extent 
of 0.15 equivalent per unit. However, iodination 
of a tosyl ester having a higher tosyl content (1.53 
equivalents per unit) gave higher values which 
would indicate a primary hydroxyl content of 
0,29 to 0.33. Thiocyanate substitution was also 
significantly higher than before, 0.20 to 0.24 equiv­
alent per repeating unit.

When these reactions are applied to polysaccha­
rides, two conditions are presupposed: (1) that 
substantially all of the primary alcohol groups are 
tosylated and (2) that the replacement occurs only 
at the primary position. Complete tosylation of 
the polysaccharide would automatically satisfy 
the first condition, but this often leads to dark- 
colored degraded products containing some nitro­
gen and chlorine. Purves and co-workers16 have 
measured the relative rates of tosylation in the 
unsubstituted positions of cellulose acetate and 
ethyl cellulose and found them to be in the ratios, 
respectively, of 2.2:0.11:23 and 2.3:0.07:15 for 
the 2,3 and 6 hydroxyls. Other polysaccharides 
may not have such a favorable ratio for attaining 
complete esterification of the primary alcohol 
groups. On the other hand, lima bean pod hemi­
cellulose tosylate appeared to undergo iodination 
and the corncob hemicellulose tosylate apparently 
underwent both iodination and thiocyanation in 
secondary positions. Malm, et al.,h have re­
ported that in the tosylation and subsequent iodi­
nation of cellulose acetate or regenerated cellulose, 
the amount of iodine introduced increased when 
the time of reaction in either the tosylation or the 
iodination step was extended. These discrepan­
cies would be particularly significant in assigning 
structures to polysaccharides with a low primary 
hydroxyl content and would restrict the utility of

(15) H am pton, H aw orth and H irst, J . Chem. Soc., 1739 (1929); 
H aw orth and Percival, ibid., 2850 (1931); Haworth, H irst and 
Oliver, ibid., 1917 (1934); Byw ater, Haworth, H irst and Peat, ibid., 
1983 (1937).

(16) M ahoney and Purves, This Journal, 64, 9 (1942); Gardner 
and Purves, ibid., 64, 1539 (1942).

the reactions to very crude approximations of pri­
mary hydroxyl content.

Acknowledgment.—The authors wish to thank 
L. M. White and A. Bevenue for the determina­
tions of nitrogen and sulfur.

Experimental
Polysaccharides

Potato Starch.—A commercial sample was used without 
purification.

Cellulose samples used were Dupont Cellophane and 
Brown Co. “Solka Floe/* a purified wood pulp in a finely 
divided form. The latter had a xylan content of 2.5%.

Lima Bean Pod Hemicellulose.—The pods from lima 
beans of normal canning maturity were extracted suc­
cessively with benzene-ethanol (2:1), boiling water and 
boiling 0.5% ammonium oxalate. The material was de- 
lignified by the sodium chlorite procedure of Wise, et 
al.,11 and the holocellulose extracted successively with 
boiling water, 2% sodium carbonate, and 5% potassium 
hydroxide at room temperature for one hour under nitro­
gen. The hemicellulose isolated from the potassium 
hydroxide extraction was re-dissolved in alkali and pre­
cipitated with copper sulfate according to the directions 
of Angeli and Norris.17 18

Anal. Uronic anhydride, 9.0%; xylan, 72%; meth­
oxyl, 1.4%; and [«]20d —45.3 (c, 1.28 in 2% potassium 
hydroxide).19

Corn-cob Hemicellulose.—This material was prepared 
in the same manner as the lima bean pod hemicellulose. 
Anal. Uronic anhydride, 6.2%; xylan, 89.3%; meth­
oxyl, 0.7%; and |> ]20d -9 8 .2  (c, 0.917 in 2% potas­
sium hydroxide).19

Guar Mannogalactan.—The water-soluble fraction was 
isolated from guar flour (Cyamopsis tetragonoloba Taub) 
obtained from General Mills, Inc. An aqueous dispersion 
of the flour was first digested with trypsin to remove pro­
teins, then centrifuged, and the extract was clarified by 
filtration. The polysaccharide was isolated as a white 
fibrous precipitate when the filtrate (after concentration 
in vacuo to a 0.4% solution) was poured into two and one- 
half volumes of ethanol. It was purified by washing with 
70% ethanol-1 % hydrochloric acid, neutral 70% ethanol, 
95% ethanol and acetone. Anal. Nitrogen, 0.07%; 
anhydromannose, 59%20; anhydrogalactose, 32%; 
uronic anhydride, 3.5%; pentosan <1% ; and [ « ] 20d  
+61° (c, 0.57 in water).19

Tosylation
Potato starch, guar mannogalactan, and the hemi­

celluloses were pretreated by pasting with boiling water, 
coagulating with pyridine, and removing the water by 
washing with pyridine to obtain the polysaccharide in a 
reactive form. The wood-pulp and the Cellophane were 
steeped in 25 to 30 parts of 5% sodium hydroxide for one 
hour at 20°, and were then washed with water until free 
of alkali and the water was replaced by pyridine.

Esterification was performed in a mixture of pyridine 
and ^-toluenesulfonyl chloride, the latter in an excess of 
four to five times the calculated quantity. Tosylation was 
allowed to proceed at 20-23° (after initial cooling of the 
reaction mixture) for periods of time varying from two 
days to three weeks. The esters were isolated and puri­
fied in the usual manner. Under these conditions, starch 
and guar polysaccharide could be tosylated to a degree 
of 1.7 to 2.0 tosyl groups per repeating unit in forty-eight

(17) W ise, M urphy and D ’Addieco, Paper Trade Journal, 122 [2], 
35 (1946).

(18) Angeli and Norris, Biochem. J .,  30, 2155 (1936).
(19) Specific rotations were determined by measuring the rotations 

in 2 dm. tubes with the d line of sodium at 20°.
(20) M annose was estim ated by a modification of Bertrand’s 

method, and galactose was estim ated by the differential fermentation 
procedure of Wise and Appling (Ind. Eng. Chem., A n a l .  E d . ,  16, 28 
(1944)).
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hours on a shaking machine. Cellulose samples required 
from four to five days at 20° with shaking for the same 
degree of esterification; the hemicelluloses reacted very 
slowly, a high degree of tosylation requiring from two to 
three weeks. The esters had nitrogen contents of 0.05% 
or less.

Thiocyanation and Iodination
Replacement of tosyloxy by thiocyanate was effected 

by heating a mixture of 2 g. of tosyl ester, 200 ml. of 
freshly distilled acetonyl acetone, and 6 g. of sodium 
thiocyanate (dried in vacuo at 100 °) under anhydrous 
conditions at 110-112° for periods of time as indicated in 
Table I. Low values for nitrogen were usually obtained 
unless the reaction mixture was heated for at least five 
hours.

The starch and mannogalactan tosylates were almost 
completely soluble in the hot reaction medium, the 
cellulose tosylates were partly soluble and the hemicellu­
lose esters swelled without appreciable solution. The 
thiocyanotosylates were recovered in quantitative yields 
by pouring into four volumes of ice water. The esters 
were washed repeatedly with distilled water, 95% ethanol, 
and finally with ether. For analyses, they were dried 
in vacuo at 70° over phosphorus pentoxide. The thio­
cyano derivatives when dried were powdery materials, 
white to a light grey in color. Their solubility behavior 
was very similar to that of the corresponding iodo com­
pounds.

Iodination was performed under conditions comparable 
to the thiocyanation procedure. Five grams of sodium 
iodide was used for each gram of tosyl ester and 100 ml.

of acetonyl acetone. No apparent difference was noted 
in iodination at 100 and 110°, although thiocyanation at 
the lower temperature was, in some cases, slightly slower 
than at 110°.

Summary
The replacement of tosyloxy in the primary po­

sition by thiocyanate has been found to be applic­
able to several polysaccharide tosyl esters. 
When applied to potato starch, cellulose, and guar 
mannogalactan, the reaction had approximately 
the same degree of specificity for replacement of 
the tosyloxy group in the primary position as the 
iodination reaction.

Both thiocyanation and iodination of the tosyl­
ate of the water-soluble polysaccharide of guar 
indicate that approximately half of the primary 
hydroxyl groups are involved in linkages.

Thiocyanation and iodination of a corn-cob 
hemicellulose tosyl ester and iodination of a lima 
bean pod hemicellulose tosylate yielded substitu­
tion to a greater extent than was expected, from 
the structure of these materials, indicating that 
possibly some secondary tosyloxy groups were re­
placed.
A l b a n y , C a l i f o r n ia  R e c e iv e d  F e b r u a r y  24, 1948

[C o m m u n ic a t io n  N o . 1167 f r o m  t h e  K o d a k  R e s e a r c h  L a b o r a t o r ie s ]

Oxidation Processes. XXI.1 The Autoxidation of the p-Phenylenediamines
B y  J a m e s  E . L u V a l l e , D u d l e y  B . G l a s s  a n d  A r n o l d  W e i s s b e r g e r

Introduction
Previous papers of this series discussed the au­

toxidation of a-ketols, I,2 enediols, II,3 hydroquin- 
ones, III,4 and a-aminoketones, IV.5 The present 
paper deals with the autoxidation of £>-phenylene- 
diamines, VI, and, briefly, of ^-aviinophenols, V.

—C—C-
I II o o

H
I

—C =  C—
I I o o

H  H 
II

H O —< >—OH

III

N H 2 O
IV V

N H 2—<

VI

>—N H 2

Like the dihydroxy compounds, these substances 
react with molecular oxygen, and the reaction 
proceeds in two univalent steps.6 From the re-

(1) X X . LuValle and Weissberger, This Journal, 69, 1821 
(1947).

(2) (a) Weissberger, M ainz and Strasser, Ber., 62, 1942 (1929); 
(b) Weissberger and Bach, J . Chem. Soc., 226 (1935).

(3) Weissberger and LuValle, This Journal, 66, 700 (1944).
(4) (a) James and Weissberger, ibid. , 60, 98 (1938); (b) James,

Snell and Weissberger, ibid., 60, 2084 (1938); (c) LuValle and Weiss­
berger, Part X IX , ibid., 69, 1576 (1947).

(5) James and Weissberger, ibid., 59, 2040 (1937).
(6) (a) Michaelis and Hill, ibid., 55, 1487 (1933); (b) Michaelis,

Schubert and Granick, ibid., 61, 1981 (1939); (c) Michaelis and
Granick, ibid., 65, 1747 (1943).

R + 0 2 ----^ T  +  H20 2 (1)
suits of earlier papers of this series,3>4*5 the rate 
of the over-all reactions can be expected to de­
pend upon the rate of formation of the semi- 
quinone, upon its concentration in the various 
equilibria involved, and upon its reactivity with 
oxygen.

The intensely colored intermediate products of 
^-phenylenediamines, W urster’s salts, exist as free 
radicals, semiquinones, in dilute solution,6 and as 
dimers or higher polymers in higher concentra­
tion.60 These semiquinones are much more 
stable than the corresponding fully oxidized 
quinonediimines,6b *7 and quinoneimines7 which 
are readily hydrolyzed to the corresponding 
quinones. Moreover, the higher N-methylated 
diamines undergo a demethylation reaction when 
oxidized. Thus, N,N'-tetramethyl-^-phenylene- 
diimine loses a methyl group with formation of 
N,N'-trimethyl-^-phenylenediamine and formal­
dehyde,67 and N,N'-tetramethyl-, N,N'-trimeth- 
yl-, and N-dimethyl-^-phenylenediamine couple 
in oxidizing solutions with a ^-substituted phenol 
to give an identical indoaniline dye.8 The latter 
reaction shows that the trimethyl-^-phenylenedi-

(7) (a) W illstatter and M eyer, Ber., 37, 1494 (1904); (b) W ill­
statter and Pfannenstiel, ibid., 37, 4605 (1904); (c) W illstatter and 
Kubli, ibid., 42, 4135 (1909).

(8) W. R. Ruby, of these Laboratories, private com m unication.



2224 J ames E. LuValle, Dudley B. Glass and Arnold Weissberger Vol. 70

amine also undergoes demethylation upon oxida­
tion in a rapid reaction.

The concentration of Wurster’s salts, the semi­
quinones, in the equilibrium

r  +  t  2S (2)

increases with increasing methylation of the amino 
group.60 The rate of reaction of the semiquinones 
with molecular oxygen may also be expected to 
vary within wide limits, depending on kind and 
number of substituents.

In a first approximation we consider resonance 
as the main stabilizing factor for the semiquin­
ones.6 The principal structures of the semi­
quinones of p-phenylenediamine are given in 
Fig. la. The cationic semiquinone, SH2+, has 
three pairs of equivalent structures, the neutral 
molecule, SH, has no equivalent structures, and 
the anionic semiquinone, S “ , has again three 
equivalent structures. For this reason, SH2+ and
S -  should be stable and exist in appreciable con­
centrations in their respective pH  ranges, at vari­
ance with SH, which is expected to be unstable. 
When two R  groups are on one hydrogen, the 
negative semiquinone ion will not be stabilized by 
structures shown in Fig. la.

The ionic species for the N-alkylated-/>- 
phenylenediamines are given in Fig. 2a. The 
semiquinones of monalkyl-p-phenylenediamine

a', b, b', c and c' and is therefore probably about 
as unstable as the neutral semiquinone. Tri- 
alkyl-p-phenylenediamines do not form an anionic 
semiquinone, and tetramethyl-p-phenylenediamine 
even lacks a neutral semiquinone.

The principal resonance forms of the semiquin­
ones of the p -aminophenols are given in Fig. lb. 
None of the semiquinones has equivalent reso­
nance states. The neutral semiquinone, SH, is 
probably represented by group (b) because the 
hydroxyl group will lose a proton more readily 
than the amino group. The structures of group 
(a) under SH are tautomers of the structures of 
group (b%

The ionic species for the semiquinones of the 
three types of p-aminophenols are given in Fig. 2b. 
The dimethyl semiquinone exists only as SH2+ 
and SH. The remainder may exist as cation, neu­
tral molecule, or anion depending on the pH.

Michaelis and Schubert9 have investigated the 
dependence of the concentration of certain semi­
quinones upon pH. If the oxidized form, T, is 
stable, the semiquinone concentration has a 
maximum when half of the initial quantity of 
diamine is oxidized, i. e., when R = T. A t this
rsoiri t r *—

(S/a) max. =  Y k „/(2 +  V K S) (3)
where a  is the concentration of R +  T  +  S9 and
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and s-dialkyl-p-phenylenediamine resemble p- 
phenylenediamine. The anionic semiquinone of 
as - N-dialkyl-p-phenylenediamine lacks structures

(9) (a) M ichaelis and Schubert, C h em . R e v ., 2 2 , 437 (1938); (b) 
Michaelis, A n n a ls  N .  Y . A c a d .  S c i . ,  40, 39 (1940); (c) Schubert, 
ib id . ,  40, 111 (1940).
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Fig. 1.— (A) Principal structures of the ^-phenylenediamine semiquinones. (N ote that the anionic semiquinone 
would only occur for the N-dialkyl-substituted diamine.) (B) Principal structures of the ^-aminophenol semiquinones. 
(Note that for the neutral semiquinone, structures b are much more likely than structures a. Structures a are tautomeric 
with structures b.)

K s is the semiquinone formation constant of 
equation (2).

Semiquinone formation constants for oxonine 
over the p H  range — 6 to + 12  are plotted in Fig. 3 
from the data of Table XI of Michaelis and Gran­
ick.10 The ionic states of R, S and T  are those 
assigned by these authors. The figure shows that

H

the concentrations of the several io n ic  species o f  S  
go through two minima and one maximum be­
tween p H  2 and 12.

If the rate of a reaction is determined by the 
over-all semiquinone concentration, then the rate 
at 50% completion will vary with p H  as ( S / a )max. 
However, according to Figs. 1 and 2, SH2+, SH 
and S ”  cannot be expected to have the same

(10) M ichaelis and Granick, T his Journal, 63 , 1636 (1941).

reactivity. Differences in the reactivity of the 
ionic species will therefore be superimposed upon 
the changes in semiquinone concentration with 
p H .  It follows that quite complicated rate-^H 
curves can be expected for substances such as the 
+phenylene diamines.

Experimental
Technique, Materials, Calculations

The techniques and apparatus were the same as in  
previous investigations of this series.2*3*4'5 M easurements 
of pH were made with a Beckman Model G pH  meter. 
The temperature of the thermostat was 19.97 =*= 0 .02°. 
Buffers were C. p . or reagent grade chemicals and used at 
a concentration of 0.200 M.  Doubly distilled water was 
used in all experiments, and absolute alcohol in making 
the aqueous alcoholic solutions.

All experiments reported in this paper were run in solu­
tions 0.005 M  in potassium thiocyanate and potassium  
cyanide, respectively. Under these conditions, m etallic- 
ion catalysis was negligible, and the data were repro­
ducible. In the absence of these substances, the experi­
ments were very erratic. In some experiments, in absence 
of potassium cyanide and potassium thiocyanate, cupric ion 
was added. This eliminated the induction period and 
increased the total uptake by approximately 50%.
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Fig. 2.— (A) Ionic species of the p -phenylenediamines; R represents any alkyl group, usually CH3 or C2H6. (B) Ionic
species of the ^-aminophenols.

The final products of the reaction of diaminodurene 
were identified as duroquinone by mixed melting point, 
ammonia by smell, and hydrogen peroxide.2a The over­
all consumption of oxygen indicates a similar course of 
the oxidation of the other compounds reported in this 
paper. However, the hydrogen peroxide presumably 
reacts with the quinonoid products.

Organic Preparations
Eastman Kodak Co. Grade chemicals were used as 

starting materials for the preparation of all compounds. 
When working with the free bases, they were kept under 
an atmosphere of hydrogen or nitrogen to reduce oxidation 
by the air. All of the products were dried in a vacuum 
desiccator over sulfuric acid. High-grade filter paper 
(e. g., Whatman no. 12) was used for all filtrations.

p  -Ph enyl en e di amin e Dihydrochloride.—Fifty-four 
grams of p -phenylenediamine was dissolved in a solution 
of 200 ml. of water and 90 ml. of concentrated hydrochloric 
acid. The resulting solution was treated with Filtrol 
and filtered while still hot. The dihydrochloride was pre­
cipitated by the addition of 100 ml. of concentrated hydro­
chloric acid. The product was removed by filtration, 
dissolved in 200 ml. of hot water, and precipitated with 
100 ml. of concentrated hydrochloric acid. The pre­
cipitate was removed by filtration, washed with alcohol, 
and dried.

N-M ethyl-£-ph enyl enediamine Dihydrochloride.—The
salt was recrystallized twice from three volumes of meth­
anol which contained a few drops of concentrated hydro­
chloric acid.

N,N '-Dimethyl -^-phenylenediamine Dioxalate.—The
salt was recrystallized twice from 60% aqueous alcohol. 
In the first recrystallization the hot solution was treated 
with Darco and filtered; in the second recrystallization, 
the hot solution was filtered without the Darco treatment.

N,N-Dimethyl-^-phenylenediamine Hydrochloride.— 
N, IN -Dimethyl-phenylenediamine was distilled under 
reduced pressure. The fraction that boiled at 134-135° 
at 12 mm. (68 g.) was collected and converted to the 
hydrochloride by dissolving in 200 ml. of methanol and 
43 ml. of concentrated hydrochloric acid. The solution 
was allowed to stand at 0° until crystallization was com­
plete. Tae precipitate was removed by filtration and 
recrystallized from methanol.

N,N,N'-Trimethyl-^-phenylenediamine Dihydro­
chloride.—This material was prepared satisfactorily in 
fairly large batches from N,N-dimethyl-£-phenylene- 
diamine by a modification of the method used by Michaelis, 
Schubert and Granick.6b

A mixture of 170 g. of N,N-dimethyi-/>-phenylenedi- 
amine hydrochloride, 190 g. of p -toluenesulfonyl chloride, 
and 400 ml. of pyridine was heated on the steam-bath for 
two hours. At the end of this time, the reaction mixture 
was poured into 2 liters of water and stirred until crystal­
lization occurred. The precipitate was removed by 
filtration, washed with water, and recrystallized from 95% 
alcohol. There resulted 190 g. of 4 '-dimethylamino+ -  
tolylsulfonanilide which melted at 125-126°.

A solution of 11.5 g. of sodium in 500 ml. of absolute 
alcohol was added to 145 g. of 4 '-dimethylamino-^-tolyl- 
sulfonanilide in 1 liter of absolute alcohol. After 75 g. of 
methyl iodide had been added, the mixture was boiled 
under reflux for twenty hours. At the end of this time, 
800 ml. of 5% alkali was added and the alcohol was re­
moved by distillation under reduced pressure. The residue 
was diluted with 1.5 liters of warm water and the mixture 
was stirred for thirty minutes. The precipitate was re­
moved by filtration, washed with water, and recrystallized 
twice from 95% alcohol. The resulting 4 '-dimethyl- 
amino-N-methyl-^-tolylsulfonanilide (80 g.) melted at 
101-101.5°. Anal. Calcd. for Ci6H20N2O2S: N, 9.20.
Found: N, 9.20.

The 4' -dimethylamino-N -methyl -p-tolylsulfonanilide
(41 g.) was hydrolyzed by heating on the steam-bath 
for four hours with 40 ml. of acetic acid and 80 ml. of 
concentrated sulfuric acid. The reaction mixture was 
dissolved in 800 ml. of water and made alkaline with 275 
ml. of 40% sodium hydroxide. The diamine11 was ex­
tracted with ether, the ethereal solution was dried over 
sodium hydroxide pellets, and the ether was evaporated. 
The residue was dissolved in 375 ml. of acetone and the 
salt was precipitated by the addition of 20 ml. of concen­
trated hydrochloric acid. The precipitate was removed 
by filtration, washed with acetone, and dissolved in 100 
ml. of warm methanol containing 1 ml. of concentrated

(11) Care should be taken to prevent the diamine from coming
in contact with the skin. I t has a strong irritating and numbing
action.
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Fig. 3.—Oxonine: - 0 - 0 - ,  log K s-pH\  -®-<8>-, 3 +  log (S/a)mâ -pH, S0 and SH3+++ are quite stable; SH + and SH2+ + 
exist only at low concentrations. Data are from Table II of Michaelis and Granick (This Journal, 63, 1636 (1941)).

hydrochloric acid. This solution was, diluted slowly with 
250 ml. of acetone. The product was removed by filtra­
tion, washed with acetone, and dried; yield, 19 g.

N,N,N ',N '-Tetramethyl-£-phenylenediamine Dihydro­
chloride.—The salt was recrystallized twice from 85% 
aqueous alcohol which contained a small amount of con­
centrated hydrochloric acid.

Octamethyl-p-phenylenediamine was prepared from 
diaminodurene and methyl iodide.6d The hydrochloride 
was recrystallized from 1,2-ethanol acetone.

N,N-Diethyl-p-phenylenediamine Hydrochloride.—The 
free base was distilled under reduced pressure. The frac­
tion that boiled at 115-116° at 5 mm. (131 g.) was dis­
solved in 200 ml. of absolute alcohol, and 68 ml. of con­
centrated hydrochloric acid was added. The salt which 
crystallized was removed by filtration, washed with 
alcohol containing a little hydrochloric acid, and dried.

N,N-Di-ft-propyl-£-phenylenediamine Sulfate.—A solu­
tion of 177 g. of NjN-di-ft-propylaniline in a mixture of 
1 liter of water and 250 ml. of concentrated hydrochloric 
acid was cooled to 0° and 70 g. of sodium nitrite in 200 ml. 
of water was added during a period of five minutes. The 
solution was stirred at 0-1° for thirty minutes and then 
made alkaline with 200 ml. of concentrated ammonium 
hydroxide. The crystals were removed by filtration, 
washed with water, and recrystallized twice from 95% 
alcohol. There resulted 85 g. of N,N-di-ft-propyl-4-nitro - 
soaniline which melted at 43-44°. Anal. Calcd. for 
Ci2H18N20 : N, 13.58. Found: N, 13.70.

N,N-Di-ft-propyl-4-nitrosoaniline (20.6 g.) was placed 
in t ie  Parr reduction apparatus with 100 ml. of absolute 
alcohol and 5 g. of Raney nickel, and reduced at a tem­
perature of 60° and a hydrogen pressure of 3 atmospheres. 
The reaction mixture was filtered and a solution of 5.6 ml. 
of concentrated sulfuric acid in 25 ml. of absolute alcohol 
was added. The precipitate was removed by filtration, 
washed with alcohol, and recrystallized from 125 ml. of 
absolute alcohol. The product weighed 20 g. Anal. 
Calcd. for C12H20N2H2SO4: N, 9.65. Found: N, 9.35.

4-Amino-N,N-dimethyl-p-toluidine Dihydrochloride.— 
N, N - Dimethyl -4 - ( -nitr opheny lazo) -o -toluidine was pre­
pared by the method of Fieser and Thompson12 and re­
crystallized from acetic acid. The melting point of this

(12) Fieser and Thompson, T his Journal, 61, 376 (1939).

material was 121-122°. The azo compound (28.4 g.) 
was placed in the Parr reduction apparatus with 100 ml. 
of absolute alcohol and 5 g. of Raney nickel, and reduced 
at a temperature of 50° and a hydrogen pressure of 
3 atmospheres. The catalyst was removed by filtration 
and the alcohol was distilled under reduced pressure. 
Acetic anhydride (50 ml.) was added and the mixture was 
heated on the steam-bath for one hour. The reaction 
mixture was diluted with 300 ml. of water, neutralized 
with sodium carbonate, and acidified with 50 ml. of con­
centrated hydrochloric acid. The mixture was stirred 
for ten minutes and the precipitate was removed by filtra­
tion. The filtrate was made alkaline with 40% sodium 
hydroxide solution and the product extracted with ether. 
The ethereal solution was dried over anhydrous magnesium 
sulfate and the ether was evaporated. The residue (15.6 
g.) was dissolved in 100 ml. of 15% hydrochloric acid and 
the solution was boiled under reflux for one hour. This 
solution was concentrated to a thick syrup under reduced 
pressure and the residue was crystallized from 60 ml. of 
absolute alcohol. The product was removed by filtration, 
washed with absolute alcohol, and recrystallized from ab­
solute alcohol containing a little concentrated hydro­
chloric acid. There resulted 12 g. of product. Anal. 
Calcd. for C9Hi4N2-2HC1: N, 12.55. Found: N, 12.66.

4-Amino-N,N-diethyl-w-toluidine Hydrochloride.— 
The salt was recrystallized twice from 95% alcohol which 
contained 2% concentrated hydrochloric acid.

Diaminodurene Dihydrochloride.—Dinitrodurene (21 
g.) was placed in the Parr reduction apparatus with 100 
ml. of absolute alcohol and 3 g. of Raney nickel, and 
reduced at a temperature of 60 ° and a hydrogen pressure 
of 3 atmospheres. The catalyst was removed by filtra­
tion and 50 ml. of concentrated hydrochloric acid was 
added, all at once, with vigorous stirring. The precipi­
tate was removed by filtration and dissolved in boiling 
water. This solution was treated with Darco, filtered, 
and diluted with 25 ml. of concentrated hydrochloric acid. 
The precipitate was removed by filtration and recrystal­
lized as before but without the Darco treatment. There 
resulted 15 g. of diaminodurene dihydrochloride. Anal . 
Calcd. for C10H16N2-2HC1: N, 11.81. Found: N, 11.98.

l-(p-Aminophenyl) -pyrrolidine Hemisulfate Dihydrate. 
—A mixture of 13.4 g. of ^-nitrochlorobenzene and 12.1 
g. of pyrrolidine was heated at 95-100° in a sealed tube
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for six hours. The reaction mixture was stirred with 100 
ml. of water and the product was removed by filtration, 
washed with water, and recrystallized twice from acetic 
acid. There resulted 10 g. of l-(^-nitrophenyl) -pyrrolidine 
that melted at 167-168°. Anal. Calcd. for CioHi2N20 2: 
N, 14.58. Found: N, 14.62.

The l-(p-nitrophenyl)-pyrrolidine (10 g.) was placed 
in 100 ml. of absolute alcohol and reduced to the diamine 
by the method used to reduce dinitrodurene. The cata­
lyst was removed by filtration and a solution of 2.8 ml. of 
concentrated sulfuric acid in 10 ml. of water was added 
to the filtrate. After dilution with 50 ml. of alcohol, the 
precipitate was removed by filtration, washed with al­
cohol, and recrystallized from 100 ml. of 75% aqueous 
alcohol. There resulted 9 g. of product. Anal. Calcd. 
for C10H14N2-Q.5H2SO4-2H2O: N, 11.33. Found: N,
11.65.

1- (4 - Amino -w-tolyl) -pyrr olidin e Hemisulfate.—A mix­
ture of 22.4 g. of 2-nitro-5-iodotoluene and 12 g. of pyr­
rolidine was heated at 95-100° in a sealed tube for one 
hour and the reaction mixture was stirred with 100 ml. of 
water. The precipitate was removed by filtration and 
recrystallized twice from acetic acid. There resulted 
8 g. of l-(4-nitro-m-tolyl)-pyrrolidine that melted at 86- 
88°. This nitro compound was reduced by the method 
used for dinitrodurene. The catalyst was removed and 
a solution of 1.2 ml. of concentrated sulfuric acid in 15 ml. 
of absolute alcohol was added. The precipitate was re­
moved by filtration, washed with alcohol, and recrystal­
lized twice from 80% aqueous alcohol. There resulted 
5 g. of product. Anal. Calcd. for CiiH16N2-0.5H2SO4: 
N, 12.43. Found: N, 12.29.

1 - (p -Aminophenyl) -piperidine Hemisulfate.—A mix­
ture of 79 g. of ^-nitrochlorobenzene and 100 ml. of 
piperidine was heated at 95° for four hours in a flask at­
tached to an air condenser. At the end of this time, the 
reaction mixture was diluted with 200 ml. of water and 
stirred thoroughly. The precipitate was removed by 
filtration, washed with water, and recrystallized twice 
from 200 ml. of 95% alcohol. There resulted 70 g. of 
l-(£-nitrophenyl) -piperidine that melted at 103-103.5°. 
Anal. Calcd. for CuHi4N20 2: N, 13.58. Found: N, 
13.69.

The l-(/>-nitrophenyl)-piperidine (20.6 g.) was reduced 
by the method used for dinitrodurene. The catalyst 
was removed and a solution of 2.8 ml. of concentrated 
sulfuric acid in 150 ml. of alcohol was added to the fil­
trate. The precipitate was removed and recrystallized 
twice from 300 ml. of 75% aqueous alcohol. There 
resulted 10 g. of l-(£-aminophenyl) -piperidine hemisul­
fate. Anal. Calcd. for CnHieNrO.öHaSC^: N, 12.43.
Found: N, 12.34.

l-(4-Amino-m-tolyl)-piperidine Sulfate.—A mixture of
26.3 g. of 2-nitro-5-iodotoluene and 20 ml. of piperidine 
was heated in an oil-bath at 110° for four hours. The 
oily reaction mixture was washed with water and crystal­
lized from 50 ml. of methanol. The crystals were stirred 
with 80 ml. of 15% hydrochloric acid, the insoluble 
material was filtered off (unreacted 2-nitro-5-iodotoluene), 
and the filtrate was poured into water containing an excess 
ammonium hydroxide. The precipitate was removed 
by filtration, washed with water, and recrystallized from 
50 ml. of methanol. There resulted 12.5 g. of l-(4-nitro- 
m -tolyl) -piperidine that melted at 53-54°. This nitro 
compound was reduced by the method used for dinitro­
durene. The catalyst was removed and a solution of 3.2 
ml. of concentrated sulfuric acid in 5 ml. of water was 
added . The precipitate was removed by filtration, washed 
with alcohol, and recrystallized twice from 75 ml. of 75% 
aqueous alcohol. There resulted 14 g. of l-(4-amino-w- 
tolyl)-piperidine sulfate. Anal. Calcd. for C+HisNV 
H2S 04: N, 9.72. Found: N, 9.69.

1 - (^-Aminophenyl) -morpholine Hemisulfate Hydrate 
A mixture of 80 g. of p -nitrochlorobenzene and 100 g. of 
morpholine was heated at 115-120 ° for three and one-half 
hours. The reaction mixture was ground in a mortar 
with 300 ml. of warm water. The solid was removed by 
filtration, washed with water, and the product recrystal­

lized twice from 150 ml. of acetic acid. There resulted 
85 g. of l-(£-nitrophenyl) -morpholine that melted at 
150-151°. A portion of this nitro compound (20.8 g.) 
was mixed with 200 ml. of absolute alcohol and reduced by 
the method used for dinitrodurene. The catalyst was 
removed and a solution of 2.8 ml. of concentrated sulfuric 
acid in 40 ml. of water was added. The mixture was 
heated to a boil, filtered, and allowed to cool. The 
product was removed and recrystallized from 75% aqueous 
alcohol. There resulted 15 g. of l-(£-aminophenyl)-mor­
pholine hemisulfate hydrate. Anal. Calcd. for Ci0Hi4- 
N200 .5 H 2S04*H20 : N, 11.42. Found: N, 11.43.

1 -(4-Amino-m-tolyl) -morpholine Sulfate.—-A mixture 
of 80 g. of 2-nitro-5-iodotoluene and 61 g. of morpholine 
was heated at 95-100° for four hours. The reaction 
mixture was ground in a mortar with 500 ml. of water and 
the solid was separated. The solid was added to 800 ml. 
of 15% hydrochloric acid. The mixture was stirred and 
heated at 70-80° for twenty minutes. After cooling, the 
mixture was filtered and the filtrate made alkaline with 
concentrated ammonium hydroxide. The precipitate 
was removed by filtration and recrystallized twice from 
acetic acid. There resulted 33 g. of 1-(4-niti;o-m-tolyl)- 
morpholine that melted at 142-143 °. The nitro compound 
(22.2 g.) was mixed with 200 ml. of absolute alcohol and 
reduced by the method used for dinitrodurene. The cata­
lyst was removed and a solution of 5.6 ml. of concentrated 
sulfuric acid in 100 ml. of water was added. The mixture 
was warmed until solution took place and then was al­
lowed to cool. The product was separated and recrystal­
lized from 75% aqueous alcohol. There resulted 20 g. of 
l-(4-amino-;#-tolyl) -morpholine sulfate. Anal. Calcd. 
for CnHisNaO-H23 0 4: N, 9.65. Found: N, 9.67.

^-Aminophenol Hydrochloride.—A boiling solution of 
100 g. of the salt in 150 ml. of water containing 1 ml. 
of concentrated hydrochloric acid was treated with Darco, 
filtered, and allowed to cool. The precipitate was re­
moved by filtration and recrystallized from water.

p-Methylaminophenol Hemisulfate.—The salt was re­
crystallized twice from water which contained 0.1% sul­
furic acid.

^-Dimethylaminophenol Hemisulfate.—The salt was 
dissolved in boiling 75% aqueous alcohol, treated with 
Darco, filtered, and cooled. The solid was separated 
and recrystallized from 75% aqueous alcohol.

Calculations and Results
All calculations of log(F'i — Fi)-time curves 

were made by Guggenheim's method,13 as out­
lined in a previous paper.40 The oxygen uptake­
time curves represent several types: (1) first-
order reactions, denoted by (1st), (2) autocataly- 
tic reactions, denoted by (a), and (3) reactions 
which are initially autocatalytic, reach satura­
tion and then follow the first-order law, denoted
by (£).

The mean values for the reaction-rate constants, 
ky of (1) and (3) are taken in the first-order part of 
the reactions. This part always includes the 
point at which the reaction is 50% complete. For 
comparison, the k values of the autocatalytic re­
actions (2) were therefore taken at 50% comple­
tion of the reactions. Figure 4 shows Guggenheim 
curves of 1st, a-, and /5-type reactions of various p-  
phenylenediamines. The /5-curves may remain 
first-order up to the end or drop off near the end of 
the reaction.

In addition, there are several curves which 
can be dissected and allotted to consecutive re­
actions. In the autoxidation of NyN'-dimethyl-

(13) Guggenheim, Phil. Mag., 2 , 538 (1926).
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£, .minutes.
Fig. 4.—Types of Guggenheim curves: -  O- O-, diaminodur­

ene, «-curve, upper time scale; - 0 - 0 -  N-dimethyl-^-phenyl- 
enediamine in presence of 6.00 X 10"4 M  benzoquinone at 
pH 7.57. Composite curve with rapid initial reaction, lower 
time scale; - X - X - N-dimethyl-£-phenylenediamine at pH 7 .8 8 , 
/3-curve, lower time scale; N-dimethyl-£-phenylene-
diamine at pH 7.56, /3-curve, lower time scale.

p-phenylenediamine a t pH  11.33, a rapid auto­
catalytic reaction is followed by a slower first- 
order reaction. The uptake-time curves are 
given in Fig. 5. The upper curve shows the total 
uptake-time curve, and the lower 
curve gives the uptake of the first 
six milliliters of oxygen on an ex­
panded time scale. The theoret­
ical uptake for the oxidation of 
the diamine to the diimine accord­
ing to equation (1) is 6.0 ml.
Hence, the autoxidation of the 
diamine takes place in the auto­
catalytic reaction, and the follow­
ing first-order reaction represents 
the autoxidation of some second­
ary product of the diimine, pre­
sumably the quinone.

The uptake-time curves for 
the autoxidation of N \N '-tetra- 
methyl-p-phenylenediamine at pH 
6.65 and pH  13.20 are given in 
Fig. 6. There is a definite break 
in each curve after approximately 
three milliliters of oxygen have 
been absorbed, and the Guggen­
heim curve for the total reaction 
(Fig. 7) shows two distinct sections with a transition 
period. The theoretical uptake for the autoxida­
tion of the diamine to the semiquinone is 3.0 ml., 
and the inspection of the reaction mixture shows 
that Wurster’s Blue accumulates to a high concen­
tration. The rate constant for the first three 
milliliters of oxygen uptake belongs, therefore, to

the autoxidation of the diamine to the semi­
quinone, while the latter portion of the uptake 
represents the autoxidation of the semiquinone to 
the diimine. Inasmuch as the latter portion of 
the uptake exceeds three milliliters, the diimine 
again undergoes secondary reactions.

The tabulated rate data for ^-phenylenediam- 
ine and some of its alkyl derivatives, and for the 
+aminophenols, may be obtained in the form of an 
American Documentation Institute Document.14

The rates are all in such a region that, from the 
point of view of accuracy of measurement, the 
data are of equal significance. However, the 
measurement on tetramethyl-^-phenylenediam- 
ine at pH 13.2, though it is also in an easily ob­
served region of rate, may be less reliable because 
of the possibility of demethylation and the possi­
bility of higher solubility of oxygen at very high 
pH.

Discussion
Type of Curve and Mechanism.—An a-curve, 

exemplified by dihydroxydurene,4a*15 is again 
found on the autoxidation of diaminodurene. 
The recoverable product from the autoxidation of 
diaminodurene is duroquinone. In some experi­
ments, however, the autoxidation was com­
pleted about a half hour before the precipitation 
of the duroquinone, which probably is formed by 
hydrolysis of the duroquinonediimine. Thus, di­
aminodurene autoxidizes by the mechanism of 
Classes I-A-315 or I-C.15 With the exception of 
diaminodurene, all of the p -phenylenediamines

t, minutes.

autoxidize by a mechanism giving a /5-type curve. 
Only occasionally, at low pH  or high pH , will a 
compound give an a-type curve. The /5-curves

(14) Request Document 2498 and send $0.70 for pho toprin ts or 
$0.50 for microfilm to  the American Docum entation Institu te , 1719 
N Street, N. W., W ashington, D. C.

(15) LuValle and Weissberger, This Journal, 69, 1567 (1947).

100 200 3 0 0 4 0 0

4  .tj

3 a, 
£

Fig. 5.—Uptake-time curves for N,NLdimethyl-£-phenylenediamine at pH  
11.33: -0 -0 - , first six milliliters, bottom abscissa, right-hand ordinate; - 0 - 0 - ,  
total uptake, top, abscissa, left-hand ordinate.
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25 50 75 100
t, hours.

Fig. 6.—Uptake-time curves for NjN'-tetramethyl-^-phenylenediamine: 
- 0 - 0 - ,  pH 6.65, upper time scale; -0 -0 - ,  pH 13.20, lower time scale.

added, a very rapid initial uptake of 
10-20% of the total oxygen consump­
tion during thirty to sixty seconds is 
followed by the normal first-order re­
action. The elimination of the induc­
tion period appears to be caused by 
the poised equilibrium

R  +  Q ^ S d ia m in e  ^quinone

Effect of Solvents.—Experiments 
with diaminodurene and />-diethyl-0- 
toluidine show that the rate in 20% 
ethanol solutions is lower than in 
water. Since the semiquinones are 
more stable in alcoholic solution than 
in water,6b the lower rate may be due 
to the increased stability of the semi­
quinone.

Rate Dependency upon the Con­
centrations of Substrate and Oxy­
gen.—Experiments with N-dimethyl- 
^-phenylenediamine, NjN'-trimethyl- 
p-phenylenediamine, and diamino­
durene show that the rate is first- 
order with respect to the initial con-  

centrahon of the diamine. The rate

correspond to the mechanism of Class II-A-3 
which was assigned to the ^-phenylenediamines in 
an earlier paper of this series.15 Kinetically, it is 
difficult to distinguish Class II-A-3 from Class
I-E.15 The rate of autoxidation for the latter 
mechanism is determined by the rate of formation 
of the semiquinone, but, for the former mech­
anism, the rate of autoxidation of the semiquinone 
enters into the rate equation. Class II-A-3 is 
differentiated from Class I-E by the appearance of 
intensely colored fairly stable semiquinones during 
the course of the reaction. These latter were ob­
served with all of the ̂ -phenylenediamines investi­
gated in the present study.

If the rate of autoxidation of the semiquinone is 
high compared with the rate of formation of the 
semiquinone, the latter is rate-determining, and 
the concentration of semiquinone is low. Insofar 
as the rate of autoxidation of the semiquinone 
drops, it becomes more and more rate-determin­
ing, and the concentration of the semiquinone in­
creases until eventually the mechanism becomes 
that found with tetramethyl+-phenylenediamine.

Addition of quinone to a diamine in the proper 
concentration before autoxidation eliminates the 
induction period and causes a (0) reaction to be­
come first-order throughout its course. The 
necessary concentration of quinone varies with the 
diamine between one-twentieth of the concentra­
tion of the diamine and less. The rate constant is 
identical with that derived from the autoxidation 
of the diamine alone. If less than the critical con­
centration of quinone is added, the induction 
period is not completely eliminated. If more 
than this critical concentration of quinone is

t, minutes.
100 200 300 400

/, minutes.
Fig. 7.—Guggenheim curves for N,N'-tetramethyl-^- 

phenylenediamine at pH 6.65: total uptake, top
abscissa; -0 -0 - ,  first three milliliters of uptake, bottom 
abscissa; -0 -0 - ,  latter seven milliliters of uptake, top 
abscissa.
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Fig. 8.—Straight lines refer to right-hand ordinate, 2 +  log kg: - 0 -0 - ,  
£-aminophenol; />-methylaminophenol; -0 -0 - ,  ^-dimethylamino-
phenol. Curves refer to left-hand ordinate, 4 +  log kg: ----------- , p-
diethylamino-6>-toluidine; O, in presence of 2.00 X 10“4 M  benzoquinone; 
0 , in absence of benzoquinone; - 0 — 0 -, diaminodurene.

laws observed give no reason to assume a more 
complicated dependency for any of the other 
compounds in the range of concentration investi­
gated.

A few experiments with N,N'-trimethyl-£- 
phenylenediamine indicate that the rate depend­
ency with respect to oxygen varies with the pH.

At pH  7.8 and 11.3, the rate is 
about of order 0.8 with respect to 
oxygen, while at pH  9.8 the rate 
appears to be first-order with re­
spect to oxygen. These data indi­
cate that the mechanism of Class
I-E15 may also occur with the p- 
phenylenediamines. The effect of 
added quantities of the diimines 
was not investigated because of 
the instability of these compounds 
in aqueous solution.7

Dependency of Rate on p H .-— 
The data for ^-aminophenol 
and the N-methylated ^-amino- 
phenols (Fig. 8) are not sufficient 
to warrant a detailed discussion. 
However, from the points meas­
ured it appears that the change 
of the rate of autoxidation of p- 
aminophenol itself with pH  is not 
far from linear in the range inves­
tigated. It is known that the salts 
of ^-aminophenol are stable, while 
the free base reacts with oxygen, 
and the anion of the base might be 
expected to have an even higher 
autoxidation rate in line with the 
results on desylamine and on dihy­
droxy compounds. The low slope 

(about 0.4) of the curves may suggest that the 
reactivity of the anions is not very much higher 
than that of the neutral molecules.

The rate—£>H relation of ^-phenylenediamine 
and of the N-alkylated ^-phenylenediamines 
shown in Fig. 9 is rather complicated. For N- 
tetramethyl+-phenylenediamine, the figure gives

Fig. 9.—^-Phenylenediamines, 4 +  log kg — pH .: -0 -0 - , ^-phenylenediamine; - 0 -0 - ,  N-methy -^-phenylenediamine; 
N-dimethyl-^-phenylenediamine; -Q-Q-, N,N'-dimethyl-^-phenylenediamine; N-methyl, N'-dimethyl-^- 

phenylenediamine; - 0 - 0 - ,  N,N'-tetramethyl-£-phenylenediamine, semiquinone formation; — |xfl— fx]~, N,N'-tetra- 
methyl-/>-phenylenediamine, semiquinone autoxidation.
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the data for the oxidation to the semiquinone and 
for the oxidation of the semiquinone. The salts 
of these compounds with strong acids are known 
to be stable, while the free bases are oxidized by 
air. Accordingly, all curves may be extrapolated 
to reaction rates close to zero at very low pH. 
Our measurements begin between pH  6 and 7, in 
most cases in a distinctly ascending part of the 
rate-pH curve. However, between pH 7 and 9, 
maxima are reached, and the rates begin to drop. 
The drop of the curves is not steady but leads to 
minima at pH  about 10 and from there on the rates 
increase again sharply. For ^-phenylenediamine 
itself and N-methyl-/>-phenylenediamine, the 
maximum and minimum are very flat, almost fused 
into a region of inflection.

The increase in k in the lower pH  region can be 
ascribed to a predominance of the liberation of the 
free base, i. e.y to a formation of R from RH +. 
The drop from the maximum to the minimum may 
be ascribed either to a decrease in the total con­
centration of the semiquinone or to a shift in the 
ionic equilibrium of the semiquinone in favor of 
less reactive ionic species, or to both. A definitive 
discussion is not possible with the present informa­
tion, but some suggestions are offered in the fol­
lowing :

Table I gives the number of equivalent struc­
tures of the semiquinones of ^-phenylenediamine 
and of its N-alkyl derivatives. The lack of any 
entry indicates that the compound in question 
does not exist. We learn from the table that of 
all semiquinones listed, SH2+ can be expected to 
be the predominant ionic species of the semi­
quinones at low and medium pH. It is note­
worthy in this connection that the more or less 
steep drop in rate constant, ky with increasing pH 
is common to all ^-phenylenediamine compounds 
investigated. Michaelis has stated that SH2+ in 
equilibrium with other ionic species of the semi­
quinones of ^-phenylenediamines has a maximum 
concentration at about pH  4, and from this its 
concentration drops with increasing pH. We are 
therefore inclined to believe that the drop in the 
rate of autoxidation of the ^-phenylenediamine 
compounds between pH 7 and 10 is due to a de­
crease in concentration of the semiquinone species, 
SH2+

T a b l e  I

N u m b e r  o f  E q u iv a l e n t  S t r u c t u r e s  f o r  t h e  S e m i­
q u in o n e  S p e c i e s  o f  ^ - P h e n y l e n e d ia m in e  a n d  it s  

N -A l k y l  D e r iv a t iv e s
No. of N-Alkyl 

groups sh 2 + S H s -

0 3 0 3
1 3 0 3
2  sym. 3 0 3
2  asym. 2 0 0

3 3 0

4 3

The steep rise in k above a pH of about 10 re­
mains to be explained. Two alternative sugges­

tions are offered. The increase may be due to an 
increased concentration of SH, provided that SH 
is more reactive than SH2+; the latter can be 
safely assumed because of the instability of SH to 
be expected from Table I and Fig. 2. The other 
reason for the increase of k with pH. above 10 
would be an increase in the concentration of S~; 
this explanation cannot be completely excluded. 
However, the uniformly steep gradient of k versus 
pH at a pH  higher than 10 for />-phenylenediam- 
ine, methyl-/?-phenylenediamine, the dimethyl- 
/>-phenylenediamines and trimethyl-/»-phenylene­
diamine, as contrasted with the retarded and ques­
tionable (see Fig. 9) flat increase in k of tetra­
methyl -/>-phenylenediamine, favors the former ex­
planation ; Fig. 2 and Table I show that SH can be 
formed by all the compounds listed except by 
tetramethyl-/>-phenylenediamine, while S~ would 
also not be formed by the trimethyl compound. 
Inasmuch as the first acid ionization constant for 
the />-phenylenedi amines occurs at extremely high 
pK  values, the increase in rate above /H min< can­
not be attributed to the formation of R~. As the 
slopes above pHmin. are the same for all the N- 
alkyl-/)-phenylenediamines except the N-tetra- 
methyl compound, Table II, it appears that the in­
crease in rate may be attributed to the increase in 
the concentration of SH.

T a b l e  II
C o m p a r is o n  o f  {Sl o p e s  o f  ks-pH. C u r v e s

Compound

Slope of k&-pH curve 
above

^Hiain- £Hmin.
^-Phenylenediamine 0.44 8.5 (inflection)
N-Methyl-/>-phenylenediarnine .41 8.5 (inflection)
N , N '-Dimethyl-/>-phenylene- .32 10

diamine
N-Dimethyl-/>-phenylenedi- .43 9.1

amine
N,N '-Trimethyl-/>-phenylene- .44 9.5

diamine
N, N '-Tetramethyl-/)- .27(?) 11-12(?)

phenylenediamine
/-Diethylamino-tf-toluidine .38 10.1

hydrochloride
p- Aminophenol .46 straight line
N-Methyl-/>-aminophenol . 40 probable straight

N-Dimethyl-/)-aminophenol
line

.39 probable straight
line

Figure 8 shows that the addition of benzoquinone 
to a concentration of 2 X 10 “4 Af merely changes 
the reaction from 0 to first-order but does not 
affect the pH  dependency.

Effect of Substituent on Rate.—N-Methyla- 
tion increases the rate of autoxidation of p- 
aminophenol; the rate of the dimethyl com­
pound was between that of the monomethyl 
derivative and the parent substance. Figure 9 
affords a comparison of the effect of N-methyla- 
tion upon the rate of autoxidation of />-phenylene-
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diamine. The dimethyl derivative autoxidizes 
most readily at all pH  values investigated; next 
ranks the trimethyl derivative, and the rates of 
the asymmetrical dimethyl and the monomethyl 
compounds lie between the higher methylated 
products and the parent substance. N-Tetra- 
methyl-/>-phenylenediamine autoxidizes relatively 
fast at low pH but more slowly than the parent 
substance at high pH  values.

A comparison of rates for different substances 
which have not been studied over a considerable 
pH  range requires caution because it is not known 
whether at an arbitrarily chosen pH value one 
substance may not be close to its maximum autoxi­
dation rate while any other substance is measured 
in a relatively slow part of the rate-/?H curve. 
However, a comparison at pH  8 of closely related 
compounds should furnish some information be­
cause at this pH  the k-pH  curve for most sub­
stances is either close to a maximum or flat. The 
comparison at pH 8 and 11.5 is given in Table III. 
I t is obvious that asymmetrical dialkylation has 
an effect of about the same order of magnitude, 
irrespective of whether methyl, ethyl, or propyl

Table III
Effect of Substituents upon the Rate of Autoxida­

tion (Relative Rates)
kg (pH. 11.5)

Compound kg (pH  8)
p-Phenylenediamine 29
N-Met hy l-/>-phenylenediamine 3
N - D imethyl-/?-phenylenediamine 3.2
N, N ' - Dimethyl-/>-phenylenediamine 1.6
N, N'-T rimethyl-/»~phenylenediamine 2.3
N, N '-Tetramethyl-/-phenylen e- 0.018

diamine
N-Diethyl-/-phenylenediamine 5.4
N-Di-ft-propyl-/-phenylenediamine
Diaminodurene 0.44
N-Diethylamino-o-toluidine 0.93
4-Amino-N, N'-dimethyl-w-toluidine 10
N- (4-Aminophenyl) -piperidine 11
N- (4-Aminophenyl) -morpholine . . . .

N-(4-Aminophenyl)-pyrrolidine 22
N- (4 '-Amino-3 '-methylphenyl) - 0.61

piperidine
N-(4'-Amino-3'-methylphenyl) - 4

morpholine
N- (4 '-Amino-3 '-methylpheny 1) - 11

pyrrolidine
Ot tomethyl-/>-phenylenediamine No measurable rate

groups are introduced. However, it may be sig­
nificant that the diethyl compound has the highest 
rate of autoxidation.

The effect of ring alkylation is illustrated by a 
comparison of N-diethyl-/>-phenylenediamine with 
N-diethylamino-0-toluidine and of N,N'-di­
methyl-/?-phenylenediamine with 4-amino-N,N'- 
dimethyl-w-toluidine. The introduction of a 
methyl group into the ring in the meta-position to 
the diethylamino group causes a considerable in­
crease in the reaction rate. This can be expected 
in view of the electron-releasing effect of the 
methyl group upon the neighboring amino group. 
However, if the methyl group is present in the 
ortho-position to the dimethylamino group of N- 
dimethyl-/?-phenylenediamine, the reaction rate is 
cut down considerably. Presumably, a steric in­
terference of the ring methyl group with the N- 
methyl groups makes less probable a configuration 
necessary for the formation of the semiquinone.

Diaminodurene exhibits a reaction rate close 
to that of N,N'-dimethyl-/>-phenylenediamine. 
Figure 8 gives the rate-pH  dependency for di­
aminodurene. In the pH  range investigated it 
shows a broad flat maximum, but no minimum,
i. e.y no rise in oxidation rate at pH  higher than 10.

If the two alkyl groups in N-dialkyl-/>-phenyl- 
enediamine are fused to form a ring, compounds 
result, some of which are listed in Table III.

The piperidine derivatives autoxidize con­
siderably more slowly than N-diethyl-/>-phenyl- 
enediamine and N-diethylamino-0-toluidine, re­
spectively. Substitution of a morpholone ring for 
the piperidine ring further diminishes the autoxi­
dation rate. However, a remarkable effect is ob­
tained when the six-membered ring of piperidine is 
shrunk to the five-membered ring of pyrrolidine. 
Table III shows that the resulting pyrrolidine de­
rivatives autoxidize at surprisingly high rates, 
particularly at pH 11. I t is difficult to explain 
this effect. However, we are inclined to believe 
that the strain upon the C-N-C angle in the five- 
membered ring favors the it nature of the remain­
ing nitrogen bonds and thus the formation of the 
semiquinone.

Summary
The autoxidation of p-phenylenediamine and of 

several of its derivatives has been investigated 
over a wide pH  range.
Rochester 4, N. Y. R eceived October 21, 1947
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Oxidation Processes. XXII. Some Biological Implications in Autoxidation
Mechanisms

B y  J am es E . L u V alle
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gen, supplies much of the energy needed for syn­
thetic processes by biological systems. Fre­
quently the idea is expressed that enzymes react 
by chain mechanisms, and in the case of reactions 
with oxygen, via organic peroxide formation. Both 
suggestions are usually based upon the data for 
the autoxidation of organic systems involving un­
saturated hydrocarbons. The postulates of chain 
reactions and organic peroxide formation are not 
necessary, however, to explain enzymatic action, 
and an alternate mechanism involving semiquin­
one formation is set forth here which gives a bet­
ter explanation of the observed facts.

Two mechanisms have been shown to occur 
in the oxidation of organic systems by molecular 
oxygen. Hydrocarbon (saturated and unsatu­
rated) systems have been shown to autoxidize by 
a chain mechanism involving free radicals and the 
formation of organic peroxides (hydroperoxides) 
as the bivalently oxidized product.1 The inter­
mediate free radical, R*, is assumed to be stabilized 
to some extent by resonance. All the hydrocar­
bons which have been shown to undergo this 
chain autoxidation are characterized by the ex­
treme instability of the bivalently oxidized mole­
cule, R" (the primes denote that two electrons 
have been removed); the addition of an electron 
donor stabilizes it; hence, the radical 02 combines 
with R" to form R 0 2.

R '  +  : 0 + + 0 :  — ^  R — Ö — Ö:  

which then reacts
R — O — O : +  R H  -— > -  r — q — q — h  +  R *

to form the hydroperoxide and another radical, R‘. 
Aldehydes also autoxidize by a chain mechanism 
involving peroxide formation.

A second mechanism, named the semiquinone 
mechanism, has been established for the autoxida­
tion of enediols, eneamines and their vinylogs like 
hydroquinone and /^-phenylenediamine.2 The 
semiquinones (free radicals) are much more stable 
than the free radicals formed in the chain mecha­
nism . The bivalently oxidized product is stabilized 
by a rearrangement of bonds to form a quinonoidal 
structure. The compound undergoing autoxida-

(1) Only a few of the pertinent authors and references are cited:
(a )  Farmer, Trans. Faraday Soc., 42, 228 (1946); (b) Bolland and 
Gee, ibid., 236, 244 (1946); (c) George, ibid., 210 (1946); (d)
Robertson and Waters, ibid., 201 (1946); (e) George, Rideal and 
Robertson, Proc. Roy. Soc. (London), A185, 288 (1946"); (f) Zuidema, 
Chem. Rev., 38, 197 (1946); (g) Bolland and Ten Have, Trans.
Faraday Soc., 43, 201 (1947).

(2) References to earlier papers are contained in the papers cited: 
(a) LuValle and Weissberger, This Journal, 69, 1567, 1576, 1821 
(1947); (b) LuValle and Weissberger, ibid., 70, 2223 (1948).

tion is frequently characterized by the stability of 
the neutral molecule and the extreme reactivity of 
one or more of its ions.3 Thus, in /-ascorbic acid, 
the divalent ion is much more reactive than the 
monovalent ion or the neutral molecule.
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This molecule shows the typical bond rearrange­
ment which takes place in the semiquinone mech-
otiJ ctnU/AAIOAXA •

In metallic ion catalysis of either mechanism 
and in inhibition of the semiquinone mechanism, 
the catalyst or inhibitor apparently forms a com­
plex with the substrate and this complex reacts 
with oxygen.la’le’2a’3c

In the peroxide mechanism, the free radical is 
stabilized to some extent by resonance, and the 
bivalently oxidized product is stabilized only by 
addition of an electron donor to form the peroxide 
radical. In the semiquinone mechanism, the 
free radical is stabilized quite strongly by reso­
nance, the bivalently oxidized product is sta­
bilized by a rearrangement of bonds, and the ion 
(or ions) is (are) frequently more reactive than the 
parent substance.

Many enzymatic mechanisms involve oxidation 
by oxygen. Waters4 has recently discussed autoxi­
dation in biological systems. He suggests chain 
mechanisms to explain the data and he also points 
out the objections to chain mechanisms. Hinshel­
wood5 has proposed a group of enzymes spatially 
arranged, with free radical groupings at given 
spots (active centers) on their surfaces. These 
radicals are assumed to have a temporal existence. 
Michaelis6 has suggested that both electron donor 
and acceptor are bound in adjacent sites on the 
enzyme surface and that they remain there until 
reaction takes place.

Virtually every coenzyme discussed by Waters4
(3) (a) Jam es and Weissberger, ibid., 60, 98, 2084 (1938)*

(b) Weissberger, LuValle and Thomas, ibid., 65, 1934 (1943);
(c) Weissberger and LuValle, ibid., 66, 700 (1944).

(4) W aters, “ The Chemistry of Free Radicals,” Oxford Press, 
1946, Chap. X II.

(5) Hinshelwood, "T he Chemical Kinetics of the Bacterial Cell,” 
Oxford Press, 1946, Chap. I.

(6) Michaelis, Ann. N . Y. Acad. Sciences, 11, 37 (1940).
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that reacts with oxygen can stabilize itself in the 
oxidized state by a bond rearrangement, i. e.y 
there is no necessity of proposing the formation of 
organic peroxides. For example, riboflavin nucleo­
tides are the prosthetic groups of the flavo (yel­
low) enzymes. Let R represent the ribose group, 
the phosphate linkage, and the adenine group.

R H

«w y V  -*•
c h / V \ n  A0Ah ̂

I II
H O 

R
Reduced

R  H
i i+

N\ c = o __ ^

CHs V \ NA c  A h ^
H O 

S
Semiquinone

R

CHw V V o

c h / V \ n / ' \ c A

o
T

Oxidized

On oxidation, the bonds rearrange similarly to the 
rearrangement for the semiquinone mechanism.

It is probable that even the oxidases tha t reduce 
oxygen to water do not form organic peroxides. 
Formation of enzyme peroxide probably leads to 
inactivation of the enzyme. Ionization preceding 
or following the oxidation adequately explains 
the hydrogen balance without introducing the idea 
of atomic hydrogen exchange (Wieland's dehydro­
genation theory). Certainly in aqueous solution 
at the pH  of normal cell activity there is an ade­
quate supply of hydrogen ions to give instantane­
ous exchange.

LuValle and Goddard7 have suggested tha t elec­
tron donor and electron acceptor are bound in a 
complex and that reaction takes place by the 
semiquinone mechanism. Either the donor or 
acceptor may combine with the enzyme, followed 
by a univalent oxidation-reduction, and this en- 
zyme-semiquinone complex will then react with 
the other reactant to form the final products. By 
this mechanism the semiquinones are never free 
in the solution; they only exist bound to the en­
zyme. I t  is shown that the semiquinone mech­
anism can explain the observed kinetics for many 
respiratory enzymes. This mechanism does not 
involve bound peroxide formation or exchange of 
hydrogen atoms. Chain mechanisms are not nec­
essary to explain the observed data.

Summary
The chain peroxide mechanism of autoxidation 

is briefly compared with the semiquinone mech­
anism. I t is pointed out that the coenzymes in­
volved in biological oxidation-reductions are 
much more likely to undergo reaction with oxygen 
via the semiquinone mechanism than by the 
chain, bound peroxide mechanism.

(7) LuValle and Goddard, in publication, "Q uarterly  Review  of 
Biology.”
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Contribution from the Radiation Laboratory and Department of Chemistry, University of California]

Preparation of l “C14-Propene-l and the Mechanism of Permanganate Oxidation of
Propene1

B y  B . A. F r i e s 2 a n d  M . C a l v in

The preparation of l-C 14-propene-l was under­
taken in order to have available propene labelled in 
a terminal position and, incidentally, to study the 
stability of the double bond to migration when 
preparing propene under a variety of conditions. 
During the course of this investigation, a reliable 
procedure for the degradative analysis of the pro­
pene had to be developed. This analytical prob-

(1) This paper is based on work performed under Contract Num­
ber W-7405-eng-48 with the Atomic Energy Commission in con­
nection with the Radiation Laboratory of the University of Cali­
fornia, Berkeley, California.

(2) While on leave California Research Corporation, Richmond, 
California.

lem led to a study of the oxidative degradation of 
propene with permanganate.

A number of methods were available for the 
preparation of propene. Several of these methods 
were tried with C14 labelled materials, while others 
were discarded when preliminary tests with non- 
radioactive materials indicated either very poor 
yields or impure products. The first three of the 
following methods were actually employed for 
radioactive propene synthesis: (1) dehydration of 
n-propanol with metaphosphoric acid, (2) de­
hydration of ^-propanol over heated alumina,
(3) pyrolysis of n-propyltrimethylammonium hy­
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droxide, (4) pyrolysis of methyl 77-propyl xanthate, 
and (5) dehydrobromination of 77-propyl bromide 
with alcoholic potassium hydroxide. Extensive 
rearrangement of the double bond was found to 
occur when preparing propene by dehydration 
with metaphosphoric acid and with heated alumi­
num oxide. However, the pyrolysis of the qua­
ternary ammonium base gave little, if any, re­
arrangement and the product consisted principally
of l~C14-propene-l (CH3—C H =C H 2), whereas in 
the other cases, mixtures of l-C 14-propene-l and
3-C14-propene-l (CH3—C H =C H 2) were obtained.

Degradation Procedure. Permanganate Oxi­
dation of Propene.—A number of procedures 
were available for the analysis of the labelled 
propene, including oxidative degradation with 
permanganate or dichromate, ozonolysis and 
glycol formation with hydrogen peroxide, acetyl 
peroxide or Prévost reagent, and subsequent oxi­
dation and splitting of the glycol with periodate. 
Ozonolysis of propene gives rise to a mixture of 
formaldehyde and acetaldehyde, which are not too 
easily separated. Preliminary glycol formation 
and periodate oxidation also yields these same two 
aldehydes and in addition involves more manipu­
lation. Acid permanganate oxidation should pro­
duce acetic and carbonic acids if propylene glycol 
is an intermediate. This appeared to be a satis­
factory procedure, particularly since Evans3 re­
ported that propylene glycol was converted quan­
titatively to acetic acid and carbon dioxide with 
neutral permanganate at 50°, although in the pres­
ence of alkali, oxalic acid was formed. Hence, 
examination of the acetic and carbonic acids for 
C14 should indicate the extent of labelling of the 
two terminal carbon atoms of the propene. How­
ever, rearrangement of the double bond might also 
occur during the analysis, but this could not be 
determined until some radioactive propene had 
been prepared. Although permanganate oxida­
tion was chosen for the degradative analysis, in 
one instance ozonolysis was employed to confirm 
the results of the permanganate method.

The following procedure was first tested with 
non-radioactive propene. Approximately three 
millimoles of propene was introduced into an 
evacuated 3-necked flask of about 385 ml. volume. 
Fifty ml. of water or buffer solution was added 
through a dropping funnel. An induction stirrer4 
was used to agitate the aqueous phase. An 
amount of 0.4 N  potassium permanganate calcu­
lated to be just sufficient to oxidize propene to pro­
pylene glycol was added over a period of forty- 
five minutes. This was followed by the addition 
of 110% of the amount of 2 N  potassium perman­
ganate required for the oxidation of propylene gly­
col to acetic and carbonic acids. This addition re­
quired forty-five minutes, after which the solution

(3) W. L. Evans, T his Journal, 45, 171 (1923).
(4) W. G. Dauben, J. C. Reid and P. E. Yankwich, Anal. Chem., 

19, 828 (1947).

was stirred fifteen minutes more. A sulfuric 
acid-acidified solution of ferrous sulfate was added 
to reduce all manganese to the manganous state 
and simultaneously liberate carbon dioxide. The 
flask was connected to a sodium hydroxide ab­
sorber and swept with nitrogen gas to collect this 
carbon dioxide fraction. The solution remaining 
was steam distilled to recover acetic acid. This 
latter was titrated with sodium hydroxide and 
evaporated to dryness as sodium acetate. The 
weight of the salt obtained and its subsequent 
combustion to carbon dioxide when compared 
with the titration value indicated that the salt 
was the acetate. This procedure was studied at 
several values of pH and at two temperatures. 
The results are shown in Table I.

Table I
Oxidation of Propene with Potassium Permanganate 

at Several Values of pH.

0.1 M  Dis- 0.1 M  0.1 M  
S tarting 0.04 N  0.02 N  PO<r tilled P 0 4s PO<T
solution NaOH NaOH pH  7.4 water pH  6.0 pH  4.0

Temp., °C. 35 35 35 35 25 25
Moles C 02/

moles C3H6 1.54 1.31 1.28 1.11 0.94 0.94
Moles acetic acid/

moles C3H6 0.18 0.38 0.46 0.57 0.73 0.70
Acetic acid/C02 0.11 0.29 0.36 0.51 0.78 0.75

I t can be seen that in weak acid solution about 
70% of the theoretical amount of acetic acid and 
90% of the theoretical amount of carbonic acid 
may be recovered. This calculation was based on 
the splitting of propene at the double bond to yield 
equimolar amounts of acetic and carbonic acids. 
There was no significant change in yield of these 
two fractions on decreasing the pH from 6 to 4 
and stronger acid was avoided to reduce the possi­
bility of a shift of the double bond in propene dur­
ing the analysis. In the subsequent use of this 
procedure with the various samples of radioactive 
propene, the reaction was carried out at pH  4 and 
at room temperature. Inasmuch as the total car­
bon recovery in the carbon dioxide and acetic acid 
fractions was quite low (70-80%) an attempt was 
made to locate the missing carbon. The solution 
remaining after steam distillation of the acetic 
acid was made 6 N  in sulfuric acid and 0.5 M  in 
chromic oxide, heated to boiling and swept with 
oxygen for one hour. Considerable carbon and 
C14 activity was found in this fraction. The in­
clusion of this additional carbon boosted the total 
carbon recovery to 85-95%.

There were several indications that this oxidiz- 
able residue was oxalic acid. First, oxalic acid 
may be found during alkaline permanganate oxi­
dation of propylene glycol.3 Second, oxalic acid 
is oxidized very slowly at 25° and pH 4 by potas­
sium permanganate or manganese dioxide and 
therefore, the oxalic acid would be stable, if pres­
ent. Third, the nature of the analytical pro­
cedure eliminated the possibility of a one carbon 
compound, since these compounds (methyl alco-
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hoi, formaldehyde, formic acid), if not completely 
oxidized by the permanganate, would be vola­
tilized during the steam distillation. In addition, 
subsequent specific activity determinations of this 
fraction (see Discussion) eliminated the possibility 
of a three carbon compound and corresponded well 
with a two-carbon substance. Hence, this residue 
was either oxalic, glycolic or glyoxylic acid. The 
last two of these may be intermediates in the for­
mation of oxalic acid. Ethylene glycol also satis­
fies the chemical properties set for the residue, but 
it is difficult to see why this glycol should remain 
unoxidized while propylene glycol, a probable 
intermediate in the above oxidation, is apparently 
completely reacted.

In one experiment with radioactive propene, the 
isolation of oxalic acid was attempted. After the 
addition of the last permanganate, all manganese 
was removed as manganese dioxide by centrifuga­
tion. Inactive sodium oxalate was added as a 
carrier and the oxalate was ultimately precipitated 
as calcium oxalate after separation from phosphate 
by employing the scheme of Swift.5 The com­
pleteness of recovery of oxalate could not be accu­
rately determined, but appeared to be nearly 
quantitative. However, since the calcium salts 
of glycolic and glyoxylic acid are relatively in­
soluble, they might have been carried down with 
the calcium oxalate if present. The calcium oxa­
late was titrated with permanganate in the usual 
manner, and the carbon dioxide was collected and 
analyzed for C14 activity. The titration agreed 
within 3% with the formula calcium oxalate for 
the calcium precipitate; however, since the 
amount of carrier was about four times the amount 
of oxalate expected, the presence of other insoluble 
calcium salts might have been masked. The 
amount of C14 found as oxalate was about 70% of 
the amount found by direct chromic oxide oxida­
tion of the residue in another experiment using 
radioactive propene from the same preparation.

Ozonolysis Method.—A highly refined procedure was 
not developed but the following scheme gave a satisfactory 
check with the result of the acid permanganate oxidation. 
About three millimoles of propene was transferred to the 
ozonolysis vessel, 15 ml. of ethyl chloride was added and 
the vessel immersed in a Dry Ice-acetone-bath. A cur­
rent of oxygen containing 2-3% ozone was bubbled through 
the solution until the solution turned blue (indicating 
excess ozone). The vessel and contents were warmed to 
0°, 10 ml. of water added and shaken with the ethyl 
chloride. The ethyl chloride was removed by evaporation 
under house vacuum. The aqueous solution, which now 
contained formaldehyde and acetaldehyde, was made 
alkaline with sodium hydroxide. Excess potassium 
permanganate was added and the solution heated to 50°. 
The formaldehyde was oxidized to carbon dioxide while 
the acetaldehyde was oxidized to acetic acid. From this 
point on, the analysis was carried out in the same manner 
as the permanganate procedure. In this ozonization some 
propene probably was swept out of the solution by the cur­
rent of oxygen, while some of the aldehydes were lost 
during the evaporation of ethyl chloride. In addition 
some ethyl chloride remained in the aqueous phase and 
was oxidized to acetic acid. Although the total carbon

(5) E. H. Swift, "A  System of Chemical Analysis,” Prentice-Hall, 
Inc., New York, 1904, p. 469, et seq.

recovery was high and C14 recovery was low, the distribu­
tion of C14 should not be affected. *

Preparation of l-C 14-ft-Propanol (CH3—CH2—CH2OH). 
■—The principal intermediate in the synthesis of propene 
was ft-propanol. The starting point of this synthesis was 
barium carbonate containing C14. Ethylmagnesium bro­
mide was carbonated with the C140 2 obtained from 21 
millimoles of barium carbonate containing approximately 
800 microcuries of C14. A vacuum line technique (4) 
was employed. Solid sodium propionate was recovered 
in 95% yield. A very high specific activity product was 
not required in this experiment and a large dilution of C14 
activity could be tolerated. Consequently, the reduction 
of the acid to alcohol was carried out on the ft-propyl 
ester. The use of this ester eliminated the subsequent 
separation of two alcohols following the hydrogenation. 
The esterification was carried out on a 40 millimole scale 
by adding inactive sodium propionate to 1.62 g. (16.8 
millimoles) of the radioactive salt. The esterification 
was driven to completion by azeotropic distillation. The 
solid salt was refluxed for several hours with a mixture of
9.0 ml. of ft-propyl alcohol, 10.0 ml. of benzene and 1.1 
ml. of concentrated sulfuric acid. Water was removed as 
the ternary azeotrope (68.5°) with ft-propyl alcohol and 
benzene. A 16-inch, 6-mm. i. d., vacuum-jacketed, 
unpacked column was used for the distillation. When 
the temperature of the distillate reached 74°, the flask 
was cooled and 1.0 g. of calcium carbonate was added 
to destroy excess sulfuric acid. The distillation was 
continued, the remaining benzene being removed as the 
binary azeotrope (77.1°) with ft-propyl alcohol. The 
distillation was stopped when the temperature reached 92 °. 
The ester-alcohol solution remaining was removed from the 
calcium sulfate-calcium carbonate residue by vacuum 
transfer. This solution, about 8 ml. was pipetted into 
a high pressure hydrogenation bomb (Aminco, 43 ml. 
size) containing 2.0 g. of copper chromite catalyst (Ad­
kins). The bomb was charged with 2500 p. s. i. of hy­
drogen, heated to 250° and maintained there for nine 
hours. The contents of the bomb were transferred on 
the vacuum line into a flask containing calcium oxide 
where the alcohol was dried. The alcohol was again 
transferred on the vacuum line into a small distilling flask 
and fractionally distilled using the column described 
above. The fraction boiling from 96-97° was recovered. 
The fraction boiling below 96° (about 2 ml.) was returned 
to the distilling flask with 2.5 ml. of ft-propyl alcohol and 
the mixture redistilled. This was repeated again with
2.0 ml. of ft-propyl alcohol. The 96-97° fractions were 
combined with the first fraction collected. In this manner
10.3 ml. of l-C 14-ft-propyl alcohol was obtained. The 
individual steps in the above procedure were tested first 
with inactive materials. These tests gave yields of 90- 
95% for the carbonation of ethylmagnesium bromide and 
95% for the esterification and hydrogenation when 
measured by saponification. In the radioactive synthesis, 
the carbonation yield was 95%. The chemical yields of 
the other steps were not checked because the amount of 
alcohol which remained with the ester after azeotropic 
distillation was not known. About 80% of the starting 
C14 was recovered in the final product, which contained
4.58 X 106 c./m in./m l. or about 50 juc/ml.

Preparation of l-C 14-ft-Propyl Bromide.—Propyl bro­
mide was prepared from ft-propanol by the phosphorus 
and bromide method,6 but additional phosphorus and 
bromine were added. The yield of propyl bromide was 
76% based on propanol. A low C14 activity sample of 
propanol was prepared by dilution of the high activity 
material for use in this preparation.

Dehydration of ft-Propanol with Metaphosphoric Acid. 
—A 2-ml. sample of propanol containing 6350 c./m . C14 
per millimole of alcohol (prepared by dilution of the high 
activity product) was dehydrated to propene by dropwise 
addition of the alcohol to 3 ml. of metaphosphoric acid 
at 250° according to the method of Newth.7 Water and

(6) A. H. B latt, "Organic Syntheses,” Coll. Vol. I, John W iley and 
Sons, Inc., New York, N. Y., 1941, p. 37.

(7) G. S. Newth, J . Chem. Soc., 79, 915 (1901).
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alcohol were condensed in a trap at — 20 ° while the propene 
was passed through Drierite, then condensed in a Dry 
Ice trap. Considerable alcohol distilled out of the flask 
without reacting and the yield of propene was 40% based 
on the starting propanol. The gas sample was analyzed 
by mass spectrometer .7a The analysis of the gas showed 
80% propene, 9% butenes, 9% butanes and pentanes and 
1% pentenes and hexenes. The propanol was analyzed 
by mass spectrometer arid found to be 99.5% pure; the 
impurity may have been butyl alcohol.

Dehydration of ft-Propanol over Heated Aluminum 
Oxide.—A 2-ml. portion of the above dilute propanol was 
dehydrated by dropwise addition over a period of thirty 
minutes into a vertically mounted quartz furnace tube 
containing aluminum oxide at 390°. The aluminum 
oxide was 12-24 mesh Alorco Alumina (Aluminum Com­
pany of America, Grade F -l) packed in a bed 23 cm. long 
and 0.7 cm. in diameter. Traps were arranged as in the 
previous experiment. Continuous nitrogen sweeping 
was maintained to reduce the residence time in the catalyst. 
The contact time was approximately 5 seconds. A second 
sample of alcohol was dehydrated over laboratory pre­
pared aluminum oxide obtained by precipitation of 
aluminum hydroxide from reagent grade aluminum nitrate. 
The catalyst temperature was 415° while the contact time 
was only 2 seconds. The analysis of the first of these gas 
samples was 97% propene and 3% butenes, while the sec­
ond gas sample contained 95% propene, 3.5% butenes, 
0.5% propane and 0.5% ft-butane. The yield of propene 
was about 95% in both cases.

Pyrolysis of ft-Propyltrimethylammonium Hydroxide.— 
The quaternary ammonium bromide was prepared by 
the addition of 5 ml. of ft-propyl bromide (containing 
8300 c./m . C14/millimole) to excess (CH3)3N in alcohol 
and refluxing for several hours. The solvent was evapo­
rated, the bromide dissolved in water and excess freshly 
prepared silver oxide was added to convert the bromide to 
hydroxide. After filtering silver bromide and excess 
silver oxide the aqueous solution was boiled to dryness in 
a system containing a cold water condenser, a 1 N  hydro­
chloric acid wash bottle to remove (CH3)3N, a tube of 
Drierite and a liquid nitrogen trap to condense propene. 
The system was swept with nitrogen during the heating. 
The yield of propene was approximately 90%. Analysis 
of the gas showed 99% propene, 0.5% butenes and 0.5% 
ethylene.

Pyrolysis of Methyl ft-Propyl Xanthate.—The procedure 
of Schurmann and Boord* 8 was employed for preparing the 
xanthate ester, however, the final ester was not purified 
by vacuum distillation as carried out by these authors. 
The decomposition of the ester took place very slowly and 
after boiling for twenty-four hours, only half the ester 
was decomposed. The slow decomposition of primary 
xanthates was observed by Whitmore and Simpson.9 
The system was swept with a slow current of nitrogen 
and the gases were passed through a 1 N  sodium hydroxide 
wash bottle to remove COS and CH3SH, then through a 
drying tube and finally into a liquid nitrogen trap. The 
yield of propene was about 25% and the gas composition 
was 56% propene, 38% butenes, 1.4% ethene, 14% COS 
while the remainder of the gas consisted of several sulfides 
and mercaptans. This method of propene preparation, 
besides giving a gas difficult to free of sulfur compounds 
also contained an extraordinarily large amount of butene. 
The use of this method was not attempted with radioactive 
propanol.

Dehydrobromination of ft-Propyl Bromide with Al­
coholic Potassium Hydroxide.—Propene was prepared 
by refluxing the bromide with excess potassium hydroxide 
dissolved in absolute ethanol in a system similar to those

(7a) All gas samples were analyzed by mass spectrometer by Dr. 
N. Bauer, through, the courtesy of California Research Corporation, 
Richmond, California.

(8) I. Schurmann and C. E. Boord, This Journal, 55, 4930 
(1933).

(9) F. C. W hitmore and C. T. Simpson, ibid., 55, 3809
(1933).

described above. The yield of propene was about 10%, 
the bulk of the product being ethyl propyl ether. Nef10 
reported a yield of 20% propene. Analysis of the gas 
sample showed 75% propene, 16% butenes, 3% isobutane, 
3% ethyl propyl ether and traces of ethane, propane and 
propyl bromide. The use of this method was not at­
tempted with radioactive propyl bromide.

Radioactivity Determination.—The procedures de­
veloped by Dauben, Reid and Yankwich4 were employed 
for sample preparation and counting.

Results and Discussion
In Table II a summary of the results of the per­

manganate degradations of the various samples 
of propene is presented. Since the mechanism of 
permanganate oxidation of propene, the reliability 
of this oxidation as an analytical procedure, and 
the nature of the labelling of the propene could not 
be determined independently, it was necessary to 
examine the data from these three points of view. 
The fact that different specific activities were 
found in the various fractions from propene pre­
pared by different methods proved that rearrange­
ment of the double bond to the equilibrium mix­
ture did not occur during the analysis. Inspection 
of experiments 1, 2, and 3 showed that extensive 
migration of the double bond occurred during the 
preparation by these methods and, in fact, the pro­
pene produced in experiments 1 and 3 consisted of 
equilibrium mixtures of l-C 14-propene-l and 3-C14- 
propene-1. However, the propene derived from 
the quaternary ammonium base (experiment 4) 
showed little, if any, rearrangement of the double 
bond and the product consisted, almost entirely, 
of l-C14-propene-l.

The mechanism which has been assumed for the 
oxidative splitting of olefins with permanganate 
consists of rupture of the molecule at the site of 
the double bond with the production of acetic and 
carbonic acids in the case of propene. If the ace­
tic acid was to be used as a measure of labelling of 
the methyl group of propene, it was necessary to 
demonstrate that all the C14 activity was present 
in the methyl group of the acetic acid. Therefore 
in the pyrolysis of a sample of barium acetate to 
acetone and barium carbonate, the latter should 
contain no C14. A sample of acetate from experi­
ment 2, when pyrolyzed, showed that 5% of the 
C14 present was present in the carboxyl group. 
The pyrolysis of a sample of synthetic methyl- 
labelled acetate11 yielded 1.5-2% of the total 
activity in the barium carbonate which would 
correspond to 3-4% of the activity apparently 
present in the carboxyl group. Hence, the above 
result may be taken to mean that little, if any, 
carboxyl activity was present and that the car­
boxyl group of the acetate was derived solely from 
the central carbon atom of the propene. There­
fore, in every case shown in Table II, the specific 
activity of the methyl carbon of acetic acid may be 
obtained by doubling the specific activity shown 
for acetic acid. If acetic acid is obtained only 
from splitting of propene at the double bond, then

(10) J. U. Nef, Ann., 309, 126 (1899).
(11) S. Aronoff, V. Haas, B. A. Fries, to be published.
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T a b l e  I I

A c id  P e r m a n g a n a t e  A n a l y se s  o f  P r o p e n e  S a m p l e s

Preparative
procedure

Specific activity of C 14 in

Expt. 1
D ehydration with 

metaphosphoric acid
Expt. 2

Dehydration with 
Alorco aluminum oxide

E xpt. 3
Dehydration with 

laboratory-prepared 
alum inum  oxide

Expt. 4 
Pyrolysis of 

ra-propyltrimethyl- 
ammonium hydroxide

starting material (c ./m ./
millimole of C3H6) 6350

Fraction analyzed Carbon Acetic
dioxide acid

Specific activity of C 14 
in fraction (c ./m ./
millimole C) 2790 1610

% of to tal C14 recov-
ered in fraction0 41 42

Moles/mole CaHe 0.94 0.83
Total C14 recovery 88
Total C recovery 94

6350
Oxalic

acid
Carbon

dioxide
Acetic

acid
Oxalic

acid
Carbon

dioxide

1560 3980 1100 2130 2840

5 .0
0.10

59
0.94

24
0.70

5 .9
0.09

38
0.85

89
84

6350 8300
Acetic Oxalic Carbon Acetic Oxalic

acid acid dioxide acid acid

1530 2020 7600 130 3810

39 6.2 91 2 .2 5 .7
0.81 0.10 1.0 0.71 0.07
83 99
89 85

° In this calculation only the olefin content of the gas sample used in the potassium permanganate analyses was taken 
into account. The presence of labelled butene and other olefins derived from the original labelled propanol introduces 
some error in the calculation of yields as well as in the specific activity of the various fractions. This error cannot be 
corrected, since neither the number of C14 labelled atoms per molecule nor the isomers were known.

a case in which there was no activity in the acetate 
fraction would prove that all the C14 was in the 
methylene carbon of the propene. This was the 
case in experiment 4 where only 3% of the C14 ac­
tivity was present in the acetate. This particular 
propene sample was checked by the ozonization 
analysis previously described and no activity 
could be found in the acetate. Therefore, the 
propene produced in experiment 4 consisted of the 
isomer l-C14-propene-l to the extent of 97-100%. 
This result also demonstrated that acetic acid can 
arise only from the CHS—C H =  portion of the 
molecule. Accordingly, acetate was the most 
reliable indicator of the activity of the CH3— posi­
tion in propene and this was true even though ace­
tic acid was not recovered in 100% yield.

The specific activity of the carbon dioxide frac­
tion always was found to be lower than that calcu­
lated on the basis of the specific activity of the 
acetate. Thus, in experiment 1, the specific 
activity of the starting propanol was 6350 c./m. 
per millimole. Since all the C14 was located in 
the 1-position in the propanol, the specific activity 
of this particular carbon atom was also 6350 c./m. 
per millimole of carbon. The specific activity of 
the methylene carbon of the propene produced in 
experiment 1 was, therefore, 6350 — (2 X 1610) = 
3130 c./m. per millimole C, but the specific ac­
tivity found in the carbon dioxide fraction was 
only 2790 c./m. In experiment 2 the results were 
similarly 4150 c./m. versus 3980 c./m.; in experi­
ment 4, 8040 c./m. versus 7600 c./m. These data 
indicated that the carbon dioxide-carbon was not 
derived exclusively from the methylene carbon, 
but probably from the methyl and central carbon 
atoms as well to a small extent.

Examination of the oxalic acid fraction revealed 
that the oxalate contained the methylene carbon 
atom of propene. The possibility of one carbon 
compounds being present in this residue has been 
considered already and has been eliminated on the 
basis of oxidation and volatility. The possibility 
that relatively large amounts of some three carbon

compounds might be present may be eliminated 
on the basis of the specific activity of the fractions. 
If this oxidizable residue were entirely a three car­
bon compound, the specific activity in the active 
position would be three times the value shown in 
Table II. In experiment 4, the specific activity 
reported, when multiplied by three would give a 
result much higher than the original specific ac­
tivity present in the starting material. On the 
other hand, if the substance were a two carbon 
compound, the specific activity in the labelled 
position corresponded closely to that known to be 
present in the methylene carbon. These results 
demonstrated that some propene was split a t the 
CH3—CH bond, perhaps to the extent of 15-20%. 
The —C H =C H 2 group was oxidized to oxalic 
acid, while the CH3-group was split off as a one 
carbon compound, presumably oxidized to carbon 
dioxide, although some may not have been oxi­
dized beyond methanol or formaldehyde. These 
last two compounds would not be recovered in the 
analytical procedure and this may account for the 
incomplete recovery of C14 and total carbon. The 
specific activity of C14 in the carbon dioxide frac­
tion (representing the = C H 2 group) was therefore 
low due to the carbon dioxide which arose from the 
methyl group and probably from the central car­
bon atom as well.

In the alkaline oxidation of propylene glycol,3 
the yield of carbon dioxide was over one mole per 
mole of glycol, while acetate was lower and oxalate 
higher than that obtained from the acid oxidation. 
This led to the performance of an alkaline oxida­
tion on propene from experiment 4. The oxida­
tion was carried out in the same manner as those 
previously described except that the medium was
0.04 N  in sodium hydroxide. The number of 
moles of carbon dioxide, acetic acid, and oxalic 
acid obtained per mole of propene were 1.64, 0.33, 
and 0.16, respectively. The specific activities of 
these three fractions were, rèspectively, 3410, 560, 
and 4370 c./m. per millimole of carbon. The 
yield of carbon dioxide was very high and its spe­
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cific activity was very low, indicating that a con­
siderable portion of it had come from carbon atoms 
other than the methylene group of the propene. 
Quantitative estimates, based upon relative yields 
and specific activities, indicated that nearly half 
of the propene had been completely oxidized to
r*Qrhr»ti rl i avi r\  ̂  llip  -rp>m a i n A  or orrkino- nartlv  C1 / / )

to acetic acid and carbon dioxide and partly (V6) 
to oxalic acid and carbon dioxide. Still another 
route of oxidation was required to account for the 
small amount of activity found in the acetate frac­
tion. This could be accounted for by some sym­
metrical intermediate (retaining the methyl group) 
such as isopropyl alcohol or acetone. There are 
three, and probably four, paths through which 
propene may be oxidized by permanganate. In 
the acid oxidation, path I predominates (5/e) with 
paths II and III contributing minor and approxi­
mately equal parts. Somewhat similar conclu-

* ( 100)
I c h 2c o 2h  c o 2

* (50) The number
II (C02H)2 c o 2 in parentheses

He (100) indicates the
=c h 2 * (33V.) percentage of

III c o 2 the original
specific activity

* (25) * (50) found in the
IV c h 3c o 2h  c o 2 compound.

sions were deduced for the alkaline permanganate 
oxidation of propionic acid by Nahinsky and 
Ruben.12

On the basis of the acetic acid specific activity, 
the propene prepared with metaphosphoric acid 
was a 50-50 equilibrium mixture of the two forms 
of labelled propene, the propene prepared from 
commercial aluminum oxide was 65% l-C14-pro- 
pene-1 and 35% 3-C14-propene-l, the propene pre­
pared from the laboratory alumina was approxi­
mately a 50-50 equilibrium mixture; while the 
propene derived from the quaternary ammonium 
hydroxide was 97% l-C 14-propene-l and 3% 
3-C14-propene-l.

Isomerization during olefin preparation by de­
hydration reactions has been reported fre­
quently,13-16 while many cases have been reported 
where little or no isomerization occurred.17-20 
Asinger13 found general isomerization of the double

(12) P. Nahinsky and S. Ruben, T h is  Journal, 63, 2275 (1941).
(13) F. Asinger, Ber., 75B, 1247 (1942).
(14) C. Matignon, H. Moureau and M. Dode, C o m p t .  r en d .,  196, 

973 (1933).
(15) G. Egloff, J. C. Morell, C. L. Thomas and H. S. Bloch, T his 

Journal, 61, 3571 (1939).
(16) G. T. Morgan and W. J. Hickingbottom, J .  C h em . Soc . ,  

T r a n s . ,  73, 97 (1923).
(17) H. Pines, This Journal, 55, 3892 (1933).
(18) W. G. Appleby, C. J. Dobratz and S. W. Kapranos, ib id . ,  66, 

1938 (1944).
(19) V. I. Komarewsky, S. C. Uhlick and M. J. Murray, ib i d . ,  67, 

557 (1945).
(20) A. L. Henne and A. F. Matuszak, i b i d . ,  66, 1649 (1944).

bond all along the carbon chain when dodecanol 
was dehydrated over alumina at 370-380° or with 
metaphosphoric acid. Isomerization was ob­
served with alumina at temperatures as low as 
250° where the dehydration reaction was incom­
plete. Pines17 obtained only butene-1 when de­
hydrating 77~butanol over alumina although Ma­
tignon, Moureau, and Dode14 reported 15% bu­
tene-2 when using pure alumina and 90% with im­
pure alumina. Pines believed the isomerization 
reported by Matignon occurred during analysis. 
Appleby, Dobratz and Kapranos18 and Komarew­
sky, Uhlick and Murray19 employing spectro­
scopic examination found no isomerization during 
the dehydration of primary hexanol, heptanol and 
octanol over alumina. Ewell and Hardy21 studied 
the isomerization of pentenes over alumina and 
showed that the reaction required several hours to 
come to equilibrium. In the present study de­
hydration of 77-propanol with alumina or phos­
phoric acid resulted in complete equilibration of 
the two isomeric forms. The ease of isomerization 
may be due to the symmetrical structure of pro­
pene.

Pyrolysis of 77-propyltrimethylammonium hy­
droxide gave essentially pure l-C14-propeneT m 
90% yield. A side reaction of this pyrolysis re­
sults in the formation of methanol and a mixed ter­
tiary amine, von Braun22 found 5-10% methanol 
while Hanhart and Ingold23 and Ingold and Vass24 
obtained 16-19% methanol on pyrolysis of the 
above quaternary base. The yield of propene in 
the present experiment falls between these two 
sets of results. This procedure appears to be a 
good, general, preparative method since the yields 
of olefins although falling off with higher olefins, 
does not drop below 70% even in the case of oc- 
tene.24
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Summary
l-C14-propene-l has been prepared. The mi­

gration of the double bond under a variety of ex­
perimental conditions in the preparation of pro­
pene has been investigated. The mechanism of 
the permanganate oxidation of the labelled pro­
pene has been examined. I t has been found to 
proceed by several paths the relative importance 
of which depends upon the experimental condi­
tions, especially the pH.
Berkeley, 4, Calif. Received February 25, 1948

(21) R. H. Ewell and P. E. Hardy, ibid., 63, 3460 (1941).
(22) J. von Braun, A nn., 382, 1 (1911).
(23) W. H anhart and C. K. Ingold, J . Chem. Soc., 997 

(1927).
(24) C. K. Ingold and C. C. N. Vass, ibid., 3125 (1928).
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Polarography in Liquid Ammonia. 1. The Alkali Metals
B y  H. A. L a it in e n  and  C. J. N ym an

Up to the present time, no research has been 
carried out on polarographic measurements in 
liquid ammonia, although the dropping mercury 
electrode has been used in this solvent. Murta- 
zaev1 has measured electrocapillary curves of 
salts in liquid ammonia and has shown that chlo­
ride, bromide and iodide ions are adsorbed at the 
mercury-solution interface, causing shifts in the 
electrocapillary maximum similar to those ob­
served in aqueous solution. Pleskov and Monos- 
son2 have measured the potential of the electro­
capillary maximum in 0.1 normal ammonium ni­
trate solution at —35° and found it to be 0.386 v. 
more positive than the potential of a lead elec­
trode in 0.1 normal lead nitrate solution. Drop­
ping amalgam electrodes were used by Pleskov3 
and by Pleskov and Monosson,4 in their determina­
tion of the standard electrode potentials of the 
alkali metals in liquid ammonia. Since it was 
known that the dropping mercury electrode would 
function in liquid ammonia, a polarographic study 
of the reduction of the alkali metal ions was under­
taken.

Experimental
The electrolysis cell shown in Fig. la  was used for all 

the experiments in this investigation unless otherwise 
specified. A platinum wire was sealed through the bottom 
of the cell so that the mercury pool could be used as the 
non-polarizable electrode. A conventional H-type cell, 
as shown in Fig. lb , was used when it was desired to have 
the anode and cathode compartments separated; a sin­
tered glass disc prevented mixing of the solutions in the 
two sides of the cell. When using this cell, two connec­
tions to the drying system (Fig. 2) were necessary.

b.
Fig. 1.—Electrolysis cells.

Using the apparatus shown in Fig. 2, the following 
procedure was carried out in the preparation of air- 
free anhydrous liquid ammonia solutions. The cell was 
connected to the drying system as shown at A after a

(1) A. M urtazaev, Acta Physicochim. U. R. S . S .t 12, 225 (1940).
(2) V. A. Pleskov and A. M. Monosson, 2, 621 (1935),
(3) V. A. Pleskov, 6, 1 (1937); 21, 235 (1946).
(4) V, A. Pleskov and A, M, Monosson, ibid,, 2, 615 (1935).

weighed sample had been introduced into it. Ampules 
B and B' each contained a small piece of sodium metal, 
approximately 1 g., in order to dry the ammonia. The 
system was evacuated through tube C, and after ampule 
B was cooled with a Dry Ice and acetone-bath, gaseous 
ammonia was allowed to enter the system through tube
D. When 35 to 40 cc. had condensed, the ammonia was 
distilled from ampule B to B', and then into the elec­
trolysis cell until the desired volume was obtained. Stop­
cock E was then closed, and the bath surrounding the cell 
was brought to —36° by the addition of warm acetone. 
The solution was allowed to stand for one hour to be 
certain that the indifferent electrolyte had reached solu­
bility equilibrium. Occasional stirring was achieved by 
opening stopcock E and evaporating ammonia into ampule 
B', which was cooled with a Dry Ice and acetone-bath. 
In this evaporation, small bubbles formed which stirred 
the solution, but which did not cause any splattering on 
the walls of the cell.

Fig. 2.—Drying system for the preparation of anhydrous 
liquid ammonia solutions.

The thermostat consisted of a one-gallon Dewar flask 
filled with acetone, a copper cooling coil, a cone drive 
stirrer and a toluene expansion udder for controlling the 
temperature. The toluene expanded against a mercury 
filled U-tube outside the bath forcing the mercury into a 
capillary. Electrical contact was made through the 
bottom of the U-tube and through the capillary. A 
leveling device for controlling the amount of mercury 
was sealed into the bottom of the U-tube. As the tem­
perature rose and contact was made through the mercury 
in the U-tube, a mercury relay switch was actuated start­
ing the pump which circulated cold acetone through the 
cooling coil. This thermostat held the temperature at 
a constant value of —36.0 =•= 0.2°.

Dropping mercury electrode 1 had the following charac­
teristics in a saturated solution of tetrabutylammonium 
iodide in liquid ammonia at —36°. At a pressure of 20 
cm., the drop time was 6.4 seconds (open circuit), and 
the value of m was 0.844 mg./sec. Under similar condi­
tions, electrode 2 had an m of 1.184 m g./sec., and a drop 
time of 5.1 seconds (open circuit). As a comparison, 
electrode 1 had the following characteristics in air-satu­
rated water at 25°. At a pressure of 20 cm., the drop 
time was 7.1 seconds (open circuit), and the value of m 
was 1.14 mg./sec.

The polarograph used was a Sargent Model X X . The
calibration of this instrument was checked by inserting



2242 H. A. Laitinen and C. J. N yman Vol. 70

a known resistance in place of the electrolysis cell and 
measuring accurately the applied potential. With these 
data, the current flowing through the circuit could be 
calculated and compared with that indicated by the 
recorder. All applied potential values were checked by 
means of a student type potentiometer.

The ammonia used in these investigations was obtained 
from the Matheson Company and was dried as previ­
ously described before use. The alkali metal salts were 
C. p. materials of commerce and were dried at 110° 
before use. The tetrabutylammonium iodide was pre­
pared by a slight modification of the method used by Cox, 
Kraus and Fuoss,5 as previously described by Laitinen 
and Wawzonek.6 That this material was free of alkali 
metal ions was indicated by the fact that the residual 
current curve showed no wave at potentials corresponding 
to their reduction.

Data and Discussion
The expression

RT
E d . e .  “  E 1/2 ■ y j 'P  k l i/(i& i)

is the equation of the current-voltage curve ob­
tained for the reduction of a metal ion at the 
dropping mercury electrode when the metal is 
soluble in mercury.7 Ed.e. is the potential of the 
dropping mercury electrode; E i/2 is the half-wave 
potential; id is the diffusion current; and i  is the 
current which flows at a potential Ed e * A plot 
of Ed.e. versus log i /  (id — i) should be a straight 
line with a slope of —2.303RT/nF, if the reduc­
tion process is reversible. The half-wave poten­
tials of the alkali metal ions were obtained from a 
plot of this type by determining the potential at 
which log ij(id — i) was zero. Typical polaro­
grams are shown in Fig. 3 and Fig. 4.

Fig. 3.—Polarograms of sodium, potassium and rubid­
ium iodides in saturated tetrabutylammonium iodide: 
curve I, 9.8 X  10“ 4 M  Rbl; curve II, 1.00 X  1 0 '3 M KI; 
curve III, 1.04 X  10~ 3 M  Nal.

I t  is possible to evaluate the half-wave poten­
tials theoretically either by an equation derived by 
Lingane8 or by one derived by von Stackelberg.9

(5) N. L. Cox, C. A. K raus and R. M . Fuoss, Trans. Faraday S o c .,  
31, 749 (1935).

(6) H . A. Laitinen and S. Wawzonek, This Journal, 64, 1765 
(1942).

(7) J. Heyrovsky and D. Ilkovic, Coll. Czech. Chem. Commun., 7, 
198 (1935).

(8) J. J. Lingane, This Journal, 61, 2099 (1939).
(9) M. von Stackelberg, Z. Elektrochem., 45, 466 (1939).

Fig. 4.—Polarograms of cesium and lithium chlorides in 
saturated tetrabutylammonium iodide: curve I, 8.1 X 
10“4 M  CsCl; curve II, 1.01 X IO"3 M  LiCl.

The latter is more convenient in the case of the 
alkali metals, as the standard electrode potentials 
of the metals are not necessary. The half-wave 
potential as measured polarographically is equal 
to the potential of an amalgam electrode in the 
cell

M(Hg)x (Ca) | M+ (C8) I Ref. elect.
when the concentration of metal ion in the solu­
tion is equal to the concentration of metal in the 
amalgam. For the dropping mercury electrode 
to have the same potential as the amalgam elec­
trode in the above cell, the diffusion coefficients 
of the ion in solution and the metal in the amal­
gam must be equal. The potential E  of the amal­
gam electrode in the above cell is given by the 
equation

77 _  77,/ FT  , C&
E ~ E / , ~ 7 i F l n a

where Ca is the concentration of metal in the amal­
gam and Cs is the concentration of metal ion in the 
solution. The data necessary for calculation of 
the half-wave potentials are available, since Ples­
kov and Monosson3*4 have made such measure­
ments in the evaluation of the standard electrode 
potentials of the alkali metals in liquid ammonia. 
A lead electrode in 0.1 normal solution of lead ni­
trate was used by these authors as a reference 
electrode. In the experimental determination of 
the half-wave potentials, a mercury pool in a satu­
rated solution of tetrabutylammonium iodide was 
used as the reference electrode. In order to relate 
the two reference electrodes, the following cell was 
prepared. The dropping mercury electrode and a 
quiet mercury pool were placed in one compart­
ment of the cell shown in Fig. lb. The solution in 
this compartment was 0.001 molar with sodium 
iodide and saturated with tetrabutylammonium 
iodide. The other compartment contained a lead 
electrode in 0.1 normal lead nitrate solution. 
Since the half-wave potential of sodium ion must 
be a constant, it was determined against each elec­
trode, and the difference between the two values 
must be equal to the difference of potential be­
tween the two reference electrodes. The mercury
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pool was found to be 0.318 v. more positive than 
the lead electrode.

Tabled contains the values of the half-wave po­
tentials calculated from the data of Pleskov and 
Monosson, as well as the values observed with the 
dropping mercury electrode in 0.001 molar metal 
iodide solution with a saturated solution of tetra­
butylammonium iodide as indifferent electrolyte. 
The observed values have been corrected for the 
iR  drop through the solution. The slopes of the 
plots of Ed.e. versus log i j  (id — i) are also recorded.

Table I
Ei/t in Liquid Ammonia at —36° versus Pb | Pb(N03)2 

(0.1 N)

Ion
E,
V.

Ca,
m ./l.

Cs,
m ./l.

(calcd.),
V.

B >/>
(obs.),

V.

Slope of
Ed.e. VS.  
log i f  

(id — i)
Li + -1 .6 5 8 0.351 0.1 -1 .6 3 2 - 1 .6 7 -0 .0 5 8
Na + -1 .3 3 7 .564 .1 - 1 .3 0 2 - 1 .3 1 -  .057
K + -1 .2 8 7 .770 .1 -1 .2 4 5 - 1 .2 4 -  .056
Rb + -1 .2 2 9 .367 .1 -1 .2 0 2 - 1 .2 1 -  .061
Cs + -1 .0 7 8 .192 .01 - 1 .0 1 8 - 1 .1 5 -  .065

In the case of lithium, a large maximum (see 
Fig. 4) approximately equal to the diffusion cur­
rent was observed, and smaller maxima were ob­
served with rubidium and cesium ions. All of 
these maxima decreased when the concentration 
of the reducible ion was lowered to 2 X 10 “4 mo­
lar, and they practically disappeared in the case 
of rubidium and cesium ions. Attempts to elimi­
nate the lithium maximum by the use of gelatin 
did not succeed, and the problem was not investi­
gated further.

I t is seen that there is a reasonable agreement 
between the observed and calculated values of the 
half-wave potentials, and that the slope of Ed.e. 
vs. log i/(id — i) plot approaches the reversible 
value —0.047, but in no case was a reversible 
slope obtained.

The half-wave potentials of the alkali metal ions 
become more positive as the atomic number in­
creases. There are two reasons why this inverse 
order of reduction might be expected. The solva­
tion energy of the smaller ions is greater than for 
the larger ions, and, therefore, more energy must 
be supplied to the smaller ions to reduce them. 
The free energy of amalgamation of the metals, as 
indicated by the difference of potential between 
the metal and its amalgam, shows a tendency to 
increase as the atomic number increases. These 
two factors are working in the same direction, and, 
therefore, an inverse order of the ease of reduction 
is a logical one.

The diffusion currents of the alkali metal ions, 
as measured in liquid ammonia at —36°, are re­
corded in Table II. A saturated solution of tetra­
butylammonium iodide served as the supporting 
electrolyte. As a comparison, theoretical values 
were calculated by means of the Ilkovic equa­
tion10*11

(10) D. Ilkovic, Coll. Czech. Chem. Commun., 6, 498 (1934).
(11) D. M acGillavry and E. K. Rideal, Rec. trav. chim., 56, 1013 

(1937).

id = 605ft CD •
which relates the diffusion current id (microam­
peres) of an ion to n> the number of faradays of 
electricity required per mole of electrode reac­
tion, to its concentration C (millimoles per liter), 
to its ionic diffusion coefficient D (cm.2/sec.), and 
to the capillary characteristics m (mg./sec.) and 
t (sec.). The ionic diffusion coefficient D can*be 
evaluated by means of the expression12*13 

D =  RT\°/zF2
where R  is 8.317 volt-coulombs per degree, T  is 
the absolute temperature, X° is the equivalent 
conductance of the ion at infinite dilution (ohm-1- 
cm^-equiv.-1), z is the charge of the ion, and F is 
96,500 coulombs. The remaining terms in the 
Ilkovic equation are experimental quantities 
which are easily obtained.

Table II
Diffusion Currents of the Alkali Metal Ions in 

Liquid Ammonia at —36°
Xo,

ohm -1-
cm .2

D
X 105, 
cm.2-

m 2/ V  A,
mg.2/ 3- 
sec.-Va

c ,

id
(calcd.),
micro-

id
(obs.),
micro- %Ion equiv .-1 sec.-1 m m ./l. amperes amperes Diff.

Li + 122 2.59 0.893 1.01 2.78 3.11 12
Na + 135 2.86 1.256 1.04 4.23 4.84 14
K + 174 3.69 1.262 1.00 4.64 4.71 2
Rb + 179 3.80 1.262 0.98 4.62 5.06 10
Cs + 180 3.82 1.273 0.81 3.83 4.21 10

Table II contains the data necessary for and 
the results of such calculations. The values for 
the equivalent ionic conductance at infinite dilu­
tion were obtained by interpolation between the 
data of Pleskov and Monosson14 at —40° and 
data which they recalculated for —33.5° from 
the work of Franklin and Kraus.15 Since no 
values were available for rubidium and cesium at 
— 33.5°, the same correction which was applied 
to potassium was used to correct the values for 
these ions from —40 to —36°.

The diffusion currents calculated from the Ilko­
vic equation are lower than the observed values. 
The discrepancy can largely be attributed to the 
failure to obtain complete suppression of the mi­
gration current. The concentration of indifferent 
electrolyte was 0.0057 molar =fc5% and, therefore, 
the ratio of indifferent electrolyte to reducible ion 
was about 6 to 1. Assuming as a first approxima­
tion the mobilities of all ions to be equal, the mi­
gration current would represent 7% of the total 
current.

Another cause for the observation of abnor­
mally high diffusion currents lies in the failure of 
Ilkovic equation at excessively rapid drop rates. 
At the potentials at which the diffusion currents 
of the alkali metal ions were measured, the drop 
time was 1.0 to 2.2 seconds. Lingane and Lover-

(12) W. N ernst, Z . physik. Chem., 2, 613 (1888).
(13) I. M . Kolthoff and J. J, Lingane, This Journal, 61, 825 

(1939).
(14) V. A. Pleskov and A. Monosson, Z. physik. Chem., 156, 176 

(1931).
(15) E. C. F ranklin and C. A. Kraus, Am. Chem. J ., 23, 277 (1900); 

This Journal, 27, 191 (1905).
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idge16 and Buckley and Taylor17 have observed ab­
normally high values of the quantity id/ 
at drop times less than three seconds unless a sup­
pressor, such as gelatin, was present.

The use of some other supporting electrolyte 
with a higher solubility was not attempted be­
cause of the difficulty involved in finding one 
which was not reduced at very negative potentials 
and which could also be freed easily from traces of 
the alkali metal ions. In all probability, better

(16) J. J. Lingane and B. A. Loveridge, This Journal, 66, 1425 
(1944).

(17) F. Buckley and J. K. Taylor, J . Research Nat. Bur. Standards, 
34, 97 (1945).

agreement between the observed and calculated 
values of the diffusion current would be obtained 
if higher ratios of non-reducible to reducible ion 
were to be used.

Summary
The half-wave potentials of the alkali metal ions 

in liquid ammonia were found to agree with those 
calculated theoretically, and the reduction process 
appeared to be reversible.

The diffusion currents of the alkali metal ions 
were measured and compared with those calcu­
lated from the Ilkovic equation.
U r b a n a , I l l in o is  R e c e iv e d  M a r c h  4, 1948

[ C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  P h y s ic a l  C h e m is t r y , H a r v a r d  M e d ic a l  S c h o o l ]

Mechanical Properties of Substances of High Molecular Weight. IV. Rigidities 
of Gelatin Gels; Dependence on Concentration, Temperature and Molecular Weight1

B y  J o h n  D . F e r r y

Earlier measurements2 have shown that the 
rigidity of a gelatin gel is approximately propor­
tional to the square of the concentration, and it is 
well-known that the rigidity decreases with in­
creasing temperature3 or with degradation.4 Pre­
vious work has, however, been confined to sam­
ples of unknown molecular weight. The series of 
degraded gelatins described by Scatchard, Oncley, 
Williams and Brown5 has now afforded the oppor­
tunity of studying samples of known average mo­
lecular weight and molecular size distribution. 
The method of propagation of transverse vibra­
tions6 permits absolute measurements of rigidity 
to be made conveniently at concentrations lower 
than those usually employed by previous investi­
gators. This paper reports rigidity measurements 
by the transverse vibration method on certain of 
the gelatin samples studied by Scatchard, Oncley, 
Williams and Brown, together with several other 
gelatins from different sources.

Materials and Method
The following gelatin samples were employed: four of 

the series of degraded ossein gelatins,5 originally furnished 
through the kindness of Dr. D. Tourtellotte of the Knox 
Gelatin Company; one sample each of ossein (A-O), pork- 
skin (A-P), and calfskin (A-C) gelatin, furnished by the 
Atlantic Gelatin Company; and one calfskin gelatin (EK-

(1) P art of this work was carried out under contract, recommended 
by the Committee on Medical Research, between the Office of Scien­
tific Research and Development and H arvard  University. Pre­
sented in part a t  meetings of the Society of Rheology, New York, 
N. Y., Oct. 30, 1943, and Nov. 17, 1944.

(2) A. Leick, Ann. Physik , 14, 139 (1904); S. E. Sheppard and 
S. S. Sweet, This J ournal., 43, 545 (1921).

(3) M. L. Sheely, Ind. Eng. Chem., Anal. Ed., 2, 348 (1930); 
J. C. Derksen, Thesis, Amsterdam, 1935.

(4) E. T. Oakes and C. E. Davis, J . Ind. Eng. Chem., 14, 708 
(1922).

(5) G. Scatchard, J. L. Oncley, J . W. Williams bnd A. Brown, 
This Journal, 66, 1980 (1944).

(6) J. D. Ferry, Rev. Sci. Instruments, 12, 79 (1941); T his Jour­
nal, 64, 1323 (1942).

120), purchased from the Eastman Kodak Company. 
Table I lists the values of number-average molecular 
weight, Mn, derived from osmotic pressure and viscosity 
measurements.7 Values of a, the fraction of bonds

T a b l e  I
M o l e c u l a r  W e ig h t s  o f  G e l a t in  S a m p l e s

Sample a. M n x io-3 M w X IO*3
Degraded Series (Ossein)

L l-00 0.00125 45 74
Ll-80 .00235 29 53
Ll-180 .00345 22 41
P7-180 .00470 17 33

Additional Samples
A-P 47
A-C 47
A-O 39
EK-120 37

broken in the parent molecule, and Mw, the weight- 
average molecular weight, as calculated from the statistics 
of degradation,5 are also included for the degraded series. 
They are omitted for the other samples because it is not 
certain that the details of the statistical treatment are 
applicable to those.

The degraded samples were furnished as sterile stock 
solutions, at a concentration of about 60 g./l.,  in 0.15 M  
sodium chloride at pH 7; the others, furnished in solid 
form, were dissolved in 37° and adjusted to the same pH 
and salt concentration, unless otherwise specified. Stock 
solutions were kept at 0°, except for occasional brief 
warming to 37° to withdraw samples, with sterile pre­
cautions. From studies of the rate of degradation,5*7 
no perceptible change in molecular weight would be 
expected for several years under these conditions. The 
measurements described here were completed in less than 
two years. Recent unpublished measurements on similar 
samples indicate that there is no change after five years.

The stock solutions, after warming at 37° for one hour, 
were diluted with 0.15 M  sodium chloride (unless otherwise 
specified) to the desired concentrations and transferred to 
rectangular glass cells provided with clamps8 to hold the

(7) Unpublished measurements by Drs. G. Scatchard and A. 
Brown, M assachusetts Institu te  of Technology.

(8) Designed by Dr. S. H. Armstrong, Jr.
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vibrator plates in place until rigidity bad developed. 
The solutions were usually covered with paraffin oil to 
prevent evaporation. The velocity of propagation of 
transverse waves, V, was measured as previously described.6 
The modulus of rigidity is given by G — V2p, where p is 
the density. The latter value was calculated from the 
density of the salt solution and an assumed value of 0.70 
for the partial specific volume of gelatin. Damping was 
not measured. For each gel at each temperature, meas­
urements of V were made at four or five different fre­
quencies, covering a range of about twofold; these values 
usually agreed within 1-2% of the mean for the strongest 
gels and within 5% for the weakest. The rigidity was 
calculated from the mean value in each case. Measure­
ments on three separate series of gels prepared from the 
same stock solution showed agreement to about the same 
extent (represented in Fig. 2). Since one year had elapsed 
between the first and the third series, this agreement 
confirms absence of degradation in storage.

There was no evidence of dispersion of the rigidity; 
the frequency ranges employed varied from about 1250- 
2500 cycles for the strongest gels to about 320-4330 cycles 
for the weakest. Absence of dispersion indicates that the 
rigidity thus measured dynamically can be taken as iden­
tical with that which would be measured by the static 
methods used by previous investigators2; it is certainly 
of the same order of magnitude. A direct comparison of 
dynamic and static rigidities will be reported subse­
quently.9

Results
Changes of Rigidity with Time at Constant

Temperature.—When a solution was quickly 
cooled from 37 to 15° and held at the latter tem­
perature, gelation occurred within half an hour, 
with development of a measurable rigidity. The 
rigidity increased rapidly at first and continued 
to rise slowly for many hours without attaining a 
constant value. However, when a solution was 
first chilled at 0° for a day or more, and then 
quickly warmed to and held at 15°, the rigidity 
fell rapidly from its value characteristic of the 
lower temperature and reached an essentially 
constant value, usually within five hours. These 
changes are illustrated in Fig. 1 for sample EK- 
120 at a concentration of 25.7 g./l. and pH 5.4 
(no salt). Similar measurements on several other 
samples at various concentrations showed the 
same behavior; when a chosen temperature was 
approached from above, the rigidity failed to at­
tain a constant value in as long a period as fifty 
hours, but when it was approached from below, the 
rigidity became constant within five hours. These 
observations agree with earlier studies of the opti­
cal rotation,10 specific volume,11 and light scatter­
ing12 of gelatin gels, in which equilibrium was al­
ways more rapidly attained after precooling.

Accordingly, the following procedure was 
adopted for all subsequent experiments: each 
solution, after introduction into the cell, was 
quickly cooled and kept at 0° for about twenty- 
four hours; the rigidity of the gel at 0° was meas­
ured; the temperature was raised a few degrees 
and kept constant (=*= 0.1 °) for five to twelve hours,

(9) J. E. Eldridge and J. D. Ferry, unpublished experiments a t the 
University of Wisconsin.

(10) C. R. Smith, This Journal, 41, 135 (1919).
(11) E. Heymann, Trans. Faraday Soc., 32, 1, 462 (1936).
(12) W s Heller and R, Vassy, C om pt< r«nd,,%Q7, 157, 991 (1938),

and the rigidity was again measured; and this 
process was repeated until the gel melted. Since 
the initial measurement does not involve approach 
from a lower temperature, it cannot be compared 
with the others; and even at 10° the rigidity val­
ues are slightly higher when the chilling at 0° is 
prolonged for several weeks instead of limited to 
twenty-four hours. However, above 10° the re­
sults appear to be independent of the time of chill­
ing. All the values are quite closely reproducible 
when the above procedure is followed.

Fig. 1.—Change of rigidity with time at 15°, sample 
EK-120, concentration 27.4 g./l., pH  5.4: after
warming from 0°; O, after cooling from 37°.

Dependence of Rigidity on Concentration.—
The rigidities of gels of sample L I-00 are plotted 
against the square of the concentration in Fig. 2 
for several temperatures. Close proportionality is 
observed up to a concentration of about 60 g ./l.; 
the values of G/c2 in (dyne/sq. cm.) (g./l.) ~2 are 44 
at 0°, 23 at 15°, and 12 at 21.8°. For a sample of 
similar molecular weight, A-O, over a much higher 
concentration range (up to 160 g./l.), there is 
slight downward curvature (Fig. 3); while for a 
sample of lower molecular weight, Ll-80, in the 
more dilute range there is slight upward curva­
ture (Fig. 4).

Dependence of Rigidity on Temperature.—
Values of G/c2 for sample Ll-00 are plotted against 
temperature in Fig. 5. The rigidity falls rapidly 
with increasing temperature, and vanishes at 
about 30°. I t  follows from Fig. 2, of course, that 
the curves for several different concentrations co­
incide. Nevertheless, these curves presumably 
diverge just below the melting point (where the 
rigidity disappears), because the latter is a func­
tion of concentration. For a gelatin with this 
molecular weight, the melting point, determined13 
after chilling for twenty-four hours at 0°, varies 
from 28.2° at a concentration of 20 g./l. to 30.6°

(13) R, S« Gordon, Jr,, and J. D, Ferry, Federation Proc,, B, 136
(1946).
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Square of concentration in g./100 cc.
Fig. 2.—Rigidities of sample LI—00, plotted against 

square of concentration at different temperatures; age of 
stock solution: O, six months; 0, seven months: 0 ,

eighteen months.

Square of concentration in g./100 cc.
Fig. 3.—Rigidities of sample A-O, plotted against square of 

concentration at different temperatures.

at 55 g./l. The rigidities of gels in the immediate 
vicinities of their melting points will be reported 
subsequently.9

Square of concentration in g ./100 cc.
Fig. 4.—Rigidities of sample Ll-80, plotted against square 

of concentration at different temperatures.

Since the values at 0° do not represent equilib­
rium approached from a lower temperature, and

Temperature, °C.
Fig. 5.—G/c2 plotted against temperature, for sample 

Ll-00; concentrations in g./l.: Ü, 57.5; 46; 0 , 40;
©, 34.5; 0 , 25; Q, 23.
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are undoubtedly too low, it is possible that the in­
flection point in Fig. 5 is an artifact and the curve 
representing fully developed rigidity should more 
nearly follow the dashed line.

Rigidities for different gelatin samples, all at a 
concentration of 40 g./l., are plotted against the 
temperature in Fig. 6. The marked decrease in 
rigidity with increasing temperature is seen in each 
case; the curves form a coherent family except for 
that of sample A-C. Below 10° the curves are 
broken because, as pointed out above, they prob­
ably do not represent equilibrium values.

Fig. 6.—Rigidity plotted against temperature, at a con­
centration of 40 g./l.: 1, Ll-00; 2, A-P; 3, A-O; 4, EK- 
120; 5, A-C; 6, Ll-80; 7, Ll-180; 8, P7-180.

Dependence of Rigidity on Molecular Weight.
—Values interpolated from Fig. 6 at 5° and 15° are 
given in Table II, and are plotted against the 
number-average molecular weight in Fig. 7. The

T a b l e  I I

R ig id it ie s  o f  V a r io u s  S a m p l e s  a t  G e l  C o n c e n t r a t io n s  
o f  40 g . / l .

S am p le M n X 10-3
G X IO"4, 

5°
G X 10-4, 

15°
Degraded Series

Ll-00 45 6.6 3.9
Ll-80 29 2.35 0.7
Ll-180 22 1.0 0.1
P 7 - 1 8 0 17 0.2 0

Additional Samples
A-P 47 6.2 3.7
A-C 47 4.7 2.9
A-O 3 9 5 . 8 3 . 5 5
EK-120 3 7 5 . 6 3.0

Number-average molecular weight X 10~3.
Fig. 7.—-Rigidity plotted against number-average 

molecular weight, at 5° (circles) and 15° (squares): 
open points, degraded series; crossed points, mixture; 
solid points, additional samples.

points for the degraded series fall on a smooth 
curve. The scatter of the other points indicates 
that gelatins from various sources have roughly 
similar rigidities when compared on the basis of 
number-average molecular weight, but that the 
exact value of the rigidity is influenced by the de­
tails of preparative procedure. These data sug­
gest further that the rigidity may depend more 
on the details of preparation than on the nature of 
the tissue source (ossein, porkskin or calfskin).14

Rigidities of a Mixture of Samples.—Two 
samples of widely different average molecular 
weight, Ll-00 and Ll-180, were combined in 
equal proportions by weight, yielding a mixture 
with Mn =  29,500 and M w =  57,500, The rigidi­
ties of the mixture are compared with those of the 
original samples, all a t a concentration of 57.5 
g./l., in Fig. 8. (The points for Ll-180 represent 
measurements at 40 g./l., corrected by the factor 
(57.5/40)2.) The rigidity of the mixture does not 
correspond to the arithmetic mean of values for 
the individual samples, (Gx +  G2)/2; instead, it

(14) A few measurements were made on several fractionated calf­
skin gelatin samples, sent by Dr. S. E. Sheppard of the E astm an 
Kodak Company to Professor Scatchard, in which the distribution 
of molecular weights was presum ably far sharper than  in the de­
graded series described here. The tem perature dependence of 
rigidity for the fractionated samples was very similar to th a t shown 
Figs. 5 and 6, bu t the  dependence on number-average molecular 
weight was quite different from th a t  shown in Fig. 7. For M n 
ranging approximately from 80,000 to 120,000, as estim ated by M r. 
R. H. Wagner in Dr. Sheppard’s laboratory, the rigidity was almost 
independent of molecular weight and slightly less than  th a t of our 
sample Ll-00 a t  comparable concentration and tem perature. This 
behavior was in agreem ent with unpublished measurements of the 
rigidity of these samples obtained by Dr. R. C. Houck in Dr. Shep­
pard’s laboratory. The relation of these results to  the  measure­
ments reported in this paper is no t clear.
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agrees closely with values calculated as [(a/G i +  
V G ,)/ 2]*, given by the dashed curve. Thus the 
square roots of the rigidities, rather than the rigid­
ities themselves, are additive.

J ohn D.

Fig. 8.—Comparison of rigidities of a mixed sample and 
of its components, at a concentration of 57.5 g./l.: O, 
L l-00 (Gi) ; 0 , L l-180 (G2) ; # , mixture of equal parts by
weight. —, (Gi +  G2) / 2 (calculated);---------- , [(V<5ï +
V G2)/2 ]2 (calculated).

Rigidities of the mixture at 5 and 15°, corrected 
to a concentration of 40 g./l., are included in the 
plot against M n in Fig. 7; they do not fall on the 
curve for the individual degraded samples. How­
ever, when M w is taken as the independent vari­
able, points for the mixtures fall on the curves for 
the individual samples. Moreover, the square root 
of the rigidity is found to be a linear function of 
the weight average molecular weight (Fig. 9). It 
can easily be shown from the definition5 of M w 
tha t additivity of y/G  for different samples on a 
weight concentration basis, as shown in Fig. 8, is a 
necessary consequence of the linear relation exhi­
bited in Fig. 9.

Points interpolated a t other temperatures and 
plotted as in Fig. 9 also give straight lines of equal 
slope, and their intercepts follow an exponential 
function of the reciprocal absolute temperature. 
These relations can be combined in the empirical 
equation

V g  =  0.00484(Mw -  1.20 X 10%-733°/*r) (1)
which expresses the rigidities of every gel of the 
degraded series a t a concentration of 40 g./l. from 
5° to the melting point; the fit is within experi­
mental error except near the melting point for 
the most degraded samples.a .

Discussion
The highly elongated shape of the largest gela*

Ferry Vol. 70

Weight average molecular weight X 10 3.
Fig. 9 .—\ / G  plotted against weight-average molecular 

weight, at 5° (circles) and 15° (squares). Open points 
are degraded series; crossed points, mixture.

tin molecules in these mixtures4-15 makes plausible 
the concept of gelation as network formation by 
cross-linking through secondary forces of attrac­
tion.16 Some of the bonds may be represented 
by regions of local crystallinity, as postulated by 
Herrmann and Gerngross17 (although their X-ray 
evidence was based on gels far more concentrated 
than those described here); others may be formed 
by lateral association of chain segments in pairs. 
The stability and low internal viscosity of gelatin 
gels suggest that there are specific loci of attrac­
tion widely spaced along the molecules,18 corre­
sponding either to sequences of easily crystalliz­
able amino acids in the polypeptide chain (a se­
ries of glycine residues, for example), or to combin­
ations of certain side chains resulting in strong a t­
traction. Between these loci the attractive forces 
must be relatively slight; otherwise highly un­
stable gels such as those encountered in denatured 
proteins or inorganic colloids would be expected.

In such a network, the number of useful junc­
tions which contribute to the rigidity is smaller 
than the total number of bonds or cross-links be­
cause of (a) bonds in the “sol fraction” which is 
not attached to the network, (b) possible cyclic 
structures, and (c) a number of bonds equal to the 
number of molecules initially present (half the 
number of loose ends) which will not contribute 
to the network.19 Decrease in rigidity due to de­
creasing concentration, increasing temperature, or 
decreasing molecular weight may involve a de­
crease in the total number of bonds per cc. (ni), 
an increase in the number of useless bonds per cc. 
(wa), or both.

The fact that the rigidity is proportional to the
(15) E. O. Kraemer, J . Phys. Chem., 45, 660 (1941).
(16) P. J. Flory, ibid., 46, 132 (1942).
(17) K. Herrm ann, O. Gerngross and W. Abitz, Z. physik. Chem., 

B10, 371 (1930).
(18) J. D. Ferry, Adv. Protein Chemistry, Vol. IV, in press*
(19) F* J* Flory, Chem* Rev., 35, 51 (1944),
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square of the concentration except near the 
melting point or when M w is small indicates that, 
with the latter exceptions, the ratio of useless to 
total bonds is independent of concentration. 
Either G (%t — na), as would be expected for 
rubberlike elasticity, and nt oc c2, following a bi­
nary association; orG oc (fit — na)2, which might 
correspond to a stiff strutted structure, and nt oc 
cf a peculiar type of association recently postu­
lated by Doty for polyvinyl chloride solutions.20 
At present it is not possible to distinguish between 
these two alternatives.

Decrease in rigidity with increasing temperature 
must be due primarily to decrease in nt. At the 
same time, the change is probably enhanced, at 
least near the melting point, by an increase in na, 
since the contributions to na from loose ends re­
main constant and those in the sol fraction should 
increase.

The decrease in rigidity with decreasing average 
molecular weight is clearly not due solely to the 
increase in loose ends, since in this case the total 
number of bonds should be constant and either G 
or y/G  should be a linear function19 of 1/M n. The 
total number of bonds evidently varies with aver-

(20) P. Doty, H. W agner and S. Singer, J . Phys. Colloid Chem., 51, 
32 (1947).

age molecular weight, and with molecular weight 
distribution. Further work will be needed to ex­
plain the form of the empirical relationship given 
in equation (1).

Summary
1. The rigidity of a gelatin gel at a given tem­

perature reaches a constant value more rapidly if 
the temperature is approached from below than 
from above.

2. For a sample of slight degradation (Mn =
45,000), the rigidity was closely proportional to 
the square of the concentration up to 60 g./l. At 
higher concentrations, it increased somewhat less 
rapidly; for a sample of higher degradation, some­
what more rapidly, than with the square of the 
concentration.

3. For all samples and a t all concentrations, 
the rigidity decreased gradually with increasing 
temperature from 0° to the melting point.

4. The rigidity decreased markedly with in­
creasing degradation, or decreasing average mo­
lecular weight.

5. An empirical equation for the dependence 
of rigidity on temperature and weight average 
molecular weight is given.
Boston, Mass. Received September 30, 1947

[Contribution from the Department of Agricultural Chemistry, Purdue University Agricultural
Experiment Station]

Chemical Composition and Properties of Guar Polysaccharides1,2
B y  E il e e n  H e y n e  and  R oy L. W h istler

Endosperm of the guar seed consists principally 
of a galactomannan polysaccharide. I t is thus 
analogous to the endosperm of locust beans which 
are widely used in commerce, and to galactoman- 
nans from other sources. Guar, a drouth-resistant 
legume of the genus Cyamopsis, is native to India 
where it is used for food and feed. The endosperm 
can be employed industrially in many ways, such 
as a size for paper and textiles, a dispersing agent, 
and a thickener. These uses have resulted in the 
recent growing of the guar plant in commercial 
quantities in the United States. As yet, however, 
little information is available with regard to the 
fundamental composition and structure of the 
endosperm polysaccharides. This report covers a 
preliminary investigation of the general composi­
tion and properties of the guar endosperm and 
particularly of the water soluble component which 
constitutes the major portion of the endosperm.

Experimental
Material.—Guar flour, produced by grinding the endo­

sperm of the decorticated guar seed, was obtained through
(1) Journal Paper No. 319 of the Purdue University Agricultural 

Experiment Station.
(2) Paper presented before the Division of Sugar Chemistry and 

Technology a t the 111th meeting of the American Chemical Society, 
A tlantic City, 1947.

the kindness of General Mills, Inc. The grayish-white 
flour contained 0.60% nitrogen, 0.06% phosphorus, 1.06% 
ash and 1.5% ethanol solubles from twenty-four hours of 
Soxhlet extraction.

Analytical Methods.—Galactose anhydride content was 
determined by the following procedure: One gram of
polysaccharide material ground to pass a 60-mesh sieve 
was dissolved in 150 ml. of 5% nitric acid by heating the 
mixture to 100°. After hydrolysis for three and one-half 
hours at this temperature, the solution was concentrated 
on a steam-bath to a volume of 25 ml. and 5.6 ml. of con­
centrated nitric acid was added to make a solution con­
centration of 25%. The solution was then oxidized ac­
cording to the methods proposed by Tollens,3 Van der 
Haar,4 and Wise and Peterson.5 The weight of the solu­
tion was reduced to 20 g. by heating on a steam-bath. 
Because of the high galactose content of the preparations, 
it was not found necessary to add the 500 mg. of pure 
mucic acid recommended by earlier works. The crystal­
lization of mucic acid was allowed to proceed for forty- 
eight hours at a temperature of 0° =*= 0.1° obtained with 
a large constant temperature bath. The solubility of 
mucic acid at 0° is 0.0175 g. per 100 ml. The amount of 
galactose anhydride equivalent to mucic acid was found 
by multiplying the weight of mucic acid obtained in this 
procedure by the factor 1.33. This factor was computed 
from data obtained on the analysis of a mixture of galac­
tose and mannose combined in such proportions as to give 
the same yield of mucic acid as the guar samples.

(3) B. Tollens, A nn., 227, 223 (1885); 232, 187 (1886).
(4) A. W. Van der H aar, Biochem. Z„  81, 263 (1917).
(5) L. E . Wise and F. C. Peterson, Ind. Eng. Chem., 22, 362

(1930).
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Mannose anhydride content was determined through 
isolation of mannose phenylhydrazone by Nowotnowna’s6 7 
modification of ScliorgerV and Tollens*8 procedure.

Both mannose and galactose are of the d-series as 
evidenced by the optical rotations of their derivatives. 
Mannose phenylhydrazone from guar showed the same 
optical m utaro tation  as th e  derivative of d-mannose9 
changing from [a]25D +21 (1 hour) —► —3 (33 hours)

4-35 (216 hours) (c. 1 in pyridine). Melting point and 
mixed melting point with D-mannose phenylhydrazone 
were 182.5°. The benzimidazole of galactose prepared 
from guar hydrolyzate after D-mannose had been removed 
as the phenylhydrazone agreed with the known rotation of 
D-galactose benzimidazole10 [q:]25d +43.3 (ct 0.5 in 
5% citric acid).

Pentosans were determined by isolation of the furfural - 
phloroglucinol complex.11

Viscosities were determined at approximately 0.2% 
concentrations in 1 N  sodium hydroxide solution at 25°. 
Solution of the sample was obtained by shaking it over­
night in an atmosphere of nitrogen. Viscosity measure­
ments were made twenty hours after the addition of 
alkali.

Water Fractionation.—An 0.8% aqueous suspension 
of guar flour was prepared by sprinkling 4-g. portions of 
the flour into 500-ml. portions of distilled water stirred in 
a Waring Blendor and by repeating this procedure until 
8 liters were obtained. The viscous dispersion was auto­
claved at 15 pounds pressure for three hours (pH 5.8) and 
immediately centrifuged in a supercentrifuge (40,000 
r. p. m.) to remove the insoluble component. Longer 
periods of autoclaving did not appreciably change the 
ratio of soluble to insoluble fractions, the insoluble 
component was gradually added to ethanol stirred in a 
Waring Blendor, filtered, and stirred three further times 
with fresh portions of ethanol in the Blendor. After the 
final washing and filtration, the brown flocculent pre­
cipitate was dried over calcium chloride in a vacuum desic­
cator. The residue represented approximately 7.8% of 
guar flour.

The soluble component was recovered by adding an equal 
volume of ethanol with rapid stirring to the centrifugate; 
preferably the ethanol was added to small portions of 
solution stirred in a Waring Blendor. Precipitated ma­
terial was filtered and washed four successive times with 
fresh portions of ethanol in the Blendor. The white 
fibrous precipitate was dried as described above and 
represented approximately 86.5% of the guar flour. A 
small amount of carbohydrate was not recovered by this 
method of treatment. The isolated material contained 
0.15% nitrogen, 0.3% or less pentosan, 35.6% D-galactose 
anhydride and 63.1% D-mannose anhydride. The ab­
sence of glucose was indicated by the fact that after nitric 
acid oxidation of the hydrolyzate and separation of mucic 
acid, it was not possible to crystallize potassium acid 
saccharate from the mother liquor. Neither was it pos­
sible to isolate glucose as the benzimidazole from the 
sugar hydrolyzate. Intrinsic viscosity in 1 N  sodium 
hydroxide was 5.57; [a]25D +54.5 (c, 1 in 1 A  sodium
hydroxide). No uronic acid was detected by the quan­
titative method of Whistler, Martin and Harris.12

Ethanol Fractionation.—Subfractionation of the water 
soluble component was accomplished by gradual addition 
of ethanol to the aqueous centrifugate recovered from the 
separation of insoluble component. Ethanol was added

(6) A. Nowotnowna, B io c h e m .  J ., 30, 2177 (1936).
(7) A. W. Schorger, Ind. Eng. C h e m . ,  9, 748 (1917).
(8) B. Tollens, Ber., 23, 2990 (1890).
(9) C. L. Butler and L. H. Cretcher, This Journal, 53, 4358 

(1931).
(10) S. Moore and K. P. Link, J . B io l .  C h e m . ,  133, 300 (1940).
(11) N. C. Pervier and R. A. G ortner, I n d .  E n g .  Chem., 15, 1167 

(1923); B. Tollens and E. Krober, J .  L a n d w . ,  48, 355 (1900); 49, 
7 (1901); see also Browne and Zerban, “ Sugar Analysis,” 3rd ed., 
p. 904.

(12) R. L. W histler, A. R. M artin  and M. Harris, B u r. S t a n d a r d s  J .  
Research, 24, 13 (1940).

drop by drop from a separatory funnel to 11 1. of the 
strongly stirred centrifugate. At the first appearance 
of precipitate the addition of ethanol was stopped and the 
mixture was supercentrifuged. The solution was allowed 
to stand for twenty-four hours to allow any additional 
precipitate to form. If a precipitate formed, the solu­
tion was allowed to stand an additional twenty-four 
hours. If no precipitate occurred, the solution was stirred 
and further addition of ethanol was made. In this man­
ner a number of fractions were obtained as shown in Fig. 
1.

The first precipitate occurred at an alcohol concentra­
tion of 20% by volume and the last at 40%. When the 
alcohol concentration reached 31%, an additional increase 
of 2% concentration brought about a slow but continuous 
precipitation which continued for three days. This 
precipitate which accumulated from 31 to 33% alcohol 
concentration represented 58% of the total soluble com­
ponent. Approximately 93% of the soluble component 
was precipitated by ethanol. Precipitated fractions 
were washed through four fresh portions of ethanol and 
dried as described above.

After separation of the above individual fractions, the 
solution was concentrated under reduced pressure to 1.5 
1. and 0.4 1. of ethanol was added. This procedure pre­
cipitated fraction number 15. The centrifugate from the 
precipitation was concentrated under reduced pressure 
to 280 ml. and 3 1. of ethanol was added to produce frac­
tion number 16. On concentration of the final centrifu­
gate to dryness on the steam bath, fraction 17 was obtained.

Preparation of Guaran.—Material of uniform chemical 
composition was separated from the water soluble com­
ponent by discarding the first 10% of material which 
precipitated up to an ethanol concentration of 25% and 
then collecting all material which precipitated up to an 
ethanol concentration of 40% by volume. While only 
the first 3-5% of ethanol precipitated material appeared 
to be different from the central fraction, the first 10% 
which precipitated was discarded simply as a precaution 
against possible contamination of the central fraction. 
This material separating between ethanol concentrations 
of 25-40% and called guaran contained 34.5% D-galactose 
anhydride, 63.4% D-mannose anhydride and 0.1% nitro­
gen. The rotation was [ ck] 25d  +53 (c, 1 in 1 N  sodium 
hydroxide). Guaran is not oxidized by Fehling solution. 
Addition of small amounts of Fehling solution to aqueous 
solutions of guaran causes the precipitation of a polysac­
charide-copper complex.

Acid Hydrolysis of Guaran.—A 1% water solution of 
guaran was prepared by dispersing 5.50 g. of guaran of 
known moisture content in 500 ml. of distilled water and 
by heating this dispersion in an oil-bath at 100° until 
solution was accomplished. Twenty-five per cent, by 
weight sulfuric acid was added to make a 1% acid solu­
tion. Hydrolysis was carried out at 100°. Rotation 
measurements were made on 15-ml. aliquots which were 
removed from the reaction flask and cooled to 25°. The 
specific rotation changed from an initial value of about +59  
to a final value of +37.

Enzymatic Hydrolysis of Guaran.—A 1% water solu­
tion prepared as above was treated with a commercial 
diastase in the proportion of 0.1 g. of diastase for each 
100 ml. of solution. Viscosity measurements taken in an 
Ostwald-Cannon-Fenske tube indicated a decrease to 
about one-third the initial value in a period of eighteen 
hours.

Esterification of Guaran.—Freshly precipitated guaran 
was freed of ethanol by stirring with glacial acetic acid for 
fifteen minutes and by filtering off the excess reagents. 
To the pretreated guaran was added 33 parts pyridine and 
33 parts acetic anhydride. The mixture was heated in an 
oil-bath with stirring for four to five hours at 105°. 
The acetate was then precipitated by pouring the solution 
into excess ethanol stirred in a Waring Blendor. The 
precipitate was filtered and washed in the Blendor four 
successive times with fresh portions of ethanol. The final 
product was air dried. It was a white, very fibrous ma­
terial closely resembling amylose triacetate in appearance.
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Acetyl content, 44.8%; theory, 44.78%; [< * ]25d  34° (cf 
1 in chloroform), m. p. 224-226°.

The acetate could be cast into a film by standard meth­
ods.13 The films were lustrous, clear, strong, and flexible. 
When placed in water at 95-100°, films containing 20% 
dibutyl phthalate plasticizer could be elongated 550%. 
The stretched films were birefringent in polarized light 
but showed no detectable crystallinity on examination 
with X-rays. When broken under stress, the elongated 
films developed many longitudinal cracks.

A 2% solution of guaran triacetate dissolved in chloro­
form was fractionally precipitated by dropwise addition of 
ethanol with rapid stirring. Seven fractions were ob­
tained each of which possessed a constant rotation of 
[ ck] 25d  34° (c, 1 in chloroform).

Results and Discussion
Guar flour consists principally of carbohydrate 

material. There is present only 1.5% fatty ma­
terial or other substances extractable by ethanol. 
The low nitrogen value indicates the presence of 
but 3.5-4.0% protein. Only very small amounts 
of phosphorus-containing compounds are present. 
From this principally carbohydrate material it is, 
therefore, not surprising that a water soluble poly­
saccharide can be easily separated in 86-7% yield. 
The polysaccharide contains 35.6% D-galactose 
anhydride and 63.1% D-mannose anhydride. No 
ketoses1415 or uronic acids have been detected in 
the polysaccharide material. The absence of 
uronic acids differentiates the polysaccharide from 
the great majority of plant gums and mucilages.

Information with regard to the homogeneity of 
the soluble component is obtained by ethanol 
fractionation of its aqueous solution and compari­
son of the various fractions. The per cent, of the 
material received in each fraction is shown in Fig. 
1, and the amount precipitated at different con­
centrations of ethanol is shown in Fig. 2. Com­
parison of the various fractions as to mannose an­
hydride content, specific optical rotation, and in­
trinsic viscosity are shown in Figs. 3, 4 and 5, re­
spectively. These graphs indicate that the first 
2.5% of the soluble component to be precipitated 
is of slightly different composition and lower vis­
cosity than the main portion of the soluble com­
ponent whose fractions are similar. The lower 
mannose anhydride content (40.2%) of the first 
material precipitated may relate it to the water in­
soluble component which has a mannose anhydride 
content of 39.1%. I t is possible that some of the 
insoluble component is solubilized by the auto­
clave treatment. The graphs also indicate that 
there is present in the soluble component about 
3% of very low molecular weight material which 
judged by its low mannose anhydride content and 
negative rotation is quite different from the main 
polysaccharide fractions.

Collectively, the graphs suggest that the water 
soluble component of guar endosperm consists 
principally (90-95%) of a polysaccharide which 
precipitates in a narrow range of ethanol concen-

(13) R. L. W histler and G. B. H ilbert, Ind. Eng. Chem., 36, 796
(1944).

(14) B. Th. Seliwanoff, A nn. Chim. Applicata, 21, 535 (1931),
(15) R. Ofner, Chem.Ztg., 63, 682 (1929).

Fraction number.
Fig. 1.—Per cent, of guar in each fraction.

Fig. 2.—Per cent, polysaccharide precipitated at various 
alcohol concentrations.

tration. Further evidence for the homogeneity of 
the polysaccharide material is the observation that 
when its acetate in chloroform solution is fraction­
ated into seven parts by gradual ethanol addition, 
all fractions are found to possess identical optical 
rotations. Since the polysaccharide contains 
34.5% D-galactose anhydride and 63.4% D-man­
nose anhydride, it may properly be termed a galac- 
tomannan. For convenience in designation, this 
particular polysaccharide fraction in this and fu­
ture papers is given the name “guaran.”

On heating guaran in acid solution it undergoes 
hydrolysis and the specific optical rotation changes 
from a value of about +59 to +37. This change 
from a positive to a less positive value is indicative 
of the predominance of a-D-glycosidic links and is 
in agreement with the view of Lew and Gortner16 
who suggest the presence of alpha linkages in the 
galactomannan of carob bean endosperm. A fur­
ther indication of the predominance of alpha link-

(16) B. W. Lew and R. A. Gortner, Arch. Biochem., 1, 325 (1943).
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Fig. 3.—Per cent, mannose anhydride in guar fractions.

Fig. 4.—Specific optical rotation of guar fractions.

Fig. 5.—Intrinsic viscosity of guar fractions.

ages in guaran is the fact that its solutions are hy­
drolyzed by diastase, the viscosity decreasing to a 
value about one-third or less of the original.

Films produced by casting guaran acetates are 
clear, lustrous, strong, and pliable. Films plasti­
cized with 20% dibutyl phthalate may be easily

stretched in water at 100° to elongations of about 
550%. During the stretching the film properties 
change from isotropic to anisotropic. The elon­
gated films when broken under stress tend to shat­
ter in lines parallel to the direction of elongation. 
Furthermore, a pronounced birefringence is de­
veloped during the process of elongation. These 
occurrences are all indications of the presence of 
anisodimensional and perhaps linear molecules 
which are orientated when the film is subjected to 
plastic flow. However, while the presence of lin­
ear molecules is indicated, X-ray analysis of the 
elongated films failed to give evidence of crystallin­
ity. Films.of uniform linear molecules would be 
expected to produce a fiber pattern or evidence 
some degree of crystallinity. Failure to obtain 
this effect may be accounted for by assuming that 
the guaran chains consist of D-galactose and d - 
mannose units arranged in random order or that 
the principal chain may possess branches of very 
short length. Therefore, although the chains be­
come ordered when the films undergo plastic flow, 
an orderly three dimensional arrangement of sugar 
units is not brought about.

Acknowledgment.—The authors wish to ex­
press their appreciation to Dr. H. J. Yearian for 
the X-ray work and to Mrs. Ann Kimmell and 
Mrs. Helen Gleason for their assistance in part of 
the analytical determinations.

Summary
Guar flour can be readily separated into a water 

soluble (86-87%) and a water insoluble component. 
The water soluble component contains only small 
amounts of nitrogen and phosphorus impurities.

By gradual addition of ethanol to an aqueous 
solution of the water soluble component, it is sepa­
rated into 17 fractions. Analyses of the fractions 
indicate that the third to the twelfth fractions are 
identical as to composition and represent a galac- 
tomannan polysaccharide which contains 34.5% 
D-galactose anhydride and 63.4% D-mannose an­
hydride. This polysaccharide is given the name 
“guaran.”

Presence of a-D-glycosidic linkages in guaran is 
indicated by its rapid acid hydrolysis with accom­
panying decrease in specific rotation and by its hy­
drolysis under the action of diastase.

Guaran may be esterified easily to the triacetate 
which may be cast into a strong, flexible film. On 
stretching to 550% the film becomes strongly bire- 
fringent but yields only an amorphous X-ray pat­
tern. I t  is assumed that the guaran molecules are 
linear or highly anisodimensional but have either 
a random distribution of D-galactose and D-man­
nose units in the molecular chains or that the 
chains have very short branches.
Lafayette, Indiana Received November 5, 1947
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A N e w  Synthesis of 4-Pyridazones
B y  Jack  F . M organ

During an investigation of azo dyes derived 
from substituted 1,2-pyran-2,4(3) -diones, it was 
observed that many of these dyes gradually fade 
in color when heated in dilute alkaline solutions. 
For example, when an aqueous alcohol solution of 
6-methyl-3-£-nitrophenylazo-l,2-pyran-2,4(3)-di­
one was refluxed for one to two hours with 
an equi-molar amount of sodium hydroxide, a good 
yield of a very pale yellow carboxylic acid resulted. 
This acid had the same empirical formula as the 
original dye as shown by analysis and neutraliza­
tion equivalent. Obviously, some sort of re­
arrangement of the original molecule had taken 
place. The apparent course of the reaction is 
shown below.

O O
II II H

CH*—C—CHa—C—C—N—N

(1)------ >
NaOH

—n o 2
(2)

COONa
OH O

H
CH3—C =CH —C—C==N—N—< -n o 2

(3)

COONa
O

The assumed product, 1,4-dihydro-6-methyl-1 - 
(p - nitrophenyl) - 4 - oxo - 3 - pyridazinecarboxylic 
acid, is in agreement with the experimental prod­
uct in regard to empirical formula, neutralization 
equivalent, expected color and expected melting 
point. In addition, the steps outlined above rep­
resent a logical sequence of events when con­
sidered in the light of known facts regarding the 
chemical behavior of similar compounds.

Step 1.—The l,2-pyran-2,4(3)-dione ring is 
quite stable toward acid hydrolysis but is cleaved 
at the oxygen bridge in hot alkaline solutions.

Step 2.—Azo compounds derived from aliphatic 
active methylene compounds like acetoacetic ester 
are in tautomeric equilibrium with the correspond­
ing hydrazones.1

(1) Frank C. Whitmore, “Organic Chemistry,” D. Van Nostrand 
Co., New York, N. Y„ p. 755.

Step 3.—Aryl hydrazones of this general type 
are known to undergo ring closure to form pyrida- 
zones.2

The conversion of the azo compound to the py- 
ridazone may be carried out about equally well in 
either aqueous-alcohol or water alone. The alkali 
used may be sodium hydroxide, sodium carbonate 
or sodium bicarbonate. The reaction proceeds 
satisfactorily when excessive amounts of sodium 
bicarbonate are used though too much sodium hy­
droxide may have a harmful effect on yields.

The main advantage of the method of synthesis 
under discussion is that it leads to products not 
available by other reactions. Thus all the pyrid- 
azones prepared by this method were new and no 
other method was available for their preparation. 
This pyridazone synthesis seems to be fairly gen­
eral in application though an exhaustive study was 
not made to determine its limitations. The re­
action did fail when applied to 3-(2,5-dichloro- 
phenylazo) -4-hydroxycoumarin.

The azo compounds required as starting ma­
terials were easily prepared from l,2-pyran-2,4(3)- 
diones and the appropriate diazo compounds in 
either alkaline or slightly acid solution. The cor­
responding pyridazones are most conveniently pre­
pared without isolation or purification of the azo 
intermediates.

General methods for the preparation of the 1,2- 
pyran-2,4(3)-diones used in this work are ade­
quately described in the literature.3*4’0'6 One of 
these compounds, 6-ethyl-l,2-pyran-2,4(3)-dione 
(m. p. 107-108°) had not previously been described 
in the literature. This product was prepared in 
70% yield from 6-ethyl-3-propionyl-l,2-pyran- 
2,4(3)-dione4*5 by the method of Collie.3

Experimental
The general procedure for preparing 4-pyrida- 

zones is illustrated by the following example which 
includes the preparation of the azo intermediate.

1,4-Dihydro-6-methyl-l -(o-nitrophenyl) -4-oxo-3-pyri - 
dazinecarboxylic Acid.—ö-Nitroaniline (11 g., 0.08 mole) 
was dissolved in a hot solution of concentrated hydro­
chloric acid (40 ml.) and water (50 m l.), poured onto 
ice and diazotized in the usual manner by rapid addition 
of a slight excess of sodium nitrite solution. This solution 
(250 ml.) was then added to a stirred solution of 6-methyl- 
l,2-pyran-2,4(3)-dione (10.8 g., 0.085 mole) and sodium 
carbonate (35 g.) in water (550 m l.). The coupling re­
action was complete within fifteen minutes. The result­
ant slurry was stirred and heated at the reflux temperature 
for two and one-half hours. The hot clear solution was 
neutralized (pH 6-7) with acetic acid, treated with 
charcoal and filtered. The filtrate was then acidified 
(pH 2) with hydrochloric acid and cooled in ice. The

(2) A. Sonn, Ann., 518, 290 (1935).
(3) J. N. Collie, J. Chem. Soc., 59, 609 (1891).
(4) von Pechmann and Neger, Ann., 273, 201 (1893).
(5) Deshapande, J. Indian Chem. Soc., 9, 303-307 (1932).
(6) Panly and Lockemana, Ber., 48, 31 (1915).
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T able  I

1 ,4 - D i i i y d r o - 4 - o x o - 3 - p y r i d a z i n e c a r b o x y l i c  A c i d s

M . p.b C alcd.
A n a lyses, % ----- -— v

S u b stitu e n t in Y ie ld ,« F ound
1-P o s itio n 6 -P osition % O O & C H N C H N

2-Nitrophenyl Methyl 7 2 224a 52.37 3.30 15.27 52.36 3.24 15.14
3-Nitrophenyl Methyl 87 224 52.37 3.30 15.27 52.97 3.69 15.46
4-Nitrophenyl Methyl 92 247 52.37 3.30 i 5 . 2 7 51.96 3.52 15.15
2,5-Dichlorophenyl Methyl 78 209 48.18 2.70 9.37 48.22 2.76 9.29
4-Chlorophenyl Ethyl 87c 160 10.05 10.18
4-Chlorophenyl Ethyl 85 158 10.05 10.11
3-Nitrophenyl Phenyl 82 206 12.50 12.25
2-Chlorophenyl Phenyl 63 218 8.62 8.48

a Crude product. b Recrystallized from alcohol or acetic acid. Melting points are uncorrected. c Prepared in 50% 
alcohol solution.
pale yellow crystals were removed by filtration, washed 
with water and dried to obtain 15.8 g. (72%) of 1,4- 
dihydro -6 -methyl -1- (tf-nitrophenyl) -4-oxo-3-pyridazine- 
carboxylic acid melting at 224° (uncor.).

Summary
A new synthesis of 4-pyridazones has been de­

scribed. Alkaline hydrolysis of 6-alkyl-3-arylazo-
l,2-pyran-2,4(3)-diones results in cleavage of the 
pyran-2,4(3)-dione nucleus followed by rearrange­
ment to l,4-dihydro-6-alkyl-l-aryl-4-oxo-3-pyrida- 
zinecarboxylic acids.
E aston, P ennsylvania  R eceived  F ebruary 19, 1948

[Contribution  from  the N ational Institute of H ealth, United States P ublic H ealth  Service]

Succinic Acid Derivatives of é-Nitro-é'-aminodiphenylsulfone and of 
4,4 '-Diaminodiphenylsulf one

B y H ugo B a u e r

Recent studies in experimental tuberculosis 
carried on in this institute1 have demonstrated 
that potentiation is obtained in combined therapy 
with streptomycin and certain derivatives of 4,4'- 
diaminodiphenylsulfone. The presence of one 
free amino group appears to be essential for good 
action. I t seemed desirable to test the chemo­
therapeutic properties of iz-acylamide and ester 
derivatives. Compounds of this type were ob­
tained by the preparation of succinic acid deriva­
tives of diaminodiphenylsulfone. Furthermore, 
derivatives of succinic acid have been found to be 
active in tuberculosis.2

The action of succinic acid or succinic anhy­
dride upon 4,4'-diaminodiphenylsulfone has been 
reported to lead to the formation of a disubsti­
tuted product.3 An attempt was made to obtain 
the monosubstituted product by heating equiva­
lent amounts of diaminodiphenylsulf one with suc­
cinic acid. From the reaction mixture 4-amino-4'- 
succinimidodiphenylsulfone (II) could be isolated 
in poor yield (12-13% of the calcd.).

Better results were obtained by starting with 4- 
nitro-4'-aminodiphenylsulfone. At a tempera­
ture of about 220°, it combines easily with succinic 
anhydride, yielding 4-nitro-4'-succinimidodiphen-

(1) M. I. Smith, et al., (a) Pub. Health Repts., 60, 1129 (1945); (b) 
Am. Rev. Tuberc., 55, 366 (1947); (c) Proc. Soc. Exptl. Biol, and Med., 
64 , 261 (1947).

(2) V. C. Barry and P. A. McNalley, Nature, 156, 48 (1945).
(3) W. H. Gray and B. C. Platt, J. Chem. Soc., 42 (1942); M. S. 

Kharasch and O. Reinmuth, U. S. Patent 2,268,754, Jan. 6, 1942; 
H. Heymann and L. F. Fieser, T h is  J o u r n a l , 67, 1979 (1945).

ylsulfone (I). The products obtained from I by 
hydrolysis, esterification, ammonolysis and re­
duction are shown in Table I. The nitro group 
was reduced with hydrogen at atmospheric pres­
sure in presence of Raney nickel catalyst, with ex­
cellent yields.

Compound II was tested10 alone and in combin­
ation with streptomycin in experimental tubercu­
losis in guinea pigs. The chemotherapeutic ef­
fectiveness was in the same range as that found 
for promin, but inferior to that of 4-amino-4'-w- 
propylaminodiphenylsulfone.lb c Compound VII 
showed approximately the same activity in ex­
perimental tuberculosis as compound II.4

Compounds II, IV, VII and IX, also were ac­
tive when tested in experimental pneumococcus 
infection in mice.5 *

Experimental
4-Nitro-4'-succinimidodiphenylsulfone (I).—A mixture 

of 27 g. of 4-nitro-4'-aminodiphenylsulfone and of 12 g. 
of succinic anhydride was heated in an oil-bath at 220° 
for thirty minutes. A clear orange melt resulted which 
crystallized upon cooling. The crude product melted at 
230-232°. From hot glacial acetic acid cream-colored 
needles (29.5 g.) of m. p. 240-241° were obtained (calcd. 
35 g .) . The substance is soluble in hot acetone, hot gla­
cial acetic acid, sparingly in hot dioxane.

4-Amino-4' -sucdnimidodiphenylsulfone (II).—Either 
4,4'-diaminodiphenylsulfone or compound (I) was used

(4) Unpublished data; personal communication by W. T. Mc- 
Closky of this Laboratory.

(5) Unpublished data; personal communication by J. M. Junge
of this Laboratory.
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T a b l e  I
r /  > 0 /  S r ' Yield M. p., ,----------------------------------------Analyses, % a-

% Of uncor., Carbon Hydrogen Nitrogen Sulfur
No. R R ' calcd. °C. Calcd. Found Calcd. Found Calcd. Found Calcd. Found

/CO—c h 2
I6 n o 2 N< | 86 240-241 53.33 53.46 3.36 3.61 7.78 7.54 8.90 8.94

\ c o —c h 2 
/CO—c h 2 ƒ 12.2 227-228 58.17 58.26 4.27 4.31 8.48 8.40 9.71 9.81

II n h 2 N< | \  83
Nc o —c h 2

i i i c n o 2 n h c o c h 2c h 2co 2h 96.5 205 d. 50.79 50.93 3.73 4.01 7.40 7.20 8.47 8.53
IVe n h 2 n h c o c h 2c h 2co 2h 65 185-186 55.16 55.06 4.63 4.79 8.04 7.92 9.20 9.08
v c n o 2 NHCOCHjCHüCOjCüH* 95 223-224 6.89 6.67 7.89 7.79

v i c NOo n h c o c h 2c h 2co 2c h „ 80 225-226 8.17 8.10
VII n h 2 n h c o c h 2c h 2co 2c 2h 5 90 178 57.43 57.49 5.36 5.54 7.44 7.17 8.52 8.42

v m  n o 2 n h c o c h 2c h 2c o n h 2 95 242 50.92 50.31 4.01 4.35 11.14 10.83 8.50 8.48
IX  n h 2 n h c o c h 2c h 2c o n h 2 90 140 53.92 53.90 5.09 5.12 11.79 11.26 9.00 8.84

n o 2 n h c o c h 2c h 2c o n h c 6h 6 62 225-226 58.27 58.24 4.22 4.40 9.27 9.01 7.07 6.91
X I n h 2 NHCOCH2CH2 CONHC6H6 85 257 7.68 7.58

X II& n o 2 NHCOCH2CH2CONHC6Hu 86 275-276 6.98 6.98
X III n h 2 NHCOCHaCHüCONHCeHu 94 241 7.46 7.37

a I am indebted to Mr. C. A. Kinser for the determination of carbon and hydrogen and (in part) of nitrogen. b Cream 
crystals. c Pale yellow crystals. d See ref. 6. e +V2H2O: m. p. 140-143°, H20  calcd. 2.52, found 2.55; +  C2H5OH: 
m. p. 185-186°, C2H5OH, calcd. 11.66, found 11.63; +HC1 +  2H20: m. p. 202-204°, Cl calcd. 8.42, found 8.25.

as starting material. The first procedure was rather un­
satisfactory and was abandoned in favor of the second.

1. A mixture of finely powdered 4,4'-diaminodiphen­
ylsulf one (50 g.) and succinic acid (24 g.) was heated in an 
oil-bath at 200-210° for two to three hours, until the 
evaporation of water ceased and a homogeneous liquid 
was formed. After cooling, the cake was powdered. The 
reaction product consisted of a mixture of mono- and di­
substituted derivatives, besides unreacted diamino- 
diphenylsulfone. Eight batches were combined and ex­
tracted with three liters of warm acetone. II was isolated 
by fractional crystallization from acetone and acetone- 
alcohol mixture. The fractions of m. p. 200-230° were 
combined (about 85 g.) and recrystallized from acetone, 
thus giving about 65 g. of material of m. p. 220-223°. 
The melting point was raised to 226-227° by repeated 
recrystallization. •

Using succinic anhydride instead of succinic acid of­
fered no advantage in preparing the compound.

2. Compound I (5 g.) was suspended in 100 cc. of 95% 
alcohol and shaken with Raney nickel catalyst in a hydro­
gen atmosphere at atmospheric pressure and room tem­
perature. The calculated amount of hydrogen was taken 
up in seven to eight hours. (The time should be con­
siderably shortened with application of higher pressures.) 
The reaction product was brought in solution by heating 
with the addition of acetone. From the filtered and con­
centrated solution, 3.8 g. of beautiful needles of m. p. 226- 
227° were obtained (83% of the calcd.). After recrystal­
lization from acetone, the m .p . was 227-228°.

4-Nitro-4' - /3-carb oxypropionylamino diph enylsulf one
(III) : Hydrolysis of I.—Compound I (7.2 g., x/ öo mole) 
was heated to boiling with 100 cc. of 95% alcohol. With 
vigorous shaking, 5 cc. of 5 A  sodium hydroxide solution 
(calcd. 4.0 cc.) was added until an almost complete solu­
tion was formed. The orange solution including a small 
amount of insoluble material, was cooled with running 
water, whereupon the sodium salt crystallized as a white 
crystalline powder. The sodium salt was isolated, dis­
solved in water, the solution was filtered and acidified 
with 2 N  hydrochloric acid. A colorless, voluminous 
precipitate of the free acid separated which, after filtering 
and drying, weighed 7.3 g. and melted at 200-202°.

From alcohol clusters of fine, pale yellow needles of 
m. p. 205° were obtained.6 The compound is soluble in

(6) Previously prepared by Q. M ingoia and F. Berti, Arquiv. biol. 
0Sao Paolo), 27, 55 (1943); C. A ., 39, 2057 (1945); a m. p. of 194° is 
reported.

sodium hydrogen carbonate solution. When heated with 
an excess of sodium hydroxide, it is split with formation 
of 4-nitro-4' -aminodiphenylsulfone.

4-Amino-4'-/?-carboxypropionylaminodiphenylsulfone
(IV).—Compound III was reduced with Raney nickel 
catalyst and hydrogen in alcoholic suspension. From 
alcohol colorless crystals, containing alcohol of crystalliza­
tion, of m. p. 185-186° were obtained. The alcohol 
can be removed by heating at 110°. From hot water the 
compound crystallizes with 0.5 mole of water, showing 
m .p . 140-143 °. It is soluble in ammonia; from this solu­
tion it is precipitated by dilute hydrochloric acid and dis­
solved by an excess of acid, when freshly precipitated. 
After short standing the base crystallizes again. The 
hydrochloride was obtained by addition of an excess of 
concentrated hydrochloric acid. It contained two moles 
of water and melted at 202-204°. For analysis the water 
was removed by heating in vacuo at 100° for two hours.

A yellow water-insoluble diazo compound was formed 
by diazotization of the suspension of IV in 2 A  hydro­
chloric acid, which coupled with /3-naphthol with a deep 
red color.

Compound IV was also obtained by hydrolysis of II 
with about 40% yield, when heated with 4 A  hydro­
chloric acid for five minutes. Succinic acid was partially 
split off.

4-Nitro-4'-/3-carboethoxypropionylaminodiphenylsul- 
fone (V): 1. Alcoholysis of I.—Compound I (5 g.)
was heated in a sealed tube with absolute alcohol and ten 
drops of concentrated hydrochloric acid at 200° for six 
hours. Small yellow crystals formed. The product was 
boiled with alcohol, the insoluble residue weighed 2.8 g. 
It was recrystallized from hot pyridine with addition of 
alcohol. Pale yellow crystals (2.3 g.) were obtained, 
m .p . 222-223°.

2. Esterification of III.—Compound III (10 g.) was 
suspended in 150 cc. of absolute ethyl alcohol and, without 
cooling, dry hydrochloric acid gas was passed through until 
the mixture was saturated. After cooling, the reaction 
mixture was poured in ice water and filtered. The crys­
talline product was suspended in water containing a little 
ammonia, filtered and dried; yield 10.7 g., m. p. 223°. 
When recrystallized as before it melted at 223-224°.

4-Nitro-4'-/3-carbomethoxypropionylaminodiphenylsul- 
fone (VI) was prepared according to the procedure V 2.

4 -Amino -4'-/3-carboethoxypropionylaminodiphenylsul - 
fone (VII).—The procedure II 2 was used.

4-Nitro-4' - ft -carbamylpropionylaminodiphenylsulf one 
(VIII): Ammonolysis of I.—Ammonolysis of I with aU
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coholic ammonia gave the succinamide derivative, with 
admixture of the ethyl ester V.

Compound I (14.4 g.), finely powdered, was allowed 
to stand in saturated alcoholic ammonia for six days, 
with occasional shaking. The appearance changed while 
the heavy crystalline powder became more voluminous. 
When all heavy material had disappeared, the product 
was filtered off and washed with alcohol. It melted at 
228-232°. After recrystallization from a mixture of 
pyridine and acetone it melted at 240°. The admixture 
of the ester was detected only after reduction (see below).

A pure preparation was obtained by ammonolysis with 
concentrated aqueous ammonium hydroxide. Compound 
I was warmed with 28% ammonium hydroxide in a stop­
pered bottle at 60° for two days. The product was 
washed with water and crystallized from pyridine. To 
remove pyridine of crystallization, the crystals were 
suspended in warm alcohol; the volume of the material 
increased considerably. After washing with alcohol and 
drying, the m .p . was 242°.

The compound was not soluble in alcohol or acetone, 
sparingly soluble in dioxane or glacial acetic acid, soluble 
in hot pyridine.

4-Amino-4/-/3-carbamylpropionylaminodiphenylsul£one
(IX).—Compound VIII, obtained by alcoholic am­
monolysis, was reduced with Raney nickel catalyst and 
hydrogen in alcoholic suspension. The crude reduction 
product melted at 135°. Most of it was soluble in hot 
water. When recrystallized from hot water, containing 
a little ammonia, colorless fine needles were obtained of 
m. p. 140°. The solubility in water at 26° was 0.4%. 
The water-insoluble material was identified with VII bv 
melting point and analysis.

4-Nitro-4 '-/3-phenylcarbamylpropionylaminodiphenyl- 
sulfone (X).—Compound I (13.5 g.) was refluxed with 
aniline for fourteen hours. After dilution with alcohol,

10.5 g. of material m. p. 205-210° was isolated. From 
hot acetone (charcoal) cream crystals of m. p. 225-226° 
were obtained. It is sparingly soluble in hot alcohol.

4 -Amino -4' - ft -ph enyl car h amylpr opionyl amino diph enyl - 
sulfone (XI) was prepared from X using the procedure 
II 2.

4 -Nitro -4' - /3-cy clohexylcarbamylpropionylamino di- 
phenylsulfone (XII).—Compound I (7.2 g.) was refluxed 
with cyclohexylamine for five hours. The yield was 8.7 
g., the m. p. 276°. Recrystallized from glacial acetic 
acid, the cream needles melted at 275-276°. The com­
pound was not soluble in alcohol or acetone, soluble in 
hot pyridine and hot glacial acetic acid.

4-Amino-4 '-/3-cyclohexylcarbamylpropionylaminodi- 
phenylsulfone (XIII) was prepared from XII using the 
procedure II 2.

Summary
The preparation of succinic acid derivatives of 

4 -nitro-4'-aminodiphenylsulfone and of 4,4'-di- 
atninodiphenylsulfone has been described. 4- 
Amino-4'-succinimidodiphenylsulfone (II) and 4'- 
amino-4' - 0 -carboethoxypropionylaminodiphenyl- 
sulfone (VII) were tested in experimental pneu­
monia and tuberculosis and found to be active. 4- 
Amino-4'- 0 - carboxypropionylaminodiphenylsul- 
fone (IV) and 4-amino-4'-/3-carbamylpropionyl- 
aminodiphenylsulfone (IX) were also active in ex­
perimental pneumococcus infections in mice.

R e c e iv e d 7 M a r c h  29, 1948
(7) Original manuscript received October 30, 1947.

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  Ch e m is t r y  a n d  C h e m ic a l  E n g i n e e r i n g , S t a t e  U n i v e r s it y  o f  I o w a

Kinetic Analysis of Irreversible Consecutive Reactions
By J en-Yuan Chien

The kinetics of consecutive reactions have been 
of considerable interest since even simple chemical 
change may go through a number of intermediate 
steps. When the rate constants of each step are 
comparable in magnitude, the integration of the 
kinetic equations presents considerable difficulties. 
Especially when reactions of high order in the 
intermediate steps are involved, the resulting sys­
tem of non-linear differential equations can only 
be solved by successive approximations. Hill1 
has recently outlined a general scheme of such 
methods, but the amount of labor required would 
be tremendous because of the fact that the rate 
constants themselves are the unknown parameters 
sought. In this paper, certain types of two step 
irreversible consecutive reactions are considered, 
where the solution in closed form has been 
found. These solutions serve as an extension to 
the summary of formulas compiled by Moelwyn- 
Hughes.2

(1) T. L . H ill, T h is  J o u r n a l , 64, 465 (1942).
(2) E. A. M oelwyn-Hughes, “ Physical Chem istry,” Cambridge 

University Press, Appendix 9, 1940, pp. 633-641,

Integration of the Kinetic Equations 
I. Uni-unimolecular Reaction.—The general 

solution for a unimolecular reaction chain of 
any number of steps has been found.3 For the 
particular case of a two-step reaction

starting with ao mole of A, the solution may be 
expressed in terms of a dimensionless variable r 
and a dimensionless parameter k in the follow­
ing form, where A , B and C are concentrations of 
A, B and C, respectively, at t .

A =  dor

where
r = e~klt and k — k2/kx

II. Uni-bimolecular reaction.—Two separate 
cases are to be considered, one with a single

(3) H. Batem an, Proc. Camb. Phil. Soc., 15, 423 (1910).
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starting material and the other with two starting 
materials.

(a) A - X  B

2B - A c
t =  0: ao 0 0
t : Xl x2 x8
These kinetic equations describe the processes:

f dxx/dt =  — kxxx (2i)
< dx2/d* = kxxx — k2x\ (2ii)
[dxs/cU = 1/ 2k2x\ (2iii)

Integration of (2i) gives
Xi =  a0e~klt (3)

and then the Riccati equation (2ii) becomes
dx2/d t  =  aokie~klt — k2x\ (4)

On using the transformation

x2(t) = 1 d u(t)
k2u(t) dt (5)

which transforms the non-linear first order equa­
tion (4) in x2 into a linear second order equation 
in u(t)

d2u/dt2 — aokik2e~klt u — 0
A further change of the independent variable t to 
t  =  e~klt yields an equation of the Bessel type4

Hr ( r 5 r )  ~  ku — 0, k =  aok2/ki (6)

The solution of (6) is
u — <xJo(2i\/ kt) +  ( 2 i \ / kt)

where a,0f are arbitrary constants, i  =  \ / —l, and 
Jo, are Bessel functions of the first and third 
kind of order zero respectively. Then, by the re­
currence relations of Bessel functions5

and hence the solution6 for x2 is, by (5)

x2 — ao i j x( 2 i \ / k t )  -  (3HÏ1)(2iVKT)

Jo(2i\/Fr) +  f t iH ^ (2 iV ^ )
(7i)

where the arbitrary constant 0 is determined by 
the initial condition &2(0) =  0, which gives

r ±  iJx(2iy/ K)
h ^ ^ V k)

For x%(t), use is made of (2ii) and (2iii), i. e

(7Ü)

Xi kl Al ^0/1 \ x2= 2 J„ Xld' ~ 2 = 2 (1 “ T) " 2
(4) Cf. T. v. K&rrn&n and M. A. B iot, “ M athem atical M ethods in 

Engineering,” M cG raw-H ill Book Co., Inc., N ew  York, N . Y ., 1940, 
Chapter II, p. 66.

(5) Cf. G. N . W atson, “ A Treatise on the Theory of Bessel Func­
tion s,” Cambridge U niversity Press, Second Edition, 1944, pp. 45, 
74.

(6) Tables of Jo(ix), — iJi(ix ), iH ^ i ix )  and —H[l\ i x )  are given 
in E. Jahnke and F . Emde, “ Tables of Functions,” Dover Publica­
tions. N ew  York, N . Y ., 1943, pp. 224-229, 236-243.

The complete solution of the problem is summa­
rized as

A =  aoT

B t  iJ i (2i'\/~Kr) -  0H i1\ 2{ Y kt) 

(2 iy/Or) +  Si I lF  ( 2 i \ / kt) 
C =  V2(«x -  A -  B)

I t  iJi (8)

where
r = e~klt, k. — aok2/ki, ft =  iJi(2iy/~K)/Hi1)( 2 i \ /'ic)

(b)
h

B

0 : ao
ao

C
0
y

(lib)

(9i)
(9Ü)

B +  D -
0 do

x x — y  do — y
The kinetic equations are

ƒ d(a0 — x)/dt  ~ —ki(ao — x)
\  dy/dt  =  k2(x — y) (do — y)

Integration of (9i) gives
x =  ao(l — e~hlt) 

then (9ii) becomes
dy/dt — k2(ao — aoe~hlt — y)(do — y)

This is also a Riccati equation which in general 
cannot be solved. However, it is known that if 
one particular solution yi is found, the equation 
can be reduced to linear form by the transforma­
tion y  =  yi =±= 1/v. Following Bruins7 yi =  do is 
obviously a solution, and

y  =  do — l  /v(t)
leads to an equation for v(t)

— a o k 2 (Ao hlt) v — k2

where X0 =  (a0 — do)/ao The solution of this 
linear differential equation in v is

r K(i-xo k) ”1
V = r“ Aok e*T I -------—---- r(X0K,fcr) +  (lOi)

where
t = e klit k — aok2/ki

and

T(n■*> ■ I . '
p - 1  e- i  d | (10Ü)

is the incomplete F-function.8 Evaluation of the 
arbitrary constant 7 by the initial condition gives

7-Xok e~KT
’ =  <U [ l  - e~K (l -  A0)kC1 ~ a»*){r(Xok.kt) -  r(XoK

( i i )

.«)}]

r \0K 0 “~ K T

Hence
A =  aoT

D  “  -  (1 -  Ao)k(!—A**){r(Aok,kt) -  r(X0K,K) J
C =  do — D 
B — a® — A — C
where

( 12)

r  =  e  k = a o k 2/ k u  A0 = (a o  —  d o ) / d o

(7) E. M. Bruins, Rec. trav. chim.., 59, 739 (1940).
(8) Values of I(x ,n ) =  T(n ,x)/T (n)  have been tabulated  by K. 

Pearson, “Tables of the Incom plete F-function,” H is M ajesty ’s 
Stationery Office, London, 1922.
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For the particular case when a0 = do, it is neces­
sary to return to (lOi) and in this case

v = eKT

where
[ - 1  — Ei(-Kr)  -f- Ei( — a ) } -f y 'J

. r°° ..-Et (-x)  = j  —  as

is the exponential integral, 9 and a  is some positive 
number. 10 Evaluation of y f by the initial con­
dition gives

0  K T

^  00 e~K -f- k { — E i ( — K T )  + E i(—/c)} ^
III. Bi-unimolecular Reaction.—One of the

two possible cases of consecutive bi-unimolecular 
reactions is

ki k2
2A — -> B — >  C (HI)

t — 0: a0 0
t : a0 — 2x x — y
The kinetic equations are

0
y

[  d(a° dt 2*) = fc(«. 2*)2 (13i)
l dy/dt  = k2(x — y) (13Ü)

Integration of (13i) gives
ao — 2x — ao/(l +  aokit) (14)

Then (13ii) becomes
dy  , L a02 kik2 
dt +  k 0  2 1 +  aokit 1 (15)

This linear equation has the solution
—  0—hily = e [¥*■*■ ƒ  r tek2t ( dt -f-

aod
hlk> f  t t S w d< = 1° Ke~“ [ f eKT dT - f a  dT]

=  -̂° [e*G — l) — ne~K EI(kt) ■+ const.]

where the exponential integral11

J-CO Ï
d£

And therefore
CLq

Thus the complete solution12 is
A — clo/ t

l e - A r - i )  +  ƒ] -  4

where

and

c  =  | [ 1 e-K( T- i )  —  J]

T  =  1 +  CLokit., K =  k 2/ a o k \

J  — K.e~KT{Ei(Kr) — Ei(n) }

(17)

(a) 2A - X  B

X  C2B
l = 0: ao 0 0
t : Xi x2 Xz

IV. Bi-bimolecular Reaction.—-Two particu­
lar cases of reactions of this type where solutions 
to the kinetic equations have been found are

(IVa)

(18i) 

(18ii) 

(18iii)

(19)

-  k2xl (20)

The kinetic equations are
dxi/dt =  —k&l
dX‘ — k x 2dt 2 1 22
dxz 
dt~a7 “  o *i

Integration of (18i) gives

Then
dx2
~d7

Xi

h

ao
1 -f- aokit

2 (1 +  aokit)'

+  aokit

The indefinite integral in the above expression for 
y  can be evaluated by a change of variable. Let

r =  1 +  aokit, and k — k2/aoki
then

This is also a Riccati equation13 and inspection 
shows that

cxa o

y  =  ~  [1 — Ke kt EUkt) +  y'etcil — r) ]2i
Evaluation of the constant 7 ' by the initial con­
dition y(0 ) =  0  gives
y — [1 — e ~ k(t—l) _  Ke-KT{Ei(KT) — Ei(i<)}] (16)

(9) “Tables of Sine Cosine and Exponential Integrals,” Federal 
Works Agency, New York, 1940; or E. Jahnke and F. Emde, 
“Tables of Functions,” loc. cit., pp. 6-9.

(10) Here the indefinite integral is changed to a definite integral 
with a lower limit a by changing the additive constant 7 ' to avoid 
the difficulty of infinite Ei(0).

(11) In Jahnke and Emde, loc. cit., this function is tabulated under 
the notation Ei(x).

1 +  Uokit
is a particular solution, where a is a constant so 
chosen as to satisfy the equation. Thus

“ =  è  ( i +  V 1  +  2k)- k = k*/ki

Let the general solution be
x2 = a 2 +  1 M t )

then the equation for v  will be
dv/dt — 2k2X 2v — k2 (21)

The solution to this equation is
v = rA*+1 F — —  r“/* -f 7"]L am  'J

where r = 1 +  aok it and \x = 2 qlk — 1 = y / l  +  2 k .

(12) The solution of this type of reaction has been previously 
reported by A. A. Balandin and L. S. Leebenson, Comp. rend. URSS., 
39, 2 2  (1943), but apparently they gave a wrong sign on J for both 
B and C.

(13) The equation (20) can also be solved by the following trans­
formation

1 d« - , .x2 =  t— 'jT* 1 +  aokit — esk2u -ctf
which leads to a second order linear equation in u with constant co­
efficients:

d 2U du ~ , ,,_ _ _ _ (£« =  0( k = fe/*l
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Determination of the arbitrary constant y from 
the initial condition x2(0) = 0 leads to

= - - raov L1 + +  1 (22)

Therefore

where
r = 1 -f- a0kit, k — k2/2ki, Ao — (ao — 2do)/ao

and T(n,x) is the incomplete T-function defined 
previously by (lOii). By the initial condition 
y(0) = 0, the constant y ' is evaluated and then

=['
ao j- I . i

^ 2 = 0 ----M +  1 —2 KT 1
2 ix

i i M ~  1
1 +  ----- j— 7  TM

A* + 1 J
y — dü

(23)

1 -
l -  ( + / - ° )  ( M ^ f r o  +  l, Xokt) -  r(K +  1, x„K) )

Therefore the complete solution is

(28)

Integration of (18iii) by using (18ii) 
gives

A = a0/r

D — do —  
1 -

TKe t

( Aq/c) «̂ XoacI F (k +  1, Aqkt) — r ( /c +  1, Aq/c) }

C =  do — D 
B =  l/ 2(ao -  A)  -  C
where

(29)

Thus the complete solution14 is
A =  a0/r

B ao _1 
2 KT

Oo
2 L2c  = -1 n 2 L

where
r = 1 -f- aok\t,

M +  1

A
2

2 n

1 + /* +  1 J
B

= k2/kl, jJL =  \ / 1 +  2/C

r  — 1 +  a o k i t ,  k  — k 2/ 2 k i ,  Ao =  ( a o  — 2 d o ) / a o

For the special case when A0 = 0, i. e., ao =  2do, 
equation (28) becomes indeterminate, but the 
solution is easily obtained from (27) where the in- 

( tegral gives an algebraic function of r, and the par­
ticularly simple result

is obtained.

T) — °y (■K +  1)r/c 
2 1 +  ktk+1 (29')

ki
(b) 2A — > B

£2
B +  D — >  C

t — 0: a 0 0 do 0
t : ao — 2x x — y do — y y
The kinetic equations are

ƒ d(a0 — 2k) / dt = — ki (ao — 2x) 
\  dy/dt  = k2(x — y)(do — y)

Integrating (25i) gives
ao — 2x =

Then (25ii) becomes

ao
1 +  aokit

(IVb)

(25i)
(25ii)

&  =  ö  1 a+ i h i t  -  y) {(k - y> (26)
As in the case lib , yi = do is obviously a solution of 
this Riccati equation, so

y  — do — 1 / v ( t )

leads to a linear equation in v
dv /1  alkit
d t  2 \2 1 +  a o k i t

The solution for v is
-  k2

or
V

l) = eXoKT T * f  — ( Q XoKT TK (Jt 4- "̂1
Lao J  J

g\ok t t ~ k (Aok) ~ k r(/c +  1, \ qkt) +  y ' J (27)

(14) The solution of this problem has been considered by J. 
Hirniak, Acta Physico-chimica URSS, 14, 613 (1941). He arrived 
at essentially the same result as (24) but through an entirely different 
and lengthy derivation. However, his b differs from u of this paper, 
which should be identical, because he overlooked the fact that four 
rmolecules not two of A are consumed to give one molecule of C.

Discussion
All the solutions obtained for the two step ir­

reversible consecutive reactions considered above 
have been expressed in terms of a dimensionless 
variable t and some dimensionless parameters de­
fined for each type of reaction in question. The 
general behavior of these solutions is shown in 
Figs. 1 and 2 for hypothetical reactions with k =  
0.5. For the reaction type lib  and IVb, equal 
initial concentrations for A and D are assumed. 
In these plots, 1/1 +  aokit is chosen as abscissa. 
This particular choice appears to be most suitable 
to show the different characters of the reaction 
mechanism. I t  is obvious that if the first step is 
bimolecular, the decay curve for A will be linear. 
A unimolecular step will result in a change of the 
direction of curvature in the formation curve of 
both B and C, while no inflection point will be 
found on the curve if the steps involved are bi­
molecular. Therefore, such a plot will give di­
rectly an insight into the reaction mechanism. A 
linear time scale is also attached on the top of each 
curve.

Experimentally the aim is always the evaluation 
of the rate constants of each step and thus an as­
signment of possible reaction mechanism. In 
view of the difficulties involved in a simultaneous 
evaluation of the two rate constants, it appears 
desirable to follow the decay of the initial com­
pound A. This will give the rate constant ki im­
mediately. The evaluation of k can then be made, 
by comparing the experimental formation curve of 
either the product C or the intermediate B, or the 
decay curve of the other starting compound D, to
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h\t.

1.0 0.8 0.6 0.4 0.2 0
[1 +

Fig. 1.—Uni-uni- and uni-bi-molecular reactions, a0 = 1, 
k =  0.5.

CLokit,
0 0.2 0.4 0.6 0.8 1.0 2 3 4 5 10 co

an empirical unimolecular equation with an ap­
parent induction period. For example, for a0 = 
2 and k =  0.5, the theoretical curve and an empiri­
cal equation like

C  =  1 -  e-0.253(r—1.50) (30)

agree very well from 15 to 90% completion of the 
reaction as shown in Table I. This case corre­
sponds to an apparent unimolecular rate constant 
of approximately half the true value of k2. As k 
decreases the agreement will be better, and finally 
when a0ki —a oo

lim
aoki

J  =  k2e~k2tlvm
oo a o k i—► co

J k̂it 
kj/aoki

aoki

k2e k2t lim
aoki

Therefore

ek2/aoki 
oo aoki = 0

Fig. 2.—Bi-uni- and bi-bi-molecular reactions, ao = 2, 
k = 0.5.

a set of computed curves. I t  might be men­
tioned here that for the special case of reaction 
type I, Swain15 has devised a graphical method of 
evaluating ki and k2 from a single experimental 
curve of (ao — A  +  C).

Experimental studies on the kinetics of consecu­
tive reactions have been handicapped by their 
complexity. The present analysis shows defi­
nitely that a separate determination of the kinetic 
behavior of the initial step leads to an essential 
simplication of the problem. With the value of 
a0 chosen as 1 or 2, depending on the reaction 
mechanism of the first step of the reaction, the 
graphs shown in Figs. 1 and 2, with different values 
of k can be constructed and can then be used to 
analyze all experimental data in any given case. 
This procedure amounts to plotting all experi­
mental values of concentrations relative to the 
concentration of the initial compound A and on a 
time scale of (1 +- ao&iO-1* A similar procedure 
has been used for the study of concurrent consecu­
tive reactions.16

It is interesting to note here that for the reaction 
type III, the formation curve of C as computed 
from equation (17) could well be represen tèd by

(15) C„ G. Swain, T h is  J o u r n a l , 66, 1696 (1944).
(16) C. Potter and R. R. McLaughlin, Can. J„ Research, B25, 

405 (1947).

C -------->  ~  (1 -  e~k2t)
aoki —■ > oo 2 V '

which is the unimolecular formation of C from B 
as would be expected.

T able  I

C omparison of E quations (17) and (30) for a0 =  2 and 
k  = 0.5

T C cf A%
1.0 0
1.4 0.029
1.8 .092 0.073 —21
2.2 .166 .162 —3.0
2.6 .242 .243 + 0 .4
3.0 .314 .316 + 0 .6
3.5 .398 .398 ±0.0
4.0 .473 .468 - 1 .1
5.0 .593 .588 - 0 . 8
6.0 .682 .680 - 0 .3
8.0 .794 .807 +  1.6

10.0 .855 .884 + 3 .4
20.0 .943 .991 + 5 .1

In conclusion, it is hoped that the solutions of 
irreversible consecutive reactions here presented 
will be, useful for the study of many organic re­
actions. Some of the results appear to be par­
ticularly simple to apply. The only limitation 
will lie in the reversibility of the reactions. For 
such cases the kinetic equations have not been 
integrated at the present moment.

Acknowledgment.—The author is indebted to 
Professor R. E. Langer of the Mathematics De­
partment, University of Wisconsin, for valuable 
suggestions and to Professor G. Glockler for a 
discussion of the topic involved.

Summary
1. Solutions in closed form for some two step 

irreversible consecutive reactions are presented, 
with the results expressed in terms of a dimension­
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less variable and dimensionless parameters. Uni- 
bi-, bi-uni- and bi-bi-molecular reactions are the 
cases considered.

2. Experimental evaluation of the rate con­
stants is discussed. A separate determination of 
the rate of decay of the initial substance is desir­

able for the interpretation of the mechanism and 
the evaluation of rate constants.

3. Practical applications of the results are 
limited only by the possible reversibility of the re­
action steps involved.
Iowa City, Iowa Received D ecember 9, 1947

[Contribution  from the M arion E dwards Park L aboratory of Bryn  M awr C o lleg e]

The Synthesis of Ring Systems Related to Morphine. I. 9,10-Dioxo-13- 
cyanomethyl-5,8,9,10,13,14-hexahydrophenanthrene

By Marshall Gates and William F. N ewhall

A synthesis of the ring system (I) present in 
morphine and its close relatives has not yet been 
achieved although a number of interesting at­

tempts have been reported.1 We have been 
engaged for some time in an attempt to synthesize 
derivatives of such a ring system which might be 
compared with certain degradation products of the 
morphine alkaloids. Such a synthesis would offer 
a rigorous solution to the question of the point of 
attachment of the ethanamine side chain of mor­
phine. The appearance in recent months of sev­
eral publications1* *c’d bearing on this general prob­
lem has prompted us to offer our results for publi­
cation.

We have developed a convenient synthesis for
9,10 - dioxo - 13 - cyanomethyl - 5,8,9,10,13,14- 
hexahydrophenanthrene (II) which appears to be 
flexible enough to allow the introduction of sub­
stituents into rings I and III by suitable choice of 
starting materials.

The starting point for the preparation of this 
substance is the 4- (carbethoxycyanomethyl) -1,2- 
naphthoquinone of Sachs and Craveri,2 which is 
available from ammonium l,2-naphthoquinone-4- 
sulfonate by an improved procedure in 91% yield. 
This material is reduced, hydrolyzed and decarb­
oxylated in one step giving 4-cyanomethyl-1,2-

(1) See, for example, (a) Holmes’ recent [T h is  J o u r n a l , 69, 2000 
(1947)] extension of (b) Fieser and Holmes’ [ibid. ,  60, 2548 (1938)] 
work; also the recent papers of (c) Horning, ibid .,  69, 2929 (1947); 
(d) Newman, ibid., 69, 942 (1947), (e) Grewe, Ber., 76, 1072, 1076 
(1943); (f) Ghosh and Robinson, J. Chem. Soc., 506 (1944); (g) 
Ganguly, Science and Culture, 7, 319 (1941); (h) Koelsch, Tuna 
Jo u r n a l , 67, 569 (1945), and others.

(2) Sacha and Craveri, Ber,, 38, 3685 (1905).

II
naphthohydroquinone in 91% yield. Dichromate 
oxidation of this hydroquinone in glacial acetic 
acid affords 4-cyanomethyl-1,2-naphthoquinone
(III)3 in 83% yield.

O

c h 2
I

CN
The quinone III condenses readily with buta­

diene in acetic acid to give the diketone II. Ex­
cellent quality adduct is readily obtained in 56% 
yield.4 Its formulation as II appears to be re­
quired by the fact that its azine IV, easily pre­
pared by condensation with 0-phenylenediamine, 
yields 1,2,3,4-dibenzophenazine (9,10-phenan- 
threnequinone azine) (V) on distillation with zinc 
dust.

Experiments are in progress on the reduction of 
II by a variety of methods. We hope to effect a

(3) The position of the cyanomethyl group in this substance has 
been conclusively demonstrated by Miss Elizabeth R. Carmichael, 
working in this laboratory on another problem, by hydrolyzing and 
decarboxylating the azine of this substance to 4-methyl- 1,2-naphtho- 
phenazine [Fieser and Bradsher, T his Journal, 61, 417 (1939)] 
which was compared with an authentic sample kindly furnished 
us by Professor Louis F. Fieser of Harvard University.

(4) Compare the work of Fieser and Bradsher, T h is Jo urnal, 
61, 417 (1939), in which 2,3-dimethylbutadiene was shown to add 
slowly to 4»bea*yl*-
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ring closure to the 9 position through the nitrogen 
atom.

We are also investigating the condensation of 
III  with other dienes, such as chloroprene, 2- 
ethoxybutadiene, piperylene, isoprene and others, 
and are in process of preparing derivatives of II 
and III  carrying hydroxyl and alkoxyl groups in the 
3 and 4 positions of II (5 and 6 positions of III).

We wish gratefully to acknowledge the help of a 
Frederick Gardner Cottrell Special Grant-in-aid 
from the Research Corporation with which a part 
of the expenses of this work have been defrayed.

Experimental Part5
4-C arb ethoxy cyanomethyl -1,2-naphthoquinone was

prepared from ammonium l,2-naphthoquinone-4-sulfon- 
ate6 by a modification of the method of Sachs and Craveri.2 
A solution of 20 g. of ethyl cyanoacetate in 300 cc. of 
methanol was added with vigorous stirring to a solution 
of 30 g. of ammonium l,2-naphthoquinone-4-sulfonate in 
500 cc. of water. Thirty cc. of 25% sodium hydroxide 
was then added, and the resulting deep purple solution, 
on acidification to congo red with 12 N  hydrochloric acid, 
yielded 28.8 g. (91%) of bright yellow material, m. p. 
129.9-130.4°.

4 -Cyanomethyl-1,2-naphthohydroquinone.—A solution 
of 20 g. of 4-carbethoxycyanomethyl-1,2-naphthoquinone 
in the minimum quantity of methanol was reduced by 
excess sodium hydrosulfite solution. After the color 
had been completely discharged, 30 cc. of 25% sodium 
hydroxide solution was added, and the mixture was re­
fluxed until a test portion turned clear red with no purple 
on exposure to air. This required about seventy minutes. 
While still warm the mixture was acidified to congo red, 
and on cooling 13.4 g. (91%) of 4-cyanomethyl-l,2-naph- 
thohydroquinone crystallized as colorless or pink needles, 
m .p . 220-227° with much decomposition. For analysis, 
a small sample was crystallized several times from dilute 
alcohol containing stannous chloride and a little hydro­
chloric acid and dried at 110° and 10“ 4 mm. Its melting 
point is not a reliable criterion of purity.

(5) All melting points are corrected.
(6) , “Organic Syntheses,” 21, 91 (1941).

Anal. Calcd. for Ci2H90 2N: C, 72.35; H, 4.55; N, 
7.03. Found: C, 72.36; H, 4.64; N, 6.63.

The hydroquinone is easily soluble in methanol, mod­
erately soluble in cold acetic acid, and sparingly soluble 
in cold benzene. It dissolves in concentrated sulfuric 
acid with the production of a deep blue color changing to 
blue-green, then to amber-green, finally to a clear amber- 
yellow.

4-Cyanomethyi-1,2-naphthoquinone (HI) was prepared 
by oxidation of the above hydroquinone as follows: A 
warm suspension of 13.4 g. of 4-cyanomethyl-l,2-naphtho- 
hydroquinone in 200 cc. of glacial acetic acid was treated 
with a solution of 6 g. of sodium dichromate in aqueous 
acetic acid. On cooling, the quinone separated as yellow 
needles (10.9 g., 83%), m. p. 190-194°, with decomposi­
tion. A small sample was recrystallized several times 
from alcohol and dried at 110° and 10~4 mm. for analysis, 
m. p. 191-194° with decomposition.

Anal. Calcd. for Ci2H70 2N: C, 73.08; H, 3.58.
Found: C, 73.22; H, 3.69.

The quinone is moderately soluble in methanol, spar­
ingly soluble even in hot benzene, and moderately soluble 
in glacial acetic acid. Its solution in concentrated sul­
furic acid is orange-yellow.

9 ,10-Dioxo-13-cyanomethyl-5,8,9,10,13,14-hexahydro­
phenanthrene (II).—A suspension of 3.0 g. of 4-cyano- 
methyl-1,2-naphthoquinone in 40 ec. of glacial acetic 
acid and 20 cc. of butadiene was heated for twenty-two 
hours in a pressure bottle suspended in an oil-bath main­
tained at 80-85°. After cooling and opening, the excess 
butadiene was removed and the acetic acid decanted from 
the well-formed light tan prisms of adduct, m. p. 176- 
180°, which had separated. Crystallization from meth­
anol with the aid of norite afforded 2.1 g. (56%) of color­
less prisms, m. p. 181-182°. A small amount of addi­
tional material could be obtained from the filtrate. For 
analysis, a small sample was crystallized several times 
from methanol and dried at 110° and 10~4 mm., m. p.
185.6-186.6°.

Anal. Calcd. for Ci6H130 2N: C, 76.47; H, 5.21.
Found: C, 76.40; H, 5.22.

The diketone II dissolves in concentrated sulfuric acid 
to give a pale yellow solution, and is soluble in aqueous 
alkali with the production of a yellow color. It is spar­
ingly soluble in cold methanol and in cold acetic acid.

The azine of 9 ,10-dioxo-13-cyanomethyl-5,8,9,10,13,14- 
hexahydrophenanthrene was prepared by refluxing 100 
mg. of the adduct described above with an equivalent 
amount of o-phenylenediamine in benzene containing a 
few drops of acetic acid. The solvent was removed and 
the residue in ether was extracted several times with dilute 
acid, twice with carbonate, dried and concentrated. The 
colorless solid residue (129 mg., m. p. 169-171.5°) was 
crystallized several times from methanol and dried at 
110° and 10~4 mm. for analysis, 60 mg., m. p. 173.3- 
173.8°.

Anal. Calcd. for C22H17N3: C, 81.70; H, 5.30; N, 
12.99. Found: C, 81.78; H, 5.63; N, 13.09.

The azine is sparingly soluble in cold benzene, moder­
ately soluble in methanol.

Zinc Dust Distillation of the Azine of 9,10-Dioxo-13- 
cyanomethyl - 5,8,9,10,13,14 - hexahydrophenanthrene.—
The azine of III (60 mg.), intimately mixed with zinc 
dust was heated at 350° (salt-bath) at atmospheric pres­
sure for one hour in a microsublimation apparatus. 
During this time a sublimate of bright yellow crystals 
(21 mg., m. p. 193-206°) appeared on the cold finger. 
Several recrystallizations from alcohol yielded 4 mg= of 
pale yellow needles, m. p. 223.4-223.9°, whose mixed 
m. p. with 9 ,10-phenanthrenequinone azine of m. p. 
223.9-224.4° was 223.4-224.9°.

Summary
A convenient preparation of 9,lQ-dioxo-13-
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cyanomethyl - 5,8,9,10,13,14 - hexahydrophenan- morphine ring system has been developed, 
threne as an intermediate and model compound Br y n  m a w r , P ennsylvania

for the synthesis of substances containing the * R eceived  F ebru ary  24, 1948

[C ontribution  from the Chemical L aboratory of I owa State  C ollege]

Amino Acid Conversion Products. IV. Some Substituted 3-Indoleacetic Acids and 
Some Substituted Phenylhydrazones of /3-Formylpropionic Acid1

B y  F ran k  J. St e v e n s2 and  S id n e y  W. F ox

The natural plant growth hormone, 3-indoleace- 
tic acid3 (heteroauxin), and the substituted phe­
noxyacetic acids4 have received much attention as 
stimulants of plant growth. A search of the 
literature does not reveal many syntheses of in- 
doleacetic acid derivatives for phytological studies. 
The indoleacetic acid derivatives containing the 
types of substitution which have been useful in the 
phenoxyacetic acid series, are of especial interest. 
The present paper deals with the preparation of a 
number of such substances.

For the compounds reported here, the reactions 
involved are typified by the sequence below. In 
this example, the chlorophenylhydrazone of levu­
linic ester was converted via Fischer’s ring closure5 
to the substituted indoleacetic acid

N n h /

NHNH2 +  CH3COCH2CH2COOC2H5-----
ZnCl2

NH N=C(CH 3)CH2CH2COOC2H5 -------

C— CH2 COOC2H5 KOH, CHgOH
II -----------------—>
C—  CH8

CL -C—CH2COOH

V  /C — CH3

n n h /
In attempts to cyclize /Lformylpropionic acid 

phenylhydrazones, there was obtained in some 
cases an anhydride of the type reported as a by­
product by Fischer in his experiments on cycliza­
tion of the phenylhydrazone of levulinic acid.6 
In the present study, ring closure of this type was 
obtained with the phenylhydrazone and ö-nitro- 
phenylhydrazone of /Lformylpropionic acid. The 
product in the case of the nitrophenylhydrazone 
was 4,5-dihydro-2- (o-nitrophenyl) -3 (2) -pyrida-
zone, represented by I.

N 0 2
_7 n -------

0 = C <  /C H  I
x CH2— c h /

-NsV

(1) From the thesis submitted by Frank J. Stevens to the Gradu­
ate School of Iowa State College in partial fulfillment of the require­
ments for the degree of Doctor of Philosophy.

(2) Department of Chemistry, Alabama Polytechnic Institute, 
Auburn, Ala.

(3) Thimann, Ann. Rev. Biochem4, 545 (1935).
(4) Zimmerman and Hitchcock, Contrib. Boyce Thompson Inst 

12, 321 (1941-1942).
(5) Fischer, Ber., 19, 1563 (1886).
(6) Fischer, Ann., 236, 147 (1886).

Of the compounds prepared in the present series, 
the 2-methyl-5-chloro derivative was more active 
in preliminary Pea Tests7 than the 2-methyl-5- 
chloro and 2-methyl-7-chloro or 2-me thyl-5, 7 - di - 
chloro derivatives of 3-indoleacetic acid.

The indoleacetic acids reported all are substi­
tuted in the 2-position. For the corresponding 
unsubstituted indoleacetic acids obtained from 
jö-formylpropionic acid, only the phenylhydra­
zones are recorded here. Ring closure has not 
been effected as readily with these latter com­
pounds as with the derivatives of levulinic acid. 
The synthesis of indoleacetic acid itself, however, 
has been accomplished, and work is continuing on 
this series.

Experimental
All in .p .’s were corrected.
All nitrogen analyses were made by the micro Dumas 

method.
Levulinic Acid ö-Nitrophenylhydrazone.—A hot solu­

tion of 7.65 g. (0.05 mole) of o-nitrophenylhydrazine8 in 
150 cc. of 20% acetic acid was added to 5.8 g. (0.05 mole) 
of levulinic acid (stores) in 200 cc. of hot water. The 
red-orange oil which precipitated crystallized upon cool­
ing; yield 10.2 g. (81%). The solid was recrystallized 
from ethanol with the addition of water; m .p . 149-150°. 
Two more such recrystallizations raised the m. p. to 150- 
150.5°.

Anal. Calcd. for C11H13O4N3: N, 16.7. Found: N,
16.9, 16.3.

Ethyl Levulinate o-Nitrophenylhydrazone.—Dry hydro­
gen chloride was bubbled rapidly into a solution of 1.00 
g. (0.0040 mole) of levulinic acid 0-nitrophenylhydrazone 
in 60 cc. of absolute ethanol, and the solution was re­
fluxed for two hours. The preparation was diluted with 
200 cc. of water and extracted with four 50-cc. portions 
of ether. The combined ether extracts were washed with 
sodium bicarbonate solution and water. After drying 
with Drierite the ether was distilled off and the residue 
was recrystallized from ethanol; yield 0.88 g. (80%), 
m. p. 57.5-58.5°. Recrystallization from ethanol with 
the addition of water gave orange crystals of m. p. 58.5- 
59°. A mixed m. p. with the ester prepared from ethyl 
levulinate9 and o-nitrophenylhydrazine showed no de­
pression.

Anal. Calcd. for Ci3H2704N3: N, 15.1. Found: N ,
14.9.

2-M ethyl-7-nitro-3-indoleacetic Acid.—To 20.0 cc. 
of a saturated solution of zinc chloride in concentrated 
hydrochloric acid solution, 2.0 g. (0.0071 mole) of the 
ester hydrazone was added and the mixture was refluxed

(7) Went and Thimann, “Phytohormones,” Macmillan Company, 
New York, N. Y., 1937.

(8) Müller, Montigel and Reichstein, Helv. Chim. Acta, 20, 1472 
(1937).

(9) Grote, Kehrer and Tollens, Ann., 206, 221 (1881).
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for one hour. The resultant solution was extracted with 
four 50-cc. portions of ether, and the combined extract 
was dried. The ether was distilled off and the residue 
refluxed with 25 cc. of 2% ethanolic sodium hydroxide for 
one hour. Twenty-five cc. of water was added and the 
alcohol was removed by distillation. The alkaline solu­
tion was then extracted with 100 cc. of ether, and the ex­
tract was discarded. The solution was made acid with 
dilute hydrochloric acid! solution, and extracted with 
three 50-cc. portions of ether. The combined ether ex­
tracts were dried and the ether removed by distillation; 
yield 0.47 g. (28%), the material decomposed about 
245 °. Recrystallization from acetic acid with the addition 
of water gave a material that melted 265° (dec.). The 
substance was soluble in ethanol, acetic acid, and sodium 
bicarbonate solution, but insoluble in water.

Anal. Calcd. for CnHio04N2: N, 12.0. Found: N,
11.9, 11.8.

Other treatments which were unsuccessfully tested for 
ring closure were: heating with zinc chloride alone, and 
in boiling xylene, and heating with aluminum chloride in
hexane.

Ethyl Levulinate o-Chlorophenylhydrazone.—A hot
solution of 17.9 g. (0.10 mole) of o-chlorophenylhydrazine 
hydrochloride,10 8.5 g. (0.104 mole) of sodium acetate, 
and 25 g. of acetic acid in 200 cc. of water was slowly 
added to 14.4 g. (0.10 mole) of ethyl levulinate in 300 cc. 
of hot water. The light yellow oil, which immediately 
precipitated, solidified after cooling. The precipitate 
was filtered and washed with water; yield 25.5 g. (95%). 
Recrystallization from ethanol with the addition of water 
gave a white crystalline precipitate of m. p. 58.5-59.5°. 
The material was unstable, however, and soon turned to 
a dark oil. Kögl and Kostermans11 reported that levulinic 
acid £-tolylhydrazone behaved similarly. The chloro- 
phenylhydrazone was not analyzed.

2 -Methyl-7-chloro-3-indoleacetic Acid.—A mixture of 
3.0 g. (0.012 mole) of freshly prepared o-chlorophenyl- 
hydrazone and 15 g. of zinc chloride was heated at 100° 
for one hour, and the melt was dissolved in 50 cc. of 1 N  
hydrochloric acid solution. The brown oil which sepa­
rated was extracted with two 100-cc. portions of ether. 
The ether extract was dried with Drierite and evaporated. 
The residual brown oil was refluxed for forty minutes 
with 25 cc. of 10% methanolic potassium hydroxide.

After addition of 50-cc. of water, the methanol was 
removed under reduced pressure by distillation. The 
aqueous solution was extracted once with ether, and 
acidified with hydrochloric acid solution, whereupon a 
brown oil precipitated. This was taken up in ether and 
shaken with half-saturated sodium bicarbonate solution. 
The bicarbonate layer was separated and acidified. The 
brown oil which resulted was extracted from its aqueous 
suspension with four 50-cc. portions of ether. The com­
bined ether extracts were dried with Drierite and the 
ether was distilled off under reduced pressure. The 
residue was dissolved in acetic acid, decolorized with 
Norit and concentrated in a vacuum desiccator over sodium 
hydroxide. The solid obtained was 0.8 g. (30%) with a 
m. p. of 157-159°. The material was recrystallized thrice 
from benzene, and once from benzene with addition of 
hexane after decolorization. There resulted white slender 
needles of m. p. 164-164.5°.

Anal. Calcd. for CnHuANCl: C, 59.06; H, 4.51;
N, 6.26; neut. equiv., 223.5. Found: C, 59.45; H,
4.47; N, 6.12, 6.36; neut. equiv. (phenolphthalein), 
226, 225. A 7.5-g. portion of ester hydrazone, treated 
as above, yielded 2.7 g. (43%) of crude product.

The products gave a test with Ehrlich reagent which 
was negative in the cold but positive upon warming.

Ethyl Levulinate £-Chlorophenylhydrazone.—This com­
pound was prepared in 63% yield in the same way as the 
o-chlorophenylhydrazone by use of the £-chlorophenyl- 
hydrazine.8 The unstable product, when freshly pre-»

(10) Hewitt, J. Chem. Soc., 09, 209 (1891).
K ö g l  K o s m b w b »! Z * p h y ?i°L  Ghnme:, 9 9 S ,  21q ( 1935 ) ,

pared, had a m. p. of 104-106°. An earlier preparation 
of this compound12 recorded a m. p. of 112-113°.

2 -M ethyl -5 -chloro -3 -indoleacetic Acid.—Six grams
(0.022 mole) of crude ester was mixed thoroughly with 
36 g. of zinc chloride and heated in an oil-bath at 125- 
135° for one hour. The solidified melt was distributed 
between 80 cc. of 1 N  hydrochloric acid and 100 cc. of 
ether. The acid layer was further extracted with ether 
until a negative test with Ehrlich reagent was obtained 
(three 100-cc. portions of ether). The combined ether 
extracts were evaporated, after drying, and the residue 
was refluxed for twenty minutes with a solution of 3.0 
g. of potassium hydroxide in 25 cc. of methanol.

The solvent was diluted with 50 cc. of water, and the 
alcohol removed under vacuum. The solution was 
extracted with 100 cc. of ether and the extract was dis­
carded. The solution was then acidified with hydro­
chloric acid and the oily liquid was extracted with ether 
until the indole test was negative. The substance was 
shaken from the ether into 100 cc. of half-saturated sodium 
bicarbonate solution, which was separated and carefully 
acidified. The oily precipitate was extracted with four 
100-cc. portions of ether. The extract was dried and the 
ether was distilled off from a residue of 2.2 g. (45%) 
of m. p. 183-186° (dec.). Recrystallization from benzene 
with addition of hexane gave 1.8 g. of m. p. 190° (dec.). 
Another recrystallization did not raise the m. p.

Anal. Calcd. for ChHi0O2NC1: C, 59.06; H, 4.51; 
N, 6.26; neut. equiv., 223.5. Found: C, 58.94; H, 
4.34; N, 6.36, 6.37; neut. equiv., 221, 224.

The acid was soluble in alcohol, ether and benzene, 
insoluble in water and hexane.

Ethyl Levulinate 2,4-Dichlorophenylhydrazone.—A hot 
solution of 9.3 g. (0.044 mole) of 2,4-dichlorophenyl- 
hydrazine hydrochloride,13 30 g. of acetic acid and 4.5 g. 
of sodium acetate in 100 cc. of water was added to a solu­
tion of 7.5 g. (0.052 mole) of ethyl levulinate in 200 
cc. of water. The light brown oil which separated 
crystallized on cooling. The crystals were collected, 
washed with ethanol, and dried in a vacuum desiccator. 
The yield was 12.2 g. (91%), m. p. 74-76° (dec.). 
This hydrazone, also, decomposed in the air.

2-Methyl-5,7-dichloro-3-indoleacetic Acid.—Ten grams 
(0.033 mole) of ester hydrazone was heated with 50 g. of 
anhydrous zinc chloride at 165-170° for one hour. The 
solidified melt was distributed between 100 cc. of ether and 
100 cc. of 1 N  hydrochloric acid. The acid solution was 
extracted with three 100-cc. portions of ether. The 
combined ether extracts were dried and the ether was 
evaporated. The residue was refluxed with 5 g. of potas­
sium hydroxide dissolved in 50 cc. of methanol for twenty 
minutes. None of the extracts gave a positive indole 
test.

After addition of 50 cc. of water, the methanol was 
removed under reduced pressure. The basic solution 
was extracted with ether, and the extract discarded. 
The solution was then acidified with dilute hydrochloric 
acid and the oil which separated was extracted with three 
100-cc. portions of ether. The combined extracts were 
shaken with 100 cc. of half-saturated sodium bicarbonate 
solution, the latter separated, carefully acidified, and 
extracted with three 100-cc. portions of ether. After 
drying, the extract was concentrated to 3.2 g. (38%) 
of solid of m. p. 215° (dec.). Recrystallization from 
benzene by addition of hexane raised the m. p. to 220- 
221° (dec.).

Anal. Calcd. for CnH 90 2NCl2: C, 51.16; H, 3.52; 
N, 5.43; neut. equiv., 258. Found: C, 50.81; H,
3.33; N, 5.42, 5.36; neut. equiv., 262, 260.

Substituted Phenylhydrazones of fi-J?ormylpropionic 
Acid.—The phenylhydrazones of fi-iormylpropionic acid 
were prepared from the acid14 with the phenylhydrazines

(12) Sah, Lei and Shen, Sci. Repts. Natl. Tsing Hua Univ., [AJ % 
7 (1933); C. A., 27,4222 (1933).

(13) Chattaway and Pearse, /. Chem. Soc., *97, 33 (1915).
(14.) L angheid , B ar,. 4%, 2371 (1909).
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described above, in about 60% yield. The m. p .’s and 
N contents of those not found in the literature are pre­
sented in Table I.

T able  I

Phenylhydrazones of /3-Formylpropionic A cid

Substituents of M. p., °C. 
cor., dec.

Nitrogen, %
phenylhydrazine Calcd. Found
2-Nitro 155-156 17.7 17.4 17.4
2-Chloro 180-185.5 12.4 12.3 12.2
2,4-Dichloro 181-182 10.7 10.4 10.6

4,5 -Dihydro-2 - (o-nitrophenyl) -3 (2) -pyridazone.—One 
gram (0.0042 mole) of the o-nitrophenylhydrazone of ft- 
formylpropionic acid was dissolved in concentrated sul­
furic acid. After twenty-four hours at room tempera­
ture, the solution was poured into a large amount of 
water. The aqueous solution was extracted with ether, 
and the ether extract dried with Drierite. The ether was 
allowed to evaporate and the residue crystallized from hot 
benzene. There was obtained 0.5 g. (54%) of crystals 
of m. p. 99-102°. Several recrystallizations from ethanol 
with addition of water raised the m. p. to 101.5-102°. 
The compound was not soluble in 5% hydrochloric acid

solution, nor immediately soluble in cold 5% sodium hy­
droxide solution. It dissolved slowly in cold, rapidly in 
hot, sodium hydroxide solution to give a deep red-brown 
solution. The color of the solution changed to yellow 
upon acidification. Analysis indicated this compound to 
be the pyridazone.

Anal. Calcd. for C10H9O3N3: N, 19.2. Found: N,
19.4, 19.2.

Acknowledgments.—Dr. S. W. Loo, now of the 
Botany Department of the University of Peking, 
was very helpful in the testing of the compounds. 
We are indebted to General Mills for a generous 
supply of technical grade glutamic acid.

Summary
The preparation of a series of substituted 2- 

methyl-3-indoleacetic acids and of a series of sub­
stituted phenylhydrazones of /5-formylpropionic 
acid has been described.
Am es, Iowa R e c e iv e d 15 A pril  8, 1948

(15) Original manuscript received July 10, 1947.

[Contribution  from Phillips Petroleum  C ompany, R esearch  D epartm ent]

Relative Rates of Propylation of Monoalkylbenzenes
B y F rancis E. C ondon

Repeated observations by many workers that 
monoalkylation of benzene is accompanied by con­
siderable polyalkylation have indicated that aro­
matic alkylation, like halogenation1 and nitration,2 
is faster for an alkylbenzene than for benzene.3 
As indicated by Francis and Reid,4 the rate of 
alkylation of a monoalkylbenzene relative to that 
of benzene can be evaluated from the composition 
of the reaction mixture. Although they favored 
the view that the rates are equal, some of their cal­
culations showed that, under some conditions, ben­
zene appeared to be twice as readily ethylated as 
ethylbenzene.5 They pointed out, however, that 
this may not represent the true relative reactivities 
of benzene and ethylbenzene because the reaction 
mixture was not homogeneous and because of the 
possibility of simultaneous dealkylation of poly­
ethylbenzenes.

In the work reported herein, the rates of propy­
lation of toluene, ethylbenzene, cumene and t- 
butylbenzene relative to the rate of propylation of 
benzene were determined, in competition-type 
experiments, in homogeneous reaction mixtures 
and under conditions which were shown to be in­
effective for dealkylation of the polyisopropyl-

(1) de la Mare and Robertson, J. Chem. Soc., 279 (1943).
(2) Ingold, Lapworth, Rothstein and Ward, ibid., 1959 (1931).
(3) See, for example, Fieser and Fieser, “Organic Chemistry,” 

D. C. Heath and Co., Boston, 1945, p. 535; Price, in “Organic Re­
actions,” Vol. Ill, John Wiley and Sons, Inc., New York, 1946, p. 5.

(4) Francis and Reid, Ind. Eng. Chem., 38, 1194 (1946).
(5) Coincidentally, relative rates calculated from the data of 

Slanina, Sowa and Nieuwland, T h is  J o u r n a l , 57, 1547 (1935), 
indicate that benzene is apparently about twice as readily propylated 
as cumene.

benzenes produced. In one series of runs, boron 
fluoride etherate, which is completely miscible 
with these hydrocarbons, was used as a catalyst. 
In other runs, aluminum chloride was the catalyst 
and nitromethane was the solvent.6

I. Experimental Part
Materials.—Commercial C. p. benzene and toluene were 

distilled, discarding the first and last ten per cents., 
approximately.

Ethylbenzene, £ -cymene (both Eastman Kodak Co. 
White Label) and Lbutylbenzene (from hydrogen fluoride 
alkylation of benzene with isobutylene) were distilled in 
a Podbielniak Hypercal column with Heligrid packing7; 
only middle fractions of constant boiling point were used.

Nitromethane from the Commercial Solvents Corpora­
tion was distilled from an ordinary Claisen flask and the 
first and last ten per cents., approximately, were dis­
carded.

Boron fluoride etherate was obtained from Eastman 
Kodak Company. The formula BF3-(C2H5)2C) was 
assumed.

Reagent quality anhydrous aluminum chloride was 
used.

The propylene was a high-purity product of Phillips 
Petroleum Company.

Alkylation Procedure.—Alkylation was carried out in 
a 500-cc. flask provided with a mercury-sealed Hershberg 
stirrer,8 an inlet tube for propylene, a thermometer, and 
a reflux condenser, the top of which communicated 
through a Drierite-filled drying tube with a water-bubbler 
that indicated any escape of propylene. The flask was 
charged with a mixture of 100-150 g. of aromatic hydro­
carbons and boron fluoride etherate or nitromethane and 
aluminum chloride. The stirrer was started and the

(6) Schmerling, paper presented before the Petroleum Division, 
ACS Meeting, New York, September, 1947.

(7) Podbielniak, Ind. Eng. Chem., Anal. Ed., 13, 639 (1941).
(8) Hershberg, ibid,, 8, 313 (1936).
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temperature of the mixture was adjusted to 40 ° by a water- 
bath. Propylene, dried with Drierite, was introduced 
above the surface of the mixture only as rapidly as it was 
absorbed. After two and one-half to five hours in the 
boron fluoride runs, or one-half to three hours in the 
aluminum chloride runs, the addition of propylene was 
stopped, and the catalyst was washed out with water and 
with sodium hydroxide solution. Enough of the latter 
was used to remove all nitromethane. After a final wash 
with water, the mixture was dried with calcium chloride. 
Tests showed that this rather extensive treatment did not 
alter the composition of mixtures of aromatic hydrocar­
bons; and recoveries after fractional distillation quite 
generally reached 96-97 mole per cent, of the aromatics 
charged.

Analytical Procedure.—The products were analyzed 
by fractional distillation in a Podbielniak Hypercal col­
umn. Cut points were selected on the basis of analyses of 
mixtures of known composition. A high-boiling residue, 
generally less than 10% of the material distilled, was not 
completely analyzed, but its molecular weight was deter­
mined cryoscopically in benzene or, in many cases, was 
estimated from its probable composition as a mixture of 
polyalkylbenzenes, so that the composition of the total 
mixture could be computed in mole fractions.

Calculations.—The relative rate of propylation 
(benzene = 1) was calculated for toluene, ethyl­
benzene and +butylbenzene by the well-known 
formula2

k'/k =  log (c'/Co)/log (c/co)
derived from the rate equations for irreversible 
propylation

dc/dt = — &(C3H6)c and dc'/dt — — &'(C3H6)c'
in which c0 and c, and Co and c \ are initial and 
final mole fractions of benzene, and of alkylben- 
zene, respectively, in the hydrocarbon part of the 
reaction mixture. The relative rate of propyl­
ation of cumene was evaluated from the formula 

log (c +  c' — (k'/k)c') =  (k'/k) logc
which was derived (for a reaction mixture initially 
containing no cumene) from the rate equations
dc/dt =  —&(C3H6)c and dc'/dt =» £(C3H6)c -  &'(C3H6)c'
and which is equivalent to the formula derived by 
Francis and Reid.4

Tests for Dealkylation.—Three experiments 
were made to determine if dealkylation of poly­
isopropylbenzenes occurred during propylation 
of benzene, inasmuch as such dealkylation would 
lead to too low a relative rate of propylation of 
cumene.

Experiment 1.—A homogeneous mixture of ben­
zene (508 g., 76.0 mole per cent.), polyisopropyl­
benzenes (mol. wt. =  200; mainly triisopropyl­
benzenes obtained by vacuum distillation of accu­
mulated residues boiling above 215° from ben­
zene-propylene alkylations) (125.5 g., 7.3 mole 
per cent.), nitromethane (83.0 g., 15.7 mole per 
cent.), and aluminum chloride (10.8 g., 1.0 mole 
per cent,) was stirred at 40° for several hours and 
samples were withdrawn at intervals for analysis. 
The results were
Time, minutes 0 33 95 181 323 555
Composition, 

wt. %
Benzene

Diisopropyl­
benzenes 1.5 2.1  2.0 1.6 1.9 2.2

Residue 18.9 18.3 18.2 18.2 18.4 18.6

No cumene was found in any of the samples, nor 
did the composition of the mixture apparently 
change.

Experiment 2.—A homogeneous mixture of ben­
zene (304.6 g., 59.9 mole per cent.), polyisopropyl­
benzenes (76.2 g., 5.8 mole per cent.), nitrometh­
ane (111.0 g., 27.9 mole per cent.), and aluminum 
chloride (55.7 g., 6.4 mole per cent.) was treated as 
in Expt. 1. The results of analysis of samples 
were
Time, minutes

Benzene 
Composition, Cumene

wt. % Diisopropylbenzenes
Residue

0 33 136
80.0 77.9 76.3

2 .4  5.1
0.9 3.2

20.0 18.8 15.4

Depropylation took place under these conditions. 
The conditions of this experiment were, however, 
more conducive to depropylation than the con­
ditions used in the propylation experiments. The 
concentrations of both the polyisopropylbenzenes 
and the catalyst were higher than in the propyla­
tion runs.

Experiment 3.—A homogeneous mixture of ben­
zene (61.3 mole per cent.), ^-cymene (21.7 mole 
per cent.), nitromethane (15.8 mole per cent.), and 
aluminum chloride (1.2 mole per cent.) was stirred 
at 65° and propylene was passed into it for two 
hours. The catalyst was washed out with water 
and the nitromethane with sodium hydroxide solu­
tion, and the alkylate was dried and analyzed by 
fractional distillation. No toluene was found, 
indicating that depropylation of the cymene did 
not take place; furthermore, the recovered cy­
mene was pure p-cymene, with no o- and no ra­
cy mene, indicating that no depropylation of the 
isopropylcymenes produced in the reaction took 
place.

In addition, it is noteworthy that no xylenes 
were found among the products of propylation of 
toluene-containing mixtures, indicating that no 
demethylation took place during propylation; 
and no diethylbenzenes were found among the 
products of propylation of ethylbenzene-contain­
ing mixtures, indicating that no deëthylation took 
place.

II. Results
The results from 51 competition experiments are 

summarized in Table I. In the first row are aver­
ages of two runs each in which the reaction mix-

T ab le  I
R elative  R ates of Propylation  at 40° (Benzene =  1)

Catalyst 
Boron fluoride

Toluene
Ethyl­
benzene Cumene

/-Butyl-
benzene

2 .0 9 ± 1.73 ± 1.23 ±
0.10 0.06 0.06

2 .1 0 ± 1.81 ± 1 .69± 1.40 ±
0.15 0.14 0.05 0.1679.6 79.6 79.8 80.2 79.7 79.2

Aluminum chloride
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tures contained 27 mole per cent, boron fluoride 
and 27 mole per cent, diethyl ether. In the second 
row are averages of from 7 runs in the case of t- 
butylbenzene to 19 runs in the case of cumene, for 
aluminum chloride concentrations of 1.0 to 7.7 
mole per cent, and nitromethane concentrations 
of 12.7 to 42 mole per cent. No dependence of the 
rate ratios on either of these concentrations could 
be found in runs in which one was varied while the 
other was held constant, although the results for 
any one compound were quite scattered, as is indi­
cated by the rather large average deviation from 
the mean. This scattering is attributable to limi­
tations in the analytical method (fractional distil­
lation) . The fact that the relative rates were in­
dependent of the aluminum chloride concentra­
tion, within experimental error, whereas the rate 
of depropylation was demonstrated to be depend­
ent on the aluminum chloride concentration (see 
Experimental Part), indicates that not enough de­
propylation was taking place in those runs in 
which the conditions were most favorable for it 
(high aluminum chloride concentration and long 
contact time) to influence detectably the apparent 
relative rates. (Noteworthy here are results of 
some preliminary attempts to measure relative 
rates of alkylation with isobutylene. I t ap­
peared that /-butylbenzene was three to six times 
as readily butylated as benzene when the alumi­
num chloride concentration was about 4 mole per 
cent, but 12-14 times as readily when the catalyst 
concentration was only 1.3 mole per cent. The 
lower apparent relative rate is attributable to a 
greater amount of dealkylation, which would be 
easier for a /-butyl than for an isopropyl group, in 
the presence of the greater catalyst concentration.)

III. Discussion
The relative rates of propylation of the alkyl- 

benzenes listed in Table I are in the same order as 
their relative rates of chlorination and bromi­
nation.1 In order to account for this order of re­
activity, both steric hindrance in the ortho posi­
tion, increasing with the size of the alkyl group, 
and a no-bond resonance involving the a-hydrogen 
atoms of the alkyl group have been suggested.9

(9) See Berliner and Bondhus, T h is  J o u r n a l , 68, 2355 (1946), 
for a review and additional references.

The most important factor in propylation appears 
to be steric hindrance in the ortho positions. The 
propylation of toluene gives 31% o 25% ra-, and 
44% ^-cymene,10 and the propylation of cumene 
gives 7% o 43% ra-, and 50% /?-diisopropylben- 
zene11; and, relative to one position in benzene, 
the rate of propylation of toluene is 6 X 2.10 =  
12.6, and that of cumene is 6 X 1.69 =  10.1; so 
that the relative rate of propylation of toluene in 
an ortho position is 12.6 X 0.31/2 =  1.95, and the 
relative rate of propylation of cumene in an ortho 
position is 10.1 X 0.07/2 = 0.35; similarly, the 
relative rates of propylation of toluene and cu­
mene in a meta position are 12.6 X 0.25/2 =  1.6 
and 10.1 X 0.43/2 = 2.2, respectively, and in the 
para position, 12.6 X 0.44 = 5.5 and 10.1 X 0.50 
= 5.1, respectively.12 That is, the rates of propy­
lation in the meta and para positions are approxi­
mately the same for toluene and cumene, whereas 
the rate of propylation in an ortho position of cu­
mene is only about one-sixth the rate of propyla­
tion in an ortho position of toluene, and the differ­
ence, which is attributable to steric hindrance, is 
sufficient to account for all the difference in re­
activities of toluene and cumene.

Acknowledgment.—Phillips Petroleum Com­
pany made possible the publication of this 
work.

Summary
The relative rates of propylation of benzene, 

toluene, ethylbenzene, cumene and /-butylbenzene 
are 1, 2.1, 1.8, 1.7 and 1.4, respectively. Steric 
hindrance in the ortho positions, increasing with 
the size of the alkyl group, appears to be the prin­
cipal cause of the differences in rates of propylation 
of the alkylbenzenes.
Bartlesville, Oklahoma R eceived  F ebruary  2, 1948

(10) Simons and Hart, ibid., 69, 979 (1947). Averages were 
taken of all the values reported.

(11) Melpolder, Woodbridge and Headington, ibid., 70, 935 
(1948).

(12) It is supposed that the isomeric dialkylbenzenes are formed 
principally by direct alkylation at the various available positions, 
and not to any great extent by isomerization nor by dealkylation 
of trialkylbenzenes as suggested by Price and Ciskowski, ibid., 
60, 2499 (1938).
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[C o n t r i b u t io n  N o . 2 4 1  f r o m  t h e  C h e m ic a l  D e p a r t m e n t , E x p e r i m e n t a l  S t a t io n , E . I .  d u  P o n t  d e  N e m o u r s  &
C o m p a n y ]

Interchange Reactions of Orthothioformates and Mercaptoles
B y  W . E. M ochel, C. L. A g r e 1 and W. E. H a n fo rd -

Interchange reactions of carboxylic esters and 
alcohols have been known for some years,3 and 
the related interchanges in the cases of ortho es­
ters4 and of ketals5 have been reported. Work in 
this Laboratory has now shown that oxygen-for- 
sulfur interchanges in orthiothioformates and mer­
captoles6 can be readily carried out, furnishing a 
convenient means of preparation of orthoformates 
and ketals.7 Thus, in the presence of a catalyst 
such as zinc chloride the following reactions take 
place.
HC(SC2H5)3 +  3RO H----^ HC(OR)3 +  3C2H5SH (1)
(CH3)2C(SC2H5)2 +  2R O H ----

(CH3)2C(OR)2 +  2C2H5SH (2)
Since the orthothioformates and mercaptoles are 
easily prepared in nearly quantitative yields, the 
corresponding orthoformates and ketals fre­
quently can be prepared more easily by the above 
reactions than by more conventional means. 
These interchanges were found to be equilibrium 
reactions and can be shifted to give high yields of 
the desired ortho esters or ketals by removal of 
the low-boiling thiol. Evidence for the reverse 
of reaction (1) above exists in the reported prepa­
ration of an orthothioformate from ethanedithiol 
and ethyl orthoformate,8 with the liberation of 
ethanol, but the equilibrium nature of the reaction 
was not demonstrated. These reactions are nor­
mally very slow, but they may be greatly accel­
erated by Friedel-Crafts type catalysts. While 
strong acids, such as sulfuric or ^-toluenesulfonic, 
at elevated temperatures were found to decom­
pose the oxygen ortho esters in some cases,9 form­
ing normal esters and the corresponding ethers, 
such catalysts were satisfactory for the prepara­
tion of ketals. However, the ketals should not 
be worked up in the presence of acid since they 
may be converted to unsaturated ethers.10

The mechanism of these reactions has not been 
established. However, from the type of catalyst 
involved it would appear that the mechanism is

(1) Present address: St. Olaf College, Northfield, Minnesota.
(2) Present address: The M. W. Kellogg Company, New York, 

N. Y. .
(3) Fehlandt and Adkins, T his Journal, 57, 193 (1935); Hatch 

and Adkins, ibid., 59, 1694 (1937).
(4) (a) Hunter, J. Chem. Soc., 125, 1389 (1924); (b) Post and

Erickson, T h is  J o u r n a l , 55, 3851 (1933); (c) Helferich and
Reimann, Ber., 80,163 (1947).

(5) Post, T h is  J o u r n a l , 55, 4176 (1933).
(6) Hanford and Mochel, U. S. Patent 2,229,651 (1941); Mochel, 

U. S. Patent 2,229,665 (1941).
(7) Interchange reactions of thiol esters with alcohols and, less 

readily, with thiols, were also demonstrated during the course of this 
research.

(8) Hurtley and Smiles, J. Chem. Soc., 2263 (1926).
(9) Cf. Staudinger and Rathsam, Helv. Chim. Acta, 5, 645 (1922).
(10) Killian, Hennion and Nieuwland, Tm s J o ur n a l , 57, 544 

(1935).

ionic in nature and may be identical with that for 
the acid-catalyzed formation of ketals from ke­
tones and orthoformates. Post has proposed a 
mechanism for the latter reaction11 and, by anal­
ogy, the following stepwise addition mechanism 
may be postulated for the reaction of an alcohol 
with ethyl orthothioformate.
HC(SC2H5)3 +  H + HC(SC2H5)2S(H +)C2H5 

ROH
C2H5SH +  HC+(SC2H5)2 -̂ 7— *  HC(SC2H5)2OR +  H + 

HC(SC2H5)2OR HC(SC2H5)(OR)2 ^ z t  HC(OR)3
In support of the proposed stepwise addition 
mechanism in the mercaptole interchange is the 
the isolation of a high-boiling, sulfur-containing 
compound believed to be the monothioketal. In 
the mercaptole reaction, however, there is the 
possibility of formation of an unsaturated sulfide 
by the elimination of one mole of thiol,12 followed 
by the audition of alcohol to give a monothioke­
tal13 which could disproportionate to yield the 
ketal and mercaptole.14 15 However, no sulfur com­
pounds boiling in the range of the expected unsatu­
rated sulfides were found in the reaction mixtures.

CHS CH3
I - C 2H6SH I +R O H

CHs— C(SC2H 5)2------------- >  CH2= C —SC2H5---------->
CHs

CH3— SC2Hb — >  (CH3)2C(OR)2 +  (CH3)2C(SC2H6)2

OR
Experimental

Ethyl Orthoformate.—A mixture of 98 g. (0.5 mole) of 
ethyl orthothioformate16 and 92 g. (2.0 moles) of absolute 
ethanol was refluxed with 2 g. of fused zinc chloride for 
ten hours while 90% of the theoretical amount of ethane- 
thiol was slowly removed by distillation at 35-37 ° through 
a 20-inch Fenske ring-packed column with adjustable 
take-off head. The remaining material was distilled and, 
after removal of the excess ethanol, 49 g. (66% yield) 
of ethyl orthoformate was collected at 144-146°, w24d 
1.3917.

Butyl Orthbformate.—A mixture of 39.2 g. (0.2 mole) 
of ethyl orthothioformate and 59 g. (0.8 mole) of n- 
butanol was refluxed with 1 g. of fused zinc chloride for 
six hours during which time 91% of the theoretical thiol 
was liberated and removed by distillation. The reaction 
mixture was cooled and washed with water to remove the 
catalyst. The product was dried with anhydrous sodium 
sulfate and distilled to yield 12 g. (46%) of butyl ortho­
formate distilling at 240-244°, w23d  1.4198.

From a mixture of 58.8 g. (0.3 mole) of ethyl ortho­
thioformate and 89 g. (1.2 moles) of w-butanol refluxed

(11) Post, J. Org. Chem., 5, 244 (1940).
(12) Sporzynski, Arch. Chem. Farm., 3, 59 (1936).
(13) Norris, Verbanc and Hennion, T h is  J o u r n a l , 60, 1159

(1938).
(14) Wenzel and Reid, ibid., 50, 1090 (1937).
(15) Prepared in nearly quantitative yield from ethyl formate

and etbanethiol by the method ol Holmberg, Ber., 40, 1740 (1907).
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with 1 ml. of concentrated sulfuric acid for thirty minutes 
and then distilled there was obtained nearly the theoretical 
yield of ethanethiol at 35-40°. Fractionation of the resi­
due directly gave 30 g. (98% yield) of «-butyl formate, 
b. p. 107-110°, « 25d 1.4896, and 36 g. (93%) of «-butyl 
ether, b. p. 140-141°, « 25d  1.4005.

2,2 -Dimethoxybutane.—A mixture of 178 g. (1 mole) 
of 2,2-di-(ethylmercapto)-butane,16 128 g. (4 moles) 
of methanol and 3 g. of hydrogen chloride was heated 
under a 20-inch Fenske ring-packed column with adjust­
able take-off head, and ethanethiol was removed as formed. 
After fourteen hours, 119 g. of distillate had been removed 
at 35-40°. By iodine titration this was shown to contain 
85% of ethanethiol, indicating that 82% of the theoretical 
ethanethiol had been removed. The residue was made 
very slightly alkaline with sodium methoxide and dis­
tilled. At 40-65° there was collected 98 g. of methanol 
and methanol/ketal binary. The column was then put 
under 100 mm. pressure and a fraction taken off at 50- 
51° (100 mm.). This consisted of 58 g. (49% yield) of 
2,2-dimethoxybutane,17 « 31d  1.3878. An additional 5 
g. was obtained by pouring the methanol fraction into a 
large volume of water, separating and distilling the or­
ganic layer. Assuming a stepwise exchange with a com­
plete first step, the yield of ketal isolated was 83% of 
theoretical as indicated by thiol obtained. A high boiling 
fraction, 93-102° (100 m .), was obtained by further dis­
tillation. This contained sulfur and liberated more thiol 
on treatment with methanol and acid; it presumably was 
the 2-methoxy-2-(ethylmercapto)-butane but it was not 
purified and analyzed.

(16) Mann and Purdie, J . Chem. Soc., 1549 (1935).
(17) Killian, Hennion and Nieuwland, T h is  J o u r n a l , 56, 1384

(1934).

In another experiment using ^-toluenesulfonic acid as 
catalyst and a 500% excess of methanol, a 91% yield of a 
2,2-dimethoxybutane/methanol constant boiling mixture 
containing 25% of the ketal was obtained at 65°. The 
pure ketal was isolated by drowning the mixture in water, 
separating and distilling the organic layer.

Following the standard procedure for the preparation 
of mercaptoles, 2,2-di-(cyclohexylmercapto)-butane was 
prepared in 57% yield; b. p. 175-176° (3 mm.), «23d 
1.5305.

Anal. Calcd. for C16H30S2: S, 22.37. Found: S,
21.92.

In a 1-liter flask was placed 160 g. (0.55 mole) of 2,2- 
di-(cyclohexylmercapto)-butane, 110 ml. of methanol 
(500% excess) and 8.1 g. of dry ^-toluenesulfonic acid. 
This mixture was heated under a small column and dis­
tillate slowly collected at 64°. After two and one-half 
hours an additional 700 ml. of methanol was added. At 
the end of five and one-half hours the temperature had 
reached 70° and the distillate amounted to 210 g. Re- 
distillation of this distillate yielded 204 g. of a 2,2-di­
methoxybutane/methanol mixture boiling at 65°, « 23d  
1.3330. This binary contained 10% of the ketal, or 31% 
of the theoretical yield.

Summary
I t  has been found that alcohols react with ortho­

thioformates or mercaptoles in the presence of 
acidic catalysts to yield the corresponding ortho­
formates or ketals, or their decomposition prod­
ucts.
W il m in g t o n  98, D e l a w a r e

R e c e iv e d  F e b r u a r y  26, 1948

[C o n t r ib u t io n  fr o m  t h e  F r ic k  Ch em ic a l  La b o r a t o r y , P r in c e t o n  U n iv e r s it y ]

The Exchange Reaction between Methane and Deuteromethanes on Silica-Alumina
Cracking Catalysts

By G. Parravano, E. F. Hammel1 and Hugh S. Taylor

The following research originated in a discussion 
at the Gibson Island Conference on Catalysis, 
June 1941, in which one of us (H. S. T.) suggested 
that the cracking of petroleum hydrocarbons on 
silica-alumina catalysts should be initiated by the 
breaking of, at least, one C-H bond in the hydro­
carbon molecule. Otherwise, it was not possible 
for the carbon core of a hydrocarbon chain to come 
within the radius of chemical interaction with the 
catalyst surface. The plausibility of such a view 
is at once evident by inspection of a molecular 
model of a hydrocarbon molecule, as constructed 
with the Fisher-Hirschfelder atom models. At 
the same time, the suggestion was viewed by 
some with skepticisim, since it was believed that 
the idea could not be put to experimental test.

A study of the exchange reaction between hy­
drocarbons and deuterohydrocarbons in contact 
with silica-alumina catalysts permits, however, a 
direct and convincing test of the idea, and under 
quite stringent conditions.

It is generally agreed, from the known stability 
of the methane molecule, that if exchange can be 
demonstrated between methane and deutero­
methanes at temperatures below those at which

(1) Present address: P. O. Box 1663, Santa Fe, New Mexico,

catalytic cracking of higher hydrocarbons is 
carried out, there can be no reasonable doubt 
that, in the cracking reaction, the C-H bonds must 
be readily and freely broken as postulated. The 
preliminary exploration of this reaction was car­
ried out by Mr. E. F. Hammel in 1941. The quan­
titative examination of the process is recorded in 
the following paragraphs.

Experimental Details
Materials.—-Methane from a commercial tank was used, 

without purification. A mass spectrographic analysis 
showed a purity of ^96% . Deuteromethanes were pre­
pared by means of the reaction between heavy water and 
aluminum carbide. The deuterium oxide employed came 
from our supply of heavy water. The deuterium oxide 
distilled over C. p . aluminum carbide, and the temperature 
was raised to 70°. At this temperature the reaction 
proceeds very smoothly. It was found that, at room 
temperature, no reaction takes place, in agreement with 
Urey and Price.16 17 2 The gas collected showed with the 
mass spectrometer the following composition: CD4
40%, CD3H 5.7%, CH2D 1%, CH3D 0.3%, CH4 53%.3

(2) H. C. Urey and D. Price, J .  Chem . P h y s ., 2, 300 (1934).
(3) This gas composition is abnormal. It can on ly  have been 

produced by successive interactions of H2O and of DaO with the 
carbide. Since the heavy water used was of high purity we can only 
conclude that the carbide sample used held tenaciously by adsorption 
the light water and that this reacted first before the heavy water 
came in contact with the catalyst.
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Ethylene and hydrogen were supplied from commercial 
tanks, without any further purification.

The silica-alumina cracking catalyst, C-825-C, was a 
high-quality commercial silica-alumina catalyst kindly 
furnished by the M. W. Kellogg Company.

Analytical Procedure.—The progress of the reaction was 
followed by measurements of the intensity peaks for each 
mass. The mass spectrometer used was of the 60° Nier 
type.

Experimental Procedure.—Known amounts of the 
deuteromethane mixture were diluted with an equal 
amount of methane. The following composition resulted 
for the reacting mixture: CD4 20.2%, CD3H 2.8%,
CD2H2 0.5%, CH3D 0.15%, CH4 76.2%. The mixture 
of reacting gases was introduced into a horizontal cylindri­
cal Pyrex vessel of 100 cc. volume which contained a layer 
of catalyst. Equal amounts of gas were withdrawn from 
time to time and transferred to the analytical vessel.

All the runs were carried out at a pressure of 150 mm.
Experimental Results.—The data obtained at 345° are 

summarized in Table I, in which the change in concentra­
tion for masses 19 and 20 is expressed in relative values 
of the mass spectrometer intensity peaks. These data 
serve to show that the exchange takes place at that tem­
perature. At 384° the exchange takes place much faster. 
By plotting the logarithms of the concentrations of masses 
20 and 19 as a function of the time at the two tempera­
tures 345 and 384° straight lines result from which the 
value for the activation energy, E, has been calculated to 
be 13 kcal.

Since the exchange reaction is indicative of dehydrogen­
ation activity with the silica-alumina catalyst a special 
test was made of its hydrogenating activity. On the same 
catalyst it was found that the hydrogenation of the ethyl­
enic double bond occurs very rapidly at 345°, using an 
equimolecular mixture of ethylene and hydrogen.

T able  I
R ates of E xchange for C D 4 and CHD3 

Temp. 345 °; pressure 150 mm.; catalyst 0.450 g.
Hours

0 6 24 48 72 96 120 168 192
Ratio Mass 20/Mass 19

6.25 3.75 1.39 0.65 0.51 0.48 0.47 0.48 0.51 

General Discussion
From the study of the interaction of methane 

and deuteromethanes on silica-alumina catalyst 
it is concluded that exchange of C-H bonds occurs 
freely in a methane molecule in contact with 
cracking catalysts. K. Morikawa, W. S. Benedict 
and H. S. Taylor4 demonstrated that the same 
exchange also occurs between CH4 and CD4 on a 
nickel catalyst at temperatures as low as 138° 
with an activation energy of 19 kcal. The fact

(4) Morikawa, B en ed ic t and Taylor, T h is  J o u r n a l , 58, 1445 
(1936).

that the exchange of C-H bonds of a hydrocarbon 
molecule occurs at temperatures far below the 
cracking temperatures appears to be convincing 
evidence that the first step of a cracking process is 
a dehydrogenation of the hydrocarbon molecule. 
The dehydrogenated molecule can be better held 
and strongly attached to the catalyst surface by 
catalyst-carbon linkages. The second step, which 
occurs at higher temperature, is the C-C bond 
scission, and the consequent formation of lighter 
hydrocarbon fragments, which then evaporate 
from the catalyst as saturated or unsaturated 
molecules dependent on the hydrogen concentra­
tion on the surface. A direct test of these two 
steps in the cracking of hydrocarbons was also 
obtained by K. Morikawa, W. S. Benedict and 
H. S. Taylor5 in the case of nickel catalyst, from 
kinetic measurements. They showed that in the 
case of ethane and propane the two reactions of 
exchange and C-C bond scission occur at different 
rates in separable temperature ranges, with dif­
ferent dependence on the pressure of hydrogen.

In the case of cracking catalysts it can therefore 
also be concluded that the activated adsorption 
of hydrocarbons is a dissociative adsorption. On 
the same catalyst the ethylenic double bond is 
easily hydrogenated.

Acknowledgment.—One of us (G. P.) wishes 
to express his appreciation for fellowship aid in 
the prosecution of this work from a postwar 
Italo-American Committee for Italian Scholars 
and for the opportunities thereby provided in 
the U. S. A.

Summary
1. The exchange reaction between methane 

and deuteromethanes on silica-alumina cracking 
catalysts occurs measurably at temperatures of 
345° and higher.

2. The activation energy between 345 and 384° 
is 13 kcal.

3. A mechanism for the cracking process of 
hydrocarbons is postulated. This mechanism in­
volves two steps: scission of C-H bonds, and 
then scission of C-C bonds.

4. Ethylene hydrogenation takes place on the 
same catalyst in the same temperature range.
Princeton, N ew  Jersey  R eceived  January 19, 1948

(5) Taylor, et al., ibid, 58, 1795 (1936).
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This paper describes the continuation of struc­
ture studies on the chromium-aluminum oxide 
catalyst system.2 The change of surface area, as 
a function of chromium concentration, has been 
determined. Activity tests have been run, using 
the cyclization of w-heptane as the test reaction, 
and the results have been correlated with magnetic 
data previously reported.3

Experimental
Surface areas were obtained on the undiluted catalysts 

by low temperature nitrogen adsorption and the BET 
equation.

The activity tests were run on a series of catalysts which 
had been prepared by impregnating y -alumina with chro­
mic acid solution, followed by reducing with hydrogen.3 
The catalysts varied in concentration from 1.9% to 34.5% 
chromium after reduction. All catalysts with a chromium 
concentration of more than 2% were diluted down to 2% 
with 7 -alumina before pelleting. The pellets were 4 mm. 
long and 5 mm. in diameter. The pelleted catalysts were 
heated at 500 ° for twenty hours as a pretreatment, and to 
burn off the stearic acid used as an aid in pelleting.

The catalytic apparatus was built according to speci­
fications furnished by Dr. H. Pines of this Laboratory. 
The reactor block was made of aluminum-bronze and 
was heated electrically. Temperature control was ob­
tained by means of the differential expansion of the block 
and a porcelain rod. A small bellows type pump was used.

The reactor was made of 20-mm. Pyrex tubing. It 
was 80 cm. long and had ground glass connections at both 
ends. The reactor top has two inlets, one for feed and 
one for the regeneration gas. A thermowell extended 
from the reactor top down into the catalyst bed. The 
lower 20 cm. of the reactor was filled with porcelain rings. 
The space above the catalyst bed was packed with Berl 
saddles.

The «-heptane, obtained from the Westvaco Chlorine 
Products Company, had a boiling point of 98.44°, a 
freezing point of —90.66°, a density of 0.68382 g. per ml. 
and a refractive index of 1.38779, 20°/d .

All tests were run at 490°. The temperature control 
was accurate to within two degrees. The space velocity 
was 50 cc. of liquid «-heptane per gram of chromium per 
hour. Since 25 g. of catalyst was used and the chromium 
concentration was 2%, this space velocity corresponds to 
a feed rate of 25 cc. per hour. The test duration was one 
hour.

The catalyst was regenerated and carbon determined 
by burning with air for ten hours at 490°. After the 
regeneration, hydrogen was passed through the reactor 
for one hour before each test was started.

The products were condensed in a water condenser 
and collected in a bulb cooled with ice-water. The non- 
condensable gases were collected over water in a cali­
brated bottle. The density of the gas was determined by 
comparing its weight with that of an equal volume of 
air under the same conditions.

The liquid product was analyzed for toluene by means 
of the refractive indices. It was assumed that every­
thing in the product, except the toluene, had the same 
refractive index as «-heptane. A calibration curve for 
the analysis was obtained from a series of mixtures of 
toluene and pure «-heptane.

The results reported are the average of several runs.
(1) Sinclair Refining Company Fellow in Chemistry.
(2) Eischens and Selwood, T his Journal, 69, 2698 (1947).
(3) Eischens and Selwood, ibid., 69, 1590 (1947).

In each test the runs were repeated until three values 
were obtained in which the maximum difference was 2% 
toluene. This required at least four and usually five 
different runs because the activity of the first run in each 
series tended to be very low.

Results
The susceptibility isotherm for an impregnation 

type series is given in Fig. 1. This isotherm has 
been presented in a previous paper.

Fig. 1.—Susceptibility isotherm at 85° A. for chromia 
impregnated on alumina. The susceptibility of chromium 
in pure chromia at 85° A. is also shown.

The surface areas of catalysts of two impreg­
nation series were measured. In one the carrier 
was 7 -alumina; in the other it was boehmite. 
Figure 2 shows the results of these measurements.

Fig. 2.—Effect of chromium concentration on surface area.
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I t is seen that the surface area falls off in prac­
tically a straight line for both series.

I t  has been shown that a point “1” of the iso­
therm only about one-ninth of the alumina surface 
could be covered by chromia and that the average 
chromium atom is in a crystallite about three 
atom layers thick.3

There are two possible pictures of the surface of 
the catalyst which could explain the fact that only 
a small part of the total surface is covered at the 
“1” point. In the first, the alumina surface is 
only covered in spots. Each of the spots is a crys­
tal nucleus of chromium oxide. There are large 
areas of exposed alumina between the spots. A 
second possible representation of the surface would 
have a large part of the “nitrogen” area in regions 
inaccessible to the chromium. In this case the 
crystal nuclei might be touching.

The basic difference of these two extreme views 
lies in the manner in which they explain why only 
a small fraction of the alumina is covered. The 
first view assumes that there is enough attraction 
or lattice stability in the chromia nuclei so that the 
chromia will go together into piles rather than 
spread out evenly over the alumina surface. In 
the second case, the fraction of area covered repre­
sents all of the surface which the chromia is able 
to reach. The rest of the area is concealed in 
“caves” and “pores” and there is no exposed alu­
mina.

If the chromia is gathered in piles on the alu­
mina and the latter has large areas exposed, one 
would expect only a gradual decrease in the total 
area of the catalyst, as the chromium concentra­
tion is increased. At the “1” point only a small 
fraction of the alumina area would be covered 
and this decrease would be partially compensated 
by the area contributed by the chromia. If the 
entire available area were covered, it is probable 
that the chromia layer would cover and plug up 
some of the pores, making them inaccessible to the

Weight per cent, of chromium.
Fig, 3,—-Catalytic activity as a function of chromium 

concentration.

gas. In this case the area, as measured by the 
nitrogen, would decrease more rapidly before the 
“1” point than it would at higher concentrations. 
One would then expect a curve of area versus chro­
mium concentration to have the same general 
shape as the susceptibility isotherm.

The data presented in Fig. 2 shows that there is 
no sharp decrease in area in the low concentration 
region. I t  is, therefore, indicated that the view of 
the surface, as being covered with small piles of 
chromia, is the more nearly correct.

Since the surface area data are reported as 
square meters per gram of catalyst, one would ex­
pect a gradual dropping off of the area as the con­
centration of chromium is increased because the 
chromia contributes to the weight of the sample 
and probably has a much lower area than an equal 
weight of alumina.

If the assumption is made that the total area of 
the catalyst is due only to the alumina, one can 
calculate the apparent area per gram of alumina 
by dividing the observed area by the weight frac­
tion of alumina. The results of these calculations 
are plotted by the dotted lines in Fig. 2. I t is seen 
that, even with the above assumption, the appar­
ent area per gram of alumina decreases as the 
chromium concentration is increased. This would 
indicate that more and more of the alumina area is 
covered as the concentration increases. Thus, 
there must be a spreading of the chromia clusters. 
The fact that these calculations are based on the 
probably invalid assumption that all of the area is 
due to the alumina does not invalidate the con­
clusion. The assumption is, in reality, the most 
severe test of the conclusion. If the chromia also 
contributes to the area, the alumina area drops off 
at a faster rate than indicated by the dotted line.

The results of the activity tests, reported as per 
cent, toluene in the liquid product, are given in 
Fig. 3. Pure alumina has no activity in this re­
action. Since the magnetic data have been re­
ported as susceptibility per gram of chromium, it 
was desirable to present the activity results so 
that a direct comparison could be made. To fa­
cilitate this, the same amount of chromium was 
used in each test. This also made it possible to 
have a constant space velocity without changing 
the pumping rate for the various samples.

On the average about 90% of the feed is re­
covered as liquid product. The carbon laydown 
accounts for a little less than 2%. Although the 
volume of gas formed appears to be roughly pro­
portional to the amount of toluene in the liquid 
product, the weight per cent, of gas is not con­
sistent. This is probably accounted for by the 
fact that small variations in the amount of crack­
ing would not affect the volume of the gas nearly 
as much as they would affect the density. The 
cracking product gases have a much greater den­
sity than the hydrogen given off in the dehydro- 
cyclization.

The supplementary data are given in Table I.
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T ab le  I
Catalytic  A ctivity  of C 1 2 O3/AI2O3

Wt. % 
chromium®

Liters 
of gas&

wt. % 
gas

Wt. % 
car- 
borri

wt. % 
Hq

prod.®
wt.

toluene6»®
I .9 /1 .9 6.0 5.3 1.9 91 31.3
2 .0 /3 .2 4 .2 4 .7 1.8 91 18.1
2 .0 /5 .7 3 .0 3 .7 1.6 88 11.7
2 .0 /12 .2 2.3 4 .2 1.8 91 9.6
2.0/21.1 2.1 3 .5 1.6 91 7.6
2 .0 /27 .2 2.1 3 .9 1.7 90 6.3
2 .0 /34 .5 2 .2 3 .2 1.5 89 5.8

0 The designation 2.0/5.7 means that the catalyst con­
tained 2.0% Cr but that this was made by mechanically 
diluting a 5.7% Cr impregnate with an appropriate 
amount of 7 -alumina. 6 25°, 750 mm. pressure. c In 
liquid product. d The difference between 100 and the 
sum of columns 3, 4 and 5 is experimental error.

A comparison of Figs. 1 and 3 shows that there 
is apparently a close relationship between the ac­
tivity of the chromia-alumina catalyst and the 
magnetic susceptibility of the chromium in the 
catalyst. I t  is important to remember that thus 
far this relationship has been shown to hold for a 
series of catalysts, the method of preparation of 
which is identical and which differ only in the con­
centrations of chromium. The only other cata­
lysts tested were those for which the impregnation 
was carried out at different temperatures, as pre­
viously reported. In this case there also ap­
peared to be a relationship between susceptibility 
and activity. However, these results were not 
extensive enough to warrant definite conclusions.

In order to discuss the relationship between the 
susceptibility and activity it is desirable to briefly 
review the work that has been done in this study 
of the chromium-aluminum oxide catalyst system.

First, it has been shown that the susceptibility 
per gram of the chromium in the catalyst varies 
with the concentration according to the suscepti­
bility-composition isotherm. There is a sharp 
break in this isotherm at the “1” point. At con­
centrations below this point the slope of the curve 
is much greater than at higher concentrations. 
At this point there are important changes in the 
factors which determine the Weiss constant, A, in 
the Curie-Weiss law, % = C /(T  +  A). The 
Weiss constant is a measure of the interaction be­

tween electrons in adjacent atoms. The factors 
which determine the Curie constant (C) are also 
important in that the apparent valence of the 
chromium depends on the values of C. The shape 
of the isotherm has been interpreted on the basis 
of changes in the coördination number of chro­
mium atoms with respect to other chromium 
atoms in the corundum structure. This interpre­
tation leads to the belief that the chromia layer is 
three atom layers deep at the “1” point and that 
only a small fraction of the total alumina area is 
covered with chromia.

The weight of the evidence which has been gath­
ered from many sources, such as the isotherm, 
Weiss constant measurements, and the effects of 
temperature of impregnation, heat treatment, and 
co-precipitation, points to the one basic fact, that 
the susceptibility in this system is a direct meas­
ure of the dispersion of the chromium. X-Ray 
studies verify these conclusions. I t  is commonly 
accepted that dispersion is an important factor, 
but of course not the only one, in the activity of 
catalysts, because it determines how much of the 
active element is exposed and available to the re­
actants. Thus, the conclusion may be drawn 
that the close relationship found between activity 
and susceptibility is due to the fact that they are 
both closely related to the underlying phenomenon 
of dispersion.

Acknowledgment.—It is a pleasure to ac­
knowledge the support of the Sinclair Refining 
Company in connection with this work.

Summary
Surface area measurements have been made 

which, when taken together with magnetic data, 
support the view that a t the “1” point of the sus­
ceptibility isotherm, the chromia is scattered over 
the surface of the alumina in small piles approxi­
mately three atom layers deep. Activity tests of 
a series of chromium-aluminum oxide catalysts, 
used in the cyclization reaction, show that there is 
a close relationship between the magnetic suscepti­
bility and the activity of the chromium in the 
catalyst.
E v a n s t o n , I l l i n o i s  R e c e i v e d  J a n u a r y  2 2 , 1 9 4 8
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[Contribution from the Department of C hemistry of C ornell U niversity]

Donor-Acceptor Bonding. IV. Ammonia-Boron Trifluoride1
By A. W. Laubengayer and G. F. Condike2

Monoammonia-boron trifluoride, H3N : BF3, is 
the classical example of a molecular addition com­
pound involving donor-acceptor bonding. Its 
formation was first observed by Gay-Lussac3 and 
the system was further investigated by Davy,4 
who reported obtaining not only the mon-ammo- 
nate, but also di- and tri-ammonates, the last two 
described as colorless liquids. The properties of 
monoammonia-boron trifluoride were studied by 
Mixter5 and by Kraus and Brown,6 and Balz and 
Zinser7 reported vapor pressure data for the com­
plex. The information in the literature is often 
contradictory and very incomplete.

Accordingly, the present investigation has been 
undertaken as a comprehensive study of the am­
monia-boron trifluoride system. The properties 
of monoammonia-boron trifluoride, the only addi­
tion compound found to exist between ammonia 
and boron trifluoride, have been studied in detail 
and the consequences of donor-acceptor bonding 
in this sytem are discussed.

Experimental
Determination of Mole Combining Ratio.—Known 

amounts of ammonia and boron trifluoride were brought 
together in an evacuated glass apparatus in mole ratios 
varying from 0.4:1 to 3:1 and allowed to come to equilib­
rium at 25°. The combining ratio of the two gases was 
calculated from the residual pressure of the system by 
assuming that the uncombined gas, present in excess, obeys 
the ideal gas laws. Table I lists the results, which clearly 
show that only the compound monoammonia-boron tri- 
fluoride, H3N:BF3, was formed. It accumulated as a 
white solid when the gases were mixed and at no time was 
any transparent liquid produced.

Moles NHa added
T able  I

Residual pressure, Moles NHg combining
per mole BFs mm. per mole BF*

0.399 71.6 0.994
1.000 1.4 0.996
1.440 49.6 1.020
1.990 112.2 1.004
2.530 174.6 1.030
2.950 225.6 1.015

Average 1.009

Preparation and Analysis.—Ammonia-boron trifluoride 
was prepared in quantity by mixing anhydrous ammonia 
and boron trifluoride in a one-liter three-necked flask. 
An outlet tube was provided for excess gases, and the 
flask was cooled with ice water. The vessel was first 
swept out with ammonia and then a slow flow of this gas

(1) Presented before the Division of Physical and Inorganic Chem­
istry of the American Chemical Society at the Atlantic City meeting, 
April, 1947.

(2) Present address: Fitchburg State Teachers’ College, Fitchburg, 
Mass.

(3) Gay-Lussac, Mémoires de la Societe d’Arcueil, 2, 211 (1809).
(4) Davy, Phil. Trans., 30, 365 (1812).
(5) Mixter, Am. Chem. J., 2, 153 (1881).
(6) Kraus and Brown, T h is  J o u r n a l , 51, 2690 (1929).
(7) Balz and Zinser, Z. anorg. allgem. Chem., 221, 236 (1935).

was maintained. Boron trifluoride was admitted at such 
a rate that approximately equimolar quantities of the re­
actants were provided. Since any uncombined boron 
trifluoride fumed immediately in contact with moist air, 
it served as its own indicator at the outlet tube. The 
addition compound accumulated in the reaction flask as a 
white powder.

To establish the composition of the product, ammonia 
was liberated by boiling the compound with an excess of 
a concentrated solution of sodium hydroxide, and was 
then absorbed and titrated in the usual manner. Boron 
was determined as boric acid by dissolving a weighed 
sample of the product in a slight excess of dilute sodium 
hydroxide and titrating the solution by the mannitol 
method, in which paranitrophenol was used as the first 
and phenolphthalein as the second indicator.

Anal. Calcd. for H3N :BF3: NH3, 20.05; B, 12.75. 
Found: NH3, 20.05, 19.90, 19.85; B, 12.80, 12.72,
12.65.

Melting Point and Density.—The melting point of 
ammonia-boron trifluoride was found to be 163 =±= 1°, 
the determination being made rapidly on a Dennis- 
Shelton melting point bar8 in order to avoid serious thermal 
decomposition. The density was determined pycno- 
metrically to be 1.864254 using benzene as the immersion 
reference liquid.

Solubility, Polarity and Molecular Weight in Solution.—
The solubilities of the compound in several solvents other 
than water were tested microscopically by observing the 
progress of evaporation of the solvent from a well-stirred 
mixture of a drop of the solvent and a small amount of 
the solid compound. In solvents of low dipole moment 
(0.00 to 1.12 debye units), such as benzene, carbon di­
sulfide, carbon tetrachloride and diethyl ether, the com­
pound appeared to be insoluble; slight solubility in cyclo­
hexanol (1:5) and somewhat greater solubility in methanol 
(1.68) and in ethyl alcohol (1.70) were observed. These 
results indicate that the compound itself probably has a 
considerable dipole moment.

In water the solubility, quantitatively determined, 
proved to be 36.0 g. per 100 g. of solvent at 25°. The 
aqueous solution is remarkably stable at this temperature. 
Thus the powder X-ray diffraction pattern was unchanged 
by recrystallizing a sample of the compound from water. 
Furthermore, the molecular weights, determined cryo- 
scopically in three aqueous solutions containing, respec­
tively, 15.77, 8.15 and 6.04 g. of the compound per 1000 
g. of water were 81.0, 83.9 and 82.4. Since the molecular 
weight calculated for the compound H3N:BF3 is 84.8, the 
latter is evidently not appreciably hydrolyzed, dissociated 
nor associated in aqueous solution at about 0 ° .

Crystallographic and X-Ray Examination.—A
microscopic examination of ammonia-boron tri­
fluoride recrystallized from water was made. 
The compound crystallizes in rhomb-shaped 
plates which exhibit symmetrical extinction. 
The crystals are in the orthorhombic system, a 
combination of prism faces (110) and basal pina- 
coids (001) being common. The prism-prism in­
terfacial angles are 57°30' =±= 15' and 121°30' =*= 
15'. 2V = 90° ±  3°; 2E 146° =*= 2°; OAPlane 
= 100. The direction of vibration of a is parallel 
to the b crystallographic axis, 0 to the a axis, and 
y  to the c axis. Refractive indices (white light): 
a = 1.335, 0 = 1.34-1.35, y  = 1.36. I t was dif-

(8) Dennis and Shelton, T h is  J o u r n a l , 52, 3128 (1930).
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ficult to decide on the optic sign, since 2F  is so 
close to 90°.

The prominent lines of the powder X-ray dif­
fraction pattern obtained for the crystals are 
listed in Table II.

T able  II
P owder X -R ay D iffraction  Pattern  for H3N:BF3

d Intensity
4.22 Strong
3.88 Strong
3.60 Medium
3.00 Medium
2.55 Medium
2.19 Weak

Calorimetric Determination of Heat of Forma­
tion.—A Bunsen ice calorimeter was used9 to 
measure the total heat effect produced at 0° by 
dissolving 100 cc. of gaseous boron trifluoride in 
diethyl ether and then introducing 100 cc. of am­
monia gas into the solution. The reactions indi­
cated by the equations took place 
BF3(g) -f (C2H 5)20(1) =  (C2H 5) 20  :B F3 (sol) +  AH
(C2H6)20  :BF3(so1) +  N H 3(g) =  (C2H5)20(1) +

H 3N :B F 3(s) +  AF2
The sum of these reactions is

BF3(g) +  N H 3(g) -  H 3N :B F 3(s) +  AH z

The value 41.3 kcal. per mole was obtained for 
AiJ3, the heat of formation of solid ammonia- 
boron trifluoride from the gases at 0°.

Thermal Decomposition.—Rapid heating of 
ammonia-boron trifluoride results in an initial 
fusion of the solid; then decomposition occurs 
and the melt resolidifies and partially sublimes. 
One of the products of the thermal decomposition 
was shown to be ammonium fluoborate by a study 
of the optical properties and the powder X-ray 
diffraction patterns of the crystals obtained by re­
crystallizing the soluble part of the product from 
water. The other product, insoluble in water, was 
identified as boron nitride, BN, by X-ray diffrac­
tion and by the fact that it yielded boric acid and 
ammonia upon hydrolysis by boiling water.

Quantitative measurements demonstrated that 
the thermal decomposition, which becomes appre­
ciable at 125° and proceeds rapidly at 150°, is 
represented by the equation

4H 3N :B F 3 =  3 N H 4BF 4 +  BN
These results suggest that the values reported 

by Balz and Zinser7 as equilibrium vapor pressures 
of the ammonia complex, actually are those of am­
monium fluoborate. This interpretation was con­
firmed by making equilibrium vapor pressure 
measurements on the two systems. The straight 
line obtained by plotting the values of log p 
against 1 /T  for ammonium fluoborate was found 
to be identical with the curves obtained by us and 
those obtained by Balz and Zinser by heating 
ammonia-boron trifluoride. I t is to be noted 
that boron nitride has a vapor pressure of only

(9) Laubengayer and Finlay, T h is  J o u r n a l , 65, 884 (1943).

9.4 mm. at 1240°,10 and that its contribution to 
the total pressure of the system in the temperature 
range studied is negligible.

Saturation Vapor Pressure and Heat of Sub­
limation of NH4BF4.—From the vapor pressure- 
temperature data obtained, the characteristic 
equation for NH4BF4 was calculated to be logiop 
(mm.) = —2469/ T  +  6.82. The heat of sub­
limation of NH4BF4 is 11.3 kcal.

Discussion
The experimental results obtained in this in­

vestigation are in line with the general theory deal­
ing with donor-acceptor bonding previously out­
lined.9’11-12 The nitrogen atom in ammonia can 
donate its unshared pair of electrons to establish a 
shared electron pair bond to the boron atom in 
boron trifluoride and a one: one molecular addition 
complex is formed. I t  is conceivable that 
H3N :B F3, under conditions other than those we 
have used, might combine with more ammonia.

H3N:BF3 +  NH3 =  [(NH3)2BF2]+F-
However, such an ionic di-ammonate presumably 
would not be a liquid, as reported by Davy.4

The remarkable resistance to hydrolysis ob­
served for H3N :BF3 would seem to be a result of 
the fact that, in forming the addition compound, 
both nitrogen and boron go from a coordination 
number of 3 to 4. This increase in the numbers of 
neighboring atoms strongly bonded to the central 
atoms appears to protect them from hydrolysis.

The configuration of H3N : BF3 may be expected 
to involve essentially tetrahedral bonding for both 
the nitrogen and boron atoms to give an ethane­
like molecule. Professor Hoard of this Labo­
ratory is now undertaking the X-ray determina­
tion of the crystal structure of the complex. I t  
seems likely that hydrogen bonding will be pro­
nounced in the solid.

The high polarity of H3N : BF3 and the resultant 
low solubility in non-polar solvents and high solu­
bility in polar solvents is to be expected from its 
structure. The formation of a donor-acceptor 
bond between the nitrogen and boron atoms in­
volves a considerable displacement of charge. 
In addition, when the complex is formed the fluo­
rine atoms probably move from positions coplanar 
with boron to tetrahedral positions. The three 
B-F bond dipoles no longer counterbalance each 
other but make a considerable contribution to the 
polarity of the complex.

Summary
1, Only one compound, ammonia-boron tri­

fluoride, H3N : BF3, has been found to exist be­
tween ammonia and boron trifluoride at 25°. I t  
has been prepared in quantity and its properties 
have been studied.

2. Cryoscopic measurements indicate tha t in
(10) Slade and Higson, J. Chem. Soc., 115, 215 (1929).
(11) Bauer, Finlay and Laubengayer, T his Journal, 65, 889 

(1943).
(12) Laubengayer and Sears, ibid., 67, 164 (1945).
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water solution H3N :B F3 exists as a monomeric 
molecular species, and that it is not appreciably 
dissociated.

3. Optical studies have been made on crystals 
of ammonia-boron trifluoride, and its powder 
X-ray diffraction pattern has been established.

4. The heat of formation of solid ammonia- 
boron trifluoride from the gases at 0° has been 
determined calorimetrically as 41.3 kcal.

5. I t has been shown that the compound 
undergoes irreversible thermal decomposition at

temperatures above 125° according to the equa-
125°

tion: 4H3N :BF3----3NH4BF4 +  BN.
6. Vapor pressure measurements obtained 

when ammonia-boron trifluoride is heated give 
values shown to be those of ammonium fluoborate, 
the only decomposition product volatile in the 
temperature range studied. The P.T. equation for 
NH4BF4 is logio ̂ (mm.) = —2469/T  +  6.82. The 
molar heat of sublimation of NPI4BF4 is 11.3 kcal. 
Ithaca, N ew  Y ork R eceived  N ovember 1, 1947

[ C ontribution  from the Chemistry D epartm ent, U niversity  of T oronto]

Thermodynamics of Sodium Chloride in 50 Mole Per Cent. Aqueous Methanol 
from E. m. f. Measurements on Cells with Transference

B y  J. P. B utler  a nd  A. R. G ordon

While concentration cells with transference 
have been used extensively in the study of elec­
trolytes in aqueous solution1-2 and have yielded 
some of the most precise thermodynamic data now 
available for such solutions, lack of transference 
numbers has so far prevented their use with sol­
vents other than water. One interesting exception 
is provided by the work of Harned and Dreby3 
who employed cells with and without transference 
to yield indirectly transference numbers for hy­
drochloric acid in dioxane-water mixtures. Re­
cent measurements in this laboratory4 have now 
made possible the use of this method for sodium 
chloride in 50 mole per cent, methanol-water solu­
tion. Apart from testing the precision of the 
measurements with a solvent other than water, 
the primary purpose of this research was to de­
termine whether the thermodynamic mean ionic 
diameter was significant when comparing ionic 
transport processes in two different solvents.

The cells, the preparation of the electrodes, and 
the general experimental technique have been 
previously described.2 In all cases, the observed 
e. m. f. has been corrected for bias potential as de­
scribed by Hornibrook, Janz and Gordon. One 
rather surprising result was that the bias poten­
tials for stable pairs of electrodes were of the same 
order as those found in aqueous solution, viz.,
0.03 mv. or less. Even more surprising was the 
fact that the bias potential for a given pair was 
not only independent (within a microvolt or so) 
of the salt concentration in the mixed solvent, but 
had also the same value within similar limits after 
the electrodes had stood for half an hour in a solu­
tion with pure methanol or pure water as solvent. 
This suggests that lightly plated, electrolytically

(1) Brown and Maclnnes, T h is  J o u r n a l , 57, 1356 (1935); 
Shedlovsky and Maclnnes, ibid., 58, 1970 (1936); 59, 503 (1937).

(2) Hornibrook, Janz and Gordon, ibid., 64, 513 (1942); Janz and 
Gordon, ibid., 65, 218 (1943); Mac William and Gordon, ibid., 65, 
484 (1943); McLeod and Gordon, ibid., 68, 58 (1946).

(3) Harned and Dreby, ibid., 61, 3113 (1939).
(4) Shemilt, Davies and Gordon, J. Chem. Phys., 16, 340 (1948),

anodized Ag/AgCl electrodes are considerably 
sturdier than is generally assumed, provided a gal­
vanometer of high currect sensitivity is used.

The solutions were prepared as described by 
Schiff and Gordon.5 In computing the volume 
concentration C from the mass concentration, the 
density measurements of Shemilt, Davies and 
Gordon4 were employed; these give for the range 
of interest here

C/m =  0.88123(1 -  0.0134m) (1)
where m is the molality.

The results are summarized in Table I under 
the heading Fobs. Only average values for round 
concentrations are given in the table; the method 
by which these were obtained from the results of 
individual runs, carried out at concentrations dif­
fering slightly from those recorded, will be 
described below.

T able  I

m\ — 0.05 M o la l; 25°
-Eobs.» Ecalc.i -Eobs., •Ecalc.»mz mv. mv. m2 mv. mv.

0.003 +  58.075 +  58.075 0.04 +4.386 +4.391
.005 +47.145 +47.145 .06 -3 .5 7 5 -3 .5 6 4
.01 +32.565 +32.560 .07 -6 .5 5 6 -6 .5 6 0
.02 +  18.293 +  18.300 .08 -9 .1 4 9 -9 .1 4 7
.03 +  10.114 +  10.112

The e. m. f. of a cell of the type Ag,AgCl/ 
NaCl(rai)//NaCl(ra2)/AgCl,Ag is of course given 
by the familiar expression

E = kt°+ A log ym +  AF(t+) (2)

Here, k = 118.28 mv., t \  is the limiting trans­
ference number for the cation (0.4437), A stands 
for function (mi) — function (m2), and F(t+) is 
given by

X
m

0+ -  «+) d log ym  (3)

Eq. 2 can be solved by the usual method of sue-
(5) Schiff and Gordon, ibid., 16, 336 (1948),
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cessive approximations, employing the transfer­
ence data of Shemilt, Davies and Gordon,4 to 
yield a consistent set of A log 7 =  log 71 — log 72.

On theoretical grounds, the activity coefficient 
should be given by
log y*  =  - « V c / (  1 +  f tY C )  +  0.4343{j«(X,/2 -  2 F.)

(4)
+  j 5( * 6/2  -  4y„)} -  log (1 +  0.05m)

where,6 for a solvent of dielectric constant7 
49.84, a =  1.0072, 0 =  0.4125a, j  =  1'1.24/a, and 
a is the mean ionic diameter in Angstroms. The 
leading term is the usual Debye-Hückel expres­
sion, the second contains the “extended terms” of 
the theory, which have been tabulated as func­
tions of 0 y / C  by Gronwall, LaMer and Sandved,8 
and the last takes account (with 50 mole per cent, 
aqueous methanol as solvent) of the change in 
concentration scale of the electrolyte from mole 
fraction to molality. If Equation 4 is valid for 
the concentration range involved, and if the cor­
rect value of a has been selected, A log 7 /7*  
should be uniformly zero. If, on the other hand, 
Eq. 4 is valid for the lower concentrations but not 
for those as great as m \ — 0.05, and if once again 
the correct value of a has been chosen, A log 7/7*  
should be a constant for the lower values of ra2, 
this constant being identically the difference be­
tween log 7 and log 7 * at 0.05 molal.

Figure 1 shows theo result of such an extrapola­
tion with a =  4.45 A.; this corresponds to 0 =  
1.836 and j  =  2.526. The quantity plotted is A 
log 7 /7*  for each of the experiments, the abscissas 
being ra2, expressed in moles per kg. solvent. The 
value selected for a was chosen after a series of 
trials with a values ranging from 4 to 5 A. It is 
at once evident from the figure that Eq. 4 with a  =  
4.45 adequately represents the activity coefficients 
up to about 0.025 molal. The figure also gives an 
idea of the precision and reproducibility of the 
measurements, the radius of circles correspond­
ing to 5 microvolts in the e. m. f . The maximum 
deviation of any of the points from the smooth 
curve corresponds to 0.025 mv., and in only three 
cases is the discrepancy greater than 0.01 mv. 
The precision thus is comparable with the best 
that has been attained in this type of measure­
ment with aqueous solutions.

The plot also serves as a convenient and precise 
means of obtaining the “observed” value of the 
e. m. f. for the round concentrations entered in 
Table I ; from the mean of the observed values of 
A log 7 /7*  for the individual runs and the known 
value of A log 7* for the round concentrations, an 
observed value of A log 7 and consequently of the 
e. m. f. may be obtained at once. From the con­
tinuous curve of the figure, the values of log 7 en­
tered in Table II were obtained; obviously, the

(6) The values of k  and of the universal constants are those sug­
gested by Manov, Bates, Hamer and Acree, T his Journal, 66, 1765 
(1943).

(7) Albright and Gasting, 68, 1061 (1964).
(8) Gronwall, LaMer and Sandved, Physik, Z», 29, 35$ (1028),

Fig. 1.

first four entries are also identically log 7 *. Table 
II also gives the values of F(t+) corresponding to 
the tabulated values of the activity coefficients.9 
The self-consistency of the two tables is shown 
by the column headed E caicd. in Table I, which 
gives the e. m. f. computed from Eq. 2 by inter­
polation in Table II. While the precision and 
reproducibility of the measurements leaves little 
to be desired, it must nevertheless be remembered 
that the transference data on which the calcula­
tion of the activity coefficients is based, are at 
best accurate to a part in four thousand; this 
would correspond for the first entry in Table I 
to an uncertainty of 0.0003 in log 7 . We believe, 
however, that the results recorded here show that 
cells with transference can yield thermodynamic 
data of high precision with solvents other than 
water.

T able  II

I»1/ 2
l  +

log y
F (t+ ) ,
mv.

l  +
log y

F « + )#
mv.

0.04 0.9639 - 0 .1 5 0 0.20 0.8552 - 0 .4 9 2
.08 .9318 .272 .24 .8343 .549
.12 .9034 .362 .28 .8157 .607
.16 .8782 .434 .32 ( .7987) ( -  .661)

Two other points deserve mention. The mean 
ionic diameter found here is the same as that re­
ported by Brown and Maclnnes1 for sodium chlo­
ride in aqueous solution.10 Thus, if a mean ionic 
diameter determined thermodynamically is sig­
nificant in transport processes, the ratio of the 
limiting ion conductances in the mixture to those 
in water should (on the simple hydrodynamic pic­
ture) be close to the reciprocal of the ratio of the 
viscosities. Actually, as Schiff and Gordon5 have 
shown, the limiting conductances in the mixture 
for sodium and chloride ions are 13% and 28% 
less than would be predicted from viscosity alone.

(9) For convenience in interpolating, the values of F(t+) in the 
table are carried to a greater number of significant figures than is 
entirely justified by the precision of the transference data.

(10) The smaller value (4.12 A.) reported by Janz and Gordon2 
results from their use of the empirical Hückel extension to the original 
Debye-Hückel equation involving the introduction of a term linear 
in the concentration. It is well known that while this form is ap­
plicable over a wider concentration range than is the Debye-Hückel 
equation itself, its use removes any precise significance from the 
value of /3 used in the extrapolation; actually, the activity coefficients 
reported by Brown and Maclnnes and by Janz and Gordon are in 
excellent agreement in spite of the different analytic forms used to 
represent the data in the two cases. It is the mean ionic diameter 
obtained when the linear term is not employed that should be com­
pared with that derived from Eq. 4. In this connection see Brown 
and M aelnnés* and Hornibrook, Jans and Gordon,8
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If ion solvation in the mixture is primarily by wa­
ter rather than methanol molecules, and if the De- 
bye-LaMer diameter is a true measure of the di­
ameter of the solvated ions, this would account 
for the surprising agreement between the values of 
a in the two cases. I t  would still leave unex­
plained, however, the decreased ion conductances 
in the mixture as compared with those predicted 
by the Walden rule, unless some additional 
factor, significant only in the transport process, is 
postulated, e. g., hydrogen bonding between the 
water molecules in the hydrated sheath about 
the ions and the “free” methanol molecules of the 
solvent.

Secondly, it should be observed that the a value 
found here is considerably less than the critical 
Bjerrum11 distance, given for 1:1 electrolytes by 
e2/2D kT  = 5.6 A. for a solvent of dielectric con­
stant 50 at 25°. Thus on the Bjerrum picture 
there should be considerable ion-pair formation, 
yet the form of the ion conductance vs. concen­
tration curves5 for this salt shows that association 
must be slight.

A consideration of the data presented here and 
of the ion conductances suggests (to us at any 
rate) that the use of a mixed solvent complicates 
the problem considerably, and that measurements 
in a one-component non-aqueous solvent may 
yield data which are more easily interpreted.

(11) Bjerrum, K g l. D anske V iden sk . S elskab ., 7, No. 9 (1926).

Summary
1. The e. m. f. of the cell with transference 

Ag,AgCl/NaCl(m1)//NaCl(m2)/AgCl,Ag, with 50 
mole per cent, aqueous methanol as solvent, has 
been measured at 25° for sodium chloride concen­
trations from 0.003 to 0.08 M .

2. The precision and reproducibility of the re­
sults are comparable with those obtained with 
this type of cell for aqueous solutions. The bias 
potential between stable pairs of electrodes is 0.03 
mv, or less, and is independent within one or two 
microvolts of the electrolyte concentration, just 
as is the case when water is solvent.

3. The activity coefficients, computed from 
the e. m. f. data and the known transference num­
bers, were extrapolated by means of the Gronwall, 
LaMer and Sandved extension to the Debye- 
Hückel equation, which represents the coefficients 
up to 0.025 M  when the value selected for the 
mean ionic diameter is 4.45 A. For higher concen­
trations, the observed values lie below those pre­
dicted by the equation.

4. The value found for the ionic diameter is 
in fortuitously exact agreement with that for this 
salt in water, and is definitely less than the critical 
Bjerrum distance for this solvent = The signifi­
cance of the mean ionic diameter in its relation to 
the ion conductances for the salt in water and in 
methanol-water solution is discussed.
T or o n to , C a n a d a  R e c e iv e d  M ar c h  13, 1948

[C o n t r ib u t io n  from  t h e  Oh io  S t a t e  U n iv e r s it y ]

Mixed Adsorption of Radon and Argon on Silica Gel
B y  B en jam in  P. B u r t t1 an d  J. D. K u r b a t o v

Mixed adsorption studies using radon in various 
gases at 1 atm. have been made by Siebert2 at 
— 80°, by Francis3 with silica gels of various states 
of hydration, by Becker and Stehberger4 and, us­
ing charcoal, by Nikitin and Joffe.5

The present work lies in the general field of 
mixed gas adsorption. The adsorbent was silica 
gel and all the experiments were conducted at 
25 =*= 3°. Adsorption isotherms of radon in air, 
in carbon dioxide and in argon at near atmospheric 
pressure were obtained. Approximately 1 X 10~16 
g. atom of radon a t partial pressures around 1 X 
10-10 mm. was used.

Adsorption isotherms for air, argon and carbon 
dioxide were determined under the same experi­
mental conditions as for radon. A brief study was 
also made of the mixed adsorption of carbon diox-

(1) At present in the Department of Chemistry, Syracuse Uni­
versity, Syracuse, New York.

(2) W. Siebert, Z . p h y s ik . C hem ., A180, 169 (1937).
(3) M. Francis, K o llo id -Z ., 59, 292 (1932).
(4) A. Becker and K. H. Stehberger, A n n . P h y s ik , [5] 1, 529 

(1929).
(5) B. A. Nikitin and E. M. Joffe, B u ll. acad. sci. U . R . S . S .,  

C lasse sc i ch im ., 1944, 210-215 (English Summary).

ide and air using conventional pressure-volume 
methods with subsequent analysis of the gas. A 
more thorough study was made of the mixed ad­
sorption of argon and carbon dioxide applying 
both methods of conventional analysis and radio­
active tracer technique. The adsorption of argon 
from air was investigated using radioactive argon 
as a tracer.

Description of the Apparatus and Procedure
The apparatus shown in Fig. 1 was constructed 

for mixed adsorption studies using radioactive 
gases. I t  was also suitable for the measurement 
of the simple adsorption of gases by pressure-vol­
ume methods.

The mixture of radioactive gas and the gas ac­
companying it is stored in buret S. Chosen vol­
umes of the mixture can be transferred to the evac­
uated system as well as to the ionization chamber 
for analysis. The ionization chamber was con­
nected to a Wulf bifilar electrometer. The gas is 
confined during adsorption in the system, A and E 
(total volume 26 cc.). About 0.8 g. of silica gel is 
placed in the removable adsorption flask E. With-
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t To Apparatus For 
l CO- analysis

h2$o4
(Bubbler)

Fig. 1.—Apparatus for adsorption of gases.

out disturbing the equilibrium established, the 
sample of gas in pipet A is isolated from the sys­
tem and removed to the ionization chamber for 
analysis.

To measure simple adsorption, a known quan­
tity of gas was added to the evacuated system; 
after equilibrium had been established the quan­
tity remaining in the gas phase was determined 
from the final pressure, volume and temperature.

In the experiments on the mixed adsorption of 
carbon dioxide with air, and with argon, the 
amount of carbon dioxide at equilibrium was de­
termined by removing the gas in pipet A into a 
gas buret for absorption in potassium hydroxide.

Experimental Results
The Adsorption of Air, Argon and Carbon Di­

oxide on Silica Gel at 25°.—The adsorption 
isotherms of air, argon and carbon dioxide are 
plotted in Fig. 2. I t  was found in agreement 
with previous work, that carbon dioxide is ad­
sorbed to a greater extent than air or argon. 
Air is adsorbed only slightly more than argon.

The data for the three isotherms were fitted by 
the method of least squares to the Freundlich 
equation

y — kx1̂  (1)
where y is the number of gram moles adsorbed per 
gram of gel and x is the number of gram moles per 
cc. in the gas phase. The data also conform to the 
Langmuir equation

y  =  y jy 'x / i  1 +  bfx) (2)
In these equations x and y  have the same mean­
ings as in the Freundlich equation, ym is the num­
ber of gram moles of gas adsorbed per gram of 
silica gel when the surface is covered with a uni­
molecular layer and V  is the adsorption coefficient.

An estimate of the heat of adsorption of a gas 
can be made from the value of the adsorption 
coefficient bf. Laidler, Glasstone and Eyring6 
derived an expression for b' in terms of the heat of 
adsorption per molecule E. With some approxi­
mations the value of E  can be calculated from b'.

(6) K. J. Laidler, S. Glasstone and H. Eyring, J ,  Chem. Phys., 8, 
659 (1940).

For carbon dioxide b' and ym are obtained by plot­
ting equation (2) in the form

- -  —\ r  +  — (3)y ymb x ym
The isotherms of argon, air, and radon were ex­
perimentally linear and V  could not be obtained 
in this way. However, an approximate value of 
V is calculated for these gases from the adsorp­
tion isotherms and estimated surface area of the 
adsorbent as follows. Brunauer and Emmett7 
found the area of silica gels with 6 to 9% wa­
ter to be about 600 sq. m. per gram. The silica 
gels in this work averaged 6.27% water and the 
surface area is assumed to be of the same order of 
magnitude. The values of ym are estimated using 
the above surface area for silica gel. These values 
of ym are then used to calculate the adsorption co­
efficients bf from the adsorption isotherms. By 
this method the heat of adsorption of radon in air 
or argon is evaluated to be of the order of 9000 cal­
ories per mole (a 50% error in estimating the sur­
face area would produce an error of about 350 cal./ 
mole). I t  may be seen that this method gives 
values of the correct order of magnitude. The cal­
culated value for argon is 5,500 calories per mole

Fig. 2.—Adsorption isotherms of air, argon and carbon 
dioxide on silica gel, temp. 25°, wt. gel. =  0.8216 g. : 
- 0 - e - e -  C 02, A, - o - o - o -  air.

(7) S. Brunauer and P. H . Em m ett, T his J o u r n a l , 59 2682
(1937).
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while data in the literature range from 2,500 to 
3,600.8-9’10 11>n -12 The value for carbon dioxide 
calculated from a plot of equation (3) is 7,700 
calories per mole. The value calculated using the 
estimated surface area is 7300 calories per mole, 
whereas values from 6,900 to 7,900 are reported 
by other investigators.8*10*13 The calculated value 
for air is 5,500 calories per mole and the values in 
the literature for oxygen and nitrogen are from
3,000 to 5,500 calories per mole.10*13*14*15

In addition to the per cent, adsorbed, a dis­
tribution coefficient a (the quantity of gas ad­
sorbed per gram of adsorbent divided by the quan­
tity  of gas per cc. of space) is calculated. Slight 
unavoidable variations in the weight of the gel 
and the volume of the system from one experi­
ment to the next do not affect a , whereas they 
may affect the per cent, adsorbed.

The results of the calculation are given in Table 
I for each gas at the same concentration in the gas 
phase (corresponding to a pressure of 557 mm.).

T able  I

Gas

G. mole 
per cc. of

space 
X 106

G, mole 
adsorbed 
per gram 
gel X 105 ot

%of 
total gas 
adsorbed

Argon 3 6.52 2 .1 6.0
Air 3 6.89 2.3 6.8
Carbon dioxide 3 78.20 26.1 45.4

Log g. atoms Rn per cc. of container.
Fig. 3.—Mixed adsorption of radon on silica gel with air, 

carbon dioxide and argon: • ,  Rn -j- Air at 740 mm.;
A, Rn +  C02 at 704 mm.; □, Rn +  Argon at 697 mm. 
temp. 25°; av. wt. gel., 0.75 g.

(8) F. Dewar, Proc. Roy. Soc. (London), A74, 122 (1904).
(9) E. Hückel, “Adsorption and Kapillarkondensation,” Leipzig, 

1928, p. 22.
(10) W. Kalberer and C, Shuster. Z. physik. Chem., A141, 270

(1939).
(11) F. G. Keyes and M. J. Marshall, T his Journal, 49, 156

(1927) .
(12) A. Lendle, Z. physik. Chem., A172, 77 (1935).
(13) W. Kalberer and H. Mark, Z. physik. C h m .t A189, 151

(1928) .
(14) S. F. Gregg, J . Chim. Soc., 1494 (1927).
(15) A. Mangws, Z. phys4k, Chem., A142, 401 (1929),

Mixed Adsorption Studies with Radon 
Radon and Air.—The adsorption isotherm for 
radon in air a t near atmospheric pressure is 
given in Fig. 3. The log-log plot is linear and 
of approximately unit slope. Decreasing the 
pressure of the accompanying air to 120 mm. pro­
duces no measurable change in the adsorption of 
radon. The value of the distribution coefficient a 
of radon obtained from the plot is 28.5. Approxi­
mately 50% of the total radon is adsorbed, the 
variations being due to slight differences in the 
weight of gel and the volume of the system.

The results of this work are in agreement with 
the Langmuir theory of mixed adsorption. The 
equations derived by Markham and Benton16 
predict that a decrease in air pressure produces no 
appreciable change in the adsorption of radon un­
der these experimental conditions. No change in 
the adsorption of radon is observed with a de­
crease in air pressure.

Radon and Carbon Dioxide.—Figure 3 shows 
the adsorption of radon from carbon dioxide 
and from air at near atmospheric pressure to 
be the same at concentrations of radon below 
3 X 10“16 g. atom/cc. At higher concentrations of 
radon its adsorption is less from mixtures with 
carbon dioxide than from mixtures with air at one 
atmosphere total pressure.

Studies were made of the adsorption of radon 
from radon-air-carbon dioxide mixtures when the 
total pressure of the gases was approximately one 
atmosphere. The adsorption of radon in mixtures 
containing as much as 25% carbon dioxide was 
not measurably different from the adsorption of 
radon in air alone.

The Langmuir equations predict a straight line 
of unit slope for the log-log plot as long as the 
concentration of radon is very small compared to 
that of carbon dioxide. In this experimentation 
the slope of the isotherm was slightly less than 
unity even though the concentration of radon was 
negligible. This could be partially explained by 
postulating that the surface of the gel is hetero­
genous and the adsorption of radon takes place 
primarily on the points of greatest unsaturation. 
Upon increasing the concentration of radon in the 
gas phase above 3 X 10~16 g. atom/cc., the active 
points on the gel become more nearly saturated 
and further increases in the partial pressure of 
radon do not result in a proportional increase in 
the amount adsorbed per gram of silica gel.

Radon and Argon.—The adsorption isotherm 
of radon from radon-argon mixtures at near 
atmospheric pressure is also given in Fig. 3. 
The log-log plot is experimentally linear, of 
approximately unit slope and lies considerably 
above the corresponding isotherm of radon in air.

At the same partial pressure of radon in the gas 
phase approximately 50% more radon is adsorbed 
in the presence of argon than in the presence of

(16) B« C. Markham and A. F„ Benton, T h is  J o u r n a l , 53, 497
(1931)<
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air. Decreasing the pressure of argon decreases 
the adsorption of radon. From Table II it can be 
seen that a, the distribution coefficient for radon in 
argon, decreases simultaneously with the pressure 
of the argon.

T able  II
M ixed  A dsorption of R adon and A rgon

G. a tom s R n  to  
sy stem  X 106

P ressu re argon, 
m m . a, R adon

3 5 . 1 7 0 4 4 2 . 8
1 3 3 7 0 1 4 2 . 7
3 6 0 6 9 0 4 2 . 4

7 4 . 6 6 8 4 3 9 . 5
1 3 3 3 4 5 3 8 . 6

5 2 . 7 2 8 0 3 7 . 1
3 8 4 1 1 4 3 5 . 6

4 2 . 6 1 0 5 3 4 . 9

These observations indicate that the adsorption 
of radon is enhanced by the presence of argon.

The Langmuir theory predicts that the plot of 
the amount adsorbed per gram of gel against the 
amount per cc. in the gas phase should be linear. 
In this respect the data agreed with the theory of 
mixtures. The Langmuir theory also predicts 
that for the argon-radon mixtures approximately 
1% more radon should be adsorbed than from a 
mixture with air.

A comparison of the adsorption of radon in air, 
in argon and in carbon dioxide is made in Table III 
showing the amount of radon adsorbed per gram 
of silica gel corresponding to a given partial pres­
sure of radon in the gas phase in each of the three 
accompanying gases.

T able  III

C omparison of the A dsorption of R adon on Silica 
G el  in  the Presence  of C arbon D ioxide, A ir and 

A rgon

Temperature 25°; average weight of gel 0.75
Concentration of

radon in  gas G. a tom s of radon
p hase, g . ad sorb ed /gram  of

A ccom p an yin g  gas, a t  m m . a to m s /c c . X  1 0 16 gel X  1016

C02 at 704 7.00 165.0
Air at 735 7.00 194.0
Argon at 684 7.00 300.0
C02 at 704 4.00 100.0
Air at 735 4.00 114.0
Argon at 684 4.00 172.0
C 02 at 704 1.00 27.0
Air at 735 1.00 29.5
Argon at 684 1.00 43.0
C 02 at 704 0.70 18.8
Air at 735 0.70 21.0
Argon at 684 0.70 30.2

Mixed Adsorption of Argon—Argon and Car­
bon Dioxide.—The adsorption of the two gases 
was measured at various mole fractions of pure 
argon and carbon dioxide, maintaining a con­
stant total quantity (1 X 10 ~3 g. mole) of carbon 
dioxide and of argon. The conventional procedure 
of analysis for the carbon dioxide content was

compared with the use of a radioactive tracer 
(A37). Isotope A37 has a half life of 34.1 days17 and 
it was prepared in the Ohio State University cy­
clotron by bombardment of potassium chloride. 
The results for the adsorption of carbon dioxide in 
the presence of argon are shown in Fig. 4. No

Gram-moles C02 left per cc. of container X 10s.
Fig. 4.—Mixed adsorption of argon and carbon dioxide: 

on silica gel, adsorption of C 02 from A -C 02 mixtures 
compared to adsorption of pure C02: total g. moles A -f-
C02 — I X  10“ 3; temp., 25°; av. wt. gel, 0.75 g .; -----,
adsorption isotherm of pure C 02; 0 , adsorption of CO* 
from A—C02 mixtures by pressure change and C 02 analy­
sis; •» adsorption of C 02 from A—C 02 mixtures by pres­
sure change and use of radioactive argon (A37) as tracer.

significant change in the adsorption of carbon di­
oxide in the presence of argon was detected. The 
results of the conventional method were slightly 
higher, in general, than the simple adsorption iso­
therm for carbon dioxide, while those obtained 
using A37 were slightly below the isotherm. Figure 
5 shows the adsorption of stable argon from mix­
tures with carbon dioxide as determined by the 
use of radioactive argon. There was no measur­
able change in the adsorption of argon due to the 
pressure of carbon dioxide.

Gram moles of A left per cc. of container X 105.
Fig. 5.—Mixed adsorption of argon and carbon dioxide, 

adsorption of argon on silica gel: adsorption of A from 
A-C02 mixtures, total g. moles A +  C 02 =  1 X 10“ 3; 
temp., 25°, av. wt. gel., 0.75 g.

Argon and Air.—It has been reported tha t 
argon and nitrogen, and argon and oxygen 
mutually increase one another’s adsorption at
O0.18*19 Using radioactive argon similar results 
were obtained. Radioactive argon is added to

(17) P. K. Weimer, M. L. Pool and J. D. Kurbatov, Phys. Rev., 66, 
209 (1944).

(18) B. Lambert and H, S. Heaven, Proc, Roy. Soc. (Londen), 
A1B8, 584 (1936).

(19) G, 'Pasafcefctor, Z. physik, Chem,, m, 69 (1933),
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air and the adsorption of the stable argon from air 
is traced. Approximately 13% of the total argon 
present in air was found to be adsorbed.

In these studies with radioactive argon it has 
been found that the use of radioactive tracer for 
mixed gas adsorption is feasible and gives more 
consistent results than the conventional method. 
In cases where the chemical analysis of the gas 
mixture is difficult by ordinary means, the use of a 
radioactive tracer, if available, provides a conven­
ient method for studying mixed adsorption. It 
is recognized that the technique described here 
using separate samples of silica gel for each experi­
ment does not insure that the adsorbent has ex­
actly the same adsorption properties in each ex­
periment. Experiments in which the only variable 
was the sample of silica gel used showed this error 
to be of the order of 3%.

Acknowledgment.—The authors greatly ap­
preciate the support given to this research by 
Professor Alpheus Smith and by Professor M. L. 
Pool. We also express our thanks to the Alumni 
Fund for a grant in aid for purchase of equip­
ment.

Summary
1, An apparatus is described suitable for

studying binary mixed gas adsorption in which one 
component is radioactive or contains radioactive 
atoms as a tracer. The apparatus is also suitable 
for certain mixed adsorption studies by conven­
tional means. Simple adsorption isotherms were 
obtained for air, argon and carbon dioxide on 
silica gel at 25°.

2. Adsorption isotherms for radon in air, in 
argon and in carbon dioxide on silica gel at 25° 
were studied. The isotherm in air follows Henry’s 
law and substantiates the Langmuir theory of 
mixed adsorption as applied to low concentrations. 
The adsorption of radon is slightly suppressed in 
carbon dioxide. The studies with radon in argon 
show that the adsorption of radon is enhanced in 
the presence of argon even though a very small 
fraction of the total surface of silica gel is covered 
by radon.

3. The heat of adsorption of radon in air and 
in argon was estimated from the data obtained to 
be of the order of magnitude of 9,000 calories per 
mole.

4. Methods are described for the use of radio­
active argon to follow the adsorption of argon in 
mixtures with carbon dioxide and with air.
Syracuse, N. Y. R eceived  January 2. 1948

NOTES

The Reduction of 6-Methyl-8-(4'-diethylamino- 
l'-methylbutylidene)-aminoquinoline

B y  H. J . B a r b e r , D. H. O. J o h n  a n d  W. R. W ragg

The recent publication by Elderfield, et a l .1 
reporting a study of the synthesis of Plasmochin 
by the reductive condensation of 1-diethylamino- 
pentanone-4 (I) with 6-methoxy-8-aminoquino- 
line (II), from which a satisfactory method did not 
ensue, is of considerable interest to us since we 
were concerned during the war with a similar 
process which gave Plasmochin in excellent yield. 
We wish therefore to record some additional data.

Early in our work we investigated a process re­
vealed by Bergmann2 for the reductive condensa­
tion of 6-methoxy-8-nitroquinoline with (I), fol­
lowing his conditions as closely as practicable (our 
palladium/barium sulfate catalyst was prepared 
by the method of Sabalitschka and Moses3), but 
we could not obtain any Plasmochin. A second 
Bergmann, patent4 claims, but does not exemplify, 
the reductive condensation of (I) and (II).

(1) Elderfield, Kreysa, Dunn and Humphreys, T h is J o u r n a l , 70, 
40 (1948).

(2) British Patent 547,302.
(3) Sabalitschka and Moses, Ber., 60, 800 (1927).
(4) British Patent 547,301;

Preparation of the Schiff base, 6-methoxy-8-(4'- 
diethylamino - 1' - methylbutylidene) - amino- 
quinoline (III), was accomplished by Elderfield, 
et a l .1 by the interaction of (I) and (II) using 
ethylbenzene as an entrainer to remove water, 
but condensation under these conditions was slow 
and far from complete. The Schiff base may be 
obtained in almost quantitative yield using the 
diethyl ketal of (I), instead of (I) itself, (cf. van 
Shelven5) by the procedure described6 for 6- 
methoxy - 8 - amino -1,2,3,4 - tetrahydroquinoline
(IV). The Schiff base, without distillation, could 
then be reduced in ethyl acetate solution at 60° 
and 450 lb. hydrogen pressure in the presence of a 
platinum/charcoal catalyst, but the results were 
not consistent. Considerable improvement was 
effected by using an Adams platinum oxide cata­
lyst7 at the same pressure but at room tempera­
ture. Reproducible results were obtained and an 
80% over-all yield (calculated on (II)) of distilled 
Plasmochin base was obtained on a production 
scale.

In our experience the reduction is very sus­
ceptible to minor changes in materials, catalyst or

(5) British Patent 388,087, Example 32.
(6) Barber and Wragg, J. Chem. Soc., 610 (1946).
(7) John, /. Soc. Chem. Ind., 63, 256 (1944) .
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reaction conditions and unless hydrogenation 
proceeds rapidly and smoothly, by-products are 
formed. In one explanation of the imidazole 
formation observed in their reductive condensa­
tions of (I) and (II), Elderfield and Kreysa8 sug­
gest that on reduction of the Schiff base (III), 
saturation of the pyridine ring occurs before sub­
stantial reduction of the azomethine linkage. 
This clearly requires qualification since under con­
ditions now reported the reverse is the case. 
However, the more drastic hydrogenation condi­
tions and the different catalyst used by Elderfield, 
et al., might have caused the reaction to follow the 
alternative course. That these latter conditions 
led to extensive nuclear reduction is in accord with 
our experience since we used similar conditions 
except for the solvent employed, for making tetra- 
hydro-Plasmochin and (IV), the published yield 
and analysis6 of which have been overlooked by 
Elderfield, et al?

It is of interest to note that Andersag also re­
ports a failure to achieve more than a few per cent, 
yield of Plasmochin by the aminoketone route.9

A considerable part of this experimental work 
was carried out by H. G. Thompson and A. C. 
Benzie.

(8) Elderfield and Kreysa, T h is  Jo u r n a l , 70, 44 (1948).
(9) I. G. Elberfeld, Jahresberichte, 1940 (B. I. O. S. 116), Appendix

2).

R esearch L aboratories 
M ay  & Baker  L td.
D agenham, E ssex
E ngland R eceived M ay  1, 1948

The Preparation of 1 - (£-Nitrophenyl) -1,3-buta­
diene

By E. C. C oyner  and G. A. Ropp1

In the continuation of a study2 on Diels-Alder 
reactions with 1-aryl-1,3-dienes, l-(p-nitrophenyl)-
1,3-butadiene and its adduct with maleic anhy­
dride have been prepared and characterized.

The diene was synthesized in two steps by a 
modification of the procedure described in a re­
view3 of German war-time investigations on ex­
tensions of the Meerwein4 reaction.
CH2= C H — C H = C H 2 -f  ClN2C6H4N02+> —

C1CH2—CH =CH —CH2C6H4N02+> +  n 2 
C1CH2—CH==CHCH2C6H4N02-£ +  KOH — >-

CH2= C H —CH=CHC6H4N 02-£ +  KC1 +  h 2o

The chlorobutene, obtained in the first step, 
may be distilled successfully in small quantities 
under high vacuum, but it was found that this 
operation could be omitted as well as the removal 
of impurities, chiefly ^-nitrophenol, from the chlo­
robutene by steam distillation. Actually, inclu-

(1) Research Corporation Fellow.
(2) For a previous publication see Coyner and Ropp, T h is  

J o u r n a l , 69, 2231 (1947).
(3) Müller, “The Action of Aromatic Diazo Compounds on Ali­

phatic Unsaturated Compounds,” PB 737, Office of Technical Serv­
ices, Department of Commerce, Washington, D. C.

(4) Meerwein, Buchner and van Eraster, J. prakt. Chem., 162, 
237-266 (1939).

sion of these operations, as described in the Ger­
many report, give only very low yields of diene, 
whereas the abbreviated procedure given in detail 
below resulted in a yield of 61% of purified prod­
uct based on p -nitroaniline. Furthermore, the
product is described in the German report as an 
oil, but in this work l-(^-nitrophenyl)-1,3-butadi­
ene was found to crystallize in yellow needles, m. 
p. 78.0-78.8°. I t  reacts readily with maleic anhy­
dride and has been kept a t room temperature in 
dark bottles for several months with no apparent 
decomposition.

Studies are now underway on the reactions of 1- 
(^-nitrophenyl)- 1,3-butadiene with unsymmetri­
cal dienophiles.

Experimental
l-(/>-Nitrophenyl) -4-chloro-2-butene.—Technical £ -ni­

troaniline was recrystallized once from ethanol and 140 
g. (one mole) was dissolved in a hot solution of 240 cc. 
concentrated hydrochloric acid and 100 cc. of water. 
The solution was stirred rapidly and cooled in an ice- 
salt-bath. After 100 g. of ice was added, a solution of 
70 g. of sodium nitrite in 120 cc. of water was run in 
during one hour while the temperature was kept between 
—4 and + 4 .5°. Stirring was continued for an additional 
twenty minutes and the reaction mixture was filtered. 
The filtrate was kept at 0 ° while it was added over a period 
of ninety minutes to a well-stirred mixture of 1 liter of 
acetone, 80 g. of sodium acetate dissolved in 100 cc. of 
water, 30 g. of cupric chloride dissolved in 50 cc. of water, 
and 130 cc. of liquid butadiene. The reaction mixture 
was maintained at —3 to + 5 °  by means of an ice-salt - 
bath during the addition and was then allowed to warm to 
room temperature. Stirring was continued for an addi­
tional sixteen hours. One liter of ether was then added 
to extract the oily product, and the ethereal solution was 
separated, washed four times with 1-liter portions of water 
and dried over anhydrous magnesium sulfate. Removal 
of the solvent on the steam-bath gave 187.5 g. (88.6%) 
of crude l-(£-nitrophenyl)-4-chloro-2-butene as a dark 
brown oil.

1 - (^-Nitrophenyl) -1,3-butadiene.—The crude chloro­
butene was dissolved in a solution of 500 cc. of ligroin and 
500 cc. of benzene and treated with 5 g. of activated char­
coal under reflux for two hours. The charcoal was re­
moved by filtration, the solvents were evaporated on the 
steam-bath and the residual oil was dissolved in 400 cc. 
of methanol. This solution was then stirred at 15-33° 
while a solution of 112 g. of potassium hydroxide in 600 
cc. of methanol was added over thirty minutes. Stirring 
was continued for an additional five minutes and the 
precipitated light yellow crystalline diene was removed 
by filtration; it was washed thoroughly with water and 
dried in a vacuum desiccator to give 76.5 g. of product, 
m. p. 75.0-76.8. The methanolic filtrate was added to 
1200 cc. of water to precipitate 41.5 g. of less pure, dark 
brown product, which upon recrystallization from 400 
cc. of ligroin gave 30 g. of light yellow crystalline diene, 
m. p. 75.5-76.8°. The total yield of product, m. p. 
75.0-76.8° is therefore 106.5 g. (61% based on p-nitro-  ̂
aniline). A highly purified sample, m.p. 78.0-78.8°, 
was prepared by repeated recrystallizations from ligroin 
and from methanol.

Anal. Calcd. for CioHgOjjN: C, 68.56; H, 5.18.
Found: C, 68.44, 68.44; H, 5.07, 4.96.

Adduct with Maleic Anhydride, 3-(/>-Nitrophenyl)-
1,2,3,6-Tetrahydrophthalic Anhydride.—A mixture of 
one-hundredth mole quantities of l-(£-nitrophenyl)-
1,3-butadiene (1.75 g.) and maleic anhydride (0.98 g.) 
was heated at 70° for fifteen minutes, during which time 
the melt solidified. The solidified cake was then heated 
under reflux with 3 cc. of xylene for ten minutes and 
cooled to room temperature. The solid product was re­
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moved by filtration and recrystallized once from glacial 
acetic acid and three times from ethyl acetate to give pale 
yellow crystals, m. p. 170.9-172.0°.

Anal. Calcd. for Ci4HnOöN: C, 61.54; H, 4.06.
Found: C, 61.33, 61.60; H, 4.04, 3.99.
U niversity  of T en n essee
K n o x v ille, T en n essee  R eceived  M arch 8, 1948

Hydroxyethylmorphine
B y  W arner  W. C arlson  and L. H. C retcher

The typical result of alkylating the phenolic 
hydroxyl of morphine has been found to be the 
production of codeine-like effects, almost regard­
less of the chemical nature of the alkylating 
group.1 However, since no reference could be 
found to the preparation of a hydroxyalkyl ether 
derivative of morphine, the alkaloid was hydroxy- 
ethylated by the procedure previously developed 
for use with nitrogenous phenols.2

Toxicity of the derivative was determined by 
the subcutaneous (abdominal) injection of graded 
doses of the compound in white mice (17 to 19 g. 
weight range). The results are given in Table I, 
along with the values listed by Small and Eddy1 
for the parent alkaloid and its methyl and ethyl 
ethers. Introduction of the hydroxyethyl group 
was found to produce a marked decrease both in 
acute toxicity and convulsant action. Hydroxy­
ethylmorphine also failed to elicit the Straub re­
action or circus movements in the animals. In its 
actions the hydroxyethyl derivative resembles y- 
isomorphine, which has an LD 50 of 2000 mg./kg. 
and does not produce the Straub reaction or circus 
movements in mice.1

T a b le  I
A cute  T oxicity  of H ydroxyethylm orphine to White  

M ice

Substituent at 
position 3

LD 50 
mg./kg., 

as free base

Convulsant
action,
mg./kg.

Straub
reaction

HO— 531 531 Present
CH,0— 241 161 Present
c 2h 6o— 136 122 Present
HOCüH.O— 2500 2500 Absent

A preliminary estimate of analgesic potency in 
white mice was made by the method of Woolfe and 
MacDonald,3 morphine and codeine being used as 
reference compounds. The results are given in 
Table II, from which it is estimated that codeine 
is approximately 1/10, and hydroxyethylmorphine 
1/15, as analgesic as the parent alkaloid.

Experimental
Hydroxyethylmorphine.—A mixture of 5.7 g. of mor­

phine, 8.3 g. of potassium carbonate, and 100 g. of ethylene
carbonate2 (in excess as solvent) was heated with stir­
ring for seventy-five minutes at 98°, cooled, and poured 
into an excess of cold aqueous alkali. The solution was

(1) Small and Eddy, U. S. Public Health Reports, Supplement No. 
138, U. S. Government Printing Office, Washington, D. C., 1938.

(2) Carlson and Cretcher, T h is  J o u r n a l , 69, 1952 (1947).
(3) Woolfe and MacDonald, J. Pharm. Exp, Therap,, 80, 300

(1044)*

T a b le  II

A nalgesic P otency  of H ydroxyethylmorphine

Drug

Dose,
mg./kg.,

free base

Animals
showing

analgesia,
%

Av.
time

to
develop

analgesia
minutes

Average
duration

of
analgesia
minutes

Morphine 10 100 14 29
20 100 12 80

Codeine 50 60 14 31
100 100 14 41

Hydroxy­ 50 66 12 32
ethylmorphine 100 66 12 34

150 100 10 38
200 100 10 58

extracted three times with 50-cc. portions of chloroform, 
the extracts united and the product extracted by 20 cc. of 
0.1 N  hydrochloric acid. The solution was made alkaline 
and the product again extracted into chloroform; because 
of the marked water solubility of the derivative, it was not 
feasible to wash the extract. The chloroform solution 
was evaporated to a sirup under reduced pressure, the 
residue dissolved in boiling absolute alcohol, and the solu­
tion cooled, hydroxyethylmorphine crystallizing. Re­
crystallized from the same solvent (30 cc. of alcohol per g. 
of compound) the derivative was obtained as colorless 
crystals; m. p. 190°; yield, 4.6 g.; [ol]t> —124.8° 
(methanol).

Anal. Calcd. for C19H23NO4: C, 69.26; H, 7.04; N, 
4.26. Found: C, 69.02; H, 7.08; N, 4.36.
D epartment of R esearch  in  P ure  C hemistry 
M ellon Institute
Pittsburgh, P a . R eceived  January  28, 1948

The Ultraviolet Absorption Spectra of 1,1'- and 
2,2'-Binaphthyl

B y  Vernon  L. F rampton, Joseph D. E dwards, Jr ., and  
H enry  R. H enze

In a very recent article concerning the ultra­
violet absorption spectra of some naphthalene de­
rivatives, Friedel, Orchin and Reggel1 call atten­
tion in a footnote to differences between the 
spectra as determined by them for 1,1'- and 2,2'- 
binaphthyl and those noted previously by Adams 
and Kirkpatrick.2 The significance of these 
data is such as to warrant this communication to 
confirm the location of the absorption maxima 
reported by Friedel, Orchin and Reggel, since, as 
they appear to us, the ultraviolet absorption spec­
tra of 1,1 '-binaphthyl and, especially, of 2,2'- 
binaphthyl were of fundamental importance in the 
selection by Adams, et al., of a binaphthyl as the 
basic nucleus of gossypol.

1,1'-Binaphthyl has been resynthesized3 by 
three different procedures, namely: (a) by the 
Wurtz-Fittig reaction4 starting with 1-chloro- 
naphthalene; (b) according to the method of Ull-

(1) Friedel, Orchin and Reggel, T h is  J o u r n a l , 70, 199 (1948); 
see footnote (10).

(2) Adams and Kirpatrick, ibid.,. 60, 2181 (1938).
(3) These experimental data are drawn from a thesis presented by 

Joseph Daniel Edwards, Jr., to the Faculty of the Graduate School 
of the University of Texas in partial fulfillment of the requirements 
for the Master of Arts degree, January, 1948.

(4) Rodd and Linch, /. Chem. Soc., 2178 (1927),
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mann5 using 1-bromonaphthalene; (c) utilizing 
the Grignard reaction6 with 1-bromonaphthalene. 
The melting points of the samples of l,l'-binaph- 
thyl7 prepared by these procedures were 157.5,
157.2 and 157.5°, respectively; a mixture of the 
three preparations melted at 157.5°.

In Fig. 1 are presented the ultraviolet absorp­
tion spectra for these three samples, which were 
determined with a Beckman quartz spectropho­
tometer using 95% ethyl alcohol as solvent, to­
gether with the data8 taken from the Fig. 2 pub­
lished by Adams and Kirkpatrick.2 In our Fig. 1 
are included also data recorded still earlier by 
Pestemer and Cecelsky9 using a hexane solution of 
l,l'-binaphthyl. The low wave length absorption 
band which we report is at 220-224 millimicrons, 
which is in satisfactory agreement with the band 
at 226 millimicrons reported by Friedel, et a l .1

Fig. 1.—Ultraviolet absorption spectra for 1,1'-binaph­
thyl: V, 1,1'-binaphthyl prepared by the W urtz-Fittig 
synthesis; A , Ullmann synthesis; □, Grignard synthesis; 
O, data of Adams and Kirkpatrick; • ,  data of Pestemer 
and Cecelsky.

(5) Ullmann and Bielecki, Ber., 34, 2184 (1901).
(6) Sakellarios and Kyrimis, ibid., 57, 324 (1924).
(7) The melting point behavior is considerably influenced by the 

rate of heating. Samples can be shown to  exhibit sintering a t  tem­
peratures lower than  the m. p. of 157.5° by very rapid heating. Cf. 
Orchin and Friedel, This Journal, 68. 573 (1946).

(8) These data were obtained using dioxane as solvent; however, 
identical data  were reported utilizing ethyl alcohol as solvent.

(9) Pestemer and Cecelsky. Monatsh., 59, 119 (1932).

but is in disagreement with the location of the 
absorption band at 238 millimicrons according to 
Adams and Kirkpatrick.

2,2'-Binaphthyl,10 melting at 187°, was syn­
thesized through the Grignard reaction with 2- 
iodonaphthalene. The absorption spectrum for 
2,2'-binaphthyl is presented in Fig. 2. In agree-

Fig. 2.—Ultraviolet absorption spectrum for 2,2'-binaph­
thyl.

ment with the findings of Friedel, et al., a thor­
ough investigation throughout the region 260- 
300 millimicrons did not yield evidence for the 
existence of an absorption maximum at 297 
millimicrons, as reported by Adams and Kirk­
patrick. Otherwise, the absorption spectra for 
2,2'-binaphthyl are in reasonable agreement.

(10) Vesely and Stursa, Coll. Czechoslov. Chem. Commun., 4, 139 
(1932), reported m. p. of 187° for a  sample of 2,2'-binaphthyl ob­
tained using lithium  as the coupling agent.

T h e  C o t t o n  R e s e a r c h  C o m m it t e e  o f  T e x a s  
A u s t in , T e x a s , a n d  
T h e  D e p a r t m e n t  o f  C h e m is t r y  
T h e  U n iv e r s it y  o f  T e x a s
A u s t in , T e x a s  R e c e iv e d  F e b r u a r y  24, 1948

The Purification of Neopentane by Mercury 
Photosensitization1

B y  B. d e B . D a r w e n t  a n d  E. W. R . S t e a c ie

In a study of the mercury photosensitized re­
actions of neopentane it was found necessary to
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prepare extremely pure samples of that hydro­
carbon. The Grignard reaction of tertiary butyl 
chloride with methylmagnesium chloride was used 
to produce the neopentane. The product was 
washed with 85 and 95% sulfuric acid and then 
photobrominated to ensure the complete removal 
of unsaturates, since isobutene is the most likely 
impurity. The residual bromine and any hydro­
gen bromide formed were removed by distilling 
the mixture through 40% potassium hydroxide 
(aqueous) and over solid potassium hydroxide. 
The resulting neopentane was finally purified by 
low temperature distillation in a column of con­
ventional design. The distillate was assumed to 
be pure when the temperature remained constant 
at 9.6° for thirty to sixty minutes under total re­
flux. This "pure” neopentane was taken off in 
four consecutive fractions, the purity of which was 
checked by determining the vapor pressure-tem­
perature relations of large samples over a wide 
range of temperature. No indications of im­
purity could be detected.

Preliminary experiments showed that the rates 
of the mercury photosensitized reaction of differ­
ent samples, though surprisingly low, were very 
variable. Samples of the unreacted and of the 
"partially decomposed” neopentane were analyzed 
by the mass spectrometer with the following re­
sults :

Percentages-
Sample A

Neopentane 96.4
w-Pentane 1.1
Dimethylcyclopro-

pane 1.6
C 6 hydrocarbons 1

B C D E F
99.6 99.9 100 100 100

0 .4 trace ........................

in which Sample A was the "pure” unreacted neo­
pentane and B to F were "partially decomposed” 
samples. It was stated by the analyst that sam­
ples D, E and F were "apparently of the same 
purity as the neopentane used for calibrating as 
obtained from Dr. F. D. Rossini, National Bureau 
of Standards, Standard Sample No. 299-5s. It 
is certified to be 99.96% pure; impurity 0.04 =*= 
0 .0 2 % .”

Accordingly a large sample of crude (undistilled) 
neopentane (about 30 liters of gas) was subjected 
to prolonged mercury sensitization by circulating 
a mixture of gaseous neopentane and mercury 
through a quartz vessel illuminated by a low pres­
sure mercury lamp, the radiation from which con­
sisted largely of the unreversed 2537 A. line, for 
seventy to eighty hours, roughly distilled into 5 
fractions and analyzed on the mass spectrometer. 
The results were:

,----------- --------------- Percentages---- -------------------- *
Fraction no. 1 2 3 4 5

Neopentane 99 (8 )a 99 (7 )a 99 (6 )« 99 (4)a 99(0)* 
Hexane 0 .2  0 .3  0 .4  0.6 1.0

° The figures in parentheses are uncertain.

Hence, in the absence of very efficient fractiona­
tion, mercury photosensitization is an efficient

method of obtaining neopentane of high purity. 
This method of purification is possible only be­
cause neopentane is remarkably resistant to at­
tack by Hg(3Pi) atoms whereas the impurities re­
act readily to give, ultimately, heavy polymers 
and non-condensable gases (hydrogen and meth­
ane) which are easily separated from the unreacted 
neopentane.

The Grignard reaction was carried out by Dr. 
A. Cambron and Mr. R. A. B. Bannard of these 
laboratories, and the mass spectrometer analyses 
by Dr. Fred L. Mohler of the National Bureau of 
Standards, Washington, D. C., to whom our 
thanks are due. The laboratory assistance of 
Mr. J. R. Pilon is gratefully acknowledged.
C o n t r ib u t io n  No. 1717 f r o m  t h e
N a t io n a l  R e s e a r c h  C o u n c il
D iv is io n  o f  C h e m is t r y
N a t io n a l  R e s e a r c h  L a b o r a t o r ie s
O t t a w a , O n t a r io  R e c e iv e d  M a r c h  19, 1948

The Reduction of ^-Hydroxyformanilide by 
Lithium Aluminum Hydride to N-M ethyl-A- 

aminophenol
B y  J a c o b  E h r l ic h

This reduction of an anilide to a secondary 
amine proceeds smoothly in tetrahydrofuran as 
solvent. The method is applicable to various 
amides using diethyl ether or tetrahydrofuran as 
solvent, to be reported in a later communication.

Experimental
A solution of 1.9 g. (0.05 mole) 1 of lithium aluminum 

hydride in 36 cc. of anhydrous tetrahydrofuran 2 was pre­
pared in a 3-neck conical flask provided with sealed stirrer, 
thermometer, reflux condenser, hopper3 and calcium 
chloride guard-tube . 4 The solution was brought to 20- 
25° and 2.75 g. (0.02 mole) of />-hydroxyformanilide was 
added in small portions during thirty minutes, cooling 
externally with ice-water to maintain this temperature. 
The hopper was flushed with 4 cc. of tetrahydrofuran and 
the charge stirred twenty minutes more a t 20-25°. Dur- 1 2 3 4

(1) Assuming only one labile hydrogen (phenolic) in 1 mole of 
^-hydroxyformamilide, then 0.25 mole of LiAlEL would be destroyed 
prior to any reduction. The reduction of the formyl radical would 
consume a further 0.5 mole of LiAlIL, making a 4:3 molar ratio of 
anilide iLiAlLL. If the amido hydrogen is also labile, the ratio 
becomes 1:1. If the formyl hydrogen is labile, the ratio becomes 4:5. 
However, these calculations are only of academic interest, for the 
0.02:0.05 molar ratio was arrived a t empirically. If less LiAlHé 
is employed, the yield drops proportionally.

(2) The tetrahydrofuran was obtained from E. I. du Pont de 
Nemours and Co. This was rendered water and peroxide free by 
storing 500 cc. in an amber bottle over 75 g. of flake sodium hydroxide 
for two weeks, occasionally shaking. The clear, colorless super­
natan t liquor was decanted (from now discolored solids) for use in 
the reductions without further purification. On dissolving the 
LiAlHé in the  tetrahydrofuran the heat of solution will raise the 
tem perature to about 50°.

(3) Similar in construction (but smaller capacity) to th a t described 
by Swift and Billman, Ind. Eng. Chem., Anal. Ed., 17, 600 (1945). 
However, this may be om itted and the same results obtained by 
using a removable rubber stopper.

(4) In  various reductions no special precautions, except the exclu­
sion of atmospheric moisture, were employed, and no uncontrolled 
or explosive reaction was observed. However, as an added precau­
tion, it would be desirable to conduct the reaction under an atm os­
phere of dry nitrogen.
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ing this period a thin slush formed. The temperature was 
then raised to 63-66° and maintained for ten minutes. 
The pale pink slurry was then chilled to 20-25°, 77 cc . 5 

of 3  N  hydrochloric acid added c a u tio u s ly  from a dropping 
funnel (ice-water cooling as required), resulting in a pale 
slightly cloudy solution.

The charge then was steam-distilled (about 90 cc. dis­
tillate) to remove the solvent, digested while hot with 
0.3 g. of Norit and 0.2 g. of Filter-Cel and filtered with 
suction. The colorless filtrate was cooled to 0-5°, 10 
cc. of concentrated hydrochloric acid added, then titrated 
a t this temperature with molar sodium nitrite solution to 
a strong blue streak (ten minutes end-point) on starch- 
iodide paper. Almost the theoretical amount was re­
quired. During the titration pale yellow nitrosamine 
needles separated. The crystals were filtered .with suc­
tion, washed with water and dried a t 55°; yield 2.66 g., 
m. p. 134-135°. The filtrate, on extraction with ether, 
yielded an additional 0.12 g .; to tal yield 92%.

On recrystallizing the combined crops from 10% 
ethanol, in the presence of a little Norit, the m. p. was 
raised to 135.5°, identical with purified N-nitroso-N- 
methyl - p -aminophenol prepared from photographic Metol 
as shown by mixed m. p.

(5) The first 20 cc. of 3 N  hydrochloric acid must be fed very 
slowly, dropwise. During this period the  main heat effect is evi­
dent and the bulk of the hydrogen gas evolved (by decomposition of 
the excess lithium aluminum hydride). Thereafter the balance may 
be added faster. Prior to the acid addition the calcium chloride 
tube is removed (versus any back pressure) andothe flask vented to the 
hood.

C o n t r ib u t io n  f r o m  t h e  
E h r l ic h  L a b o r a t o r y
B everly H ills , California  R eceived  January  31, 1948

The Constitution of Citrinin
By T. S. G o r e , T. B. P a n s e  a n d  K. V e n k a t a r a m a n

The structures originally assigned1 to citrinin 
(I) and its degradation products (II) and (III) 
are untenable in the light of their behavior to­
wards diazonium salts.2 Cram3 has now shown by 
synthesis and direct comparison that (III) is 4- 
methyl-5-ethylresorcinol, a conclusion at which 
we had arrived by circumstantial evidence. The
2,4 and 4,6-compounds were ruled out by the abil­
ity of (III) to form disazo dyes. Comparison of 
the absorption spectra and the color reactions of 
the bis-benzeneazo derivative of (III) with those 
of 2,4- and 4,6-bis-benzeneazoresorcinol and a ser­
ies of analogous dyes showed that (III) is 5- 
methyl-4-ethylresorcinol (IV) or 4-methyl-5-ethyl- 
resorcinol (V). The absorption curves for 2,4- 
bis-benzeneazoresorcinol, 2,6-bis-benzeneazo-5- 
methyl-4-ethyl resorcinol and the bis-benzeneazo 
derivative of (III) had a well-defined, high inten­
sity band in the visible region (Xmax. ^  415 m/x; 
emax. ^  60,000). 4,6-bis-Benzeneazoresorcinol and
4,6-bis-benzeneazo-2-ethylresorcinol exhibited a 
band of relatively low intensity in the visible re­
gion (Xmax. ^  415 m/x; emax. ^  20,000) and absorp­
tion maxima in the near ultraviolet (Xmax. ^  340 
m/x; €max. 36,000).

(1) Raistrick, Robinson, et al., Phil. Trans. Roy. Soc., B220, 269, 
297 (1931).

(2) Gore, et al., Nature, 157, 333 (1946).
(3) Cram, This Journal, 70, 440 (1948).

Shah and Robinson’s synthesis4 of (IV) was 
repeated, and it was found to melt at 79-82° 
(Shah and Robinson, m. p. 75-80°), while (III) as 
a monohydrate melts at 68-69°, and after dehy­
dration at 98-99°; the m. p. of (III) was consid­
erably depressed by admixture with (IV). Cram3 
has quoted us erroneously as reporting a m. p. of 
65-70° for (III). The bis-benzeneazo derivatives 
of (III) and (IV) melted, respectively, at 171° and 
188°, and the mixed m. p. was lower. It followed 
therefore that (III) is 4-methyl-5-ethylresorcinol. 
However, this is in conflict with the observation of 
Hetherington and Raistrick1 that neither of the 
acids obtained by oxidation of the dimethyl ether 
of (III) gave the anthrachrysone reaction. We 
prepared 3,5 - dimethoxy - 2 - methylbenzoic acid 
(VII) by the methylation of the corresponding a- 
resorcylic acid,5 and found that it readily gave a 
bordeaux-red color on warming with sulfuric acid 
(the anthrachrysone reaction); Cram has re­
corded that the acid (VI) synthesized by him 
corresponds in its properties to one of Hethering­
ton and Raistrick’s acids. The m. p. (157-158°) 
reported for (VI) by Cram is in agreement with 
ours, while Hetherington and Raistrick’s two 
acids melted at 142-146° and 98-99°.

From the formulation of (III) as 4-methyl-5- 
ethylresorcinol, the properties of (II), including 
the formation of (III) from (II) by alkali fusion, 
are fully explained by the structure 4-methyl-5- 
(1 -methyl-2-hydroxy) -propyl-resorcinol, proposed

COOH 
OH |

^ V ^ CHMe
U Me H 

Me
by Cram. The experimental results of Hethering­
ton and Raistrick1 and the behaviour of citrinin 
towards diazonium salts2 would then agree with 
the above constitution for citrinin.

(4) Shah and Robinson, J . Chem. Soc., 1491 (1934).
(5) Wood ward and Reed, This Journal, 65, 1569 (1943).

D e p a r t m e n t  o f  C h e m ic a l  T e c h n o l o g y  
T h e  U n iv e r s it y
B o m b a y , I n d ia  R e c e iv e d  A p r il  1 7 , 1 9 4 8

The Employment of Sodium Hydride as a Con­
densing Agent

B y  N a t h a n  G r e e n  a n d  F . B . L a F o r g e

Sodium hydride is now being produced on a 
large scale, and its advantages as a catalyst in 
various organic reactions have been indicated by 
Hansley and Carlisle.1 Its use in this Laboratory 
in the preparation of ethyl /3-oxocaprylate, ethyl 
jö-carbethoxy-a'-oxo-enanthate, and 5-carbethoxy- 
dihydrocinerone has been described in previous ar­
ticles.2-3 We have since employed this reagent in

(1) Hansley and Carlisle, Chem. Eng. News, 23, 1332 (1945).
(2) Soloway and LaForge, This Journal, 69, 2677 (1947).
(3) LaForge and Soloway, ibid., 69, 2932 (1947).
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the preparation of carbethoxy derivatives of other 
ketones, and of their substitution products, for 
Claisen condensations of alkyl esters with ketones, 
and for cyclizations of the Dieckman type. It 
probably could be used with advantage for many 
reactions where powdered sodium or sodium ethyl­
ate is usually employed. Wc arc therefore pre­
senting some observations which we have made 
in the use of this catalyst in these reactions.

The reaction of ketones with ethyl carbonate 
starts promptly when the finely ground catalyst is 
employed, but with the coarser material there is a 
considerable lag, or occasionally the reaction may 
not start at all. Since at present sodium hydride 
is supplied only in the coarser size, which is easier 
and less hazardous to handle but less reactive, it 
is generally necessary to reduce the particle size 
by some means of grinding.

A laboratory apparatus for this purpose has 
been designed by V. L. Hansley4 in which reactions 
are carried out in a revolving closed cylinder con­
taining steel balls. Since this rather expensive 
equipment will not be generally available, we have 
employed the same principle in connection with 
the usual glass apparatus. When several ceramic 
spheres about 13 mm. in diameter are placed in the 
reaction flask with the solvent and the ethyl car­
bonate, and rolled slowly over the catalyst with a 
glass paddle stirrer for about thirty minutes, the 
particle size of the sodium hydride is reduced suf­
ficiently so that the reaction starts soon on addi­
tion of a small quantity of the ketone. Care 
should be taken not to add very much of the ke­
tone until the reaction, which is observed by the 
evolution of hydrogen, has definitely started. 
When the experiment is performed in this manner, 
the yield in the case of ethyl /3-oxocaprylate is usu­
ally 80 to 85% of the theoretical.

In the preparation of sodium derivatives of 0- 
keto esters the reaction starts at once regardless of 
the physical state of the sodium hydride, and the 
addition of the ester is regulated according to the 
rate of evolution of hydrogen. The solvent is gen­
erally anhydrous ether. Dioxane, in which most 
sodium enolates are soluble, is sometimes used.

Alcohol-free sodium alcoholates are conveni­
ently prepared by dropping a slight excess of the 
alcohol on sodium hydride covered with benzene 
and, after refluxing, distilling off the solvent until 
it is alcohol-free, as shown by measurement of the 
refractive index. Sodium hydride dissolves more 
readily than sodium lumps or wire.

The following examples illustrate the employ­
ment of sodium hydride in reactions referred to 
above.5

Ethyl-3-oxo-6-octenoate6 was prepared from 58 g. 
(2.4 moles) of sodium hydride covered with 300 ml. of

(4) Private communication from V. L. Hansley of E. I. du Pont de 
Nem ours and Co., Niagara Falls, N. Y.

(5) We wish to  express our appreciation to the E. I. du Pont de 
Nemours and Co. for donating the sodium hydride we employed in 
th is and previous work.

(6) Prepared in collaboration with S. B. Soloway.

dry ether and 283 g. (2.4 moles) of ethyl carbonate in a 
nitrogen atmosphere by dropping 136 g. (1.2 moles) of
5-heptene-2-one into the stirred suspension over a period 
of five hours. More ether was added as the contents of 
the flask thickened. Acetic acid was added in quantity 
equivalent to the sodium hydride diluted with ice and 
water, and the reaction product was isolated from the 
ethereal solution by removing first the ether and then 
the excess ethyl carbonate in vacuum: b. p. 1 1 0 - 1 2 0 °
(10 mm.), w25d 1.4460, yield 188 g. (85%).

A n a l .  Calcd. for C ioH 16O s : C, 65.19; H, 8.76. Found: 
C, 64.67; H, 8.80.

2.4- Nonanedione.—A mixture of 28.8 g. (0.2 mole) 
of ethyl caproate and 12.7 g. (0.22 mole) of dry acetone 
was added to  4.8 g. (0.2 mole) of sodium hydride covered 
with 10 ml. of dry ether. The evolution of hydrogen 
started after refluxing for several minutes, and more ether 
was added as solid material separated. Refluxing was 
continued for one hour. Ice and water containing a 
suitable quantity of sulfuric acid were added, and the 
reaction product was isolated from the ethereal solution 
and distilled from a modified Claisen flask: b. p. 94-98° 
(11 mm.), w28d 1.4222, yield 16.8 g. (54%).

2.5- Dioxo-1,4~cyclohexandicarboxylic Acid Diethyl E s­
ter.—The Dieckman cyclization between two molecules 
of ethyl succinate occurs smoothly on addition of the 
ester to two equivalents of sodium hydride covered with 
a small quantity of ether and refluxing until the evolution 
of hydrogen has ceased. Upon addition of dilute acid 
the reaction product separates in crystalline form on re­
moval of the ether and it can be recrystallized from 
ethanol (m. p. 130-131°).

Ethyl ft-Carb ethoxy - y  -oxo -p elargonat e .—To 4.8 g. 
(0 . 2  mole) of sodium hydride covered with 1 0 0  ml. of 
ether, 37.2 g. (0.2 mole) of ethyl /3-oxocaprylate was slowly 
added with stirring, more ether being added as the contents 
of the flask thickened. I t  was refluxed for thirty  minutes, 
after which 37 g. (0.22 mole) ofe thyl bromoacetate was 
added dropwise a t a rate to cause gentle refluxing of the 
ether. The reaction was completed by further refluxing 
for thirty minutes, after which the separated sodium 
bromide was dissolved by addition of water containing 
5% of sulfuric acid. The ethereal layer was washed and 
dried and the solvent removed. The residue was dis­
tilled on a modified Claisen flask: b. p. 133-136° (0.4 
mm.), w25d 1.4388. The yield was 46 g. (84.5%).

A n a l . Calcd. for C14H 2 4O5 : C2H 50 , 32.4. Found:
C2HsO, 33.0.
U. S. D e p a r t m e n t  o f  A g r ic u l t u r e  
A g r ic u l t u r a l  R e s e a r c h  A d m in is t r a t io n  
B u r e a u  o f  E n t o m o l o g y  a n d  P l a n t  Q u a r a n t in e  
B e l t s v il l e , M a r y l a n d  R e c e iv e d  M a r c h  10, 1948

The Action of Copper Sulfate on the Phenyl-
osazones of the Sugars. VI.1 Gentiobiose 

Phenylosotriazole2
B y W. T. H a s k in s , R a y m o n d  M. H a n n  a n d  C. S. H u d s o n

In continuation of the investigation of the con­
version of the sugar phenylosazones to the corre­
sponding phenylosotriazoles through the action of 
copper sulfate, we have prepared the phenyloso­
triazole of gentiobiose. This phenylosotriazole 
differs from those described in the previous articles 
in that its crystals contain one molecular equiva­
lent of ethanol which is tenaciously retained at 
ordinary temperatures even in moderately high

(1) Number V was published in This Journal, 69, 1461 (1947).
(2) Presented in part before the Division of Sugar Chemistry and 

Technology a t the Chicago meeting of the American Chemical So­
ciety, April 19-23,1948.
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vacuum but is eliminated in  vacuo at elevated 
temperatures. It is also unique in that its hepta- 
acetate and heptabenzoate crystallize readily 
whereas, among the other disaccharide phenyloso­
triazoles investigated, only one crystalline acyl 
derivative has been obtained (cellobiose phenyl­
osotriazole heptaacetate). Acid hydrolysis of 
gentiobiose phenylosotriazole produces a high 
yield (93%) of D-glucose phenylosotriazole and 
D-glucose (65%) as expected from the accompany­
ing formula.

HC==N\
I > n *c 6h s

C=]Nr
I

HOCH
I

HCOH
I

HCOH
I

h 2c o - ---------------

I----
-CH

HCOH
I

HOCH
I

HCOH
i

HCO—
I

h 2c o h
Gentiobiose Phenylosotriazole

We axe indebted to Mr. Charles A. Kinser and 
Mrs. Betty Mount for the microchemical analyses.

Experimental
Gentiobiose Phenylosotriazole.—To a suspension of 

10 g. of gentiobiose phenylosazone3 in 900 ml. of boiling 
water was added a hot solution of 5.3 g. (1.1 molecular 
equivalents) of copper sulfate pentahydrate in 1 0 0  ml. 
of water. Solution of the phenylosazone took place 
rapidly and after refluxing for th irty  minutes the solution 
was cooled, filtered, and the excess copper removed from 
the filtrate as the sulfide; the copper-free solution was 
ineutralized with 1 0  g. of barium carbonate and following 
filtration, concentrated in  va cu o  to a thick reddish sirup. 
The sirup was dried by successive evaporations with 
three 25-ml. portions of absolute alcohol, and dissolved 
:in 25 ml. of warm absolute alcohol, filtered to remove a 
small amount of inorganic contaminant and diluted with 
35 ml. of ether; upon scratching, the product separated 
;as somewhat gelatinous floes which were recovered by 
filtration and washed with cold absolute alcohol and ether; 
yield 5.3 g. An additional 1.2 g. of product was obtained 
by concentration of the mother liquor; total yield 6.5 g, 
(71%). The material was recrystallized from 5 parts of 
absolute alcohol forming minute needles which melted 
a t 91-93 0 4  with foaming and rotated —34.3° in aqueous 
solution (c f 0.83). Analyses showed that the material 
contained one molecular equivalent of ethanol of crystal­
lization which was retained tenaciously in  vacu o  a t tem ­
peratures below the sintering point; a t 97° in  vacu o  the 
alcohol was removed leaving an amorphous glassy material 
of no definite melting po in t; its analysis corresponded 
closely to that of an unsolvated disaccharide phenylosotri­
azole. The crystalline alcoholate was readily soluble in 
water, pyridine and hot alcohol and sparingly soluble in 
ether, acetone, ethyl acetate and cold alcohol. Upon 
separating from solution in impure form it shows a marked 
tendency to form gelatinous precipitates rather than dis­
crete crystals.

A n a l .  Calcd. for Ci 8H 2 5N 3 0 9 -C2H 5 0 H : C, 50.73; H, 
6.60; loss on drying, 9.7. Found: C, 50.94; H, 6.39; 
loss on drying, 9.5.

A n a l ,  (of the alcohol-free amorphous material). Calcd.
(3) Berlin, This Journal, 48, 1107 (1926).
(4) The melting points were made with the stem of the ther­

mometer fully immersed in the heated bath. The rotations are 
specific rotations [q:]20d ; the tube length was 4 dm. and c is the con­
centration in grams in 100 ml. of solution. All the crystalline com­
pounds were recrystallized to constant m.p. and rotation.

for C1 8H 2 5N 3 O9 : C, 50.58; H , 5.9Ö. Found: C, 50.56; 
H , 5.99.

On refluxing 1.2 g. of the crystalline alcoholate with 50 
ml. of 0.5 N  hydrochloric acid for six hours and chilling 
the solution, a 93% yield of D-glucose phenylosotriazole 
(m. p. 195-196°) was obtained and the concentrated 
aqueous mother liquor, after neutralization with silver 
carbonate, yielded 65% of D-glucose ( [ ck] 20d + 52.5°).

Gentiobiose Phenylosotriazole H eptaacetate.—A solu­
tion of 1 . 0  g. of gentiobiose phenylosotriazole mono- 
alcoholate in a mixture of 8  ml. of acetic anhydride and 
0.25 g. of fused sodium acetate was heated on the steam 
bath for two hours, cooled, and poured into ice water; 
the crystalline heptaacetate ( 1 . 6  g., quantitative) was 
recrystallized from 1 0  parts of alcohol and formed clumps 
of very fine needles melting a t 144-146° and rotating 
—28.1° in chloroform solution (c , 0.84). I t  was readily 
soluble in chloroform, acetone-ether and warm alcohol 
and nearly insoluble in water and hexane.

A n a l .  Calcd. for C s^N gO ie : C, 53.26; H, 5.45;
CH3CO, 41.8. Found: C, 53.53; H , 5.62; CH3CO,
41.6.

Gentiobiose Phenylosotriazole Heptabenzoate.—To a 
solution of 0.5 g. of gentiobiose phenylosotriazole mono- 
alcoholate in 5 ml. of pyridine was added 2 ml. of benzoyl 
chloride; after standing a t 25° for twenty-four hours the 
mixture was poured into ice water and the gummy pre­
cipitate washed by decantation with dilute sodium bi­
carbonate solution and water. The damp precipitate 
was digested on the steam -bath with 25 ml. of alcohol 
when spontaneous crystallization occurred; the cooled 
mixture was filtered and washed with alcohol yielding 1 . 2  

g. (quantitative) of the heptabenzoate. The compound 
was recrystallized by dissolving it in 1 0  parts of chloroform 
and adding 20 parts of hexane or 50 parts of absolute 
alcohol; i t  crystallized as fine, short needles melting a t 
122-123° and rotating + 1 .5 ° in chloroform solution (c , 
0.88). I t  is soluble in chloroform, ether, acetone and 
pyridine and sparingly soluble in water, hexane and hot 
alcohol.

A n a l .  Calcd. for C67H 5 3N 3O1 6 : C, 69.60; H , 4.62;
C6H 5 CO, 63.6. Found: C, 69.40; H , 4.57; C6H 5 CO, 
63.3.
C o n t r ib u t io n  f r o m  t h e  
F e d e r a l  S e c u r it y  A g e n c y  
P u b l ic  H e a l t h  S e r v ic e  
N a t io n a l  I n s t it u t e  of H e a l t h  
E x p e r im e n t a l  B io l o g y  a n d  
M e d i c i n e  I n s t it u t e  
C h e m is t r y  L a b o r a t o r y
B eth esd a , M aryland  R ec eiv ed  M ay  3, 1948

The Separation of Iodine-131 from Tellurium
B y  M il t o n  L e v y , A l b e r t  S. K e s t o n  a n d  S id n e y  

U d e n f r ie n d

The irradiated unit1 supplied by the U. S. 
Atomic Energy Commission as a source of I 131 
contains 50 g. of tellurium. The chromic or nitric 
acid oxidations such as have been used in working 
up cyclotron targets proved cumbersome in the 
case of the pile units because of the large amount 
of tellurium. The following method based on fu­
sion with sodium hydroxide has proven rapid and 
reliable.

The tellurium powder is transferred to a 100-ml. 
Pyrex kjeldahl flask (through a powder funnel) 
containing 5 g. of sodium hydroxide pellets. The

(1) Catalog item  No. 37, “ Radioisotopes,” Catalog No. 2, re­
vised September, 1947, U. S. Atomic Energy Commission, Oak 
Ridge, Term



2290 N otes Vol. 70

mixture is shaken and heated gently to drive out 
water and then to a dull red (above 452°, the m. p, 
of tellurium). The mixture is held at this high 
temperature for about five minutes with occasional 
shaking during the progress of heating. The flask 
is allowed to cool somewhat and then plunged into 
100 ml. of water in a large mortar. The flask 
breaks and both it and the solid contents are 
coarsely powdered with a pestle. The aqueous 
layer with suspended tellurium is transferred to a 
liter erlenmeyer flask with suction and the residue 
in the mortar extracted with several 50-ml. por­
tions of hot water until only minor amounts of 
radioactive materials are being transferred. The 
extracts and washings are heated to boiling to 
coagulate the precipitate. The solution is cooled 
and filtered to remove tellurium.

The remainder of the isolation requires an all­
glass-standard taper distilling apparatus consist­
ing of a 500-ml. flask, an adapter with addition 
tube, an adapter and condenser and a receiving 
adapter arranged to dip into a receiving solution. 
The filtered alkaline extract is run into the distill­
ing flask, which contains a few boiling stones, and 
evaporated to a volume of about 50 ml. The dis­
tillate contains no radioactive material and is dis­
carded. A  concentrated solution of potassium 
permanganate is added in excess to oxidize all 
iodine in the alkaline solution to iodate. The re­
ceiving flask is changed to one containing a dilute 
solution of sodium sulfite and sodium carbonate 
(about 1 mg. of each in several ml. of water). The 
delivery tip is covered by this solution. Fifty ml. 
of concentrated sulfuric acid is added through the 
addition tube. Care is necessary because of the 
heat developed. After the sulfuric acid has been 
added, 1'g. of oxalic acid dissolved in a minimal 
amount of hot water is added. The iodate is re­
duced to iodine. The mixture is now distilled un­
til substantially all of the radioactivity has col­
lected in the receiver where the iodine is converted 
to iodide. The solution of iodide containing some 
carbonate, sulfite and sulfate is used directly in 
most of our work.

The tellurium residue when dissolved in nitric 
acid containing a small amount of chloride ion, 
gave, in the presence of excess dissolving silver, a 
silver chloride precipitate which contained rela­
tively little radioactivity. When unirradiated 
tellurium to which I 131 has been added is dissolved 
in this way, substantially all the radioactivity is 
coprecipitated with the silver chloride. Portions 
of the irradiated tellurium gave large amounts of 
I 131 in the silver chloride precipitate. Since the 
tellurium residue from the pile unit contained 
little I 131 and all other fractions except the final 
product contained not more than 10% of the ra­
dioactivity of the final product, we believe the 
yield to be 85-95% of the I131 originally present.

The exposures of the operators (two) during 
the working up of a unit by the method is mini­
mized by the use of lead bricks, long handled

tongs and rapid handling of materials. On pocket 
ionization chambers 0.04-0.06 roentgen was regis­
tered on the day of processing a unit. This is well 
below the allowed maximum of 0.1 roentgen per 
day. Film badges1 2 worn during the week includ­
ing the day of the preparation showed less than 
ten per cent, of the permitted maximum exposure 
for the week.

The irradiated tellurium units used in this in­
vestigation were supplied by the Clinton Labora­
tories and obtained on allocation from the TL S. 
Atomic Energy Commission.

This work was supported by a grant from the 
American Cancer Society, recommended by the 
Committee on Growth of the National Research 
Council.

(2) Film Badge Service, Tracerlab, Inc., Boston, Mass.

D e p a r t m e n t  o f  C h e m is t r y  
N e w  Y o r k  U n iv e r s it y  
C o l l e g e  o f  M e d ic in e
N e w  Y o r k  16, N . Y. R e c e iv e d  M a r c h  11, 1948

Preparation of /-Butylamine
B y  D . E .  P e a r s o n , J. F . B a x t e r  a n d  K . N. C a r t e r

Tertiary butylamine has been made by the hy­
drogenation of 2,2-dimethylethylenimine1 and 
by the reaction of /-butylmagnesium chloride and 
methoxyamine.2 Simple hydrolysis of the readily 
obtainable /-butylurea (E. K.) with aqueous alkali 
is too slow for satisfactory use. Smith and Emer­
son3 accomplished the hydrolysis indirectly. by 
reaction with phthalic anhydride and subsequent 
hydrolysis of the resulting phthalimide. It has 
now been found that the amine is readily prepared 
from /-butylurea by saponification in aqueous 
ethylene glycol solution. The procedure shown 
has been checked according to "Organic Synthe­
ses” recommendations.
(CH3)3CHNHCONH2 +  2NaOH — >

(CH3)3CNH2 +  NH3 +  Na2C 03
Procedure

A 1-liter round-bottomed, S. T. flask was equipped 
with an upright condenser, and a glass tubing was led 
from the top of the condenser to a small flask immersed 
in ice-water. The trap  was unnecessary, if sufficiently 
cold water was used in the condenser. The flask was 
charged with sodium hydroxide (60 g., 1.5 moles) dissolved 
in 75 cc. of water, Lbutylurea (70 g., 0.6 mole) and 225 
cc. of ethylene glycol (practical grade), and the mixture 
refluxed for four hours. The liquid temperature was 
115° when refluxing started and fell to 86° a t the end. 
The Lbutylurea gradually dissolved, and a gelatinous mass 
of sodium carbonate was formed. Shorter reflux gave 
lower yields; longer periods gave no increase. Lower 
concentrations of ethylene glycol gave proportionately 
lower yields. The flask was then cooled, equipped for 
distillation and the fraction boiling at 40-60° was col­
lected in an ice-cooled receiver. The crude amine, in ­
cluding any in the trap , weighed 37-39 g. I t  was dried 
with 5-7 g. of solid sodium hydroxide. If a lower, aqueous

(1) Karabinos and Serijan, This Journal, 67, 1856 (1945);
Campbell, Sommers and Campbell, ibid., 68, 140 (1946).

(2) Jones, J . Chem. Soc., 781 (1946).
(3) Sm ith and Emerson, T his Journal, 67, 1862 (1945).



June, 1948 N otes 2291

layer formed, it was removed in a small separatory funnel, 
and the amine was redried with fresh sodium hydroxide 
for eight to ten hours. The filtered amine was then dis­
tilled through a short, Vigreux column into an ice-cooled 
receiver equipped with a soda-lime tube. The yield 
was 31-34 g. (71-78% ), b. p. 44-46°, m. w. 73 by glass 
electrode titration. Double quantities also were used 
with no significant change in yields. I t is suggested that 
the procedure, with obvious modifications in details, is 
probably applicable to the preparation of Lamylamine 
from /-amylurea.
F u r m a n  C h e m ic a l  L a b o r a t o r y  
V a n d e r b il t  U n iv e r s it y
N a s h v il l e  4, T e n n e s s e e  R e c e iv e d  F e b r u a r y  12, 1948

Colored Complexes of Tungsten Hexafluoride 
with Organic Compounds

B y  H o m e r  F. P r ie s t  a n d  W a l t e r  C. S c h u m b

It was observed in the course of a study of the 
reduction of tungsten hexafluoride by organic com­
pounds that when the hexafluoride was dissolved 
in certain of these compounds deep colors were 
produced. Apparatus was devised in which tung­
sten hexafluoride could be added as liquid to a 
sample of the organic liquid, an atmosphere of dry 
air being maintained above the solution. Solu­
tions were also prepared quantitatively by distill­
ing the pure hexafluoride into a known weight of 
organic solvent contained in weighed cylindrical 
comparison tubes for a Coleman spectrophotom­
eter (Model 14). The tubes could be sealed off and 
re weighed so as to obtain the weight of added fluo­
ride. Spectrometric traces were made, all values 
being obtained by use of the potentiometer drum 
rather than by direct galvanometer deflection.

hexanone, and w-decane; dioxane free from unsatu­
rated compounds. Most of the liquids were dried 
over anhydrous calcium sulfate and redistilled.

A  summary of the qualitative observations 
made on the solution of tungsten hexafluoride in 
the different organic solvents is shown in Table I.

From these results it appears that the presence 
of certain functional groups in the solvents em­
ployed results in similar colors; thus the colors in 
benzene and toluene are similar, as are those in 
diethylcarbitol and diethyl ether. Ketones, such 
as acetone and cyclohexanone, give similar colors 
which intensify on standing and may be due to 
polymerization of the ketone rather than to the 
formation of a complex with the hexafluoride. 
Chlorinated solvents and hydrocarbons containing 
no functional groups give no colors. Alcohol also 
gives no color, but it is to be expected that alco­
holysis of the hexafluoride could interfere with 
complex formation.

Because of the intense color given by benzene, a 
quantitative study was made of this solvent. A t 
concentrations above 0.04 molar the color ap­
peared to remain stable for several weeks. Solu­
tions were made up at three concentrations of 
tungsten hexafluoride, 0.048, 0.118 and 0.121 mo­
lar, and the optical densities of these solutions 
were measured at 520,550, 560 and 570 ju. A  plot of 
optical density vs . concentration of tungsten hexa­
fluoride gave straight lines, indicating that the 
colored material follows Beer’s law, and that the 
concentration of the colored complex is directly pro­
portional to the tungsten hexafluoride concentra­
tion. By absorption measurements carried out on 
four solutions of tungsten hexafluoride and benzene

T a b l e  I

E f f e c t  o f  D is s o l v in g  T u n g s t e n  H e x a f l u o r id e  in  O r g a n ic  L iq u id s
Effect of cooling to

Solvent Color of solution - 7 8 ° Effect of dilution Remarks
Benzene Red White crystals Orange—yellow
Toluene Red None Orange—yellow Color retained when frozen
Acetone Red None Orange Color intensified on standing
Cyclohexanone Red None Orange Some intensification on standing
Ethyl alcohol None White crystals
Carbon tetrachloride None White crystals
yym-Tetrachloroethane None Solidified
«-Decane None Solidified
Cyclohexane None Solidified
Diethylcarbitol Violet-brown None Brown
Diethyl ether Violet—brown None Brown
Dioxane Pale red White solid Orange Some crystals deposited

The tungsten hexafluoride had been prepared 
from metallic tungsten and fluorine, followed by 
redistillation to eliminate any WOF4 which might 
be present. Analysis of the hexafluoride showed 
it to be better than 99% pure. The organic sol­
vents employed were of carefully selected purity; 
thus, analytical reagent grade, thiophene-free ben­
zene; reagent grade acetone, toluene, sym -te tra -  
chloroethane, ethyl alcohol and diethyl ether; 
Eastman Kodak Co. pure grade cyclohexane, cyclo­

in carbon tetrachloride, results were obtained which 
led to the conclusion that the concentration of the 
colored complex also varies directly as the ben­
zene concentration, from which fact it is concluded 
that the complex contains one molecule of benzene 
per molecule of the hexafluoride, W F6C 6H6.

It has been noted previously by others,1 as well
(1) See, for example, Fischer, Z. anorg. Chem., 81, 170 (1930); 

Kalischer, “ Zur Kenntnis der Halogenide des höherwertigen Wol­
frams und M olybdans,” Berlin, 1902; B^scoe, A nn  , 162,, 351 
(1872).
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as by ourselves, that colored solutions are also 
formed by tungsten hexachloride in various sol­
vents; but we feel that the two cases are not com­
parable, for the following reasons. (1) Tungsten 
hexachloride itself has a blood-red color, so that 
solutions in various solvents showing a red, brown, 
or yellow color are reasonably to be expected, 
whereas tungsten hexafluoride itself is colorless.
(2) The red solution of the hexafluoride in benzene 
freezes to a colorless crystalline solid, which on 
warming regains its color. (3) If the hexafluoride 
were reduced by solvent to lower valences of tung­
sten, the solution could not be expected to follow 
Beer’s law, as was found to be the case. Further­
more, the colored solution of the hexafluoride in 
benzene remained unaltered for weeks, indicating 
lack of reaction, whereas the hexachloride solu­
tions change gradually, owing to reduction of the 
tungsten.
D e p a r t m e n t  o f  C h e m is t r y  
M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y  
C a m b r id g e  39, M a s s a c h u s e t t s

R e c e iv e d  M a r c h  11, 1948

Thiodiglycol Monoacetate by the Photochemical 
Addition of Mercaptoethanol to Vinyl Acetate
B y W a l t e r  H. C . R u e g g e b e r g , J a c o b  C h e r n a c k , I r a  

M . R o s e  a n d  E . E m m e t  R e id

The photochemical addition of mercaptans to 
olefins has been studied in this Laboratory1 for 
several years. Recently, the photoaddition of 
ethanolmercaptan to vinyl chloride yielding 2- 
chloroethyl-2-hydroxyethyl sulfide (semi-mus­
tard) was reported by Fuson and Ziegler2 and from 
this Laboratory.3 Inasmuch as the monoacetate 
of thiodiglycol has not been reported previously in 
the literature to the best of our knowledge, it ap­
peared worthwhile to synthesize this half-ester 
through the photochemical addition of ethanol­
mercaptan to vinyl acetate.

It was soon learned, however, that the reaction 
rate depended strongly upon the purity of vinyl ace­
tate used. Thus, for example, when freshly dis­
tilled vinyl acetate was mixed with mercapto­
ethanol, the mixture warmed up immediately. 
Titration of the residual mercaptan with iodine in 
methanol solution showed that 80% of the mer­
captan had reacted after the first hour. On the 
other hand, if stabilized vinyl acetate (Eastman 
Kodak Co., practical grade) is employed in the 
process, no reaction is observed until the mixture 
is irradiated from an S-4,100 watt mercury vapor 
lamp (General Electric Co.) in the presence of 1%  
of diphenyl disulfide, as catalyst.
HOCH2CH2—S— +  CH2= C H —O—C—CHs — >

(1) Rueggeberg, et al., reports on file a t the Army Chemical Cen­
ter; not currently available in the published literature.

(2) Fuson and Ziegler, J .  Org. Chem., 11, 510 (1946).
(3) Rueggeberg, Cook and Reid, ibid., 13, 110 (1948).

HOCH 2CH 2—S—CH2—CH—O—C—-CH, (a)

H O C H 2C H 2— S — C H 2— C H — O — C C H , +

I I
o

H O C H 2 C H 2 S H  —

H 0C H 2CH2—8—CH2CH2—Ö—-c :C H 3 -j-

o
H O C H 2C H 2S - -  (b)

Although disulfides such as diamyl disulfide are 
known to accelerate the photoaddition of mercap­
toethanol to vinyl chloride,3 it has been shown that 
diphenyl disulfide is a catalyst superior to alipha­
tic disulfides in this type of reaction.1 Two rea­
sons for this behavior may be cited. First, di­
phenyl disulfide absorbs light more strongly than 
dialkyl disulfides in the visible and near ultra­
violet regions of the spectrum,1 indicating that 
free radicals are more easily obtained; secondly, 
the stabilizing influence of resonance on the thio- 
phenyl radicals should prolong their lives thus in­
creasing reaction probability. The three reso­
nance forms of the thiophenyl radicals may be rep­
resented by the following equilibria

In the disulfide-free reaction, the primary dis­
sociation is that of the splitting of the S— H bond 
HOCH2CH2SH +  hv --- > HOCH2CH2— S— +  H—
This reaction is then followed by a chain mecha­
nism given by equations (a) and (b), above.

Thiodiglycol monoacetate, so prepared, is a 
water white liquid resembling thiodiglycol itself 
in odor and having the physical properties listed 
in Table I. It is soluble in water, benzene, carbon 
tetrachloride, chloroform, ethyl ether and acetone 
but insoluble in hexane or cyclohexane.

T a b l e  I

S o m e  P h y s ic a l  P r o p e r t ie s  o f  T h io d ig l y c o l  M o n o - 
a c e t a t e ®

M olar

Temp.,
°C.

Density,
g ./m l.

R efractive
index
uTd

refrac-
tivity&
found

Viscosity,
centi­
poises

9.5 1.1671 26.96
10 1.1666 1.4916 40.81
20 1.1576 1.4879 40.87
25 1.1531 12.43
30 1.1485 1.4841 40.92
35.8 1.1433

Mean 40.87
8.22

* Surface tension a t 28.9°, 41.2 dynes/cm. (du Nouy 
method). 6 The calculated value of the molecular refrac- 
tivity is 40.78»

Experimental
Photosynthesis in the Absence of Catalysts.—M er­

captoethanol, 33.2 g., obtained from the Carbide and 
Carbon Chemicals Corporation was added slowly to  92.4 
g. of freshly distilled, unstabilized vinyl acetate, originally 
obtained from Eastman Kodak Company. Immediately 
upon mixing, an exothermic reaction ensued. After
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standing one hour, an iodimetric titration of the reaction 
mixture in methanol indicated th a t about 80% of the 
mercaptan had undergone reaction. The mixture was 
allowed to stand a t room temperature for one week prior 
to being distilled. Distillation of the product resulted in 
the recovery of unused mercaptoethanol and vinyl acetate 
arid a residue yield of crude thiodiglycol monoacetate 
weighing 54.4 g. This material on distillation boiled at 
137-138° a t 8 m m .; yield of distilled product, 51%. 
A n a l .  Calcd. for C6H i20 3S: S, 19.5. Found: S, 19.2.

Photosynthesis in Presence of Diphenyl Disulfide.— 
Vinyl acetate, 90 g., (practical grade, stabilized) ob­
tained from the Eastman Kodak Company was mixed 
with 78 g. of mercaptoethanol obtained from the Carbide 
and Carbon Chemicals Corporation. No reaction ensued. 
These reagents together with 0.8 g. of diphenyl disulfide 
(1% of the mercaptan used) were placed in a 300-ml. 
Pyrex test-tube and suspended in a water-bath a t 20- 
25°. An S-4, 100-watt mercury vapor lamp was also 
suspended under water and placed 11 cm. from the center 
of the test-tube. On turning on the light the temperature 
of the reaction mixture rose from 22 to 34 ° receding slowly 
after about one hour of irradiation. Irradiation was con­
tinued for an additional two hours and subsequently, the 
reaction product was distilled. After two distillations 
72 g. of a product was obtained boiling a t 147.7 to 148° 
a t 13-14 mm.

A n a l .  Calcd. for C6H 120 3S: C, 43.9; H, 7.4; S, 19.5. 
Found: C, 43.7; H , 7.4; S, 19.9.

Acknowledgment.—The authors are indebted 
to Messrs. N. Beitsch, S. Sass, E. A. Green and B. 
Zeffert for having performed the analytical and 
physical work presented in this paper.
C h e m i c a l  C o r p s  T e c h n i c a l  C o m m a n d  
A r m y  C h e m i c a l  C e n t e r ,  M a r y l a n d

R e c e i v e d  J a n u a r y  14, 1948

Preparation of Vanillonitrile and Vanillic Acid 
from Vanillin

B y  C o n r a d  S c h u e r c h ,  J r .

The acid catalyzed condensation of hydrazoic 
acid with aldehydes is included in the more gen­
eral Schmidt reaction,1 and in the case of acetalde­
hyde, benzaldehyde and m-nitrobenzaldehyde, re­
sults in the corresponding nitriles and N-substi­
tuted formyl derivatives.

H+
1. RCHO +  H N 3 — RCeeeN -f H20  +  N2 

H +
II . RCHO +  H N 3 — >  R N H —CHO +  N2

Vanillin has now been found to react readily in 
che presence of sulfuric acid according to equation 
I, and crystalline vanillonitrile has been easily iso­
lated in a yield of about 70%. The formanilide, 
which was presumably formed at the same time 
according to equation II, did not interfere appre­
ciably in the purification of the nitrile. When the 
original reaction mixture was diluted with water 
and boiled, hydrolysis of the nitrile occurred and 
almost pure vanillic acid crystallized in more than 
70% yield from the liquors. This observation is 
of interest because vanillic acid is not readily 
available by the direct oxidation of vanillin, and

(1) R . Adams, “ Organic Reactions,” Vol. 3, John Wiley and Sons, 
New York, N. Y., 1047, article by H% Wolfe, The Schmidt Reaction, 
p . 307.

because Pearl’s catalytic oxidation with silver ox­
ide2 was found to be somewhat sensitive to ob­
scure differences in the experimental conditions. 
Substitution of veratraldehyde for the vanillin 
used in the condensation with hydrazoic acid re­
sulted in more than an 80% yield of crystalline 
veratric acid, and a small amount of 4-aminovera- 
trole (equation II) was also isolated from the hy­
drolysate.

As would be expected from the known reactions 
of ketones and the mechanism recently proposed 
for the Schmidt reaction3»4’5-6 vanillin reacted 
with hydrazoic acid in the presence of reagents 
such as a dioxane solution of hydrogen chloride, 
that are milder than sulfuric acid. Although it is 
probable that a proper choice of solvent would 
give a homogeneous system and a smooth con­
densation with much smaller quantities of acid 
than those now used, the decrease might well alter 
the relative amounts of the products formed.1

Acknowledgment.—The author wishes to ex­
press his gratitude to Professor C. B. Purves for 
his kind interest and assistance in this and re­
lated work.

Vanillonitrile and Vanillic Acid.—One hundred grams 
(0.658 mole) of pure vanillin was dissolved completely 
in 375 ml. of concentrated reagent grade sulfuric acid kept 
at 0-10° in a 2-liter 3-necked flask, with mercury-sealed 
stirrer, condenser, thermometer and gas exit tube a t ­
tached. Powdered sodium azide (45 g., 0.69 mole), 
contained in a small flask attached to  the reaction vessel 
by means of a rubber connector, was added to  the red 
solution a t 0-11° over a period of one and one-half hours. 
The cooling bath was removed and the mixture was stir­
red for another half hour. The flask was again chilled 
and about 900 ml. of distilled water was added cautiously 
from a separatory funnel without allowing the temperature 
to rise above 18 °. This addition caused the nitrile to sepa­
rate as a yellow solid which completely filled the aqueous 
layer. When desired, the nitrile could be extracted with 
ether, and isolated after washing the extract with small 
amounts of sodium bisulfite and sodium bicarbonate solu­
tions. The yield from smaller quantities of reactants 
was about 70% and most of the product melted a t 87.5- 
88.3°; m. p. 89-90° is the recorded value for vanillo­
nitrile.7

When vanillic acid was required, the original reaction 
mixture was diluted with 900 ml. of water as already de­
scribed. The stirrer and thermometer were then removed 
and washed with 100 ml. of water which was added to  the 
reaction flask, and the mixture boiled gently under reflux. 
Crystals of vanillic acid appeared after two and one-half 
hours, and after three hours of boiling the mixture was 
allowed to  cool overnight. The crystals were filtered 
with suction under an efficient hood, washed five times 
with a to tal volume of 1700 ml. of distilled water and 
dried: yield of vanillic acid 81.5 g. or 73.8%; m. p .,
201-203°; and neutralization equivalent (by electro­
metric titration to p H  7), 171. Calcd. for vanillic acid, 
neut. equiv., 168. Decolorization and recrystallization 
from water gave beautiful needles but raised the m. p. 
Only slowly. A melting point of 208-210° was obtained,

(2) Pearl, This Journal, 68, 429 (1946).
(3) Sanford, Blair, Arroya and Sherk, ib id ., 67, 1941 (1945).
(4) Sm ith, ibid., 70, 320 (1948).
(5) (a) Newman, Organic Chemistry Symposium, Boston, M ass., 

1947; (b) Newman and Gildenhom, This Journal, 70, 317 (1948).
(6) Schuerch and H untress, presented a t  the 112th Meeting of the 

American Chemical Society in New York, N» Y„.September, 1947*
(7) Rupeu Betn  80, 2449 (1898),
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however, by extracting the crude crystals once with 
absolute ether in a Soxhlet apparatus. A mixed melting 
point with authentic vanillic acid1 2 with the recorded m .p . 
208-21008 was undepressed.

Veratric Acid and 4 - Amino veratrol e .—The condensa­
tion of veratraldehyde 27.6 g., sodium azide 12.5 g. and 
concentrated sulfuric acid 118 ml. was essentially as de­
scribed above but the time of hydrolysis was somewhat 
longer. Slightly discolored veratric acid, 25.4 g. or 84%, 
separated from the reaction mixture. One recrystalliza­
tion from water and ethanol gave a pure product with the 
recorded9 m. p. 179-181°. Extraction of the acid mother 
liquor with benzene gave less than 1 g. of oily crystals. 
The acidic solution was made strongly alkaline and ex­
tracted again with benzene. Evaporation of this extract 
and distillation of the residue under reduced pressure 
yielded 1.6 g. of colorless crystals th a t darkened in air. 
Their melting point of 87-88° agreed with that reported 
for 4-aminoveratrole.10

(8) M isani and Bogert, J . Org. Chem., 10, 355 (1945).
(9) Goldschmiedt, Monatsh., 6, 379 (1885).
(10) Buck and Ide in “ Organic Syntheses,” Coll. Vol. II , John 

Wiley and Sons, New York, N . Y., 1943, p. 44.

D iv is io n  o f  I n d u s t r ia l  a n d  C e l l u l o s e  C h e m is t r y  
M cG il l  U n iv e r s it y
M o n t r e a l , C a n a d a  R e c e iv e d  M a r ch  9, 1948

[C o n t r ib u t io n  f r o m  t h e  S t e e l e  C h e m ic a l  L a b o r a t o r y  
o f  D a r t m o u t h  C o l l e g e , a n d  t h e  C h e m is t r y  D e p a r t ­

m e n t  o f  t h e  U n iv e r s it y  o f  M ic h ig a n ]

S-Amino-Zjé-Dimethylquinoline1
B y  W y m a n  R. V a u g h a n 2

As a consequence of the tremendous recent in­
terest in the derivatives of 8-aminoquinoline as 
antimalarial drugs it was found desirable to de­
velop a satisfactory synthesis for 8-amino~2,4-di- 
methylquinoline. The present procedure was 
found to be a rapid and efficient method for the 
preparation of this substance, one of its advan­
tages being that it obviates any extensive purifica­
tion of the intermediate 8-nitro-2,4-dimethylquin- 
oline.

Experimental
8-Nitro-2,4-dimethylquinoline.—One mole (157 g., 

150 ml.) of 2,4-dimethylquinoline3 was cooled to 0° and 
treated with 250 ml. of concentrated sulfuric acid which 
was added as rapidly as possible with good mechanical 
stirring. The resulting solution was then cooled to 0° 
and treated with a solution of 115 g. of potassium nitrate 
in 300 ml. of concentrated sulfuric acid with vigorous 
mechanical stirring, the temperature being maintained 
between 0 and 5° by means of an ice-salt-bath. When 
all of the nitrating solution had been added, the mixture 
was stirred for an additional fifteen minutes without cool­
ing and then was poured onto 2500 g. of cracked ice. The 
resulting mixture was treated with 1500 ml. of concen­
trated  ammonia and diluted to 6 1. with cold water, cooled 
to  room temperature and filtered. The filter cake was 
placed in a 2-1. beaker with 1 1. of cold water and stirred 
vigorously until a uniformly fine suspension was obtained. 
I t  was then filtered with good suction, and the moist

(1) P a r t of the work described in th is paper was done under a 
contract, recommended by th e  Committee on Medical Research, 
between the Office of Scientific Research and Development and 
D artm outh College.

(2) Present address: D epartm ent of Chemistry, University of 
Michigan, Ann Arbor, Michigan.

(3) Vaughan, “ Organic Syntheses,” Vol. 28, in preparation; cf,
Craig, This Journal, 60, 1458 (1638).

filter cake was recrystallized from 1 1. of 95% ethanol 
using norit and a heated funnel: yield 113-115 g. (51- 
67%), m. p. 115-125°.4 This impure product is a mix­
ture of 8-nitro-2,4-dimethylquinoline with one or more 
isomers. A second isomer, m. p. 109.6-110.1° cor., was 
isolated from the mother liquors from the recrystallization 
of the major product, but the structure of this substance 
has not as yet been determined.

A n a l .  Calcd. for CnH10ö 2N2: N, 13.80. Found:
N, 14.0.

In view of the work of Price, Velzen and Guthrie6 who 
isolated 6-nitro-2,4-dimethylquinoline, it would appear 
tha t this substance is either 5- or 7-nitro-2,4-dimethyl- 
quinoline, probably the former in view of the well-known 
resistance of the 7-position in quinoline toward nitration.6

8-Amino-2,4-dimethylquinoline.-—A solution of 101 g. 
(0.5 mole) of 8-nitro-2,4-dimethylquinoline (m. p. 115- 
125°) in 375 ml. of concentrated hydrochloric acid was 
added from a dropping funnel to a well-stirred solution 
of 375 g. of stannous chloride dihydrate in 136 ml. of con­
centrated hydrochloric acid, the temperature being main­
tained a t 40-50° by means of an ice-bath. Near the end 
of the reduction a yellow precipitate appeared. After 
complete addition of the nitro compound to  the reducing 
solution there was added 2000 g. of cracked ice and a 
cooled solution of 850 g. of potassium hydroxide in 1 1. 
of water. The resulting mixture was vigorously stirred 
for 30 minutes and then filtered, and the residue was 
washed in the funnel with three portions of cold water 
totaling 1 1. The filter cake was pressed dry and then 
was dissolved in 11. of water containing 50 ml. of concen­
trated hydrochloric acid. In  order to effect solution the 
mixture was boiled and then was treated a t the boiling 
temperature with a liberal quantity of norit and filtered 
through a steam-heated funnel. Upon cooling there 
separated from the filtrate a mass of golden yellow needles, 
71-87 g.7 This product was dissolved in 500 ml. of 
boiling water, and the resulting solution was treated with 
30 ml. of concentrated ammonia. The 8-amino-2,4- 
dimethylquinoline separated as an oil which solidified 
upon rapid cooling with continuous agitation. The mix­
ture was allowed to stand for 30 minutes a t room tempera­
ture, and then it was filtered: yield 51-61 g. (59-71%), 
m. p. 86-90°. If a very pure product is desired, the 
initial product may be recrystallized directly from 70- 
90° ligroin (10 ml. per g.) or converted to the hydro­
chloride, which is readily recrystallized from water. 
Highly purified 8-amino-2,4-dimethylquinoline is a color­
less crystalline substance, m. p. 93.7-94.2° cor.8

A n a l .  Calcd. for CnHI2N 2 : N, 16.27. Found: N,
16.3, 16.23.

(4) Repeated recrystallization of a portion or this product from 
ethanol-water and finally from 95% ethanol yielded a very pure 8- 
nitro-2,4-dimethylquinoline, m. p. 147-147.5°. Price, Velzen and 
Guthrie give 149.5-150° cor., cf. ref. 5.

(5) Price, Velzen and Guthrie, J . Org. Chem., 12, 203 (1947).
(6) Bacharach, H aut and Caroline, Rec. trav. chim., 62, 413 

(1933); cf. ref. 8.
(7) The hydrochloride thus obtained appears to  be a dihydrate 

which loses some of its water of hydration upon standing in a dry 
atmosphere.

(8) Roberts and Turner, J . Chem. Soc., 1856 (1927), give 89-92°. 

A n n  A r b o r , M ic h ig a n  R e c e iv e d  D e c e m b e r  23, 1947

Some 2,3-Dialkylpyridiaes and their Derivatives1
By  H e n r y  M . W o o d b u r n  a n d  M a x  H e l l m a n n

Our extension of Elderfield’s work2 on 2,3-di- 
methylpyridine to the synthesis of other 2,3-di- 
alkylpyridines was interrupted by the war, and

(1) From  th e  M. A. thesis of M ax Hellmann, University of Buffalo, 
June, 1947.

(2) Elderfield and Tracy, J . Org. Chem., 6, 54 (1941).
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OH
OH
OH
OH
Cl
Cl
H

T a b l e  I

P ro per ties  o f  2-M ethyl-3-alkylpyridine D erivatives

R 1
r 2/ \ r

W C H aR 3 |

Carbon
-Analyses, % -

R2 R* M. p., °C. B. p.,« °C. Formula Calcd. Found Calcd. Found
C 0 2E t OH 192-193 C12H i70 4N 60.2 59.7 7.18 7.15
C 0 2E t O H 182-184 C 13H 19O4N 61.6 61.9 7.57 7.41
H O H 330-332 dec. C sH isO .N 64.6 64.5 7.84 7,73
H O H 348-350 dec. C ioH i502N 66.3 66.0 8.34 8.38
H C l 259 C 9H 11C I2N Cl 34.7 34.6
H C l 275 C10H i3C12N Cl 32.5 32.1
H H 130-13T 200-201 c 15h 16n 4o 7c 49.5 49.8 4.44 4.46
H H 124-125* 222-223 c 16h 18n 4o 7c 50.8 50.5 4.80 4.92

! Formula and analysis of the picrate.

R  R 1
« -C 3H 7 
« -C 4H 9 
« -C 3H 7 
« -C 4H 9 
« -C 3H 7
« -C 4H 9 
« -C 3H 7 
« -C 4H 9 H

* Corrected. 6 M. p. of the picrate.

shortly after its resumption the appearance of an 
abstract of a paper by Wibaut and Kooyman3 
made it inadvisable to proceed further along those 
lines. The applicability of the reaction scheme 
having been proved, we wish to report the syn­
thesis and properties of 2-methyl--3-w-propylpyri- 
dine and of 2-methyl-3-n-butylpyridine together 
with those of certain intermediates used in their 
preparation.

Ethyl «-«-butyl /3-aminocrotonate, for which no litera­
ture reference was found, was prepared from ethyl «-«- 
butylacetoacetate, ammonia and ammonium nitrate. 
I t  had a melting point of 41-42° and a boiling point of 
116-118° (10 m m .).

(3) W ibaut and Kooyman, Rec. Trav. Chim., 63, 231 (1944); 
C. A ., 41, 450a (1947).
D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  B u f f a l o
B u f f a l o , N e w  Y o r k  R e c e iv e d  F e b r u a r y  26, 1948

Products of the Interaction of Potassium Di- 
hydrogenphosphide and ^-Heptyl Bromide in 

Liquid Ammonia
B y  G e o r g e  W . W a t t  a n d  R .  C . T h o m p s o n , J r .

Alkali and alkaline earth metal dihydrogenphos- 
phides prepared by the reaction between phos­
phine and solutions of these metals in liquid am­
monia1»2 continue to find application in the syn­
thesis of derivatives of phosphine.3

Several years ago we studied several reactions of 
potassium dihydrogenphosphide in liquid ammo­
nia and since further work is not anticipated it 
seems worth while to report the synthesis of n- 
heptylphosphine and its conversion to a product 
believed to be w-heptyl-phosphonous acid.

Phosphine was prepared by the action of sodium hy­
droxide solution on phosphonium iodide and dried over 
potassium hydroxide pellets. The dry gas was led into 
a solution of 2.7 g. of potassium in approximately 100 ml. 
of anhydrous liquid ammonia (contained in a flask pro­

(1) Joannis, Compt. rend., 119, 557 (1894); Ann. chim phys., [8] 
7, 101 (1906).

(2) Legoux, Compt. rend., 207, 634 (1938); 209, 47 (1939); Bull, 
soc. chim., [5] 7, 545 (1940); Ann. chim., 17, 100 (1942Ï

(3) K nunyants and Steilin, Compt. rend. acad. sci. U . 11. ó. S., 56,
49 (1947).

vided with a stirrer and reflux condenser) until the char­
acteristic blue color of the potassium solution was dis­
charged. All reactants were protected from contact with 
the atmosphere. «-Heptyl bromide (11.9 g.) was added 
to the resulting pale yellow solution of potassium dihydro­
gen phosphide and the reaction mixture was stirred for 
two hours a t —33.5°. The ammonia was evaporated 
and the residual liquid was removed in an atmosphere 
of carbon dioxide, extracted with 2 N  hydrochloric acid 
solution, and the acid-insoluble fraction was distilled in 
an atmosphere of carbon dioxide to provide 6 ml. of a 
clear liquid, b. p ., 73-74° a t 30 mm. Boiling point de­
terminations using capillary tubes gave consistently a 
value of 169.5°. This is a reasonable value for the boiling 
point of the anticipated «-heptylphosphine4 which was 
apparently the primary reaction product. Despite 
precautions taken to  avoid atmospheric oxidation while 
handling samples for analysis, this product was oxidized 
to a substance having an analytical composition cor­
responding to  «-heptylphosphonous acid.

A n a l .  Calcd. for C7H 17P 0 2: C, 51.19; H , 10.44; P , 
18.89. Found: C, 50.91; H , 10.48; P , 19.10.

This substance gave a negative test for halogen, ex­
ploded upon contact with fuming nitric acid, and was 
soluble in glacial acetic acid. Upon exposure to  the 
atmosphere for several hours, it was further oxidized to 
a viscous liquid th a t boiled above 225°.

W ith potassium dihydrogenphosphide in liquid ammonia 
at —33.5°, bromo and iodobenzene react slowly, and am ­
monium chloroacetate reacts more rapidly to  form prod­
ucts th a t have not been identified.

(4) For w-octylphosphine, Möslinger [Ann., 185, 65 (1877)] has 
reported b. p., 184-187°.

D e p a r t m e n t  o f  C h e m is t r y  
T h e  U n iv e r s it y  o f  T e x a s
Au stin  12, T ex a s  R eceived  F ebr u a r y  24, 1948

Reduction Products of m-Nitrostyrene
B y  R ic h a r d  H . W il e y  a n d  N e w t o n  R .  S m it h

The reduction of ra-nitrostyrene to 3,3'-divinyl- 
azobenzene and to 2,2'-divinylbenzidine has been 
reported by Komppa.1 These and two additional 
products, 3,3'-divinylazoxybenzene and 3,3'-di- 
vinylhydrazobenzene have been prepared in this 
study. Analytical data for these compounds are 
collected in Table I. The customary reagents 
were used for the transformations as described in

(1) Komppa, Inaugural Dissertation, Helsingfors, Ber., 26, Ref.
677 (1893).
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Compound
Yield,

% Color

M. p.,
°c.,
cor.

Empirical
formula

Carbon
Calcd. Found

—Analyses, %—- 
Hydrogen 

Calcd. Found
Nitrogen 

Calcd. Found
3,3 '-Divinylazoxybenzene 78 Yellow 39.5-41 CmHmN ïO 76.78 76.81 5.64 5.65 11.20 11.30
3,3 '-Divinylazobenzene 81.5 Orange 84 CmHhN, 82.02 82.21 6.02 6.16 11.96 11.87
3,3 '-Divinylnydrazobenzeiic *7 A K / T . Ü , TOii x a u i t  j  wxow 96.5-97 CieH16Ns 81.32 81.14 6 81 6.92 11.86 11.87
2,2'-Divinylbenzidine 30 White 123 CuHuN, 81.32 81.06 6.81 6.92 11.86 12.10
3-Aminostyrene hydrochloride 84 Brown Dec. CsHwNCl . . . . . . . . 9.00 9.17

polymer

the experimental part. The azoxy compound was 
formed with zinc and ammonium chloride instead 
of the hydroxylamine usually obtained with this 
reagent. Polymeric products were obtained in the 
reduction of nitro to amino with zinc and hydro­
chloric acid; of nitro to azo with stannous chlo­
ride ; of azoxy to azo with iron filings; and of azo 
to hydrazo with zinc and alcoholic sodium hydrox­
ide. The azoxy compound polymerized on heat­
ing with benzoyl peroxide and the benzidine and 
azo compounds on heating without catalyst. The 
hydrazo compound decomposed on heating with 
benzoyl peroxide apparently without polymeriza­
tion.

Experimental
Yields, physical properties, and analyses for the follow­

ing products are listed in Table I.
m-Nitrostyrene was prepared by the decarboxylation of 

m  -nitrocinnamic acid by a procedure similar to that 
previously attem pted.2 A mixture of 20 g. of w--nitro­
cinnamic acid (E. K. Co.), 75 ml. of quinoline, and 3 g. 
of copper powder were heated a t 185-190 ° so as to produce 
a steady evolution of carbon dioxide. After one and one- 
half hours of heating the mixture was acidified with 50% 
excess 3 N  hydrochloric acid and steam distilled. The 
distillate was extracted with chloroform and the combined 
extracts were dried over anhydrous sodium sulfate. After 
distilling off the chloroform, the residue was fractionated 
from a modified Claisen flask to give 9.3 g., 60% of the 
theoretical amount, of m-nitrostyrene, b. p. 90-96° (3.5 
m m .), « 20d 1.5836. Refractionation through a partial 
take-off column, 0.75 X 8 in. packed with Fenske rings 
gave a center cut, b. p. 96° (3.5 m m.), «20d 1.5830. 
W ith larger quantities longer reaction times were required 
and lower yields were obtained than in the above experi­
ment.

3.3 '-Divinylazoxybenzene was prepared by the reduc­
tion of m-nitrostyrene with sodium methoxide in meth­
anol3 or by reduction with zinc and ammonium chloride 
in aqueous ethanol.4 Heating the fused solid at 80° 
with 0.5% benzoyl peroxide gave an insoluble, infusible 
polymer.

3.3 '-Divinylazobenzene.—To 0.68 g. of 3,3'-divinyl- 
hydrazobenzene in 75 ml. of ethanol was added 10 g. of 
ferric chloride hexahydrate in 25 ml. of hot water. After 
fifteen minutes water was slowly added to precipitate 
the azo compound which was twice recrystallized from 
alcohol-water. Oxidation with sodium hypobromite or 
air in alcoholic sodium hydroxide also converted the 
hydrazo to the azo compound. Attempts to convert the 
azoxy to  the azo compound by heating with iron filings 
gave polymeric products. The sample analyzed melted 
a t 84° (cor.); Komppa1 reported a m. p. of 38°. Heating 
a t 110° for twenty-four hours gave an insoluble polymer 
which decomposed before melting when heated.

(2) Walling and Wolfstirn, T his Journal, 69, 852 (1947).
(3) Sudborough and James, “ Practical Organic Chemistry,” 

D. Van N ostrand and Company, New York, N< 1984, p.'3£8<
(4) and Jam ei, iH d.t p* 2§®e

3,3'-Divinylhydrazobenzene was prepared by zinc and 
alcoholic sodium hydroxide reduction5 of m-nitrostyrene. 
Attempts to  reduce the azo to hydrazo compound with 
zinc and alcoholic sodium hydroxide gave only a polymer. 
On heating a mixture of solid the hydrazo compound and 
0.5% benzoyl peroxide to  110° decomposition without 
apparent polymerization occurred.

2,2'-Divinylbenzidine was prepared in 30% yield by 
treating 3,3'-divinylhydrazobenzene with coned, hydro­
chloric acid in ether,6 m. p. 123° (cor.); reported1 
m .p .  124°. Heating to 135° converted the benzidine to 
an infusible, insoluble polymer.

m-Amino styrene Polymer.—Reduction of m -nitro- 
styrene with zinc and hydrochloric acid gave a polymer 
which was precipitated as the hydrochloride on addition 
of excess hydrochloric acid to  its aqueous acid solution.

(5) G atterm ann-W ieland, “ Laboratory Methods of Organic 
Chemistry.” The Macmillan Company, New York, N. Y., 1932, p. 
174.

(6) G atterm ann-W ieland, ibid., p. 176.

V e n a b l e  C h e m ic a l  L a b o r a t o r y  
U n iv e r s it y  o f  N o r t h  C a r o l in a
C h a p e l  H i l l , N. C. R e c e iv e d  M a r c h  13, 1948

jri-Alkoxybenzyl Grignard Reagents
B y  M. G. V a n  C a m p e n , D o n a l d  F. M e i s n e r 1 a n d  

S t a n l e y  M. P a r m e r t e r 2

The alkoxybenzylmagnesium halides are valu­
able intermediates in the synthesis of stilbene de­
rivatives particularly in the study of synthetic es­
trogenic agents. However, the general impression 
exists that these Grignard reagents cannot be pre­
pared. This impression is probably due to the 
fact that in attempts to form the Grignard from 
such halides as ^-methoxybenzyl chloride by the 
usual procedure, a nearly quantitative yield of the 
/?,£'-dialkoxybibenzyl is obtained. By using a 
modification of the method reported by Gilman3 
for the preparation of allyl Grignard reagents, it is 
possible to prepare ^-alkoxybenzylmagnesium 
chlorides in acceptable yields. This is accom­
plished primarily by the use of a large excess of 
magnesium powder and slow addition of a dilute 
ether solution of the benzyl halide to the magne­
sium. Using the following general procedure 90% 
yields of ^-methoxybenzylmagnesium chloride 
and ^-benzyloxybenzylmagnesium chloride are 
consistently obtained.

Procedure.—A mixture of 2 to 2.5 g. atoms of mag­
nesium turnings and 2 to 2.5 g. atoms of magnesium

(1) Present address: C. J. Patterson Co., Kansas C ity 2, Missouri,
(2) Present address: Eastm an Kodak Research Laboratories.»

Rochester, New York.
(9) Oilman and M sGlumphy, B u ll me* s h i m £41 48,1322
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powder is vigorously stirred under 1 liter of refluxing an­
hydrous ether. One mole of the alkoxybenzyl halide 
dissolved in 1 1. of ether is added over a two to five hour 
interval. The resulting Grignard reagent is then filtered 
through glass cotton to  remove the finely divided mag­
nesium powder, which if not removed usually reacts with

objectionable vigor during the ultimate decomposition 
with water or dilute acid. The yield is estimated by the 
usual acidimetric titration.
R e s e a r c h  L a b o r a t o r ie s  o f  
T h e  W m . S . M e r r e l l  C o m p a n y
C in c in n a t i , O h io  R e c e iv e d  M a r c h  8, 1948

C O M M U N IC A T IO N S  T O  T H E  E D I T O R

C H E M I C A L  R E A C T I O N S  I N  M O V I N G  B O U N D A R Y  
S Y S T E M S  O F  W E A K  E L E C T R O L Y T E S

Sir:
In moving boundary systems containing par­

tially neutralized weak acids or bases there exists 
the possibility of chemical reactions at the moving 
boundary which cause the mobility calculated 
from the boundary velocity and the conductivity 
of the leading solution to be lower than the ionic 
mobility.1 2 3 * This is illustrated by experiments 2 
and 3 in which the indicator electrolyte is a salt 
of weak acid (cacodylic acid) having a higher 
pK  than the leading weak electrolyte (acetic 
acid). The following reaction goes to completion

From equation (2) we see that the mobility, ut 
calculated from the boundary velocity in this case 
is the “constituent” mobility. The acetate ion 
mobility, %&Ac-

u V P yKy
1000

F ^OAc-
(C Z a  c - )

(CZAc- +  CS OAc)
(3)

calculated from the constituent mobility obtained 
in experiments 2 and 3 by using equation (3) are 
— 17.62 X 10“5and —17.55 X 10 ~5 in agreement 
with the average value, —17.53 X 10“5, obtained 
in experiments 1 and 4.

However, in systems containing weak elec­
trolytes the constituent mobility is not always

T a b l e  l a
Moving Boundary System*» u X 106
y 0 a (0°C.)

(1) NaOAc(0.05) -<-------------- —  NaCac : :  NaCac -1 7 .4 7
(2) NaOAc(0.05), HOAc(0.05) --------- ----  NaCac, H C ac : :  NaCac -  8.81
(3) NaOAc(0. OS), HOAc(0.01) < ------- -------- -----  NaCac, H C ac : :  NaCac -  5.85
(4) NaOAc(0.05) -<----- ------- ------ NaT : :N aT — 17.59
(5) NaOAc(0.05), HOAc(0.05) -<----------------- ----- NaT, HOAc : :  N aT - 1 6 .5 4

a OAc, acetate; Cac, cacodylate; T, trichloroacetate. 6 The conventions recommended by Longsworth, T h is  J o u r n a l , 
67,1109 (1945), are used.

to the right at the moving boundary so that none 
of the acetic acid remains behind that boundary. 
Cac" +  HOAc HCac -f OAc“ K 2ho = 25 (1)
The concentration of the sodium acetate is 0.05 N  
(at 0°) in all experiments, and it has been shown 
that the concentration and pH  of the indicator 
electrolyte (a solution) is unimportant over a 
wide range.

The moving boundary equation2 cannot be 
applied to acetate ion in the presence of acetic 
acid, but a term may be added for the acetic acid 
as follows so that the moving boundary equa­
tion for acetate constituent becomes

TZk,- = +  Cl OAc) = (2)8
(1) Dr. H arry Svensson, Institu tes of Physical and Biological 

Chemistry, Upsala, Sweden, has independently recognized this 
fact in work initiated in September, 1946 (Acta Chem. Scand., in 
press), personal communication.

(2) Weber, Sitzungsber. Akad. Wissensch. Berlin, 936 (1897); 
Svensson, Ark. Kern. M in. Geol., 17A, No. 14 (1943); Longsworth, 
This Journal, 67,1109 (1945).

(3) The symbols have the  meanings used foy Longsworth (Gqa&*
is taken as negative),

obtained as illustrated by experiment 5. Whether 
or not a chemical reaction takes place depends 
upon the p K  and relative mobility of the indi­
cator ion. In this experiment the mobility cal­
culated is slightly lower than the ionic mobility 
because the acetate ion does not disappear in the 
0y boundary, owing to the slight dissociation of 
the acetic acid left behind the moving boundary.

Since proteins and buffers used in electro­
phoresis are weak electrolytes, reactions such as 
the above occur and must be considered in the 
quantitative interpretation of electrophoretic 
patterns.
D e p a r t m e n t  o f  C h e m is t r y
U n iv e r s it y  o f  W is c o n s in  R o b e r t  A . A l b e r t y
M a d is o n , W is c o n s in  J .  C . N ic h o l

R e c e iv e d  M a y  25, 1948

S Y N T H E S I S  O F  d l - T H R E O N I N E
Sir:

The structure a-amino-0-hydroxy-tt-butyric 
acid contains two dissimilar asymmetric carbon 
atoms and hence exists as four optical isomers and
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two racemic modifications. Attempts to syn­
thesize one of these racemic modifications, the 
essential amino acid DL-threonine, have invariably 
given poor results, though some of the syntheses 
have produced the diastereoisomeric DL-allo- 
threonine in good yields. Efforts to convert dl- 
ailcthreonine into DL-threonine have met with 
little success.

It has now been found that esters of N-acyl-DL- 
allothreonine are converted into DL-threonine in 
high yield by transformation into the correspond­
ing oxazolines followed by hydrolysis of the latter 
with mineral acid.

N-Benzoyl-DL-allothreonine was treated with 
diazomethane and the methyl ester (m. p. 110-  
111°. A nal Calcd. for C12Hi50 4N: C, 60.76; 
H, 6.36. Found: C, 60.86; H, 5.99.) on reaction 
with excess thionyl chloride at room temperature 
gave 2-phenyl-5-methyl-4-carbomethoxyoxazo- 
line hydrochloride, m. p. 118-119°, in quantitative 
yield. Anal. Calcd. for C12H130 3N-HC1: C, 56.36; 
H, 5.52. Found: C, 56.50; H, 5.71. Hydrolysis 
with dilute hydrochloric acid followed by isolation 
and recrystallization gave pure D-threonine in 
70% yield. Anal. Calcd. for C4H9O3N : C, 40.33; 
K, 7.62; N, 11.76. Found: C, 40.35; H, 7.70; 
N, 11.46. By the same sequence of steps N-ben- 
zoyl-DL-threonine was converted into pure DL-allo- 
threonine in 77% over-all yield.

A practical synthesis of DL-threonine from 
acetoacetic ester has been developed by the use of 
this inversion. Ethyl a-acetamidoacetoacetate, 
obtained in 88% yield from acetoacetic ester via 
reductive acetylation of ethyl a-phenylazoaceto- 
acetate, was hydrogenated in aqueous solution 
with Adams catalyst to give on concentration a 
mixture of diastereoisomeric ethyl o'-acetamido-jö- 
hydroxy-w-butyrates containing 80-85% N- 
acetyl-DL-allothreonine ethyl ester. A purified 
sample of this product melted at 76-77°. Anal. 
Calcd. for C8H150 4N: C, 50.78; H, 7.99. Found: 
C, 50.54; H, 8.04. T he crude hydrogenation 
product was treated with thionyl chloride, and the 
solution was refluxed with water to decompose the 
intermediate oxazoline. An isolated sample of 
this 2,5-dimethyl-4-carbethoxyoxazoline hydro­
chloride melted at 105-106°. Anal. Calcd. for 
C8H130 3N-HC1: C, 46.27; H, 6.79; N, 6.75; N. 
E., 207.7. Found: C, 46.11; H, 6.87; N, 6.97;
N. E., 202.2. The aqueous solution was concen­
trated dry and the amino acid hydrochloride taken 
up in isopropanol and precipitated with aniline. 
The crude product (89% yield from ethyl a- 
acetamidoacetoacetate) was a mixture of DL- 
threonine and DL-allothreonine containing 83% 
of the former (microbial assay).

Pure DL-threonine was obtained by separation 
of the sodium salt from anhydrous alcohol, re­
conversion into the free acid and recrystallization 
by precipitation from aqueous solution with alco­
hol. The over-all yield of DL-threonine from 
acetoacetic ester was 57%. Anal. Found: C,

40.42; H, 7.32; N, 11.82. This product was 
found 100% pure by microbial assay and better 
than 99% pure by solubility analysis.

Additional work now in progress indicates that 
the “oxazoline inversion” described may be a gen­
eral method for the interconversion in high yield 
of diastereoisomeric a, /5-amino alcohols.

ICarl Pfister , 3rd. 
R esearch Laboratories C. A. R obinson
M erck & Co., In c . A. C. Shabica
R ahway , N. J. M ax  T ishler

R eceived  M ay 12, 1948

THE TOTAL SYNTHESIS OF SPARTEINE
Sir:

We wish to report a convenient total synthe­
sis of ^/-sparteine (I). The Lupin alkaloid l-

N
\ / \

I
sparteine was first isolated in 1851 and the correct 
structure (I) was confirmed by Clemo and Raper1 
in 1933. Z-Sparteine is used in medicine chiefly 
as a cardiac stimulant and a diuretic.2 d- 
Sparteine and the naturally occurring alkaloid 
pachycarpine3 have been shown to be identical.4

Our synthesis of ^/-sparteine proceeds in two 
steps from ethyl 2-pyridylacetate. The first step 
was the preparation of l-carbethoxy-4-keto-3~ 
(2'-pyridyl)-pyridocoline by condensation of ethyl 
orthoformate with ethyl 2-pyridylacetate in the 
presence of acetic anhydride according to the 
method of Clemo, Morgan and Raper.0 The 
second step was that of reductive cyclization, 
which was reported first from this Laboratory6 
for the synthesis of pyrrolizidines. 1-Carbethoxy-
4-keto-3-(2/-pyridyl)-pyridocoline in dioxane was 
hydrogenated over copper chromite at 250° and 
350 atm. in one and one-half hours. The prod­
uct was separated into three fractions: b. p. 90- 
120°, 120-126°, 140-148° (1.25 mm.). # The 
second and largest fraction gave a monopicrate 
(m. p. 136-137°; Anal. Calcd. for C2iH29N50 7: 
C, 54.42; H, 6.31; N, 15.11. Found: C, 54.55; 
H, 6.49; N, 15.18) and a dipicrate (m. p. 208°; 
Anal. Calcd. for C27H32N 8Oi4: C, 46.82; H, 
4.66; N, 16.18. Found: C, 46.76; H, 4.88; 
N, 16.28). The analyses and melting points of 
the derivatives are consistent with the assignment 
of the JZ-sparteine structure to the synthetic free 
base. Clemo and Leitch7 reported a monopicrate

(1) Clemo and Raper, J .  Chem. Soc., 644 (1933).
(2) Wood and Osol, “ United S tates Dispensatory,” J. B. Lippin- 

cott Company, Philadelphia, Pa., twenty-third edition, 1943, p. 
1012; “ The M erck Index,” Merck and Company, Rahway, N. J ., 
fifth edition, 1940, p. 524.

(3) Orechov, Rabinowitch and Konovalova, Ber., 66, 621 (1933).
(4) Galinovsky and Stern, ibid., 77, 132 (1944).
(5) Clemo, M organ and Raper, J . Chem. Soc., 1025 (1936).
(6) Leonard, H ruda and Long, This Journal, 69, 690 (1947).
(7) Clemo and Leitch, J . Chem. Soc., 1811 (1928).
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(m. p. 135°) and a dipicrate (m. p. 206-207°) 
of dZ-sparteine, which they obtained from natur­
ally occurring dl-lupanine. As a further proof of 
identity, our dZ-sparteine was converted to dl- 
oxysparteine, m. p. 110-111°, by treatment with 
alkaline potassium ferricyanide. The melting 
point of dZ-oxysparteine has been reported as 110- 
111°,5 112-113°,4 113°.7 Finally, the infrared 
absorption spectra of our synthetic dZ-sparteine 
dipicrate and an authentic sample of Z-sparteine 
dipicrate (m. p. 208°) were found to be identical in 
solution.8

We are aware of the desirability of resolving dl- 
sparteine and of isolating the other two racemates 
of I. We also foresee the applicability of our 
method to the synthesis of other bases related to 
sparteine.

(8) The authors are indebted to  Mrs. James L. Johnson for deter­
mination of the infrared absorption spectra.

T h e  N o y e s  C h e m ic a l  L a b o r a t o r y
U n iv e r s it y  o f  I l l in o is  N e l s o n  J .  L e o n a r d
U r b a n a , I l l in o is  R o g e r  E . B e y l e r

A  C R Y S T A L L I N E  F A C T O R  F U N C T I O N A L L Y  R E L A T E D  
T O  F O L I C  A C I D

Sir:
In a systematic study of factors functionally re­

lated to ^-aminobenzoic acid and folic acid and 
occurring in liver extracts used for the treatment 
of pernicious anemia, a factor was discovered 
which prevented the toxic action of methylfolic 
acid1 upon the growth of Leuconostoc mesenteroides 
8293. In a medium previously described2 but 
supplemented with 300 y  of thymine per 10 cc., 
the ratio of methylfolic acid to folic acid just 
necessary for maximum inhibition was 3,000. 
The addition of this factor in adequate amounts 
(equivalent to 0.01-0.03 y  of crystalline material 
per 10 cc.) increases the antibacterial index about 
tenfold.

A medium suitable for quantitative assay was 
obtained by the addition of 0.03 y  of folic acid 
and 200 y  of methylfolic acid per 10 cc. to the 
above medium. Under these conditions increas­
ing concentrations of the factor resulted in in­
creasing growth levels.

Employing this assay, a principle has been iso­
lated from hog liver in crystalline form. Re­
crystallized from isopropyl alcohol, this principle 
appears as fine, colorless prisms, m. p. 189-190°. 
Under the testing conditions, the factor is several 
times as active as folic acid in promoting a half­
maximum growth response.

Extracts prepared from either liver, hog duo­
denal mucosa, or grass are highly active, but milk, 
muscle tissue and yeast extract are relatively poor 
sources of active material. Liver extracts used in

(1) Crude m ixture from the condensation of a./S-dibromobutyraJ- 
dehyde, 2,4,5-triamino-6-hydroxypyrimidine and ^-aminobenzoyl- 
glutamic a d d  obtained from Dr. E. L. R. Stokstad [Franklin, et al., 
J . Biol. Chem., 169, 427 (1947)].

(2) Snell, et al., ibid., 143, 519 (1942).

treatment of pernicious anemia are relatively po­
tent, and some experimental extracts of high 
potency (determined clinically) assayed by the 
above method appear to contain as much as 1% 
of this factor.

Preliminary investigation of the structure of the 
compound indicated that it was thymidine3 or a 
structurally related compound.

We acknowledge our indebtedness to Eli 
Lilly and Company for their cooperation. Par­
ticular thanks are due Drs. Ewald Rohrmann and 
Edward D. Campbell for their cooperation in fur­
nishing experimental extracts and analytical 
facilities.

(3) Since this paper was subm itted, we have obtained a sample of 
thymidine originally isolated from desoxyribonucleic acid by Levene 
and London (J. Biol. Chem., 83, 793 (1929)). The X -ray diffraction 
pattern  and the biological properties of th is sample are identical 
with those of the isolated factor.

T h e  B io c h e m ic a l  I n s t it u t e  a n d  W il l ia m  S h iv e
t h e  D e p a r t m e n t  o f  C h e m is t r y  R o b e r t  E . E a k in  
T h e  U n iv e r s it y  o f  T e x a s , a n d  W. M. H a r d in g
t h e  C l a y t o n  F o u n d a t io n  f o r  J o a n n e  M. R a v e l
R e s e a r c h , A u s t in , T e x a s  J u d it h  E . S u t h e r l a n d

R e c e iv e d  A p r il  16, 1948

T H E  K I N E T I C S  O F  T H E  P O L Y M E R I Z A T I O N  O F  
C A R B O N I C  A N H Y D R I D E S

Sir:
Carothers (Chem. Rev., 8, 353 (1931)) has di­

vided polymerizations into two types, “addition” 
and “condensation.” In the former type, initia­
tion, propagation, transfer and termination reac­
tions are involved (cf. Bamford and Dewar, Proc. 
Roy. Soc. (London), 192, 309 (1948)), but in con­
densation polymerizations only chain-growth oc­
curs, and in this reaction every species reacts with 
every other. There is, however, a third type of 
polymerization in which there are only two reac­
tions, initiation, and a propagation reaction where 
the polymers do not react with each other, but 
only with the monomer. The polymerizations of 
carbonic anhydrides (e. g., I) appear to belong to 
this third type, and are also important since they 
can be used to synthesize polypeptides of some 
complexity. The reactions involved are

M +  A — ^  X  +  C 02 ( h )  (1)
M -f X  — >  X  -f- C 02 (k2) (2)

where M denotes the carbonic anhydride, X  any 
polymer species, and A the initiator which may be 
a hydroxylic or amino compound.

MeNw °
a )

MeNHCH2CO(NMeCH2CO)wNMeCH2CONMe2
(II)

Although a complete formal solution of the 
kinetic equations is impossible, the following 
methods are available for the absolute determina­



2300 N ew  B ooks Vol. 70

tion of the velocity constants ki and k2. If (M) — 
Mo and (A) = A 0 when t =  0, and (A) =  A m 
when (M) — 0, it can be shown that
k 2/ h  =  (M o  -  A o  +  A m ) / ( A 0 log (A o /A *> ) -

A o -j- A m) (3)
vSince end-group estimation gives Ao — A m, this 
equation enables k2/ki to be evaluated.

The experimental conditions can be adjusted 
so that the concentration of initiator (A) is ap­
proximately constant, when it can be shown that 
there is a maximum rate given by

[d(M )/di]L*. =  ^  WMo(2ilfo +  (4)

A simpler procedure, however, is to use the pre­
formed polymer to initiate the polymerization, so 
that the second step (equation (2)) is isolated. 
The molar concentration of polymer (Xo), is thus 
constant, and the rate of disappearance of carbonic 
anhydride is given by

- d (M ) /d /  =  &Xo(M) (5)
The kinetics of the polymerization of sarcosine

carbonic anhydride (I) is being investigated. The 
polymer (II) used for initiating is obtained as a 
colorless, hygroscopic solid by the action of di­
methylamine on the anhydride (I) in dioxane.

The polymerization in nitrobenzene is followed 
manometrically by the evolution of carbon di­
oxide. In accordance with equation (10) the 
reaction shows first-order dependence on (M ); 
this confirms the assumption that k2 is inde­
pendent of the molecular weight of the polymer, 
for molecular weights between about 500 and 5000. 
Preliminary measurements indicate that the ve­
locity constant, k2i can be expressed by the equa­
tion

k2 — \Q 00e~S'm / RT liters mole™1 sec.™1
The low value of the frequency factor is note­
worthy.

We hope to extend this investigation to other 
carbonic anhydrides and to co-polymerizations.
COURTAULDS, LIM ITED
M a id e n h e a d , B e r k s . S. G. Waley
E n g l a n d  J. Watson

R e c e iv e d  A p r il  20, 1948

NEW BOOKS

Chemical Insect Attractants and Repellents. By V in c e n t
G. D e t h i e r , A .M ., P h .D ., Professor of Zoology and 
Entomology, The Ohio State University; formerly 
Entomologist, Inter-Allied M alaria Control Commis­
sion, Gold Coast, B. W. A. The Blakiston Company, 
Philadelphia, Pennsylvania, 1947. xv +  298 pp. 
Illustrated. 15.5 X 23.5 cm. $5.00.
The manner in which various chemicals attract or 

repel insects is of considerable interest to  both chemists 
and entomologists working in economic entomology, to 
students of insect ecology and to others. The subject 
has also intrigued biologists not so well acquainted with 
the peculiarly specialized behavior of the insect world. 
Although the literature on attractants and repellents is 
extensive, most of the effort has been expended on research 
by the trial-and-error method, with not enough considera­
tion of the chemical, physical, physiological and botanical 
factors involved. In  an effort to remedy the situation 
and to  impart a greater impetus to research in this field, 
Dr. Dethier has undertaken the difficult task of assembling 
and correlating the widely scattered literature. In this 
respect he has done a commendable piece of work.

The text is not a compilation of formulas of attractant 
and repellent substances. Rather it represents a theoreti­
cal approach to  the study of the subject. The book is 
divided into ten chapters. An introductory chapter is 
followed by six th a t deal specificially with attractants, 
one with repellents, and two tha t are devoted to a more 
general discussion. There are approximately 750 litera­
ture citations.

Although the importance of research on insect repellents, 
especially for those insects th a t transm it disease, such as 
malaria-carrying mosquitoes, is pointed out, no mention 
is made of the extensive studies carried on during the 
recent war by the Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture;

neither are the excellent fundamental studies on repel­
lents by DeLong a t the Ohio State University, nor is 
adequate treatm ent given the work of Granett a t Rutgers 
University. The im portant subject of mothproofing 
warrants more than a  brief paragraph. The book con­
tains numerous errors in chemical nomenclature and in 
the structural formulas of compounds. These errors 
might have been avoided if the manuscript had been sub­
mitted to an organic chemist for review. Nevertheless 
the book is a valuable one and meets a definite need for 
both the chemist and the entomologist.

H. L. Haller

Fundamentals of Photographic Theory. By T. H. James, 
Ph.D ., and George C. Higgins, Ph.D ., Research 
Laboratories of Eastman Kodak Company. John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 
16, N. Y ., 1948. vii +  286 pp. 14 X 22 cm. Price, 
$3.50.
The recognized standing of the authors, not to mention 

cooperation by members of the Eastman staff, arouses in 
the reader expectations which are not disappointed. 
By concentrating upon black and white photography, 
exclusive of cameras or accessories, a coverage of the 
central theme admirable from physical, chemical and 
psychophysical standpoints is achieved. Consistent use 
of the sensitivity-speck basis for the latent image, together 
with the G um ey-M ott hypotheses, resolves in plausible 
fashion a great variety of complicated or a t first sight 
contradictory phenomena. The chemistry of essential 
dark-room procedures is set forth in detail, but some will 
regret the omission of intensification, reduction and toning. 
Conflicting theories are critically examined in the light of 
data and of physico-chemical generalizations. Objective 
and subjective evaluations of photographic images are
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carefully distinguished, then aptly correlated. Outstand­
ing is the graphic solution of the complete problem of 
tone reproduction, first suggested by L. A. Jones, which 
gives due weight to  the sensitivity relations of the human 
eye. A short list of well-chosen references is found a t the 
end of each chapter.

Few photographers are sufficiently equipped, instru- 
mentally or through training, to put the entire book into 
practice. But it is a t least consoling to realize that as an 
a rt photography has anticipated not a few theoretical 
conclusions.

George S. Forbes

Radioactive Tracers in Biology. An Introduction to 
Tracer Methodology. By Martin D. Kamen, Associate 
Professor of Chemistry, Chemist to the Edward M al­
linckrodt Institute of Radiology, Washington Univer­
sity, St. Louis, Missouri. Academic Press, Inc., 125 
East 23rd Street, New York, N. Y ., 1947. xiii +  281 
pp. 38 figs. 1 6 X 2 3 .5  cm. Price, $5.80.
This long-needed book on tracer techniques reviews the 

pertinent underlying concepts of nuclear physics, surveys 
contemporary tracer methods, and indicates their poten­
tialities and limitations. As the Academic Press* first 
volume in a series of monographs on Organic and Biological 
Chemistry, which has subsequently come under the 
editorship of Louis F. Fieser and M ary Fieser, Dr. Kamen*s 
book was an immediate sell-out. Doubtless the second 
printing, which buyers are now awaiting, will include 
corrections of numerous misprints and small errors which 
inevitably resulted from Dr. Kamen*s speed record of 
less than three months for the actual writing of the entire 
book. If this speed left rough spots, nevertheless all the 
new workers in the many fields of application of radio­
active isotopes should read Dr. Kamen’s book, and will 
be grateful to him for providing it.

The first four chapters, of nearly a hundred pages, 
contain the essential facts necessary to the worker in 
any field of science or engineering who would use radio­
active tracers. The balance of the book specializes these 
principles to specific applications in the life sciences, 
especially in studies of intermediary metabolism where 
radioactive tracers are an indispensable tool. Every 
new user of radioactive isotopes should certainly become 
conversant with the contents of this book. Seasoned 
workers will feel the book is introductory, but a small 
reader-survey has shown this reviewer tha t engineers, 
some chemists, radiologists, and physicians find the book 
advanced enough to require a t least one or two rereadings.

Recently there have been a  number of Isotope Confer­
ences on a variety of scientific subjects, a t each of which 
much time was consumed in reviews of elementary prin­
ciples because this material was not conveniently available. 
The planners of future Isotope Conferences should pre­
suppose th a t the audience and the conferees have a t least 
mastered the topics presented in Kamen*s book, and 
should now pitch their programs a t the intermediate level 
instead of at the introductory level .

Among detection techniques. Kamen rightly advocates 
simple devices such as the Lauritsen electroscope wherever 
they can be used. The detailed instructions for building 
a Geiger-Mtiller counter were cogent in June, 1946, 
when the manuscript was completed, but since then a 
large variety of counters and electronic auxiliaries have 
become available commercially. Most new workers will 
prefer to buy rather than to build. Similarly, the home­
made standards using uranium oxide should now be 
replaced by radium D-E beta ray standards distributed 
by the National Bureau of Standards.

The description of general methods and techniques 
deals primarily with Cu  and C14 which are taken as proto­
types of all other isotopes. Thus Cu  presents the dif­
ficulty of a short half-period (twenty minutes), but emits 
easily detected energetic positron beta-rays (maximum 
energy 0.98 Mev) as well as the corresponding annihila­
tion radiation (0,51 Mev) which can be measured readily

using gamma-ray detecting instruments. Whereas C 11 
requires cyclotron production and, like other positron 
emitters, cannot be prepared by irradiation in a  uranium 
pile, the long-lived C14 is now readily obtainable from the 
pile. However, the long half-period of C 14 is associated, 
as usual, with a very low energy radiation (maximum 
energy of beta rays 0.15 Mev) which makes its detection 
correspondingly difficult. Also the very long half- 
period (5000 years) of C14 argues against its use in many 
investigations, especially in human subjects, because of 
the persistence of its radiation and the possible accumula­
tion of biologically harmful total radiation doses.

Unfortunately, an extensive table of radioactive isotopes 
and their properties was not included in the first printing. 
A 4-page table of organic syntheses with radioactive iso­
topes is provided and should prove valuable and conveni­
ent for reference.

Robley D. Evans

Organic Analytical Reagents. By Frank J . Wel- 
c h e r , Ph.D ., Associate Professor of Chemistry, Ex­
tension Division, University of Indiana. D. Van Nos­
trand and Co., Inc., 250 Fourth Avenue, New York, 
N. Y. Vol. I, xv +  442 pp. +  63 tables, 1947; 
Vol. I I , xi +  530 pp. +  69 tables, 1947; Vol. I l l ,  xi 
593 pp. +  111 tables, 1947; Vol. IV, xiii +  624 pp. +  
68 tables, 1948. All 15 X 23 cm. $8.00 per volume; 
price for set $28.00.
The first half of the twentieth century has been charac­

terized by an extraordinary increase in the rate of magni­
tude of production of scientific data. In  the field of 
organic chemistry, for example, this has resulted in the 
discovery and/or synthesis of an appalling number of new 
compounds. Unfortunately, however, the extension of 
prior means and the development of new tools for recording 
and organizing this mass of information has not kept a cor­
responding pace. Consequently, there has now resulted 
a condition in which new evidence daily accumulates 
that unless systematic, convenient and economically 
practicable means for location and evaluation of all the 
facts relevant to  a desired compound or method are soon 
developed, further progress will be seriously retarded 
or even significantly impaired. For this reason all means 
whose objectives are primarily to  systematize, classify, 
coordinate and organize this flood of data comprise a con­
tribution to  scientific progress which may (at its best) 
be just as valuable as the original components of the 
discoveries themselves. This four-volume work by 
Dr. Welcher represents an example of an effort to  over­
come in a particular area the serious inadequacies m en­
tioned.

The principal objective of this work has been to  as­
semble in one place a description of all organic com­
pounds used through 1945 in the analysis of inorganic sub­
stances and to  discuss their mode of employment. The 
scope of the book does n o t include application of organic 
reagents to  the detection, determination, or identification 
of organic compounds.

The four volumes comprise a  total of sixty-seven chap­
ters; these cover 827 organic reagents and require 9042 
citations of the literature. The organization is such th a t 
all information relative to  a particular compound is 
brought together in one place, extensive diversification 
in its uses being there systematically subclassified. Chemi - 
cally related reagents are grouped together in chapters 
within which the sequence is alphabetical. W ith the text 
for each reagent is associated the corresponding series of 
citations to the original literature. Each volume includes 
an alphabetical name index of the organic reagents and also 
a subclassified index in which, under headings representing 
applications, the various reagents of the particular volume 
are alphabetically listed. However, no cumulative master 
index covering all four volumes is given.

Since the arrangement of topics is somewhat arbitrary 
it can, perhaps, best be surveyed by a review of the 
chapter sequences and headings. Volume I begins with
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five short general chapters as follows: electronic theory 
of valence, coordination compounds, chelate compounds, 
types of chelate rings, and the effect of structure on solu­
bility. The subsequent twelve chapters are devoted to 
hydrocarbons, substitution products of hydrocarbons, 
alcohols, phenols, miscellaneous phenolic compounds, 
aminophenols, phenolsulfonic acids, 8-hydroxyquinoline 
and its derivatives, azo derivatives of 8-hydroxyquinoline, 
ethers, aldehydes and ketones.

Volume II comprises ten chapters treating the following: 
organic acids, halogenated acids, hydroxy acids, amino 
acids, miscellaneous acids, acyl halides, acid anhydrides, 
esters, amines (255 pages) and quaternary ammonium 
compounds.

Volume III  contains nineteen chapters headed as 
follows: pyridine and its derivatives, quinoline and
quinoline derivatives, dipyridyl and related compounds, 
pyrazolone derivatives, miscellaneous heterocyclic nitrogen 
compounds, dioximes, acyloin- oximes, hydroxy oximes, 
isonitroso compounds, nitrosophenols, miscellaneous ox­
imes, cupferron and neocupferron, nitrosoamines, rhoda­
nine and its derivatives, carbazides and thiocarbazides 
and semicarbazides, carbazones, thiocarbazones and mis­
cellaneous imino compounds.

Volume IV concludes the set with seventeen chapters 
dealing with acidic nitro compounds, arsonic acids, di- 
thiocarbamates, xanthates, miscellaneous sulfur com­
pounds, sulfonic acids, sulfuric acids, seleninic acids, 
alkaloids, diazonium compounds, carbohydrates, miscel­
laneous natural substances, miscellaneous compounds, 
lake-forming dyestuffs, hydroxyanthraquinone dyes, mis­
cellaneous dyes and dyes used in the detection of nitrite.

For the preparation of the various organic reagents the 
author, guided by the principle th a t it be the most adapt­
able in the average chemistry laboratory, has selected 
only one. This severe restriction is to  be deplored as in 
some cases organic chemists would regard the choice as 
inadequate. The organic nomenclature is generally 
definite, but some peculiar sequences are employed. 
References to Beilstein are associated with many (but 
not all) compounds, but much inconsistency exists in the 
method. Although reference is made to the main series 
of Beilstein*s fourth edition, references to the equally 
im portant first supplementary series are not always 
included and the even more im portant second supplemen­
tary  series seems to have been ignored.

The set of books will be of most value to chemists con­
cerned with inorganic analysis.

E r n e s t  H . H u n t r e s s

The Chemistry of Acetylenic Compounds. Vol. I. The 
Acetylenic Alcohols. By A. W. J o h n s o n , Ph .D. 
with a foreword by Sir Ian Heilbron, D.S.O., D.Sc., 
F .R .S. Edward Arnold and Co., London, England. 
Longmans, Green and Company, New York, N. Y., 1946. 
xvii +  394 pp. 14.5 X 22 cm. Price $9.50.
This first volume of a projected three volume set dealing 

with the acetylenic compounds presents an excellent 
discussion of the chemistry of the acetylenic alcohols up 
to  September, 1945. The author has subdivided the acet­
ylenic alcohols into three groups, (I) compounds contain­
ing one acetylenic bond and one hydroxyl group, (II) 
compounds containing one acetylenic bond and more than 
one hydroxyl group and (III) hydroxyl compounds con­
taining more than one acetylenic bond. Each group of

compounds is discussed in a logical manner under the head­
ings, historical, nomenclature, formation, physical prop­
erties, reactions of the hydroxyl group, reactions of the 
acetylenic bonds, reactions involving the free ethynyl 
group and reactions involving the whole molecule. The 
main body of this book was written before 1940 and in 
order to bring it up to date an appendix has been added 
which covers the more recent developments in the field. 
Chapters on the chemistry of the rubenes, on the applica­
tion of acetylenic carbinol reactions in the sex hormone 
field, and on physical constants of acetylenic alcohols 
are also included as appendices to the main body of the 
book.

This is a very valuable critical résumé of the chemistry 
of acetylenic alcohols and will be indispensable to research 
workers in the field. I t  will also serve as interesting read­
ing for anyone who wants to  become informed on these 
highly useful reactions and the properties of this group 
of organic compounds.

C . S . M a r v e l
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Cycloöctadienes from Dienes
B y  R. E. F o s t e r  a n d  R. S . S c h r e ib e r

It has been reported1 that an 8-carbon ring 
dimer was isolated from still residues obtained 
during the purification of monomeric chloroprene 
(2-chloro-1,3-butadiene). This dimer was as­
signed the structure 1,5-dichloro-1,5-cycloöctadi­
ene (I) and presumabty was formed by the spon­
taneous dimerization of chloroprene. The 6- 
membered ring dimer (II) was also isolated.
4CH2=CC1—CH—CH2 — >- 

Cl

+

^/CC1=CH2

Cl
(I) (II)

Further, at the Reconstruction Finance Corpora­
tion Neoprene Plant, Louisville, Ky., operated by 
the E. I. du Pont de Nemours and Company, 
Mallonee and and Wooding isolated a third, lower- 
boiling product which tentatively has been as­
signed the structure 3-chloro-1 -vinyl-1,3-cyclo- 
hexadiene. This material probably was formed 
by the dehydrochlorination of 1,3-dichloro-l- 
vinyl-3-cyclohexene, an isomer of (II).

Carothers2 demonstrated earlier that a mixture 
of dimers was obtained by heating monomeric 
chloroprene. The components of this mixture 
were not identified, but it seems probable on the 
basis of comparable boiling points that two, or per­
haps all three, of these compounds were present in 
the “/5-polychloroprene” described by Carothers.

The purpose of this paper is to report the con­
firmation of the dimerization of chloroprene to a 
mixture of 6- and 8-membered ring compounds 
and to record two additional examples of the di-

(1) Brown, Rose and Simonsen, J . Chem. Soc., 101 (1944).
(2) Carothers, Williams, Collins and Kirby, This Journal, 53, 

4211 (1931).

merization of conjugated dienes, 1,3-butadiene it­
self and 2,3-dichloro-1,3-butadiene,3 to the corre­
sponding cycloöctadienes.4

By heating chloroprene at 80° for one hundred 
and twenty hours in the presence of phenothiazine 
to inhibit polymerization and activated charcoal,5 
greater than 20% conversion to dichloro-1,5-cy­
cloöctadiene was obtained.5a In addition, the two
6-membered ring compounds mentioned above 
were isolated. The structures of the carbon skele­
tons of these three materials were established by 
the reduction of the chloro compounds over plati­
num oxide in the presence of sodium acetate to the 
known saturated hydrocarbons. The fraction 
boiling at 147-149° was presumed to be impure 
cycloöctane on the basis of its boiling point and 
freezing point (9°); the 8-carbon ring was con­
firmed by oxidation with nitric acid to suberic 
acid.

The dimerization of 1,3-butadiene at 100-120° 
proceeded to give a preponderance of vinylcyclo- 
hexene, although the presence of 1-5% of an 8- 
membered ring dimer was demonstrated. The 
total dimerization product was hydrogenated and 
fractionated. The infrared spectra of the final 
fractions were compared with those of known mix­
tures of cycloöctane and ethylcyclohexane (see 
Fig. 1), and the proportion of cycloöctane in the

(3) Carothers and Berchet, U. S. P aten t 1,965,369.
(4) During the preparation of th is paper, i t  was brought to our 

attention th a t Dr. Karl Ziegler has reported the conversion of 1,3- 
butadiene a t tem peratures above 200° to a mixture of vinyl cyclo­
hexene, cycloöctadiene, and octahydrobiphenyl. Details of this 
work have not been published. Ziegler, “ A New Approach to the 
Cycloöctane Series,” meeting of the  German Chemical Society, 
Heidelberg, April 15-18, 1947.

(5) Although the evidence is not unequivocal, there are indica­
tions th a t the yield of dimers is improved by the inclusion of ac ti­
vated charcoal, possibly as a result of the  increased surface area.

(5a) Cope and Bailey, This Journal, 70, 2205 (1948), have de­
veloped a modified procedure for conducting this dimerization a t a t ­
mospheric pressure.
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Wave length in microns.
Fig. 1.—Infrared absorption spectra of cycloöctane, — ; ethylcyclohexane, — ; and 1:1 cycloöctane-ethylcyclohexane,

O-O-O.

total reduced dimer mixture was readily calcu­
lated. The identity of the final fractions was es­
tablished by isolating cycloöctane in the pure 
state and subsequently oxidizing it to suberic acid.

The dimerization of 2,3-dichloro-l,3-butadiene 
was carried out at 80° for one hundred and twenty 
hours. Only one dimeric product, formed in 
12.5% yield, was isolated; the remainder was 
converted to polymer. The dimer was shown to 
possess an 8-carbon ring by reduction to cycloöc­
tane.

Experimental
Dimerization of Chloroprene.—One hundred and fifty 

grams of chloroprene, 3 g. of phenothiazine, and 10 g. of 
Darco (Grade S-51) were sealed in a pressure bottle under 
nitrogen and agitated a t 80° for one hundred and twenty 
hours. The dark, mobile product was filtered to remove 
a small amount of polymer and charcoal (15 g.) and the 
filtrate (119 g.) was distilled. Unchanged monomer 
(25 g.) was removed a t atmospheric pressure and the 
remainder was distilled under reduced pressure. The 
following fractions were obtained: (A) 3-chloro-l-
vinyl-l,3-cyclohexadiene (15 g., 16%) 67-70° (17 mm .); 
(B) 3-chloro-1-a-chlorovinyl-3-cyclohexene (19 g., 20%) 
96-100° (17 m m .); (C) dichloro-1,5-cycloöctadiene (28.2 
g.) 109-118° (17-18 m m .). Infrared data indicated this 
last fraction to contain 75% 8-membered ring compound 
which corresponds to 22% yield of dichloro-1,5-cyclo­
öctadiene. The to tal yield of dimeric products was 66% 
based on 96 g. of chloroprene, the amount consumed dur­
ing the reaction.

These samples were refractionated for analysis. Frac­
tion A: B. p. 61-62° (8.5 m m .), n 2*d 1.5138, d 2h  1.051, 
A n a l .  Calcd. for C8H 9C1: C, 68.33; H, 6.45; Cl,
25.22; mol. w t., 141. Found: C, 67.45, 67.31; H , 6.49,

6.51; Cl, 27.02, 26.75; mol. wt., 154, 155 (ebullioscopic 
method in benzene).

Fraction B: B. p. 89-89.5° (8 m m.), w25d 1.5138, d 2h  
1.169. A n a l .  Calcd. for C8H ioC12: C, 54.26; H, 5.69; 
Cl, 40.05. Found: C, 54.91, 54.96; H, 5.83, 5.94; Cl, 
39 62 39 73.

Fraction C: B. p. 105-106° (8 mm.), n 25d 1.5312; d 2h  
1.203. A n a l .  Calcd. for C8H i0C12: C, 54.26; H, 5.69; 
Cl, 40.05. Found: C, 54.47, 54.77; H, 5.97, 5.99; Cl, 
39.42, 39.45.

Reduction of Fraction C.—A mixture of 9 g. of the 
dimer boiling a t 109-118° (17-18 mm.), 50 ml. of glacial 
acetic acid, 13 g. of hydrated sodium acetate, and 1 g. 
of platinum oxide was agitated under 45 lb. hydrogen 
pressure until the reduction in pressure was 18 lb. (theory,
17.5 lb .). This mixture was filtered into water and sub­
sequently extracted with an ether-benzene solution (1:1, 
by volume). The organic layer was dried over magnesium 
sulfate and distilled through a small column. The 
cycloöctane, boiling a t 147-149°, 2.2 g. (34.4%), was 
employed in the following oxidation.

One gram of the hydrocarbon was added to 10 ml. of 
concentrated nitric acid (sp. gr. 1.42) and heated at 78-80° 
for twenty-four hours. The mixture was cooled in an ice- 
bath and the crystalline solid, 0.35 g., was isolated by 
filtration. The crude material crystallized from water as 
white plates, m .p . 140-141 °. A mixture with an authen­
tic sample of suberic acid melted at 140-141°.

Reduction of Fractions A and B.—In a manner similar 
to th a t described above, Fractions A and B were hydro­
genated to give in each case ethylcyclohexane, b. p. 130- 
131°, tz25d 1.4342.

Dimerization of Butadiene.—A mixture of 4800 g. of 
butadiene, 480 g. of Darco (Grade S-51), and 100 g. of 
£-£-butylcatechol was heated in a 3-gal. autoclave a t 
120° for sixty hours. A t the end of this time, 490 g. of 
butadiene was recovered by venting the autoclave through 
a Dry Ice trap. The product was filtered (3861 g.) and 
hydrogenated a t room temperature under 1500 lb. pres-
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sure in the presence of 15 g. of ruthenium dioxide. From 
the reduced hydrocarbon mixture, ethylcyclohexane (2355 
g.) was removed a t 130-131°, or 68-69° (100 mm.), 
w25d 1.4312. The residue was rapidly distilled through 
a short-path still to remove the hydrocarbon from p -  
butylcatechol. This distillate was separated by dis­
tillation through a 10-inch helices-packed column into 
the following fractions: (D) b. p. 135-142°, w2Bd 1.4480,
18.5 g.; (E) b. p. 143-150°, ra25d 1.4531, 30.8 g.; (F) 
b. p. 151-153°, n 25d 1.4551, m. p . 6-7°, 1.1 g. On the 
basis of refractive indices and infrared data, these frac­
tions contain: (D) 66% cycloöctane; (E) 86% cyclo­
octane; (F) 94% cycloöctane. The total yield of cyclo­
octane amounted to approximately 1%. Fractionation 
and infrared analyses of smaller preparations indicated 
cycloöctane yields of 3-5% . Fraction F was conclusively 
identified by nitric acid oxidation to a solid acid, m. p. 
140-141°, which showed no depression in melting point 
when mixed with an authentic sample of suberic acid.

Dimerization of 2,3-Dichloro-1,3-butadiene.—A mix­
ture of 91.3 g. of 2,3-dichloro-l,3-butadiene,3 3 g. of 
phenothiazine, and 5 g. of Darco (Grade S-51) was 
agitated in a pressure bottle a t 80 ° for one hundred and 
twenty hours. The resulting solid mass was extracted 
with several 200-ml. portions of ethanol. The alcohol 
was removed through a Vigreux column and the tarry 
solid was distilled a t reduced pressure to give 11.3 g. 
(12.5%) of a solid, b. p. 140-146° (3.6 mm.). This was 
the only distillable product, and on crystallization from 
an acetone-alcohol-water mixture (5:5:1, by volume) 
gave white plates, m. p. 98-99°. The material appeared 
to be a very stable compound.

A n a l .  Calcd. for C8H 8C14: Cl, 57.66; mol. w t., 246. 
Found: Cl, 57.0, 56.8; mol. w t., 241, 241 (ebullioscopic 
method in benzene).

This material was hydrogenated in acetic acid solution 
in the same manner as tha t described for the dimer from 
2-chloro-l ,3 -butadiene. The reduction mixture was
added to water, and the hydrocarbon was isolated by ex­
traction with benzene. The organic solution was dried 
and distilled, and the fraction boiling a t 140-150° was 
shown to be approximately 80% cycloöctane by comparison

of its infrared absorption curve with th a t of an authentic 
sample of cycloöctane.

The Removal of Chlorine from Dichloro-1,5 -cyclo - 
octadiene.—The action of sodium in liquid ammonia was 
found to effect the removal of the halogens from d i­
chloro-1,5-cycloöctadiene without simultaneous reduction 
of the carbon-carbon double bonds.

Thirty-six grams of dichloro-1,5-cycloöctadiene was 
mixed with 200 ml. of liquid ammonia and approximately 
100 ml. of absolute ether was added to effect homogeneity. 
Ten grams of sodium was added in small pieces and the 
mixture was stirred and allowed to reflux under a Dry Ice 
condenser until the sodium had dissolved. This required 
about two hours. The ammonia was then allowed to  
evaporate and the residue was filtered. There was ob­
tained 43.4 g. of black solid (theory for NaCl is 23.2 g .), 
suggesting th a t considerable polymerization of the product 
had occurred. The filtrate was dried and distilled; the 
product boiling a t 149-160° weighed 3.9 g., which cor­
responded to a 19% yield of cycloöctadiene. This was 
redistilled, and the pure material boiling a t 150-152° 
was presumed to be 1,5-cycloöctadiene.

A n a l .  Calcd. for C8H i2: C, 88.82; H , 11.18. F ound: 
C, 88.78, 88.99; H , 10.94, 11.11.

Cope and Bailey5 have found conditions for this reaction 
which give a 56% yield of the product.

Acknowledgment.—The authors are indebted 
to Dr. J. W. Stillman, under whose supervision 
the microanalyses were carried out, and to Miss 
Doris Huck for the infrared curves.

Summary
The dimerization of chloroprene to a mixture of 

6- and 8-membered ring compounds has been 
confirmed. This unusual dimerization to 8-mem­
bered ring compounds has been extended to 1,3- 
butadiene and 2,3-dichloro-l,3-butadiene.
W il m in g t o n , D e l a w a r e  R e c e iv e d  F e b r u a r y  28, 1948

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y ]

Cyclic Polyolefins. II. Synthesis of Cycloöctatetraene from Chloroprene1
B y  A r t h u r  C . C o p e  and  W il l ia m  J. B a il e y 2

Cycloöctatetraene has been prepared by the 
thirteen-step Willstatter synthesis from pseudo­
pelletierine,3’4 and by a catalytic process from 
acetylene.5 We have continued an investigation 
of synthetic routes to cycloöctatetraene in a search 
for a reasonably short synthesis which could be 
adapted to the preparation of functional deriva­
tives of cycloöctatetraene, which are not accessible 
through any reactions reported for the hydrocar­
bon.5 This paper describes a seven-step synthesis

(1) Presented a t the Tenth N ational Organic Chemistry Sym­
posium, Boston, M assachusetts, June 13, 1947.

(2) Arthur D. L ittle Postdoctorate Fellow, 1946-1947.
(3) W illstatter and Waser, Ber., 44, 3423 (1911); W illstatter and 

Heidelberger, ibid., 46, 517 (1913).
(4) Cope and Overberger, This Journal, 76, 1433 (1948).
(5) Described in D epartm ent of Commerce reports of German 

technological developments, including a translation of a paper by 
W. J. Reppe reprinted in “ German Synthetic Fiber Developments,” 
p. 631, Textile Research Institu te, New York, N. Y., 1946 (P. B. 
7416).

of cycloöctatetraene from chloroprene (2-chloro-
1,3-butadiene).

A method for the preparation of a cyclic dimer 
of chloroprene containing an eight-membered ring 
(previously isolated from chloroprene distillation 
residues6) has been developed by Foster and 
Schreiber.7 By a modification of their procedure, 
chloroprene was heated in the presence of pheno­
thiazine as a polymerization inhibitor and con­
verted into a mixture of dimers. The eight-mem­
bered ring dimer (I) was separated from six-mem­
bered ring dimers by fractional distillation, treat­
ment with alcoholic alkali to remove a dimer con­
taining reactive chlorine which otherwise was dif­
ficult to separate, and refractionation. The eight- 
membered ring structure of I is established by its 
hydrogenation to cycloöctane,6*7 which we have

(6) Brown, Rose and Simonsen, J . Chem. Soc., 101 (1944).
(7) Foster and Schreiber, This Journal, 70, 2303 (1948).
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confirmed. The chloroprene units in the dimer 
may be joined head to tail (Ia) or head to head 
(lb), or both structures may be present. These 
possibilities were not investigated, because the 
chlorine was replaced bv hydrogen and the possi­
bility for isomerism removed in the next step of 
the synthesis. The dehalogenation was accom­
plished by reaction of I with sodium in liquid 
ammonia.7 Highest yields (56%) of 1,5-cycloöcta­
diene (II) were obtained with a low reaction tem­
perature ( — 75 to —50°) and a short reaction 
time (three minutes), after which sodium com­
pounds were neutralized and excess sodium de­
composed by adding solid ammonium nitrate. 
These conditions minimized the polymerization 
which occurred as a side reaction. Titration 
showed that 90% of the chlorine in I was removed 
as ionic chlorine under these conditions. The 
structure of II was established by quantitative 
hydrogenation to cycloöctane, and by ozonization 
followed by oxidation with hydrogen peroxide, 
which gave succinic acid.

C-1—C = C H —CH2
I I .

CIL—C—C H = C H 2  ^  CH2 CHo or
! ! !

Cl c h 2—C H = C —Cl
la

Cl—C = C H —CH2 C H = C H —CH2
I I Na I I

CHa CH2 ------------>  CH2 CH*
I I liq. NH3 j I

CH2—C = C H  CH2—C H =C H
i

Cl
lb  II

Reaction of an excess of II with N-bromosuccin- 
imide in the presence of benzoyl peroxide8 gave a 
stable monobromo substitution product (III) in 
45-57% yield. Although the methylene groups

in 1,5-cycloöctadiene are equivalent, rearrange­
ment could occur either during the substitution 
reaction (through an intermediate free radical) or 
through an allylic shift of the bromo compound. 
Consequently the product may have structure 
Ilia , I llb  or be a mixture of the two. Reaction of 
III with dimethylamine gave a 61% yield of a di- 
methylaminocycloöctadiene (IV), which likewise 
may have structure IVa or IVb; the displacement 
reaction presents an added possibility for an allylic 
rearrangement.

C H = C H —CH—X
I I

CX-I2 CH2
I I

CH2—C H = C H
Ilia , X = Br 
IVa, X -  N(CH3)2 
Va, X = N(CH3)3I

X—CH— C H =  CH
I I

CH2 CHa
I I

c h 2—C H =C H
Illb , X = Br 
IVb, X -  N(CH3)2 
Vb, X -  N(CH8)8I

IV was proved to be a dimethylaminocycloöcta- 
diene by quantitative hydrogenation to dimethyl- 
aminocycloöctane, which was identified as the 
methiodide. IV reacted with methyl iodide to 
give a methiodide, V, which was converted to the 
quaternary base and distilled to give a cyclo- 
octatriene, VI. VI differed in index of refraction, 
density and ultraviolet absorption spectrum (Fig. 
1) from 1,3,5-cycloöctatriene (prepared from pseu- 
dopelletierine).4 Comparison of the ultraviolet 
absorption curves of VI and 1,3,5-cycloöctatriene 
(also shown in Fig. 1) indicates that VI probably 
is a mixture of 1,3,5-cycloöctatriene (Via) and
1,3,6-cycloöctatriene (VIb), such as might be 
formed from a mixture of quaternary salts (Va and 
Vb). The ultraviolet absorption curve for 1,3,5- 
cycloöctatriene has a maximum at 2650 A.4 In 
VI the maximum is displaced to 2500 A., while for 
structure VIb the maximum would be expected to 
fall nearer 2200 A.

3200 3000 2800 2600 2400 2200
Wave length, A.

Fig. 1.—Curve 1, absorption spectrum of cycloöcta- 
triene (VI); curve 2, absorption spectrum of 1,3,5-cyclo- 
octatriene (ref. 4).

(8) Ziegler, Spath, Schaaf, Schumann and Winkelmann, Ann., 
551, 80 (1942); Schmid and K arrer, Helv. Chim. Acta, 29, 573 
(1946).

C H = C H —CH CH— CH—CH

CH2 CH c h  c h 2
I I  I I

CH2—C H = C H  CH2—C H = C H
V ia VIb

The possibility of conducting a similar sequence 
of reactions beginning with a dibromo derivative of 
cycloöctadiene was next investigated. 1,5-Cy- 
cloöctadiene (II) reacted with two molar equiva­
lents of N-bromosuccinimide in the presence of 
benzoyl peroxide to give a dibromo compound, 
which was treated directly with an excess of di­
methylamine. In this way a bis- (dimethylamino) - 
cycloöctadiene (VII) was obtained in an over-all 
yield of 34% from II. VII might be expected to be 
a mixture from its method of preparation, but 
proved to be practically homogeneous and identi­
cal with the compound believed to be 1,6-bis- 
(dimethylamino)-2,4-cycloöctadiene which is an 
intermediate in the Willstatter synthesis of cyclo- 
octatetraene. Identity of the diamines from the 
two syntheses was established by correspondence
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3200 3000 2800 2600 2400 2200
Wave length, A.

Fig. 2.—Curve 1, absorption spectrum of 1,6-bis-(di­
methylamino)-2,4-cycloöctadiene (VII) derived from 1,5- 
cycloöctadiene; curve 2, absorption spectrum of 1,6-bis- 
(dimethylamino)-2,4-cycloöctadiene prepared from pseu­
dopelletierine (ref. 4).

3800 3400 3000 2600 2200
Wave length, A.

Fig. 3.—Curve 1, absorption spectrum of cycloöcta­
tetraene prepared from acetylene; curve 2, absorption 
spectrum of cycloöctatetraene (containing approximately 
8% of styrene) prepared from chloroprene; curve 3, 
absorption spectrum of styrene.12

in melting points of the dipicrates and dimethio- 
dides, and comparison of ultraviolet absorption 
spectra (Fig. 2). Also VII was hydrogenated to
1,4-bis-(dimethylamino)-cycloöctane, which was 
identified as the dipicrate and dimethiodide. The 
formation of VII from II can be explained by rear­
rangement during the bromination of II, yielding
l,6-dibromo-2,4-cycloöctadiene, or by formation 
of 3,4-dibromo-l,5-cycloöctadiene followed by a 
double allylic rearrangement either before or 
during the displacement reaction with dimethyl­
amine. The tendency of the double bonds to be­
come conjugated undoubtedly accounts for the 
formation of VII, regardless of the step at which 
the rearrangements occur.

(CH3)2N—CH— C H = C H

CH2—CH—CH 

N(CH3)2
VII

The remaining steps in the synthesis of cycloöc­
tatetraene followed the sequence of reactions used 
by Willstatter. VII was converted to the di­
methiodide, which with silver hydroxide gave the 
quaternary base. Very slow distillation of the 
latter at 0.15-1 mm. gave a 15.5% yield of cy­
cloöctatetraene, which was established as identi­
cal with a sample prepared from acetylene by cor­
respondence in index of refraction, melting point, 
mixed melting point, ultraviolet (Fig. 3) and in­
frared9 absorption spectra. The spectra indicated 
the presence of approximately 8% of styrene in this 
sample of cycloöctatetraene, presumably formed 
by rearrangement during decomposition of the 
quaternary base.

(9) We are indebted to  Dr. R. C. Lord, Jr., and Mr. R. S. Mc­
Donald for the infrared data.

Experimental10
Dichloro-1,5-cycloöctadiene (I).;—A stabilized 50% 

solution of chloroprene in xylene11 was distilled rapidly 
in a nitrogen atmosphere without appreciable fractionation 
to obtain chloroprene containing 10-12% xylene. This 
distillate (2.5 kg.) and 45 g. of phenothiazine were placed 
in a 3-liter three-necked flask equipped with a thermom­
eter, a mercury-sealed stirrer and a reflux condenser 
which was connected to a nitrogen cylinder through a line 
containing a mercury pop-valve. Air in the system was 
displaced with nitrogen, and the mixture was stirred 
slowly under nitrogen and heated a t a  temperature which 
maintained a slow reflux. The temperature of the liquid 
rose from 61 to 80° during sixty hours and was kept a t 
80-84° for an additional seventy hours by regulating the 
bath temperature. Hydrogen chloride escaped through 
the pop-valve during the heating period. The mixture 
was transferred to a 2-liter round-bottomed flask con­
nected to a water-cooled condenser, receiver, Dry Ice 
trap and a water pump, and distilled as rapidly as possible 
under reduced pressure without fractionation. After 
separation of recovered chloroprene, which collected in 
the Dry Ice trap , the distillation was continued a t 20-30 
mm. and completed at a pressure of about 1 mm. with an 
oil pump protected from hydrogen chloride with soda-lime 
towers. This operation separated polymer and pheno­
thiazine from the distillate containing dimers. The dis­
tillate was fractionated fairly rapidly under nitrogen at 
3 mm. pressure through a total condensation, variable 
take-off column with a 30 X 2 cm. section packed with 
glass helices. This distillation separated an additional 
portion of recovered chloroprene, xylene, and crude six- 
membered ring dimers (b. p. up to 76° (3 mm.)) from the 
highest boiling fraction, b. p. 76-90° (3 m m .), containing 
the eight-membered ring dimer (and some six-membered 
ring dimers). The last fraction was heated for tw enty- 
four hours a t 60° with a solution equivalent to 90 g. of 
sodium hydroxide in 1400 ml. of absolute alcohol (pre­
pared by adding sodium and water to absolute alcohol). 
The alcoholic solution was added to 2 1. of water and the 
product was extracted with four-400 ml. portions of 
benzene. The extracts were dried over anhydrous mag­
nesium sulfate and concentrated. The residue was frac­
tionated carefully through the 30 X 2 cm. helix-packed 
column in an atmosphere of nitrogen. Several such

(10) M elting points are corrected and boiling points are uncor­
rected. We are indebted to Mr. S. M. Nagy, Mr. Philip H. Towle 
and Mrs. Louise W. Spencer for analyses.

(11) Obtained from the Organic Chemicals D epartm ent, E. I. 
du Pont de Nemours and Co., Inc., Wilmington, Del.
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preparations yielded the following da ta : xylene present 
in the chloroprene dimerized, 10-12% ; chloroprene re­
covered, 13-16%. The following percentages are based 
on the weight of chloroprene actually consumed in the 
reaction (subtracting the amount recovered): polymer
formed, 9-23% ; yield of crude six-membered ring dimers, 
40-46% ; yield of the fraction containing the eight- 
membered ring dimer from the first fractionation, 23-25%; 
yield of dichloro-1,5-cycloöctadiene (I) after alkali trea t­
ment and refractionation, 10-13%; b. p. 88-89° (3.3 
m m .); 92-94° (3.8 m m .); w25d 1.5300-1.5310.

A n a l .  Galcd. for C8H 10C12: C, 54.26; H, 5.69; Cl, 
40.05. Found: C, 54.11; H, 5.74; Cl, 39.9.

Preliminary fractionation to  remove most of the six- 
membered ring dimers should precede alkali treatm ent 
of the product, as in the procedure described. Otherwise a 
compound which corresponded closely in analysis to 
C 8H io(OC2H 5)C 1 was formed in an am ount corresponding 
to about half of the yield of I. This compound, evidently 
derived from a 6-membered ring dimer containing a re­
active chlorine atom, boiled approximately 3° higher 
than I and its presence complicated the fractionation.12

A sample (10.00 g.) of the dichloro-1,5-cycloöctadiene 
in 60 ml. of glacial acetic acid was hydrogenated in the 
presence of 14.5 g. of anhydrous sodium acetate and 1.1 
g. of pre-reduced Adams platinum oxide catalyst; 101% 
of four molar equivalents of hydrogen was absorbed. The 
solution was made basic with sodium carbonate and 
extracted with ether. Fractionation through a 15 X
I .  2 cm. helix-packed column yielded 3.74 g. (59%) of 
cycloöctane, b. p. 148-149°; w25d 1.4557; m. p. 12.0°.

1,5-Cycloöctadiene (II).—Sodium (39.3 g., 1.7 moles) 
was dissolved in 2.5 1. of liquid ammonia in a 3-liter 
three-necked flask equipped with a stirrer, dropping 
funnel and thermometer. The ammonia solution was 
cooled to —75° in a Dry Ice-trichloroethylene-bath and 
a solution of 75 g. (0.42 mole) of dichloro-1,5-cyclo- 
octadiene in 100 ml= of dry ether (also cooled with Dry 
Ice) was added with stirring during three-quarters of 
one minute. The mixture was stirred for two minutes, 
during which time the tem perature of the liquid rose to 
— 55 to  —45°. Powdered ammonium nitrate (80 g.) 
was then added rapidly (one-half minute) and the am ­
monia was allowed to evaporate through a  water-cooled 
reflux condenser while the reaction mixture stood over­
night. W ater was added to the residue and the product 
was extracted with ether, dried over magnesium sulfate 
and distilled. The yield of 1,5-cycloöctadiene was 25.4 
g. (56% ); b. p. 148-149°; w25d  1.4905; d 254 0.8818.13

A n a l .  Calcd. for C8Hi2: C, 88.82; H , 11.18. Found: 
C, 89.13; H, 11.22.

A polymeric residue of 13.2 g. remained after distilla­
tion of the product. Titration of an aliquot portion of 
the aqueous solution after separation of the product 
showed the presence of 90% of the theoretical 0.84 equiv­
alent of chloride ion.

Hydrogenation of a 1.21-g. sample of. 1,5-cyclo- 
octadiene in 20 ml. of glacial acetic acid in the presence of 
0.1 g. of reduced platinum oxide required 101% of two 
molar equivalents of hydrogen. The product was identi­
fied as cycloöctane by its physical properties after puri­
fication by extraction from alkaline solution and distilla­
tion through a Craig micro column14; n 2bd 1.4555; m. p.
I I .  2°.

A 1.00-g. sample of 1,5-cycloöctadiene in 25 ml. of ethyl 
acetate was ozonized a t —30°. The ethyl acetate was 
removed under reduced pressure and the ozonide was 
decomposed by heating on the steam -bath for three hours 
with 12 ml. of 30% hydrogen peroxide in 20 ml. of glacial

(12) We are indebted to  Dr. Calvin L. Stevens for these data.
(13) Im pure 1,5-cycloöctadiene containing about 20% of a bicyclo-

öctene has been prepared by the Hofmann exhaustive methylation 
procedure from des-dimethylgranatanine: W illstatter and Vera­
guth, Ber., 38, 1979 (1905); ibid., 40, 960 (1907); W illstatter and 
K am etka, ibid., 41, 1482 (1908); Harries, ibid., 41, 672 (1908).

(14) Craig, Ind. Eng. Chem., Anal. Ed., 9, 441 (1937).

acetic acid. After concentration under reduced pressure, 
the residue was dissolved in a sodium bicarbonate solution, 
which was extracted with ether to remove any neutral 
material. The alkaline solution was acidified and ex­
tracted with ether in a continuous extractor for two days. 
The ether extract was distilled and the residue recrystal­
lized from water. Succinic acid was isolated in a yield of
1.62 g. (74% ), m. p. and mixed m. p. with a known 
sample 186-187°.

Reaction of 1,5-Cycloöctadiene with N-Bromosuccin- 
imide.—1,5-Cycloöctadiene (16.4 g.) in 50 ml. of dry 
carbon tetrachloride was stirred under reflux (80°) for 
one hour with 9.0 g. of N-bromosuccinimide and 0.25 g. 
of benzoyl peroxide. The succinimide formed was re ­
moved by filtration and the solution was fractionated 
through a 15 X 1.2 cm. helix-packed column. The re­
covery of 1,5-cycloöctadiene was 10.7 g. (determined by 
the weight of carbon tetrachloride-1,5-cycloöctadiene 
mixture recovered, and comparison of its refractive index 
with a linear plot of the refractive indices of known mix­
tures), and 5.4 g. (57% based on the N-bromosuccin­
imide) of bromocycloöctadiene (III) was obtained, b. p. 
64° (1.9 m m .); w 25d  1.5410; d 2h  1.3420.

A n a l .  Calcd. for C8HnBr: C, 51.35; H, 5.93; Br, 
42.72. Found: C, 51.27; H, 6.07; Br, 42.84.

Dibromocycloöctadiene was isolated in one instance 
from the reaction of 10.8 g. of 1,5-cycloöctadiene and 
36 g. of N-bromosuccinimide in 100 ml. of dry carbon 
tetrachloride, which were heated under reflux with stirring 
in the presence of 0.5 g. of benzoyl peroxide for one hour. 
The succinimide formed was removed by filtration and 
the filtrate was washed with water, dried over Drierite 
and distilled under nitrogen. The dibromocycloöctadiene 
(14.2 g., b. p. 110-116° (2 mm.)) turned black after 
standing a t room temperature for a few minutes, and in 
subsequent preparations was not isolated, but was treated 
directly with dimethylamine as outlined under the prep­
aration of V II.

Dimethylaminocyclooctadiene (IV).—Bromocycloöcta­
diene (12.6 g.) and 250 ml. of a 20% solution of dimethyl­
amine in benzene were allowed to stand for three days a t 
room temperature. The mixture was extracted with 15% 
hydrochloric acid solution, which was then made basic 
with 20% sodium hydroxide and extracted with ether. 
The extracts were dried over magnesium sulfate, concen­
trated, and the residue was distilled under .nitrogen 
through a  15 X 1.2 cm. helix-packed column. The yield 
of dimethylaminocyclooctadiene was 6.2 g. (61% ); b. p. 
58-60° (1.2 m m .); w 25d  1.4972.

A n a l .  Calcd. for Ci0HI7N : C, 79.40; H, 11.33; N, 
9.26. Found: C, 79.39; H , 11.45; N, 9.17.

Dimethylaminocyclooctadiene was also prepared in 
about the same over-all yield from 1,5-cycloöctadiene in 
a similar preparation in which the intermediate bromo 
compound was not isolated, and was obtained as a by ­
product in the preparation of l,6-bis-(dimethylamino)-
2,4-cycloöctadiene (see below).

Dimethylaminocyclooctadiene methiodide (V) was 
prepared from 12.8 g. of dimethylaminocyclooctadiene 
and 30 g. of methyl iodide in 70 ml. of absolute alcohol. 
The solution was allowed to stand for th irty  minutes 
and heated under reflux for one hour. The crystalline 
methiodide (V) separated on cooling in a yield of 22.6 g. 
(91%), m. p. 163-166° (dec.). An analytical sample 
which was recrystallized twice from absolute alcohol 
melted a t 168-169° (dec.).

A n a l .  Calcd. for CnH10N I: C, 45.05; H, 6.88; N, 
4.77; 1,43.28. Found: C, 44.76; H, 6.95; N, 4.66; I, 
43.14.

Although this methiodide had a relatively sharp melting 
point (with decomposition) it is believed to be a mixture 
of isomers (Va and Vb), for further recrystallization 
raised the m. p. to  174-175°; moreover, a mixed m. p. 
of V with the isomeric a -des-dimethylgranatenine m eth­
iodide4 was not depressed but intermediate between the 
two decomposition points (174-176° dec.), proving th a t
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the decomposition points of mixtures of such isomeric 
methiodides can be sharp and not markedly lowered.12

A 2.24-g. sample of dimethylaminocyclooctadiene in 
70 ml. of absolute alcohol was hydrogenated in the pres­
ence of 0.4 g. of prereduced platinum oxide catalyst. 
Hydrogen absorption was 99.5% of two molar equivalents. 
The dimethylaminocycloöctane produced was isolated by 
distillation in a Craig micro column; n 25u  1.4717 (ref. 4, 
w25d 1.4707).

A n a l .  Calcd. for C10H21N : C, 77.34; H, 13.63; N,
9.02. Found: C, 77.36; H, 13.46; N, 9.15.

Dimethylaminocycloöctane methiodide was prepared 
as a derivative and recrystallized from absolute alcohol; 
tn. p. 273-274° (dec.) (ref. 4, m. p. 274-275° dec.).

A n a l .  Calcd. for CuH 24N I: C, 44.44; H, 8.13; N, 
4.71; 1,42.70. Found: C, 44.16; H, 8.09; N, 4.63; I, 
42.46.

Cycloöctatriene (VI).—Dimethylaminocyclooctadiene
methiodide (21.4 g.) in 300 ml. of water and the silver 
hydroxide prepared from 37.5 g. of silver nitrate and 8.8 
g. of sodium hydroxide were stirred a t room temperature 
for one and one-half hours. The mixture was filtered 
and the filtrate was concentrated under reduced pressure. 
The quaternary base was decomposed by continuing the 
distillation a t a pressure of 20 mm. and a bath temperature 
of 90°. The distillate, which was collected in a receiver 
cooled with Dry Ice, was extracted with ether, and the 
extracts (to which 1% of 2-butylcatechol was added as 
a polymerization inhibitor) were dried over magnesium 
sulfate. Distillation through a 15 X 1.2 cm. helix-packed 
column under nitrogen yielded 6.1 g. (78%) of cyclo- 
octatriene, b. p. 76° (90 m m .); n 25d 1.5187; d 2\  0.8971.

A n a l .  Calcd. for CgHio: C, 90.50; H, 9.50. Found: 
C, 90.28; H, 9.47.

l,6-bis-(Dimethylamino) -2,4-cycloöctadiene (VII).—
1,5-Cycloöctadiene (21.6 g., 0.2 mole) in 300 ml. of dry 
carbon tetrachloride, 72.g. (0.4 mole) of N-bromosuccin­
imide and 1 g. of benzoyl peroxide were stirred vigorously 
and heated under reflux (80°) for one hour. Succinimide 
was separated by filtration and most of the carbon te tra ­
chloride was removed from the filtrate by distillation 
under reduced pressure. To the residue was added 500 
ml. of a 22.5% solution of dimethylamine in benzene, 
and the mixture was allowed to stand for ten days at 
room temperature. Fifteen per cent, hydrochloric acid 
was added until the mixture was acid ( p H  2), and the 
amine salts were extracted with two portions of 0.01 N  
hydrochloric acid. The acid extracts were made basic 
with 20% sodium hydroxide and the amines were extracted 
three times with ether. The ether was distilled and the 
residue was heated a t 60° for three minutes with 400 ml. 
of 2 A  hydrochloric acid to hydrolyze substituted vinyl 
amine types. The solution was cooled, extracted with 
ether to remove any neutral material, and made basic 
with 20% sodium hydroxide. The product was extracted 
with ether and the extracts were dried over magnesium 
sulfate. The ether was distilled and the residue fraction­
ated under nitrogen through a 15 X 1.2 cm. helix-packed 
column. Dimethylaminocyclooctadiene (IV) (5.1 g., 
17%) was obtained as a low boiling fraction, followed by
13.3 g. (34%) of 1,6 -bis - (dimethylamino) -1,4 -cy clo - 
octadiene (V II), b. p. 90° (1 m m .); n 25d 1.4995; d254 
0.932 (ref. 4, w25d 1.4990; d 2\  0.9317).

A n a l .  Calcd. for C12H22N2: C, 74.16; H, 11.41.
Found: C, 73.94; H , 11.06.

1.6- bis-(Dimethylamino) -2,4-cycloöctadiene dipicrate 
was prepared as a derivative and recrystallized from 95% 
alcohol; m. p. 194-195° (dec.) (ref. 4, m. p. 194.6- 
195.2°, dec.).

A n a l .  Calcd. for C24H28N 8Oi4: C, 44.17; H, 4.33;
N, 17.17. Found: C, 44.01; H , 4.52; N, 17.26.

1.6- bis-(Dimethylamino) -2,4-cycloöctadiene dimeth­
iodide was prepared from 6.2 g. of 1,6-bis-(dimethyl­
amino)-2,4-cycloöctadiene and 15 g. of methyl iodide in 
50 ml. of absolute alcohol by refluxing for one hour. The 
salt which separated on cooling solidified on standing and

was crystallized from a mixture of 90% alcohol and pe­
troleum ether; yield 13.4 g. (87% ), m. p. 172-173° 
(dec.); m . p .  after recrystallization from absolute alcohol 
172-173° (dec.)12 (ref. 4, m. p. 173-174°, dec.).

A n a l .  Calcd. for Ci4H28N2I2: C, 35.16; H , 5.90; N, 
5.86; 1,53.08. Found: C, 35.06; H , 5.91; N , 5.78; I,
53.28.

The above methiodide was separated from a much 
smaller amount (2-5% ) of an isomeric dimethiodide which 
was relatively insoluble in alcohol. After two recrystal­
lizations from alcohol and benzene the isomer (which 
may be a stereo or position isomer) darkened a t 237- 
239 0  but did not liquefy or decompose with gas evolution 
below 285°.12

A n a l .  Calcd. for Ci4H28N2I2: C, 35.16; H , 5.90; N, 
5.86; I, 53.08. Found: C, 35.25; H , 6.09; N, 6.01; I, 
52.94.

A 2.30-g. sample of l,6-bis-(dimethylamino) -2,4- 
cycloöctadiene in 30 ml. of absolute alcohol absorbed 
110% of two molar equivalents of hydrogen slowly (dur­
ing thirteen hours) in the presence of 0.5 g. of pre-reduced 
platinum oxide. The 1,4-bis-(dimethylamino)-cyclo- 
octane formed was distilled through a  Craig micro colum n: 
n2bD 1.4820; d2\  0.9155 (ref. 4, w 25 d  1.4823, d2h 0.9166).

A n a l .  Calcd. for Ci2H26N2: C, 72.66; H , 13.21; N, 
14.13. Found: C, 72.62; H , 12.99; N, 14.07.

1.4- bis-(Dimethylamino) -cycloöctane dipicrate was pre­
pared as a derivative and recrystallized from 95% alcohol; 
m. p. 173-174° (dec.) (ref. 4, m. p. 171.5-172.2°, dec.).

A n a l .  Calcd. for C24H 32N 8Oi4: C, 43.90; H , 4.90;
N, 17.07. Found: C, 43.98; H, 5.04; N, 16.95.

1.4- bis-(Dimethylamino)-cycloöctane dimethiodide was 
prepared as a second derivative and recrystallized from 
90% alcohol and petroleum ether; m. p . 255-256° (dec.) 
(ref. 4, m. p. 258-259°, dec.).

A n a l .  Calcd. for Ci4H 32N2I2: C, 34.86; H , 6.69.
Found: C, 34.81; H , 7.04.

Cycloöctatetraene.— 1,6 -bis - (Dimethylamino) -2,4-cy­
cloöctadiene dimethiodide (22 g.), 100 ml. of water 
and the silver hydroxide prepared from 25.5 g. of silver 
n itrate and 6.0 g. of sodium hydroxide were stirred for 
one hour a t room temperature and one hour a t 50°. The 
mixture was filtered and the filtrate was concentrated 
under reduced pressure. The final stages of concentration 
and decomposition of the quaternary base were conducted 
a t a pressure of 0.15-1 mm. and a bath  tem perature of 
50° during four hours. The flask was heated a t 100° for 
twenty minutes after the decomposition appeared to  be 
complete. The distillate, which was collected in a 
receiver cooled with Dry Ice, was extracted with ether. 
The extracts were dried over magnesium sulfate, concen­
trated, and the residue distilled through a Craig micro 
column. The yield of cycloöctatetraene was 0.74 g. 
(15.5% ); w25d 1.5342 (ref. 4, n 2*d 1.5342).

A n a l .  Calcd. for C8H 8: C, 92.26; H , 7.74. Found: 
C, 91.92; H, 7.88.

The cycloöctatetraene obtained melted a t —8.7 to 
— 7.9°, and gave a mixed melting point with a sample 
of cycloöctatetraene prepared from acetylene (m. p. 
- 5 .9  to -5 .3 ° )  of - 7 .6  to -6 .5 ° .

Ultraviolet Absorption Spectra.—Ultraviolet absorption 
spectra of compounds VI, VII and the cycloöctatetraene 
prepared in this way were determined in purified cyclo­
hexane solution with a Beckmann quartz ultraviolet 
spectrophotometer. Absorption curves are shown in 
Figs. 1-3, in which curves for VII prepared from pseudo­
pelletierine and cycloöctatetraene prepared from acetylene4 
are included for comparison.

Summary
Cycloöctatetraene has been prepared by a sev­

en-step synthesis from chloroprene.
Ca m b r id g e , M a ss . R e c e iv e d  F e b r u a r y  28, 1948
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The substituted, benzyl halides are of special 
importance because of their theoretical interest 
and because of their suitability for experimental 
investigation. Since a series of substituted benzyl 
fluorides had not been prepared previously, a gen­
eral method for their preparation was sought in 
order to permit a study of their properties and 
relative reactivities. Benzyl fluoride and p- 
nitrobenzyl fluoride are the only compounds in 
this series which have been previously reported. 
They were prepared and characterized by the 
Ingolds5: benzyl fluoride itself by the thermal de­
composition of benzyltrimethylammonium fluo­
ride and p -nitrobenzyl fluoride by the nitration of 
benzyl fluoride. Swarts6 had previously reported 
benzyl fluoride to be a liquid which decomposed 
very readily, but he did not describe his method of 
preparation or characterize the product. Ray and 
Ray7 reported the preparation of benzyl fluoride 
by the action of thallous fluoride on benzyl bro= 
mide in absolute alcohol solution The product 
isolated by them was a yellow lachrymatory 
liquid which decomposed, and apparently was 
impure since benzyl fluoride is a colorless non­
lachrymatory liquid. Attempts to prepare ben­
zyl fluoride , by the action of silver fluoride on 
benzyl chloride8 and by the decomposition of 
phenyldiazomethane in 40% hydrofluoric acid9 
were unsuccessful.

In this research, benzyl fluoride was first pre­
pared by thermally decomposing benzyl tri- 
methylammonium fluoride according to Ingold’s 
procedure. Poor yields were obtained, 22 to 29%, 
based on the starting benzyl chloride, due to poly­
merization which occurred during the decomposi­
tion of the quaternary salt. In addition, Ingold 
had shown that this method of preparation was 
not a general one, so tha!t various other procedures 
had to be investigated. The reactions of benzyl 
halides with antimony fluoride, thallous fluoride,7 
silver fluoride and potassium fluoride were tried,

(1) Presented before the Division of Organic Chemistry of the 
American Chemical Society a t A tlantic City, September 10, 1941. 
A bstracted from the thesis subm itted by Jack Bernstein to the 
G raduate School of Cornell University in partial fulfillment of the 
requirem ents for the Ph.D . degree, June, 1941; and from the thesis 
subm itted by Jay S. R oth  in partial fulfillment of the requirements for 
the  M.S. degree, June, 1941.

(2) Sage Fellow in Chemistry, 1940-1941.
(3) Present address: Squibb Institu te  for Medical Research,

New Brunswick, N. J.
(4) P resent address: D epartm ent of Chemistry, Rutgers Uni­

versity, New Brunswick, N. J.
(5) Ingold and Ingold, J . Chem. Soc., 2249 (1928).
(6) Swarts, Bull. soc. chim., [4] 35, 1533 (1924).
(7) R ay and Ray, J . Indian Chem. Soc., 13, 427 (1936).
(8) Tronov and Kruger, J . Russ. Phys.-Chem. Soc., 58, 1270 

(1926).
(9) Tseng, Chia and Ho, Science Reports, N ational Univ. Peking, 

1, 9 (1936).

but in no case could any benzyl fluoride be iso­
lated from the reaction mixtures.

The method of synthesis finally found satis­
factory as a general procedure consisted of treat­
ing mercuric fluoride10 with benzyl bromides in 
chloroform solution. The replacement of the 
side-chain bromine by fluorine lowered the boiling 
point of the product sufficiently, about 40°, so that 
the benzyl fluorides could be easily separated from 
unreacted bromide by distillation. Absolutely 
anhydrous conditions were essential for satis­
factory fluorinations since the presence of traces 
of water resulted in the formation of hydrogen 
fluoride which caused the polymerization of the 
benzyl fluoride. In general, the catalytic proper­
ties of hydrogen fluoride11 greatly complicate the 
preparation and study of organic fluorine com­
pounds as compared with the other halides and re­
actions leading to the formation of hydrogen fluo­
ride are likely to be autocatalytic.

An attempt was made to prepare benzyl fluoride 
by the reaction of mercuric fluoride with benzyl 
chloride in benzene solution. From this reaction 
no benzyl fluoride was obtained, but a considerable 
quantity of diphenylmethane was isolated. The 
formation of this compound probably occurred 
through a Friedel-Crafts type reaction of either 
benzyl chloride or benzyl fluoride, catalyzed by 
the mercuric salts or by hydrogen fluoride. Cal­
loway12 has found that alkyl fluorides are the most 
reactive of the alkyl halides in Friedel-Crafts 
alkylation. The reaction of ^-chlorobenzyl fluo­
ride with benzene did not take place in the absence 
of a catalyst at moderate temperature. However, 
in the presence of boron trifluoride,13 the benzyl 
fluorides reacted smoothly with aromatic hydro­
carbons and diphenylmethane derivatives were 
isolated.

As indicated by Ingold, benzyl fluoride poly­
merizes very rapidly in the presence of catalysts. 
In this work the stability of the substituted benzyl 
fluorides was found to vary greatly with the sub­
stituent. No evidence was obtained for the poly­
merization of p -nitrobenzyl fluoride, and even p- 
bromobenzyl fluoride did not polymerize in the 
presence of a trace of sulfuric acid, which caused a 
very violent reaction when added to benzyl fluo­
ride itself. In general, ring inactivating substitu­
ents made the benzyl fluoride more stable. This 
effect was consistent with a Friedel-Crafts type 
polymerization reaction as was the ready forma­
tion of diphenylmethane derivatives by reaction

(10) Henne and Midgley, This Journal, 58, 884 (1936).
(11) Simons, Ind. Eng. Chem., 32, 178 (1940).
(12) Calloway, This Journal, 59, 1474 (1937).
(13) Compare: Burwell and Archer, ibid., 64, 1032 (1942).
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with benzene.14 The polymerization may be 
catalyzed by boron trifluoride or boron trifluoride 
etherate. Ingold had already reported that sul­
furic acid, hydrogen fluoride and even soft glass 
catalyzed the decomposition of benzyl fluoride. 
When pure or in the presence of traces of bases, the 
benzyl fluorides were found to be stable in Pyrex 
glass at room temperature for long periods of time. 
Some samples of />-chlorobenzyl fluoride have re­
mained undecomposed after seven years storage, 
although other samples decomposed violently 
after standing for several weeks. In general, the 
marked tendency to polymerize increased the diffi­
culty of the preparation of the benzyl fluorides al­
though the use of rigorously anhydrous conditions 
and reagents, and reasonable care to prevent ther­
mal decomposition during distillation resulted in 
fairly satisfactory yields of products.

The benzyl fluorides are pleasant smelling com­
pounds with odors similar to the parent hydro­
carbons. They show typical halide reactivity in 
many reactions, and with the exception of the 
Friedel and Crafts reactions are in general con­
siderably less reactive than the chlorides. Re­
action in aqueous alcoholic sodium hydroxide led 
to the formation of the corresponding ether and 
alcohol. In dilute aqueous alcoholic hydrogen 
chloride, significantly, the corresponding ether was 
also formed. By refluxing the fluoride in a mix­
ture of hydrochloric acid and dioxane, the fluorine 
could be replaced by chlorine, possibly through the 
alcohol. The reaction of a fluoride with sodium 
phenolate in excess phenol led to the formation of 
the phenyl ethers. These ethers are crystalline 
compounds, easily purified, and would be suitable 
as derivatives for the identification of the fluorides 
which are mostly liquids. The preparation of 
esters was attempted using the method of Reid.15 
Under conditions which give almost quantitative 
yields of esters from p - nitrobenzyl chloride in three 
hours, or from p - nitrobenzyl bromide in fifteen 
minutes, practically no reaction had occurred in 
forty-six hours with ^-nitrobenzyl fluoride. A 
small yield of acetate was obtained by reaction 
with potassium acetate in acetic acid.

Several attempts were made to prepare a Grig­
nard reagent from benzyl fluoride, since benzyl 
chloride forms a Grignard reagent with great ease. 
At reflux temperature with ethyl ether no reaction 
took place while under more vigorous conditions 
in di-w-butyl ether polymerization of the benzyl 
fluoride occurred. It was found possible to ob­
tain dibenzyl by heating benzyl fluoride in ether 
solution with Gilman’s16 activated magnesium 
catalyst in a bomb tube at 100° for ten days, al­
though using ordinary magnesium under similar 
conditions gave no reaction. Under these vigor­
ous conditions, any Grignard reagent formed 
would be expected to enter into secondary re-

(14) Compare: Henne and Leicester, This Journal, 60, 864
(1938).

(15) Reid, ibid., 39, 124 (1917).
(16) Gilman, Peterson and Schulze, Rec. trav. chim., 47, 19 (1928).

actions and consequently would not have been 
detected. A Wurtz-Fittig reaction was carried 
out in ether solution, using lithium metal, to form 
dibenzyl.

Experimental Part
Preparation of Benzyl Fluorides

Benzyl Bromides.—The substituted benzyl bromides 
were prepared from the corresponding toluenes by direct 
bromination, usually a t the boiling point, in Pyrex all- 
glass apparatus, illuminated by a mercury vapor lamp. 
Their physical properties and the yields obtained, based 
on the starting toluenes, are summarized in Table I .

T a b l e  I
Sub-

stituen t % Yield Physical properties
50 B. p. 96-98° a t 11 mm.

£-CH3“ 51 B. p. 96° a t 12 mm., m. p. 36-37°
m - F b 54 B. p. 80° a t 13 mm.
p- F6 57 B. p. 75-76° a t 11 mm.
o - C lc 52 B. p. 107° a t 12 mm.
m - C ld 57 B. p. 103-104° a t 10 mm.
p-cid 71 B. p. 108° a t 12 mm.; m. p. 49.0-49.5°
o-Br5 56 B. p. 118-120° a t 9 mm.; m. p. 31-32°
m - B t b 60 B. p. 122-124° a t 12 mm.; m. p. 41.5- 

42.5°
p - B r b 65 B. p. 117-119° a t 10 mm.; m. p. 62-63°
m -  V * 28 M. p. 49-50°
p - V •• 28 M. p. 77-79°
m - N O / '* 30 B. p. 130° a t 3 mm.; m. p. 56.5-57.0°
p-NO,*’* 55 M. p. 97.5-99°

a Atkinson and Thorpe, J .  C h em . S o c . , 91, 1687 (1907). 
b Shoesmith and Slater, i b i d . ,  214 (1926). c Leonard, 
i b i d . ,  109, 570 (1916). d Jackson, A m .  C h em . J . ,  1, 
93 (1879). 6 Shoppee, J .  C h em . S o c . , 696 (1932). 
f  O rg . S y n th e s e s , 16, 54 (1936). 3 Bromination tem ­
perature 170-180°. h Bromination tem perature 160°. 
* Bromination temperature 150 °.

Mercuric Fluoride.—Mercuric fluoride was prepared by 
the fluorination of anhydrous mercuric chloride (powder) 
in a rotating brass reaction vessel according to the general 
method of Henne.10 An improved reaction vessel was 
designed to permit more complete utilization of the fluorine. 
This consisted of a brass tube 52 cm. long and 5 cm. in 
diameter which was fitted with interchangeable screw caps. 
The tube was divided in the middle by a diaphragm with 
a center opening of 1.5 cm. Mercuric chloride, 0.3 mole 
and a nickel rod the length of the chamber, to  prevent 
caking of the solid, were placed in each side. The tube 
was rotated a t 30 r. p. m. and fluoride from a closed type 
nickel electrolysis cell17 was passed in until the charge in 
the side into which the fluorine entered was completely 
converted to mercuric fluoride, as shown by a negative 
test for chloride ion. This chamber was then emptied and 
refilled with mercuric chloride. The reaction vessel was 
then reversed so th a t the fluorine passed first into the 
chamber containing partially converted mercuric chloride 
and the process repeated. The mercuric fluoride was 
either used directly or stored in a tightly closed copper 
container fitted with a metal cap and a lead gasket.

Benzyl Fluorides.—The fluorination reactions were 
carried out in 1-liter three-necked flasks which were fitted 
with a mercury-sealed stirrer, a reflux condenser and a 
section of 1.25" rubber tubing which was closed just 
above the neck of the flask by a screw clamp. The re­
flux condenser was fitted with a drying tube and contained 
a thermometer suspended inside so th a t its bulb dipped 
into the chloroform solution. The apparatus was all 
carefully dried. Chloroform, usually 650 cc., and from 0.2

(17) Miller, unpublished work.
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T a b l e  II
P h y s ic a l  P r o p e r t ie s  o f  S u b s t it u t e d  B e n z y l  F l u o r id e s

B. p.
n 20 d

Fluorine, % M R d
Substituent M. p., °C. °C. Mm. <*204 Calcd. Found Calcd. Found

None® 50 27
w-CH3 48.5 8.5 1.0089 1.4952 15.31 15.3 3 5 .5 5 b 35,91
p _ n 19 5—20 0 46.5—47 g 1.0037 1.4918 15.31 15.2 35.55 35.89
m -F 41 15 1.1592 1.4660 29.66 29 .9C 30.92 30.61
p - F 54 28 1.1573 1.4667 29.66 29 .8C 30.92 30.69
o-Cl 58.5 9 1.2224 1.5159 13.15 13.2 35.80 35.72
n t-Cl 65 11 1.2157 1.5158 13.15 13.0 35.80 35.83
p - C l 3-4 72-73 16 1.2127 1.5149 13.15 13.1 35.80 35.95

64 10.5
o-Br 84-85 18 1.5557 1.5470 10.05 10.0 38.70 38.53
m-Br 83 13 1.5450 1.5448 10.05 10.1 38.70 38.67
p - Br 32.9-33.2 80.0-81.5 10-11 10.05 10.1
M -I 68.0-68.5 2.5 1.8052 1.5933 8.05 7.98 43.73 44.32
P - l 51.5 - 5 2 d 75 4 8.05 8.00
m -N 0 2 91 3.5 1.3019 1.5381 12.25 12.2 37.13 37.27
£-N 02 38 .2 -38 .5e 12.25 12.2 f

' F irst prepared by Ingold, who reported the b. p. as 55° a t 30 mm. 6 See Gilman, “Organic Chemistry,” Vol.
1938, p. 1737. The value of 1.09 used for the atomic refraction of fluorine was determined by Ingold. c Sodium per­
oxide decompositions were run on these samples to determine total fluorine. d Recrystallized from petroleum ether (b. p. 
30-60°). 6 First prepared by Ingold, who reported the m. p. 38.5°. Sample was recrystallized from ether-petroleum
ether mixture (1:1). f  Treatm ent of p -nitrobenzyl fluoride with sodium ethoxide solution caused the formation of a dark 
brown solution. Upon steam distillation, a solid precipitated out, which was filtered off. The filtrate was treated with

to 0.6 mole of the benzyl bromide were poured into the 
flask and about 50 cc. of chloroform distilled out, with the 
reflux condenser temporarily replaced by a condenser 
arranged for distillation, to assure removal of traces of 
water. The reflux condenser was then replaced. Freshly 
prepared mercuric fluoride, usually 0.3 mole, was placed in 
the rubber addition tube attached to  the reaction flask 
and the open end stoppered. The solution was stirred 
vigorously and the mercuric fluoride added slowly by 
opening the screw clamp on the rubber tubing. The first 
portions of mercuric fluoride turned red-orange in color, 
but upon continued stirring the color changed to pale 
yellow and the temperature of the reaction mixture started 
to rise. When the temperature reached about 35°, the 
flask was cooled in water to prevent a more vigorous 
reaction. The addition of the mercuric fluoride was con­
tinued a t 35° with occasional cooling óf the reaction flask 
in a cold w ater-bath. About forty minutes were ordinarily 
required for the addition of the mercuric fluoride.

The reaction mixture was then stirred for from one-half 
to seventy hours. The longer times of reaction did not 
result in improved yields. The usual time of stirring was 
from two to four hours. The reaction mixture was then 
filtered and the residue washed with chloroform. The 
chloroform solutions were combined and washed once with 
saturated sodium carbonate solution, once with dilute 
nitric acid (1:10), again with saturated sodium carbonate 
solution, and finally with water. Two drops of pyridine 
or other tertiary amine were added to prevent polymeriza­
tion of the fluoride and the chloroform solution dried over 
calcium chloride. After drying overnight, the chloroform 
was removed by distillation through an efficient column. 
The residue was then distilled under reduced pressure 
from a modified Claisen flask and then either redistilled 
or crystallized for further purification. In  this redistil- 
lation, no pyridine was added.

A modified procedure was evolved for the preparation 
of benzjd and methyl-, fluoro- and n-chlorobenzyl fluorides 
which showed a great tendency to polymerize during the 
preparative reaction. One cc. of dry pyridine was added 
to the chloroform solution of the bromide before the 
addition of the mercuric fluoride. The addition of the 
mercuric fluoride then produced no immediate tempera­
ture rise and the solid in the reaction became red-orange 
in color. Continued stirring did not change this color,

but upon gentle warming to  about 40 ° the color changed 
to light yellow, and the reaction mixture had to be cooled 
in ice-water to  prevent a rapid rise in temperature. 
When the tem perature of the reaction mixture fell to 35°, 
the addition of the mercuric fluoride was continued. 
Stirring was continued for th irty  minutes after all the 
mercuric fluoride had been added, 1 cc. of pyridine was 
added and the stirring continued for three hours. The 
remainder of the procedure was the same as indicated 
above.

The yields of benzyl fluorides isolated ranged from 40 
to 60% bu t no attem pt was made to secure maximum 
yields since higher still pot temperatures near the end of 
the distillations tended to  cause thermal decomposition 
of the fluoride and result in polymerization of the dis­
tillate. The physical properties of the benzyl fluorides 
are given in Table I I .

The purity of the benzyl fluorides was checked by 
analyses for fluorine and molecular refractivity determina­
tions. The absence of any unreacted benzyl bromides in 
the products was shown by a completely negative test 
for bromide with boiling alcoholic silver nitrate solution.

Fluorine was determined by refluxing 1-g. samples of 
the fluorides with sodium ethoxide solution, prepared by 
dissolving 2.3 g. of sodium in 30 cc. of absolute alcohol, for 
forty-eight hours. W ater, 100 cc., was added and the 
solution steam distilled to remove organic m atter. Fluo­
ride ion was then titra ted  in an aliquot with standard 
cerous nitrate solution using a divided titration vessel.18 
In the case of the fluorobenzyl fluorides sodium peroxide 
decompositions were run to  determine total fluorine. A 
value of 17.5% F  was found for ^-fluorobenzyl fluoride 
using the sodium ethoxide decomposition indicating par­
tial removal of ring as well as side chain fluorine.

Reactions of Benzyl Fluorides.—The observed reactions 
of the benzyl fluorides are listed below under reactants L

Aromatic Hydrocarbons.—^-Chlorobenzyl fluoride, 5.8 
g., was refluxed for four hours in the absence of added 
catalyst with 40 cc. of dry benzene while a slow stream of

(18) Batchelder and Meloche, This Journal, 53, 2131 (1931); 
Hubbard and Henne, ibid,, 56, 1078 (1934); Miller, unpublished 
work. This titra tion  has recently been carefully investigated by 
Nichols and Olsen in th is laboratory and an improved procedure de­
scribed; Ind. and Eng. Chem., Anal. Ed., 15, 342 (1943).
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nitrogen was passed through the reaction vessel. About 
0 .1 % of the theoretical quantity of hydrogen fluoride was 
evolved. m-Brojnobenzyl fluoride, 10.0 g., in 56.0 g. 
of ^-xylene was refluxed for seven hours as above. About 
1 % of the theoretical amount of hydrogen fluoride was 
formed. The mixture was distilled. When about 75% 
of the p-xylene had been removed a vigorous reaction 
occurred with the copious evolution of hydrogen fluoride. 
Separation of the resulting mixture yielded 1.0 g. of 
starting fluoride, b. p. 82° a t 1 0  mm., and 8 . 1  g. of viscous 
liquid, b. p. 185-186° a t 10-12 mm. The latter material 
was indicated as 2 ,5-dimethyl-3-bromodiphenylmethane 
by analysis after redistillation a t 0.5 mm. Calcd. for 
CiöHiBBr: Br, 29.1. Found: Br, 28.4.

^-Chlorobenzyl fluoride, 5.8 g., dissolved in 100 cc. of 
benzene was treated with gaseous boron trifluoride. Re­
action was observed after two minutes and the boron 
trifluoride flow was stopped after four minutes. The 
solution was refluxed for an additional hour. Five grams 
of ^-chlorobenzyl fluoride in 40 cc. of benzene was caused 
to react as above. The combined products yielded 11.4 
g. of main fraction, b. p. 147-148° a t 8  mm. This 
product, 4-chlorodipheny lmethane, on oxidation yielded 

-chlorobenzophenone, m. p. 76-77°; reported m. p. 77- 
78°.19

ra-Bromobenzyl fluoride, 11 g., dissolved in 100 g. of 
toluene was treated with gaseous boron trifluoride a t Dry 
Ice temperature for six minutes. An immediate cloudi­
ness was observed. On warming to room temperature 
without further addition of boron trifluoride the cloudiness 
disappeared and gas was evolved. The mixture was 
heated to reflux for th irty  minutes. Distillation yielded 
a main fraction of 8.5 g., b. p. 170-173° a t 7-8 mm. This 
product was characterized as 3-bromo-4'-methyldiphenyl- 
methane by oxidation, with 1 0  g. of sodium dichromate 
in 15 cc. water and 10 cc. concentrated sulfuric acid at 
reflux temperature, to yield 3-bromo-4'-carboxybenzo­
phenone. The purified acid had a neutral equivalent of 
304.5; calcd. 305.

Sodium Hydroxide in Aqueous Alcohol.—Nine grams of 
^-chlorobenzyl fluoride dissolved in 200 cc. of 95% alcohol 
was mixed with 100 cc. of 0.99 N  sodium hydroxide and 
heated a t reflux on a steam -bath for one hundred hours. 
Extraction with petroleum ether and distillation yielded
7.5 g. of liquid, b. p. 104° a t 15 mm., and 0.8 g. of solid 
residue. The residue after recrystallization from petro­
leum ether melted 69-70° and was shown to be p - c h lo r o -  
benzyl alcohol. The redistilled liquid fraction, b. p. 
220-223° a t 746 mm., d l \  1.101, as compared with b. p. 
225°, d u 4 1 . 1 2 1  reported for ethyl £-chlorobenzyl ether, 
was cleaved with 48% hydrobromic acid to form ethyl 
bromide, converted to propionanilide m. p. 101-103°,20 
and ^-chlorobenzyl bromide m. p. 48.5-49.5°, no depres­
sion in m. p. with authentic sample.

Hydrochloric Acid in Aqueous Alcohol.—Eleven grams 
of w-xylyl fluoride dissolved in 250 cc. of 95% alcohol 
was mixed with 125 cc. of 0.93 N  hydrochloric acid and 
heated at reflux for seventy hours. Extraction with 
petroleum ether and distillation yielded 8 . 0  g. of liquid, 
b. p. 91-93° a t 14 mm., without appreciable forerun or 
residue. The redistilled liquid had a b. p. 204-205° a t 
749 mm., d204 0 . 9 3 9  as compared with b. p. 202° a t 740 
mm., d 174 0.930 reported for ethyl m-xylyl ether. Cleav­
age of the ether with 48% hydrobromic acid yielded ethyl 
bromide, b. p. 37-40°, which was converted into ethyl 
mercuric bromide , 2 1  m. p. 192-193 °, and m-xylyl bromide, 
b. p. 215-217° a t 747 mm., which was converted through 
the Grignard reagent into w-methylphenylacetic acid of 
m. p. 59.5-60.5°; reported m. p. 61°.

Hydrochloric Acid in Dioxane.—^-Nitrobenzyl fluoride, 
2 . 0  g., dissolved in 2 0  cc. of dioxane was mixed with 
5 cc. concentrated hydrochloric acid, and heated to reflux 
for sixteen hours. The mixture turned light brown and 
separated into two layers during this time. Distillation

(19) M ontagne, Rec. trav. chim., 26, 263 (1907).
(20) Underwood and Gale, T his Journal , 56, 2117 (1934).
(21) Marvel, Gauerke and Hill, ibid., 47, 3009 (1925).

of the dioxane and extraction of the residue with hot 7 5 % 
alcohol yielded 1.5 g. of crystals m. p. 64-67°. Two 
recrystallizations yielded m. p. 71-72° as compared with 
m. p. 71° reported for ^-nitrobenzyl chloride.

m-Bromobenzyl fluoride was treated similarly to yield 
m-bromobenzyl chloride, m. p. 2 2 °, as compared with 
reported m. p. 22.4°.

Sodium Phenolate.—Two grams of p -chlorobenzyl 
fluoride was heated for two hours in an oil-bath a t 140° 
with a solution of sodium phenolate prepared by dissolving 
0.5 g. of sodium in 5.0 g. of phenol. The reaction mix­
ture was poured into 2 0 0  cc. of dilute sodium hydroxide 
and 3.0 g. of brown crystalline material separated. The 
solid was recrystallized from alcohol and melted a t 8 6 °; 
reported for ^-chlorobenzylphenyl ether, m. p. 85.5-86.5°.

m-Bromobenzyl fluoride by a similar procedure yielded 
phenyl m-bromobenzyl ether, m. p. 37.5-38.0°, as com­
pared with a reported m. p. of 36-37°. ^-Chlorobenzyl 
fluoride yielded phenyl ^-chlorobenzyl ether, m. p. 81°; 
reported m. p. 81°. ^-Nitrobenzyl fluoride yielded 
phenyl £ -nitrobenzyl ether, m. p. 91-92°; reported 
m. p. 91°.

Potassium Acetate.—Appreciable reaction did not occur 
when p -nitrobenzyl fluoride was refluxed in 67% aqueous 
alcohol solution with potassium or magnesium acetates 
for periods up to forty-six hours. Partial conversion to 
the acetate occurred when a solution of 2 . 0  g. of p - nitro­
benzyl fluoride and 4 g. of potassium acetate in 30 cc. of 
glacial acetic acid was refluxed for twenty-four hours. 
Unreacted fluoride was slowly sublimed from the water 
insoluble product and a 0.3-g. residue obtained, m. p. 
76 °; m . p .  w ith authentic p -  nitrobenzyl acetate 77 °.

Lithium and Magnesium M etals.—Lithium metal, 
0.4 g. scraped and cut into small pieces under xylene, was 
added to 2 0  cc. of dry ether with nitrogen blanketing. 
Benzyl fluoride, 3.0 g., was added and the mixture warmed 
to reflux. A white deposit formed on the surface of the 
metal but after one and one-half hours the solution gave 
a negative test for benzyl lithium with Michler ketone . 2 2  

After twelve hours, evaporation of the ether solution 
yielded 1.5 g. of dibenzyl, m . p .  51-52° after recrystalliza­
tion from alcohol.

Thirteen grams of benzyl fluoride dissolved in 80 cc. of 
sodium dry ether was placed in the dropping funnel of 
a thoroughly dried Grignard set-up provided with nitrogen 
blanket. Freshly turned magnesium m etal, 3.7 g., was 
introduced into the conical three-necked reaction flask 
and 20 cc. of the ether solution added. The mixture was 
stirred for several hours and warmed with no apparent 
reaction. Addition of iodine crystals or of Gilman ac­
tivated magnesium catalyst16 failed to produce any signs 
of reaction. Addition of phenylmagnesium bromide also 
failed to initiate reaction. Three cc. samples of the ethe­
real solution of benzyl fluoride were heated in glass bomb 
tubes with freshly turned magnesium and with the ac­
tivated magnesium alloy a t 1 0 0 ° for ten days. A t the 
end of this period negative tests were obtained for the 
presence of Grignard reagent but the solution from the 
tube containing activated magnesium yielded crystals 
of dibenzyl, m. p. 51°. No dibenzyl could be obtained 
from the tube containing ordinary magnesium.

Summary
A general procedure for the preparation of 

benzyl fluorides by the reaction of mercuric fluo­
ride with the corresponding benzyl bromide has 
been developed.

The benzyl fluorides underwent the typical 
Friedel-Crafts type reaction with aromatic hydro­
carbons in many cases with great ease. They 
underwent typical halide replacement type re­
actions but at much slower rates than the corre­
sponding chlorides.

The Grignard reagent could not be prepared
(22) Gilman and Schulze, This Journal, 47, 2002 (1925).
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from benzyl fluoride. Attempts to prepare it of dibenzyl.
under vigorous conditions led to the formation I t h a c a , N e w  Y o r k  R e c e iv e d  A p r il  1, 1948

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  R o c h e s t e r ]

Studies on the Structure of Colchicine.1 Syntheses in the Biphenyl Series
By H. Richard Frank,2® Paul E. Fanta215 and D. Stanley Tarbell

Degradation studies on deaminocolchinol 
methyl ether3 1 and its iodine derivative1 II have 
provided evidence for the presence of the central 
seven-membered ring. Assuming that no rear-

the synthesis of the biphenylpropionic acid V 
and its ring closure to the ketone VI, which could 
be converted by obvious methods to compounds 
I and III.

CH2COOH

CHaO
C H ,0  OCH 3 

I, R  =  H 
I I , R  =  I

/ C H ^

CH,
/ C H s ^

CH,

CHNHCOCH,

c h 3o ^  
ch3o o c h 3

III , R  = H
IV, R  = I

IO R
■OCHs

CH3<
c h 3o o c h 3

c=oJ___
r  %OCHs 

VI

/>
C—X

o c h 3

VII, X = OH 
VIII, X  = H 

IX, X = Cl 
X, X = o c h 3

rangerneiit of the carbon skeleton occurred dur­
ing the formation of I or II from N-acetyl-(iodo)- 
colchinol methyl ether 
the latter compounds 
must have structures III 
and IV. It is obviously 
necessary, in order to 
establish the constitu­
tion of colchicine, to 
provide synthetic evi­
dence for structures 
I-IV. Furthermore, the 
importance which col­
chicine and its deriva­
tives have assumed in research on the cancer 
problem as a result of their antimitotic proper­
ties makes it highly de­
sirable to explore pos­
sible methods of syn­
thesizing compounds of 
this type.4

Our work was de­
signed to lead to structures I and III through

(1) In  memory of H. Richard Frank, died March 21, 1948; for 
the preceding paper see Tarbell, F rank and Fanta, This Journal, 
68, 502 (1946).

(2) (a) A bbott Laboratories Fellow, 1946-1947. (b) Present
address, D epartm ent of Chemistry, H arvard University, Cam­
bridge, M assachusetts.

(3) (a) Buchanan, Cook and Loudon, J . Chem. Soc., 325 (1944); 
(b) B arton, Cook and Loudon, ibid., 176 (1945).

(4) For a discussion of colchicine and other compounds as chemo­
therapeutic agents for cancer, see Greenstein, “ The Biochemistry 
of C ancer,” Academic Press, New York, N. Y., 1947, pp. 170-172.

The biphenyl aldehyde VIII seemed to offer a 
feasible approach to the acid V, since the propionic 
acid side chain could be readily built up from the 
aldehyde by condensation with malonic acid 
followed by decarboxylation and reduction.

The acid VII was therefore prepared in 25-35%

COOCHs

+ I<f V>CH,

o c h 3 X I.

yield by the crossed Ullmann5 reaction from p- 
iodoanisole and methyl 2-bromo-3,4,5-trimeth-

COOH

OCHs

X II

CH30 ^  
CH 3Ö

COONa 

X  +  HON2<
o c h 3

\oCH,

oxybenzoate. The Ullmann synthesis using the 
iodo ester, methyl 2-iodo-3,4,5-trimethoxybenzo- 
ate and iodoanisole, yielded the two symmetrical 
products to the exclusion of the desired unsym­
metrical compound VII.

Some preliminary experiments on the prepara­
tion of the acid VII by the Gomberg reaction from 
diazotized ^-anisidine and sodium 3,4,5-trimeth-

(5) For a review of the Ullmann reaction see Fanta, Chem. Rev., 
38, 139 (1946).
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oxybenzoate were unsuccessful, the product be­
ing the azo compound XII. The same product 
was obtained by the action of N-nitroso-N-acetyl- 
^-anisidine on ethyl trimethoxybenzoate, followed 
by hydrolysis.6

When the acid VII was converted to the acid 
chloride IX even under mild conditions, the latter 
lost hydrogen chloride spontaneously to form the 
orange-red 2,3,4,7-tetramethoxyfluorenone XI.7

COC1

CH80 = <  > <  > OCH,
c h 3o ~o c h 3

X III
The ester of VII failed to form a hydrazide,8 yield­
ing instead what may have been the bis-hydra- 
zide.

In a more successful approach to the synthesis 
of V, 0- (3,4,5-trimethoxyphenyl) -propionic acid 
was prepared by the previously reported method,9 
with modifications, according to the scheme

H 2, Pd
A rC O C l--------- ^  ArCHO +  ArCOOCH2Ar

XIV XV XVI
((Ar = 3,4,5-Trimethoxyphenyl)
ArCHO +  CH2(COOH)2  >■

Ha, Ni
A rC H = C H C O O H -------- >- ArCH2CH2COOH

NaOH
XVII XVIII

In agreement with previous reports,10 it was found 
that the Rosenmund reduction of 3,4,5-trimeth- 
oxybenzoyl chloride gave variable yields; a by­
product, which in some runs was the main prod­
uct, was shown to be the ester XVI, by hydrolysis 
to the expected compounds. This product has 
been observed by previous workers11 but was not

(6) These results were not entirely unexpected, since Grieve and 
jHey, J . Chem. Soc., 108 (1938), found th a t diazotized aniline did not 
:yield a biphenylcarboxylic acid with sodium benzoate. The di- 
;azonium compound has two possible modes of reaction, one as the 
iion ArN2+, to give an azo compound, and the other as the radical 
.Ar* to form a biaryl. I t  is known (Grieve and Hey, J . Chem. Soc., 
11797 (1934)) th a t the radical reaction goes more slowly with toluene 
ithan with nitrobenzene, and hence seems to be retarded by electron- 
tdonating groups. The work of Fieser, Clapp and Daudt, This 
Journal, 64, 2052 (1942), shows th a t the methylation of aromatic 
:systems by methyl radicals from lead te traacetate goes more readily 
*on polynitrated benzenes than  on benzene or nitrobenzene. The 
«three methoxyl groups in trimethoxybenzoic acid, being electron- 
* donating groups, inhibit the attack  on the ring by a free radical, and 
[promote the a ttack  by the electrophilic diazonium ion.

(7) This fact, while unfavorable for the  immediate synthesis of 
tthe aldehyde, was nevertheless encouraging evidence for the feasi­
b ility  of the general synthesis, since it  implied th a t the m-methoxyl 
; group in the acid V would not be an insuperable obstacle to cycliza- 
ttion in the desired manner. Recent observations of Johnson and 
[Shelberg, This Journal, 67, 1853 (1945), indicate th a t cyclization 
imeta to a methoxyl group is not as difficult as had previously been 
: supposed. The extremely facile cyclization of IX  is doubtless due 
ito the high electron density in the 2 '-position, caused by contribu­
tio n s from resonance forms such as X III .

(8) This was desired in order to investigate the M cFadyen- 
[Stevens method of obtaining aldehydes (J. Chem. Soc., 584 (1936)).

(9) Slotta and Heller, Ber., 63, 3029 (1930).
<(10) Cook and Graham, J. Chem. Soc., 322 (1944).
<(11) (a) Spath, Monatsh., 40, 141 (1919); (b) M authner, J . prakt.

(Chem.. 129, 283 (1931).

identified. Reduction of the cinnamic acid XVII 
by sodium amalgam9 gave a product which was 
difficult to purify, but the Raney nickel and hy­
drogen reduction of the sodium salt in aqueous 
solution12 gave a practically quantitative yield of 
the pure hydrocinnamic acid XVIII.

The trimethoxyphenylpropionic acid XVIII 
was next iodinated, best with iodine monochlo­
ride, to yield 0- (2-iodo-3,4,5-trimethoxyphenyl) - 
propionic acid X IX  which was esterified with di­
azomethane to the ester XX. The iodo ester was 
then coupled with ̂ -iodoanisole (in excess) at 250° 
with copper powder, and the unsymmetrical acid 
V was isolated in 55% yield.

In order to prevent ring-closure of V from form­
ing the hydrindone XXVII, the free position in 
the trimethoxylated ring was blocked by bromi­
nation, yielding /3-2-(3-bromo-4,5,6,4'-tetrameth- 
oxybiphenyl) -propionic acid X X I.

The structure of X X I was proved by brominat- 
ing the trimethoxyphenylpropionic acid XVIII, 
to yield the monobromo derivative XX III, which 
was iodinated by iodine monochloride to the bro- 
moiodo compound XXIV. The ester XXV, on 
coupling with ^-iodoanisole under the usual con­
ditions, gave a small amount of the same bromo 
acid which had been obtained previously by direct 
bromination of the biphenyl acid V.

The problem of cyclizing the acid XX I to the 
desired ketone XXVI proved very troublesome. 
The acid was entirely unaffected by anhydrous hy­
drogen fluoride at room temperature,13 and it 
seemed to be sulfonated to give water-soluble prod­
ucts when treated with sulfuric acid. Treatment 
of the acid chloride of XXI with phosphorus oxy­
chloride in benzene or toluene gave a small amount 
of neutral material which proved to be the methyl 
ester X X II of the acid, apparently formed by in- 
termolecular demethylation. The acid chloride of 
X X I when treated with stannic chloride in ben­
zene gave no crystalline product.

Treatment of the acid chloride with aluminum 
chloride in tetrachloroethane gave variable re­
sults; in one case an impure carbonyl compound 
was obtained, which from the percentage composi­
tion of its oxime and semicarbazone, seemed to be 
nearly bromine free, and hence might be the de­
sired ketone VI. Structure XXVII was consid­
ered as a possible one for this ketonic product, 
which could be formed from the bromo acid chlo­
ride by removal of the bromine14 followed by ring- 
closure. The ketone XXVII was actually pre­
pared by cyclization of the unbrominated acid V, 
and it had quite different properties from the 
product obtained by the cyclization of the bromo 
acid XX I

Although the product from the bromo acid thus 
appeared to have the desired structure, the poor

(12) Koelsch and Boekelheide, This Journal, 66, 414 (1944).
(13) C f .  Johnson and Shelberg, ref. 7.
(14) Halogen migration in arom atic compounds under the in­

fluence of acidic catalysts is discussed by Meerwein, Hofmann and 
Schill, J .  p r a k t .  C h e m . ,  154, 266 (1940).
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Br
^ C H 2CH2COOH

IC 1  C H sO__
X V I I I  — ^  c h 3o <^  > c h 2c h 2c o o r

CHsO I X I X , R  =  H
X X , R  =  CHa

IC1

CHaO'

Br CHCHjCOOR

M.- Cu

k [CH30  OCH,

XXIV, R =  H 
XXV, R =  CH3

CH30 ^
C H s O O C I T

>OCHa

x ___ x  OCHa

OCHa
XXI, R = H 

X X II, R = CHa

R  CHa
/ C H ^

0 = 0

XXVI, R  ■« Br 
VI, R =  H

yield and erratic character of the reaction made it 
impractical for further synthetic operations. By

0=

V
PC15
AlCls

CH30< o c h 3 XXVII
CHaO OCHa

using nitrobenzene as solvent for the ring-closure* 
a small yield of crystalline product was obtained 
which had the percentage composition expected 
of the bromo ketone XXVI.14a

The difficulties mentioned above in the cycli­
zation caused some effort to be spent on the syn­
thesis of XXVIII, which could be converted to the 
desired ketone VI by a Dieckmann ring-closure.

^CHs—COOR 
CII2

X X IX
NH2 CN

BrO ° C H 3 ---->  Br<^ > Q C H 3
X X X  XXXI

Some of the intermediates prepared for the syn­
thesis of this compound will be described briefly.

3-Nitro-4-bromoanisole X X IX 1»15 was reduced
(14a) Note added in proof: H. T. H uang in these laboratories

- recently has found th a t the bromo ketone obtained in this way possesses 
a five-membered ring. Work is being continued to  determine the 
nature of the reaction.

(15) Hodgson and Dyson, J . Chem. Soc., 947 (1935).

with iron powder and acid and converted into the 
nitrile X X X I; the compound, however, was un­
changed by refluxing with copper powder at 270°.

The preparation of the corresponding iodo com­
pound was accordingly undertaken. 3-Nitro-4- 
iodoanisole16 was prepared by a modified proced­
ure, and the nitro group reduced with iron and 
acid. The crude amino compound XXXIII ex­
ploded violently during distillation, and attempts 

X COOR

>OCHs
XXXII, X  = n o 2

X X X III, X  =  NH2
XXXIV, X  =  CN

OR'
XXXV, R = R ' =  H 

XXXVI, R = CHs, R ' = H 
X XXVII, R = H, R ' = CH3 

X X X V III, R = R ' = CHa
to prepare a number of derivatives from the crude 
product f ailed. The nitrile XXXIV was obtained 
from the crude amine by the Sandmeyer method, 
but in such small yield as to preclude further 
synthetic work.

The iodination of m-hydroxybenzoic acid, re­
ported17 to give 2-iodo-5-hydroxybenzoic acid 
XXXV, yielded in our hands 4-iodo-3-hydroxy- 
benzoic acid18 ; the desired 2-iodo, acid XXXV was 
obtained by a modification of the method of Bren- 
ans and Prost,18 but methylation of the acid to the 
ether-ester XXXVIII proved extremely trouble­
some. The usual methods of methylation yielded 
only the carboxylic ester XXXVI. The desired 
product was finally obtained by treating the phe­
nolic acid XXXV with a large excess of ethereal 
diazomethane over a period of several days.

The crossed Ullmann reaction between 
XXXVIII and the iodotrimethoxyphenylpropi-

(16) H ata, T atem atsu  and K ubota, Bull. Chem. Soc. Japan, 10, 
425 (1935); Chem. Zentr., 107, I, 546 (1936).

(17) D atta  and Prosad, T h is  Journal, 39, 448 (1917).
(18) (a) Brenans and Prost, Compt. rend., 178, 1285 (1924); (b) 

Henry and Sharp, J . Chem. Soc., 856 (1935).
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onic ester X X  has not yielded the unsymmetrical 
product XXVIII; the two symmetrical acids 
XX XIX and XL have however been obtained and 
characterized.

CH2CH2COOH
COOH COOH

CH3 0 -

CH2CH2COOH

■OCHa

XXXIX

Acknowledgment.—We are indebted to Dr. 
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suggestions during this work.

Experimental19
3,4,5 -Trimethoxybenzoic acid was prepared by methyl­

ating gallic acid.20
^-Iodoanisole.21—A solution of 337 g. (3.12 moles) of 

anisole in 300 cc. of glacial acetic acid was stirred with 
cooling, while 508 g. (3.12 moles) of iodine monochloride 
was added during fifteen minutes. The reaction was com­
pleted by refluxing gently for two hours. The product 
was washed with an excess of sodium hydroxide solution 
containing a small amount of sodium sulfite. The color­
less product was distilled through a Vigreux column, 
giving a forerun of 93 g. of material, and 459 g. of pale 
amber liquid, b. p. 70-78° (3 mm.). This partly solidi­
fied at room temperature, and, upon warming with 400 
cc. of methanol, followed by cooling to 0°, )delded 337 g. 
(46%) of large white crystals of ^-iodoanisole, m. p. 50- 
51°.

4,5,6,4'-Tetramethoxybiphenyl-2-carboxylic Acid 
(VII).—To 10 g. of methyl 2-bromo-3,4,5-trimethoxy- 
benzoate22 dissolved in 30-40 g. of ^-iodoanisole in a large 
test-tube was added 25 g. of copper bronze. The mixture 
was immersed in a metal-bath held at 250-260 ° and stirred 
vigorously. After ten to fifteen minutes, when the mass 
had become too viscous for stirring, heating was continued 
at 260-265° for about twenty minutes. The hot reaction 
mixture was then transferred to a beaker, broken up, 
cooled and extracted repeatedly with acetone or benzene. 
The extracts were evaporated to dryness in a stream of 
air, taken up in methanol, and saponified by adding 
aqueous alkali to the refluxing solution. After two to 
three hours, when the saponification was complete, water 
was added and the alcohol removed by evaporation. 
After cooling the solution, 4,4'-dimethoxybiphenyl and 
unchanged iodoanisole were removed by filtration, and the 
filtrate shaken with Raney nickel and hydrogen at 3 atm. 
for three hours.23 After removal of the catalyst by 
centrifugation, excess anisole present was removed by 
steam distillation and the residue carefully acidified. The 
combined oily acids were extracted with boiling water to 
remove trimethoxybenzoic acid. The residue was ex­
tracted with boiling benzene, which left undissolved the 
symmetrical 3,4,5,3 ',4 ',5 '-hexamethoxybiphenyl-2,2 '-di­
carboxylic acid of m. p. 252-253°.24 The benzene ex­
tract was evaporated to dryness, leaving a residue of the 
desired acid VII, which, recrystallized from alcohol, 
melted at 163.5-164.5°, solidifying and remelting at 173- 
174°. The yield was 25-37%. Anal. Calcd. for 
C17Hi80 6: C, 64.14; H, 5.70. Found: C, 64.20; H, 
5.66.

(19) Melting points corrected; microanalyses by the Micro-Tech 
Laboratories.

(20) “Organic Syntheses,” Coll, Vol. I, 2nd Ed., p. 537.
(21) Cf. Blicke and Smith, T h is  J ournal , 50, 1229 (1928).
(22) Bogert and Plant, ibid., 37, 2726 (1915).
(23) For this method of purifying products of an Ullmann reac­

tion, cf. Carlin, T h is  J o u rnal , 67, 928 (1945).
(24) Herzig and Polak (Monatsh., 29, 270 (1908)) report a m. p. of

240° for this acid.

3,4,5-Trimethoxy-2 - (4-methoxyphenylazo)-benzoic 
Acid (XII).—One mole of ^-anisidine in a solution con­
taining two moles of hydrochloric acid was diazotized a t 
0° with sodium nitrite. One mole of sodium acetate and 
one mole of the sodium salt of trimethoxybenzoic acid in 

the minimum volume of water were added to the 
diazonium solution and the mixture warmed up to 
room temperature. The acidic, orange azo-com­
pound X II was obtained by acidifying the mix­
ture, collecting the precipitate by filtration and 
washing the filter cake with methyl alcohol. The 
residue on the funnel, after recrystallization from 
ethanol or acetic acid, melted a t 221°. A n a l .  
Calcd. for Ci7H i80 6N2: C, 58.95; H , 5.24.

Found: C, 58.88; H , 5.31. From the methanol wash­
ings unchanged trimethoxybenzoic acid was isolated.

2,3,4,7-Tetramethoxyfluorenone (XI).—A solution of 1 g. 
of 4,5,6,4'-tetramethoxybiphenyl-2-carboxylic acid V II in 
5 cc. of dry benzene was treated with the calculated 
amount of phosphorus pentachloride and refluxed for two 
hours. The reaction mixture was extracted with hot 
sodium bicarbonate solution and the benzene evaporated. 
The residue was crystallized from ethanol, giving orange- 
red needles of the fluorenone, m. p. 117-118°. A n a l .  
Calcd. for C17Hi60 5: C, 67.99; H , 5.37. Found: C, 
67.97; H, 5.37. The fluorenone was also obtained 
when the evaporation of the phosphorus oxychloride 
present was attem pted in high vacuum.

2-Carbomethoxy-4,5,6,4'-tetramethoxybiphenyl (X), 
obtained from the acid VII with ethereal diazomethane, 
crystallized from dilute alcohol as colorless plates, m. p. 
63°. A n a l .  Calcd. for Ci8H2o06: C, 65.05; H , 6.07. 
Found: C, 65.08; H , 6.08. Two grams of the ester 
in 20 cc. of alcohol were refluxed for two hours with 
1 cc. of hydrazine hydrate: on cooling, crystals of 
m. p. 81° separated, which were insoluble in dilute acid. 
A n a l . Calcd. for Ci7H20N2O5 (the hydrazide): C, 61.43; 
H, 6.07. Calcd. for C34H36N2Oio (the bis-hydrazide): 
C, 64.54; H, 5.74. Found: C, 64.66, 64.84; H,
6.66, 6.61.

3,4,5-Trimethoxybenzaldehyde (XV) was prepared in 
30-50% yield by the Rosenmund reduction of 3,4,5- 
trimethoxybenzoyl chloride.25

3,4,5 -T rimethoxy b enzyl 3,4,5 -Trim ethoxy b enzoate
(XVI).—From some runs of the Rosenmund reduction,
3.4.5- trimethoxybenzoic anhydride, m. p. 160°,26 and
a product of m. p. 107° previously obtained by Spath and 
M authner11 were isolated; the latter, insoluble in water 
and alkali, and unaffected by permanganate in boiling 
water, was saponified with alcoholic alkali. 3,4,5- 
Trimethoxybenzoic acid, m. p. 171°, and 3,4,5-trimeth- 
oxybenzyl alcohol (3,5-dinitrobenzoate, m. p. 147°10) 
were isolated from the saponification reaction. The 
compound of m. p. 107° is therefore the ester X VI. A n a l .  
Calcd. for C2oH24 0 8: C, 61.22; H, 6.17. Found: C,
60.81; H, 6.03.

Isopropyl 3,4,5-Trimethoxythiolbenzoate.—This com­
pound was prepared to see if the desulfhration procedure27 
could be used to obtain 3,4,5-trimethoxybenzaldehyde. 
A solution of 12.04 g. of trimethoxybenzoyl chloride and 
7.4 g. (100% excess) of isopropyhnercaptan in 30 cc. of 
pyridine was heated on the steam -bath for one hour. 
The product was obtained in 89% yield (crude), and, after 
recrystallization for analysis from aqueous methanol, 
melted a t 47-48°. A n a l .  Calcd. for C13H 1 8 O4S: C,
57.75; H, 6.70. Found: C, 57.96; H , 6.80.

A 4-g. portion of the thiol ester was refluxed with 25 g. 
of freshly prepared Raney nickel28 in 100 cc. of 70% 
alcohol for twenty-four hours. The product was 1.97 g. 
of an oil which did not give an aldehyde test with dinitro­
phenylhydrazine reagent. The oil gave a poor yield of
3.4.5- trimethoxybenzyl 3,5-dinitrobenzoate, m. p. 143.5-

(25) Nierenstein, J . prakt. Chem., 132, 200 (1931); cf. Slotta, 
ibid., 133, 129 (1932).

(26) Sharp, J . Chem. Soc., 1234 (1936).
(27) Wolfrom and K arabinos, T h is  J o u r n a l , 68, 1455 (1946).
(28) Pavlic and Adkins, ibid., 68, 1471 (1946).
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146.5° (reported, 10 147-148°).29 In other runs, using 
old Raney nickel in refluxing 70% alcohol, or shaking 
with fresh nickel at room temperature, unreacted ester 
was the only product obtained.30

3,4,5-Trimethoxycinnamic acid (XVII) was prepared by 
the procedure of Slotta and H e lle r .9 by condensing the 
aldehyde with malonic acid in pyridine with 1 % of piper­
idine as catalyst.

/3- (3,4,5 -Trimethoxyphenyl) -propionic Acid (XVIII).— 
A solution of 10 g. of 3,4,5~trimethoxycinnamic acid in 
50 cc. of water and the calculated amount of sodium 
hydroxide was shaken for three hours with hydrogen at 
4 atm. in the presence of Raney nickel. The catalyst 
was removed by filtration, the solution was cooled in ice 
and carefully acidified. The crystalline acid of m. p. 
104° separated from the solution in practically quantita­
tive yield. The previously reported m. p.'s are 98°9 and 
100-102°.10

/3- (2 -Iodo-3,4,5 -trimethoxyphenyl) -propionic Acid 
(XIX).—To a solution of 50 g. of the trimethoxyphenyl­
propionic acid XVIII in 75 cc. of acetic acid and 300 
cc. of water at 40° was added a 20% excess of iodine mono­
chloride. After the exothermic reaction had subsided, 
the reaction mixture was allowed to stand for another 
hour, then decolorized with sodium bisulfite, and diluted 
with water to 800 cc. The iodo acid separated in 95% 
yield as granular crystals, which were purified by dissolv­
ing in sodium carbonate and reprecipitating from about 
600 cc. of solution with hydrochloric acid. Crystalliza­
tion from carbon tetrachloride or dilute methanol gave 
material of m. p. 124-125°. A n a l . Calcd. for C12H15IO5:
r \  9Q 9 C . XT A  1 0 . QRflO ö.U U , JL A , 1.JLXJ, '-'-£»aav. ,  u u u . X v/uuu. . V—̂,

39.00; H, 4.09; neut. equiv., 369. This method of 
iodination was far superior to that employing iodine and 
mercuric oxide, which was also used.

The methyl ester (XX) was obtained from the acid with 
ethereal diazomethane. After removal of the ether, the 
ester was used directly in the Ullmann reaction. An 
analytical sample, purified by vacuum distillation, had 
b. p. 175° (2.5 mm.), m. p. 36-37.5°. A n a l .  Calcd. 
for C13H17IO5: C, 41.07; H, 4.51. Found: C, 41.00; 
H, 4.72.

/S-2-(4,5,6,4'-Tetramethoxybiphenyl)-propionic Acid
(V).—An Ullmann reaction between methyl /3-(2-iodo-
3.4.5- trimethoxyphenyl)-propionate (XX)( and p-iodo- 
anisole was carried out by a procedure similar to that 
described above for compound VII. The iodo ester (3.6 
g.), ^-iodoanisole (20 g.) and copper bronze (10 g.) were 
heated with stirring for one-half to one hour at 250- 
255°, and the products worked up as before. The 
aqueous solution of the saponified products was acidified, 
the oily acids taken up in benzene, and the fine needles, 
which formed almost immediately, were recrystallized 
from benzene; the product retained benzene of crystalliza­
tion very tenaciously. The acid was very soluble in al­
cohol and acetone, slightly soluble in carbon tetrachloride, 
and melted, after crystallization from dilute ethanol, at
106.5- 107°. A n a l .  Calcd. for Ci9Hi20 6: C, 65.88; H, 
6.40. Found: C, 65.58; H, 6.34.

(3-2  - (3 -Bromo-4,5,6,4' -tetramethoxybiphenyl) -propionic 
Acid (XXI).—To 6 g. of the biphenylpropionic acid V in 
10 cc. of acetic acid at 0-5° was added dropwise with stir­
ring a solution of 3 g. of bromine in 10 cc. of acetic acid. 
The mixture was allowed to stand for several hours at 
room temperature, then an equal volume of water was 
added. The crystalline acid, which separated on cooling 
in ice, was collected and dissolved in hot saturated sodium 
bicarbonate solution. From this, the crystalline sodium 
salt precipitated on cooling. The salt was collected, dis­
solved in hot water and converted to the acid by adding

(29) Prelog and co-workers (Helv. Chem. Acla, 29, 360, 684 (1946)) 
have observed reduction of thiol esters to primary alcohols by re­
fluxing with Raney nickel.

(30) This work was carried out before the appearance of the paper 
by Spero, McIntosh and Levin, T h is  J o u r n a l , 70, 1907 (1948), 
describing the use of partially deactivated Raney nickel for this 
reaction.

mineral acid. The purified acid, after crystallization from 
ethanol, melted a t 169-171°. A n a l .  Calcd. for Ci9H21- 
BrOe: C, 53.67; H , 4.98. Found: C, 53.67; H, 4.88.

The methyl ester (XXII) was prepared from the acid 
with ethereal diazomethane or by heating the dry sodium 
salt with dimethyl sulfate for th irty  minutes on the steam- 
bath. Crystallization from methanol gave a product 
melting a t 92-93°. A n a l .  Calcd. for C2oH23Br06: C,
54.68; H, 5.28. Found: C, 54.85; H, 5.73. The methyl 
ester in methanol solution was heated with hydroxylamine 
and dilute sodium hydroxide on the steam-bath for ten 
minutes, cooled, filtered and saturated with carbon 
dioxide. The hydroxamic acid which precipitated melted 
a t 172-173°, dec.; for analysis, see below.

/3-(2-Bromo-3,4,5-trimethoxyphenyl)-propionic Acid 
XXIII.—A solution of 1.60 g. of bromine in 5 cc. of glacial 
acetic acid was added slowly to 2.4 g. of trimethoxy­
phenylpropionic acid X V III in 5 cc. of acetic acid, cooled 
in an ice-bath. The solution was allowed to stand for 
two hours a t room temperature, until the color of bromine 
had disappeared, and 10 cc. of water was then added. On 
cooling in the refrigerator, crystals separated; a second 
crop was obtained by diluting with more water. (3-(2- 
Bromo-3,4,5-trimethoxyphenyl)-propionic acid, crystal­
lized from carbon tetrachloride-petroleum ether, had the 
m. p. 92.5-93.5°. A n a l .  Calcd. for C^HisBrOs: C,
45.16; H, 4.74; neut. equiv., 319. Found: C, 45.06; 
H, 4.65; neut. equiv., 322.

f t - (2,6-Dibromo-3,4,5-trimethoxyphenyl) -propionic acid
was prepared from X V III for reference in the same 
manner as the monobromo acid X X III, except tha t an 
excess of bromine in acetic acid was added. When the 
reaction was complete, the excess of bromine was reduced 
with sodium bisulfite solution. The dibromo acid may 
be purified through its sodium salt, which is only slightly 
soluble in cold water. The free acid, recrystallized from 
benzene-petroleum ether, melted a t 119.5°, then solidified 
and remelted a t 122°. A n a l .  Calcd. for Ci2Hi4Br20 5: 
C, 36.22; H, 3.54. Found: C, 36.46; H, 3.55.

f t - (2  -Bromo-6 -io do -3,4,5-trimethoxyphenyl) -propionic 
Acid XXIV.—A solution of 1.3 g. of the bromo acid
X X III in 3 cc. of acetic acid was treated with excess of 
iodine monochloride in acetic acid in the cold. The solu­
tion was slowly warmed on the water-bath, then cooled, 
and the excess halogen removed with bisulfite. On dilu­
tion with water, the iodobromo acid precipitated in fine 
plates. The acid was purified by crystallizing the slightly 
water-soluble sodium salt from benzene, then regenerating 
the acid. Final crystallization from dilute ethanol yielded 
an acid of m. p. 130-132°. The product was not analyti­
cally pure, but the presence of iodine and bromine is borne 
out by the analysis. A n a l .  Calcd. for Ci2Hi4 0 5B rI: C, 
32.38; H, 3.17. Found: C, 33.95; H, 3.27.

jS-2-(3-Bromo-4,5,6,4 '-tetramethoxybiphenyl) -propi­
onic Acid XXI by the Ullmann Reaction.—The methyl 
ester of the above acid XXIV (0.4 g.) was heated with 
copper powder (2.5 g.) and ^-iodoanisole (3 g.) for fifteen 
minutes a t 250-260°. The mixture was extracted and 
saponified as in previous Ullmann reactions. The acids 
liberated consisted of a mixture of product and starting 
material, and were separated by the differential solubility 
of their dry sodium salts in benzene. The combined 
sodium salts were taken up in hot benzene. On cooling 
to room temperature the salt of the phenylpropionic acid
XXIV precipitated out completely, leaving most of the 
biphenylpropionic acid X X I in solution. On evaporation 
of the solution and acidification, crystals were obtained 
(from ethanol) of m. p. 169-171°, giving no depression 
of mixed melting point with acid X X I prepared by the 
procedure described above.

Cyclization Experiments on the Acid XXI.—Only the 
following experiments are described in any detail; other 
methods tried are listed in the introduction.

With Phosphorus Oxychloride.—To 1 g. of the acid in 
50 cc. of benzene (or toluene) was added the calculated 
weight of phosphorus pentachloride for conversion to the 
acid chloride The reaction mixture was refluxed for four 
hours, then cooled and extracted with cold concentrated
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sodium bicarbonate solution. T he residue from the  or­
ganic layer was trea ted  for an  hour w ith ho t concentrated 
sodium bicarbonate solution. A small am ount of neutral 
oil, which remained undissolved, was crystallized from
m ethanol, and m elted a t 91.«5-92.5°; it gave no depression 
on mixed m. p . w ith the  m ethyl ester X X II described 
above.

The hydroxamic acid, prepared as above, gave no de­
pression on mixed m . p . w ith the  authentic  sample, and 
melted a t 172-173°, dec. A nal. Calcd. for Ci9H 22- 
BrNOe: N, 3.18. Found: N, 3.63. B oth the ester and 
the hvdroxamic acid yielded acid X X I on saponification.

W ith Aluminum C hloride.—A solution of the acid X X I 
(1 g.) in tetrachloroethane (50 cc.) was treated  with the 
calculated weight of phosphorus pentachloride. The 
solution was heated to  80 ° for ten  m inutes to  bring about 
complete conversion to  the  acid chloride and thereupon 
cooled to  —10 to  —5° in an  ice-salt m ixture. To the 
cold solution was added 0.33 g. of finely powdered a lu ­
minum chloride, some of which failed to  go into solution 
despite vigorous ag ita tion . T he m ixture, after being 
heated a t  90° for ten  m inutes, was poured into 50 g. of ice 
and 10 cc. of concentrated hydrochloric acid to  extract 
alum inum salts. T he organic layer, a fter being washed 
w ith aqueous sodium bicarbonate, was evaporated a t 
reduced pressure, and th e  residue extracted for one to  
two hours w ith ho t concentrated sodium bicarbonate 
solution. The oily neu tra l residue (100-150 mg.) yielded 
in one case crystals of m . p . 141-144° from ethanol. 
The crude product yielded a semicarbazone, crystallized 
from ethanol, m . p . 210-212°, dec. A nal. Calcd. for 
C20H 2 2BrN 3O5: C, 51.85; H , 4.78; N , 9.05. Calcd. for 
C2oH2 3N 3 0 5: C, 62.32; H , 6.01; N , 10.90. Found: C, 
59.62; H , 5.68; N , 11.24.

An oxime was also obtained which, crystallized from 
chloroform -ethanol, had m . p . 209-212°. Other frac­
tions had m. p. 206-217°. A nal. Calcd. for CisILo- 
NBrOg: C, 54.04; H , 4.77. Calcd. for Ci9H 2iN 0 5: C, 
66.46; H , 6.17. Found: C, 65.46; H , 5.98.

In N itrobenzene.—T o 1 g. of the biphenylpropionic acid 
X X I in 25 cc. of nitrobenzene was added 0.5 g. of 
phosphorus pentachloride, the m ixture being warmed to  
80° to  complete form ation of the  acid chloride. A fter 
cooling to 0°, 0.33 g. of alum inum  chloride was added and 
the solution swirled vigorously. H eating for five minutes 
in a ba th  a t 90° dissolved the alum inum  chloride. The 
product was purified by  extracting the  nitrobenzene layer 
repeatedly with cold d ilu te hydrochloric acid and then 
w ith hot sodium bicarbonate solution. The dried organic 
layer was freed from solvent by  vacuum  distillation. 
The bromo ketone of m . p . 145° was obtained on crystal­
lization from ethanol. A nal. Calcd. for Ci9H i9OsBr: 
C, 56.03; H, 4.70. Found : C, 55.88; H , 5.03.

An oxime, prepared from a less pure sample of ketone, 
gave a poor analysis for carbon.

4 - (£-M  ethoxyph enyl) -5,6,7 -trimethoxyhy drindone 
(XXVII).—A solution of 0.88 g. of /3-(2-(4,5,6,4 '-tetra- 
m ethoxy)-biphenyl)-propionic acid in 25 cc. of te tra ­
chloroethane was trea ted  w ith the calculated weight of 
phosphorus pentachloride. A fter addition to the ice-cold 
solution of 0.33 g. of alum inum  chloride, the mixture was 
swirled for ten m inutes while immersed in an oil-bath a t 
90°. A fter decomposition of the reagents, removal of 
the solvent, and extraction w ith dilute alkali, there re ­
mained 0.24 g. of a com pound, m . p . 86°, which when 
crystallized from ethanol, formed stou t needles of m. p. 
89°. The acid was no t cyclized by anhydrous hydro­
fluoric acid. A nal. Calcd. for Ci9H 2o05: C, 69.50; H , 
6.14. Found: C, 69.70; H , 5.94. The oxime crystal­
lized in colorless prisms, m . p . 217°, dec., from a mixture 
of ethanol and chloroform. A nal. Calcd. for Ci9H 2iN 0 5 : 
C, 66.46; H , 6.17; N , 4.08. Found: C, 66.24; H , 6.01; 
N , 4.46.

3-Amino-4-bromoanisole XXX.—A 23.2-g. portion of 
3 -nitro-4-brom oanisole16»31 (0.1 mole) in 100 cc. of 50% 
alcohol, and 17 g. (0.3 mole) of iron powder (J . T . Baker

(31) Samant, Ber., 7 5 ,  1008 (1942).

purified by hydrogen) were heated to refluxing on the 
steam-bath and stirred with a tantalum Hershberg stirrer, 
while 1.2 cc. of concentrated hydrochloric acid was added 
dropwise. The addition was very slow at first, and a 
vigorous reaction ensued. After all of the acid had been 
added, refluxing and stirring were continued for several 
hours. The solid material was removed from the hot 
product by centrifuging, the clear solution was brought 
to a slightly alkaline reaction with potassium hydroxide, 
and the flocculent precipitate was centrifuged down. The 
solution was boiled until a heavy oil separated and com­
mended to steam distill. The oil was taken up in benzene, 
the solution clarified by centrifuging, the solvent removed 
by flash-distillation and the product distilled, giving 
69% (13.9 g.) of pale yellow oil, b. p. 76-98° (2 m m .), 
The hydrochloride melted, after crystallization from water, 
at 183.5-184°, dec.32 An attempted selective catalytic 
reduction of the nitrobromoanisole with hydrogen and 
platinum33 was unsuccessful.

2- Bromo-5-methoxybenzonitrile XXXI.—The amine ob­
tained above (13.9 g.) was diazotized and the clear dark 
red diazonium solution was poured into an ice-cold solu­
tion, which had been prepared by dissolving 9.3 g. of 
cuprous cyanide and 15.3 g. of sodium cyanide in 40 cc. 
of water. A thick brown mass was formed, and hydrogen 
cyanide was evolved; the mixture was heated on the 
steam-bath with stirring until a heavy oil settled out. 
This was taken up in 200 cc. of benzene, washed with 
dilute sodium hydroxide and hydrochloric acid, clarified 
by centrifuging, the solvent removed and the residue 
distilled at 2 mm., with precautions to prevent solidifica­
tion in the side arm. A slightly yellow solid (8.2 g., 
56%) was obtained, m. p. 84-97°. After crystallization 
from benzene an analytical sample was obtained as long, 
colorless needles, m. p. 98.5-99.5°. Anal. Calcd. for 
C6H6BrNO: C, 45.31; H, 2.85. Found: C, 45.41; H, 
2.84, Hydrolysis of the nitrile with potassium hydroxide 
in diethylene glycol yielded 2-bromo-5-methoxybenzoic 
acid, m. p. 157-158°.34 A portion of the nitrile was 
heated at the reflux temperature (about 270°) with copper 
bronze. The metal remained bright and no reaction 
seemed to occur.

3- Nitro-4-iodoanisole XXXII.—The published pro­
cedure16 was modified as follows. A suspension of 44 g. 
of finely divided 3-nitro-4-aminoanisole in 250 cc. of ice 
and water was diazotized at —5°. The diazonium solu­
tion was poured into a cold solution of 65 g. (50% excess) 
of potassium iodide in 65 cc. of water. Heat and gases 
were evolved, and the mixture was heated on the steam- 
bath until a heavy oil separated, which solidified on cool­
ing. It was taken up in benzene, washed with concen­
trated hydrochloric acid and with dilute sodium hydroxide 
solution containing a little sodium sulfite; after evapora­
tion of the benzene, a 90% yield of crude material was 
obtained, which formed fine orange needles, m. p. 60.5- 
61.5° after crystallization from aqueous methanol.

3-Amino-4-iodoanisole (XXXIII).—Reduction of the 
nitro compound XXXII with iron and hydrochloric acid, 
by the method described above for the bromo compound, 
gave, in a small run, 52% yield of a red oil, b. p. 92- 
112° (0.2 mm.). Repetition of the reaction on a 1 mole 
scale was terminated by a violent explosion during the 
vacuum distillation.

The only crystalline compound that could be obtained 
from the crude aminoiodoanisole was the nitrile below. 
Reduction of the 3-nitro-4-iodaniso!e with stannous
chloride, with ferrous hydroxide in ammonium hydroxide, 
or electrolytically, yielded either m-anisidine or intract­
able products.

2-Iodo-5-methoxybenzonitrile XXXIV.—The crude
amine (5.7 g.) was diazotized and added to a solution of 
4.03 g. of cuprous cyanide and 6.75 g. of sodium cyanide

(32) The reported value15 is 186°; the reduction was carried out 
previously,15 bu t details were not given.

(33) Cf. Adams, Cohen and Rees, T h is  J o u r n a l , 49, 1093 (1927).
(34) Pschorr, A nn., 391, 26 (1912), reports a m. p. of 161—162° 

for this compound.
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n 20 cc. of w ater. T he m ixture was heated  on the  steam  - 
b a th , the  heavy oil which, separated  was taken up in 
benzene, washed w ith acid and base, and  the  benzene was 
evaporated. T he black ta r  rem aining was subjected to 
vacuum  sublim ation, yielding a m ushy yellow solid, which 
on resublim ation and crystallization from benzene- 
petroleum  ether, formed colorless p lates, in. p. 98-100°. 
A n a l . Calcd. for CsHeINO: C, 37.09; H , 2.34. Found: 
<J, 37.46; el, 2.43.

3-Hydroxy-4-iodobenzoic Acid.— This reaction is de­
scribed because th is procedure is rep o rted 17 to yield 2 - 
iodo-5-hydroxy-benzoic acid X X X V . A solution of 13.8 
g. of m-hydroxybenzoic acid in 2 0 0  cc. of concentrated 
am m onium  hydroxide was stirred  while a solution of 23.4 
g. of iodine and 18.2 g. of potassium  iodide in 1 0 0  cc. of 
w ater was added during five m inutes. A precipitate of 
nitrogen triiodide was formed and  reacted  rapidly. The 
resulting green solution was stirred  for an additional ten 
m inutes and acidified to  congo red b y  adding 180 cc. of 
concentrated  hydrochloric acid. T he th ick  precipitate 
was collected, and crystallized from  a m ixture of 1 0 0  cc. 
of w ater and 2 0  cc. of alcohol, giving a  nearly  quantitative 
yield of w hite needles, m . p . 225-227° dec; the acetyl 
derivative m elted a t  199.5-201.5°. T he product was 
therefore the  3-hydroxy-4-iodobenzoic acid, which is 
repo rted18® to  m elt a t  226° (acetyl derivative, 203°), 
and no t the 2 -iodo-5 -hydroxy isomer.

2 -Iodo-5 -hy droxybenzoic Acid (XXXV).—The procedure 
of Brenans and P ro s t18® was modified as follows. An 
ice-cold solution of benzenediazonium  chloride prepared 
from 37.2 g. of aniline was added w ith  stirring  to a solution 
of 5 5 . 2  g. of m-hydroxybenzoic acid and  48 g. of sodium 
hydroxide in 400 cc. of w ater. A sticky  orange-red pre­
cip ita te  formed which dissolved on w arm ing to  50°, the 
dark  red  solution was heated  and stirred  while a solution 
of 144 g. of sodium hydroxide in 150 cc. of w ater was 
added, followed by  2 1 0  g. of solid sodium  hydrosulfite. 
W ith  th e  solution a t  80-90°, m ore sodium hydrosulfite 
was added in 5-g. portions a t  one-m inute intervals until 
th e  dark  red color was discharged. T he solution was 
cooled to  30°, 500 g. of ice was added and the solution 
brought to  a pH  of 5.5 w ith concentrated  hydrochloric 
acid. The pale yellow precip itate of 2-am ino-5-hydroxy- 
benzoic acid was collected, and diazotized a t 0 ° w ith 67 
cc. of concentrated sulfuric acid, 400 g. of ice and 26 g. 
of sodium n itrite . T he diazonium  solution was poured 
into a solution of 84 g. of potassium  iodide in 150 cc. 
of w ater; the  reaction which ensued was completed by 
heating  on the  steam -bath  for an hour. Cooling to  0 ° 
gave 67.6 g. (64% ) of dark  purple crystalline product, 
which was purified by  boiling w ith 15 g. of Nuchar in 700 
cc. of w ater for an  hour. Cooling to  0° yielded 52 g. 
(4 9 % over-all from m-hydroxybenzoic acid) of nearly 
w hite needles which m elted to  a red  liquid a t 201-202.5°. 
T he reported18* m . p . is 196-198°.

M ethyl 2 -iodo -5 -hy droxyb enzoate (XXXVI) was ob­
tained from the acid w ith a slight excess of ethereal 
diazom ethane solution. T he p roduct was isolated by 
vacuum  sublim ation followed by crystallization from 
benzene-petroleum  ether; it form ed white granular 
crystals, m . p . 102-103°. A nal. Calcd. for C8H 7IO 3 : C, 
34.55; H , 2.54. F ound: C, 34.90; H , 2.72.

M ethyl 2-iodo-5-methoxybenzoate (XXXVIII) was ob­
tained when 2.64 g. of 2-iodo-5-hydroxybenzoic acid was 
trea ted  w ith a five-fold excess of ethereal diazomethane,

and allowed to stand several days. The solution was 
washed with, sodium hydroxide, dried, and the ether re­
moved, leaving 1.81 g. (62%) of crude ester. This was 
distilled at 150° (0.8 mm.), giving a very pale yellow oil, 
w22d 1.6000. Anal. Calcd. for C9H9IO3: C, 37.01; H, 
3.11. Found: C, 37.34; H, 3.27. Hydrolysis of this 
compound yielded 2-iodo-5-methoxybenzoic acid (XXX- 
VII), which could not be obtained analytically pure; 
apparently there was some loss of iodine during saponi­
fication .

4,4'-Dimethoxy diphenic Acid (XXXIX).—A 1.00-g.
portion of methyl 2-iodo-5-methoxybenzoate was mixed 
with 1.00 g. of copper bronze, and heated at 280-300° 
for twenty minutes. The product was extracted with two 
7 cc. portions of benzene, which, on evaporation, yielded 
a dark oil. This was saponified with Claisen alkali; 
acidification produced a brown precipitate which was 
refluxed with Nuchar in aqueous methanol until the color 
had been removed. Upon cooling, a white powder was 
obtained which was crystallized from nitrobenzene; the 
fine white crystals melted at 245-248° on the heated stage. 
A n a l .  Calcd. for Ci6Hi40 6: C, 63.57; H, 4.67. Found: 
C, 63.78; H, 4.84.

2,2 ',3,3 ',4,4 '-Hexamethoxy-6,6 '-di-(/3-carboxyethyl) - 
biphenyl (XL) .—Methyl /3-(3,4,5-trimethoxy-2-iodophen- 
yl)-propionate (1.5 g.) and 1.5 g. of copper dust were 
heated in a test-tube in a Wood’s metal bath at 265- 
270° for twenty minutes. The product was extracted 
with hot benzene, the extract was evaporated on the 
steam-bath and the residue was saponified by heating with 
Claisen alkali. Acidification gave an amber oil which 
was vacuum sublimed. A portion of the sublimate was 
crystallized from aqueous acetic acid, when it formed a 
white powder which sintered at 188-189° and melted to 
an amber liquid at 189-193°. A n a l .  Calcd. for C24- 
H30O10: C, 60.24; H, 6.32. Found: C, 59.98; H, 6.06.

Crossed Ullmann Reaction.—A mixture of equivalent 
quantities of methyl /3-(3,4,5-trimethoxy-2-iodophenyl) - 
propionate and methyl 2-iodo-5-methoxybenzoate was 
heated with copper powder and the reaction product was 
converted to the free carboxylic acids in the usual way. 
The material thus obtained was subjected to an eight- 
plate multiple countercurrent extraction, using ether and 
2 M  phosphate buffer of p H  5.9 in 60-cc. separatory fun­
nels.35 The two symmetrical reaction products were 
separated in this way, but none of the desired unsym­
metrical acid was obtained.

Summary
/T2-(3-Bromo-4,5,6,4'-tetramethoxybiphenyl)- 

propionic acid has been synthesized, its structure 
proved, and its ring-closure to the bromo ketone 
studied. 4,5,6,4/-Tetramethoxybiphenyl-2-car- 
boxylic acid has been prepared, and found to 
cyclize spontaneously to the fluorenone, when 
converted to the acid chloride A number of new 
compounds have been prepared and characterized 
in connection with these syntheses.
R o c h e s t e r , N e w  Y o r k  R e c e iv e d  J a n u a r y  21, 1948

(35) Craig, Hogeboom, Carpenter and du Vigneaud, J .  Biol. 
Chem ., 168, 669 (1947), and earlier papers.
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Streptomyces Antibiotics. XVII. Heptabenzoylstreptidine from Streptomycin
B y  R o be r t  L. P e c k , F r e d e r ic k  A. K u e h l , Jr ., C h a r les  E . H o f f h in e , Jr ., E l iz a b e t h  W. P e e l  an d

K a r l  F o lk e r s

Streptomycin has been degraded to heptaben­
zoylstreptidine which served as a key product for 
the determination of the position of the linkage of 
streptobiosamine to streptidine.1 The details of 
the formation and characterization of heptaben­
zoylstreptidine and certain of its reactions are de­
scribed herein.

A suspension of crystalline streptomycin trihy­
drochloride-calcium chloride double salt2 in ben­
zoyl chloride and pyridine was heated for about 
twenty minutes. The crude reaction product was 
purified by chromatography on charcoal to give 
a low yield of benzoylated streptomycin as an 
amorphous white powder. The analytical data 
were in agreement with the formula for undeca- 
benzoylstreptomycin.

The presence of some dodecabenzoylstreptomy- 
cin in the benzoylated streptomycin was possible, 
since the streptose moiety of streptomycin con­
tains a tertiary hydroxyl group. Although this 
hydroxyl group is difficult to acylate,3-4 a bis-£- 
nitrobenzoate of bis-desoxystreptose3 was ob­
tained. The presence of some of the dodecaben- 
zoyl derivative in the undecabenzoylstreptomycin 
would be of no consequence in the present study; 
however, it is essential that the streptidine moiety 
in the product be completely (hepta) benzoylated.

The molecular weights of undeca- and dodeca- 
benzoylstreptomycin are 1727 and 1831, respec­
tively. Ebullioscopic molecular weight determina­
tions of benzoylated streptomycin in benzene gave 
values of 1625-1650 ± 1 6 5  for two different prep­
arations.

Alkaline hydrolysis of benzoylated streptomy­
cin gave maltol by isolation, and substantiated the 
presence of the intact streptomycin carbon skele­
ton4 in the benzoylated product. This hydrolysis 
also gave benzoic acid in a yield of 10.9 moles of 
benzoic acid per mole of undecabenzoylstrepto­
mycin.

The treatment of benzoylated streptomycin 
with one to three equivalents of hydrogen bromide 
in chloroform-glacial acetic acid solution at room 
temperature cleaved the glycosidic linkage be­
tween the streptidine and streptobiosamine moie­
ties. Crystalline heptabenzoylstreptidine was ob­
tained from this reaction in 72% yield.

Heptabenzoylstreptidine melted at 256-258° 
when crystallized from benzene-methanol. When 
crystallized from benzene a molecule of solvent

(1) Kuehl, Peck, Hoffhine, Peel and Folkers, T h is  J o u r n a l , 69, 
1234 (1947).

(2) Peck, Brink, Kuehl, F lynn, W alti and Folkers, ibid., 67, 1866 
(1945).

(3) Brink, Kuehl, F lynn and Folkers, ibid., 68, 2405 (1946).
(4) Kuehl, Flynn, Brink and Folkers, ibid., 68, 2679 (1946).

of crystallization was present which could be re­
moved by drying at 110° in  vacuo. Analyses and 
molecular weight measurements were in agreement 
with the formula, CsHnNöO^CeHöCO)?. Hepta­
benzoylstreptidine was found to be optically ac­
tive, [ a ] 25D +  58° (in chloroform), [<*]25d  —3° 
(in glacial acetic acid). Further characterization 
was provided by conversion of heptabenzoylstrep­
tidine to acetylheptabenzoylstreptidine, m. p. 
156-160°, [ ck] 25d  +  3° (in chloroform), to anisoyl- 
heptabenzoylstreptidine, m. p. 213-216°, [<t ] 25d  
— 12° (in chloroform), and to octabenzoylstrepti- 
dine, m. p. 263-264°, [a]D 0.

The significance of the optical activity of hepta­
benzoylstreptidine is detailed in conjunction with 
the results of the degradation of this compound to 
a,Y-dibenzamido-/3-hydroxyadipaldehyde, which 
are described in an accompanying paper.5

Both heptabenzoylstreptidine and octabenzoyl- 
streptidine yielded a crystalline monobenzoyl- 
streptidine upon treatment with sodium methox­
ide in pyridine-methanol solution. The isolation 
of thfc monobenzoyl derivative may have been 
due to its insolubility in the reaction medium. 
Further treatment of this monobenzoyl derivative 
with acid readily yielded streptidine which was 
optically inactive, as were streptidine prepara­
tions produced by hydrolysis of streptomycin 
directly.6»7 It has been observed that octaacetyl- 
streptidine,6-8 is deacetylated to streptidine at room 
temperature in methanol containing ammonia.

It was found that streptidine could be benzoyl­
ated, under conditions similar to those applied to 
streptomycin, to give optically inactive octaben- 
zoylstreptidine. A  hexabenzoylstreptidine has 
also been obtained. Octabenzoylstreptidine was 
distinguished from heptabenzoylstreptidine by 
melting point and by the fact that only the lat­
ter compound (obtained by cleavage of benzoyl­
ated streptomycin) is optically active.

Octabenzoylstreptidine was remarkably sta­
ble to hydrogen bromide, since it was recovered in 
nearly quantitative yield after a solution of the 
substance in glacial acetic acid containing excess 
hydrogen bromide was refluxed for one hour. Oc- 
taacetylstreptidine6'8 formed a crystalline dihy­
drobromide when treated with hydrogen bromide 
in glacial acetic acid at room temperature. This 
salt hydrolyzed in aqueous solution, and the sub­
stance was partially deacetylated.

(5) Kuehl, Peck, Hoffhine and Folkers, ibid., 70, 2325 (1948).
(6) Peck, Graber, W alti, Peel, Hoffhine and Folkers, ibid., 68, 

29 (1946).
(7) C arter, Clark, Dickman, Loo, Skell and Strong, Science, 103, 

540 (1946).
(8) Fried and Stavely, T h is  J o u r n a l , 69, 1549 (1947).
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Thus, it is clear that heptabenzoylstreptidine 
could not have been derived from the presence and 
hydrolysis of octabenzoylstreptidine as a contami­
nant in benzoylated streptomycin. The cleavage 
reaction took place at room temperature, and the 
yield of heptabenzoylstreptidine was high. It is 
also c le a r  from  the data, v iven  ab ove that the" ' ■ o
atom in the unbenzoylated functional group of 
heptabenzoylstreptidine is attached to the carbon 
atom of streptidine which is linked glycosidically 
to streptobiosamine.

Evidence for the presence of a free hydroxyl 
group in heptabenzoylstreptidine was provided 
by the action of chromic acid in 90% acetic acid 
on octa-, hepta- and hexabenzoylstreptidine at 
45°. Only the heptabenzoylstreptidine was af­
fected by this oxidizing reagent and gave crystal­
line dibenzoylguanidine, m. p. 165-1660.9 The 
yield of dibenzoylguanidine was greater than one 
mole per mole of heptabenzoylstreptidine which 
showed that each guanido group in the streptidine 
moiety of benzoylated streptomycin possessed two 
benzoyl groups. This result provided evidence 
that streptobiosamine was linked to streptidine 
through an oxygen atom rather than through a
t i i l f A n r n n  o + A tt i  Q i h a a  Ii  a  vo  K a  t i 7  n t r l  c f  r  i  f l i n  A ixraoXIXtl U CV/XXl. XXW1UUVAAiJVJ AUU». W1VC.AAAV ÏI M»W

unaffected by chromic acid, there is presumably 
no free hydroxyl group present.

Previous indication that the linkage of strepto­
biosamine and streptidine was through an oxygen 
rather than a nitrogen atom was furnished by the 
ultraviolet absorption spectra of heptabenzoyl­
streptidine and octabenzoylstreptidine; their 
spectra were practically identical. Hexabenzoyl­
streptidine showed distinctly different absorption 
maxima. These spectra substantiate the inter­
pretation that both guanido groups of heptaben­
zoylstreptidine contain two benzoyl groups each, 
as otherwise a change in position of the absorp­
tion maxima would be expected.

Dihydrostreptomycin has also been benzoylated 
under the conditions used for streptomycin. 
Analyses on benzoylated dihydrostreptomycin 
were in agreement with the formula for dodeca- 
benzoyldihydrostreptomycin. Cleavage of do- 
decabenzoyldihydrostreptomycin also yielded hep­
tabenzoylstreptidine.

Experimental
Benzoylation of Streptomycin.—Twenty-five grams of 

crystalline streptomycin trihydrochloride-calcium chloride 
double salt was suspended in a mixture of 150 cc. of pyri­
dine and 55 cc. of benzoyl chloride, and the suspension 
was heated on a steam -bath for ten minutes and then 
heated a t reflux temperature for ten minutes. A t the 
end of the heating period, all of the suspended solid had 
dissolved. The solution was partially cooled and diluted 
with 300 cc. of chloroform. The chloroform solution was 
washed successively with water, dilute hydrochloric acid, 
sodium bicarbonate solution, and water. The chloroform * 59

(9) Korndörfer (Arch. Pharm., 241, 449 [1903]) reported diben­
zoylguanidine, m. p. 215°, as the product of benzoylation of guanidine 
in aqueous solution. W alther and Wlodkowski (J. prakt. Chem.,
59, 266 [1899]) and we have found th a t this reaction gives dibenzoyl- 
urea, m. p. 215°.

solution was dried over magnesium sulfate, filtered, con­
centrated in  vacu o  to a volume of about 2 0 0  cc., and then 
poured with stirring into 2 1. of petroleum ether. The 
precipitated crude undecabenzoylstreptomycin was col­
lected on a filter and dried; yield, 49 g. For purification, 
a solution of this material in about 150 cc. of benzene was 
allowed to flow into a dry chromatographic column con­
taining a mixture of 500 g. of Darco G-60 and 150 g. of 
filter paper pulp. F resh  benzene was added to the col­
umn, and five eluates were collected. A 1:1 acetone- 
benzene mixture was used next and three more eluates 
were collected. Chloroform was used to produce the 
ninth eluate. The eluates were concentrated to ca . 25- 
cc. volume i n  va cu o  and the concentrates were poured into 
about ten volumes of petroleum ether, which caused the 
precipitation of the benzoylated streptomycin. The 
details of this chromatographic experiment are summa­
rized in Table I.

T a b l e  I
C h r o m a t o g r a ph y  o f  B e n z o y l a t e d  S t r e p t o m y c in

Eluate Volume of Weight of [ tt]25D
no. eluate, cc. product, g. (chloroform)

1 300 0.4 +60°
2 500 2.30 4-34°
3 1 0 0 0 2.50 4-27.6°
4 1 0 0 0 1 . 1 0 4-19.7°
5 1800 0.98 4-12.7°
6 1400 0.81 -1 8 .6 °
7 700 6.90 -4 3 °
8 800 2.50 -6 4 .5 °
9 2 1 0 0 1.23 -3 8 °

The product from eluate 1 was reprecipitated by dis­
solving it in 3 cc. of chloroform and pouring the solution 
dropwise into 80 cc. of boiling petroleum ether. The 
precipitate was a white amorphous powder; 0.37 g., 
[ck]25d + 59° (c , 1.0 in chloroform).

A n a l .  Calcd. for C2iH 2 7 N 7 0 i2 (C6ÏÏ 5CO)i2 : C, 6 8 .8 8 ;
H, 4.79; N, 5.36; mol. w t., 1831: Calcd. for C2iH28- 
N7 0 i2 (C6H 5 CO)n : C, 68.16; H , 4.85; N, 5.68; mol. 
wt., 1727. Found: C, 68.53; H, 4.84; N, 5.38; mol. 
wt. (ebullioscopic in benzene), 1625 =*= 163.

A methanol solution of this product showed ultraviolet 
absorption maxima a t 2325 A. (E %  680) and a t 2750 A. 
(E %  285), and a shoulder a t 2550 A. (E %  350). A 
tetrachloroethane solution of this product showed infra­
red absorption bands a t 5.77, 6.25, 6.37, 7.88, 8.50, 
9.04, 9.14 and 9.36 m.

The product from eluate 2 was analyzed without 
further reprecipitation.

A n a l .  Found: C, 68.72; H , 5.12; N, 5.38; mol. w t., 
1651 ±  165.

The analytical data on the products from eluates 1 
and 2  correspond closely to the composition of undeca­
benzoylstreptomycin and dodecabenzoylstreptomycin. 
The product obtained from eluate 1 in an analogous ex­
periment had the composition: C, 69.05; H, 4.86; N, 
5.46; [ck]25d 4-42° (c, 1.0 in chloroform).

The product from eluate 8  was reprecipitated by using 
chloroform and petroleum ether; 2 . 1  g.; [ a ]25d —41°
(c , 1 . 0  in chloroform).

A n a l .  Found: C, 63.17; H, 5.08; N, 6.20; mol.
wt., 1 1 0 0 .

The product in eluate 8  was clearly less completely 
benzoylated.

Cleavage of Undecabenzoylstreptomycin to Maltol.—A
sample of undecabenzoylstreptomycin (from eluate 2 ) 
weighing 431 mg. was suspended in 5 cc. of methanol 
and the solution was heated to the reflux temperature. 
Three cubic centimeters of aqueous 2.5 N  sodium hydrox­
ide was added to the methanol solution, and the mix­
ture was heated a t the reflux temperature for fifteen 
minutes. The yellow-brown solution was then concen­
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trated under reduced pressure until the methanol was 
removed. The residual solution was diluted with 10 cc. 
of water and extracted three times with chloroform. The 
chloroform extracts were discarded. The alkaline aqueous 
solution was then saturated with carbon dioxide, and 
extracted four times with chloroform. The chloroform 
extracts were dried and evaporated to dryness to give
28.5 mg. of a crystalline residue. The crystals gave a 
reddish-purple color with ferric chloride solution which 
was identical with tha t given by maltol. The residue 
was recrystallized from chloroform-ether to give crystals 
which melted a t 159-160°. When this product was mixed 
with an authentic sample of maltol (m. p. 159-160°), 
the melting point of the mixture was 159-160°.

The chloroform-extracted aqueous solution was acidified 
with sulfuric acid to pH 2, and extracted three times with 
chloroform. The extract was dried and evaporated to 
dryness to yield 332 mg. of benzoic acid (neutral equiva­
lent: calcd., 122; found, 125). This represents a yield of
10.9 moles of benzoic acid per mole of undecabenzoyl­
streptomycin.

Cleavage of Undecabenzoylstreptomycin to Hepta­
benzoylstreptidine.—One hundred thirty-five milligrams 
of undecabenzoylstreptomycin (from eluate 1 ) was dis­
solved in 3.0 cc. of chloroform, and to the solution was 
added 0 . 1 1  cc. of a 16% solution of hydrogen bromide in 
glacial acetic acid. The solution was allowed to stand a t 
room temperature for twenty-four hours, diluted with 
5  cc. of chloroform, and the mixture was extracted twice 
with saturated aqueous sodium bicarbonate solution. 
The chloroform solution was washed with water, dried and 
evaporated in  va cu o  to give 124.5 mg. of an amorphous 
glassy residue. The residue was dissolved in 1 cc. of 
warm benzene, and diluted with 2 cc. of methanol. A 
white granular crystalline precipitate quickly separated. 
The precipitate was collected on a filter and washed with 
methanol; yield, 55.7 mg. (yield, 72% ); m. p. 245-252° 
(micro-block). Recrystallization of this product from 
benzene-methanol yielded heptabenzoylstreptidine of 
melting point 256-258° (micro-block); [ a ] 25D +58° (c ,
1.24 in chloroform).

A n a l .  Calcd. for CóT^NeOn: C, 69.15; H, 4.68;
N, 8.49; mol. w t., 991. Found: C, 69.10; H, 4.71; N, 
8.72; mol. w t., (ebullioscopic in benzene), 1116 =*= 112.

In the ultraviolet, an ethanol solutionoof heptabenzoyl­
streptidine showed maxima at 2350 A. ( E m 59,000), 
2530 A. (Em 53,000) and 2770 A. (Eu 43,500).

Heptabenzoylstreptidine contained benzene of crystal­
lization when it was recrystallized from benzene-acetone 
solution upon removal of acetone by evaporation.

A n a l .  Calcd. for CsyHaeNeOirCeHe: C, 70.77; H,
4.90; solvent of crystallization, 7.3. Found: C, 70.45;
H, 4.89; weight loss on drying two hours at 110° in  va cu o ,
7.3.

Acetylheptabenzoylstreptidine.—A solution of 428 mg. 
of heptabenzoylstreptidine in 1 0  cc. of acetic anhydride 
was refluxed for forty-five minutes. The solution was 
evaporated in  va cu o  t o  a thick glassy residue. The residue 
was dissolved in hot benzene, and the solution was diluted 
with methanol, whereupon crystals separated quickly; 
yield, 400 m g.; m. p. 156-160° (micro-block); [a]25D + 3 °  
(c , 2.98 in chloroform). This product contained benzene 
of crystallization.

A n a l .  Calcd. for Cgcd+sNeO^CeHe*. C, 71.71; H,
5.09. Found: C, 71.48; H , 4.54.

Anisoylheptabenzoylstreptidine.—A mixture of 507 
mg. of heptabenzoylstreptidine, 1 . 0  cc. of anisoyl chloride 
and 1 0  ce. of pyridine was heated a t the reflux tempera­
ture for thirty minutes, cooled, and diluted with chloro­
form. The chloroform solution was washed and evapo­
rated to a volume of 5 cc., and poured into 50 cc. of petro­
leum ether. The precipitate of crude anisoylheptabenzoyl­
streptidine was dissolved in 1 0  cc. of benzene and the 
solution was chromatographed on Darco G-60 to yield 
anisoylheptabenzoylstreptidine in the first eluates. The 
first eluates on evaporation left a crystalline residue which

was recrystallized from ether-methanol; yield, 251 m g.; 
m. p. 212-216° (micro-block). One further crystalliza­
tion from acetone-methanol gave material which melted 
at 213-216° (micro-block), and which showed [ a ] 25d  
— 1 2 ° (c , 2.29 in chloroform).

A n a l .  Calcd. for C65H 5 2N 6O1 3 : C, 69.38; H , 4.66; N, 
7.47; OCH 3 , 2.76. Found: C, 69.22; H , 4.40; N, 7.49; 
OCH3, 3.44.

A chromatographic fraction which was crystallized from 
acetone melted a t 218-220° (micro-block), and contained 
acetone of crystallization.

A n a l .  Calcd. for C74H 7 0N 6O1 6 : C, 68.40; H , 5.43;
OCH3 , 2.39. Found: C, 68.32; H , 5.16; OCH3, 2.08.

Octabenzoylstreptidine from Heptabenzoylstreptidine.
—One hundred twenty milligrams of heptabenzoylstrep­
tidine was dissolved in a mixture of 2  cc. of pyridine and 
0.2 cc. of benzoyl chloride. The solution was refluxed 
for th irty  minutes, diluted with chloroform, washed with 
dilute acid and aqueous sodium bicarbonate and then 
water. The chloroform solution was dried and evapo­
rated in  va cu o . The residue was crystallized from ben­
zene-methanol to give 54 mg. of octabenzoylstreptidine 
which melted a t 261-263 0  (micro-block). When this prod­
uct was mixed with heptabenzoylstreptidine, the melting 
point of thjb mixture was depressed. When this product 
was mixed with octabenzoylstreptidine, which was pre­
pared by benzoylation of streptidine, the melting point 
was unchanged.

A n a l .  Calcd. for C64H 5 0N 6O1 2 : C, 70.19; H , 4.60.
Found: C, 70.23; H , 4.79.

Octabenzoylstreptidine.—Four grams of streptidine 
dihydrochloride was mixed with 67 cc. of pyridine and 27 
cc. of benzoyl chloride. The mixture was heated a t the 
reflux temperature for twenty minutes, evaporated in  
vacu o  to a thick sirup, and then the residue was dissolved 
in 50 cc. of chloroform. The chloroform solution was 
washed with dilute hydrochloric acid, saturated aqueous 
sodium bicarbonate, and water. I t  was then dried over 
magnesium sulfate and filtered through a layer of Darco 
G-60. The filtrate was poured into 900 cc. of petroleum 
ether to give a granular, tan precipitate. The crude 
product, which weighed 13.9 g., was dissolved in 30 cc. 
of benzene and the solution was allowed to flow through 
a column containing 135 g. of aluminum oxide. The first 
2 0 0  cc. of eluate yielded 1 2  g. of solid on evaporation. 
This product was dissolved in 25 cc. of hot benzene and 
60 cc. of methanol was added. On cooling, crystals 
separated; yield, 7 g. (three crops). This product melted 
and resolidified in the range of 120-140 ° and on continued 
heating melted a t about 250-260° (micro-block). Re­
chromatography of this product and recrystallization of 
the major chromatographic fraction from benzene- 
methanol gave 4.65 g. of crystals which showed a transi­
tion of 125-140° and then melted a t 261-264°. Further 
recrystallization of this product from benzene-methanol 
gave octabenzoylstreptidine which melted constantly a t 
263-264°; [a ]D0.

A n a l .  Calcd. for CeéHöoNöO^: C, 70.19; H , 4.60;
N, 7.68; mol. w t., 1095. Found: C, 70.74; H , 4.65;
N, 7.69; mol. wt. (ebullioscopic in benzene), 1267
( ^  1 0 % ).

In the ultraviolet, an ethanol solution of octabenzoyl­
streptidine showed maxima a t 2375 A. (Em 77,800), 
2550 A. (Em 63,500) and 2750 A. (Em 50,400).

Hexabenzoylstreptidine (l,3-benzoylguanido-2,4,5,6- 
tetrabenzoyloxycyclohexane).—The chromatograph col­
umns used for the purification of octabenzoylstreptidine 
were subsequently eluted with chloroform. Evaporation 
of the chloroform extracts to dryness, and crystallization 
of the residue from acetone and from acetone-benzene gave 
a white crystalline product. This material melted 
partially at 165-175° and then melted fully a t 220-225° 
when heated on the micro-block ; [<x] d  0  (c , 2 . 0  in acetone).

A n a l . Calcd. for CgH^NeCMCy^OL: C, 67.71; H, 
4.77; N, 9.47. Found: C, 67.20; H, 4.90; N, 9.88.



2324 R. L. Peck, F. A. K uehl, Jr ., C. E. Hoffhine, Jr., E. W. Peel and K arl Folkers Vol. 70

This substance showed no evidence of oxidation when 
treated with chromic acid in 90% acetic acid solution. 
An ethanol solution showed a single maximum in the 
ultraviolet a t 2625 A. with E M 35,000.

This evidence is in agreement with a 1,3-benzoylguanido- 
2,4 r5, 6  -tetrabenzoyloxycyelohexane for the structure of 
hexabenzoylstreptidine.

Treatment of Octabenzoylstreptidine with Hydrogen 
Bromide.—One and one-half grams of octabenzoylstrep­
tidine was dissolved in 15 cc. of chloroform and 15 cc. 
of 2.8 N  hydrogen bromide in glacial acetic acid was 
added. The solution was refluxed (76°) for one hour, 
cooled, diluted with 25 cc. of chloroform, washed with 
saturated aqueous sodium bicarbonate and with water. 
The dried chloroform solution was evaporated in  vacuo  
to give 1.5 g. of residue. This residue was crystallized 
from a mixture of 3 cc. of benzene and 10 cc. of methanol 
to give 1.35 g. of crystals which showed a transition at 
120-160° and melted a t 255-263°. One further crystal­
lization gave 1 . 2  g. of recovered octabenzoylstreptidine 
which showed the transition a t 120-150° and melted at 
261-263° (micro-block).

A n a l .  Calcd. for C64H 5oN6Oi2 : C, 70.19; H, 4.60.
Found: C, 70.20; H, 4.57.

Octaacetylstreptidine Dihydrobromide.—A solution of 
178 mg. of octaacetylstreptidine8 ’8 in 1  cc. of glacial 
acetic acid containing 15% of hydrogen bromide was 
allowed to stand a t room temperature, and white crystals 
began to  separate in about ten minutes. After twenty- 
four hours, the mixture was diluted with 6  cc. of chloro­
form, and evaporated in  va cu o . The residue was recrystal­
lized from methanol-ether solution to give 139 mg. of 
crystals which melted a t 175-185° (micro-block). A 
second crop of crystals weighing 61 mg. was obtained from 
the mother liquors. After recrystallization from meth­
anol-ether, the product weighed 1 0 0  mg. and melted over 
the range 183-190°. The substance appeared to be octa­
acetylstreptidine dihydrobromide „

A n a l .  Calcd. for C8HioN604 (C2H 30 ) 8 -2HBr: C,
37.92; H , 4.77; N, 11.05; Br, 21.02; CH 3CO, 45.23. 
Found: C, 38.91; H ,4 .97 ; N, 10.89; Br, 21.7; CH3 CO, 
40.4.

The ultraviolet absorption spectrum of the product in 
ethanol showed maxima a t 2150 A. (E m 22,200) and 2550 
A .  (E m 27,500).

A solution of 1 g. of octaacetylstreptidine in 6  cc. of 
glacial acetic acid containing 15% of hydrogen bromide 
deposited crystals. The product was collected on a filter, 
washed with ether, and dried; yield, 702 mg., m. p. 
180-195 ° (micro-block).

A n a l .  Calcd. for C 8HioN604 (C2H 30)8-2HBr: C,
37.92; H , 4.77; Br, 21.02. Found: C, 37.34; H, 4.84; 
Br, 20.85.

A 545-mg. portion of octaacetylstreptidine dihydro­
bromide was treated with a little water. Some crystal­
line material remained which was collected on a filter 
and washed with water. These crystals weighed 4.4 mg., 
and melted a t 250-257° (micro-block) corresponding to 
octaacetylstreptidine. The aqueous filtrate was neu­
tralized with sodium bicarbonate, and the precipitate was 
extracted with chloroform. The chloroform extract 
was evaporated to give 245 mg. of crystalline residue which 
melted a t 170-230°. This material appeared to be par­
tially deacetylated.

Hydrolysis of Octaacetylstreptidine to Streptidine 
Carbonate.—A solution of 229 mg. of octaacetylstreptidine 
in 1 0 0  cc. of absolute methanol was saturated at 0 ° with 
gaseous ammonia. After three hours, the solution was 
evaporated in  va cu o , and the residue was extracted with 
chloroform to remove acetamide. The chloroform- 
insoluble residue weighed 1 1 0  mg. and appeared to be a 
mixture of streptidine and streptidine carbonate. A 
portion of this residue was converted to  the picrate, 
which melted a t 281-283° (micro-block). The melting 
point of this product on admixture with authentic strep­
tidine picrate was not depressed. Twenty-eight milli­

grams of the residue was dissolved in 1.5 cc. of water; 
the solution was strongly alkaline. The addition of 2 cc. 
of methanol caused the separation of a crystalline prod­
uct, which weighed 14 mg. and decomposed gradually 
above 240 ° (micro-block).

A n a l . Calcd. for CsHi8 N 6 0 4 -H2 C0 3 -H>0 : C, 31.58; H, 
6.48; N, 24.55. Found: C, 31.25; H, 6.31; N, 24.54; 
acetyl, nil.

Stepwise Hydrolysis of Octabenzoylstreptidine to 
Monobenzoylstreptidine and Streptidine Dihydrochloride.
— A  solution of 504 mg. of octabenzoylstreptidine in 10 
cc. of dry pyridine was mixed with 1 0  cc. of absolute 
methanol containing approximately 3 mg. of sodium 
methoxide. The solution was Heated a t the reflux tem ­
perature for three hours, during which time a crystalline 
solid separated. The crystals were removed, washed 
with methanol, and dried; weight 158 mg.; m .p .  232- 
235° (dec.) (micro-block). An aqueous solution of 
the product was alkaline and showed an ultraviolet ab­
sorption maximum a t 2575 A. (EM 15,700).

A n a l . Calcd. for C 8H i7 N 6 0 4 (C6H 5C0 ): C, 49.17; H, 
6.05; N, 22.94. Found: C, 48.50; H ,6,16; N, 22.09.

Nineteen milligrams of monobenzoylstreptidine was 
converted to a crystalline sulfate by treatment with a dilute 
sulfuric acid-acetone solution; yield, 24 mg. The crystals 
decomposed gradually when heated above 245° (micro­
block) .

A n a l . Calcd. for CsHnNeCMCaHsCOFHaSO^^O: 
C, 36.00; H, 5.64; N, 16.79; S, 6.41. Found: C,
36.03; H, 6.62; N, 16.02; S, 5.63.

Another sample of the monobenzoylstreptidine was 
heated for two hours a t the reflux temperature with 6  

N  hydrochloric acid. The hydrolysis mixture yielded 
benzoic acid and streptidine dihydrochloride. The 
latter was identified by conversion, in good yield, to 
octaacetylstreptidine.

Hydrolysis of Heptabenzoylstreptidine to Monobenzoyl­
streptidine.—Using the procedure described for the 
hydrolysis of octabenzoylstreptidine, a sample of hepta­
benzoylstreptidine weighing 2.004 g. was debenzoylated 
with methanol and sodium methoxide. The monobenzoyl 
derivative, which separated, was converted to the crystal­
line sulfate; yield, 379 mg. The crystalline salt de­
composed gradually above 240° (micro-block).

A n a l . Calcd. for CsHnNeCMCeKUCOJ-^SCh^^O: 
C, 36.00; H , 5.64; N, 16.79. Found: C, 36.17; H, 
5.13; N, 17.41.

This product showed an ultraviolet absorption maximum 
which shifted with a change in the p H  of the solution. 
In N  hydrochloric acid, the maximum appeared a t 2400 
A .  ( E m 15,500). At p H  7, the maximum was a t 2550 A .  
( E m 1 2 ,0 0 0 ). In 0 . 2  A  sodium hydroxide, the maximum 
was at 2600 A .  ( E m 12,500). An aqueous solution of the 
compound showed a maximum a t 2575 A .  (E m 18,700).

Chromic Acid Oxidation of Heptabenzoylstreptidine; 
Isolation of Dibenzoylguanidine.—One and two-tenths 
grams of heptabenzoylstreptidine was dissolved in 2 0  cc. 
of acetic acid and the solution was mixed with 90 cc. of a 
10% solution of chromic acid in 90% acetic acid. The 
solution was allowed to stand a t 45 ° for five hours, and a t 
room temperature for sixteen hours, and was then frozen 
and dried from the frozen state. The residue was dis­
solved in water, and the solution was neutralized to p H  
7.0 with sodium bicarbonate and extracted four times with 
chloroform. The chloroform extract was washed with 
water, dried over magnesium sulfate, and^ evaporated 
in  vacuo  to give a crystalline residue weighing 357 mg. 
The residue was dissolved in hot benzene, and the solution 
was filtered through a small pad of Darco G-60. The 
filtrate deposited white needles which weighed 1 0 0  mg., 
m .p . 163-164° (micro-block).

A n a l . Calcd. for CH 3N 3 (C7H 50 ) 2: C, 67.40; H, 4.90; 
N, 15.72; mol. w t., 267.3. Found: C, 67.25; H, 4.86; 
N, 15.44; mol. wt. (ebullioscopic in benzene), 264 ±  3.

Further recrystallizations from benzene and from
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benzene-petroleum ether gave material which melted 
constantly a t 165-166° (micro-block).

A n a l . Calcd. for CH 3N 3 (C7H 5 0 )2 : C, 67.40; H, 4.90;
N, 15.72. Found: C, 67.58; H , 5.15; N, 15.63.

This substance exhibited two maxima in the ultraviolet 
a t 2450 A. with Eu 32,000 and 2750 A. with Eu 32,000 
in methanol solution.

The data obtained on this oxidation product were in 
agreement with a dibenzoylquinidine, but the melting 
point was lower than th a t reported in the literature (m .p . 
215°; Korndörfer, A r c h  P h a r m ., 241, 449 [1903]). 
Accordingly, a 28.7-mg. sample was dissolved in 3.0 
cc. of concentrated hydrochloric acid and the solution 
was refluxed for ninety minutes. The hydrolysis solution 
was diluted with water and extracted with ether. Evap­
oration of the ether extracts left a crystalline residue of 
practically pure benzoic acid; yield, 23.7 mg. The 
residual acid aqueous solution was evaporated to dryness 
to give a crystalline residue which was dissolved in 3.0 
cc. of water. Addition of 2.0 cc. of saturated aqueous 
picric acid caused a crystalline precipitate to separate. 
The picrate was recrystallized once from hot water; 
yield, 25.9 mg., m. p. 335-336° (micro-block). Admix­
ture with authentic guanidine picrate (m. p. 335-336°) 
did not alter the melting point of the product.

A n a l . Calcd. for CH 5 N 3 -C6H 3N 3 0 7 : C, 29.17; H,
2.80; N, 29.17. Found: C, 29.33; H, 3.10; N, 29.39.

The oxidation product is thus established to be diben­
zoylguanidine. The yield of dibenzoylguanidine from 
heptabenzoylstreptidine would be 28% if one dibenzoyl- 
guanido moiety were present in the latter molecule, or 56% 
if both guanido groups were di-benzoylated. The yields 
of dibenzoylguanidine obtained in three oxidation experi­
ments were 48, 30 and 43%, respectively.

Dodecabenzoyldihydrostreptomycin.—Benzoylation of
2.80 g. of dihydrostreptomycin trihydrochloride, using 
the conditions described above for streptomycin, gave 
5.82 g. of buff-colored benzoylated dihydrostreptomycin. 
Chromatographic purification of 5.5 g. gave a first-eluate 
fraction in the form of a white amorphous powder weighing
O. 5 g., [a] 25d +51° (c , 1.78 in chloroform).

A n a l . Calcd. for C2iH 2 9 N 7 0 1 2 (C7H 5 0 )12: C, 68.81; H, 
4.90; N, 5.35. Found: C, 68.40; H, 5.25; N, 5.66.

Heptabenzoylstreptidine from Dodecabenzoyldihydro- 
streptomycin.—A 347-mg. sample of dodecabenzoyl- 
dihydrostreptomycin was dissolved in 6.62 cc. of chloro­
form and 0.16 cc. of 30% hydrogen bromide in glacial 
acetic acid was added. The solution was allowed to stand 
overnight, then diluted with chloroform and extracted

with water and aqueous sodium bicarbonate. The chloro­
form solution was dried, evaporated to  dryness, and the 
residue was dissolved in 0.5 cc. of benzene and 2.5 cc. of 
methanol. On standing, there was deposited 101 mg. of 
crystalline precipitate. Recrystallization of the pre­
cipitate from benzene-acetone and from benzene-meth­
anol gave 2 2  mg. of white crystals of heptabenzoylstrep­
tidine which melted a t 256-258°, and showed [q: ]32d  
+ 54° (c , 0.98 in chloroform). There was no change in 
the melting point of this material when mixed with hepta­
benzoylstreptidine (m. p. 256-258°) obtained from un­
decabenzoylstreptomycin .
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Summary
Streptomycin was benzoylated to give undeca­

benzoylstreptomycin, which was degraded by al­
kali to maltol and by hydrogen bromide to hepta­
benzoylstreptidine.

Dihydrostreptomycin was also benzoylated to 
give dodecabenzoyldihydrostreptomycin, which 
was likewise cleaved by hydrogen bromide to 
give heptabenzoylstreptidine.

Heptabenzoylstreptidine was further character­
ized by acetyl and anisoyl derivatives and by 
conversion to octabenzoylstreptidine. A hexa- 
benzoylstreptidine and a monobenzoylstreptidine 
were also characterized. Hydrolysis of octaben- 
zoyl-, heptabenzoyl- and octaacetylstreptidine 
yielded streptidine, showing that acylation and 
hydrolysis reactions involved no change in the 
structure of streptidine.

Heptabenzoylstreptidine gave more than one 
equivalent of dibenzoylguanidine upon chromic 
acid oxidation showing that streptobiosamine is 
linked to streptidine through an oxygen atom.
R a h w a y , N. J. R e c e iv e d  F e b r u a r y  14, 1948

[C o n t r ib u t io n  fr o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  M e r c k  Sc C o ., I n c .]

Streptomyces Antibiotics. XVIII. Structure of Streptomycin
By Frederick A. Kuehl, Jr., Robert L. Peck, Charles E. LIoffhine, Jr., and Karl Folkers

The degradation of streptomycin to N,N'-di- 
benzoyldesoxystreptamine, and the oxidation of 
this degradation product to show that streptobios­
amine is linked glycosidically at position 4 of 
streptidine, have been reported.1

The unbenzoylated functional group of hepta­
benzoylstreptidine2 is attached to the carbon atom 
of streptidine which is linked glycosidically to 
streptobiosamine. This unbenzoylated func­
tional group was considered to be a hydroxyl

(1) Kuehl, Peck, Hoffhine, Peel and Folkers, T his Journal, 69, 
1234 (1947).

(2) Peck, Kuehl, Hoffhine, Peel and Folkers, ibid., 70, 2321 
(1948).

group because of the facile methanolysis3 of strep­
tomycin, and because of the formation of more 
than one mole of dibenzoylguanidine2 per mole of 
heptabenzoylstreptidine upon chromic acid oxida­
tion. Conclusive evidence excluding a nitrogen- 
atom linkage was obtained in the present study.

Streptidine and octabenzoylstreptidine2 are 
optically inactive, showing that they are meso 
forms and have cis guanido groups; however, 
heptabenzoylstreptidine is optically active.2 This 
optical activity proves that the unbenzoylated hy-

(3) Brink, K uehl and Folkers, Science, 102, 2655 (1945); Brink, 
Kuehl, Flynn and Folkers, T h is  J o u r n a l , 68, 2557 (1946).
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droxyl group in heptabenzoylstreptidine cannot 
be either at positions 2 or 5 of streptidine (I),

HOHC 5  2CHOH

OH H
I, G — guanido

which is in agreement with that based on stereo­
chemical considerations.

The most promising degradative method for 
locating the free hydroxy group appeared to be 
that of converting the > CHOH group to a > CH2 
group, because it seemed that the desoxy deriva­
tive would withstand the anticipated hydrolytic 
reactions.

Heptabenzoylstreptidine (V) reacted with 
methanesulfonyl chloride and toluenesulfonyl 
chloride to give mesylheptabenzoylstreptidine

since these positions are in the plane of symmetry, 
and a heptabenzoylstreptidine with a free hy­
droxyl group at either position 2 or 5 would be op­
tically inactive. The configuration of the groups 
about carbon atoms 4 and 6 is identical in strepti­
dine and in the heptabenzoylstreptidine since 
there is no evidence of a Walden inversion in the 
formation of the latter compound. On the basis of 
these considerations of optical activity, the un­
benzoylated hydroxyl group in heptabenzoyl­
streptidine is at position 4 (position 6 is equiva­
lent).

If streptobiosamine were linked glycosidically 
to position 5 of meso-streptidine, and if in the 
cleavage reaction an acyl group migrated from po­
sition 4 to position 5, such a migration might also 
be expected to occur from position 6 to result in a 
^-heptabenzoylstreptidine. This hypothetical 
reaction is illustrated by the structures II, HI, 
and IV, using one of the eight meso forms arbi­
trarily. The optical activity of the isolated hepta­
benzoylstreptidine eliminates such a rearrange­
ment, unless an asymmetric rearrangement is con­
sidered possible.

OBz,k
H

OH

-CH— CH—OU
OBz
I

/C----

DBzG
I

------- Cv

-O-
H

OBz
I---

H

DBzG

-----cy

OBz

4  .
' IH

dl

H H
II

DBzG = dibenzoylguanido 
Bz = benzoyl-

The determination of the position of the free 
hydroxyl group in heptabenzoylstreptidine by a 
series of degradative reactions led to a conclusion

BzOCH

BzOCIT

/CHOBz

^CHOH

DBzG
I

/CHOBz--------CN

DBzG

'-c h o r --------- cy

CHOBz

CHOBz

OBz

II
VI. R =  CH3SO2—

VII. R =  £-CHsC6H4S02—
(VI) and tosylheptabenzoylstreptidine (VII), re­
spectively. Mesyl derivatives of secondary al­
cohols in contrast to the corresponding tosyl de­

rivatives have been re­
ported4 to react readily 
with sodium iodide to 
give the iodides. The 
mesyl derivative (VI) re­
acted with sodium iodide 
in acetone at 100° to give 
the iodoheptabenzoyl- 
streptidine (VIII), and 
this mesyl derivative was 
used preparatively for this 
reaction. It was found 
later that the tosyl deriva­
tive (VII) also reacted 
readily with sodium iodide 
to give the iodo derivative 
(VIII). The formation 
of iodoheptabenzoylstrep- 
tidine constitutes conclu­
sive evidence for an oxy­
gen atom rather than a 
nitrogen atom linking 
streptidine to streptobios­
amine.

Although iodoheptabenzoylstreptidine did not 
undergo hydrogenolysis over a palladium catalyst,

(4) Helferich and Gnuchtel, Ber., 71B, 712 (1938).

OBz DBzG

H

OH DBzG4__
I

H
III

OH DBzG

IV
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DBzG

BzOCH

•CHOBz-------- CsA
DBzG

CHOBz

CHI------------- C'
I

H
V III

DBzG

H
IX

the desired reduction product, heptabenzoylde- 
soxystreptidine (IX), was obtained when Raney 
nickel catalyst was used.

Heptabenzoyldesoxystreptidine (IX) was de- 
benzoylated in methanol solution with barium 
methoxide. The resulting desoxystreptidine was 
then hydrolyzed to desoxystreptamine by baryta 
in the manner described for the conversion5 of 
streptidine to streptamine. Desoxystreptamine 
was benzoylated to give pentabenzoyldesoxystrep- 
tamine (X), which was selectively debenzoylated 
in methanol solution with barium methoxide to 
N,N'-dibenzoyldesoxystreptamine (XI).

HNBz

H
X

HNBz

HOCH

CHOH-

CH 2

— CN
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H N Bz,

J y

CHOH

H
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Titration of N,N'-dibenzoyldesoxystreptamine 
with sodium periodate showed the consumption of 
one mole of periodate in seventeen hours and no 
further reaction in forty hours. The oxidation 
product was readily isolable as a crystalline com­
pound which had a composition in agreement with

(5) Peck, Hoffhine, Peel, Graber, Holly, Mozingo and Folkers, 
T h is  J o u r n a l , 68, 776 (1946).

that for a,Y-dibenzamido-jö-hydroxyadipaldehyde 
(XII). The sharply defined consumption of one

H HNBz

O

6

CH—-
\

\
--------— CHNHBz

CHNHBz
X III

mole of periodate was shown by treating the N,N'- 
dibenzoyldesoxystreptamine with excess periodate 
in aqueous solution, whereupon the same oxida­
tion product crystallized directly from the solu­
tion after several days. In connection with the 
possibility that the aldehyde oxidation product 
actually has the cyclized structure XIII, the infra­
red absorption spectrum of the oxidation product 
was examined and a band for the aldehydic car­
bonyl group was not found. Only bands at 2.82, 
6.38, 6.20 and 6.53 ju were observed Furthermore, 
the product exhibited a stability which is more 
compatible with structure XIII than the free al­
dehyde structure XII. The potential dialdehydic 
nature of the oxidation product was demon­
strated, however, by the reaction of the compound 
with ethyl mercaptan and hydrogen chloride to 
give a crystalline derivative of the composition 
C28H40N2O3S4,* this derivative corresponds to 
structure XIV.

HNBz

(C2H 5S)2 CH- 

(C2H 6S)2CH

-c h 2-

— CN
I

H

H N Bz,

— cy

CHOH

H
XIV

If the methylene group were positions 2 or 5 in 
desoxystreptamine, an aldehyde corresponding to 
structure XII or XIII could not have been formed. 
Thus, desoxystreptamine has the methylene group 
in position 4, and on the basis of the partial struc­
ture of streptomycin previously proposed,6 the 
linkage of streptobiosamine to streptidine may be 
represented by structure XV. Structure XV for

(6) Kuehl, Flynn, Brink and Folkers, ibid., 68, 2679 (1946).
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streptomycin possesses a free formyl group. This 
group might also exist in hemiacetal form as a re­
sult of intramolecular cyclization.

Other workers7 have treated streptomycin in 
aqueous solution with excess periodate, and ob­
tained an oxidation product which yielded strepti­
dine, glyoxal and an unidentified acid upon mild 
hydrolysis. They interpreted this result as 
strongly indicating that streptobiosamine is at­
tached at carbon atom 5, although attachment at 
carbon atom 4 could not be entirely disregarded. 
On the basis of structure XV for streptomycin, 
perhaps the periodate oxidation data might be ex­
plained by intermediary formation of a product of 
structure XVI as the combined result of oxidation 
and hydrolytic reactions. Our experience has 
shown that streptose derivatives oxidize rapidly 
and streptidine oxidizes very slowly. Cyclization 
o the aldehydic product (XVI) might give the 
six-membered hemiacetal (XVII) which could be

sufficiently stable to 
block oxidation of the 
streptidine nucleus.

Experimental
Mesylheptabenzoylstrep- 

tidine.—A solution of 1.543 
g. of heptabenzoylstrepti­
dine in 2 0  ml. of pyridine 
was cooled to 5 ° and treated 
with 1.5 ml. of m ethane- 
sulfonyl chloride. After re­
maining a t 5° for fourteen 
hours, the reaction mixture 
was treated dropwise with 
1 ml. of water a t 5° to de­
compose the excess reagent. 
This mixture was poured 
into water, and the result-

(7) Carter. Loo and Skell, J  Biol. Chem., 168, 401 (1947).

ing oily suspension was extracted three times with chloro­
form. The combined chloroform extract was washed suc­
cessively with dilute hydrochloric acid, sodium bicarbon­
ate solution and water. The residue obtained from the 
dried chloroform solution was dissolved in 3 ml. of chloro­
form and a t the boiling point of the solution was treated 
dropwise with methanol. Crystallization began quickly 
and after the mixture was cooled in ice-water for several 
hours, 1.520 g. of mesylheptabenzoylstreptidine was ob­
tained, m. p. 241-242°. This product melted a t 241.5- 
242° after a second recrystallization from the same sol­
vent rmxcure; (ck)—d + 18° (c, 0 . 8  in chloroform).

A n a l . Calcd. for CssH^NeOisS: C, 65.16; H, 4.53; 
N, 7.85; S, 2.99. Found: C, 65.40; H, 4.29; N, 8.15 
S, 2.46.

Iodoheptabenzoylstreptidine from Mesylheptabenzoyl­
streptidine.—A solution of 2.831 g. of mesylheptabenzoyl­
streptidine and 7 g. of dry sodium iodide in 50 ml. of an­
hydrous acetone was heated in a sealed tube for two hours 
a t 100°. The acetone was removed in  va cu o , and the yel­
low residue was shaken with a mixture of 50 ml. of water 
and 50 ml. of chloroform. The water layer was extracted 
three times with chloroform. The combined chloroform 
extract was washed successively with dilute sodium bi­
carbonate solution, sodium thiosulfate, water, and then 
dried over anhydrous magnesium sulfate. The colorless 
chloroform residue, 2.932 g., was dissolved in 5 ml. of 
chloroform and treated with 25 ml. of methanol. This 
solution yielded 2.542 g. of iodoheptabenzoylstreptidine, 
m. p. 153-154°, (<x ) 2 5 d  + 23° (c, 0.08 in chloroform). 
Further recrystallization from the same solvent mixture 
did not alter the melting point.

A n a l .  Calcd. f o r  C57H 4 5N 6 Oi0I : C, 62.18; H, 4.12; 
I, 11.54. Found: C, 61.88; H, 4.05; I, 11.83.

Tosylheptabenzoylstreptidine.—A mixture of 275 mg. 
of heptabenzoylstreptidine, 115 mg. of tosyl chloride and
l .  5 ml. of pyridine was allowed to stand in the cold room 
overnight. The clear solution was mixed with 10 ml. of 
cold water and allowed to stand for thirty minutes. The 
precipitated material was extracted with chloroform, and 
the chloroform solution was washed, dried over mag­
nesium sulfate, and evaporated to dryness. The residue 
was crystallized from benzene-methanol; yield, 190 mg.;
m. p. 200-203° (micro-block); (<x ) 25d  +33° ( c ,  3.43 in 
chloroform).

A n a l .  Calcd. for C64H 5 2N 6Oi3S : C, 67.12; H, 4.58; 
N, 7.34; S, 2.80. Found: C, 67.40; H, 4.76; N, 7.47; 
S, 2.92.

Iodoheptabenzoylstreptidine from Tosylheptabenzoyl- 
streptidine.—A mixture of 378 mg. of tosylheptabenzoyl­
streptidine, 3.4 g. of sodium iodide and 15 ml. of acetone 
was sealed in a bomb tube and heated a t 1 0 0 ° for two 
hours. The contents of the tube were evaporated and 
water was added to the residue. The mixture was ex­
tracted with chloroform, and the chloroform extracts 
were washed with water and a little aqueous sodium thio­
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sulfate. The colorless chloroform solution was evapor­
ated to a volume of 2  ml. and diluted with 1 0  ml. of meth­
anol. The first crop of iodoheptabenzoylstreptidine 
weighed 148 mg. and melted a t 149-152° (micro-block). 
The second crop weighed 120 mg. and melted a t 149- 
152°. Recrystallization of the combined material gave 
iodoheptabenzoylstreptidine, m .p .  151-153°.

A n a l .  Calcd. for C57H 4 5N 6O10I : C, 62.18; H, 4.12; 
I, 11.54. Found: C, 61.91; H ,4 .40 ; I, 10.77.

Heptabenzoyldesoxystreptidine.—A solution of 5.58 
g. of iodoheptabenzoylstreptidine in 330 ml. of aqueous 
80% dioxane was reduced catalytically for one hour a t 
40 lb. pressure in the presence of about 25 g. of Raney 
nickel catalyst. After removal of the catalyst the solu­
tion was concentrated i n  va c u o  to  c a . 1 0 -ml. volume. 
This solution was extracted several times with chloroform 
and distillation of the chloroform gave a colorless glassy 
residue. The residue was dissolved in a small amount of 
chloroform and crystallization was aided by adding 
methanol. The yield of crystalline product was 4.437 
g., m. p. 187-191°. A number of recrystallizations al­
ternately from chloroform-methanol and ethyl acetate- 
methanol was required to  obtain pure heptabenzoyl­
desoxystreptidine, m. p . 198-199°.

A n a l .  Calcd. for C57H 4 6N 6O1 0 : C, 70.21; H, 4.76; N, 
8.62. Found: C, 70.25; H , 4.76; N, 8.49.

Pentabenzoyldesoxystreptamine.—A suspension of 321 
mg. of heptabenzoyldesoxystreptidine in 150 ml. of ab­
solute methanol containing 5 ml. of 0.4 N  methanolic 
barium methoxide was stirred overnight at room tempera­
ture. The resulting clear solution was treated with 
carbon dioxide and concentrated in  vacuo  to a residue. 
This residue was leached with 20 ml. of 50% methanol, 
and after removal Of the solvent from the extract, 119 mg. 
of desoxystreptidine carbonate was obtained as a white 
powder. A solution of desoxystreptidine in 20 ml. of 
saturated baryta was boiled for twenty-three hours, and 
then concentrated to c a . 10-ml. volume. Excess hydro­
chloric acid was added, and the solution was concentrated 
to dryness. This residue of desoxystreptamine hydro­
chloride and barium chloride was leached with 30 ml. of 
boiling methanol. The methanol-soluble material was 
again leached with 10 ml. of hot methanol. Removal of 
the methanol gave crude desoxystreptamine hydrochloride 
which was benzoylated a t 5 ° with 2 0  ml. of pyridine and 
3 ml. of benzoyl chloride. After standing overnight, the 
reaction mixture yielded pentabenzoyldesoxystreptamine 
which was crystallized from chloroform-ether; yield, 67 
mg., m .p . 293-294°. After two recrystallizations from 
the same solvent mixture, the pentabenzoyldesoxystrept­
amine melted a t 298-299°.

A n a l . Calcd. for C4 1H 3 4N 2O8 : C, 72.12; H, 5.02; N,
4.10. Found: C, 72.37; H , 5.10; N, 4.19.

N,N'-Dibenzoyldesoxystreptamine.—A suspension of 
43 mg. of pentabenzoyldesoxystreptamine in 25 ml. of 
absolute methanol containing 2 ml. of 0.4 N  methanolic 
barium methoxide was shaken a t room temperature for ten 
minutes. The resulting clear solution was maintained at 
a temperature of 5° for fourteen hours and then treated 
with carbon dioxide. The solvent was removed in  va cu o , 
and the residue was leached with 5 ml. of hot 50% meth­
anol. This methanol-soluble portion, after removal of the 
solvent, was again leached with 5  ml. of hot methanol, and 
18 mg. of methanol-soluble material was obtained which 
was redissolved in 1 ml. of methanol. Ten milligrams of 
N,N'-dibenzoyldesoxystreptamine was obtained; m. p. 
287-289°;  ̂ (o:)2bd ~ 4 °  (c, 1.1 in 50% acetic acid). The 
melting point remained unchanged after a second recrystal­
lization from acetone-water.

A n a l . Calcd. for C2 0H 2 2N 2 O5 : C, 64.85; H, 5.99;
N, 7,50. Found: C, 64.72; H , 6.21; N, 7.80.

Titration of N,N'-Dibenzoyldesoxystreptamine with 
Sodium Periodate.—A 1 0 .4 -mg. sample was dissolved in 
5 ml. of water and treated with 3.0 ml. of sodium periodate 
solution (1 ml. — 6.355 ml. of 0.01 N  arsenite solution); 
the total volume was adjusted to 10.0 ml. One-milli­

liter aliquots were removed and titra ted  periodically with 
0.01 N  standard arsenite solution. The data on the 
titration are given in Table I.

T a b l e  I
T it r a t io n  o f  N ,N '- D ib e n z o y l d e s o x y s t r e p t a m in e

Time 
in hours

0.01 N  arsenite 
utilized

Moles of NalO* 
consumed

17 0.580 1.03
21 .585 1.04
24 .580 1,03
41 .570 1 .0 2

Oxidation of N,N'-Dibenzoyldesoxystreptamine to a , y -  
Dibenzamido-/3-hydroxyadipaldehyde.—A solution of 
106.5 mg. of N,N'-dibenzoyldesoxystreptamine in 100 
ml. of hot water was treated with 1 0 . 8  ml. of sodium peri­
odate solution ( 1  ml. ~  5.67 mg. of N aI 0 4 ). After forty 
hours, when titration indicated the consumption of 0 . 8  

mole of oxidizing agent, the solution was concentrated 
in  va cu o  to  a residue. Trituration of the residue with 
acetone gave 1 0 2  mg. of acetone-soluble material which 
was dissolved in 15 ml. of hot water. cc,'y-Dibenzamido- 
/3-hydroxyadipaldehyde crystallized from the aqueous 
solution; yield, 32 mg.; m .p . 148-149°; ( a ) 25D +12° (a ,
l .  0 in methanol) (initial). The melting point did not 
change upon recrystallization from acetone-water.

A n a l .  Calcd. for C20H 2 0N 2O5 : C, 65.18; H, 5.48;
N, 7.60. Found: (sample dried a t 100°) C, 65.37; H, 
5.57; N, 7.57.

a,Y-Dibenzamido-/3-hydroxyadipaldehyde Tetraethyl 
Mercaptal.—A suspension of 38 mg. of «,Y-dibenzamido- 
jS-hydroxyadipaldehyde in 15 ml. of ethyl mercaptan 
was saturated with anhydrous hydrogen chloride. After 
shaking for fifteen minutes, the crystals dissolved and the 
clear solution was allowed to stand overnight a t room 
temperature. The ethyl mercaptan was removed in  
va cu o , and the 64-mg. residue was dissolved in 5 ml. of 
ether. The ethereal solution was allowed to flow into a 
column containing 5 g. of acid-washed alumina. Elution 
of the alumina with 15 ml. of ether gave a residue which 
crystallized from benzene-petroleum ether; yield, 15 m g.;
m. p. 143-144°. Further elution with 10 ml. of chloro­
form resulted in the isolation of 14 mg. of material, m .p .  
146-146.5°. The melting point of a^Y-dibenzamido-/?- 
hydroxyadipaldehyde tetraethyl mercaptal remained a t 
146-146.5° after repeated recrystallizations.

A n a l .  Calcd. for C2 8H 4 0N 2O3S4 : C, 57.79; H, 6.94; 
N, 4.81; S, 22.03. Found: C, 57.90; H, 6.82; N, 5.17; 
S, 22.40.
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Summary
Heptabenzoylstreptidine reacted with methane 

sulfonyl chloride and tosyl chloride to give mesyl­
heptabenzoylstreptidine and tosylheptabenzoyl­
streptidine, respectively. Treatment of both the 
mesyl or tosyl derivatives with sodium iodide 
gave iodoheptabenzoylstreptidine. Hydrogenoly­
sis of the iodo derivative gave heptabenzoylde­
soxystreptidine, which was converted stepwise 
into pentabenzoyldesoxystreptamine and N,N'- 
dibenzoyldesoxystreptamine.
C: Oxidation of N,N '-dibenzoyldesoxystreptamine 
with sodium periodate gave a,y-dibenzamido-/5-
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hydroxyadipaldehyde. The adipaldehyde deriva- These results show that streptobiosamine is 
tive was also characterized as the tetraethyl mer- linked glycosidically at position 4 of streptidine. 
captal. R a h w a y , N. J .  R e c e iv e d  F e b r u a r y  14, 1948

[C o n t r ib u t io n  f r o m  K o p p e r s  Co., I n c ., M u l t ip l e  F e l l o w s h ip  o n  T a r  S y n t h e t ic s , M e l l o n  I n s t it u t e ]

Action of Sulfur on Certain Pyridine and Quinoline Derivatives. I. Action of Sulfur
on 4-Picoline

By H e l e n  I. T h a y er  and  B. B. C o r so n

The dehydropolymerizing action of sulfur on 
the picolines has not been previously noted, but 
certain examples of this action have been recorded 
in the methylbenzene series. For example, it is 
known that sulfur converts toluene to stilbene and 
tetraphenylthiophene, and xylenes to dimethyl- 
stilbenes and dimethylbenzyls.1

This paper describes the synthesis of several 
higher molecular weight 
bases from 4-picoline by 
the action of sulfur. Five 
products were obtained: 
hydrogen sulfide, 1,2-di- 
(4-pyridyl) -ethane (I),
1,2-di- (4-pyridyl) -ethylene
(II), 1,2,3-tri- (4-pyridyl) - 
propane (III) and 2,3,4,5- 
tetra - (4 - pyridyl) - thio­
phene (IV). In the ab­
sence of sodium hydroxide 
the yield of tetrapyridyl- 
thiophene (IV) was neglig­
ible, but it was the main 
product (85-90% yield) 
when the reaction mix­
ture contained a catalytic 
amount of sodium hydrox­
ide and the final reaction 
temperature was in the 
vicinity of 300°. In gen­
eral, the presence of so­
dium hydroxide favored 
the production of the un­
saturated compounds of 
dipyridylethylene (II) 
and tetrapyridylthiophene
(IV) at the expense of the 
saturated compounds of 
dipyridylethane (I) and 
tripyridylpropane (III).
The product-distribution 
was also affected by tem­
perature, length of reaction time, and sulfur- 
picoline ratio.

At the lower temperatures, sulfur-free com­
pounds (I, II, and III) resulted, whereas at the 
higher temperatures the main product was the 
sulfur-containing tetrapyridylthiophene (IV).

(1) Aronstein and von Nierop, Rec. trav. chim., 21, 448 (1902).

These results are similar to those of Aronstein and 
von Nierop,1 who treated toluene with sulfur at 
200° and 250-300° to obtain stilbene and tetra­
phenylthiophene, respectively. Likewise, Oddo 
and Raff a2 obtained the sulfur-free compound 3,3'- 
biindole by treating indole with sulfur at 115-125° 
and sulfur-containing products at higher reaction 
temperatures.

The structures of I and II were established as 
follows: (1) oxidation of these compounds to iso- 
nicotinic acid; (2) hydrogenation of II to I;
(3) dehydrogenation of I to II; and (4) the syn­
thesis of 1,2-di-(4-pyridyl)-ethylene (II) by the 
condensation of 4-pyridylaldehyde with 4-pico-

(2) Oddo and Raffa, Gazz. chim. ital., 69, 562 (1939).

CHO

( - H zO)

c h 3
r
CH*
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line. The structure of 1,2,3-tri-(4-pyridyl)-pro­
pane (III) was based on its oxidation to isonico- 
tinic acid. Evidence for the structure of 2,3,4,5- 
tetra-(4-pyridyl)-thiophene (IV) was threefold: 
(1) its synthesis from 1,2-di-(4-pyridyl)-ethane 
(I); (2) its conversion to the sulfur-free com­
pound (V); (3) the similarity of its spectrum in 
the region 280-370 rn.fi (Fig. 1) to that of 2,3,4,5- 
tetraphenylthiophene. The synthesis of IV from
1,2-di-(4-pyridyl)-ethane (I) was accomplished by 
heating the latter with sulfur as in the synthesis 
of tetraphenylthiophene from dibenzyl and sulfur,3 
and tetrapyridylthiophene (IV) was degraded to 
tetrapyridylbutane (V) with zinc and hydro­
chloric acid as in the reductive fission of tetra­
phenylthiophene to tetraphenylbutane.4 5 The 
structure of 1,2,3,4-tetra- (4-pyridyl) -butane (V) 
was based on its oxidation to isonicotinic acid, and 
the conversion of V to IV by reaction with sulfur.

Catalytic hydrogenation of 1,2-di- (4-pyridyl) - 
ethane (I) in cyclohexane solution gave 1,2-di-(4- 
piperidyl)-ethane (VI), whereas hydrogenation in 
ethanol gave the di-N-ethyl derivative (VII) ?

The various reaction mixtures were scrutinized 
for intermediate produc to serve as clues to the 
reaction mechanism. In the benzene series, poly­
meric thiobenzaldehyde, benzyl mercaptan and di­
benzyl sulfide have been hypothesized as inter­
mediates in the reaction of toluene with sulfur be­
cause they pyrolyze to certain of the end-products 
of this reaction, v i z . ,  stilbene and tetraphenylthio­
phene.1 However, in the present case, no analo­
gous intermediates were isolated to justify the 
postulation of a reaction mechanism.

Experimental
4-Picoline.—The 4-picoline (95+%  pure, b. p. 144.2- 

144.4° (743 m m .), w 20d  1.5050, d 204 0.953) was a product of 
the Koppers Company, Inc.

Reaction of 4-Picoline with Sulfur (below 200°).— 
Yield data on several experiments are listed in Table I. 
The general procedure was to heat a mixture of 4-picoline 
with flowers of sulfur (with or without sodium hydroxide) 
in a 3-neck flask equipped with condenser, stirrer and 
thermometer. The mixture darkened and hydrogen 
sulfide was evolved. The final temperature of the re­
action mixture depended upon the length of the heating 
period. After cooling, unreacted picoline was removed 
through a short column at about 45 mm. pressure, distilla­
tion being discontinued when the pot temperature reached

(3) Szperl and Wierusz-Kowalski, Chem. Polski, 15, 19 (1917); 
through Chem. Zentr., 89, I, 909 (1918).

(4) Fromm and Achert, Ber., 36, 534 (1903).
(5) This is another example of simultaneous N-alkylation-

hydrogenation, see King, Baltrop and Walley, J . Chem. Soc., 277
(1945); Adkins, Kuick, Farlow and Wojcik, T h is  J o u r n a l , 56, 
2425 (1934).

Fig. 1.—Absorption curves of tetraphenylthiophene (A) 
and tetra-(4-pyridyl)-thiophene (B) in 95% ethanol.

180°. Redistillation of the overhead showed it to be a t 
least 90% 4-picoline; no higher boiling material was 
present. The reaction product residue was stirred into 
a mixture of ice and 50% sulfuric acid; unreacted sulfur 
was removed by filtration, and the filtrate was made 
alkaline with 30% sodium hydroxide solution. The oil 
layer was separated while warm. The water layer was 
extracted with benzene and the extract was added to  the 
oil. The crude product, dark brown and semi-solid after 
removal of water and benzene, was distilled a t about 3 mm. 
into several fractions. These distillates crystallized in 
the receiver and were purified by crystallization; the pot 
residue was a black, charred solid.

Effect of Reaction Variables (Table I ) .—In the absence 
of sodium hydroxide the main product was dipyridyl- 
ethane; there was considerable tripyridylpropane, but 
little dipyridylethylene. Doubling the relative amount of 
sulfur (e . g . ,  increasing the sulfur-picoline ratio from 1:2 
to 1:1) did not change the product-distribution, but it 
increased the picoline conversion somewhat. The effect 
of lengthening the reaction time was to  increase the 
picoline conversion, partly due to the resulting higher 
final reaction temperature. As remarked above, the 
effect of sodium hydroxide was to favor the formation of 
dipyridylethylene and tetrapyridylthiophene a t the 
expense of dipyridylethane and tripyridylpropane.

1.2- Di- (4-pyridyl) -ethane ( I ) .—Repeated crystalliza­
tion of the fraction melting a t 107-110° (b. p. 167-174° 
a t 3 mm.) from cyclohexane-benzene (3:1) gave compact, 
colorless crystals, m .p .  (capillary) 110-111°, f. p. (cool­
ing curve) 110.9-110.2°.6

Anal. Calcd. for C12H 12N2: C, 78.2; H , 6.6; N , 15.2; 
mol. w t., 184. Found: C, 77.8; H, 6.9; N, 15.0; mol. 
w t., 189.7

The hydrochloride was precipitated from an alcohol 
solution of the base by hydrogen chloride; white crystal­
line powder, 95% yield, m. p . 329-330° (dec.).

Anal. Calcd. for Ci2H 12N2-2HCl: Cl, 27.6. Found: 
Cl, 27.5.

1.2- Di-(4-pyridyl)-ethylene (II).—Three fractions boil­
ing a t 175-189° (2.5 m m .), 175-205° (2 mm.) and 193- 
220° (2 m m .), respectively, were combined and fraction­
ally crystallized from benzene to yield impure I and II , 
the latter being long, white needles, m. p. 151-152°,
f .p .  151.5-151.2°.

(6) All melting points were corrected. The cooling curve tem ­
peratures listed were the initial and the final tem peratures (when 
about 50% of the sample was frozen).

(7) Molecular weights were determined by the m ethod of Hanson 
and Bowman, Ind. Eng. Chem., Anal. Ed,, 11, 440 (1939).
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Reaction of 4-Picoline with Sulfur (Below 200°)

Reactants, Pic
reacted,

%

—Products, wt. % —
Pot

residue
Unac­

counted
forH i. jT °c ric" S NaOH C2H4P2 C2H2P2 C3H5P3 TP4

9 143-166 4 4 0 ‘71 52 2 21 0 9 16
12 137-174 3 3 0 77 46 aKJ 00£UJ (\\j 15 11
12 140-155 3 1.5 0 53 60 4 14 0 10 12
24 140-171 3 1.5 0 71 48 4 24 0 8 16

7 135-160 4 8 0.075 65 32 15 4 0 17 32
12 140-199 4 8 0.075 94 9 0 0 72 13 6
12 135-161 3 3 0.15 78 28 20 11 1 16 24
12 135-162 3 3 0.30 77 26 15 0 26 9 24

a Pic, C2H 4P2, C2H 2P 2 , C3H 5P 3 , T P 4 =  4-picoline, 1,2-di-(4-pyridyl)-ethane, l,2-di-(4-pyridyl)-ethylene, l,2,3-tri-(4- 
pyridyl)-propane, 2,3,4,5-tetra-(4-pyridyl)-thiophene, respectively.

T able I I
Reaction of 4-Picoline with Sulfur (above 200°)

-Products
---------- Reactants, moles--------- h 2s vS, iv r

Hr. O p Pic S NaOH Pic: S % Yield g- % Yield
2.5 150-300 0.05 0.075 0.00025 4:6 101 0 89°
2 .8 175-330 .05 .0875 .00025 4:7 98 0.02 836
2.5 160-290 .05 .100 .00025 4 :8 97 0.5 906
2.5 160-290 .05 .125 .00025 4:10 100 1.5 78*

a Based on sulfur. h Based on picoline.

A n a l .  Calcd. for C i2H ioN 2: C, 79.1; H, 5.5; N, 15.4; 
mol. w t., 182. Found: C, 78.8; H, 5.3; N, 15.6; mol. 
w t., 180.

Its  hydrochloride, precipitated from alcohol in 99% 
yield, was a white crystalline solid, m. p. 347° (sealed 
tube, dec.).

A n a l .  Calcd. for Ci2H 10N2-2HCl: Cl, 27.8. Found: 
Cl, 27.8.

1,2,3-Tri- (4-pyridyl) -propane (III) .—The fraction
boiling a t 230-242° (2 mm.) was repeatedly crystallized 
from ethyl acetate to yield pale yellow crystals, m. p. 
110-111°, f. p. 109.9-109.3°. I ts  melting point was de­
pressed 10-12° by admixture with an equal amount of 
di-(4-pyridyl) -ethane (I) which also melted at 110-111°.

A n a l .  Calcd. for C18H 17N3: C, 78.5; H, 6.2; N, 
15.3; mol. w t., 275. Found: C, 78.8; H, 6.3; N, 
15.2; mol. w t., 282.

Its hydrochloride, precipitated from alcohol in 85% 
yield, was a white hygroscopic powder, m. p. 230-232° 
(dec.).

A n a l .  Calcd. CisHnNa-SHCl: Cl, 27.7. Found:
Cl, 27.4.

Reaction of 4-Picoline with Sulfur (above 200°).—At
temperatures above 200° in the presence of catalytic 
amounts of sodium hydroxide, the main products were
2,3,4,5-tetra-(4-pyridyl)-thiophene (IV) and hydrogen 
sulfide. The data listed in Table II  were obtained from 
small experiments in which hydrogen sulfide was swept 
out of the reaction mixture by nitrogen and collected in 
Ascarite preceded by pumice-sulfuric acid. Approxi­
mately the theoretical amount of hydrogen sulfide was re­
covered; the maximum utilization of sulfur was a t the 
picoline-sulfur ratios of 4:6 and 4:7. The decreased 
yield of tetrapyridylthiophene obtained a t the smallest 
picoline: sulfur ratio of 4:10 (as compared with the theo­
retical ratio of 4:7) was probably due to inclusion of 
product in the recovered excess sulfur. In  typical larger 
scale reactions, a mixture of 4 moles of picoline, 8 moles of 
sulfur, and 0.025 mole of sodium hydroxide was heated 
for fourteen hours (final temperature c a . 245°). The 
reaction mixture was poured into acid and unreacted 
sulfur was removed by filtration; the acid filtrate was 
made alkaline and the precipitated tetrapyridylthiophene 
isolated (85-90% yield).

2,3,4,5-Tetra-(4-pyridyl) -thiophene (IV).—The crude 
product gave about 80% yield of compound IV, m. p. 
251.8-252.6°, pale yellow crystals from methanol or pyri­
dine.

A n a l .  Calcd. for C24H16N4S: C, 73.4; H, 4.1; N, 
14.3; S, 8.2; mol. w t., 393. Found: C, 73.6; H , 4.0; 
N, 14.2; S, 8.4; mol. w t., 401.

The hydrochloride, precipitated from ethanol in 95% 
yield, was a pale yellow hygroscopic solid, m. p. 283- 
285° (dec.).

A n a l .  Calcd. for C24H l6N4S-4HCl: Cl, 26.3. Found: 
Cl, 26.0.

Proof of Structure
Oxidation of Compounds I, II, III and V.—l,2-D i-(4- 

pyridyl)-ethane (1.84 g.) in 100 cc. of water was oxidized 
a t about 60 ° with 6 g. of potassium permanganate added 
in several portions during one and one-half hours. From 
the filtrate (at pH . 3.6) two crops of isonicotinic acid 
were obtained, 1.81 g. (m. p. 317-319° (dec.)) and 0.36
g. (m. p. 314-316° (dec.)). The neutral equivalents 
were 124.3 and 125.6, respectively, compared with the 
theoretical of 123.1. The yield of isonicotinic acid was 
therefore 87%. In similar manner, 1,2-di-(4-pyridyl) - 
ethylene > 1,2,3-tri-(4-pyridyl)-propane, and 1,2,3,4- 
tetra-(4-pyridyl)-butane were oxidized to isonicotinic 
acid in 76, 84 and 74% yields, respectively.

Synthesis of 1,2-Di-(4-pyridyl) -ethylene (II) from 4- 
Pyridylaldehyde and 4-Picoline.—-Selenium dioxide oxida­
tion of 4-picoline in wet dioxane at 90° under nitrogen 
produced a small yield of 4-pyridylaldehyde, b. p. 68- 
74° (11 m m .), n S5n  1 .5 3 8 2 , m. p. of phenylhydrazone
177.5-178.5°.8 4-Pyridylaldehyde (1.79 g.) was heated 
with 1.56 g. of 4-picoline and 2.28 g. of zinc chloride for 
sixteen hours a t 200-215°. The reaction mixture was 
cooled, dissolved in 20 cc. of 3 A  sulfuric acid and two 5-g. 
portions of sodium hydroxide pellets were added. The 
cooled alkaline solution was repeatedly extracted with 
ether followed by chloroform. Removal of the solvent 
left a semi-solid product which was filtered; the filtrate 
was distilled (b. p. 182-189° (4 mm.)) to yield a distillate 
which partially solidified. The weight of the combined 
solids was 0.41 g. (13% yield). Three crystallizations 
from benzene with boneblacking gave colorless needles

(8) W ibaut, K ooym an and Boer, R e c .  trav. chim., 64, 30 (1945).
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which melted a t 151-152° and showed no depression in 
melting point when admixed with di-(4-pyridyl)-ethylene 
(II).

A n a l .  Calcd. for C12H i0N2: C, 79.1; H, 5.5; N, 15.4. 
Found: C ,78.9; H , 5.3; N, 15.7.

Hydrogenation of 1,2-Di-(4-pyridyl)-ethylene (II) to
1.2- Di-(4-pyridyl)-ethane (I).—Hydrogenation of di­
pyridylethylene in methanol with platinum gave a 76% 
yield of product which melted a t 111-112° and did not 
depress the melting point of 1,2-di-(4-pyridyl)-ethane ( I ) .

A n a l .  Calcd. for C12H 1 2N 2 : Cy 78.2; H, 6.6; N,
15.2. Found: C, 78.2; H, 6.7; N , 15.3.

Dehydrogenation of 1,2-Di-(4-pyridyl)-ethane (I) to
1.2- Di-(4-pyridyl) -ethylene (II) .—Dipyridylethane (117 
g.) was passed over 60 g. of a ferruginous dehydrogenation 
catalyst9 a t 600°, atmospheric pressure, and one second 
contact time, with 15 volumes of diluent steam. The 
catalyst carbonized to  the extent of 10.9 weight per cent. 
The catalyzate was a mixture of solid, oil and water (am­
moniacal odor), from which were separated 30 g. of un­
changed dipyridylethane, 20 g. of dipyridylethylene, and 
14 g. of 4-picoline (identified as methiodide, m. p. and 
mixed m. p. 152-153.5°).

Sulfuration of l,2-Di-(4-pyridyI)-ethane to 2,3,4,5- 
Tetra-(4-pyridyl)-thiophene.—A mixture of 3.68 g. of
1.2- di-(4-pyridyl)-ethane (I) and 1.60 g. of sulfur was 
heated for eight and one-half hours a t 170-240°; 0.85 g. 
of hydrogen sulfide was evolved, 0.75 g. of sulfur was 
recovered, and 2.5 g. of a reddish-brown solid was ob­
tained. Crystallization from methanol gave 1.69 g. of 
solid melting a t 246-250°, and recrystallization gave 
yellow crystals melting a t 251.5-252.5° whose melting 
point was not depressed by admixture with 2,3,4,5-tetra- 
(4-pyridyl)-thiophene (IV).

A n a l .  Calcd. for C24H i6N4S: C, 73.4; H , 4.1; N,
14.3. Found: C, 73.6; H , 4.2; N, 14.2.

Reductive Desulfurization of 2,3,4,5-Tetra-(4-pyridyl)-
thiophene (IV) to 1,2,3,4-Tetra-(4-pyridyl)-butane (V).— 
A mixture of 7.84 g. of tetrapyridylthiophene, 20 g. of 
zinc dust, and 100 cc. of 25% hydrochloric acid was 
refluxed for two hours; 25 cc. of 25% hydrochloric acid 
was added and the refluxing was continued for another 
hour. The grayish solid was filtered, boiled for a short 
time with 25% caustic to decompose the zinc chloride 
complex, and the mixture was filtered. The solid was 
extracted with dilute hydrochloric acid, and the nitrogen 
base (4.21 g., 57% yield) was precipitated from the 
extract by caustic (m. p. 262-265° after recrystallization 
from 96% ethanol).

A n a l . Calcd. for C24H22N4: C, 78.6; H, 6.1; N, 15.3; 
mol. w t., 366. Found: C, 78.5; H , 6.1; N, 15.4; mol. 
wt. (Rast), 347.

Sulfuration of l,2,3,4-Tetra-(4-pyridyl)-butane (V) to
2,3,4,5-Tetra-(4-pyridyl)-thiophene (IV).—A mixture of 
1.44 g. of tetrapyridylbutane and 0.75 g. of sulfur was 
heated for two and one-half hours a t 140-245° in a slow 
stream of nitrogen; 0.38 g. of hydrogen sulfide was col­
lected in Ascarite and 0.31 g. of sulfur was recovered. 
The filtrate was made alkaline and 1.36 g. (89% yield) 
of tan-colored precipitate was filtered. Recrystalliza­
tion from methanol gave pale-yellow crystals (m .p . 251.5- 
252.5°) whose melting point was not depressed by admix­
ture with 2,3,4,5-tetra-(4-pyridyl)-thiophene (IV).

A n a l . Calcd. for C24H i6N4S: C, 73.4; H, 4.1; N, 
14.3; S, 8.2. Found: C, 73.7; H, 4.3; N, 14.6; S, 
7.8.

Hydrogenation of 1,2-Di-(4-pyridyl) -ethane (I) to 1,2- 
Di-(4-piperidyl)-ethane (VI).—Dipyridylethane (114 g.) 
w a s  hydrogenated in 300 cc. of cyclohexane a t 135 atm. 
and 175-190° with nickel.10 Distillation yielded 86

(9) Kearby, U. S. P aten t 2,395,875 (1946).
(10) Ipatieff and Corson, Ind. Eng. Chem., 30, 1039 (1938).

g. of material boiling a t 125-130° (2 mm.) which solidified 
in the receiver. Crystallization from Skellysolve B - 
benzene (6:1) gave 68 g. of colorless crystals (m., p. 
110-113.5°) which rapidly formed a carbonate on exposure 
to air. A recrystallized sample of carbonate-free m aterial 
melted a t 113-114°.

A n a l .  Calcd. for C12H 24N2: C, 73.4; H , 12.3; N,
14.3. Found: C, 73.4; H , 12.1; N, 14.3.

The hydrochloride (colorless powder, 96% yield) 
melted a t 366^-368° (dec.).

A n a l .  Calcd. for CI2H24N2-2HC1: Cl, 26.3. Found:
Cl, 26.0.

Hydrogenation of 1,2-Di-(4-pyridyl)-ethane (I) to Di- 
(N-ethyl-4-piperidyl) -ethane (VII).—Dipyridylethane (18 
g.) was hydrogenated in ethanol a t 90 atm . and 2Ö0- 
220° with nickel. The crude product (21 g.) boiled a t 
139-143° (1.5 m m .); redistilled product (w20d 1.4836, 
d 2Q4 0.9005) boiled a t 153-156° (3.5 m m .). The colorless 
liquid base formed a solid hydrate which dehydrated over 
phosphorus pentoxide. The hydrochloride was obtained 
in 91% yield, a white, hygroscopic powder.

A  m l .  Calcd. for Ci6H32N2*2HCl: Cl, 21.8. F ound: 
Cl, 21.8.

The picrate, yellow needles from benzene, melted a t
178.5- 180°.

A n a l .  Calcd. for Ci6H 3 2N 2 -2 C6H 3 N 3 0 7 : C, 47.3; H ,
5.4. Found: C, 47.7; H , 5.4.

Ethylation of 1,2-Di-(4-piperidyl) -ethane (VI).—An 
ethanol solution (25 cc.) of 5.9 g. of dipiperidylethane and
9.8 g. of ethyl iodide was refluxed for two and one-half 
hours. The solid (9.8 g .), which separated on standing 
overnight, was filtered and treated with 65 cc. of 4% 
potassium hydroxide. The mixture was ether extracted, 
and the solid recovered from the ether was shaken with 
benzenesulfonyl chloride in 10% caustic. The solid 
sulfonamide of the non-ethylated dipiperidylethane was 
filtered and the filtrate was ether extracted. Double 
distillation of the ether-soluble oil gave a heart-cut (b. p. 
149-150° (2.5 mm.) n 20i> 1.4839) which formed a picrate 
(m .p . 178.5-180°) which showed no depression with the 
picrate of compound V II.

A n a l .  Calcd. for C,6H 32N 2 -2 C6H 3 N 3 0 7 : C, 47.3; H ,
5.4. Found: C, 47.0; H , 5.3.
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Summary
1,2-Di-(4-pyridyl) -ethane, 1,2-di-(4-pyridyl)- 

ethylene, l,2,3-tri-(4-pyridyl)-propane and 2,3,4,-
5-tetra-(4-pyridyl)-thiophene were obtained from 
the reaction of 4-picoline with sulfur, the product- 
distribution depending upon the conditions.

2,3,4,5-Tetra- (4-pyridyl) -thiophene was con­
verted to 1,2,3, 4-tetra- (4-pyridyl) -butane by re­
ductive desulfurization.

1.2- Di-(4-pyridyl)-ethane and 1,2,3,4-tetra-(4- 
pyridyl)-butane reacted with sulfur to form 2,3,-
4.5- tetra- (4-pyridyl) -thiophene.

1.2- Di-(4-pyridyl) -ethane was hydrogenated in 
cyclohexane solution to 1,2-di- (4-piperidyl) -eth­
ane, and in ethanol solution to 1,2-di- (N-ethyl-4- 
piperidyl) -ethane.
P it t s b u r g h , P a . R e c e iv e d  F e b r u a r y  13, 1948
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Preparation of Some Polymerizable Esters of Long-Chain Saturated Aliphatic Acids
with Unsaturated Alcohols

B y  D a n ie l  S w e r n  a n d  E. F. J o r d a n , J r .

2334 D a n iel  Sw ern  and E. F. J ordan , J r . Vol. 70

If long-chain aliphatic compounds could be co­
polymerized with olefinic monomers of low molecu­
lar weight, the long chain would be chemically 
bound in the polymer molecule and the problems 
of exudation, evaporation and leaching of the 
modifying agent would be eliminated. The intra- 
molecularly modified polymer would retain its 
original properties for a long time and perhaps for 
its entire period of use. By the proper selection 
of monomers and the relative proportions of low 
molecular weight olefinic monomer to fatty com­
pound, a wide range of modified polymers could be 
obtained. The major obstacle, perhaps, to the 
preparation of such intramolecularly modified co­
polymers in the past has been the unavailability 
of pure long-chain compounds containing the 
necessary functional groups.

In a previous publication we described a series 
of polymerizable esters of oleic acid, and discussed 
briefly polymers obtained from some of them, as 
well as their copolymers with vinyl acetate.2 The 
copolymers or intramolecularly modified poly­
mers displayed a wide range of properties (hard, 
glass-like products to tough or soft rubber-like 
materials or viscous liquids), depending on the 
content of oleate ester. When only 1% of the 
more reactive and also the more promising oleate 
esters (vinyl, 2-chloroallyl, methallyl and allyl) 
were employed, insoluble hard, glass-like copoly­
mers, which differed only slightly from unmodified 
polyvinyl acetate, were obtained. Since soluble, 
thermoplastic copolymers with a wide range of 
physical properties are of great industrial impor­
tance and their production is steadily increasing, 
we undertook the preparation of reactive mono­
functional esters from long-chain, saturated ali­
phatic acids for use as intramolecular modifiers for 
low molecular weight olefinic monomers.

The purpose of the present paper is to describe 
the preparation and some of the physical proper­
ties of the vinyl, 2-chloroallyl, methallyl, allyl, 
3-buten-2-yl, crotyl and furfuryl esters of caproic, 
caprylic, pelargonic, capric, lauric, myristic, pal­
mitic and stearic acids, as well as to report briefly 
on the polymerization and copolymerization of 
some of the more reactive esters.

Examination of the literature revealed that 
some of the esters we wished to prepare had been 
described by earlier workers, primarily in patents 
and usually with little or no experimental details, 
and, in general, the products were incompletely

(1) One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, U. S. 
D epartm ent of Agriculture. Article not copyrighted. This paper 
was presented a t the meeting of the American Chemical Society held 
in Chicago, 111., April 19-23, 1948.

(2) Swern, Billen and K night, T his Journal, 69, 2439 (1947).

characterized. Furthermore, in these publica­
tions no information regarding the purity of the 
starting materials or final products was given. 
Inasmuch as commercially available long-chain 
saturated fatty acids, which the earlier workers 
apparently employed, are not pure compounds and 
are almost invariably contaminated with unsatu­
rated acids, it is highly probable that the products 
reported in the literature were impure and, more 
important, were not monofunctional. In prepar­
ing soluble, thermoplastic, intramolecularly modi­
fied copolymers of the type described earlier in 
this paper, the purity of the monomers, especially 
with respect to their functionality, is of the ut­
most importance. In fact, the difficulty experi­
enced by earlier investigators in preparing soluble 
copolymers of high molecular weight in which one 
of the monomers is a long-chain compound, was 
undoubtedly due to the presence of polyfunctional 
impurities in the long-chain compound.

Vinyl esters of long-chain saturated aliphatic 
acids have been described in patents3*4 and in a 
recent publication.5 2-Chloroallyl laurate6 and 
stearate,6 and the methallyl esters of long-chain 
acids from caprylic to stearic have also been re­
ported in recent patents.7 Allyl caproate,89 
pelargonate,10 laurate,11 palmitate812 and stear­
ate12 have been described in several papers and 
patents. Furfuryl palmitate has been described 
in two publications.13*14 No reference to the prep­
aration or properties of crotyl and 3-buten-2-yl 
esters of long-chain fatty acids could be found.

The vinyl esters were prepared by the procedure 
of Toussaint and MacDowell.4 The results are 
summarized in Table I. The vinyl esters were 
colorless, mobile liquids, with the exception of the 
palmitate and stearate, which were crystalline 
solids melting at 27 and 35°, respectively. They 
were insoluble in water and soluble in organic sol­
vents. The short-chain esters had fruit-like odors 
and the long-chain esters were odorless.

When the purified vinyl esters were analyzed, 
low iodine and high saponification numbers were

(3) Reppe, German P aten t 588,352 (1933); U. S. Patent 2,066,075 
(1936).

(4) Toussaint and MacDowell, Jr ., U. S. Patent 2,299,862 (1942).
(5) Powers, Ind. Eng. Chem., 38, 837 (1946).
(6) Coleman and Hadler, U. S. P aten t 2,208,960 (1940).
(7) Price and Kapp, U. S. P aten t 2,341,060 (1944); Brit. P atent 

545,415 (1942).
(8) Golendeev, J. Gen. Chem. (U. S . 5. R.), 10, 1408 (1940).
(9) Moffett and Smith, U. S. P aten t 2,390,164 (1945).
(10) Alekseeva and Isaev, Maslohoino-Zhurovaya Prom., 16, 

No. 5/6, 54 (1940).
(11) Dean, U. S. P aten t 2,374,081 (1945).
(12) Golendeev, J . Gen. Chem. (U. S. S. R.), 6, 1841 (1936).
(13) Tatiiri, J . Chem. Soc. Japan , 60, 442 (1939).
(14) Norris and Terry, Oil and Soap, 21, 193 (1944).
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Yield,® 
Ester %

Boiling point 
°C. Mm.

T a b l e  I

V in y l  E s t e r s  o f  Sa t u r a t e d  A l ip h a t ic  A c id s

Iodine no. & Carbon, % Hydrogen, %
Calcd. Found Calcd. Found Calcd. Found

Caproate 40 98-99
Caprylate 55 134-135 
Pelargonate 55 133-133.5 
Caprate 45 148 
Laurate 55 142
Myristate 60 147-148 
Palmitate** 35 168-169 
Stearate' 30 187-188

100 178.5 173.1 6 7 .6 7
100 149.1 144.3 70.56
50 137.8 136.0 71.69
50 128.0 125.6 72.68
10 112.2 110.5 74.30
4 .8 99.8 97.9 75.53
4 .5 89.8 87.7 76.53
4.3 81.7 79.4 77.36

67.53 9.92 9.87 0.8837
70.21 10.66 10.60 .8719
71.94 10.94 11.19 .8689
72.60 11.18 11.38 .8670
74.36 11.58 11.84 .8639
75.22 11.88 11.93 .8617
76.74 12.13 12.21 .8602®
77.58 12.34 12.46 .8517*

M olecular
refraction

w3oD(Abbe) 6 Calcd. Found
1.4159 40.33 40.38
1.4256 49.57 49.95
1.4291 54.19 54.70
1.4320 58.81 59.33
1.4368 68.04 68.65
1.4407 77.28 77.92
1.4438 86.51 87.18
1.4423* 95.75 96.46

a Pure products after two to three distillations, with the exception of the stearate, which was purified by recrystalliza­
tion of the once-distilled product from acetone. b One-hour Wijs method and a 200% excess of iodine chloride solution. 
c A n  per degree =  -0.0004. M. p. 26.7-27.1°. e J 354 0.8571. /  M. p. 35-36°. * At 40°.

obtained.2 The failure to obtain correct iodine 
numbers was attributed to the reduction in the 
rate of addition of iodine chloride to the double 
bond because of the effect of the electron-attract­
ing acyloxy group in reducing the nucleophilic 
properties of the double bond.15 Reasonably

R—C 02 C H = C H 2
satisfactory iodine numbers (97 to 99%) (Table I) 
were obtained by allowing the iodine number 
determination to proceed for twenty-four hours or, 
preferably, by employing a 200% excess of Wijs 
solution and a one-hour reaction period. Since it 
was noticed that the saponification number in­
creased as the reflux time was lengthened, the 
anomalous saponification number was attributed 
to the consumption of alkali by acetaldehyde, the 
tautomer of vinyl alcohol. The procedure finally 
employed consisted in a five-minute reflux period 
followed by rapid chilling of the sample in ice 
water and immediate titration. Fairly satis­
factory results were obtained in this way (sapon­
ification numbers ranging from 95 to 105% of 
theoretical values), but difficulty was experienced 
in duplicating the analyses. For this reason 
saponification numbers are not listed in Table I.

Polymerization of the vinyl esters in the pres­
ence of 0.5% benzoyl peroxide as catalyst16 
yielded soft, elastic polymers, with the exception 
of polymerized vinyl palmitate and stearate, 
which were white wax-like solids.317 The iodine 
numbers of the polymers were usually less than 
five, thus indicating fairly complete polymeriza­
tion, although occasionally somewhat higher io­
dine numbers were obtained. The polymerized 
vinyl esters were thermoplastic. They were 
readily soluble in benzene and hot amyl acetate 
and, with the exception of polymerized vinyl cap­
roate, insoluble or slightly soluble in acetone and 
glacial acetic acid, and insoluble in water.

Copolymerization of the vinyl esters with vinyl 
acetate or styrene16 yielded products which ranged

(15) Remick, “ Electronic Interpretations of Organic Chemistry,”* 
John Wiley & Sons, Inc., New York, N. Y., 1943.

(16) Guile and H uston, “ A Revised Laboratory Manual of Syn­
thetic Plastics and Resinous M aterials,” Michigan State College. 
1944, p. 99.

(17) Reppe, Starck and Voss, U. S. P aten t 2,118,864 (1938).

in physical appearance from hard and glass-like 
(low content of long-chain ester) to very soft and 
elastic (high content of long-chain ester), with the 
exception of the copolymers of vinyl stearate with 
vinyl acetate, which were hard wax-like solids at 
room temperature. The products containing 
styrene showed indications of incompatibility, par­
ticularly at high contents of long-chain esters. 
All the copolymers were thermoplastic and color­
less, or slightly straw-yellow when styrene was a 
monomer. They were readily soluble in benzene 
and amyl acetate, and either slightly soluble or in­
soluble in acetone and acetic acid, particularly at 
high contents of long-chain esters. The copoly­
mers were insoluble in water.

The wide range of physical properties attainable 
in copolymers containing vinyl esters of long-chain 
fatty acids suggests numerous potential uses for 
the products.5-1718 Furthermore, the polyvinyl 
esters themselves may be useful as modifying 
agents for other polymers, particularly where 
intramolecular modification is either not feasible 
or is undesirable.

The 2-chloroallyl esters were prepared by direct 
esterification of the alcohol with the appropriate 
acid, naphthalene-2-sulfonic acid being employed 
as catalyst and the water formed during the re­
action being azeotropically removed.2 The re­
sults are summarized in Table II. The esters, 
with the exception of 2-chloroallyl stearate, which 
decomposed extensively on heating to its boiling 
point, were isolated in 85 to 95% yields by vacuum 
distillation of the reaction mixture, and they were 
substantially pure without further treatment. 
On redistillation, 60 to 85% yields of pure esters 
were obtained. The stearate was purified by re­
crystallization to constant melting point from ace­
tone. The 2-chloroallyl esters were colorless, mo­
bile liquids, with the exception of the stearate, 
which was a crystalline solid. They were soluble 
in organic solvents and insoluble in water. The
2-chloroallyl esters were unstable, liberating hy­
drogen chloride rapidly at elevated temperatures 
and slowly at room temperature. Products 
stored for some time gradually became discolored 
and contained free hydrogen chloride.

(18) Fikentscher, Off. Tech. Serv. R eport PB A 76327 (1937).
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T a b l e  II
2 -C h l o r o a l l y l  E s t e r s  o f  S a t u r a t e d  A l ip h a t ic  A c id s

Molecular

Ester
Yield,

%
a Boiling point

°C. Mm.
Carbon, % 

Calcd. Found
Hydrogen, % 

Calcd. Found d*°4>
refraction

tt30D(Abbe)& Calcd. Found

Caproate 75 80 4 .5 56.74 56.90 7.93 7.88 1.0067 1.4389 49.82 49.81
Caprylate 80 107-107.5 4 .7 60.40 60.61 8.77 9.05 0.9825 1.4431 59.05 59.00
Pelargonate 75 120 5 61.92 61.85 9.10 9.44 .9719 1.4447 63.67 63.76
Caprate 85 129 4 .2 63.27 63.20 9.39 9.46 .9635 1.4458 68.29 68.30
Laurate 80 151-152 4.2 65.55 65.45 9.91 10.16 .9493 1.4484 77.52 77.64
M yristate 75 173 4.0 67.41 67.31 10.33 10.28 .9377 1.4505 86.76 86.75
Palmitate*5 60 190-191 4.0 68.98 68.17 10.66 10.85 .9291** 1.4524 96.00 96.25
Stearate6 85 200-202 (dec.) 2 70.25 69.98 10.95 10.96 .9149' 1.4497' 105.2 105.3

a Pure products after two to three distillations with the exception of the stearate, which was purified by recrystalliza­
tion from acetone. b A n  per degree = —0.0004. c M. p. 28—29°. d d i04 0.9216. 6 M. p. 36—37°. •'A t 40°. d454
0.9112.

T a b l e  III
M e t h a l l y l  E s t e r s  o f  S a t u r a t e d  A l ip h a t ic  A c id s

Sapon. Molecular

Ester
Yield,®

%
Boiling point 

°,C. Mm.
equiv.

Calcd. Found
Iodine no. b 

Calcd. Found
Carbon % 

Calcd. Found
Hydrogen % 
Calcd. Found d™ 4 (Abbe) c

refraction 
Calcd. Found

Caproate 55 135 100 170.2 170.6 149.1 150.1 70.56 70.40 10.66 10.70 0.8760 1.4250 49.57 49.68
Caprylate 45 147-148 50 198.3 198.6 128.0 129.1 72.68 73.00 11.18 11.20 .8703 1.4308 58.81 59.05
Pelargonate 40 163-164 50 212.3 213.1 119.4 119.8 73.54 73.79 11.35 11.44 .8684 1.4335 63.42 63.60
Caprate 50 175 50 226.3 227.2 112.2 113.1 74.30 74.52 11.58 11.64 . 8665 1.4354 68.04 68.15
Laurate 40 165 10 254.4 255.7 99.8 99.4 75.53 75.65 11.88 11.86 .8638 1.4392 77.28 77.45
Myristate 35 164-165 4 282.5 283.1 89.8 90.5 76.53 76.75 12.13 12.36 .8617 1.4423 86.51 86.85
Palmitate 35 186—186.5 4 310.5 311.0 81.7 81.3 77.36 77.49 12.34 12.24 .8604 1.4450 95.75 96.16
Stearate** 40 204-205 4.6 338.6 339.2 75.0 76.0 78.03 78.45 12.51 12.73 .8593 1.4471 105.0 105.2

° Pure products after two distillations. b One hour Wijs method. c A n  per degree = — 0.0004. d This compound
solidified only after standing for several months at about 25°. M .p. 30.5-31°,

2-Chloroallyl cap rate, myristate and stearate 
were converted to dark-yellow or brown viscous 
oils when polymerized in the presence of benzoyl 
peroxide as catalyst.16 Copolymers of these esters 
with vinyl acetate were tough, elastic, colorless 
products when not more than 10% of long-chain 
ester was employed. As the proportions of 2- 
chloroallyl ester were increased, the products be­
came darker and softer, and at the maximum con­
tent of long-chain ester (60%) they were yellow to 
brown viscous oils. The copolymers containing 
40% of 2-chloroallyl caprate were readily soluble 
in hot acetone, acetic acid, amyl acetate and ben­
zene. Those containing 40% of 2-chloroallyl 
myristate were slightly soluble in hot acetone and 
glacial acetic acid and readily soluble in the other 
solvents, and the copolymers containing 40% of
2-chloroallyl stearate were slightly soluble in amyl 
acetate, acetic acid and acetone but readily soluble 
in benzene.

Although it has been reported in the literature 
that methallyl esters of long-chain acids can be 
prepared by a direct esterification technique in 
which toluenesulfonic acid is employed as cata­
lyst,7 we observed that considerable isobutyralde­
hyde was obtained19 and that the esters were diffi­
cult to purify. For these reasons, we employed 
the alcoholysis method previously described,2 and 
had no difficulty in obtaining the pure esters in fair 
yields (35 to 55%) from the methyl esters of the 
acids and methallyl alcohol containing dissolved

(19) Hearne, Tamele and Converse, Ind. Eng. Chem., 33, 805
(1941).

sodium. The results are summarized in Table
III. The methallyl esters were colorless, mobile, 
stable liquids, insoluble in water and soluble in or­
ganic solvents.

Under the conditions employed in the polymeri­
zation of the vinyl and 2-chloroallyl esters, the 
methallyl esters of the long-chain acids showed 
little tendency to polymerize. This was demon­
strated by the fact that the iodine numbers of the 
products after polymerization were only about 
10% lower than those of the pure monomers 
In this respect they were similar to the methallyl 
esters of short-chain acids.20 Copolymers con­
taining methallyl esters were not prepared.

The allyl, 3-buten-2-yl and crotyl esters were 
prepared in 80 to 90%, 55 to 85% and 50 to 85% 
yields, respectively, by direct esterification of the 
acids with the alcohols, with naphthalene-2-sul- 
fonic acid as catalyst, the water formed during the 
reaction being azeotropically removed.2 We also 
prepared several of the crotyl esters by alcoholy­
sis2 of the methyl esters, but the yields were con­
siderably lower than by the direct method. The 
results are summarized in Tables IV, V and VI. 
The physical properties of a given crotyl ester 
prepared by either esterification technique were 
identical, indicating that the acid catalyst did not 
cause isomerization of the crotyl portion of the 
molecule. The allyl, 3-buten-2-yl and crotyl es­
ters were colorless, stable, mobile liquids with the 
exception of allyl stearate, which was a solid 
melting at 37°. They were insoluble in water and

(20) Ryan and Shaw, T h is  Journal, 62, 3469 (1940).
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Table IV
Allyl E sters of Saturated Aliphatic Acids

Ester
Yield,'

%
z Boiling point 

°C. Mm.

Sapon.
equiv.

Calcd. Found
Iodine

Calcd.
no. b 

Found
Carbon, % 

Calcd. Found
Hydrogen» % 
Calcd. Found J304

waaD 
(Abbe) e

Molecular 
refraction 

Calcd. Found
Caproate 80 92 .5-93 .0 30 156.2 156.4 162.4 161.7 69.19 69.07 10.32 10.28 0.8800 1.4200 44.95 44.93
Caprylate 80 87-88 5.5 184.3 183.7 137.7 137.5 71.69 72.00 10.94 10.79 .8729 1.4271 54.19 54.21
Pelargonate 85 151 50 198,3 198.2 128.0 128.3 72.68 72.80 11.18 11.33 .8702 1.4302 58.81 58.89
Caprate 90 113-114 5.2 212,3 211.8 119.4 118.8 73.54 73.60 11.35 11.03 .8684 1.4326 63.42 63.44
Laurate 90 136 4 .5 240.4 239.8 105.6 105.3 74.95 74.71 11.74 11.53 .8648 1.4370 72.66 72.85
M yristate 90 157 4 .3 268.4 267.0 94.5 94.7 76.06 75.58 12.02 11.89 .8627 1.4404 81.89 82.00
Palm itate 85 d 296.5 294.8 85.6 84.8 76.96 77.25 12.23 12.35 .8609® 1.4431 91.13 91.20
Stearate 85 S 324.5 323.7 78.2 78.6 77.72 77.71 12.42 12.29 .8524* 1.4420* 100,4 100.7

° Pure products after two distillations, with the exception of the palmitate and stearate, which were purified by re­
crystallization from acetone at —20° and 0°, respectively. b One hour Wijs method. c A n  per degree =  — 0.0004. 
d M. p. 25,3-25.5°. e d zh  0.8581. /  M. p. 37.1-37.3°. * At 40°. d %  0.8491.

Table V
3-Buten-2-yl E sters of Saturated Aliphatic A cids

Ester
Yield,® Boiling point 

% °C. Mm.

Sapon.
equiv.

Calcd. Found
Iodine no. & 

Calcd. Found
Caproate 55 189 753 170.2 171.4 149.1 150.6

123 99
Caprylate 60 150 75 198.3 197.9 128.0 128.9
Pelargonate 85 173 100 212.3 212.3 119.4 119.8
Caprate 65 185-186 100 226.3 225.8 112.2 112.8
Laurate 80 156-157 10 254.4 254.3 99.8 100.0
M yristate 70 180 10 282.5 281.8 89.8 90.3
Palm itate 70 180 4 .3 310.5 310.0 81.7 81.9
Stearate 65 199 4 .2 338.6 338.8 75.0 75.7

Molecular
Carbon, % 

Calcd. Found
Hydrogen, % 
Calcd. Found d3°4

«30d
(Abbe) c

refraction 
Calcd. Found

70.56 70.74 10.66 10.56 0.8644 1.4179 49.57 49.59

72.68 72.61 11.18 11.29 .8609 1.4251 58.81 58.93
73.54 74.06 11.35 11.68 .8596 1.4280 63.42 63.63
74.30 74.20 11.58 11.70 .8586 1.4308 68.04 68.28
75.53 75.70 11.88 12.30 .8567 1.4350 77.28 77.55
76.53 76.40 12.13 12.20 .8556 1.4384 86.51 86.77
77.36 77.34 12.34 12.39 .8546 1.4413 95.75 95.99
78.03 77.80 12.51 12.20 .8538 1.4440 105.0 105.3

° Pure products after two to three distillations. 6 One hour Wijs method. c A n  per degree =  —0.0004.

Table VI
Crotyl E sters of Saturated Aliphatic A cids

Sapon.
Yield, a Boiling point equiv. Iodine no. b

Ester % °C. Mm. Calcd. Found Calcd. Found
Caproate 60 141 100 170.2 170.0 149.1 147.8
Caprylate 55

85**
154-154.5 50 198.3 197.6 128.0 128.4

Pelargonate 85** 165 50 212.3 211.7 119.6 118.8
Caprate 65 181 50 226.3 225.0 112.2 112.9
Laurate 65 167-168 10 254.4 254.3 99.8 99.8
M yristate 50 170 4 .3 282.5 282.0 89.8 89.7
Palm itate 70 188-189 3 .8 310.5 310.1 81.7 81.4
Stearate' 35

85**
209 4 .5 338.6 337.3 75.0 75.2

Molecular
Carbon, % 

Calcd. Found
Hydrogen, % 
Calcd. Found d* o4

W30D

(Abbe) 6
refraction 

Calcd. Found
70.56 70.87 10.66 10.75 0.8789 1.4279 49.57 49.82
72.68 72.84 11.18 10.74 .8730 1.4335 58.81 59.08

73.54 73.33 11.35 12.02 .8709 1.4358 63.43 63.70
74.30 74.64 11.58 11.48 .8687 1.4378 68.04 68.36
75.53 75.79 11.88 12.14 .8656 1.4411 77.28 77.62
76.53 76.06 12.13 12.67 .8632 1.4442 86.51 86.94
77.36 77.70 12.34 12.28 . 8616e 1.4466 95.75 96.20
78.03 77.96 12.51 12.51 .8566* 1.4467* 105.0 105.5

° Pure products after two distillations. b One hour Wijs method. c A n  per degree — —0.0004. d Yield by direct 
esterification of crotyl alcohol with the fatty  acid. All other yields in this table are for the alcoholysis reaction. e <2354 
0.8581. '  M. p. 30.5-31°. * At 35°.

soluble in organic solvents. The short-chain allyl 
esters had fruit-like odors, whereas the long-chain 
compounds were odorless.

The allyl esters also showed little tendency to 
polymerize when heated with 0.5% benzoyl per­
oxide as catalyst,16 the iodine numbers of the prod­
ucts being only 10 to 20% lower than those of the 
corresponding monomers. Copolymers of the al­
lyl esters with diallyl phthalate ranged from tough 
to soft colorless gels as the content of allyl ester 
was increased from 1 to 20%. These copolymers 
were insoluble in acetone, amyl acetate, benzene 
and acetic acid.

Because of the known lack of polymerizability 
of the 3-buten-2-yl and crotyl esters,2 their poly­
mers or copolymers were not prepared.

The furfuryl esters were obtained in only 30 to 
50% yields by alcoholysis of the methyl esters of 
the long-chain acids with furfuryl alcohol contain­

ing dissolved sodium.2 The results are summa­
rized in Table VII. They were pale-yellow, mobile 
liquids, with the exception of the stearate, which 
was a solid melting at 41°. The furfuryl esters 
were insoluble in water and soluble in organic 
solvents. The stearate, isolated by distillation, 
was pale-yellow when molten. When recrystal­
lized from acetone, it was a beautiful crystalline 
solid which was colorless when molten and had 
physical properties identical with those of the 
product purified by distillation alone, indicating 
that the discoloration of the products was caused 
by impurities present only in traces.

Experimental
All the reactions and distillations described were con­

ducted in an atmosphere of nitrogen.
Starting M aterials.—Pure caproic, caprylic, pelargonic 

and capric acids were prepared from the 90% commercial 
grades of these acids by repeated distillation under vacuum
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T a b l e  VII
F u r f u r y l  E st e r s  o f  Sa t u r a t e d  A l ip h a t ic  A c id s

Sapon. Molecular

Ester
Yield,®

%
Boiling point 

°C. Mm.
equiv.

Calcd. Found
Carbon, % 

Calcd. Found
Hydrogen, % 
Calcd. Found d*h

W 30D

(Abbe) 6
refraction 

Calcd. Found
Caproate 50 149-150 50 196.2 194.1 67.32 66.98 8.22 8.13 1.005 1.4550 53.16 53.10
Caprylate 30 139 10 224.3 222.0 69.58 69.32 8.98 9.24 0.9789 1.4560 62.40 62.32
x ciai guiiuLC *tu 1 IM S' 1 PO Alux . cr-xcMJ . v/ 10 090 O iJOO . u 236.0 70.55 70.29 9.31 8.87 .9687 1.4563 67.02 66.88
Caprate 35 167 10 252.3 251.0 71.40 71.08 9.58 9,58 .9600 1.4570 71.63 71.54
Laurate 35 167-168 3 .8 280.4 279.1 72.84 72.11 10.07 10.15 .9462 1.4578 80.87 81.00
M yristate 40 187-187.5 3.9 308.5 306.9 74.00 73.85 10.46 10.64 .9352 1.4588 90.11 90.26
Palm itate 30 205-206 3 .8 336.5 334.0 74.95 74.75 10.78 10.93 .9226° 1 .4580c 99.34 99.70
Stearate** 35 211-213 2.5 364.6 363.2 75.76 75.31 11.06 10.52 . 9086e 1 .4549e 108.6 108.9
Pure products after two distillations. b A n  per degree =  --0.0004. c At 35°. d M. p. 40.7-41.4 °. * At 45°.

through efficient fractionating columns. Pure lauric acid 
was prepared from the purest commercial grade by two 
recrystallizations from acetone (10 ml. of solvent per 
gram of solute) a t —40°, followed by fractional distillation 
under vacuum. Pure myristic acid was similarly pre­
pared, except th a t two crystallizations a t —20° were 
employed." Pure palmitic acid was prepared by repeated 
crystallization of the purest commercial grade from 
acetone (10 ml. of solvent per gram of solute) a t 0° until 
a constant melting point was obtained. Pure stearic 
acid was prepared by two recrystallizations from acetone 
a t 0 ° of the fatty  acids obtained from completely hydro­
genated soybean oil. The methyl esters were prepared 
from the acids by refluxing them for six hours with a large 
molar exce’ss (500%) of anhydrous methyl alcohol contain­
ing a small quantity (2% by weight of the acid) of 95% 
sulfuric acid as catalyst. The reaction mixture was 
poured with thorough mixing into a large quantity of warm 
water (40-50°) in a separatory funnel, and the lower 
aqueous layer was separated and discarded. The esters 
were washed with warm water until free of sulfuric acid 
and dried by heating to 100° under moderate vacuum 
in a stream of inert gas. They were then distilled under 
vacuum through an efficient fractionating column. The 
products employed in the reactions described had the 
theoretical neutralization or saponification equivalents, 
and their physical properties (m. p ., b. p ., and u b  [Abbe]) 
agreed with the best values reported in the literature.21*22'23

The unsaturated alcohols were distilled through ef­
ficient fractionating columns before use.

Vinyl acetate, styrene and diallyl phthalate, were ob­
tained from the commercial grades by fractional distilla­
tion. These substances were used immediately after 
isolation.

Vinyl Esters.—The procedure of Toussaint and Mac­
Dowell4 was employed. The yield of once-distilled ester 
was 50 to  70%, and upon redistillation in the presence of 
sufficient sodium bicarbonate to neutralize the small 
quantities of free acid which these esters usually con­
tained, 30 to 60% yields of pure vinyl esters were obtained. 
Negligible residues were obtained on redistillation, with the 
exception of the distillations of vinyl palmitate and 
stearate, the two highest boiling vinyl esters prepared. 
Vinyl stearate was most conveniently purified by recrystal­
lization of the once-distilled product from acetone (3 ml. 
of solvent per gram of solute) a t 0°. I t  was a crystalline 
solid, and its physical properties and those of the product 
purified by redistillation were identical. The results 
are summarized in Table I.

2-Chloroallyl, Allyl, 3-Buten-2-yl and Crotyl Esters.— 
The azeotropic method previously described2 was em­
ployed, and refluxing was continued until the theoretical 
quantity of water was evolved. In the preparation of 
the 3-buten-2-yl esters, eighteen to  twenty-four hours of 
reflux time was usually required, whereas only three to 
six hours was required when the primary alcohols were

(21) Dorinson, M cCorkle and Ralston, T his J o u r n a l , 64, 2739
(1942).

(22) Pool and Ralston, Ind. Eng. Chem,., 34, 1104 (1942).
(23) Markley, “ F a tty  Acids,” published by Interscience Pub­

lishers, Inc., New York, N. Y., 1947.

employed. The esters were isolated from the reaction 
mixture by vacuum distillation, with the exception of allyl 
and 2-chloroallyl stearate and allyl palmitate, which were 
recrystallized to constant melting point from acetone (3 
to 4 ml. of solvent per gram of solute) after recovery of the 
unreacted alcohol. Some of the crotyl esters were also 
prepared by the alcoholysis method,2 but the yields were 
much lower than by the direct method. The results are 
summarized in Tables II , IV, V and VI.

Methallyl and Furfuryl Esters.—The alcoholysis method 
previously described was employed.2 The results are 
summarized in Tables I II  and V II.

Polymerization of Vinyl, 2-Chloroallyl, Methallyl and 
Allyl Esters.—Approximately 5-ml. portions of the 
freshly distilled esters were weighed into test-tubes, 
0.5% by weight of benzoyl peroxide was added and the 
polymerizations were conducted in a thermostatically 
controlled oven.18 Solubilities were determined in ben­
zene, acetone, glacial acetic acid and amyl acetate a t room 
temperature, and in the case of those solvents in which 
the polymers were insoluble, also a t 100 ° or a t the boiling 
point, whichever was reached first. The results obtained 
have been discussed earlier in the manuscript.

Copolymerization of Vinyl, 2-Chloroallyl and Allyl 
Esters.—The vinyl esters were copolymerized16 with 
vinyl acetate and also with styrene, the 2-chloroallyl 
esters with vinyl acetate only, and the allyl esters with 
diallyl phthalate. Benzoyl peroxide (0.5% on a total 
monomer basis) was employed as catalyst. When vinyl 
acetate was employed as a monomer, copolymers were 
prepared containing from 1 to 60% of long-chain ester, 
on a total monomer basis. When styrene and diallyl 
phthalate were employed as monomers, copolymers were 
prepared containing a maximum content of long-chain 
ester of 40 and 20%, respectively.

Acknowledgment.—We are indebted to C. L. Ogg 
and associates for the carbon and hydrogen analyses, to 
Geraldine N. Billen for some of the density and refractive 
index determinations, and to R. E. Koos for most of the 
iodine number and saponification equivalent determina­
tions.

Summary
Vinyl, 2-chloroallyl, methallyl, allyl, 3-buten-

2-yl, crotyl and furfuryl esters of caproic, caprylic, 
pelargonic, capric, lauric, myristic, palmitic and 
stearic acids have been prepared, and some of their 
properties have been determined. Modified pro­
cedures for the determination of the iodine and 
saponification numbers of the vinyl esters are de­
scribed.

The polymerization of the vinyl, 2-chloroallyl, 
methallyl and allyl esters, with benzoyl peroxide 
as catalyst, has been studied briefly. The poly­
merized vinyl esters are soft, colorless, elastic 
masses, with the exception of polymerized vinyl 
palmitate and vinyl stearate, which are white, 
wax-like solids. The polymerized 2-chloroallyl es-
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ters are dark-yellow or brown viscous oils. The 
methallyl and allyl esters display little tendency 
to polymerize..

The vinyl esters have been copolymerized with 
vinyl acetate and also with styrene, the 2-chloro­

allyl esters with vinyl acetate only and the allyl 
ësters with diallyl phthalate. The wide range of 
properties attainable in the copolymers suggests 
numerous potential uses for the products. 
P h il a d e l p h ia  18, P a . R e c e iv e d  J a n u a r y  22, 1948

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  P h y s io l o g y , S e c t io n  o f  M a t h e m a t ic a l  B io p h y s ic s , U n iv e r s it y  o f  
C h ic a g o , a n d  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  R o c h e s t e r ]

Equilibrium Equations for a Model of Antibody-Antigen Combination
B y  M a n u e l  F. M o r a les , J e a n  B otts  a n d  T e r r e l l  L. H il l

Application of statistical procedures to models 
of antibody-antigen combination yields expres­
sions involving certain thermodynamic constants 
of the equilibrium; such expressions enable the 
calculation of these constants from conventional 
measurements, and may therefore be of interest. 
We wish to present here certain relations of this 
sort based on a useful model proposed recently by 
Teorell.1*2’3

In Teorell’s model, antibody (A) is assumed uni­
valent,4 and antigen (G) is assumed n-valent; the 
aggregate compounds have therefore the formulas, 
AG, and the equilibrium is formally similar to 
that of ampholyte dissociation5

A +  Ai_iG A G  1
\  i  =  1,2 , (1)

Ki =  [ A i G l / l A H A i - i G ]  J
We shall assume in what follows that the total 
concentrations of antibody and antigen, Ao and 
Go, respectively, are known experimentally. De­
ferring until later a discussion of the matter, we 
shall also suppose that the concentration ratio of 
total bound antibody to total bound antigen in the 
initial solution

R  =  r iA iG l/f f  [AG]
i=1 # =1

is measurable (actually this ratio is measurable 
only in the precipitate which subsequently forms). 
Clearly, Lim R = nt the antigen valence. In cer-

Ao—> oo
tain cases it will be further required to know the 
amounts of bound A and G. Various assumptions 
regarding the aggregation will now be considered 
separately.

I. The reactivity of a vacant reactive site on 
the surface of an A-G  aggregate is assumed to be

(1) Teorell, Nature, 151, 696 (1943).
(2) Teorell, J . Hyg., 44, 227 (1946).
(3) Teorell, ibid., 44, 237 (1946).
(4) The unsettled rivalry between th is model, which goes back to 

the concepts of Bordet, and the framework model proposed inde­
pendently by M arrack and Heidelberger and la ter greatly elaborated 
by Pauling (T h is  J o u r n a l , 62, 2643 (1940)) is acknowledged. The 
same methods here used, however, appear applicable to the la tter 
case, although with more difficulty.

(5) Analogs to our cases I  and I I  below have been given for ampho­
ly te dissociation by Kirkwood in Cohn and Edsall, “ Proteins, Amino 
Acids and Peptides,” Reinhold Publ. Corp., New York, N. Y., 1943, 
pp. 290-294. The specific model treated , however, is quite different.

completely independent of the remainder of the 
structure on which it exists. In this case it may 
be shown that

KffAKl Jr K i l A V n Y - 1 ■
(1 +  K x[A]/n)» -  1 W

If Ao and Go be given special values, Ao and Go 
such that [A] becomes equal to n /K Xf then R  
takes on a special value, R ' = (n /2 ) /( l  — 1/2”), 
which is very nearly n /2  for n  ^  4. Conversely, 
one may vary Ao and Go experimentally until R  
becomes, say, n/2 \ at that point [A] equals n /K lf 
and one may also show that on this account

Ai = n/(A0' -  R'Go') (3)
Ki is thus obtainable from the usual concentra­
tion measurements. All other equilibrium con­
stants are derivable from K i by means of the 
formula

K i  =  ( K J n ) ^  -  i  +  1 ) / i  (4)
II. The antibody molecules on the surface of 

the same antigen are assumed to attract or repel 
one another. It is assumed (rather reasonably) 
that these interactions can be represented as an 
A-A bond energy, E aa , and that they operate only 
between nearest neighbor molecules. To treat 
this case one must make specific assumptions 
about the surface lattice formed by the reactive 
sites on the antigen. We shall here consider three 
such lattices, corresponding to the contact points 
on any sphere6 in the (a) hexagonal closest pack­
ing of spheres, (b) cubic closest packing of spheres, 
and (c) simple cubic packing of spheres. In this 
case we have

i = n
E  E  exp { - p E AA/kT)

R =  p ------------------------------------------------  (5)
E  E  ( * i [ A ] / » m «  exp (~ p E AA/kT)
i = l  p

where, for a given lattice, W /p) is the number of 
microscopically different ways in which i  antibody 
molecules may be placed on an antigen molecule 
in such a manner that among the antibody mole­
cules there will be p nearest neighbor pairs. The 
calculation of the WfF) is considered elsewhere.7

(6) Pauling, “ N ature of the Chemical Bond,” Cornell University 
Press, Ithaca, N. Y., 1940.

(7) Morales and Botts, J . Chem. Phys., 16, 587 (1948).
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Fig. 1.—Critical value of A as a function of Eaa! kT, for 
two different lattices and for two degrees of approximation 
(cases II  and IV of the text).

Suffice to say here that the value of R , viz., R ', at 
which K i =  n [ (Ao' — R'Go') is now no longer n/2, 
but depends also upon E a a . Once E a a  is known, 
as from colligative property measurements on 
concentrated solutions of pure antibody, then R ' 
is calculable (see, for example, Fig. 1, curves II). 
The relation between the Ki  and K± is given by

Ai E  W iM  exp ( ~ p E A A /k T )

n Yu w ^ ip) exP (-p^AA/kT)
P

III. A  and G are assumed to be spherical mole­
cules of approximately the same mass and radius, 
and the moment of inertia of A XG is assumed to be 
the same as that of an equivalent sphere having 
the aggregate mass and volume of i +  1 mole­
cules. The inclusion now demanded of the trans­
lational and rotational effects upon the equilibrium 
can only be done very approximately, employing 
gas-type partition functions, but the results have 
some comparative value over those derived in 
section I. One finds that

j? = Q(Q +  1)4(1 +  Ai[A]/16w)n 
(Q +  1)4(1 +  Ai[A]/16»)n — 1

where Qk stands for the operation, d/d log [A]. 
In this case K i — 16n/[A] when R  takes on a defi­
nite value R f(n) readily calculable from (7). 
However, it will in general be required to measure 
[A] at this point (as distinct from simply know­
ing A  o). The formula for Ai is

Ai = (Ki / l§n)  [(i +  l ) / i Y ( n  -  i +  1 ) / i  (8)
IV. The conditions in II and III above are to 

be combined. For this case

E *(* + l)4 E fki(p) exp. ( - p E A A / k T )

~----- -------------------- ------  (9)
E (*■ +  D 4 E exp. ( -PEAA/kT)

i=* 1 P

the value of R  when K 1 =  16w/[A], can be plotted 
for a given lattice (Fig. 1, curves IV) as a function 
of E a a - It is, as in Case III, required to know [A] 
experimentally. For Ki we have

Ki =  (K,/16n)[{i
E  exp. { - p E AJ k T )

-L. -n /.;u . p  ____ ________ _—
' A//t/J E ^ i - l (2>)eXP - ( - P E A A / k T )

( 10)
In the foregoing cases, I-IV, we have considered 

varying degrees of approximation to the descrip­
tion of the equilibrium (1) presumably in the solu­
tion phase; however, we have already indicated 
that total amounts, ratios, etc., are actually meas­
ured in the precipitate which appears upon com­
pletion of the “secondary reaction” or floccula­
tion, this secondary reaction customarily being 
aided by the application of a centrifugal field. It 
is now necessary to discuss the relation between 
the solution composition (as described by the 
equations above) and the precipitate composition. 
The simplest hypothesis of all, and the one with 
which we will content ourselves for the present, is 
to assume (as have Teorell and others) that 
[AiGLoi’n. =  [AiG]Ppt. Rash as this may sound, 
it is nevertheless possible to imagine situations in 
which it may be approximately true. On the basis 
of a monovalent antibody the qualitative reason 
for the insolubility of the A-G aggregates (com­
pared to A and G) is ascribed to the occlusion8 by 
A-G bond formation of sites which ordinarily 
would interact strongly with the solvent, and con­
fer an appreciable solubility on the molecule. If 
we suppose that the “primary” reaction (1) 
reaches equilibrium and then a precipitating con­
dition (e. g., centrifugation or flocculation by quite 
a different mechanism) is suddenly applied, one 
would obtain

E  i{ [AiG]soi>n. -  [A iG U J

R ppt X l t A i G W
i

[AfG ]sat.}
(11)

where [AiG]sat. is the molar solubility of the AiG 
aggregate in the presence of the suddenly applied 
condition. If, in particular, all [AiG]sat. are near 
zero,9 then we are left with the R dealt with in 
cases I-IV. Quite a different justification for the 
assumption [AiG]soi n. =  [AiG]ppt. has been sug­
gested by Teorell,2 namely, that molecules of the 
size and nature (number of reactive sites) involved 
here may, as it were, be “precipitated in part” or, 
more specifically, that sites on the structure which 
have not reacted may participate in the solution 
equilibrium; the fact that certain enzymes (e. g., 
beef catalase) when acting as antigens can catalyze 
their specific reaction even after having been pre-

(8) Boyd, “ Fundam entals of Immunology,” Interscience Pub­
lishers, New York, N. Y., 1947.

(9) This restriction may be lightened by developing approximate 
expressions for [AiG]sat. based on M eyer’s solubility equation (see 
M ark, “ The Physical Chemistry of High Polymeric System s,” 
Interscience Publishers, New York, N. Y., 1940, p. 249).
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cipitated in A-G form is cited by him as indicating 
the plausibility of the phenomenon. It is cer­
tainly true that neither of the two foregoing argu­
ments is thoroughly convincing, and the assump­
tion must be regarded as provisional, even though 
the experimental comparison of equations based 
upon it is quite encouraging.8 Probably the most 
satisfactory treatment would be to introduce defi­
nite solubilities for the aggregate molecules and 
treat the solution-precipitate equilibrium in the 
standard way. This has been done for the re­
stricted case of bivalent antibody and bivalent 
antigen (corresponding, so far as mechanical con­
siderations are concerned, to our case I) by Paul­
ing, et al.10 It can also be done, although with 
considerable awkwardness, for the present cases.

So long as the numerical values are not taken 
too literally but viewed, rather, in a comparative 
sense, it may be of some interest in closing to ex­
amine numerically the effect on the equilibrium 
constants of including the perturbations of eases
II, III, and IV. Previous treatments (corre­
sponding to case I) do not appear to have included 
them, or, when allowing for perturbations of any 
sort, have not specified how they can be calcu­
lated. Let us consider, for example, a system 
where A and G are spherical molecules of molecu­
lar weight, 100,000 g., and radius, 75 A., the tem­
perature is 37°, and the surface lattice of reactive 
sites on G is the hexavalent lattice, (c). To esti­
mate the effect of translation and rotation we may 
compare the results of case I with those of case
III. By the method of case I the K \ are deter­
mined only up to a multiplicative constant (in­
volving the translational and rotational factors) 
which is supposed to be independent of i. This is 
also clearly the case in ordinary thermodynamic 
formulations and in so-called “kinetic” deriva­
tions, wherein no method is provided for calculat­
ing the proportionality constant on the basis of 
mechanical information about the reactant mole­
cules. Actually, as a result of translation and ro­
tation and A-A interactions (cases II-IV), the 
“constant” does depend on i. Since we cannot 
compute the absolute value of K / l\  we cannot 
examine the effect (say, translation and rotation) 
of this dependence upon the ratio, K f^ /K / 111̂ ; 
however, we may consider instead the function 
( E / HI)/ A 6(iii)) / / K6(i)), in which the pro­
portionality “constant” does not appear, and 
which, if translational-rotational effects are negli­
gible, should be unity. Actually, it turns out to 
be about 8.7 in this example. The effect of even

(10) Pauling, et al., T h is  J o u r n a l , 64, 3003 (1942).

very slight A-A interactions can be estimated by 
a comparison of case I and case II.7 Assuming a 
repulsion, E aa =  -\-kT, one finds K f ^ / K / 11̂ =  
l ,K zT ) / K ^  =  4.9, and E 6(iy K 6(II) =  328, again 
emphasizing that such interactions are not to be 
disregarded. Still a third instructive compu­
tation is an estimate of the absolute value of the 
equilibrium constants and therefore of the stand­
ard free energy change per reaction site. (This is 
admittedly quite rough, because the system for 
which a good value of AH  has been measured does 
not conform too well with our particular numerical 
example.) Using a hemocyanin as an antigen and 
horse antibody, Boyd, et al.,11 found the AH  (or 
what we shall here assume as equivalent, AE) per 
site to be about —40,000 cal. This leads12 to a 
E i(m) value of 1.18 X 108 li. mole-1, and a AEi° 
of —11,400 cal. Assuming that an A-G bond is 
really the composite of several “weak” bonds of 
bond energy ca. 5,000 cal.,6 one finds for our ex­
ample a free energy change per individual weak 
bond of about —1400 cal., which is not an un­
reasonable value.

The authors are indebted to Professors Linus 
Pauling and William C. Boyd for criticisms help­
ful in the preparation of this manuscript.

Summary
Assuming a polyvalent antigen and a mono­

valent antibody, there are derived by conventional 
statistical methods eertain relations between meas­
urable concentrations of the reactants and the 
dissociation constants characterizing the equi­
librium. From these relations it is possible to cal­
culate the constants, given the appropriate con­
centration data. This is done for various assump­
tions regarding the nature of the reaction. Rough 
estimates made on the basis of existing informa­
tion suggest that certain perturbations of the 
equilibrium, such as the interaction between near­
est neighbor antibody molecules on the same anti­
gen molecule or the effects of translation and ro­
tation, may not be negligible as usually has been 
assumed in the past.
C h ic a g o , I I I .
R o c h e s t e r , N. Y . R e c e iv e d  F e b r u a r y  24, 1948

(11) Boyd, et al., J . Biol. Chem., 139, 787 (1941).
(12) Under the assum ptions of case I I I ,  the absolute expression for 

K iis
_______ 2*None~EAG/kT_______

1 ”  \27rmkT/h2) zA ( ^ 2ma2k T / h 2) zh-F^r 
where No is the Avogadro number, m the mass, k the Boltzmann 
constant, T  the absolute tem perature, h the Planck constant, and a 
the radius of the molecule.
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[C o n t r ib u t io n  fr o m  t h e  D a n ie l  S i e f f  R e s e a r c h  I n s t it u t e ]

The Fine Structure of Sulfanilamide
B y  A . Weizmann

The physical properties of sulfanilamide (its 
solubility, low in non-polar, and high in polar sol­
vents, its absorption spectrum,1 its high electric 
moment2) may be explained by the assumption of 
a charged structure contributing to the actual 
state of the molecule. The possibility that S = 0  
double bonds participate in such resonating sys­
tems as

NH2 n h 2+

< — >-

I / O
H2N—SC H

has, however, been doubted occasionally on the 
strength of the hypothesis that S = 0  is not a real 
double bond, but a “semipolar” bond system.3

A decision appeared possible by the application 
of a method first used by Birtles and Hampson4 in 
the case of 4-nitroaniline. If the high dipole mo­
ment of sulfanilamide is due to a contributing 
charged structure, ortho-substituents bulky 
enough to prevent the necessary monoplanar ar­
rangement of the substituents of the double bond, 
should make the charged form incapable of exist­
ence and should, therefore, reduce the electric mo­
ment.

2,3,5,6-Tetramethylsulfanilamide has, indeed, 
a lower moment (5.3 =*= 0.8) than the parent sub­
stance (6.63). According to Kumler and Halver- 
stadt2 the theoretical value for the moment of 
sulfanilamide (and, of course, its tetramethyl de­
rivative), should be 5.82, if the classical formula is 
correct.

For the sake of comparison, it is interesting to 
note that in contradistinction with the behavior of 
sulfanilamide, the moments of methyl 2,3,5,6- 
tetramethylbenzoate (2.6 =*= 0.4) and 2,3,5,6-tet- 
ramethylphenylurethan (3.1 =*= 0.8 in benzene;
3.2 ±  0.4 in dioxane) are somewhat higher than 
those of the parent substances, methyl benzoate 
(1.9 =*= 0.5)5 and phenylurethan (2.56 =*= 0.03), re­
spectively. The reason for this phenomenon is 
obscure; in neither case a significant contribution 
of a charged form is to be expected; in the latter, 
the acylation of the amino-group prevents its 
participation in such a formula.6

(1) Kumler and Strait, T h is  J o u r n a l , 65, 2349 (1943); Kumler, 
ibid., 68, 1184 (1946). See also H alverstadt and Kumler, ibid., 63, 
624 (1941); Kumler and Daniels, ibid., 65, 2190 (1943).

(2) Kumler and H alverstadt, ibid., 63, 2182 (1942).
(3) See, e. g., Arndt and M artius, Ann., 499, 228 (1932).
(4) Birtles and Hampson, J . Chem. Soc., 10 (1937).
(5) Previous values: 2.06, 1.8, 1.91, 1.83, 1.9 (Trans. Faraday Soc., 

30, LI (1934)). See also H alverstadt and Kumler, T his Journal, 
64, 2988 (1943).

(6) Prof. Norman R. Jones has also found some unexpected fea-

Some preliminary observations on the biologi­
cal activity of tetramethyl-sulfanilamide may be 
of interest.7 The substance showed no bacteri­
cidal or bacteriostatic action in vitro, perhaps due 
to its low solubility in water. In  vivo, however, it 
showed approximately the same activity as sulfa- 
guanidine, especially against gram-negative bac­
teria.

Experimental
Durene was prepared according to v. Braun and Nelles8 

and aminodurene according to  W illstatter and Kubli,9 who 
also described briefly the N-acetyl derivative (m.p.  207°). 
If in its preparation (5 g. of aminodurene, 15 cc. of acetic 
anhydride on the water-bath for th irty  minutes; cooling; 
filtration; recrystallization from glacial acetic acid) the 
reaction mixture is heated to  the boiling point, the N,N- 
diacetyl derivative, m . p .  137°, is formed.

A n a l . Calcd. for C14H i90 2N : C, 72.1; H, 8.2. 
Found: C, 72.0; H , 8.3.

By treatm ent with the theoretical amount of 15% m eth­
anolic potassium hydroxide solution (two hours), one 
acetyl group is split off.

The N-Acetyl-2,3,5, 6-tetramethylaminobenzenesulf on - 
amide.—N-Acetylaminodurene (0.9 g.) was added slowly 
to chlorosulfonic acid (10 g.) a t 10-15°. The reaction 
was completed a t 55-60 ° (ninety minutes) and the product 
poured on ice, filtered, washed with water and boiled for 
ten minutes with 15% aqueous ammonia; from glacial 
acetic acid, m . p .  262°.

A n a l .  Calcd. for Ci2H180 3N2S: C, 53.3; H, 6.7. 
Found: C, 53.6; H , 6.7.

Boiling 15% aqueous potassium hydroxide, 10% alco­
holic potassium hydroxide solution or 10% alcoholic hydro­
chloric acid left the substance unattacked; the last-men­
tioned reagent a t 180° gave aminodurene, m. p. 75°.

For the synthesis of tetramethylsulfanilamide, the 
following route proved more successful:

N-Carbethoxyaminodurene (2,3,5,6-tetramethylphen- 
ylurethan).—To a well-agitated mixture of aminodurene 
(1 g.), sodium carbonate (0.53 g.) and benzene (15 cc.), 
ethyl chlorocarbonate (2 g.) was added a t room temper­
ature. The reaction was completed a t 80° (ten minutes) 
and the reaction product recrystallized successively from 
dilute acetic acid and benzene or petroleum ether. I t 
formed needles of m. p. 154-155°.

A n a l .  Calcd. for ClsH ly0 2N : C, 70.6; H, 8.6. 
Found: C, 70.8; H, 8.8.

N-Carb ethoxy-2,3,5,6 -tetramethylaminob enzenesulf on - 
amide.—The preceding substance (0.5 g.) was added 
slowly with agitation and cooling (0°) to chlorosulfonic 
acid (10 cc .). After th irty  minutes a t room temperature, 
the product was poured on ice, and the waxy solid filtered, 
washed with ice water and boiled for five minutes with 15% 
aqueous ammonia. I t  crystallized from 50% acetic acid 
in platelets, m. p. 225° (dec. 230°); yield, 61%.

A n a l .  Calcd. for Ci3H20O4N2S: C, 52.0; H, 6.7. 
Found: C, 52.0; H , 6.6.

2,3,5,6-T etramethyl-aminobenzenesulfonamide.—The 
N-carbethoxy- compound was hydrolyzed with boiling
tures in the absorption spectra of the above substances. He will
report on his findings independently.

(7) Thanks are due for these data  to Dr. Olitzki of the D epartm ent 
of Hygiene, Hebrew University, Jerusalem.

(8) v. Braun and Nelles, Ber., 67, 1094 (1934).
(9) W illstatter and Kubli, ibid., 42, 4151 (1909).
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c s n 2 P PeVs P PE P a +  o

(1) Methyl benzoate in benzene; t =  26.0°
0 0.8744 2.2700 2.2231 26.629 25.834
0.0148 .8788 2.3115 2.2237 27.297 25.996 78.11 36.81 41.30

.0251 .8818 2.4270 2.2243 29.042 26.113 126.62 36.97 89.65

.0312 .8836 2.5131 2.2261 30.286 26.203 146.92 37.68 109.24

P a + o (average) = 80.06; p  == 1.9 ' ±  0.5

(2) M ethyl 2,3,5,6-tetramethylbenzoate in benzene; t =  26.5°
0 0.8716 2.2690 2.2228 26.596 25.916

118.560.0060 .8737 2.3138 2.2238 27.430 26.088 173.24 54.78
.0076 .8743 2.3392 2.2240 27.844 26.148 187.21 55.77 131.44
.0123 .8759 2.4331 2.2249 29.307 26.279 247.36 55.48 191.88

P a + o  (average) =  147.29; p =  2.6 =<= 0.4

(3) 2,3,5,6-Tetramethylsulfanilamide in dioxane; t  —= 35.0°
0 1.0248 2.2290 2.0079 24.930 21.567

411.550.0017 1.0279 2.2792 2.0087 25.658 21.597 450.66 39.11
.0024 1.0288 2.3288 2.0096 26.368 21.620 626.60 43.74 582.76
.0031 1.0297 2.3861 2.0107 27.141 21.642 742.79 45.92 696.87

P a + o (average) = 563.76; p =  5.3 =*= 0.8

0
0.0068

.0097

.0156

0
0.0045

.0060

.0088

0
0.0055

.0069

.0090

0.8710
.8734
.8745
.8766

0.8619
.8662
.8676
.8703

1.0366
1.0368
1.0369
1.0370

(4) Phenylurethan in benzene; t  =  26.8°
2.2684
2.3204
2.3342
2.3910

2.2201
2.2225
2.2231
2.2238

26.615
27.498
27.750
28.678

25.889
26.049
26.109
26.225

157.24
149.99
129.20

P a + o (average) = 132.81; p  =  2.56 0.03

(5) 2,3,5,6-Tetramethylphenylurethan in benzene; t \  =  35.0c
2.2720
2.3041
2.3569
2.4430

2.2171
2.2177
2.2183
2.2189

26.950
27.509
28.303
29.581

P a  +  o (average) = 195.51; p

26.117
26.211
26.248
26.312

= 3.1 =*=

151.73
253.20
324.91

0.8

(6) 2,3,5,6-Tetramethylphenylurethane in dioxane; t =  35.0°
2.2310
2.2935
2.3529
2.3711

2.0079
2.0116
2.0133
2.0161

P a + o (average)

24.695
25.785
26.652
26.964

21.351
21.583
21.653
21.760

223.60
308.32
277.93

23.67
22.75
21.59

47.10
48.02
48.20

63.69
65.12
67.00

133.57
127.24
137.61

104.63
205.18
276.71

159.91
243.20
210.93

= 204.68; p  — 3.2 =*= 0.4

15% aqueous sodium hydroxide solution (forty-five min­
utes), the solution carefully neutralized with acetic acid 
and the product recrystallized from 50% alcohol. I t  
formed needles of m. p. 177-178°.

A n a l .  Calcd. for CioH160 2N2S: C, 52.6; H, 7.0; N,
12.3. Found: C, 52.5; H , 7.2; N, 12.4.

2,3,5,6-Tetramethylbenzoic Acid.—The Grignard com­
pound, prepared from bromodurene (10 g.) and magne­
sium (10 g.) in ether-benzene (75 and 30 cc.), was treated 
with dry gaseous carbon dioxide. The acid was recrystal­
lized from dilute alcohol and had m. p. 178°; yield, 50%.6 10 * 29 
The methyl ester, from the acid (0.4 g.) and dimethyl 
sulfate (2.5 g.) a t room temperature, was best purified by

sublimation i n  va cu o  (100-110° (25 m m .)). T t  formed 
prismatic plates of m. p. 60-61 °.u

Measurements
c = concentration; d =  density; e =  dielec­

tric constant; n  =  refractive index; P 1 A =  total 
polarization of the solution,_PeV2 ^  electron po­
larization of the solution; P,P& =  the same for 
the solute; P a + o = atomic and orientation po­
larization for the solute.
R ehovoth, I srael  R eceived  October 27, 1947

(11) Jacobson, Ber., 22, 1223 (1889); Meyer and Woehler, ibid.,
29, 2572 (1896).(10) Beilstein, Vol. IX , p. 564.
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A Study of the Exchange of Nickel in Certain Complex Compounds Using Radioactive
Nickel1

B y  j . E no ch  J o h n so n 2 and  N o r r is  F . H a ll

J . E . J ohnson and N . F . H all

In general, it has been found, that exchange of 
the central atom in a complex ion or compound 
proceeds rapidly only when the bonds present 
approach ionic rather than covalent character. 
This has been assumed by many investigators 
{e. g., Steigman3) to be the basis of the success of 
the Szilard-Chalmers method of concentrating ra­
dioactive isotopes. Certain exceptional cases 
have been discussed by Seaborg4 and others5 but 
in the majority of cases a satisfactory correlation 
has been demonstrated between exchange data 
and other types of evidence for covalent bonds. 
Magnetic susceptibility, interpreted in the light 
of quantum theory by Pauling,6 gives evidence of 
bond type for complexes whose central atom can 
undergo a redistribution of electrons in changing 
from ionic or weak covalent bonds to strong co­
valent bonds. In certain 4-coördinated com­
plexes,7 X-ray data have definitely indicated co-
Trolotii Ka urliî nr Ktr rla-mnr»cft-nfitirr o cauot-a -nlnuofV ^ ^  J  LAAV/XAVJ  LA t *  U  A<XX

arrangement of the coordinated groups.
Nickel forms a number of complex compounds 

and ions of the coordination type. Pauling
pointed out that it is possible by pairing up all the 
electrons in the 3d shell of the nickel ion to ob­
tain strong covalent (sp2d) bonds resulting in a 
square planar structure, in contrast to the tetra­
hedral structure of weak covalent (sp3) bonds. In 
the planar structure the nickel atom should be dia­
magnetic rather than paramagnetic as in the 
weak covalent tetrahedral structure and the simple 
nickel ion. A number of 4-coördinated nickel 
compounds have been found to be diamagnetic 
and X-ray examination has shown such diamag­
netic nickel compounds to have a planar structure. 
Sugden8 has prepared two diamagnetic geometrical 
isomers of nickel derivatives of several unsym­
metrical glyoximes, which can be explained by 
assuming a planar structure.

Nickel also forms 6-coördinated complex ions 
such as (Ni dipyridyl3) +t, some of which have 
been separated into optical isomers. Where opti­
cal resolution of coordination complexes has been 
demonstrated, strong covalent bonding is gener­
ally assumed.9 According to the Pauling theory,

(1) This paper is based on a thesis presented by J. Enoch Johnson 
in partial fulfillment of the requirem ents for the degree of Doctor of 
Philosophy in the G raduate School of the University of Wisconsin, 
February, 1942.

(2) Present address: Chemistry Division, Naval Research Labora­
tory. Washington 20, D. C,

(3) Steigman, Phys. Rev., 59, 498 (1941).
(4) Seaborg, Chem. Rev., 27, 199 (1940).
(5) Ruben, et al., T h is  J o u r n a l , 64, 2297 (1942).
(6) Pauling, “ N ature of the  Chemical Bond,” Cornell University 

Press, Ithaca, N. Y., 1939.
(7) Mellor, Chem.. Rev., 33, 137 (1943).
(8) Sugden, J. Chem. Soc., 246 (1932).
(9) Johnson, Trans. Faraday Soc., 28, 845 (1932).

the magnetic susceptibility of the nickel atom in
6-coördinated nickel complexes can give no evi­
dence of covalency, because in either case there 
would be two unpaired electrons.

Due to these considerations, it was expected 
that exchange studies would show no exchange of 
simple nickel ions with 4-coördinated nickel com­
pounds for which strong covalent bonds are indi­
cated by magnetic susceptibility, X-ray examina­
tion and demonstration of geometrical isomers. 
Also 6-coördinated complex nickel ions for which 
strong covalent bonds are indicated by resolution 
of optical isomers should not show exchange with 
simple nickel ions. Nickel complexes having pre­
dominantly ionic or weak covalent bonds were ex­
pected to exhibit interchange of the nickel atoms.

Experimental
Preparation of Compounds.—The nickel complex com­

pounds were prepared by procedures described in the 
literature references cited in footnotes to Table I. These 
compounds were analyzed for nickel by the gravimetric 
dimethylglyoxime method. The analytical results are 
given in Table I.

Radioactive Nickel.—The radioactive nickel (Ni65,
2.6 hour half-life) used in this investigation was obtained 
by neutron bombardment of metallic zinc, nickel or an 
aqueous suspension of nickel dimethylglyoxime con­
taining a little nickel chloride. The neutrons were pro­
duced by the bombardment of lithium or beryllium by 
deuterons accelerated by the voltage gradient supplied by 
an electrostatic generator in the University of Wisconsin 
physics department . Best results were obtained by bom­
barding metallic zinc with (Li + ' D) neutrons.

The irradiated metallic zinc was dissolved in hydro­
chloric acid and filtered. The residue was dissolved in 
perchloric acid and a little cupric chloride and nickel 
chloride added to the combined solutions. The nickel 
was precipitated by the addition of dimethylglyoxime and 
sodium acetate. The precipitate was dissolved in nitric 
acid-hydrochloric acid mixture (1:4) and evaporated 
to dryness to obtain the nickel chloride. This was taken 
up in water, neutralized with aqueous ammonia and 
diluted to give the desired concentration of nickel chloride. 
Alternatively, the metallic zinc was dissolved in nitric acid 
and the nitric acid removed by evaporating with hydro­
chloric acid before precipitating the nickel with dimethyl 
gly oxime.

Acetone, methyl cellosolve and ethyl cellosolve solutions 
of radioactive nickel perchlorate were prepared similarly 
except tha t the last precipitate of dimethylglyoxime was 
dissolved in dilute (30%) perchloric acid solution and 
evaporated nearly to dryness to decompose the organic 
part of the molecule. The residue was taken up in water, 
neutralized with aqueous ammonia, nickel perchlorate 
added to approximate the desired amount and the solu­
tion evaporated nearly to dryness. The residue was 
taken up in the appropriate solvent and diluted to give the 
concentration desired for the experiment.

The irradiated metallic nickel was dissolved in boiling 
hydrochloric acid solution, precipitated by dimethyl 
glyoxime and treated as above. The irradiated nickel 
dimethylglyoxime was filtered from the suspension and 
the active nickel chloride solution was treated as above. 
I t  was found th a t the specific activity of the nickel ions 
was ten to fifteen times the specific activity of the nickel
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T a b l e  I

E x c h a n g e  o f  N ic k e l ® i n ; C o m p l e x  C o m p o u n d s
Time of 

inter-
Complex compound

Analyses, % Ni 
Calcd. Found Solvent

action, Specific activ ity  
minutes Complex N i+ + ion

R atio i of 
spec. act.

bis-Methylbenzylglyoxime nickel5 13.31 13.44 Acetone 5 0 .0 10.9 0.00
60 0 .0 10.7 .00

bis-Methyl-w -buty lglyoxime nickel6 15.74 15.34 Me Cello­ 5 1.3 39 .4 .03
solve 5 0 .8 39.5 .02

60 1.3 40.0 .03
60 1.3 38.6 .03

bis-N,N-Di-w-propyldithioca,rbamate nickel6 14.27 14.15 Acetone 5 0 .2 17.7 .01
60 0 .2 17.6 .01

5 11.0 8 .2 1.34*
60 9.6 9 .2 1.04*
30 23.3 17.0 1.37*
30 0.9 31.0 0.03

bis-N,N-Di-isoamyldithiocarbamate nickel6 11.22 11.13 Acetone 5 0.1 32.6 0.00
60 0 .2 35.8 0.01
30 21.8 19.3 1.13*
30 0.5 35.5 0.01

bis-Salicylaldoxime nickel^ 17.75 17.65 Me Cello­ 5 5.0 4 .4 1.14
solve 60 4.3 4 .7 0.91

5 18.3 16.8 1.09
60 17.3 18.1 0.96

bis-Salicylaldehyde nickel dihydrate6 17.42 1-7.. 16 Me Cello­ 5 11.1 9 .4 1.18
solve 5 10.0 11.5 0.87

60 11.1 10.5 1.06
60 11.1 11.3 0.98

bis-Salicylaldimine nickel ̂ 19.63 19.32 Me Cello­ 5 28.8 31 .0 0.93
solve 60 32.3 30.3 1.06

5 9.0 9 .8 0.92
60 8 .5 8 .8 0.97

bis-Salicylaldehyde~ethylenediamine nickel* 18.07 17.85 E t Cello­ 5 0.2 21.7 0.01
solve 5 0.0 22.6 0.00

60 0.0 21.6 0.00
60 0 .0 21.2 0.00

tris-Ethylenediamine nickelous chloride 16.97 16.58 Water 5 14.0 14.7 0.95
dihydrate5 60 14.2 13.9 1.02

5 8.2 8.1 1.01
60 8.0 7.7 1.04

tris-o:,«'-Dipyridyl nickelous chloride hepta- 8.16 7.80 Water 5 5.5 22.1 0.25
hydrate* 60 9.9 13.3 0.75

5 12.3 35.2 0.35
40 19.4 23.5 0.83
90 20.9 21.6 0.97

* The radioactive nickel salt used was nickel perchlorate, except for the runs using water as the solvent, in which cases 
nickel chloride was used. 6 Sugden, J .  C h em . S oc., 246 (1932). c Cavell and Sugden, ibid., 621 (1935). d Cox, et a l . ,  
ibid., 459 (1935). e Tyson and Adams, T h is  J o u r n a l , 62, 1228 (1940). * Pfeiffer and Buchholz, J .  p r a k t .  C h em ., 129, 
163 (1931). 0 Dubsky and Sokol, C oll. Czech. Chem . C o m m ., 3, 548 (1931). h Werner, Z .  a n o rg . C h em ., 21, 201 (1899). 
* Pfeiffer and Tappermann, Z .  an o rg . a llg em . C hem ., 215, 273 (1933). j This ratio is obtained by dividing the specific 
activity of the complex by the specific activity of the simple nickel ion. k In these experiments, concentrated aqueous 
ammonia was added immediately before precipitation of the complex by dilution with water.

in the nickel dimethylglyoxime, demonstrating the ap­
plication of the Szilard-Chalmers principle, and giving 
strong indication th a t there is no exchange between the 
two forms of nickel involved.

Exchange Procedure.—The general method of deter­
mining the exchange of nickel between the 4-coördinated 
nickel compounds and simple nickel ions was to mix a t 
room temperature (about 25°) a solution (in acetone, 
methyl cellosolve or ethyl cellosolve) of the complex 
compound with a solution of radioactive nickel per­

chlorate in the same solvent. After an appropriate time 
interval, the complex compound was separated from the 
solution by dilution with several volumes of water. In 
the ease of bis-methylbenzylglyoxime nickel and bis- 
salicylaldimine nickel, sodium chloride was added to salt 
out the complex compound.

The activity of the complex compound was measured 
on the solid precipitate or on a solution of the compound 
in dilute hydrochloric acid or, in the ease of the dithio­
carbamate compounds, in acetone. The activity of the
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nickel ions in the filtrate was determined by precipitation 
by the usual method with dimethylglyoxime, dissolving 
this precipitate in dilute hydrochloric acid solution and 
diluting to the desired volume. The activity measure­
m ents were made on the solution or on the dimethyl 
glyoxime precipitate.

The determination of exchange of nickel between 6- 
coördinated complex nickel ions and radioactive nickel 
chloride was made by mixing the aqueous solutions. The 
tris-ethylenediamine nickel ion was separated by precipi­
tation with chloroplatinic acid or sodium thiosulfate solu­
tion. The precipitate was redissolved in 60% perchloric 
acid to  determine its activity. In the case of the tris- 
dipyridyl nickel ion, the nickel ion was separated from the 
solution by precipitating with dimethylglyoxime, leaving 
the dipyridyl nickel ion in solution. The filtrate was 
evaporated to  a small volume, filtered again and diluted 
with water to the desired volume.

Analysis for Nickel.—All the analyses for nickel were 
made by the gravimetric method using dimethylglyoxime. 
The weight of nickel was obtained by using the value of 
20.3% as the percentage of nickel in the dimethylglyoxime 
precipitate. In case the solution to  be analyzed contained 
nickel combined with an organic substance besides di­
methylglyoxime, the solution was evaporated with 60% 
perchloric acid until it fumed strongly. The solution 
was cooled, diluted with water and handled in the usual 
manner. If the solution contained an organic solvent such 
as acetone, this was evaporated off before treatment with 
perchloric acid. I t  was found necessary to fume strongly 
with sulfuric acid in analysis of solutions containing 
dipyridyl to decompose it prior to nickel analysis=

M easurem ents and Calculations.—The activity of the 
nickel samples was determined by the use of a Geiger- 
Mueller counter. For counting dry samples the counter 
tube was contained in a felt-padded brass jacket fitted into 
a lead box built in two parts. The sample contained on 
a small watch glass was placed on a brass holder and 
slipped into a slot below the counter tube. Solution 
samples were run into an annular glass jacket which was 
slipped over the counter tube. Solutions whose activity 
was to  be measured were usually made up to 25 ml. in a 
volumetric flask. Since the volume of the annular 
jacket was approximately 15 ml., it was completely filled 
each time so th a t all measurements were made under the 
same conditions.

The observed activity (counts/min.) was corrected 
for background count (12-15 counts/m in.), for counting 
losses and for the decay of the radioactive nickel. The 
specific activity (counts per minute per milligram of 
nickel) was calculated by dividing the corrected counts 
per minute by the number of milligrams in the sample. 
The samples contained approximately 10-20 mg. of 
nickel. The corrected activity for active samples was 
usually 100-400 counts per minute.

The results of the exchange experiments are given in 
Table I . The values given under the heading “ Ratio of 
Specific Activities” is the ratio of the specific activity of 
the nickel in the complex compound to the specific activity 
of the simple nickel ion. The value of this ratio should 
be 1.00 when complete exchange has occurred.

Behavior with Dimethylglyoxime.—In preliminary ex­
periments to find satisfactory means of separating the 
complex nickel compounds from the nickel perchlorate and 
nickel chloride, the behavior of these compounds of nickel 
in the presence of dimethylglyoxime was studied. These 
observations seemed noteworthy because of the striking 
correlation with the exchange data for these compounds. 
Nickel tris-dipyridyl chloride in aqueous solution gave no 
precipitate with dimethylglyoxime whereas the nickel tris- 
ethylenediamine ion gave an immediate precipitate of 
nickel dimethylglyoxime. The addition of 1% alcoholic 
dimethylglyoxime to the acetone solutions of the nickel 
complexes with the two glyoximes, the two dithiocarbam- 
ates and disalicylaldehyde-ethylenediamine did not give a 
precipitate even after an hour. An immediate precipi­
ta te  of nickel dimethylglyoxime was formed when the di­
methylglyoxime solution was added to the methyl cello­

solve solution of bis-salicylaldoxime nickel and bis-salicyl- 
aldehyde nickel. bis-Salicylaldimine nickel in acetone so­
lution did not give an immediate precipitate, but after di­
lution with water a precipitate of nickel dimethylglyoxime 
formed after a short time.

Results and Discussion
bis-M ethylb enzylgly oxime Nickel.—Sugden8 

found this compound to be diamagnetic and he 
succeeded in separating two geometrical isomers 
which he called the a-form, m. p. 168°, and the 0- 
form, m. p. 75-77°. Sugden concluded that this 
isomerism is made possible by the planar configu­
ration of the four N i-N  bonds. The a-isomeride 
(m.p. 167-168°) was used in these exchange experi­
ments. As was expected, the data in Table I 
show that no exchange occurred between the 
nickel atoms in bis-methylbenzylglyoxime nickel 
and nickel perchlorate within sixty minutes under 
the conditions of the experiment.

bis-Methyl-w-butylglyoxime Nickel.—Cavell 
and Sugden10 reported that this compound is dia­
magnetic and that it occurs in two steroisomeric 
forms. Because of this proof of a planar configu­
ration of the bonds, no exchange was expected to 
occur between the nickel atoms of the compound 
and nickel ions in homogeneous solution. The re­
sults of the activity measurements are inter­
preted to mean that no exchange had occurred. 
The slight activity of the nickel complex is attrib­
uted to the fact that the precipitate of the nickel 
glyoxime was not wet appreciably by the wash 
water, which could allow radioactive nickel ions 
to remain adsorbed on the precipitate.

&is“N,N-Di-^-propyldithiocarbamate Nickel. 
—Malatesta11 and Cavell and Sugden10 found this 
compound to be diamagnetic. Malatesta stated 
further that the dithiocarbamates of nickel in 
general maintain the diamagnetic state in solu­
tion as well as in the fused condition. Cavell and 
Sugden were unable to isolate stereoisomers of 
this compound and concluded that this was prob­
ably due to a symmetrical structure of the mole­
cule. Peyronel,12 on the basis of X-ray measure­
ments, found this compound to be planar. The 
sum of this information made it seem likely that 
no exchange of nickel atoms would be found with 
this compound. The exchange data show that 
no exchange had occurred when separation of the 
complex compound from the nickel perchlorate 
was made by simply diluting with water. In the 
experiments where concentrated aqueous ammo­
nia was added to facilitate the precipitation of the 
complex, complete exchange was obtained within 
five minutes. Because this did not agree with 
the results obtained when the ammonia treatment 
was omitted, this phenomenon was further inves­
tigated with the di-isoamyl dithiocarbamate com­
plex of nickel.

bis-N ,N-Di-isO“amyldithiocarbamate Nickel. 
—Although no structural data were available

(10) Cavell and Sugden, J . Chem. Soc., 621 (1935).
(11) M alatesta, Gazz. chim. ital., 67, 738 (1937).
(12) Peyronel, Z. Krist., 103, 157 (1941).
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for this compound, there was no reason to believe 
that it should behave differently from the 6i-n- 
propyl derivative. The exchange experiments 
were performed in essentially the same way as 
with the propyl compound. The data show that 
no appreciable exchange had occurred when the 
separation of the complex from the nickel per­
chlorate was made by merely diluting with water. 
However, when concentrated aqueous ammonia 
was added to the acetone solution before dilution 
with water, complete exchange occurred. The 
time elapsing between the addition of ammonia 
and the complete separation of the precipitated 
complex compound by filtration was less than two 
minutes. It was concluded that the presence of 
ammonia has a profound effect upon the stability 
of the nickel dithiocarbamate structures. Am­
monia apparently weakens the bonds of the com­
plex units to the nickel so much that thermal ex­
change may occur in a short time at room tem­
perature.

bis-Salicylaldoxime Nickel.—Cox13 and co­
workers found that the nickel and palladium 
compounds of salicylaldoxime are isomorphous, 
which is significant since all quadricovalent 
palladium compounds are planar in structure. 
The nickel compound was found by them to be 
diamagnetic. However, Malatesta14 reported 
that bis-salicylaldoxime nickel is paramagnetic to 
the extent of 2.70 magnetons. The results of the 
exchange experiments given in Table I show com­
plete interchange of the nickel atoms within 
five minutes in methyl cellosolve solution. This 
might seem to substantiate Malatesta in regard to 
the magnetic susceptibility of this compound. 
However, Willis and Mellor15 recently reported 
this compound to be diamagnetic in the solid state 
and in benzene solution, but to be paramagnetic 
to the extent of 1.1 and 3.1 Bohr magnetons in 
chloroform and pyridine, respectively. They pos­
tulated, in the case of pyridine, the formation of 
an octahedral complex containing pyridine in 
equilibrium with the planar molecules. But they 
felt that chloroform would be unlikely to form 
such a complex. They agreed that the difference 
of stability of square and tetrahedral complexes 
may in some cases be so small that the solvent 
may cause partial conversion to the tetrahedral 
structures as was earlier suggested by French, 
Magee and Sheffield16 in the case of bis-formyl- 
camphor-ethylenediamine nickel in methanol 
solution. The present authors feel that the ex­
change observed with bis-salicylaldoxime nickel 
in methyl cellosolve solution does indicate a 
change of bond type.

bis-Salicylaldehyde Nickel.—This compound 
is paramagnetic in the solid state and in pyridine 
solution and is therefore believed to have pre­
dominantly ionic or weak covalent bonds. As

(13) Cox, et ah, J . Chem. Soc., 459 (1935).
(14) M alatesta, Gazz. chim. ital., 68, 319 (1938).
(15) Willis and Mellor, T h is  J o u r n a l , 69, 1237 (1947).
(16) French, Magee and Sheffield, ibid,, 64, 1924 (1942).

was expected from this information, complete 
exchange occurred with nickel ions in methyl 
cellosolve solution within five minutes.

bis-Salicylaldimine Nickel.—Tyson and 
Adams17 found this compound to be diamagnetic 
in the solid state as did Willis and Mellor,15 al­
though the latter found it to be paramagnetic to 
the extent of 2.3 Bohr magnetons in pyridine solu­
tion. The results of the exchange experiments 
show complete exchange within five minutes in 
acetone solution. The addition of sodium chlo­
ride in the separation of the complex compound is 
not believed to have caused the exchange of nickel 
atoms because the addition of sodium chloride 
was used in the separation of bis-methylbenzyl- 
glyoxime nickel which showed no exchange. It is 
more probable that the covalent bonds of the dia­
magnetic solid compound are modified sufficiently 
by the solvent to allow thermal exchange.

bis-Salicylaldehyde-ethylenediamine Nickel. 
—Willis and Mellor15 recently reported this com­
pound to be diamagnetic both in the solid state 
and in pyridine solution. The exchange study of 
this compound was made in ethyl cellosolve solu­
tion and the results show definitely that there was 
no exchange of nickel atoms within an hour. The 
presence of another five-membered ring in this 
complex molecule apparently stabilizes the mole­
cule which is otherwise similar in structure to bis- 
salicylaldimine nickel and bis-salicylaldoxime 
nickel.

tris-Ethylenediamine Nickelous Chloride Di­
hydrate.—Rosenbohm18 and Cambi, Cagnasso 
and Tremolada19 found this compound to have a 
magnetic susceptibility sufficient to show two un­
paired electrons just as in the simple nickel ion. 
However, Pauling’s explanation of the stability of 
6-coördinated nickel complexes does not require 
pairing of all the valence electrons. Consequently, 
magnetic susceptibility measurements are of no 
value in predicting stability. Bucknall and Ward- 
law20 were able to resolve the tartrates and ^-cam­
phor sulfonates of this complex ion, but the optical 
activity was lost on conversion of these salts to 
the chloride. The results in Table I show that the 
nickel atoms in the ethylenediamine complex ion 
exchanged completely with nickel ion in water 
within five minutes. This was not unexpected due 
to the failure to resolve this complex ion into sta­
ble optical isomers.

tris-a, a'-Dipyridyl Nickelous Chloride Hepta- 
hydrate.—Morgan and Burstall21 were able to 
resolve this complex nickel chloride into its 
optical isomers. This has been substantiated 
by others. These optically active salts racemize 
in aqueous solution. For example, it was reported 
that racemization is complete after 115 minutes at

(17) Tyson and Adams, T h is J o u r n a l , 62, 1228 (1940).
(18) Rosenbohm, Z. physik. Chem., 93, 693 (1919).
(19) Cambi, Cagnasso and Tremolada, Gazz. chim. ital., 64, 758 

(1934).
(20) Bucknall and Wardlaw, J . Chem. Soc., 2739 (1928).
(21) M organ and Burstall, Nature, 127, 854 (1931); J . Chem. Soc., 

2213 (1931).
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17°, or in about sixty minutes at 20°. The fact 
that this salt is resolvable indicates that its com­
plex ion is quite stable. The results in Table I 
show that the nickel atom in the complex ion ex­
changes at a measurable rate with the simple 
nickel ion in water solution. No attempt was 
made to establish the rate of this exchange under 
varying conditions. The observed interchange 
indicates that racemization of the optical isomers 
may be due to partial dissociation of the complex 
ion. This exchange of the nickel atom in the di­
pyridyl complex is interesting because Ruben, e t  
a l . yh found a slow exchange of iron atoms between 
ferrous ion and ferrous a, a '-dipyridyl ion, al­
though the latter is diamagnetic so that no ex­
change was predicted.
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Summary
1. The nickel exchange of ten nickel coordina­

tion compounds was studied using Ni63 as the

tracer. In the main the results, which are dis­
cussed in detail, show a satisfactory correlation 
with predictions of bond type based on other cri­
teria.

2. bis-Methylbenzylglyoxime nickel, bis-metb- 
yl-w-butylglyoxime nickel, bis-N,N-di-n-propyldi- 
thiocarbamate nickel, bis-N,N-di-iso-amy!dithio- 
carbamate nickel and bis-salicylaldehyde-ethyl- 
enediamine nickel was found not to exchange un­
der the experimental conditions used in accord­
ance with expectation based on the magnetic and 
other structural evidence for strong covalent 
bonds. The two dithiocarbamate compounds of 
nickel did, however, show exchange with nickel 
perchlorate in the presence of ammonia.

3. bis-Salicylaldehyde nickel and tris-ethylene- 
diamine nickel chloride were found to exchange as 
predicted.

4. bis-Salicylaldoxime nickel and bis-salicyl- 
aldimine nickel, although diamagnetic in the solid 
state, were found to exchange. This is believed to 
be evidence that these compounds exhibit a change 
of bond type when dissolved in methyl cellosolve.

5. Although tris-a, a '-dipyridyl nickel chlo­
ride heptahydrate has been resolved into its opti­
cal isomers and was not therefore expected to ex­
change, it did exchange at a measurable rate. 
This may be connected with the racemization ob­
served for this compound.
M a d is o n , W is c o n s in  R e c e iv e d  F e b r u a r y  3, 1948

[C o n t r ib u t io n  f r o m  t h e  S c h o o l  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  M in n e s o t a ]

Reaction of Ferrous and Ferric Iron with 1,10-Phenanthroline. I. Dissociation 
Constants of Ferrous and Ferric Phenanthroline

B y  T. S. L e e , I. M . K o lth o ff  and  D. L. L e u s s in g

The intensely red colored complex of divalent 
iron and phenanthroline is used extensively for the 
colorimetric determination of iron and as an oxi­
dation-reduction indicator. The dissociation 
constants of ferrous and ferric phenanthroline have 
hitherto not been determined, nor has a systematic 
study been made of the effect of acid on the dissocia­
tion of these complexes. Moreover, no study has 
been made of the kinetics of the formation and the 
dissociation of either complex. Such information 
is of general and especially of analytical interest.

The present paper is divided into three parts : 
(1) the basic strength of phenanthroline, (2) dis­
sociation of “ferroin” (the ferrous phenanthroline 
complex) and (3) the dissociation of “ferriin” (the 
ferric phenanthroline complex).

In a subsequent paper the kinetics of formation 
and dissociation of ferroin and ferriin will be dis­
cussed.

Experimental
M aterials Used.— 1,10-Phenanthroline (“ ortho-phen­

anthroline” ) monohydrate was obtained from the G.

Frederick Smith Chemical Co. The phenanthroline con­
tent of several different samples of this compound was 
found by conductometric titration with acid to be 100 =*= 
1% of theoretical. Standard solutions of phenanthroline 
and phenanthrolium chloride were prepared by dissolving 
the calculated amount of phenanthroline in water or in 
standard hydrochloric acid.

Standard solutions of the following compounds were 
prepared from analytical reagent chemicals and standard­
ized by accepted procedures: ferrous sulfate, sulfuric acid, 
hydrochloric acid, ceric sulfate and potassium chloride.

Potentiometric Titration of Phenanthroline with H y­
drochloric Acid.—One -hundredth M  phenanthroline solu­
tion in water was titrated  a t room temperature with 0.2 N  
hydrochloric acid. The p H  was measured with a glass 
electrode (Leeds and Northrup p H  Meter, Model No. 
7661).

Determination of p H  of Mixture of Phenanthrolium 
Chloride and Phenanthroline.—Solutions were prepared 
which were 0.0200 M  in phenanthroline, 0.0100 M  in 
hydrochloric acid, and 0.001, 0.010, 0.100, 0.500 or 1.00 
M  in potassium chloride. The p H  of these solutions was 
measured a t 25 =*= 0.1 ° with the apparatus described above.

Conductometric Titration of Phenanthroline with H y­
drochloric Acid.—One hundredth M  phenanthroline solu­
tion in water was titra ted  with 0.2 N  hydrochloric acid. 
The titration was carried out a t room temperature in a 
titration conductance cell with freshly platinized elec-
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trodes. The conductance bridge used was model RC- 
1B, Industrial Instruments, Inc.

Conductometric Determination of the Acid Dissociation 
Constant of Phenanthrolium Ion.—The equivalent con­
ductances of the following solutions were determined: 
(1) 0.00100 M in phenanthroline and 0.00100 M in hydro­
chloric acid, (2) 0.0060 M in phenanthroline and 0.00100 
M in hydrochloric acid and (3) 0.00100 M hydrochloric 
acid. The temperature of the solutions was maintained 
at 25 ±  0.1°. The cell constant was determined with 
0.01 M hydrochloric acid using the value 412.0 for the 
equivalent conductance of this solution.1

Determination of Ferroin in Equilibrium Mixtures of 
Phenanthroline, Ferrous Sulfate and Sulfuric Acid.— 
Equilibrium mixtures were prepared by pipetting the ap­
propriate quantities of reagent solutions into volumetric 
flasks and diluting to the mark. The reaction mixtures 
were allowed to stand in a thermostat at 25 =*= 0.1° for 
one or two days, after which time equilibrium had been 
established. A portion of the solution was removed and 
the extinction of the solution was measured at 500 mp with 
a Beckman Model DU Spectrophotometer. The concen­
tration of ferroin was found by comparing the extinction 
with that on a calibration curve determined with known 
concentrations of ferroin. The extinction of ferroin was 
found to be unaffected by ionic strength, at least up to a 
value of 1 M  (sodium sulfate used as the electrolyte).

Measurement of E. m. f. of the Cell Aul Fe + +, Fe +++, 
H2S 0 4 |FePh3++, FePh8+++, H2S 0 4|Au (Ph denotes 
phenanthroline).—One of the half cells consisted of a gold 
electrode immersed in a solution 2.5T0-3  M  in ferrous 
sulfate, 2.5-10“ 3 M  in ferric sulfate and a M in sulfuric 
acid. The other half cell consisted of a gold electrode and 
a solution 2.5* 10“ 3 M in ferrous phenanthroline sulfate, 
2.5* 10~3 M in ferric phenanthroline sulfate and a M in 
sulfuric acid. This solution was prepared by adding 
ferrous phenanthroline sulfate to the calculated quantity 
of ceric sulfate (of known sulfuric acid content) and 
sulfuric acid solution. The two half cells were connected 
by a bridge containing a M sulfuric acid. The concentra­
tions, a, of sulfuric acid used in different experiments were 
0.05, 0.5, 1, 2 and 8 M. The temperature of the cell 
was maintained at 25 =*= 0.1° by means of a thermostat. 
The Leeds and Northrup instrument mentioned above 
was used to measure the E. m. f. The E. m. f. of the 
cell was found to vary with time due to the slow dis­
sociation of ferroin and ferriin in the acid solution. The
E. m. f. of the cell at zero time (time of addition of fer­
roin to sulfuric acid and ceric sulfate) was found by plot­
ting E. m. f. against time and extrapolating to zero time.

Acid Strength of Phenanthrolium Ion.—Al­
though the phenanthroline molecule possesses 
two basic nitrogen atoms it was found to com­
bine with only one proton in acid solution The 
reason for this is that the nitrogen atoms are sepa­
rated by a distance of only about 2.5 A. and 
occupy such positions in the molecule that electro­
static or steric forces or both prevent two protons 
from combining with the phenanthroline (see 
Fig. 1).

The experimental points obtained in a potentio­
metric titration of phenanthroline with hydro­
chloric acid are plotted in Fig. 2. A relatively 
large change in pH  occurs in the region correspond­
ing to approximately one mole of acid per mole of 
phenanthroline. Little change in pH occurs in 
the region corresponding to approximately two 
moles of acid per mole of phenanthroline. The 
drawn curve in Fig. 2 is the theoretical curve calcu­
lated for the titration of phenanthroline with acid 
assuming that phenanthroline is a mono-acid base

(1) T. Shedlovsky, T h is  J ournal , 54, 1411 (1932).

Fig. 1.—Fisher-Hirshfelder-Taylor steric model of 1,10- 
phenanthroline. All atoms of the phenanthroline molecule 
lie in the same plane.

and that the dissociation constant of the phenan­
throlium ion is 1.1 X 10~5 (see below). It is seen 
that the calculated curve agrees with the experi­
mental data.

Moles of acid added per mole of phenanthroline.
Fig. 2.—Potentiometric titration of phenanthroline 

with hydrochloric acid (curve is calculated, dots are ex­
perimental points).

The acid constant of the phenanthrolium ion 
K a was determined potentiometrically by measur­
ing the paH (hydrogen ion activity) of solutions 
which were 0.01 M  in phenanthroline and 0.01 M  
in phenanthrolium chloride, and which contained 
potassium chloride at various concentrations. 
The results are given in Table I.

T able  I
D e p e n d e n c e  o f  H y d r o g e n  I o n  A c t i v i t y  o f  0 .0 1  M 
P h e n a n t h r o l i n e  - 0 .0 1  M P h e n a n t h r o l i u m  C h l o r i d e  

B u f f e r  o n  I o n i c  S t r e n g t h

Concentration 
of KCl,

M
Observed

paH

Total ionic 
strength, 

M
0.001 4 . 8 1 0.011 0 . 9 1

.010 4 . 8 3 . 020 . 8 7

.100 4 . 9 1 .11 . 7 3

. 5 0 0 5 . 0 3 .5 1 . 5 5
1.00 5 . 1 2 1.01 . 4 5

In Figure 3 the observed values of paH  are 
plotted against the square root of the ionic
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0 0.2 0.4 0.6 0.8 1.0
V  p .

Fig. 3.—Dependence of hydrogen ion activity of phenan­
throlium chloride-phenanthroline solution on ionic 
strength.

strength. I t is seen that the curve is nearly linear 
a t low ionic strengths and extrapolates to a value 
of paH of 4.77 at zero ionic strength. This value 
corresponds to a hydrogen ion activity of 1.7 X 
10~"5, hence the acid dissociation constant K a of 
the phenanthrolium ion is about 1.7 X 10~5 at 
25°. The data of Table I involve a small error 
due to the liquid junction potential between the 
saturated potassium chloride solution in the salt 
bridge and the potassium chloride, phenanthro­
lium chloride solution under investigation.

For use in calculations described below approxi­
mate activity coefficients of the phenanthrolium 
ion were calculated. The equation employed was

T PhH+
fl-H+Tph(Pll)
KA(PhH+) (1)

where y  represents activity coefficient, a represents 
activity, and parentheses indicate molar concen­
trations. The values of TphH+ given in Table I 
are subject to an error due to liquid junction po­
tential.

Figure 4 shows the results of the conducto­
metric titration of 0.01 M  phenanthroline with
0.2 N  hydrochloric acid. (The conductivity of the 
solution was corrected for the small change in vol­
ume which occurred during the titration.) I t is 
seen that phenanthroline behaves as a mono-acid 
base. Only one mole of hydrogen ion combines 
with one mole of phenanthroline.

The degree of hydrolysis, h, of the phenanthro­
lium ion in 0.001 M  phenanthrolium chloride solu­
tion was determined by means of the relation

h = (Ai -  a2)/(A 3 -  a2) (2)

where Ai is the equivalent conductance of 0.001 
M  phenanthrolium chloride, A2 is the equivalent 
conductance of 0.001 M  phenanthrolium chloride 
in the presence of an excess of phenanthroline (to 
repress hydrolysis), and A3 is the equivalent con­
ductance of 0.001 M  hydrochloric acid. The 
value of Ai was found to be 136.0 at 25°, and the 
value of A2104.5. Taking the value of Shedlov­
sky1 of 421.4 for the equivalent conductance of
0.001 M  hydrochloric acid at 25°, we find that h

0 0.5 1.0 1.5 2.0
Moles of acid added per mole of phenanthroline.

Fig. 4.—Conductometric titration of phenanthroline with 
hydrochloric acid.

for 0.001 M  phenanthrolium chloride is 1.0 X 
10 “A From this value the acid dissociation con­
stant of the phenanthrolium ion is calculated to be
1.1 X 10“5. The computation involves the as­
sumption that the activity coefficient of phenan­
throlium ion is equal to that of the hydrogen ion in 
a solution of an ionic strength of 0.001 M. From 
the value of the acid constant, 1.1 X 10“5 at 25°, 
it is found that the ionization constant of the base 
phenanthroline in water is about 9 X 10 ~10 at 
25°.

Dissociation of Ferroin.—It is known that in 
ferroin the iron is joined to three phenanthroline 
molecules.2 3 The formula may be represented 
by FePh3++. Gould and Vosburgh4 found that 
complexes with one and with two phenanthroline 
molecules per iron atom do not exist in spectro- 
photometrically detectible amounts in neutral 
aqueous mixtures of ferrous iron and ferroin. As 
will be described in a subsequent paper we found 
evidence that the complexes FePh++ and FePh2++ 
exist in acid solutions at appreciable concentra­
tions if the iron concentration is very high. How­
ever, for the present purposes only FePh3++ need 
be considered.

In acid solutions with a pH  pf 3 or less phenan­
throline is present chiefly as the phenanthrolium 
ion rather than as free phenanthroline, and the 
equilibrium between ferroin and a strong acid may 
be represented by

FePh3++ -f 3H+ 7 - ^  Fe++ +  3PhH+ (3)
The value of the equilibrium constant, Kc', of 

reaction (3) was found by determining the concen­
tration of ferroin in equilibrium with known con­
centrations of ferrous sulfate and sulfuric acid. 
The results are given in Table II.

(2) F. Blau, Monatsh., 19, 666 (1898).
(3) Smith and Richter, “Phenanthroline and Substituted Thenan- 

throline Indicators,” G. Frederick Smith Chemical Co., Columbus, 
Ohio, 1944.

(4) Gould and Vosburgh, T h is  J ournal , 64, 1630 (1942).
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T a b l e  I I

E q u il ib r iu m  o f  F e r r o u s  I r o n  w it h  P h e n a n t h r o l i n e  i n  A c id  S o l u t io n s

Reac­
tion
mix­
ture

Initial 
concn. of

h 2s o 4,
M

Initial 
concn. of 
F e S 0 4, 

M  X IO5

Initial 
concn. of 
phen., 

M  X 105

Concn. of 
ferroin 
found, 

M  X 105

Concn. of 
Fe + + 

calcd., 
M  X 105

Concn, of 
PhH  + 

calcd., 
M  X 105

Concn. of
H + 

calcd., 
M

Concn. 
equilib. 
const. 

K c '  X 107

Activity  
equilib. 
const.® 

K '  X 107

1 0.00536 10.4 9.97 1.63 8 .8 5.08 0.0089 9.7 8.4
2 .0511 10.3 99.7 • 6.42 3.9 80.4 .0687 9.7 5.2
3 .505 10.3 1000 5.80 4 .5 983 .572 39 5.2
4 .501 253 100 0.790 252 97.6 .584 15 2 . 0
5 .502 253 200 4.75 248 186 .584 17 2.3
6 .512 239 199 4.16 234 187 .595 17 2 . 1
7 .502 496 200 7.70 487 164 .584 14 1 . 8

a In calculating the activity equilibrium constant from the concentration equilibrium constant the values 0.87, 0.71 
and 0.47 were used for the activity coefficients of phenanthrolium ion in mixtures 1,2, and 3-7, respectively. The values 
0.92, 0.85 and 0.92 were used for the activity coefficients of hydrogen ion in reaction mixtures 1, 2, and 3-7, respectively.

The concentration equilibrium constant
(Fe++)(PbH+)3 m

c (FePh3++)(H +)3 K }

where parentheses represent concentrations, was 
calculated for each of the reaction mixtures. The 
concentration of phenanthrolium ion was calcu­
lated from the expression

(PhH+) = (Ph)t -  3 X (FePh3++) (5)
where (Ph)t represents the total initial concentra­
tion of phenanthroline. The concentration of fer­
rous iron was calculated from the relation

(Fe++) *  (Fe++)t -  (FePh3++) (6)
where (Fe++)t represents the total initial concen­
tration of iron. The concentration of hydrogen 
ion was estimated by assuming that the first hy­
drogen ion of sulfuric acid is completely dissociated 
and that the second dissociation constant is 0.012.5 
The calculated value of the hydrogen ion concen­
tration depends on the values used for the activity 
coefficients of hydrogen ion, hydrogen sulfate ion, 
and sulfate ion. These activity coefficients were 
estimated by the individual ion activity coefficient 
method.6 This method involves the assumption 
that the activity coefficients of potassium ion and 
chloride ion are equal in any given solution, and 
that the activity coefficient of an individual ion 
depends on the nature of the ion and on the total 
ionic strength of the solution but does not depend 
on the nature of electrolyte.

In evaluating the activity constant
K f =  ö-Fe++ö3PhH+/ttFePh3++ &3H+ (7)

it was assumed that TFe++ =  YFeph3++ where 7 
denotes activity coefficient. The values for 
YphH+ were taken from Table I.

In experiments 1-3 of Table II the total concen­
tration of iron was held constant and the acid and 
phenanthroline concentrations were varied. The 
values of K ' were nearly the same in the three ex­
periments. In experiments 4 and 5 the acid and 
iron concentrations were held constant and the 
phenanthroline concentration was varied. In ex­

es) W. Hamer, T h is  J o u r n a l , 56, 860 (1934).
(6) Lewis and Randall, “Therm odynam ics,” M cG raw-H ill Book 

Co., Inc,, N ew  York, N . Y ., 1923, p. 381.

periments 6 and 7 the acid and phenanthroline 
concentrations were held constant and the iron 
concentration was varied^ The total variation in 
K ' was from 1.8 to 8.4 ><f 10 ~~7. Considering the 
uncertainty in activity coefficients, especially in
0.5 M  sulfuric acid, the reported values of K ' may 
be considered as reasonably constant. The aver­
age value of K '  at 25° is 4 X 10~7. In view of 
the fact that the hydrogen ion concentration was 
varied by a factor of 100 in these experintents and 
that the hydrogen ion activity occurs in equation
(7) as a cube power it may be stated that the ex­
perimental data confirm the validity of equation 
(7) over the range of concentrations studied.

Equilibrium “constants” for the hypothetical 
reaction

FePh3++ +  6H + = Fe++ +  3PhH2++ (8)
were also calculated from the data ôf . Table II. 
The “constant” calculated for reaction (8) changes 
by a factor of about one million when the sulfuric 
acid concentration is changed from 0.005 to 0.5 M . 
This result substantiates the conclusion given in 
the previous section that phenanthroline is a 
mono-acid base.

The constant for the dissociation of ferroin, re­
presented by the equations

FePh3++ =  Fe + + +  3Ph (9)
-Adiss' ferroin — ö'Fe++&3P h /ö 'F eP h 3++ ( 1 0 )

can be calculated from the equilibrium constant K ' 
of reaction (7) and the acid constant of the phen­
anthrolium ion. The relation is Kdiss. ferroin =  
K 'K az- The values 4 X 10-7 and 1.1 X 10-5 for 
K f and K a, respectively, give a value of 5 X 10~22 
for K d iss . ferroin at 25°. In a subsequent paper it 
will be shown that this value is in agreement with 
a value determined by an entirely independent 
method.

Knowledge of the nature of the dissociation of 
ferroin in acid solution (equation 3) and of the 
value of K f can be applied to the colorimetric 
determination of iron. The quantitative conver­
sion of ferrous iron to ferroin is dependent on the 
ratio of phenanthroline to acid. If the colorimet­
ric determination of iron is carried out at rela­
tively high acidity, the concentration of excess
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phenanthroline must be correspondingly high. 
In order that the reaction be 99% complete, the 
ratio of excess phenanthrolium ion to hydrogen 
ion should be 0.035 or greater. Thus if the hy­
drogen iuii concentration is 10~3 M y the concen­
tration of excess phenanthrolium ion must be 3.5 
X 1 0 M or greater.

Dissociation Constant of Ferriin.—The con­
stant for the dissociation of ferriin (a reaction 
analogous to reaction 9) was calculated from the 
dissociation constant of ferroin and the equilib­
rium constant for the reaction of ferrous iron with 
ferriin

Fe + + +  FePh3 +++ = F e++ + +  FePh3++ (11) 

The equation expressing this relation is

K d is s .  ferriin
flFe+*+fl3Ph
ö-FePh3+++

fl,Fe+++#FePh3+ + 

Ö F e+ + Ö F eP li3+++
■Adis

(12)

The equilibrium constant K ,f for the reaction of 
ferrous iron with ferriin was calculated by two 
different methods: (1) from the e. m. f . of the cell 
Au|Fe++, Fe+++, H2S04!FePh3++ FePh3+++,
H2S 04|Au, and (2) from the formal potentials of 
the ferroin-ferriin couple and of the ferrous-ferric 
couple. The former method is somewhat more 
direct and is thought to be more reliable. The 
experimental data for method (1) are given in 
Table III. The data for use in method (2) were 
taken from the literature.7-8’9’10

The values of the dissociation constant of fer­
riin calculated from the experimental data using 
equation (12) were found to be 8.0 X 10~15 in
0.05 M  sulfuric acid, 2.5 X 10~15 in 0.5 M , 1,0 X 
10- 15 in 1 My 2.9 X lO^16 in 2 Af, and 7.5 X 10~21 
in 8 M.  In the calculations it is assumed that the 
activity coefficients of ferric and ferriin ions are 
approximately equal.

(7) Walden, H am m ett and Chapman, T h is  J ournal , 55, 2649 
(1933).

(8) Hume and Kolthoff, ib id . ,  65, 1895 (1943).
(9) Sm ith and Richter, I n d .  E n g . C h e m ., A n a l .  E d . ,  16, 580 (1944).
(10) E. H. Swift, “ System  of Chemical A nalysis,” Prentice-Hall, 

N ew  York, N . Y ., 1939, p. 540.

T a b l e  I I I

E q u il ib r iu m  C o n s t a n t  f o r  t h e  R e a c t io n  o f  F e r r ic  
I r o n  w it h  F e r r o i n

Concn. of 
H2SO4, M

E. m. f. of cell, 
volts From e. m. f.

From formal 
potentials

0.05 r\ /(or \ j . - tu o l.G 107
0.5  ' .395 5.0  106
1 .373 2.1 106 4.4 106
2 .340 5.8  105 9.1 105
8 .110 1.5 10 2.3 10

The dissociation constant of ferriin appears to 
decrease with increasing sulfuric acid concentra­
tions. This variation is opposite to that which 
would be expected if the effect were due merely 
to complexing of the ferric ion with sulfate. The 
variation is also opposite to that which would be 
expected if the activity coefficient of ferriin were 
greater than the activity coefficient of ferric ion. 
(The ferriin ion is larger and might be expected 
to have the larger activity coefficient.) The varia­
tion may be explained if it is assumed that the 
ferriin ion possesses a proton in solutions of high 
acidity, FeHPh3++++, This will be discussed in a 
subsequent paper.

Acknowledgment is made to the Graduate 
School of the University of Minnesota for a 
grant which enabled us to carry out this investi­
gation. The authors also wish to thank Pro­
fessor R. T. Arnold for helpful suggestions.

Summary
1,10-Phenanthroline has been found to behave 

as a typical mono-acid base in aqueous solutions. 
The acid dissociation constant of the phenanthro­
lium ion is 1.1 X 10_5at 25°.

The dissociation constants of ferrous and ferric 
phenanthroline have been evaluated. The con­
stant of ferrous phenanthroline in various con­
centrations of sulfuric acid is 5 X 10“22 at 25° and 
that of ferric phenanthroline in 0.05 M  sulfuric 
acid is 8 X 10 ”16 at 25°.
M i n n e a p o l i s , M i n n e s o t a  R e c e iv e d  M a r c h  5, 1948



2353July, 1948 H eats of Adsorption of N itrogen on Carbon Blacks

[Contribution from Gulf Research and Development Company's Multiple Fellowship, Mellon Institute]

Differential Heats of Adsorption of Nitrogen on Carbon Blacks
B y  L. G. J oyner  and  P. H. E mmett

It has long been realized that measurements of 
the heat evolved during the physical adsorption of 
gases upon solids might yield considerable infor­
mation concerning the nature of the solid surface. 
Of particular interest would be the variations of 
the differential heat with the amount of gas ad­
sorbed.

Unfortunately, very little accurate work has 
been done by either the calorimetric or the iso- 
steric method for measuring heats of adsorption 
and few attempts have been made to compare the 
two methods. Such attempts as have been made 
have been well summarized and discussed by Bru­
nauer.1

In recent years calorimetric technique has been 
so improved, especially by Beebe2 and his co­
workers, that it is possible to detect variations in 
the differential heat of adsorption which are 
smaller than the experimental error involved in 
much of the early work in the field. More precise 
methods for measuring the adsorption of gases on 
solids have also been developed. In view of the 
fact that calorimetric measurements such as 
Beebe’s are rather complicated and time consum­
ing, it seemed worthwhile to ascertain whether 
the simpler isosteric method for measuring the 
heat of adsorption was capable of detecting the 
same details of the heat curve as the calorimetric 
method. To this end, we have carried out and are 
here reporting detailed adsorption studies of ni­
trogen on portions of the same samples of carbon 
black for which Beebe, Biscoe, Smith and Wen­
dell221 have recently reported the most complete 
calorimetric measurements of the heat of adsorp­
tion of nitrogen that have so far been published. 
The samples were kindly given to us by Dr. Beebe.

Experimental
Materials.—-Two carbon blacks were selected for the 

present investigation. These were the same samples used 
by Beebe, Biscoe, Smith and Wendell2a and have been 
described in detail in their paper. The two carbon 
blacks were Spheron Grade 6 and Graphon. The Spheron 
Grade 6 is a medium processing channel black (MPC). 
Graphon is a partially “graphitized” carbon black formed 
by heating MPC black to 3200°.

The nitrogen adsorbate was Airco Prepurified nitrogen. 
It was merely dried in a liquid nitrogen trap prior to being 
used.

Apparatus.—The adsorption apparatus was a modified 
version of the type described by Emmett.3 Pressures 
above 1 cm. were determined to 0.1 mm. on a 10-mm.

(1) Brunauer, “ The Adsorption of Gases and Vapors— Physical 
Adsorption,” Princeton Press, Princeton, N . J., 1943, Chapter 8.

(2) (a) Beebe, Biscoe, Sm ith and W endell, T h is  J o u r n a l , 69,
95 (1947). (b) Beebe and Orfield, ib id . ,  59, 1627 (1937)- (c) Beebe
and Dowden, ibid., 60, 2912 (1938), (d) Beebe and Stevens, ibid.,
62, 2134 (1940).

(3) P. H. E m m ett, “ American Society for Testing Materials, Sym ­
posium on N ew  M ethods for Particle Size Determ ination,” 1941, p.
95.

bore manometer with a vernier reader. Lower pressure 
determinations were made on a special manometer read 
by means of a microscope cathetometer. This was similar 
to the system described by Harkins and Jura.4 The 
precision of these low-pressure readings was about 0.01 
mm. The normal vapor pressure of nitrogen (Po) was 
determined continuously and directly by means of a sepa­
rate manometer and bulb partially filled with liquid nitro­
gen and placed in the low-temperature bath in close 
proximity to the adsorption bulb.

The adsorption isotherms at —183 and —195° were 
made using a liquid oxygen and a liquid nitrogen bath, 
respectively. The isotherms at —205° were made in a 
specially designed, low temperature system, details of 
which will be published in the near future. Briefly, the 
lower temperature was obtained by decreasing the pres­
sure over liquid nitrogen. By means of a vapor pressure 
controller, relay and pump, the pressure was kept constant 
to within a few tenths of a mm. The total temperature 
variation over an entire run was less than 0.1°.

All surface area values were obtained by a 
linear plot of the adsorption data according to the 
Brunauer, Emmet and Teller (B.E.T.) equation5*6

x _  1 (C — l)x
7(1 -  x) ~  Fm C +  Fm C (1)

where x is the relative pressure at which the vol­
ume V of gas (S.T.P.) is adsorbed, Vm is the vol­
ume of gas required to form a monolayer and C is 
a constant proportional to exp. (Ex — E f ) / R T . Ex 
is defined5 as the “average heat of adsorption for 
the first layer” and E l the heat of liquefaction of 
the adsorbate.7

Results
Figure 1 shows the nitrogen adsorption iso­

therms for Grade 6 Spheron at —183.1° and 
— 194.6°. Similar isotherms for Graphon at 
-182.8°, -194 .8° and -204.7° are shown in 
Fig. 2. In Fig. 3 the low pressure regions of the 
Graphon isotherms are given in more detail. All 
of the isotherms are actually composites of several 
separate runs. Many more points were taken

(4) Harkins and Jura, T h is  J o u r n a l , 66, 1366 (1944).
(5) Brunauer, Em m ett and Teller, ib id . ,  60, 309 (1938).
(6) Cassie, T r a n s . F a r a d a y  S o c ., 41, 450 (1945).
(7) I t m ust be kept in mind th at Ex does not and should not neces­

sarily agree with direct experimental values for the heat of adsorp­
tion in the first layer.28. To begin with, Ex is  evaluted from plotting  
adsorption data by equation 1 for relative pressures ranging from  
0.05 to about 0.3. Accordingly, the Ex as deduced from the constant 
C  in equation 1 is more nearly the average heat of adsorption for the  
less active part5 of the surface since most of th e'first layer would  
have been completed already a t a relative pressure of 0.05 for many  
adsorbates. Furthermore, since C is defined as

g e x p  . & - E L)/RT
it is possible to  obtain Ex from C  only by evaluating the term  axb2/a%bx. 
A ctually this term is frequently assumed equal to  un ity  though re­
cent calculations6»8 suggest th at i t  m ay differ from u n ity  by a 
factor of 10 to 100, Accordingly, equation 1 can be expected to  yield  
only an approxim ate value for E i and at best gives an Ex charac­
teristic of the less active parts of the surface,

(8) Em m ett, T h is  J o u r n a l , 68 , 1784 (1946),
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Relative pressure.
Fig. 1.—Adsorption of nitrogen on Grade 6 Spheron at 

-183 .1  a n d -194 .6°.

Fig. 2.—Adsorption of nitrogen on Graphon at —182.8, 
— 194.8 and —204.7°. Solid symbols are desorption 
points.

Relative pressure.
Fig. 3.—Low pressure detail of the adsorption of nitro­

gen on Graphon at —182.8, —194.8 and —204.7°. Differ­
ent symbols represent separate runs. Solid symbols are 
desorption points.

than are shown.9 Those given in the figures, how­
ever, are representative and serve to illustrate the 
precision of the measurements. Separate runs are 
indicated by the different symbols in Fig. 3. The 
— 183° isotherms could not be carried above a 
a relative pressure of about 0.4 because of the 
limitations of the apparatus. That the carbon 
blacks are probably non-porous is indicated by the 
superposition of the desorption points on the ad­
sorption curve in the region above 0.4 relative 
pressure, this being the region in which hysteresis 
usually occurs for porous substances. The de­
sorption points were taken after the maximum 
volume of gas shown by the curves in Fig. 2 had 
been adsorbed.

Calculations and Discussion
Calculation of the Heat of Adsorption.—The

differential heat of adsorption was calculated 
from the Clausius-Clapeyron equation in the 
form10

(9) For additional data order Document 2530 from American 
Documentation Institute, 1719 N St., N. W., Washington 7, D. C., 
remitting 500 for microfilm or 500 for photoprints.

(10) Wilkins, Proc. Roy. Soc. (London), A164, 496 (1938), has sug­
gested that the correct method of applying the Clausius-Clapeyron 
equation to adsorption data entails the use of a constant fraction 
of the surface covered rather than a constant volume of adsorbed gas 
at the several temperatures being used. If such calculations are 
made for the data in the present paper for constant values of V/Vm 
(Fm varying with temperature as indicated in column 3 Table I) 
the resulting AH value is smaller in absolute value than the curves
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AH  =  2 .3 0 3 /<  ( l o g  P - ~  l o g  V (2 )

For each isotherm log P  was plotted against the 
volume of gas adsorbed, V. Figure 4 show this 
plot for the three isotherms on Graphon. The 
vertical distance between the lines was measured 
at a given value of V and inserted 
into Equation 2; AH  for various 
given values of V was then cal­
culated.

In Figure 5 are plotted as a 
function of V/Vm the differential 
heat of adsorption for nitrogen 
on Spheron measured isosterically 
as above (solid line) and the 
calorimetric results for the same 
system (symbols) as measured by 
Beebe and his co-workers.2a Fig­
ure 6 shows a similar comparison 
for the nitrogen-Graphon system.

Since Equation 2 is very sensi­
tive to small variations in the 
pressure, especially in the low 
pressure region, vertical lines are 
used in Figs. 5 and 6 to indicate 
the maximum variation observed.
The extent of this variation in 
terms of pressure is indicated by 
the envelope lines for the —194.8° 
curve in Fig. 4. Variations of 
only 0.01 to 0.02 mm. in the low 
pressure region have a consider­
able effect upon the calculated 
heat value, whereas at higher 
pressures even larger variations have negligible 
effect.

Changes in AH, AF and AS during the Ad­
sorption of Nitrogen on Carbon Blacks.—
It is apparent from Figs. 5 and 6 that the agree­
ment between the differential heats of adsorp­
tion as calculated from the isotherms by Equa­
tion 2 and those determined calorimetrically by 
Beebe2a is remarkably good. The isosteric heats 
of adsorption of nitrogen on the Graphon sample 
are of better precision than those on Grade 6 
Spheron, due to an improvement of the apparatus. 
I t is doubtful, however, that this lower precision 
for the Spheron data can account for the rather 
large discrepancy observed for Spheron in the re­
gion of the monolayer between the isosteric heats 
and the portion of the calorimetric heats repre­
sented by the closed circles. It may be noted
shown in Figs. 5 and 6 by 100 to 400 calories. However, the justifi­
cation of this proposed method of applying the Clausius-Clapeyron 
equation is not clear at the present writing. Certainly the two papers 
of Wilkins (also Wilkins, Proc. Roy. Soc. (London), A164, 510 (1938)) 
dealing with the subject appear to be so full of misprints as to be un­
suitable as a theoretical guide to the problem. Our own data 
show definitely that any heat of adsorption values calculated on the 
basis of constant fraction of the surface covered will be smaller than 
those calculated by equation 2 with volume of adsorbed gas constant. 
Wilkins’ theoretical treatment led to what seems to be an erroneous 
conclusion that the heat of adsorption is larger if calculated by con­
stant fraction of the surface covered than by constant volume.

that the calorimetric data represented by the open 
circles and triangles are much closer to the iso­
steric line in this region than are points shown as 
closed circles.

For the adsorption of nitrogen on Graphon the 
agreement between the isosteric and calorimetric

Fig. 4.—Logarithmic plot of the Graphon isotherms for purposes of cal­
culating the differential heat of adsorption, showing the experimental 
deviations at extreme low pressures.

heats is especially good. The isosteric data repro­
duce faithfully the rather unusual calorimetric 
curve. Since for this system the isotherm was 
determined at three temperatures, there are three 
possible ways of calculating the differential heats 
by Equation 2. The various results are indicated 
in the figure by separate symbols. Above 0.7 
monolayer the heats calculated from all three pairs 
of isotherms agree very well. Below 0.7 monolayer 
the —204.7° isotherm involves a larger possible 
error because of the low absolute pressure and 
cannot be used to calculate an isosteric heat with 
accuracy. I t is not surprising, therefore, tha t the 
heat values calculated from the —204.7° and the 
— 182.8° isotherms and shown by open triangles 
are in poor agreement with the other isosteric and 
with the calorimetric values.

The isotherms of the Graphon system shown in 
Fig. 2 all have an unusual hump starting a t a rela­
tive pressure of about 0.2. This hump was also 
obtained but not discussed by Beebe2a and is not 
directly associated with the large rise in the differ­
ential heat curve since the latter occurs a t 0.75 
monolayer while the isotherm hump is much 
higher. There is, however, a much smaller rise in 
the heat curve at 1.75 monolayers which is asso­
ciated with the isotherm hump. I t  is remarkable 
that the second and smaller rise in the differential
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Beebe and his co-workers2a have 
pointed out that on the basis of 
calculations by Barrer11 the ob­
served decrease in the heats for the 
Spheron with the amount of sur­
face coverage cannot be accounted 
for by interaction between adsorbed 
molecules. However, as they point 
out, it is possible that such inter­
action forces may account for the 
increase in heats over the V /V m 
range between 0.5 and 1.0 in the 
case of Graphon.

If one accepts Beebe’s2a sugges­
tion that the heat treatment to 
which Spheron is subjected when 
it is converted to Graphon elimi­
nates most of the highly active 
centers found on the Spheron a 
possible explanation of the entropy 
curves is suggested. In the case of 

Fig. 5.—Differential heats of adsorption for nitrogen on Grade 6 Spheron the Spheron where active points are
present, the adsorbed phase is more 
or less ordered with a resulting

as determined calorimetrically by Beebe, Biscoe, Smith and Wendell,2®
(O, # ,  A), and isosterically by the authors (-j-). The length of the vertical 
lines represents the total spread of the values calculated from the isosteric negative entropy change over the 
data. entire course of the adsorption. In

the Graphon system the first mole- 
heat curve is almost exactly one monolayer sepa- cules are adsorbed in a very random or dis­
rated from the larger rise. I t would almost seem ordered manner giving rise to the positive portion 
that whatever forces cause the first rise are car- of the entropy curve. Once the surface is par­
ried through and repeated in the second layer, tially covered, interaction forces, such as those

If one considers the process
N2 (liquid)----N2 (adsorbed)

it is a simple matter to calculate 
from the foregoing data the change 
in heat content, (AH); the free 
energy change, (AF); and the 
entropy change, (AS). A ll  is 
simply the difference between the 
differential heat of adsorption and 
the heat of liquefaction. AF is 
given by

AF -  R T  In P /P 0 (5)
The free energy change so cal­
culated was found to be independ­
ent of the temperature at least 
over the range of temperature 
studied. The entropy change is 
then obtained from the relation 
T  AS = AH  -  AF.

Figures 7 and 8 show how these 
properties vary with V/ Vm for the 
two carbon blacks studied. Al­
though the portion of the AS 
curve for vSpheron below a V /V m 
value of 0.5 is quantitatively ques- 
tionable, AS undoubtedly remains negative down 
to at least a value of V /V m equal to 0.2. For 
Graphon, the value of AS is positive up to a V/ Vm 
value of 0.3 and again for a V /V m value between
1.0 and 1.5.

l.o  
V/Vm.

Fig. 6.—Differential heats of adsorption for nitrogen on Graphon as deter­
mined calorimetrically by Beebe, Biscoe, Smith and Wendell,2® (0 ,0 ) ,  and 
isosterically by the authors ( + ,  —194.8 to —182.8°; A, —204.7 to —182.8°; 
□* —204.7 to —194.8°). The length of the vertical lines represents the total 
spread of the values calculated from the isosteric data.

discussed by Barrer11 may cause a more orderly 
adsorption of the remainder of the monolayer, 
hence giving rise to the negative entropy change. 
It must be admitted, however, that it stretches

(11) Barrer, P roc. R oy. Soc. (London), 161 A, 476 (1937).
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Fig. 7.—Variation in free energy change, change in heat content and entropy 
change for the transfer of nitrogen from the liquid state to the adsorbed state on 
Grade 6 Spheron with the system at —194.6°.

imagine this process 
the positive entropy

1.75

1.50

1.25

|  1.00

w 0.75

0.50

0 .2 5 -

0
0

this picture rather far to 
being repeated to explain 
which appears in the second 
layer.

Surface Area Measurements 
on the Carbon Blacks.—In
Figure 9, the data for the 
adsorption of nitrogen on 
Graphon are plotted according 
to the usual B.E.T. linear 
equation. At all three tem­
peratures excellent straight 
lines are obtained up to 0.2 
relative pressure. Above this 
pressure the experimental 
points fall below the B.E.T. 
plot. This behavior has been 
noted twice before in the litera­
ture, once with butane on silica 
gel5 and once with nitrogen on 
activated magnesia.12 There 
has been little basis for judging 
the course of this behavior in 
the first two instances. The 
points could fall below the
B.E.T. curves either because E2, the heat of ad­
sorption in the second layer was higher than El, 
or as suggested by Walker and Zettlemoyer13 be­
cause of the presence of a considerable amount of 
surface characterized by a low C  value (2 to 10) in 
addition to the surface having the usual C value 
(50 to 150). In the B.E.T. plots of the nitrogen 
adsorption on Graphon shown in Fig. 9, it seems 
reasonable to attribute the behavior to the same 
cause that is responsible for a rise in the heat of 
adsorption in the range between adsorption vol­
umes equivalent to 0.5 and 0.9 fraction of a mono- 
layer and 1.6 and 1.8 monolayers. It seems ex-

(12) Zettlemoyer and Walker, Ind. Eng. Chem., 39, 69 (1947),
(13) Walker and Zettlemoyer, J. Phys. and Colloid Chem., 52, 47 

(1948).

liquid nitrogen, 
factor F  (in sq.

tremely unlikely that the ex­
planation suggested by Walker 
and Zettlemoyer13 can explain 
the results in Fig. 9 because on 
no carbon black so far studied 
has C ever been lower than 
about 100 and because such low 
C values as would be necessary 
have never been observed for 
nitrogen adsorption on any solid 
except hide.14

Vm for Graphon was calcu­
lated by the usual B.E.T. 
method from the linear portion 
below 0.2 relative pressure. 
The cross-sectional area of the 
nitrogen molecule was calcu­
lated for the various tempera­
tures from the equation given 
by Emmett and Brunauer15 
using the data of Yost and 
Russell,16 for the density of 
Vm and the cross-sectional area 
m./cc.) are given in Table I.

AH
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Fig. 8.—Variation in the free energy change, change in heat content and 
entropy change for the transfer of nitrogen from the liquid state to the ad­
sorbed state on Graphon with the system at —194.8°.

T able  I

Fm, surface area and C values for Graphon and for Grade 
6 Spheron at various temperatures as determined from the 
B.E.T.5 plot of the nitrogen adsorption isotherms.

Temp.,
°C.

Vm,
cc./g.

Vol.
faetor F, 
sq. m./cc.

Area, 
sq. m./g. C

Graphon - 1 8 2 .8 1 7 .4 8 4 .6 0 5 8 0 .5 0 285
- 1 9 4 .8 1 8 .2 8 4 .3 9 4 8 0 .3 2 273
- 2 0 4 .7 1 8 .97 4 :240 8 0 .4 3 263

Spheron - 1 8 3 .1 2 6 .2 3 4 .6 0 1 1 2 0 .7 100
- 1 9 4 .6 27 .4 1 4 .3 9 8 1 2 0 .5 166

(14) Zettlemoyer, Schweitzer and Walker, J. Am. Leather Chem­
ists’ Assoc., 41, 253 (1946).

(15) Emmett and Brunauer, T h is  J o u rnal , 59, 1553 (1937).
(16) Yost and Russell, “Systematic Inorganic Chemistry,” 

Prentice-Hall Inc., New York, N. Y., 1944, p. 5.
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Fig. 9 - -B. E. T.6 plots of the three isotherms of nitrogen 
on Graphon.

The areas calculated by multiplying these two 
agree for all three temperatures within one per 
cent. This is an excellent confirmation of the 
variation with temperature of the cross-sectional 
area of the adsorbed nitrogen molecule as calcu­
lated by the equation of Emmett and Brunauer.15 
It also justifies the selection of the 
lower linear portion of Fig. 9 for the 
determination of Vm since no such 
agreement occurs if the upper, ap­
parently linear, portion is used.

This break in the B.E.T. plot for 
the Graphon data accounts for the 
discrepancy between the value of Vm 
of Beebe, Biscoe, Smith and Wendell2a 
and that reported here. In deter­
mining Vm they used an average 
straight line and hence their value 
óf 19.17 cc. is 5.5% above that ob­
tained from the lower linear portion 
of the —194.8° curve in Fig. 9. In 
Fig. 6, Beebe’s value of Vm was used 
to calculate the fraction of the surface 
covered in order to keep both heat 
values on the same basis.

that of the higher pressure data. A ir-o- plot of 
the Graphon data showed no evidence of a phase 
change occurring in this system.

Both the B.E.T. and the Harkins and Jura plot 
of the Spheron isotherms are quite normal.

Table II gives the area of the two carbon blacks 
as determined by the B.E.T. method at the vari­
ous temperatures and also the area obtained from 
the —194.8° isotherm by the Harkins and 
Jura4 method using 4.06 for the proportionality 
constant k. Isotherms at temperatures other 
than —194.8° could not be used for Harkins and 
Jura determinations since k is not known for nitro­
gen except at that temperature. The B.E.T. re­
sults for both blacks are surprisingly self-consist­
ent, the maximum variation among the areas for 
a given adsorbent being less than 1%. The agree­
ment between the B.E.T. values and the Harkins 
and Jura value is also remarkably good, being 
within about 10%. As a matter of fact, it is inter­
esting to note that the cross-sectional areas that 
have to be assigned to the nitrogen molecule to 
obtain surface areas by the B.E.T. method in 
agreement with those obtained by Harkins and 
Jura plots exhibit the same relationship to the con­
stant C shown by one of the authors8 to exist for 
numerous adsorptions being 17.93 A.2 and 17.04 
A.2 for C values of 273 and 166, respectively.

Utilizing the slope of the Harkins and Jura plot 
of the isotherms at temperatures other than 
—194.8° and the area, calculated from the 
— 194.8° data by their method, it is possible to

1.5 2.0 2.5 3.0 3.5
l / F 2 X 103.

Fig. 10.—Harkins and Jura4 plots of the three isotherms of nitrogen 
on Graphon. For comparison is shown the slope required to equal the 

Figure 10 shows the Graphon data B. E. T.5area for the -194 .8° isotherm, 
plotted according to the method of
Harkins and Jura.4 Again two linear portions oc­
cur with the break occurring at 0.2 relative pres­
sure. This pressure is almost exactly where the 
hump in the isotherm begins. Indicated in Fig. 
10 is the slope which the —194.8° line should have 
if it is to give the same area by the Harkins and 
Jura4 method as was obtained by the B.E.T. 
method. The slope of the linear portion occur­
ring at low pressure is closer to this slope than

calculate a value of the Harkins and Jura4 pro­
portionality constant k at the other temperatures. 
The results of such calculations are shown in the 
last two columns of Table II. The agreement 
between calculated k values for the two non-porous 
carbon blacks at —182.8° is remarkable and is 
an excellent confirmation of the self-consistency of 
the Harkins and Jura4 method when applied to 
non-porous substances. Incidentally, the varia-
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tion of k with temperature in Table II is in approxi­
mate agreement with the prediction of Davis and 
DeWitt17 that the Harkins and Jura k value for a 
given adsorbate should be proportional to 1/T1/2.

T able  II
Comparison of areas of Graphon and Grade 6 Spheron as 

determined by the B .E .T . method5 at three temperatures 
and by the Harkins and Jura method4 at —195°.

✓--------- Area, sq. m./g.--------- - k calculated
H & J from H & J 

k = area at
,----------B.E.T.--------- v 4.06 — 195°C.

Temp., °C. -195 -183 -205 -195 -183 -205
Graphon 80.3 80.5 80.4 88.7 4.47 3.86
Spheron 120.4 120.7 126.3 4.47

Summary
1. Adsorption isotherms for nitrogen on two

(17) Davis and DeWitt, T h is  J o u rnal , 70, 1135 (1948).

July, 1948

samples of carbon black were determined at — 205, 
-195  a n d -183°.

2. The differential heats of adsorption of nitro­
gen on the two samples of carbon black were meas­
ured isosterically.

3. Excellent agreement with the calorimetric 
data of Beebe and his co-workers2a for the same 
samples of carbon black was obtained. AF and 
AS values for the process liquid nitrogen going to 
adsorbed nitrogen were determined as a function of 
the surface covered and a possible interpretation 
of the results is suggested.

4. The areas of the various samples as calcu­
lated by the B.E.T.5 theory were compared to the 
areas calculated by the method of Harkins and 
Jura.4

R eceived  N ovem ber  8, 1947

[Contribution from  G ulf  R esearch  and D evelopment Company’s M ultiple  F ellowship, M ello n  In s t it u t e ]

Differential Heats of Adsorption and Desorption of Nitrogen on Porous Glass
B y  L. G. J o y n e r  a n d  P. H. E m m e t t

Gleysteen and Deitz1 recently calculated by the 
Clausius-Clapeyron equation from the data of 
Lambert and Clark2 the differential heat of ad­
sorption and the differential heat of desorption of 
benzene on ferric oxide gel. They found the heat 
of desorption to be about 760 calories larger in the 
region where hysteresis occurs and suggested that 
this value could be used in conjunction with the 
Brunauer, Deming, Deming and Teller3 adsorp­
tion equation to account approximately for the 
hysteresis observed in this benzene-iron oxide gel 
system.

It was felt that these observations of Gleysteen 
and Deitz1 were of sufficient importance to war­
rant their being checked by another set of data. 
To this end we have determined the adsorption 
and desorption isotherms for nitrogen at —204.8° 
and —194.6° on a sample of porous glass.

Experimental
Materials.—The porous glass sample was one of a num­

ber furnished by the Corning Glass Company (Hood and 
Nordberg, U. S. Patent 2,106,774). It was one of the 
samples used by Emmett and Cines4 for adsorption work 
at -195°.

The nitrogen adsorbate was Airco prepurified nitrogen. 
It was merely dried in a liquid nitrogen trap prior to being 
used.

Apparatus.—The adsorption and temperature controlling 
apparatus and the procedure were the same as for the 
preceding paper.5 All surface area values were calculated 
by the standard B. E. T. equation.6 1 2 3 4 5 6

(1) Gleysteen and Deitz, J. Research Nat. Bur. Standards, 35, 285 
(1945).

(2) Lambert and Clark, Proc. Roy. Soc., A122, 497 (1929).
(3) Brunauer, Deming, Deming and Teller, T his  J ournal , 62, 

1723 (1940).
(4) Emmett and Cines, J. Phys. & Colloid Chem., 51, 1248 (1947).
(5) Joyner and Emmett, T h is  J o ur nal , 70, 2353 (1948).
(6) P. H. Emmett, “American Society for Testing Materials, 

Symposium on New Methods for Particle Size Determination,” 
1941, p. 95.

Results
The adsorption and desorption data for nitrogen 

on the porous glass have been plotted in Fig. 1. 
For each temperature, adsorption and desorption 
points for two separate runs are shown. The 
agreement between the separate runs was excel­
lent. The isotherms are what have been called 
“Type IV” and resemble somewhat the isotherms 
obtained by Lambert and Clark2 for benzene on 
iron oxide gel.

Fig. 1.—Adsorption of nitrogen on porous glass at 
— 204.8 and —194.6°. Solid symbols are desorption points.

Calculations and Discussion
Comparison of the Heat of Adsorption of 

Nitrogen with the Heat of Desorption.—
Brunauer, Deming, Deming and Teller3 de-
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veloped a general adsorption theory by which 
five types of adsorption isotherms may be deduced 
from the single equation

V = V m \ r r ^ -  +  A~\ (1)
\ _ x  —  X  J

where A  is a complicated function of C, x f n and h. 
Vm is the volume* of gas required to form a mono- 
layer on the surface and x is the relative pressure. 
In the function A of equation 1, n is the maximum 
number of layers that can fit into a capillary; C 
is related to the heat of adsorption of the first 
layer in the same way as in the regular B.E.T. 
equation6; and h = (nC2 — C2 +  2C) exp. Q/RT  
where Q is an additional energy term associated 
with the last layer to enter the capillary.

Brunauer, Deming, Deming and Teller3 ap­
plied the above equation to the data of Lambert 
and Clark2 for the adsorption of benzene on ferric 
oxide gel and obtained reasonably good agreement. 
Gleysteen and Deitz1 showed that if all the con­
stants of Equation 1, as calculated from the ad­
sorption data, are held fixed except for the value of 
Q and, if this is increased by the 760 calories that 
they had calculated as the amount by which the 
heat of desorption of benzene on ferric oxide gel 
exceeded the heat of adsorption, a reasonable fac­
simile of the experimental desorption curve is ob­
tained.

In applying the suggestion of Gleysteen and 
Deitz1 to our data we have elected to assign such 
excess heat to the Q for desorption as is needed to 
make the desorption isotherm for — 194.6° as cal­
culated from equation 1 agree with that shown in 
Fig. 1. The curve for this calculated excess Q 
(labeled calcd. B.D.D.T.) is shown in Fig. 2. It 
is apparent that no single value for the amount by 
which the Q for the desorption curve exceeds that 
for the adsorption curve would suffice to give 
agreement between the experimental and calcu-

P/Po-
Fig. 2.—Excess of the heat of desorption over the heat 

of adsorption for nitrogen (in calories per mole) on porous 
glass over the hysteresis region, as calculated by three 
different methods

fated isotherms. Furthermore, it is evident that 
at low relative pressures and at high relative pres­
sures the heats of adsorption and desorption will 
be equal.

Some explanation of how the calculated curve 
(marked B.D.D.T. calcd. in Fig. 2) for the heat of 
desorption min us the heat of adsorption was ob­
tained may be in order. The values for Vm and C 
for the —194.6° isotherm were obtained in the usual 
manner from the simple B.E.T. plot (see equation 
1 of the preceding5 paper). The values of the para­
meters ft and Q which gave the best fit of Equation 
1 to the adsorption isotherm were then determined 
by a trial and error method. The Q so determined 
may be designated as Gads. Agreement between 
experiment and theory was obtained to about the 
same degree as was obtained by Brunauer, Deming, 
Deming and Teller3 for the benzene-ferric oxide 
system. Using the values of Vm, C and n from 
the adsorption part of the curve, values of V and 
x from the desorption isotherm were inserted into 
Equation 1 and Gdes. calculated. The calculated 
curve of Fig. 2 is simply Qdes. — Gads, plotted as a 
function of the relative pressure at —194.6°.

The conventional isosteric calculation of heats 
of adsorption and desorption by the Clausius- 
Clapeyron equation is fraught with considerable 
uncertainty when applied to data such as shown 
in Fig. 1. As pointed out by McBain7 it is impos­
sible to construct isosteres for the higher relative 
pressure regions for those cases in which the vol­
ume of gas adsorbed (S.T.P.) at saturation varies 
with temperature. The difficulty can apparently 
be avoided if one applies the Clausius-Clapeyron 
equation at constant liquid volume (and hence 
constant volume of pore space filled with adsorb­
ate) rather than to constant volume of gas ad­
sorbed. The amount by which the heat of desorp­
tion exceeds the heat of adsorption per mole is 
shown in Fig. 2 as a function of the relative pres­
sure (for the —194.6° isotherm) when calculated 
both on the basis of constant liquid volume of ad­
sorbate and also when calculated for constant 
number of moles of adsorbate on the porous glass.

From what has already been said, it follows that 
curve 3 cannot be extended above about 0.7 rela­
tive pressure because at this point the isotherm 
for -194.6° levels off and becomes independent 
of pressure.

The three curves shown in Fig. 2 are in remark­
ably good agreement considering the assumptions 
involved in the Brunauer, Deming, Deming and 
Teller3 theory and the methods used in calculating 
curve 2. They all combine to indicate that the 
quantity of heat involved in desorbing adsorbate 
from capillaries is greater than the heat evolved 
during adsorption. This excess heat is probably 
of fundamental importance in determining the 
cause of the hysteresis loop, though the exact re­
lationships involved may remain obscure until

(7) McBain, “The Sorption of Gases and Vapors by Solids,” 
G. Routledge and Sons Ltd., London, 1932, p. 141.
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more is learned concerning the phenomenon of 
hysteresis.

Variation of the Inception of Desorption 
Hysteresis with Temperature.—One other ob­
servation relative to the isotherms in Fig. 1 is 
of interest. A few years ago, Cohan,8 on the basis 
of an “open pore” theory of adsorption, predicted 
that the lower relative pressure at which the de­
sorption branch of an isotherm rejoins the adsorp­
tion branch should decrease as the temperature 
decreases. Qualitatively our data shown by the 
plots in Fig. 1 and similar data by Lambert and 
Clark2 for benzene adsorption on ferric oxide 
agree with Cohan’s hypothesis.8 However, the 
agreement with his prediction is not quantitative. 
Thus, the value of the relative pressure corre­
sponding to the beginning of hysteresis at —204.8° 
should be 0.305 according to Cohan8 if, as in Fig. 1, 
the corresponding relative pressure in the —194.6° 
isotherm is 0.420. Actually, the hysteresis at 
—204.8° begins at about 0.265 relative pressure.

Surface Area Measurements on Porous Glass. 
—The adsorption data at both temperatures 
yield excellent linear portions when plotted 
according to either the B.E.T.6 or the Harkins and 
Jura9 method. The B.E.T. areas and C values 
for porous glass as calculated from both the 
— 194.6° and the —204.8° isotherms are given in 
Table I. The Harkins and Jura area was calculated 
from the —194.6° isotherm by the use of 4.06 for 
the proportionality constant k. The agreement 
between the B.E.T. areas, although not as good 
as for the carbon blacks of the preceding paper, is 
still within 2%. Again the Harkins and Jura area 
is somewhat higher than but nevertheless is in 
reasonable agreement with that obtained by the

T a b l e  I
Calculation of the surface areas and related constants 

by the B. E. T.6 and by the Harkins and Jura9 methods 
from the nitrogen adsorption isotherms :
Temperature, °C. -1 9 4 .6 -2 0 4 .8
Vm, C C./g. 55.90 59.21
B.E.T. area, sq. m./g. 245.8® 250.9°
H. & J. area, sq. m./g. 
k calculated from H. & J. area at

255.2

— 194.6°C. 3.35
B.E.T. C 123 147

° The cross-sectional molecular areas foro nitrogen for 
— 194.6° and —204.8° were taken as 16.26A.2 and 15.67 
A.2, respectively, for these area calculations.

(8) Cohan, T h is  J ournal , 66, 98 (1944).
(9) H arkins and Jura, T h is  J o u r n a l , 66, 1366 (1944).

B.E.T. method. We find as in the preceding pa­
per5 that the cross-sectional area (16.9 A.2) that 
has to be assigned to the nitrogen molecule to ob­
tain a surface area by the B.E.T. method in agree­
ment with that obtained by the Harkins and 
Jura9 plot exhibits the same relationship to the 
constant C (123) which has been shown to exist 
by one of the authors.10

If we utilize the slope of the Harkins and Jura9 
plot for the — 204.8° isotherm and calculate a 
value of the Harkins and Jura proportionality 
constant k required to yield the same value of the 
surface area as was obtained by their method 
from the data at —194.6°, we obtain a value for 
k of 3.35 for the porous glass. A similar calcula­
tion in the preceding paper5 for the non-porous 
solid Graphon at the same temperature yielded a 
k value of 3.86. This difference of about 17% in 
the value of k found between the porous and non- 
porous substances at —204.8° is to be compared 
to the perfect agreement between k values found 
for the two non-porous carbon blacks at —183° in 
the preceding paper.5 These two examples are 
insufficient to warrent final conclusions but they 
do suggest that the temperature coefficient of k 
may be different for porous and non-porous sub­
stances.

Summary
1. Adsorption isotherms for nitrogen on a 

sample of porous glass were determined at 
-204.8° and -194.6°.

2. The differential heat of adsorption and the 
differential heat of desorption of nitrogen on the 
porous glass were measured isosterically.

3. For the porous glass the differential heat of 
desorption was shown to be in excess of the differ­
ential heat of adsorption over the hysteresis region 
by as much as 250 calories. The excess heat of 
desorption over the heat of adsorption was corre­
lated with the hysteresis loop by means of the 
Brunauer, Deming, Deming and Teller3 theory of 
multilayer adsorption in a way similar to that 
suggested by Gleysteen and Deitz.1

4. The area of the porous glass as calculated 
by the B.E.T.6 theory from the adsorption data 
at —194.6° was compared to and found to agree 
with the area calculated by the method of Harkins 
and Jura.9
P it t s b u r g h , P e n n s y l v a n ia
_____________  R e c e iv e d  N o v e m b e r  8, 1947

(10) Em m ett, T h is  J o u rnal , 68, 1784 (1946).
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[Contribution  from the Research L aboratory of the G eneral  E lectric Co.]

Chemical and Physical Adsorption of Gases on Carbon Dust
By Robert H. Savage and Callaway Brown

The clean-up of hydrogen by fresh carbon or 
graphite wear-dust,1 at room temperature, has 
been interpreted as a chemical adsorption re­
sulting from the opening of the graphite lattice 
during the process of frictional seizure. The 
amount of hydrogen adsorbed by the dust was 
found to be 105 times greater than that adsorbed 
by a typical activated charcoal a t the same tem­
perature and pressure, and represented a chemi- 
cally-active surface of the order of one square meter 
per gram. The supposition was made that the 
total surface of the dust was considerably greater 
than this, as roughly indicated by the color of the 
material; and this possibility was strengthened 
by a subsequent study with an electron micro­
scope which revealed2 that the carbon particles 
occurred in a wide distribution of size and showed 
a fineness extending beyond the resolving power 
of the instrument. The suggestion was then made 
that a determination of the total surface of this 
carbon by nitrogen adsorption at low temperature3 
would complete the data relating the chemically 
active surface to the total (physical) surface.

For carbon we have not found published in­
formation relating the two types of adsorption. 
According to the work of Lowry and Hulett,4 af­
ter a charcoal has been outgassed thoroughly at 
900-1000° and has been allowed to cool in vacuum 
to room temperature, such gases as hydrogen, ni­
trogen, carbon monoxide, can be admitted and 
subsequently recovered quantitatively at room 
temperature. The adsorption of these gases is 
clearly no more than physical. Yet surface films

(1) R. H. Savage, J. Applied Phys., 19, 1 (1948).
(2) Ernest F. Fullam and Robert H. Savage, ibid., July, 

1948.
(3) S. B runauer, P. H. Emmett an d  E. Teller, T h is  J ournal, 60, 

309 (1938).
(4) H. H. Lowry and G. A. Hulett, ibid., 42, 1408 (1919).

held by primary valences evidently occur since 
there are recovered large quantities of hydrogen 
as well as oxides of carbon during the degassing of 
charcoal5 at 600 to 1200°. Nitrogen, also, has 
been recovered in the degassing of graphite6 at 
temperatures up to 2200°, and is the predominant 
gas evolved in the range 1700 to 2200°.

The lack of a detailed knowledge of the surface 
films on carbon seems to result from the fact that 
previous work has been concerned almost ex­
clusively with the determination of adsorption 
characteristics of carbons which are already 
saturated chemically and which are not cleaned 
by the usual activation methods involving bake- 
outs at relatively low temperatures. Since an 
important part of the surface film may not be 
removed by such heating alone, the carbon wear- 
dust as a research material offers the novel ad­
vantage of providing clean carbon surfaces of ex­
ceptional extent by a simple mechanical process, 
so that the formation of the primary films may be 
measured. Employing the carbon dust we have 
observed an irreversible (chemical) clean-up at 
room temperature of hydrogen, nitrogen, oxygen, 
carbon dioxide, carbon monoxide and methane. 
This report is concerned particularly with (A) the 
hydrogen clean-up in relation to (B) a low tem­
perature nitrogen adsorption performed after the 
clean-up to determine the total surface area.

Experimental
Part A.—Carbon wear-dust was made by operating 

graphite rods (brushes) against a rotating copper disk 
in a friction apparatus1 containing hydrogen at a low pres­
sure. (In the absence of certain vapors required for 
graphite lubrication, the graphite seizes to the moving 
base and rapidly disintegrates into a black dust which 
immediately cleans up the hydrogen. The clean-up is 
substantially the same whether the dust is formed in 
hydrogen directly or whether it is formed in vacuum 
and the hydrogen admitted after wear has stopped. 
Further, it occurs independently of the presence of copper 
in the moving base; i. e., it is observed also with graphite 
rods sliding on a graphite disk.)

The observed wear (brush-volume) and the hydrogen 
clean-up were measured, as shown by Fig. 1. From the 
observed pressure drop in the system of 5.3-liter volume

T able  I
C hemical A dsorption

Sample, wear dust Trial a Trial b
Wear volume from rod, cc. 0.0263 0.0206
Apparent rod density, g./cc. 1.9 1.9
Calcd. weight of dust, g. 0.050 0.0392
Hydrogen adsorbed at S. T. P., cc. 0.101 0.078
Specific adsorption, cc./g. 2.00 1.98
Specific surface (chemical), sq. m./g. 5.16 5.12

(5) Robert B. Anderson and P. H. Emmett, J. Phys. and Colloid. 
Chem., 51, 1308 (1947).

(6) F. J. Norton and A. L. Marshall, Trans. Am. Inst. Mining 
Met. Engrs., Inst. Metals Div., 156, 351 (1944).
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we have calculated the adsorption, and also the specific 
area, of the chemically active surface, Table I. For reasons 
to be discussed, the area saturated per hydrogen molecule 
was assumed to be 9.6 X 10“ 16 sq. cm. (the area of two 
C atoms in the plane perpendicular to the graphite hex­
agonal plane). Several additional runs were then made to 
increase the amount of dust, and to check these results, 
after which the bell-jar was removed and a sample of the 
dust transferred to a small Pyrex tube for determination 
of surface area.

Part B .—The tube was next sealed into an adsorption 
apparatus7 by means of a spherical ground-glass joint. 
The carbon sample was degassed in vacuum at room tem­
perature and again for one hour at 500°, and the adsorp­
tion of nitrogen at —195° was determined after each 
pumping in the usual manner with helium as the reference 
gas. (Only the results following the 500° bake-out will 
be included because these are indicated to be more rep­
resentative; the other data agreed however within 20%.) 
The dust was then removed and was replaced, first, with 
a sample of the original graphite “stock-powder” from 
which (with the addition of about 2% coked-binder) the 
brush had been made by pressing and firing to 1350°; 
and second, with samples of finished graphite rods of ap­
parent density 1.9 g. per cc. Nitrogen adsorption at 
— 195° was determined for each of these and the results 
are summarized, for comparison with the wear-dust, in 
Table II. The surface areas were calculated from these 
adsorption data, shown in Fig. 2, using the Brunauer, 
Emmett, Teller adsorption equation3 and the value 16.2 X 
10“16 sq. cm. for the area covered by a nitrogen molecule.

T able  II
Physical A dsorption

Sample g.

V m 
(from  
B ET  
plot) 
cc. N 2

Specific 
V m

cc. N 2/g .

Sp.
surface
(total)
m Vg-

Wear dust 0 .0 7 8 6 7 . 8 6 1 0 0 .0 4 3 5
Stock powder 2 .5 7 9 4 . 5 3 1 .7 6 7 . 6 5
Rod 0 .2 8 1 0 . 0 8 4 0 . 3 0 1 .3 0

Finally the work was extended to include graphite rods 
of contrasting physical properties, with the results shown 
in Table III. The electrographitized carbon shown under 
(2) had been fired to about 2800° in contrast to the 
natural graphite rod 1, fired at 1350°. The powder 
under (2) was formed by grinding one of the rods in a 
high-speed impact grinder to produce a surface area of 
4.62 sq. m ./g ., in striking contrast to the 435 and 390 
sq. m ./g. areas shown for the two wear-dust samples. 
The three samples of rod 1 of different cross-section and 
history show the reproducibility of the results.

Discussion
Tables I and II show the changes in surface 

which accompany the processes of rod manufac­
ture (pressing and bonding of graphite particles) 
and of rod wear. The stock powder is a relatively 
coarse graphite showing an area 7.65 sq. m./g., 
and this is decreased to 1.3 sq. m./g. as a result of 
the rod formation. The process of wear results in 
a fine subdivision of the individual graphite par­
ticles, increasing the surface by 335-fold, within 
the range of the fine colloidal carbon blacks (color 
blacks). Of the total surface, 99.7% is apparently 
fresh surface developed in the wearing process. 
Only a portion of this fresh surface can be chemi­
cally active toward hydrogen since the 1.98 cc./g. 
hydrogen adsorption, although many times larger

(7) E. O. Kraemer, “Advances in Colloid Science,” (by P. II. 
Emmett), Interscience Publishers, New York, 1942, pp. 1-36.
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Fig. 2.—Adsorption of nitrogen at —195° on graphite 
(BET plots).

than that reported for any previous carbon, is 
only 2% of the monolayer nitrogen adsorption of 
100 cc./g. The hydrogen adsorption would seem 
to represent the proportion of carbon atoms which 
have been exposed so as to show one or more 
strong valences of unsaturation, such as those of 
free radicals. This exposure would not occur if 
the graphite crystal is simply delaminated or 
scaled away, but would occur if the crystal is 
opened both along the main cleavage plane and at 
right angles to this plane (so as to uncover both 
face atoms and edge atoms).

The laminar structure of graphite, together with 
the indication that the chemically active surface 
represents only a small proportion of the total sur­
face, suggests that the wear-dust particles are 
composed of thin plates, and that only edge atoms 
combine with hydrogen while face atoms in the 
main cleavage plane of graphite make up most of 
the total surface area. In this case the area of the 
chemically active surface and the fraction of the 
surface atoms which are chemically active may be 
readily calculated from the lattice dimensions. 
The main cleavage plane of graphite consists of 
carbon hexagons with the smallest interatomic 
distance 1.42 A. and the separation between planes 
3.39 A. The area per carbon atom along an edge 
perpendicular to the main plane is therefore 1.42 
X 3.39 = 4.81 sq. A. If the hydrogen adsorption 
is due to one-to-one combination of hydrogen 
atom with edge carbon atoms, the chemically ac­
tive surface covered by 1.98 cc. per gram is 5.12 
sq. m./g. as listed in Table I. Any other lattice 
points reacting with hydrogen would lead to an 
even smaller value for the area of the chemically 
active surface. The remaining total surface, 430 
sq. m./g., is considered to represent facial area. 
Each surface hexagon (equivalent to 2 carbon
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atoms) occupies 5.24 sq. A., so the total number 
of face atoms per g., rtf = 430 X 104/2.62 X 10“16. 
The proportion of surface atoms which combine 
with the 1.98 cc. of hydrogen, presumably as edge 
atoms, is therefore Vibb or 0.65%. Although the 
“chemical” surface represents only a small frac­
tion of the total surface, its absolute magnitude, 
5.12 sq. m./g., is large compared with the total 
surface of the rod from which the dust was worn 
and is comparable with the total surface of natural 
graphite powders.

Size and Shape of Graphite Fragments.—
The values of equivalent particle size in Table III

Sample

Specific 
surface, 
sq. m./g.

Equiv.
part.-
size,

microns
No. 1

Powder for making rod 1 (natural graph-
ite) 7.65 0.349

Rod 1 (0.25 X 0.25 cm.2 cross-section)
(used for making dust) 1.3 2.05

Rod 1' (0.51 X 0.63 1.19 2.24
cm.2 cross-section) (other samples,

Rod 1" (0.25 X 0.25 | same stock) 1.13 2.35
cm.2 cross-section) y 

Wear dust 1
No. 2

435 0.0060

Rod 2 (electrographitized coke-bonded
black-carbon) 1.88 1.42

Powder from grinding rod 2 4.62 0.58
Wear dust 2 390 0.0068

represent the diameter of hypothetical spheres 
(or the edge of cubes), calculated from the

Fig. 3.—Electron micrograph of graphite wear-dust.

equation ds = 6/ pS where d-6 is in microns when S 
is in sq. m./g. and the density p is in g./cc. (2.25 
for graphite). It is convenient to use the spherical 
model for comparison with the more usual forms 
of black carbon but a laminar model with a large 
ratio of area to thickness appears much more 
likely from the evidence discussed above. For a 
plate-like particle of area A  and thickness t, the 
surface area may be considered as 2A with only a 
small error if the ratio of edge surface to total sur­
face is small. The mass of the particle is Atp, and 
the surface area per unit mass S  — 2ftp. As long 
as the thickness t remains small compared with the 
area A, the specific surface area of the graphite is 
independent of the size and shape of the plates and is 
determined by the thickness. For wear-dust 1 
with S — 435 X 104 sq. cm./g., therefore, the in­
dicated thickness / = 20.4 X 10-8cm.

From the specific surface area alone there is no 
limitation on the size and shape of plate-like par­
ticles; only the thickness is determined. A prob­
able limitation on the face to edge surface ratio ap­
pears in the ratio of total surface, from nitrogen ad­
sorption at —195°, to “chemical” surface, from hy­
drogen clean-up at room temperature. The ratio 
of total surface atoms to hydrogen atoms adsorbed 
has been calculated to be 155. If this is assumed 
to represent the ratio of face atoms to edge atoms, 
the average size of the plates may be calculated. 
For a plate of area A , perimeter p> and thickness 
t, the total number of facial atoms % = 1016 X 
2.4/2.62; the number of edge atoms in each basal 
plane 108 p /lA 2 } and the number of basal planes 
108 t/3 .39 approximately. The total number of 
edge atoms, therefore, ne = 1016 pt/4.81 and the 
ratio of face to edge atoms, nf/ne = 3.67 (A/pt). 
When the thickness t = 20.4 A. and the ratio nf/ne 
— 155, the ratio of area to perimeter, A /p  — 
862 X 10~8cm.

In the limiting case of a circle of radius r, A /p  = 
r/2; then r ~  1720 A. Circular plates of average 
radius 1720 A. and thickness 20.4 A. thus satisfy 
the requirements for both “total” and “chemical” 
surface, assuming combination of hydrogen with 
edge atoms. Plates of shape other than circular 
still satisfy the total surface requirement if the 
thickness is 20.4 A. but must be of larger area than 
7r(1720 X 10~8) sq. cm. in order for the ratio of 
face to edge atoms to remain at 155.

Evidence from Electron Microscope and X-Ray 
Diffraction.8-—A typical electron micrograph of 
the wear-dust appears in Fig. 3. The electron 
microscope studies are discussed more fully 
elsewhere2 but it is clear that a large range of sizes 
is present extending from 10000 A. down to 100 
A. or less in diameter. A number of particles 
semi-transparent to the electron beam are present 
and these are certainly of a thickness considerably 
less than 100 A. Furthermore the thin plates are

(8) The authors wish to thank Ernest F. Fullam for the electron 
micrograph, and. David Harker for the X-ray data and its inter­
pretation.
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seen to vary in respect to thickness from opacity 
to invisibility; and since the gradation is continu­
ous we cannot determine the concentration of par­
ticles too thin to be visible. Quantitative treat­
ment is thus complicated by the large range of 
sizes present and by the transparency to the elec­
tron beam of very thin platelets.

X-Ray diffraction results provide interesting in­
dependent evidence for the structure of the wear- 
dust particles. Diffraction of copper Ka  radiation 
from a thin layer of the wear-dust powder was 
carried out in a Geiger counter X-ray spectrome­
ter. The output of the recorder, which plots in­
tensity of the diffracted radiation against the 
diffraction angle, is shown in Fig, 4.

The sharp peak at 27° corresponds to the 00.2 
reflection of massive graphite. (This reflection 
is from the cleavage planes.) The graphite crys­
tals responsible for this reflection must be thicker 
than about 1000 A. The sharp peak just men­
tioned is superimposed on a very broad maximum 
of about 10° width at half height. Such a diffrac­
tion effect is consistent with the assumption of 
either (a) distortion of the crystal lattice, (b) 
extremely small particle size or (c) both. The 
electron microscope evidence points toward alter­
native (b). If the line broadening is due entirely 
to particle size, the particles must be of the order 
of five times the interplanar distance or 20 A. in 
thickness. This reflection provides no information 
on particle size in directions other than normal to 
the cleavage plane of graphite.

Thus the electron micrographs and X-ray dif­
fraction show that the particles are predomi­
nantly very thin perpendicular to the hexagonal 
plane and of comparatively large diameter. Al­
though a portion of the powder appears to consist 
of relatively thick fragments the results on the 
whole are in excellent agreement with the thin 
plate model. This supports the assumption that 
hydrogen reacts quantitatively with edge atoms. 
It should be noted that the estimate of 20 A. 
thickness from the surface area is independent of 
the location of the chemisorbed hydrogen. Only 
the estimate of the face dimension depends on the 
ratio of edge to face atoms.

Clean-up of Other Gases.—Preliminary stud­
ies of nitrogen clean-up by the carbon wear- 
dust have indicated this is considerably less 
than for hydrogen. On two carbons it has been 
indicated to be 180 cu. mm. (STP)/g. or higher. 
The fact that it is appreciable seems to us to be 
rather remarkable since molecular nitrogen does 
not react with charcoal.9 Preliminary data for 
methane showed an adsorption of roughly one- 
half that obtained with hydrogen; that is, 
roughly the same number of hydrogen atoms were 
involved per gram of carbon dust. The carbon 
monoxide adsorption was indicated to be some­
what higher than that of hydrogen.

(9) R. B. Anderson and P. H. Emmett, J. Phys. Colloid. Chem., 
§1, 1327 (1947).

Diffraction angle, degrees.
Fig. 4—X-Ray diffraction record for graphite wear-dust.

In measuring the chemical clean-up of these 
gases during the initial stages of the work, the bell- 
jar trap was chilled with liquid nitrogen to con­
dense traces of water vapor. The trap was ob­
served to collect a much larger proportion of the 
wear-dust when chilled than when held at room 
temperature, and because of the large carbon sur­
face involved, there resulted considerable physical 
adsorption of such gases as nitrogen and methane 
at the low temperature. This complicated the 
chemical measurements, and to correct this dif­
ficulty in a later series of experiments the trap was 
retained at room temperature during the clean-up. 
Another complication was found to occur when 
the trap was warm, viz., a slow evolution of water 
vapor which tended to compete in the clean-up and 
to modify the pressure reading. Further work is 
under way to bring the data on the other gases up 
to the degree of reproducibility found for hydro­
gen.

Summary
1. Carbon dust, formed by the high wear of 

graphite rods rubbing against a rotating base in 
vacuum, has been found to adsorb hydrogen, ni­
trogen, oxygen, carbon monoxide, carbon dioxide 
and methane irreversibly at room temperature. 
The hydrogen clean-up, 2 cc./g. of dust, is 105 
times the adsorption shown by representative 
activated charcoals at room temperature and low 
pressures of the order of 10 microns.

2. In a typical case the chemically active specific 
surface of the dust is indicated by the hydrogen 
clean-up to be 5.12 sq. m./g. The total (physical) 
specific surface is found by nitrogen adsorption at 
—195° to be 435 sq. m./g., as calculated from the
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measured adsorption of 100 cc. of N2/g. for the 
monolayer. This total surface of the graphite dust 
is comparable with those of the best commercial 
activated carbons, and in addition 1.2% of this 
total surface showed a powerful chemical activity.

3. Nitrogen adsorption isotherms on graphite 
powder (raw material), ïiüislied graphite rods 
(brushes), and powder formed by pulverizing the 
rods in a high-speed impact grinder indicated sur­
face areas of 7.7,1.3 and 4.6 sq. m./g., respectively, 
compared with 435 sq. m./g. for the wear-dust.

4. I t is shown that for a laminar model of 
graphite fragments in which the ratio of edge area 
to face area is small, the surface area per unit 
weight is independent of size and shape and de­
pends only on the thickness of the fragments. A

thickness of 20.4 A. is indicated for the carbon 
wear-dust. A minimum average diameter of 
3500 A. is indicated for the face dimension on the 
assumption that hydrogen reacts quantitatively 
with edge atoms.

5. I t is suggested that the chemically active 
portion of the dust represents unsaturated carbon 
valences at points of cleavage at right angles to 
the main cleavage plane. The wear dust appears 
to differ from previous carbon samples studied in 
that these strong valence bonds have been freshly 
opened, mechanically, and occur in large numbers; 
whereas the corresponding bonds in other carbons 
are ordinarily saturated by chemisorbed gas and 
are not opened by ordinary outgassing procedures. 
Schenectady, N ew  Y ork R eceived  January 30, 1948

[Contribution from the D epartment of C hemistry, Y ale  University]

Thermodynamics of Aqueous Solutions of Potassium Hydroxide1
By G. C. Akerlof2 and Paul Bender3

Introduction
The results presented in this paper represent a 

continuation of a program of studies of the ther­
modynamic properties of concentrated aqueous 
electrolytic solutions in which measurements on 
hydrochloric acid4 and sodium hydroxide5 solu­
tions have already been reported. A detailed de­
scription of the experimental procedure and the 
method of calculation employed here has been 
given previously.5 In the following all symbols 
agree with common usage or with those in earlier 
papers.

Preliminary Treatment of the Data.—The
cell measured has the composition

Pt,H2/KOH(m)/KxHg/KOH(wr)/H2, Pt
The cell reaction and the resulting electromotive 
force expression are given, respectively, by
KOH(w) +  H20(m r) +  7 2H2( »  K 0 H (O  +

H20  (m) +  y 2H2(mr) (1)
_ R T  ffK0H(mr)aH20(m)aH22(̂ r) /0x
E *  — v ln  --------------------—  <2'1 a,KOH (m)ClH2O (mr)%2 (w>

The reference concentration mr was held constant 
at 0.09154 molal for twenty concentrations m of 
potassium hydroxide ranging from 0.2240 to 
17.544 molal. The method employed to eliminate 
carbonate from the solutions has been described 
previously.6 Measurements were made at ten-de-

(1) This paper is based on the dissertation presented in 1942 to the 
Faculty of the Graduate School of Yale University by Paul Bender 
in partial fulfillm ent of the requirements for the degree of Doctor 
of Philosophy.

(2) Present address: Mellon Institute, Pittsburgh 13, Pennsyl­
vania.

(3) Present address: Department of Chemistry, University of
Wisconsin, Madison 6, Wisconsin.

(4) Akerlof and Teare, T h is  J ournal , 59, 1855 (1937).
(5) Akerlof and Kegeles, ibid., 62, 620 (1940).
(6) Akerlof and Bender, T h is  J o u rnal , 63, 1085 (1941).

gree intervals from 0 to 70°; a small linear cor­
rection was applied to the observed electromotive 
force values to correct them to round tempera­
tures.

A critical survey of the vapor pressure measure­
ments of Smits,7 Tammann,8 Paranjpe9 and Ko- 
bayashi10 provided the information necessary for 
the correction of the observed electromotive 
forces to unit activity of hydrogen gas in each half- 
cell. Since all the measurements available were 
made by the static method, which tends to give 
too high values because of difficulty in the com­
plete elimination of air from the solutions, some­
what greater weight was assigned to the lower 
vapor pressure values reported at a given concen­
tration. The resulting correction reached a maxi­
mum value of 4.5 millivolts at 70° and 17.54 molal. 
The corrected electromotive force values are sum­
marized in Table I; the average deviation of the 
observed points from smoothed values obtained 
by the method of least squares, assuming a quad­
ratic dependence on the temperature, is less than
0.4 millivolt.

The water transfer potentials
R T

AjEH2o — — —j=r In #H20 (m) 
0H2O (mr)

were evaluated by the method suggested by Aker­
lof and Kegeles5 and more recently generalized by 
Stokes.11 Their validity was checked by compari­
son with those calculated from the final log a\ 
values; the agreement was well within the experi­
mental error of the electromotive force measure-

(7) Smits, Arch. Neerland. 2, 1, 111 (1898); Z. physik. Chem., 39, 
385 (1905).

(8) Tammann, Mem. Acad. Pelersburgh 7, 35, Nr. 9 and 64 
(1887).

(9) Paranjpe, J. Indian Inst. Sci., 2, 59 (1918).
(10) Kobayashi, J. Sci. Hiroshima Univ., A2, 274 (1931-32),
(11) Stokes, T h is  J o u rnal , 67, 1686 (1945).
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T able I
Observed E lectromotive F orce D a t a , C orrected to R ound T emperatures and U nit  A ctivity  of Hydrogen G as

m 0° 10°
0,2240 0.0397 0.0418

.2847 .0497 .0515

.4829 .0742 .0779

.6997 .0915 .0954

.9956 .1104 .1148
1.9869 .1500 .1569
2.5141 .1681 . 1723
2.9868 .1802 .1879
4.0565 .2107 .2173
5.0212 .2333 .2417
5.6545 .2515 .2574
7.0174 .2820 .2902
8.0473 .3046 .3145
9.0314 .3284 .3355

10.052 .3483 .3571
11.091 .3701 .3800
12.073 .3922 .4006
13.064 .4111 .4188
14.099 .4321 .4383
17.544 .4948 .5015

20° 30° o 0

0.0423 0.0437 0.0456
.0533 .0551 .0567
,0808 ,0826 .0852
.0996 . 1021 . 1042
.1183 . 1226 . 1256
.1622 . 1672 .1720
.1785 ,1846 .1890
.1933 .1982 .2049
.2239 .2308 .2380
.2491 .2556 .2617
.2648 .2714 .2773
.2971 .3041 .3116
.3217 .3278 .3347
.3429 .3498 .3566
.3637 .3714 .3769
.3877 .3941 .4001
.4087 .4154 .4225
.4273 .4341 .4394
.4442 .4501 .4587
.5085 .5156 .5224

50°
oOCO 70°

0.0474 0.0482 0.0492
.0584 .0591 .0611
.0868 .0907 .0924
.1076 . 1094 .1129
.1290 .1325 . 1351
.1768 .1812 .1846
.1942 .1993 .2038
.2111 .2138 .2168
.2429 .2471 .2520
.2663 .2728 .2769
.2816 .2861 .2879
.3173 .3220 .3273
.3412 .3459 .3490
.3626 .3683 .3722
.3830 .3867 .3941
.4060 .4109 .4150
.4275 .4327 .4361
.4445 .4512 .4559
.4642 .4703 .4759
.5269 .5308 .5335

Discussionmerits. The conclusion of Harned and Cook12
that below four molal the water transfer potential 
is practically constant in the temperature range 
from 0 to 35° was confirmed.

Thermodynamic Properties of Solutions of 
Potassium Hydroxide.—The logarithm of the 
mean ionic activity coefficient of the solute was 
calculated using the equation

lo g  y  =
— u \/m  

1 -j- s/ 2m +  Bm +  Cm2 -p Dmz +  Em*' (3)

where u is the universal constant of the limiting 
law, and B> C, D,  and E are empirical coefficients 
evaluated as functions of the temperature by the 
method of least squares. A summary of the re­
sults of this process is given in Table II. The ex­
tension of the calculation to the other thermody­
namic properties of solute and solvent in terms of 
the constants of equation (3) has been given ex­
plicitly by Akerlof and Kegeles.5 Figures 1 and 2 
show the dependence on the concentration of log y  
and of (log a/ j /m at the various temperatures at 
which measurements were made.

T able  II
E mpirical C oefficients U sed for the Calculation of 
the A ctivity C oefficient  of the  Solute in  A queous 

Solutions of P otassium Hydroxide

B =  0.06629 +  0.0S613ht -  0.041101&2 +  0.0?4096/3 
C =  0.010909 -  0.0817108T+ 0.051689522 -  0.087969^3 
D =  - 0 .0 S7351 +  0.0fi9973* -  0.079347f2 +  0.096215*3 
E =  0.0*15502 -  0.061980/ +  0.0818424*2 -  0.0101764/3

Temp.,
°C. u

Temp.,
°C. u

Temp.,
°C. u

0 0.487 25 0.506 50 0.534
10 .494 30 .511 60 .549
20 .502 40 .522 70 .565

£12) Harned and Cook, T his Journal, 59, 496 (1937).

The first amalgam cell measurements on potas­
sium hydroxide solutions were made at 25° by 
Ming Chow,13 who used flowing potassium amal­
gam and mercury-mercuric oxide electrodes. His 
results were considered unreliable by Knobel,14 
who repeated the work using hydrogen electrodes 
instead of the mercury-mercuric oxide type. 
Knobel’s experimental results were subsequently 
recalculated, taking into account the water trans­
fer potential, by Harned,15 Scatchard,16 and Har­
ned and Akerlof.17 In the latter calculations, in 
which the extrapolations were based on the De- 
bye-Huckel theory, log y  values were obtained 
which are in fair agreement with those here re­
ported. More recently amalgam cell measure­
ments covering a concentration range up to four 
molal at temperatures from 0 to 35° were reported 
by Harned and Cook.12 Our results are on the 
whole in good agreement with theirs over their en­
tire measuring range.

The electromotive force measurements at 25° 
of Shibata and co-workers18 are in excellent agree­
ment with ours at hydroxide concentrations up to 
seven molal with an average deviation of 0.3 mv. 
between the two sets of results. This comparison 
suggests that contrary to previous opinion the mer­
cury-mercuric oxide electrode might function re­
versibly without undesirable side reactions, at 
least in dilute alkali solutions. At higher concen­
trations investigated in the two researches greater 
deviations are observed. In this connection the

(13) Chow, ibid., 42, 488 (1920).
(14) Knobel, ibid., 45, 470 (1923).
(15) Harned, Z. physik. Chem., 117, 23 (1925).
(16) Scatchard, T h is  J ournal  47, 658 (1925).
(17) Harned and Akerlof, Physik. Z., 27, 426 (1926).
(18) Shibata, Murata and Toyoda, J. Chem. Soc., ƒ 5 2 ,  627' 

(1931); Shibata and M urata, 52, 645 (1931),
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30°

40°

50°

60°

70°

0 1 2  3 4 
Lower set of curves.

5 6

6 8 10 12 14 
Upper set of curves.

16 18

Molality of potassium hydroxide.
Fig. 1.—Isotherms for the logarithm of the activity co­

efficient of potassium hydroxide. The curves for the con­
centration range 6 to 17.5 molal are plotted on half the 
scale of those for the range 0 to 6 molal. The figures on 
the ordinates are for 0°; for each 10° rise in temperature 
the ordinate is shifted by 0.05 for the lower set of curves, 
and by 0.1 for the upper set.

possibility of specific effects arising in very con­
centrated hydroxide solutions cannot be ignored,

-0 .015

-0 .025

-0 .035

-0 .045  
0°

10 °

20 °

30°

40°

50°

60 °

70°

0 4 8 12 16
Molality of potassium hydroxide,

Fig. 2 —Isotherms for the function (log a{)/m for aque­
ous solutions of potassium hydroxide. The figures on the 
ordinates are for 0°; for each 10° rise in temperature the 
ordinate is shifted by 0.010.

In a comparison of the curves for log 7 for so­
dium and potassium hydroxides and hydrochloric 
acid we find that with increasing temperature and 
concentration they approach each other rapidly, 
the large individual differences observed at lower 
temperatures and moderate concentrations tend­
ing to disappear. A study of the behavior of 
these curves a t concentrations or temperatures 
considerably above those previously employed 
would be of great interest.

A direct determination of log ai from electromo­
tive force measurements on the cell Pt,H2/  
KOH(W)/HgO-Hg has been attempted by Shi­
bata, Kobayashi and Furukawa,19 but the values 
reported by them differ appreciably from ours, 
which are in good agreement with the available ex­
perimental vapor pressure data.

An attempt to determine the relative partial 
molal heat contents and heat capacities subjects 
the original data to a very severe test, since the 
evaluation of these quantities involves the first 
and second differential coefficients of the original 
results with respect to the temperature. Values 
have been calculated for the relative partial molal 
heat content of the solute and compared with those 
of Harned and Cook12 and Rossini,20 whose com­
putation was based on the calorimetric determina­
tions of Richards and Rowe21 and P ratt.22 The 
calculation gives in both cases what might seem to 
be only fair agreement. This is due partly to the 
very high accuracy required in the basic experi­
mental work, and partly to the method of compu-

(19) Shibata, Kobayashi and F u rukaw a, J. Chem. SoCn Japan. §2, 
4U  (1931).

(20) Rossini, Bur. Standards J. Research, 6, 791 (1931).
(21) Richards and Rowe, T h is  J ournal , 43, 770 (3921).-
(22) Pratt, J, Franklin Im Lt 2135, @63 (1913),
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tation employed. The use of quadratic equations 
instead of cubic equations for the coefficients of 
equation 3 changes the value of L 2 by over 70 cal­
ories per mole at a concentration of 2 molal and 
18°, although the changes so produced in the val­
ues of the coefficients themselves amount to a few 
tenths of a per cent, at most. Actually the agree­
ment between our results and those obtained by 
Rossini is quite respectable, as is shown by the
following comparison for a temperature of 18°

m  0.09 0.16 0.25 0.36 0.64 . 1.00 1.44 1.96
T 2> cal./mole,

this study 145 168 186 198 218 242 292 374
L 2, cal./mole,

Rossini 131 145 148 147 147 137 164 207

No direct comparison with the work of Shibata
and associates18 is possible, but from their meas­
urements can be derived values of E  and &E/6T 
for the cell Molality of potassium hydroxide.

0°

20 °

40°

60°

Hg -  HgO/KOH (rn) / K xHg/KOH (wr) /HgO -  Hg 
for which there holds the relation

Fig. 3.—Isotherms for the relative partial molal entropy 
of the solute in aqueous solutions of potassium hydroxide.

FE -  FT (dE/dT)  = L2(m) -  L2(mT) +  VsIiOr) ~
V 2A1 ( m)  (4)

Values of the right-hand side of the equation cal­
culated from their data differ by an average of 100 
calories from those calculated for the left-hand 
side from our data, over a concentration range 
from one to twenty molal at 25°.

In the case of the relative partial molal heat 
capacity of the solute, our values differ from those 
of Harned and Cook12 by an average of only one 
calorie per degree per mole for concentrations up 
to four molal in the temperature range from 0 to 
25°. The average difference between our results 
and the direct calorimetric measurements of 
Gucker and Schminke23 at 25° is less than three 
calories per degree per mole.

In the calculation of the relative partial molal 
entropy of the solute and solvent an interesting 
result was obtained. At high solute concentra­
tions on each isotherm the values obtained for 
these quantities were constant within the experi­
mental error, the entropy level for both solute

(23) Guclcer and Schminke, T h is  J ournal , 54, 1358 (1932).

and solvent changing almost linearly with the 
temperature. This behavior is illustrated for the 
solute in Fig. 3. The deviations of the entropy 
changes of the solvent in concentrated solutions 
from the requirements of the limiting law should 
be connected with definite structural changes, and 
they will be of the greatest interest when a more 
adequate theory is available. The practically 
constant values obtained for the relative partial 
molal entropies at high concentrations of potas­
sium hydroxide would seem to suggest evidence 
for a structural constancy of the solutions over a 
large concentration range.

Summary
The electromotive force of the cell Pt,H2/  

KOH (rn) /K*Hg/KOH (mt) /H 2,Pt has been meas­
ured at a number of hydroxide concentrations up 
to 17 molal over the temperature range from 0 to 
70°. Various thermodynamic properties of both 
solute and solvent were computed and compared 
with earlier, pertinent data in the literature.
New  H a v en , C onn. R eceived  F ebruary  27, 1948
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Characterization of Ion Exchange Resins. I. Acidity and Number of Constituent
Cation Exchange Groups12

B y  PIarry P. G regor  a nd  J. I. B r eg m an3

Investigations of the resinous ion exchange proc­
ess are possible only on an empirical level without 
a knowledge of the physio-chemical properties of 
the resins themselves. In order to determine the 
numbers and kinds of exchange groups making up 
a resin, two techniques were developed, the first 
being a direct titration of the resin with base in the 
presence of neutral electrolyte; the second pro­
cedure involved adding to the resin the salt of a 
weak acid and determining the extent of reaction 
by back-titration of the buffer. Resins made 
from known starting materials have been charac­
terized.

Cation exchange resins are high molecular 
weight polyacids which are virtually insoluble in 
aqueous and non-aqueous media. The acid or acids 
which constitute the exchange groups are usually 
of the sulfonic, carboxylic or phenolic type, and 
are substituents in the resin structure (usually of 
the phenol-aldehyde type).4 Their exchange prop­
erties can be ascribed as being entirely due to the 
exchange of various cations for the dissociable hy­
drogen ion. Resins of the phenol-sulfonic- 
phenol-formaldehyde type have been prepared 
and are commercially available which contain 10% 
sulfur, and a corresponding exchange capacity of
3.1 mmoles, per gram. Therefore, the —S03H 
group itself must comprise at least 25% of the 
mass of the resin in the dry state. When the 
resin is placed in water it swells strongly, usually 
doubling its weight. Thus approximately 60% of 
the hydrated mass of the resin is the exchange 
group itself and the water associated with it. 
Therefore, a true picture of a cation exchanger is 
that of a structure containing large polar exchange 
groups held together by a three-dimensional hy­
drocarbon network.

If the direct titration of a cation exchange resin 
in the hydrogen state is attempted, there will be 
no pH change in the external solution until the 
end-point of the titration is reached if the ex­
changer contains only strong acid groups. The 
reaction can be written

R—S03H +  NaOH = R—S03Na +  H20

Here the actual titration is taking place within 
the pores of the resin, and the pH changes cannot 
be measured directly. An exact empirical ex-

(1) Presented before the Division of Colloid Chemistry of the 
American Chemical Society, New York, N. Y., September 16,1947.

(2) This work is abstracted from the Dissertation of J. I. Bregman 
presented in partial fulfillment of the requirements for the degree of 
Master of Science in Chemistry at the Polytechnic Institute of 
Brooklyn, October, 1947.

(3) Present address: Fels and Company, Philadelphia, Pa.
(4) R. J. Myers, “Advances in Colloid Science, Vol. I,” Intersci­

ence Publishers, Inc,, New York, N. Y., 1941.

pression5 describing the exchange reaction is 
(Na+)B F (H +)b I*  =  K 
(H+)R.L(Na+)BJ

where the subscripts refer to the resin and external 
solution phases. Since the ratio of the activity 
coefficients of univalent cations is nearly equal to 
unity, concentrations are used in place of activi­
ties. If a large excess of a neutral sodium salt is 
added, the ratio (Na+)R/(Na+)s becomes small 
because n is 0.8-1.0 and K  is 0.5-2.0 for most res­
ins. The ratio (H+)s/(H +)R must become very 
large and virtually all of the hydrogen ions are in 
the solution phase. Thus the addition of neutral 
salt displaces an ion into solution upon dissocia­
tion, and yields results comparable to those which 
would be obtained if the resin were soluble. This 
is also the case for the weak acid resins.

For the buffer titration an acid resin is added to 
the salt of a weak acid. An excess of neutral salt is 
also required, and the reaction is

R—H +  N a+ -f A~ =  R—Na +  H + -f A”
where R—H represents the acid resin and HA the 
weak acid. The number of exchangeable hydro­
gen ions of the resin equals the moles of hydrogen 
ions which are displaced at the equilibrium pH. 
The resin is filtered and the solution back-titrated 
with sodium hydroxide to the initial pH of the 
buffer salt solution; the number of displaced hy­
drogen ions in the resin is the equivalent of base 
required at the equilibrium pH. A plot of these 
capacity values as a function of pH  is the equiva­
lent of the titration curve of the resin acid.

The terms “number of exchangeable” hydrogen 
ions and the conventional term “exchange capac­
ity” do not necessarily mean the same thing, for 
the number of cations taken up by a hydrogen 
exchanger may be greater6 than the number of 
hydrogen ions displaced. This may be due to 
complex ions, and is usually found when polyva­
lent ions are exchanged.

Experimental
Selection and Treatment of Resins.—The resins were 

either ones prepared from the patent literature or com­
mercial resins where the procedures for the synthesis 
were known. Since the chemicals were usually of tech­
nical grade, the resins themselves were, as a rule, not of 
high purity. In addition, the curing treatment which 
includes heating for prolonged periods at elevated tem­
peratures may partially decompose the resins and intro­
duce new exchange groups. The resins used included: 
(A) phenol-formaldehyde, alkaline condensed7; (B)

(5) R. Griessbach, “Preparation and Applications of Ion Exchange 
Adsorbents,” Verlag Chemie, Berlin, 1939.

(6) H. Chaya, B.S. Thesis, Polytechnic Institute of Brooklyn, 
May, 1947.

(7) B A . Adams and E. L. Holmes, U. S. Patent 2,104,501, Jan. 
4, 1938.
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phenolsulfonic acid-phenol-formaldehyde, acid con­
densed8; (C) phenolsulfonic acid-phenol-formaldehyde, 
alkaline condensed8; (D) phenol-formaldehyde, alkaline 
condensed in the presence of sodium sulfite9; (E) phenol- 
formaldehyde, alkaline condensed, cured and dried, then 
treated with sodium sulfite9; (F) salicylic acid-phenol- 
formaldehyde, alkaline condensed8; (G) coal treated with 
2 M  sodium hydroxide at elevated temperatures in a bomb; 
(H) coal treated with hot concentrated sulfuric acid10; 
(J) polystyrene directly sulfonated with chlorosulfonic 
acid.11

The resins were wet screened to —20 +  30 mesh, and 
“conditioned,” i.  e.f treated alternately with large 
excesses of 1 M  hydrochloric acid and 1 M  sodium chloride 
to remove soluble components of the resin and displace 
any heavy metal cations present. Thie resins were re­
generated, i. e.9 converted to the hydrogen or acid state 
by passing a large excess of 1 M  hydrochloric acid through 
a bed of the resin very slowly and then rinsed with carbon 
dioxide free distilled water to an effluent pH of 4. Due 
to resin solubility, pH values above 4 are usually not ob­
tained at slow flow rates. The material was then air 
dried until the particles no longer adhered to one another, 
and its moisture content determined by drying over 
phosphorus pentoxide. Air dried resin was used for 
experiments because the desiccated form is very hygro­
scopic and frequently decrepitates in water. Resin ground 
to give particles of a smaller size was regenerated again to 
remove added impurities and to convert to the acid state 
any newly available exchange groups.

Direct Titration.—In order to obtain a resin containing 
different acidic groups, resin K was prepared by sulfonat- 
ing phenol with an excess of fuming sulfuric acid, adding 
phenol and a slight excess of formaldehyde and condensing 
in the acid state. This resin showed an increased ex­
change capacity with increasing alkalinity, indicating the 
presence of “weak-acid” capacity.

A number of 0.5-g. portions of resin K were weighed 
into flasks containing 100 ml. of varying concentrations 
of sodium chloride made up in doubly distilled water. 
Different amounts of standard (0.5 N) sodium hydroxide 
were added to each flask, which was then shaken for 
twenty-four hours and which was sufficient for the estab­
lishment of equilibrium, as shown by tests to be described 
later. The equilibrium pH of the solution was measured 
with a Beckman “high pH ” glass electrode. All values 
given hereafter are for 1 g. of moisture-free hydrogen resin.

Experimental values for the direct titration are shown 
in Fig. 1. These experimental curves, showing a displace-

0 1 2 3 4 5
Milliequivalents.

Fig. 1.—Direct titration of resin K with sodium hy­
droxide in sodium chloride solutions: □, 0.000 N; • ,  0.002 
N; A, 0.028 AT; 0,0.500 N.

(8) H. Wassenegger and K. Jaeger, U. S. Patent 2,204,539, June 
11, 1940.

(9) H. Wassenegger, R. Griessbach and W. Sutterlein, U. S. 
Patent 2,228,159, Jan. 7, 1941.

(10) P. Smit, U. S. Patent 2,191,063, Feb. 20, 1940.
(11) G. F. D’Alelio, U. S. Patent 2,366,007, Dec. 26, 1944.

ment to lower values of pH  as the neutral salt concentra­
tion is increased, are in qualitative agreement with curves 
calculated using the empirical expression given above.5 
Sodium chloride solutions more concentrated than 0.5 N  
gave the same results as the 0.5 iV solution.

Resin K was also titrated rapidly in 0.5 A  sodium chlo­
ride in the customary manner, and curves for —2 0 + 3 0  
and —100 mesh material is shown in Fig. 2. The curve 
for 0.02 A  hydrochloric acid is included for comparison.

0 * 1  2 3 4 5
Milliequivalents.

Fig. 2.—Rapid direct titration in 0.5 A  sodium chloride 
of resin K: A, —20 +  30 mesh; □, —100 mesh; O, 
—20 +  30 equilibrium value; —, 0.02 A  hydrochloric acid.

Buffer Titrations.—These determinations were carried 
out by adding 0.5-g. samples of resin K to 100 ml. of 0.02 
M  solutions of sodium salts of weak acids in 0.5 A  sodium 
chloride, shaking for twenty-four hours, filtering off resin 
and back titrating to the original pH of the solution with 
sodium hydroxide. Buffer salts were selected which 
covered the pH range from 3 to 10, and which gave a sharp 
back titration end-point. These included sodium tar­
trate, acetate, citrate, monohydrogen phosphate, carbon­
ate and phosphate. The buffer titration curve for resin 
K is shown in Fig. 3, together with the direct titration 
curve for the same resin.

1 2 3 4 5
Milliequivalents.

Fig. 3.—Direct (O) and buffer (A) titration curves for resin 
K.

Several variations of the above procedure were investi­
gated. When sodium salts were replaced with those of 
lithium and potassium, identical titration curves were 
found. When the concentration of the buffer salt was 
varied from 0.01 to 0.1 M , the curves were unchanged 
when corrected to an ionic strength of 0.5* When the
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sodium chloride concentration was made lower than 0 .2 N  
the titration curves became altered, presumably because 
insufficient neutral salt was present to displace all of the 
dissociated hydrogen ions.

When the —20 +  30 mesh resin was ground to —100 
mesh, regenerated and titrated, the titration curve was 
found to be unchanged. However, when a lot of com­
m ercia l resin w as screened a.nrl each fraction tested, wide 
variations in the results frequently appeared.

The rate of exchange was determined by treating hy­
drogen resin with 0.5 N  sodium chloride with rapid 
stirring, using a glass electrode to measure the rate. 
After a constant pH  was reached, the resin was filtered 
and placed in a 0.02 M  solution of disodium hydrogen 
phosphate in 0.5 AT sodium chloride, and the rate measured 
as before. At equilibrium the process was repeated with 
trisodium phosphate. The milliequivalents of hydrogen 
ion displaced were calculated from the experimental pH 
values, using as a calibration curve the titration of that 
same buffer salt solution with hydrochloric acid.

While the rate was measured at a variable pH  value, 
well defined results were obtained, as shown in Fig. 4 
with resin C.

20 40 60 80 100
Minutes.

Fig. 4.—Rate of exchange at different pH levels for resin C.

Buffer titration curves for a number of different resins 
are shown in Figs. 5 and 6, the letters adjacent to each 
curve referring to the resins described earlier.

Discussion
The direct or buffer titration of a resin, when 

carried out in an excess of neutral salt, gives re­
sults comparable to those that would be obtained 
if the resin were in true solution. Since the proc­
ess is one of displacement of the hydrogen ion, the 
nature of the cation used does not appreciably af­
fect the results when only alkali metal cations are 
used.

The apparent anomalies in the rate studies can 
be explained by considering that the strong acid 
groups, by virtue of their high degree of hydration 
and large hydrated volume, are surrounded by a 
more open resin matrix than the smaller, weakly 
dissociated groups. Therefore the rate of diffu­
sion of the exchanging ion to a strong acid group is 
greater than for a weak acid group. This is shown 
by the rate studies in Fig. 4. When the particle 
is reduced in size by grinding, the fractures prob­
ably occur a t the wider pores, and the time f or re­
action, of a weak acid group is reduced only by the 
time required for diffusion into the wider pores. 
Thus a.-rapid titration of even a resin of small par-

Milliequivalents. 
Fig. 5.

0 1 2 3 4 5
Milliequivalents.

Fig. 6.

tide size does not show the presence of weak acid 
groups. Further studies are in progress to test the 
validity of this postulate.

The electro-chemical nature of the acidic groups 
does not seem to be strongly affected by their be­
ing a part of the resin structure. The phenolic 
group has a pKa value of approximately 10, and 
the carboxyl group has a pKa value of 5.5. Res­
ins prepared using sodium sulfite do not show the 
diverse groups which appear in the sulfonated res­
ins, presumably as a result of the oxidizing sulfo- 
nating procedure. The two cation exchangers not 
of resinous nature show titration curves com­
patible with their preparative procedures. The 
gradual slopes of their curves indicate the com­
plex nature of these natural products.

A true cation exchange resin can now be de­
fined as a solid phase containing dissociable cat­
ions which will exchange for any other cation in­
dependently of the nature of the anion of the ex­
changing cation in solution. A base absorbent is a 
solid phase containing dissociable cations which 
will exchange for any other cation only when weak 
acid anions or hydroxyl ions are the anions of the 
exchanging cation in solution, A comparable
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definition would restrict true cation exchange dissociated acidic groups, i. e., strong acid resins, 
resins to those which contain only completely Brooklyn, N. Y. R eceived  D ecem ber  27, 1947

[Contribution  N o . 75 from the G eneral L aboratories of the U nited  States  R ubber  C ompany]

Chain Transfer in the Polymerization of Styrene. II. The Reaction of Styrene with
, Carbon Tetrachloride1

B y  R. A. Gregg  and  F r a n k  R. M ayo

Using literature data on the uncatalyzed poly­
merization of styrene, a previous paper2 from this 
Laboratory showed that the effects of solvents in 
reducing the molecular weight of polymerizing 
styrene could be correlated on the basis that the 
growing polymer radical captures an atom from 
the solvent molecule, resulting in a radical which 
starts a new chain3 and in the incorporation of 
solvent in the polymer. Since these relations 
promised to be useful in making quantitative 
comparisons of the reactivities of solvents toward 
free radicals, a thorough test of the equations and 
concepts on the styrene-carbon tetrachloride sys­
tem was begun. The present paper considers both 
the uncatalyzed and peroxide-catalyzed polymer­
ization of styrene at 60-132° to give products av­
eraging more than thirty styrene units per poly­
mer molecule, or per incorporated carbon tetra­
chloride molecule. A succeeding paper4 will 
consider formation of products averaging as low as 
two styrene units per carbon tetrachloride residue.

Experimental
Purification of Materials.—Dow styrene was freed from 

inhibitor by vacuum distillation and the middle fractions 
were partially crystallized by stirring in a Dry Ice-bath. 
The process was repeated from six to eight times until 
the freezing point became constant. The recrystallized 
material was distilled under nitrogen: b. p. 44.9-50° at 
18 mm.; ^20d 1.5465; f. p. —30.7° =*=0.1°. The styrene 
was stored in sealed, evacuated tubes in Dry Ice.

Reagent grade carbon tetrachloride was stirred with 
concentrated sulfuric acid and then with potassium 
hydroxide solution, washed with water, and dried over 
calcium chloride. It was distilled from paraffin wax5 
through a 1-meter helices-packed column: b. p. 76.8°
at 760 mm.; n2}d 1.4605.

Benzoyl peroxide was twice dissolved in cold chloroform 
and precipitated by pouring into cold methanol, collected 
on a sintered glass filter, and dried under vacuum at room 
temperature. It liberated 100.0-100.4% of the theoret­
ical quantity of iodine from potassium iodide in glacial 
acetic acid.6

Preparation of Polystyrene Samples.—Weighed amounts 
of carbon tetrachloride and styrene (and benzoyl peroxide,

(1) This paper was presented before the Polymer Forum at 
the Atlantic City Meeting of the American Chemical Society, April 
10, 1946.

(2) Mayo, T h is  J o u r n a l , 65, 2324 (1943).
(3) Essentially the same development has been made independ­

ently by Hulburt, Harman, Tobolsky, and Eyring, Ann. N. Y., 
Acad. Sci., 44, 371 (1943), and by Medvedev, Koritskaya and 
Alekseeva, J. Phys. Chem. U. S. S. R., 17, 391 (1943).

(4) Mayo, paper submitted to T h is  J ournal ,
(5) Weissberger and’ Proskauer, “ Organic Solvents,” Oxford U iih 

Versity Press, 1935, p. 166.
(6) Liebhafsky and Sharkey, T h is  J o u r n a l , 63, 190 (1940)/

when used) were placed in a flamed Pyrex tube equipped 
with a standard taper joint. The tube was attached to 
the vacuum line and the sample was frozen in liquid 
nitrogen. The tube was then evacuated and the sample 
was degassed twice by thawing and refreezing. The 
tube was then sealed at a pressure of 10“5 mm. Check 
experiments in which both the solvent and the styrene 
were distilled under high vacuum into the reaction tube 
showed no difference, even with large volumes of other 
solvents. The polymerizations were carried out in ther­
mostats at 60 =±= 0.05°, 100 =*= 0.1°, and 132 ± 1 ° ,  and 
held to about ten per cent, conversion.

The polymer was precipitated with methanol and re­
dissolved in twenty-five to fifty times its weight of ben­
zene. This solution was then treated with three to five 
times its volume of methanol. An additional solution 
and precipitation was used for many of the samples whose 
molecular weights were determined osmometrically. The 
decanted precipitating medium was usually centrifuged to 
obtain any suspended polymer. The polymer was dis­
solved in benzene; the solution was frozen in Dry Ice, 
and the benzene was removed by sublimation.7

The above procedure results in loss of some of the very 
low molecular weight polystyrene; where the average 
molecular weight of the polymer was low, some of the 
precipitating solutions were rapidly concentrated by 
distillation in vacuo and the residue was dissolved in 
benzene and added to the main portion of the polymer. 
This procedure permits distillation of monomer from a 
small amount of low molecular weight polymer instead of 
from the whole polymer and gave products, marked in 
Table I, with appreciably lower average degrees of poly­
merization .

Determination of Number Average Molecular Weights 
from Osmotic Pressure.—These determinations were 
made by Drs. R. H. Ewart, H. C. Tingey and M. Wales.8 
The osmotic pressures were measured either in glass9 or 
metal osmometers10 with cellophane membranes and at 
three or more concentrations. Either butanone or ben­
zene was used as the solvent, with identical end results.

Viscosity Determinations.—Solution viscosi­
ties were determined in benzene at 30°, using 
Fenske viscometers with 80-120 second flow times 
and neglecting kinetic energy corrections. Such 
corrections would give an increase of about 5% in 
intrinsic viscosities but would not affect the prés­
ent molecular weight estimates from viscosity 
data. Where the molecular weight was deter­
mined independently, the intrinsic viscosity,11 [rj]f 
was obtained from specific viscosities at three or 
more polymer concentrations. Otherwise, the in­
trinsic viscosity was obtained from the specific 
viscosity of a single solution, measured in two

(7) Lewis and Mayo, Ind. Eng. Chem., Anal. Ed., 1 7 ,  134 (1943).
(8) Ewart and Tingey, Abstracts of Papers, 111th Meeting Ameri­

can Chemical Society, April, 1947, p. 4Q.
(9) French and Ewart, Ind. Eng. Chem., Anal. Ed., 19, 165 (1947),
(10) Flory, T h is  J ournal , @5, 372 (1943).
(11) Kraemer and Lansing, J, Phys. Chem., 39, 158 (1935).
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T a b l e  I
T h e r m a l  P o l y m e r iz a t io n  o f  S t y r e n e  i n  C a r b o n  T e t r a c h l o r id e

Tim e,
hr.

Yield,
%

kb
X 104 [»i

No. av. mol. wt. X 10 3 
(osmotic) (C l)c

Analyses, 
% Cl

l / P  X 
(5 f])d

IO
(Cl)*

Experiments a t 60°
l . P 3.43* 10.1(l/Po)

85 6 8 1 00 O f\A • crx 1 c\ r> . U
85 6.9 1.06 2.46 610 =*= 60 I 6 .l
95 7.7 1.16 1.90 510 =t 40 2 3 .1

115.4 9.14 1.02 1.70 2 7 .1
93 7.7 1.01 1.39 290 =*= 40 35.9

115.4 1 1 .6 8 1.35 1.10 49.8
112.2 8 . 8 1.00 1.06 237 ±  15 159 0.075 52.4 6 6

112.2 9.1 1.08 0.826 131 =*= 5 74.8
162.5 16.1 1.45 .69 125 95.7
85 5.4 0.78 .64 107 =»= 10 106

212 19.4 1.42 .60 117
85 7.9 1.29 .494 82 ±  5 153

6.28 0.89 .486 63 .212 156 167
5.22 0.60 .35 42 .339 247 260

85 9.0 1.63 .356 50m 242
113.5 9.08 1.32 .314 30.3 .41 289 314
160 6 . 2 0.76 .26 < 50  27.9 .480 376 375
160 10.5 1.19 .25 26.5 .521 397 395
159.2 11.9 1.38 .237 25.5 .541 429 410
-1 orr r-r lOI . t 11.5 1.23 . 196 18.3 . 760 563 573
185 7.23 0 . 8 6 13.7 1.02 769
187.7 9.82 1.23 .168 14.8 0.94 696 709
92.3 11.7 1.84 .155 14.4 0.967 780 730

192 5.12 13.4 1.04 784
285 12.25* 0.94 10.5 1.34 1002
285 12.25* 0.94 10.7 1.32 984

92.3 8 . 8 2.49 .142 12.7 1.10 890 830
252 2 . 6 8 0.36 6.87 2.05 1550

Experiments at 100°
4.1 9.17 28.5* 1.81* 2 4 .8 (l/P 0)
4.1 10.81 34.6 1.38 36.3
4.0 10.31 35.3 1.14 216 199 0.037 47.3 52
4.3 9.95 32.3 0.876 159 142 .066 68.4 74
5.3 10.90 27.3 .82 75.2
4.3 10.27 31.6 .628 105 80 .143 109 130
4.0 9.37 30.5 .573 93 82 .139 124 127
4.3 9.20 30.0 .428 58 48 .26 187 217
4.3 8.32 27.5 .261 29.2 .45 374 358
4.3 7.37 27.5 .204 18.5 .735 531 570
6.6 8.90 30.8 .158 13.6 1.01 758 776
7.5 10.59 29.3 .133 10.8 1.28 969 978
8.0 4.70 13.7 7.95 1.75 1335
8.0 7.39* 20.6 6.90 2.02 1541

12.0 13.1 27.1 6.06 2.30 1760
11.0 8.08 15.9 .084 6.55 2.13 I860 1626
16.6 ca. 10* 3.45 4.07 3155
16.8 9.81 20.2 3.60 3.9 3010
15.8 8.46 17.9 3.65 3.86 2980
23.2 8.08 15.9 2.56 5.50 4300
45.4 10.33 20.6 .233

Experiments at 132°
438

0.83 18.2 308* .99* 171 •=*= 2.6 0.00 57.6(l/Po)
.83 19.0 331 .46 57 .172 169 185
.83 17.2 304 .31 33.5 .345 294 3 ll
.9 19.55 344 29 .41 360
.9 15.57 269 19.4 .655 541
.9 16.25 290 15.0 .87 701
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a Initial molar solvent: monomer ratios. h Over-all second order rate constant in liters mole”1 hour-"1. c Equation (7). 
d Equations (2) and (8). * Equations (5-6). f Equation (3). 9 Equation (4). h Precipitating media concentrated to
recover dissolved polymer. * Five volumes of benzene used as diluent for styrene-carbon tetrachloride mixture. J' Av­
erage value from six experiments. k Averaged value, maximum deviation 0.05. 1 Single representative experiment.
m For weight average and Z-average molecular weights, see Wales, Bender, Williams and Ewart, J. Chem. Phys., 14, 353 
(1946).

different viscometers, and the equation
r ! V l  +  l-5i?sP — 1 ^
W = ------- 0 7 5 0 -------  (1)

where Cv is the grams of polymer per 100 cc. of 
solution at the temperature of the viscosity meas­
urement.

Chlorine Determinations (by Dr. O. W.
Lundstedt and Mr. G. S. Mills).—For the de­
termination of very small proportions of chlo­
rine, the method of Shriner12 was modified. A 
20 mm. i. d., 80-cm. Vycor tube was heated in a 
furnace to about 800°. The tube had a 15 cm. 
section of crushed platinum foil in the hottest por­
tion of the furnace and the remainder of the tube 
was packed with crushed Vycor interspersed 
with 50-mesh platinum disks. Oxygen, at a rate 
of 20 cc. per minute, was used to burn the sample 
which was heated by a mechanically-advanced 
auxiliary furnace. The products were absorbed in 
5 ml. of 3% hydrogen peroxide and 1 ml. (20 mg.) 
of sodium acetate solution contained in a six bulb 
Will-Varrentrapp type absorber. The sample 
size was such that 2-10 ml. of silver nitrate were 
required. The halogen was titrated with 0.01 N  
silver nitrate in 50% acetone solution with dichlo- 
rofluorescein indicator according to the recom­
mendations of Bullock and Kirk.13 Blanks were 
negligible and analysis of a known sample agreed 
with the theoretical within two parts per thou­
sand.

Results and Discussion
The Relation between Intrinsic Viscosity and 

Number Average Molecular Weight for Un­
fractionated Polystyrene.—In order to permit 
molecular weight determinations on unfrac­
tionated polystyrenes from viscosity measure­
ments, the relation between number average 
molecular weight, Mn, and intrinsic viscosity, [ry], 
was determined. Molecular weights of polysty­
renes by osmotic pressure determinations in the 
molecular weight range 50,000-600,000 and by 
chlorine analyses in the range 10,000-200,000 are 
compared with intrinsic viscosities in Table I 
and Fig. 1. The figure shows that, within experi­
mental error, over the range 10,000-600,000

M n -  184,000 fa]1-40 (2)

and this relation was used to calculate number 
average molecular weights in all experiments 
where viscosities were determined.14 Equation (2)

(12) Shriner, “ Quantitative Analysis of Organic Compounds,” 
Edwards Bros., Inc., Ann Arbor, M ich., 1944, pp. 26-27.

(13) Bullock and Kirk, Ind. Eng. Chem., Anal. Ed., 7, 178 (1935).
(14) A large number of osm otic determinations on polystyrenes 

of molecular weight 50,000 -600,000, prepared in various other sol­

is applicable only to polystyrenes prepared at low 
conversions where the molecular weight distribu­
tion is uncomplicated by changing solvent-mono­
mer ratio or branching reactions.15 The relation is 
apparently independent of the chain transfer 
solvent8-14 and temperature.16

Fig. 1.—Relation between intrinsic viscosity, [rj\, and 
number average molecular weight, Mn, for unfractionated 
polystyrenes prepared at 60°, 100°, and 132° in presence 
of carbon tetrachloride: Mn by osmotic pressure, O, by 
chlorine analysis, 9 . Solid line corresponds to Equation 
(2), broken line to older equation.14

Transfer Constant of Carbon Tetrachloride in 
the Thermal Polymerization of Styrene.—Table 
I summarizes results on the uncatalyzed poly­
merization of styrene in carbon tetrachloride. 
The reactions involved were discussed previ­
ously2 and it was shown that
___________  1 f p  -  C[S]/[M] +  1 /K  (3)
vents, without catalysts at three temperatures and with benzoyl 
peroxide at 60°, had indicated the relation3 

Mn = 184,000 [t,F-277
used previously by Gtegg and Mayo, Trans. Faraday Soc., 43B, 
in press (1947). For molecular weights above 50,000, the two equa­
tions give substantially the same results.

(15) Equation 2 is based upon polystyrenes with a distribution 
function (assumed to be) governed by termination through chain 
transfer and disproportionation and with the termination steps inde­
pendent of chain length. If polystyrene chains in the absence of 
solvent terminate by combination of radicals, then Po values calcu­
lated from intrinsic viscosities and Equation 2 should be too low by 
about 20%. However, osmotic determinations on polymers from 
pure styrene at 100 and 132° give Po values agreeing with those cal­
culated from Equation (2). For 60° polymers, osmotic determina­
tion of Po is impractical, but plots of 1/P (from osmotic determina­
tions) against solvent tmonomer ratio extrapolate to the 1/Po value 
calculated from intrinsic viscosity. The data thus reveal no differ­
ent distribution of molecular weights in the absence of solvent.

(16) Similar equations have been proposed for polystyrene frac­
tions and an effect of temperature of preparation of the polymer has 
been reported, Alfrej?, Bartovics and Mark, T h is  J o u r n a l , 65, 
2319 (1943).
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where P  and P 0 are the degrees of polymerization 
of styrene, in the presence and absence of solvent, 
respectively, at solvent and monomer concen­
trations [S] and [M], and where C, the transfer 
constant, is the ratio of the rate constants for 
chain transfer and chain growth for all polysty­
rene radicals. An effort was made to hold reaction 
of the styrene to 10% or less. The small variation 
in over-all second order rate constant with solvent: 
monomer ratio shows that the thermal reaction is 
not seriously complicated by traces of catalysts 
and justifies the assumption in deriving Equation
(3) that the rate constants for chain initiation, 
growth, and termination do not change signifi­
cantly with solvent or chain length.

Fig. 2.—Thermal polymerization of styrene in carbon 
tetrachloride: 1/P  from intrinsic viscosity, O; from chlo­
rine analysis, 9 .

Fig. 3.—Thermal polymerization of styrene in carbon 
tetrachloride: 1 /P  from intrinsic viscosity, O; from chlo­
rine analysis, 9 .

Except for low degrees of polymerization, where 
the proportion of monomer consumed in starting

polymer chains cannot be neglected4
C [S]/[M ] =  d[S]/d[M ] (4)

where d[S]/d[M] is the molar ratio of solvent to 
monomer in the pofymer being formed. The 
average degree of polymerization and number 
average molecular weight, M n, in Table I are cal­
culated from chlorine analyses by the relations
d[S]/d[M ] =  104.14/[(14183/% Cl in polymer) ~

153.84] (5)
__ 1 /P  =  d [S ]/d  [M] +  1/Po (6)
Mn =  104.14 P (1 +  153.84 d[S]/104.14d[M ]> =

104.14 P / ( l  -  0.01085% Cl) (7)

Mn is also determined from intrinsic viscosity by 
Equation (2); then
1/P  =  (104.14-153.84/Po)/(Afn — 153.84) ^

104/ ( M n  -  154) (8)
The transfer constant, C, is calculated from Equa­
tions (3) or (4).

Since, in each experiment, the styrene concen­
tration decreases appreciably while the carbon tet­
rachloride concentration does not, average sol­
vent: monomer ratios have been used in all calcu­
lations and plots. Calculations of transfer con­
stants in Table I are based on all chlorine analyses 
and on intrinsic viscosities above 0.35 (where they 
have been standardized against osmotic molecular 
weights) and in Figs. 2 and 3 the same data for 60 
and 120° runs have been plotted for graphical de­
termination of transfer constants. The lines in 
Figs. 2 and 3 are based on experiments with sol­
vent : monomer ratios below 0.4 and other experi­
ments where low molecular weight material was 
recovered after polymer precipitation. The slopes 
of the lines are the transfer constants for carbon 
tetrachloride with styrene at 60° and 100°,
0.0092 (±0.0010) and 0.0185 (±0.0022), re­
spectively, the experimental error being taken as 
the standard deviation of the transfer constants 
in Table I for those experiments on which the 
lines were based. The two 1:1 experiments at 60° 
where low molecular weight material was recov­
ered fall slightly below the line only because of the 
failure of Equation (3) to apply to low degrees of 
polymerization and the failure of the shortest 
radicals to transfer normally,4 but only part of the 
deviation of the best 100° experiments can be 
ascribed to these causes. Almost all other experi­
ments at 60° and 100° at solvent: monomer ratios 
above 0.4 show the effects of loss of low molecular 
weight material in precipitating polymer. The 
linear relation between solvent: monomer ratio 
and 1/P is taken as proof that the transfer con­
stant* the ratio of the rate constants for chain 
transfer and chain growth, is substantially con­
stant for radicals averaging 100-10000 styrene 
units.

The transfer constant at 132° is taken as the 
average of the six values in Table I, 0.0304 
(±0.0023). From the values of the transfer con­
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stant at 60, 100, and 132°, the activation energy 
for chain transfer is found to be about 4.5 kcal./ 
mole higher than for chain growth and the fre­
quency factor for transfer is then about eight 
times as large as for growth.

The reaction mixture in the last listed experi­
ment at 100° was diluted with five volumes of 
benzene, which, in comparison with carbon tetra­
chloride, is substantially inert in chain transfer.2»14 
Since the rate of reaction and the molecular weight 
of the product were entirely consistent with the 
other experiments, the use of an inert diluent is 
justified in the experiments in Table II.

Transfer. Constants from Peroxide Initiated 
Polymerizations.—In order to extend quantita­
tive work on chain transfer to other monomers 
and to very low styrene concentrations, where 
uncatalyzed rates are very small or difficultly 
reproducible, the benzoyl peroxide-catalyzed 
polymerization of styrene was investigated. The 
relation between monomer and peroxide concen­
tration and rate and degree of polymerization 
seems well established17-18 and has recently been 
interpreted by Matheson19 in this Laboratory. 
Matheson’s equations and previous methods2 
have been used to derive Equation (9)

i +
2 (JkJzz [peroxide])Vt /  &C[M] \ x/ 2 {Q,

M M ] Ub +  &c[M]/ w

Here ka, kh and kc are, respectively, the rate con­
stants for the primary dissociation of peroxide 
into radicals, the first order recombination of 
radicals from the peroxide, and the reaction of 
these radicals with styrene; k2 and kz are the rate 
constants for chain growth and termination. 
Uncatalyzed initiation is neglected and the final 
factor is the fraction of peroxide radicals which 
initiate chains. This development assumes that 
the rate constants concerned are independent of 
the composition of the polymerizing system, a 
condition which is met in Table II, as shown by 
the over-all rates. The condition may not be met 
when the decomposition of the peroxide is affected 
by the solvent.20 This equation may be applied 
for low conversions under either of two sets of 
conditions. If solvent and monomer concentra­
tion are kept constant while the peroxide concen­
tration is varied, C  is obtained from the intercept 
of the line formed by plotting 1/P  vs. [peroxide]1/2. 
This method has thus far given poor results partly 
because of the extrapolation involved and the 
necessity for keeping conversions low and equal.

If the concentrations of both monomer and per­
oxide are held constant, C is the slope of the line 
formed by plotting 1/P vs.. [S]ƒ  [M]. Table II and

(17) Schulz and Husemann, Z . p h ys ik . Chem ., 39A, 246 (1944); 
Schulz and Blaschke, ibid,., §1A, 75 (1942).

(18) Josefowitz and Mark, P olym er B u ll., 1, 140 (1945).
(19) Matheson, J . Chem. P h ys ., 13, 584 (1945).
(20) Nozaki and Bartlett, T h is  J o u r n a l , 68, 1686 (1946); 

Cass, ibid., 68, 1976 (1946).

T a b l e  II
P e r o x i d e - I n i t ia t e d  P o l y m e r iz a t io n  o f  S t y r e n e  a t  60° 
a t  V a r i o u s  C o n c e n t r a t io n s  o f  C a r b o n  T e t r a c h l o r i d e "

Conver­
l / p

X KF*
[CCld

Styrene
sion,6

% %/hr./ [peroxide ]l/2 Ivl
0.0256 7.31 15.8 1.24 42

.0513 7.30 15.8 0.90 66

.0769 7.22 15.6 .72 90

.1026 7.35 15.9 .61 113

. 1535 6.86 14.9 .40 205

.2053 6.79 14.7 .36 228

.2566 6.96 15.1 .35 247
“ The carbon tetrachloride was added to 23.0-ml. ali­

quots of a solution of 0.0261 g. of benzoyl peroxide in 
157.9 g. of styrene. Benzene was added until the volume 
of each run was 28.0 ml. [Styrene] =  7.14 moles/liter; 
[B z20 2] 0.000507 mole/1. b In twenty and one-half
hours. c Calculated from Equations (2) and (8).

Fig. 4 illustrate this method, benzene being used as 
an inert diluent. The slope of the line (determined 
by the least squares method, assuming no error in 
[S]/[M]) and the transfer constant are 0.0093, in 
excellent agreement with the value obtained in 
thermal polymerization. This method may be 
applied to monomers or solvents which cannot be 
freed of peroxides and to monomers which them­
selves undergo chain transfer.

[Carbon tetrachloride]/[styrene].
Fig. 4.—Benzoyl peroxide catalyzed polymerization 

of styrene in presence of carbon tetrachloride at 60°.

Summary
The polymerization of styrene in carbon tetra­

chloride has been studied over the temperature 
range 60-132°, over a range of solvent: monomer 
ratios from 0.003 to 3, and in the presence and ab­
sence of benzoyl peroxide as catalyst.. Equations 
are presented which account for the average molec­
ular weights (2500 to 1,000,000) of the products 
obtained. At 60°, the rate constant for the reac­
tion of a growing polymer radical with carbon te t­
rachloride is 0.0092 times as large as the rate con­
stant for addition of the radical to styrene. The 
temperature coefficient of this ratio shows th a t the 
chain transfer reaction has both a higher activa­
tion energy and a higher frequency factor. The 
constancy of this ratio and of the over-all rate con­
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stant for polymerization indicate that the reac­
tions of the growing polymer radical are independ­
ent of average chain length over the range 100 to
10,000 styrene units. The results establish the va­
lidity of a simple and accurate method for compar­
ing the reactivities of solvents in general with the 
free radicals which occur in polymerizing systems.

Number average molecular weights of the prod­
ucts of thermal polymerizations of styrene at low 
conversions have been determined by osmotic 
pressure measurements and by chlorine analyses; 
they bear a simple relation to the intrinsic viscosi­
ties of the unfractionated polymers.
Passaic, N. J. R eceived  July  19, 1947

[Contribution from th e  P urdue R esearch  F oundation and the D epartment of C hemistry, Purdue University]

Monomers and Polymers. IV. Vinylthiophenes1,2
B y  G. B rya nt  B achm an  and  L ow ell  V. H e ise y

The desirable polymerization and copolymeri­
zation characteristics of the chlorinated styrenes3 
and alpha-methylstyrenes2b have suggested study­
ing their analogs in the thiophene series. We 
have synthesized a representative group of com­
pounds with one, two or three chlorine or bromine 
atoms and an alpha- or beta-vinyl or isopropenyl 
group substituted on the thiophene nucleus. 
These compounds have been found to polymerize 
and copolymerize similarly to the corresponding 
benzene compounds, the rates increasing with the 
number of chlorine atoms present on each thio­
phene nucleus. The polymers were all somewhat 
colored, however, in spite of careful purification of 
the monomers. This seems to be inherent in the 
alpha-halothiophenes themselves. Even 2-chloro­
thiophene, which is color stable in stoppered tubes 
a t 70° for days, colors within a few hours at this 
temperature in the presence of peroxides.

The preparation of vinylthiophenes is a prob­
lem very similar in nature to that of preparing 
vinylbenzenes except tha t the thiophene nucleus 
is more reactive, less stable, and subject to differ­
ent rules of orientation than the benzene nucleus. 
We have been especially interested in observing 
the results of exchange metallation in the thio­
phene series. Either an alpha-hydrogen or an 
alpha-halogen may be replaced by lithium when 
treated with alkyllithium compounds. Thus 2- 
chloro-, 2,5-dichloro- and 2,3,4,5-tetrachlorothio- 
phenes gave the corresponding metallo-derivatives 
with lithium in the 2-position and chlorine in the
5-, 5- and 3,4,5-positions, respectively. Magne­
sium reacted with 2,5-dibromothiophene normally, 
but with 2-bromo-5-chloro- and with 2,3,4,5-tet- 
rachlorothiophenes it reacted well only in the pres­
ence of a co-halide (ethyl bromide). These lithium 
reagents and the corresponding Grignard reagents 
gave alcohols (Table I) with acetaldehyde, pro- 
pionaldehyde, or acetone which were readily dehy­
drated to the desired vinylthiophenes (Table II).

(1) From the Ph.D. thesis of L. V. Heisey, Purdue University,
June, 1947. Present address: McPherson College, McPherson,
Kansas.

(2) For previous papers in thfis series see, (a) Bachman and Lewis, 
This Journal, 69, 2022 (1947), and (b) Bachman and Finholt, ibid., 
70, 622 (1948).

(3) Michalek and Clark, Chem. Eng. News, 22, 1559 (1944).

Some of the tertiary alcohols dehydrated spon­
taneously during isolation. Other vinylthiophenes 
were prepared from the corresponding methyl 
thienyl ketones by reduction or by reaction with 
methylmagnesium halide followed by dehydration 
of the resulting alcohols.

a-Methylstyrenes with ortho halogen atoms 
have been shown2b not to polymerize or copoly­
merize freely, a fact which is attributed to the 
steric hindrance to free rotation of the iso p r o p e n jd  
group provided by the ortho substituent. This 
hindrance is not as extreme in the thiophene series. 
The angles between adjacent positions amount to 
about 72° for five-membered rings and only about 
60° for six-membered rings. Models show that 
the isopropenyl group in 2,5-dichloro-3-isopro- 
penylthiophene is free to rotate about a full circle, 
and in agreement with the model and the theory 
this vinyl compound copolymerizes satisfactorily 
with butadiene in an emulsion system. That it is 
a borderline case is indicated by the fact that its 
bulk polymer with maleic anhydride and its emul­
sion polymer with styrene were obtained in only 
small yields (about 5%).

Acknowledgment.—We wish to express our 
appreciation to the Purdue Research Founda­
tion and to the General Tire and Rubber Com­
pany for financial support in the form of a fel­
lowship.

Experimental
Unsubstituted Vinylthiophenes.—2-Vinylthiophene has 

been previously reported.4 2-Isopropenylthiophene was 
prepared by adding 2-acetylthiophene to an ether solution 
of methylmagnesium bromide (a different method from 
that used by Thomas5) , and steam distilling the unstable 
hydrolyzed product with 2% sulfuric acid.

Anal. Calcd. for C6H6S: C, 67.7; H, 6.5. Found: 
C, 67.7; H, 6.5.

5 -Bromo -2 -vinylthiophene s . —2,5 -Dibromothiophene,6 
182 g, (0.75 mole), in 250 ml. of dry ether was converted to 
the mono-Grignard reagent with 18.3 g. (0.75 mole) of 
magnesium. Benzene, 200 ml., caused the ether-insoluble 
red oil to dissolve. Addition of acetaldehyde 34 g. (0.77 
mole) or acetone 43.5 g. (0.75 mole) and hydrolysis with 
dilute acetic acid gave the corresponding alcohols mixed

(4) Mowry, Renoll and Huber, T h is  J o u r n a l , 68, 1105 (1946).
(5) Thomas, Bull. soc. chim., 5, 732 (1908); Compt. rend., 146, 642 

(1908).
(6) Steinkopf and Kohler, Ann., 532, 250 (1937).
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T able I
Chlorinated T hiophene A lcohols

Name® Yield,6 %
B. p.f

C. , mm. w25D s Formula
Chlorine, % 

Calcd. Found
T— CHOHCHj

(2),5-Cl A(81), B(71), C(27) 85-87 (2) 1.5556 1.264 C6H70SC1 21.8 21.7
(3),2,5-diCl B(90) 95-97 (1) 1.5630 1.413 c 6h 6osci2 36.0 35.6
(2) ,3,4,5-triCl C(87), D(79) 109-112 (2) c cfiHsoscla 45.9 46.0

T— C(CH8)2OH
(2),5-Cl A(67), C(95) 83-85 (1) 1.5362 1.226 C7H90SC1 20.1 19.9
(3),2,5-diCl E(93) 104-105 (2) 1.5560 1.358 c 7h 8o sci2 33.6 33.3
(2),3,4,5-triCl D(77) 118-122 (2) d CtH7OSC13 43.3 42.8

T— CHOHCüHj

(2),5-Cl A (68) 100-101 (1) 1.5408 1.232 c 7h 9osci 20.1 19.8
° T  stands for thienyl. Parenthetical numbers give positions of hydroxyalkyl groups. 6 Methods of preparation: 

A, hydrogen—lithium interchange followed by addition of RCOR'; B, reduction of acetylthiophene; C, preparation of 
thiophene—Grignard reagent followed by addition of RCOR'; D, halogen—lithium interchange followed by addition of 
RCOR'; E, acetylthiophene and CH3MgX. c Solid, m. p. 52.5-53.5°. d Solid, m. p. 78.5-79.5°.

Substituents®
Method6 and 

yield, %

T—CH= CH2
(2),5-Br A (34)
(2),5-Cl B(72), C(48)
(3),2,5-diCl B(64)
(2) ,3,4,5-triCl B(70), C(0)

T—C(CH,)=CH2
(2),none D(59)

(2) ,5-Br A (53)
(2) ,5-Cl C(84), D(51)
(3),2,5-diCl B(83)
(2) ,3,4,5-triCl B(63)

T able II
V inylthiophenes 

b . p.,
m m . rf252g W25 D

64-65 (5) 1.668 1.6160
56-57 (7) 1.199 1.5780
55-56 (1) 1.361 1.5908
83-84 (1) 1.502 1.6106

66-67 (20)° 1.022 1.5586

84-85 (3) 1.631 1.6038
78-79 (10) 1.182 1.5720
77-78 (1) 1.306 1.5831
93-94 (2) 1.446 1.5920

Analyses, %
Formula Calcd. Found

CeHsSBr S, 16.96 16.81
C6H5SC1 Cl, 24.5 24.3
CoH&Ch Cl, 39.6 39.2
C6H3SC13 Cl, 49.8 49.8

c 7h 8s C, 67.7 67.7
H, 6.50 6.50

C7H7SBr S, 15.79 15.61
CyHySCl Cl, 22.4 22.3
C7H6SC1 Cl, 36.7 36.4
C7H5SC1s Cl, 46.8 46.7

c 7h 7sci Cl, 22.4 22.1
T—CH=CH CH3 

(2),5-Cl B(47) 80-82 (7) 1.157 1.5787
° T stands for thienyl. Parenthetical numbers give positions of vinyl groups. 6 Methods of preparation: A, spon­

taneous dehydration of the alcohol prepared from 5-bromo-2-thienylmagnesium bromide and RCOR'; B, dehydration 
of the corresponding alcohol over activated A120 3 at 300°; C, dehydration of the corresponding alcohol by heating with 
KHS04; D, dehydration of the alcohol from 2-acetylthiophene and CH3MgX. c Reported by Thomas,5 b. p. (727 mm.) 
166-167°.

with their dehydration products. The mixtures were 
steam distilled with 2% sulfuric acid and the vinyl deriva­
tives rectified and isolated with 34% and 53% yields, re­
spectively. Their properties are listed in Table II.

2 -Bromo -5 -chlorothiophene.—2 -Chlorothiophene, 118.6 
g. (1.0 mole), in carbon disulfide, 200 ml., was brominated 
with 160 g. (1.0 mole) of bromine at 0°. After twenty- 
four hours the mixture was decolorized with 5% sodium 
sulfite solution, the solvent removed, and the residue 
heated on a steam cone with 5% sodium hydroxide solution 
for four hours. Rectification of the product through a 
short column gave 147 g. (74.6% yield) of a colorless 
liquid, b. p. (18 mm.) 69.5-70.0°; m. p. —22° to —20°; 
w25d 1.5924; <Z2525 1.803.

Anal. Calcd. for C4H2SClBr: C, 24.33; H, 1.00.
Found: C, 24.31, 24.42; H, 1.19, 1.30.

5-Chloro-2-vinylthiophenes:— (A) From 2-Chlorothio­
phene.—A solution of 11.9 g. (0.1 mole) of 2-chlorothio­
phene in 25 ml. of dry ether was added at 0 ° to a solution of 
butyllithium prepared from 1.80 g. (0.26 mole) of lithium 
and 11.1 g. (0.12 mole) of w-butyl chloride in 45 ml. of dry 
ether. The resulting light yellow suspension was refluxed 
for six hours and then carbonated with Dry Ice to deter­

mine the structure of the lithium compound. A 10.4-g. 
yield (65%) of 5-chloro-2-thiophenecarboxylic acid,7 m. p.  
150-152°, was obtained. Similar solutions prepared with 
five to ten times as much of each reactant were treated with 
one and a half molar quantities of acetaldehyde, propion- 
aldehyde and acetone, respectively, at 0°. The resulting 
mixtures were stirred for two hours at room temperature, 
hydrolyzed by dropwise addition of 10% aqueous sodium 
carbonate, and the organic materials separated, ether- 
extracted and fractionated under reduced pressure. The 
alcohols were colorless oily liquids.

Attempts to convert 2-chlorothiophene to 5-chloro-2- 
thienylmagnesium bromide by exchange metallation with 
ethylmagnesium bromide in boiling ether or benzene were 
unsuccessful. No ethane was evolved within two hours 
and carbonation with Dry Ice gave only propionic acid and 
recovered dichlorothiophene.

(B) From 2-Acetyl-5-chlorothiophene.—Reduction of 2- 
acetyl-5-chlorothiophene with aluminum isopropoxide and 
fractional distillation of the product gave a 71% yield of 5- 
chloro-2-(l '-hydroxyethyl) -thiophene.

(7) “Thiophene Chemicals,” Socony-Vacuum Oil Co., Inc., New 
York, N. Y., 1946.
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Treatment of 2-acetyl-5-chlorothiophene with methyl­
magnesium halide gave 5-chloro-2-isopropenylthiophene 
but none of the corresponding alcohol.

(C) From 2-Bromo-5-chlorothiophene.—The Grignard 
reagent from 29.0 g. (0.4 mole) of 2-bromo-5-chlorothio­
phene in 150 ml. of ether was treated with 26 g. (0.6 mole) 
of acetaldehyde in 100 ml. of ether and 150 ml. of benzene. 
The mixture was refluxed half an hour, worked up and dis­
tilled to obtain 6 g. (0.04 mole) of 5-chloro-2-vinylthio­
phene, 15 g. (0.11 mole) of 5-chloro-2-(1'-hydroxyethyl)- 
thiophene and 1.0 g. (0.02 mole) of 5,5'-dichloro-2,2 '-di- 
thienyl, m. p.  107-109.8 Later attempts to prepare this 
Grignard reagent directly were unsuccessful, and it was 
found better to Use a cohalide (ethyl bromide).

(D) From 2,5-Dichlorothiophene.—Carbonation of 5- 
chloro-2-thienyllithium prepared from about 0.3 mole of 
butyllithium and 30.6 g. (0.2 mole) of 2,5-dichlorothio- 
phene gave a 63% yield of 5-chloro-2-thiophenecarboxylic 
acid, indicating the feasibility of preparing 5-chloro-2- 
vinylthiophenes by this approach. The method was not 
applied, however, because satisfactory results were 
obtained by the simpler syntheses already indicated.

The alcohols prepared by these syntheses were de­
hydrated as indicated in Table II. Dehydrations over 
alumina were accomplished in a furnace which consisted of 
a vertical, electrically heated, 25 mm. X 50 cm. Pyrex 
reaction tube packed with 4-8 mesh alumina. The top of 
the tube had two dropping funnels, one for the alcohol and 
the other for solvent to flush the system. The bottom of 
the reaction tube was connected to a water aspirator 
through a water-cooled condenser and a trap immersed in a 
Dry Ice—trichloroethylene bath. The alumina was acti­
vated before use by drawing a slow stream of air through it 
at 500° overnight.

The dehydrations were conducted by dissolving the 
alcohols in an equal volume of dry benzene and passing the 
solution through the furnace at 300° and 30-100 mm. at 
the rate of 100 ml. per hour. A similar amount of benzene 
was passed through the furnace after the main fraction to 
flush the system, and one hour was allowed for drainage 
before the product was removed.

Dehydrations with potassium hydrogen sulfate catalyst 
were done at a pressure which permitted dehydration but 
not distillation of the alcohol. The yields by this method 
were good only for the tertiary alcohols.

Trinitrobenzene was regularly used as an inhibitor to 
polymerization in distilling the vinyl compounds.

The 2,5 -Dichloro-3-vinylthiophenes.—3-Acetyl-2,5-di- 
chlorothiophene was prepared by the method of Steinkopf 
and Köhler6 but their yield (16%) was greatly improved 
(to 84%) by using carbon disulfide as solvent instead of 
petroleum ether. The Perrier technique4 gave only 57% 
yields in carbon disulfide. Hypochlorite oxidation of the 
above ketone gave 2,5-dichloro-3-thiophenecarboxylic 
acid.8a

Aluminum isopropoxide reduction of 3-acetyl-2,5-di- 
chlorothiophene gave on distillation 2,5-dichloro -3 - (1' - 
hydroxyethyl)-thiophene (90%). Treatment of the ke­
tone with methylmagnesium halide gave 2,5-dichloro-3- 
(2 '-hydroxyisopropyl) -thiophene (93%).

The above alcohols were dehydrated satisfactorily to the 
corresponding vinyl compounds in the vapor phase over 
alumina at 300°.

The 3,4,5 -Trichloro vinylthiophenes .—2,3,4,5 -Tetra - 
chlorothiophene, 5.56 g. (0.025 mole), was added to a fil­
tered solution of butyllithium (0.03 mole) in 50 ml. of 
ether. Refluxing for four hours, carbonation with Dry 
Ice, and isolation of the product gave 3.2 g. (55.4% yield)

(8) Thöl and Eberhard, Ber., 26, 2945 (1893).
(8a) Recently described by Hartough and Conley, T h is  J o u r n a l ,

69, 3097 (1947), m. p. 147-148°.

of 3,4,5-trichloro-2-thiophenecarboxylic acid, m. p. 223- 
224° (reported,* 69 9 m. p. 224°).

Conversion of 2,3,4,5-tetrachlorothiophene to a Grig­
nard reagent using a cohalide (C2H5Br) proceeded less 
satisfactorily. Reaction of either metallo derivative with 
acetaldehyde or with acetone Instead of Dry Ice gave the 
desired alcohols. These were dehydrated at 300° over 
alumina. Other methods were unsuccessful.

Polymerization Studies.—Small samples of the vinyl 
compounds described were polymerized alone and with 
styrene, methyl methacrylate, vinyl acetate and maleic 
anhydride by heating at 70 ° in 3-inch test-tubes with 0.5% 
of benzoyl peroxide. The propenyl compound did not 
polymerize or copolymerize. The isopropenyl compounds 
did not polymerize alone but did copolymerize. However 
those compounds with the isopropenyl group in the 2- 
position and with a halogen in the 5-position polymerized 
on long exposure to sunlight. It is believed that this is the 
result of a partial photochemical decomposition yielding 
hydrogen halides which are known to catalyze the poly­
merization of isopropenylbenzene. The vinylthiophenes 
polymerized and copolymerized normally.

Rubbery copolymers with butadiene were prepared in a 
typical GR-S type emulsion system containing: butadiene
7.5 g., olefin 2.5 g., water 17.5 g\, potassium persulfate 
0.03 g.> lauryl mercaptan 0.06 g. and soap 0.5 g. These 
copolymerizations were run in sealed tubes rotating in a 
water-bath at 40 ° until no further change occurred as evi­
denced by cessation of fall of the liquid meniscus in the 
tube. Evidence of copolymerization was determined by 
the amount and character of the precipitated and acetone- 
extracted copolymer. Satisfactory rubbers were obtained 
from all of the vinyl compounds except the 5-chloro-2- 
propenylthiophene, which did not copolymerize, and the
3,4,5-trichloro-2-isopropenylthiophene, which was not 
studied.

The copolymers of 2,5-dichloro-3-isopropenylthiophene 
were of especial theoretical interest and were therefore 
purified and analyzed. The product with styrene, ob­
tained through an emulsion polymerization at 40-60° for 
three weeks, was precipitated with aqueous sodium chlo­
ride, washed with methanol, and extracted continuously 
with acetone for eight hours. The residue (5%) was a 
white powder.

Anal. Calcd. for (C8H 8-C7H6SC12)*: Cl, 23.9.
Found: Cl, 21.47, 21.24.

The product with maleic anhydride, obtained through a 
bulk polymerization of the reactants at 70 ° for one month, 
was extracted continuously with benzene for six hours. 
The residue (5%) was a white powder.

Anal. Calcd. for (C4H20 3-C7H6SC12)*: Cl, 25.4.
Found: Cl, 19.08, 18.84.

The product with butadiene, obtained in 90% yield in 
sixty-six hours as described above, was a brown rubbery 
solid.

Anal. Calcd. for (3C4H6-C7H6SCl2)*: Cl, 9.01.
Found: Cl, 9.27, 9.14.

These data indicate that copolymerization occurred.

Summary
A number of halogenated thiophene alcohols 

have been prepared and dehydrated to the corre­
sponding vinyl halogenated thiophenes in order to 
study the polymerization and copolymerization 
characteristics of these olefins.
L afayette, I ndiana R eceived  D ecember 15, 1947

(9) Steinkopf, Jacob and Penz, Ann., 512, 136 (1934).
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Monomers and Polymers. V. Vinylpyridines and Vinylquinolines12
By G. Bryant Bachman and D. D onald M icucci

The examination of synthetic rubbers prepared 
by the copolymerization of butadiene with various 
olefins has shown that the nature of the olefin ex­
erts a considerable influence on the properties of 
the rubbers obtained. Relative to butadiene- 
styrene rubbers the butadiene-dichlorostyrene 
rubbers are more easily milled and processed and 
show better hot tensile strength. The butadiene- 
vinylpyridine rubbers are outstanding in tensile 
strength but are nervy and tough and mill pooriy. 
It was hoped that, by combining the effects of 
halogen atoms and heterocyclic nuclei in the same 
molecule, monomers might be obtained which 
would give rubbers of outstanding value. The 
present paper reports the preparation of vinylpy­
ridines and vinylquinolines, some of which contain 
nuclearly substituted halogen atoms, and de­
scribes preliminary experiments to determine the 
polymerizing and copolymerizing characteristics 
of each. The following compounds were studied.

I, R  = 2-C(CH 3)= C H 2, R ' = H 
II, R -  3-C(CH 3)= C H 2, R ' = H

III , R  = 3-C(CH 3)= C H 2, R ' -  5-Br
IV, R = 3-C H =C H 2> R ' =  5-Br 

V, R = 3-C(CH 8)= C H 2, R ' = 5-C1
VI, R = 2-C H =C H 2, R ' = H

VII, R = 2-C H =C H 2, R ' = 6-C1
VIII, R  -  2~C(CH3)= C H 2, R ' = H 

IX, R = 2-C(CH 3)= C H 2, R ' = 6-C1

Of these I,3-4 I I5 and VI6>7 have been prepared pre­
viously by others, but their polymerization charac­
teristics are not reported. Compound VII was 
not obtained as a monomer since it polymerized 
very readily and attempts to prepare it by meth­
ods analogous to those used successfully for VI 
gave only a polymer.

In accord with our previous observations2 the 
vinyl compounds of this series polymerized and 
copolymerized satisfactorily, while the alpha- 
methylvinyl compounds did not polymerize alone 
but did copolymerize with butadiene and other 
polymerizable vinyl compounds. The 2-alpha- 
methylvinyl derivatives of both pyridine and 
quinoline were however exceptional in that they 
did not copolymerize satisfactorily with butadiene, 
although they did form hard, black, brittle solids 
with maleic anhydride.

The introduction of halogen atoms seems to in-
(1) From the Ph.D. thesis of D. Donal Micucci, Purdue Uni­

versity, February, 1948.
(2) For previous papers in this series see This Journal, 69, 2022 

(1947); 70, 622, 2378 (1948).
(3) Emmert and Asendorf, Ber., 72B, 1188-1194 (1939); C. A., 33, 

7300 (1939).
(4) Loffler and Grosse, Ber., 40, 1328 (1907).
(5) Oparina, J. Russ. Phys.-Chem. Soc., 57, 319-341 (1925);

C. A., 20, 2499 (1926).
(6) Methner, Ber., 27, 2689 (1894).
(7) Einhorn and Lehnkering, Ann., 246, 172 (1888).

R '—  -j-R  

\N /

R 'J | J r

crease the rate of copolymerization of the vinyl 
heterocyclic monomers with butadiene and to 
soften the resulting rubbers somewhat but the 
effect is not as great as was hoped for. Our prelim­
inary examination of these rubbers indicates that 
it would be desirable to introduce at least two 
halogen atoms per molecule of vinyl compound to 
obtain greater internal plasticization of the buta­
diene copolymers. This could probably be 
achieved more easily in the quinoline series than 
in the pyridine series since the number of posi­
tions available on the pyridine nucleus is limited. 
Furthermore, halogen atoms in 2, 4 and 6-posi­
tions of pyridine are readily hydrolyzed. This 
leaves only the 3- and 5-positions free for halogen 
atoms and the 2(6)- or 4-positions for the vinyl 
groups. It has been shown that alpha-methyl- 
vinyl groups in the 2 (6)-position do not copoly - 
inerize, and the same may very well be true of such 
groups in the 4-position. Among quinoline com­
pounds only the 2- and 4-positions hold readily 
hydrolyzable halogens. The 5, 6, 7 and 8 posi­
tions of the benzene ring and the 3-position of the 
pyridine ring offer suitable points of attachment 
of both halogen atoms and vinyl groups. The 
preparation of some of these compounds will be 
described at a later date.

The vinyl compounds studied were prepared by 
dehydrating corresponding alcohols. The (CH3)2- 
C(OH)- group in the 3-position of pyridine dehy­
drated more easily than the same group in the 2- 
position. Most of the alcohols were prepared 
from the corresponding acids by well-known 
methods, but the alcohols corresponding to I3 and 
VI8 were obtained by special methods. Emmert 
and Asendorf3 have reported a little known but 
very interesting reaction for the preparation of 2- 
(2'-hydroxy-2'-propyl)-pyridine which involves a 
heterogeneous bimolecular reduction of acetone 
and pyridine in the presence of magnesium and 
mercuric chloride.

V-N/
T  (CH*)2CO

Mg

HgCl2 )— C(CH 3)2OH

After improving the published procedure for this 
reaction we found it to be well suited for the 
synthesis of I.

Considerable time was spent studying syntheses 
for 5-chloro- and 5-bromonicotinic acids, interme­
diates for the preparation of III, IV and V. These 
acids are both known but the reported syntheses 
are difficult and give poor yields. We found that 
nicotinic acid chloride hydrochloride could be 
brominated directly to give the 5-substituted acid 
in excellent yields (87%) at 170°.

(8) Koenigs, B e r ., 32, 224 (1899).
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C02h  so c i2 COCl Br2

SN*

Br- i—COCl C02H

A similar reaction involving picolinic acid gave 
only tars. Many attempts were made to prepare 
5-chloronicotinic acid by direct chlorination, but 
with only moderate success. On a small scale the 
desired product was obtained, but on a larger 
scale rapid sublimation, incomplete fusion of the 
acid chloride hydrochloride, and failure to form a 
perchloride complex interfered. Eventually the 
5-chloro acid was prepared from the 5-bromo acid 
via the 5-amino acid.

A convenient new synthesis, suitable for labora­
tory scale preparations, was also developed for 
ethyl quinaldinate and its 6-chloro analog, inter­
mediates for VIII and IX.

Acknowledgment. The authors are indebted 
to the General Tire and Rubber Company for 
support in the form of a fellowship.

Experimental
2 -Isopropenylpyridine

2 - (2' -Hydroxy -2' -propyl) -pyridine.—A mixture of 24 g. 
(0.088 mole) of mercuric chloride, 24.3 g. (1.0 mole) of 
magnesium turnings and 200 g. (2.53 moles) of pyridine 
was warmed on the steam-bath until it acquired an opaque 
gray color. Then 200 g. (3.45 moles) of acetone was added 
dropwise with stirring during one and one-half hours. 
After an additional hour the magnesium had disappeared. 
The mixture was poured over ice and excess potassium 
carbonate solution, and the brown oil was separated and 
distilled. The fraction, b. p. 85-95° (12 mm.), was dis­
solved in dilute hydrochloric acid and steam distilled to re­
move volatile impurities. The product was recovered by 
treatment with bases and redistilled; yield 40 g. (29.3% 
based on the magnesium), b. p. 85-90° (10 mm.), m. p. 
49-50° (from chloroform). These properties correspond 
with those previously reported by Sobecki9 and by Emmert 
and Asendorf.3

2-Isopropenylpyridine.—The procedure of Emmert and 
Asendorf3 gave a 67% yield of an oil b. p. 63-67° (10 
mm.), w25d 1.5241, d2Sb 0.9962 (reported3b. p. 172-176°).

3-Isopropenylpyridine
3 - (2'-Hydroxy-2' -propyl) -pyridine.—This alcohol was 

prepared by Graf and Langer,10 who gave no details of pro­
cedure. A solution of 137 g. (1.0 mole) of methyl tiico- 
tinate in 1000 ml. of anhydrous ether was added dropwise 
with stirring to a solution of 540 g. (3.25 mole) of methyl­
magnesium iodide in 900 ml. of ether. The yellow suspen­
sion was stirred and refluxed for three hours and then 
poured over chopped ice containing acetic acid. The solu-

(9) Sobecki, Ber., 41, 4103 (1908).
(10) Graf and Langer, J. prakt. Chem., 146, 103 (1937).

tion was made just alkaline; the product was extracted 
with ether and distilled; yield 78 g. (57%), b. p. 130° (10 
mm.); reported , 10 b. p. 130° (11 mm.), m. p. 53°.

3-Isopropenylpyridine.—Dehydration of the above alco­
hol with a mixture of sulfuric and acetic acids by the pro­
cedure of Oparina5 gave 3 -isopropenylpyridine in 79% 
y ie ld ,b .p . 75° (1 0 m m .) ,# D  1.5381, d % 5 0.9775, methio­
dide, m .p . 103-104° (reported 6 b .p . 1 8 7 - 1 8 8 ° ,0 .9 7 7 1 ) .

Dehydration by héating with half molar quantities of 
phosphorus pentoxide in benzene for several hours gave a 
65% yield but only a 25% conversion to the same com­
pound.

5 -Bromo -3 -isopropenylpyridine
5-Bromonicotinic Acid.—Nicotinic acid was converted 

to the acid chloride hydrochloride with thionyl chloride, 
heated ten hours a t 150-170° (oil-bath temperature) with 
an equimolecular amount of bromine, and then cooled. 
Ice water was added, the p H  was adjusted to 3 with base 
and the precipitated product was filtered and recrystallized 
(Norit) from ethanol; yield 87%, m. p. 183°.1 1  T reat­
ment with thionyl chloride and then dilute base gave the 
acid chloride, m. p. 75 ° , 1 1 in 8 6 % yield.

5-Bromo-3- ( 2  '-hydroxy-2 '-propyl) -pyridine.—5-Bromo- 
nicotinyl chloride was treated with 3.5 moles of methyl­
magnesium iodide to  obtain the desired tertiary alcohol, a 
colorless and very viscous oil, b. p. 135-140° (3 mm.), n 2bd
l .  5615, d 2hb 1.47; methiodide, m. p. 208-210°, dec.

A n a l .  Calcd. for C8H 1 0NOBr: C, 44.47; H, 4.67.
Found: C, 44.80; H, 4.70.

5 -Bromo -3 -isopropenylpyridine .—Dehydration of the 
above alcohol by heating with 2 0 % sulfuric acid in acetic 
acid or by passing the vapors over alumina at 300° (50 
mm.) gave 89 and 78% yields, respectively, of product, 
b. p. 85-87° (3 mm.), w25d 1.5820, d 2Sb 1.4204; methiodide,
m. p. 228°, dec.

A n a l . Calcd. for C 8H 8 NBr: N, 7.07. Found: N, 
6.91.

5 -Bromo -3 -vinylpyridine
Ethyl 5-Bromonicotinate.—A 95% yield of the desired 

ester, m .p .  38-39°, was obtained by adding excess abso­
lute ethanol to 5-bromonicotinyl chloride, refluxing for 
thirty  minutes, distilling off the excess alcohol, and making 
the residue alkaline. The crude material was recrystal­
lized from petroleum ether (60-70 °).

A n a l .  Calcd. for C8H 8 N 0 2 Br: N, 6.08. Found: N,
5.86.

3-Acetyl -5 -bromopyridine.—This ketone was prepared 
by three different procedures: (A) from 5-bromonicotinyl
chloride and methylmagnesium bromide, yield 18%; (B) 
from 5 -bromonicotinyl chloride and dimethylcadmium. 
This procedure was more laborious, but gave a slightly 
better yield (25%). (C) From ethyl 5-bromonicotinate
via ethyl 5-bromonicotinylacetate: a solution of 0.32 mole
of anhydrous sodium ethoxide in 108 ml. of xylene was 
prepared and added to a mixture of 46 g. (0.2 mole) of 
ethyl 5-bromonicotinate, 33.4 g. (0.38 mole) of ethyl 
acetate, and 50 ml. of xylene. After being heated and 
stirred for six hours and standing overnight, the mixture 
was poured into 800 ml. of ice water, acidified with 40 ml. 
of concentrated hydrochloric acid, and hydrolyzed by 
heating on a steam-bath for five hours. The xylene was 
removed by distillation, the residue was made basic, and 
the solid ketone which precipitated was separated by filtra­
tion. Recrystallization from petroleum ether (60-70°) 
gave 30 g. (75% yield) of white plates, m. p. 90°.

A n a l .  Calcd. for C7H 6NOBr: C, 42.03; H, 3.04. 
Found: C, 42.11; H, 3.04.

5-Bromo-3-(l '-hydroxyethyl) -pyridine.—Reduction of 
2 0  g. (0 . 1  mole) of 5 -bromo-3 -acetylpyridine with 0 . 1  mole. 
of aluminum isopropoxide by the standard procedure1 2  and 
isolation by vacuum distillation gave 20 g. (85% yield) of

(11) Graf, et al., ibid., 138, 244-258 (1933).
(12) Wilds, “Organic Reactions,” Vol. II, John Wiley and Sons, 

New York, N. Y., 1944, p. 203.
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the desired alcohol as a  viscous oil, b . p . 134-136° (3 
m m .), rc25D 1.5728, d2525 1.5378.

A n a l .  Calcd. for C7H 8N O B r: N , 6.93. Found: N ,
7.00.

5 -Bromo -3 -vinylpyridine.—A 103-g. sample of 5-bromo - 
3 - (  1 '-hydroxyethyl) -pyridine was dehydrated over alum ina 
by the vapor phase m ethod described previously. The
5-bromo-3-vinylpyridine fraction obtained am ounted to 63 
g. (67% yield), b. p. 74-75° (3 m m .), 1.5810, d2hb
l .  4823.

A n a l .  Calcd. for C7H 6N B r: N , 7.61. Found: N ,
7.46.

5 -Chloro -3 -isopropenylpyridine
5-Aminonicotinic Acid.— One mole, 202 g., of 5-bromo- 

nicotinic acid, 400 ml. of am m onium  hydroxide solution 
(sp. gr. 0.9) and  50 g. of copper sulfate pen tahydrate  were 
heated to  170-180° for tw en ty  hours in a  glass-lined au to ­
clave. The dark-colored solution was removed after 
cooling and  trea ted  w ith aqueous sodium sulfide to  remove 
copper ions. The filtered solution was ad justed  to  pH 4-5 
and the precip itated  acid was filtered off, washed with 
w ater, and recrystallized from w ater (N orite ). A yield of 
96 g. (69% ), m . p .  292-294°, was obtained. G raf11 re ­
ports no yield and  a  m . p . of 288-290° for a product p re­
pared similarly from 5-chloronicotinic acid.

5-Chloronicotinic Acid and Its Chloride.—A sample of 96 
g. (0.7 mole) of 5-am inonicotinic acid dissolved in 400 ml. 
of coned, hydrochloric acid was cooled in an  ice-salt-bath  
to  0° and diazotized w ith a  cold solution of 50.4 g. (0.77 
mole) of sodium n itrite  in  145 ml. of w ater. The mixture 
was poured in to  a solution of 80 g. (0.7 mole) of cuprous 
chloride in 400 ml. of concentrated hydrochloric acid. 
A fter three hours of stirring the m ixture was heated to  60° 
to  complete the reaction, dilu ted  w ith an equal volume of 
w ater, and trea ted  w ith aqueous sodium sulfide to  p re­
cipitate the copper ions. The filtered solution deposited 
the crude chloro acid a t pH 3. Recrystallization from hot 
w ater (N orite) gave 20 g. (18%  yield) of 5-chloronicotinic 
acid, m . p . 169-170°. G raf,11 who obtained a 25-30%  
yield of this acid by long heating of nicotinic acid w ith ex­
cess thionyl chloride, eventually  in a sealed tube, reports
m. p . 170-171°. The acid chloride, m . p . 53°, was pre­
pared in 90% yield w ith the aid of thionyl chloride by the 
procedure of G raf and M eyer,13 who report the same m . p .  
bu t give no yield.

5 -Chloro -3 - (2 ' -hydroxy-2' -propyl) -pyridine.—Following 
the procedure for the corresponding 5-bromo compound 
b u t starting  w ith  20 g. (0.12 mole) of 5-chloronicotinyl 
chloride gave 14.2 g. (73%  yield) of the desired alcohol, 
b . p . 115° (3 m m .), n 2»d 1.5377, d2hb 1.199.

A n a l .  Calcd. for CsHioNOCl: N , 8.17. Found: N ,
8.25.

5-Chloro-3-isopropenylpyridine.— D ehydration of 12 g. 
(0.7 mole) of th e  above alcohol by  the procedure used for 
the 5-bromo analog gave 8.5 g. (79% yield) of the desired 
olefin, b . p . 70-73° (3 m m .), w25d 1.5554, d2h & 1.1520.

A n a l .  Calcd. for C 8H 6NC1: N , 9.12. Found: N ,
9.15.

2 -Vinylquinoline
2-(2'-Hydroxyethyl) -quinoline.—Condensation of quin- 

aldine w ith form aldehyde by  the  procedure of Koenigs8 
gave a  30%  yield of this alcohol.

2-Vinylquinoline.—A m ixture of 10 g. of the above alco­
hol, 1.5 g. of powdered potassium  hydroxide, and 0.1 g. of 
phenyl-/3-naphthylam ine was heated in an oil-bath a t 140- 
150° under reduced pressure (5 m m .) until distillation 
stopped. The oily product was redistilled to  obtain 4.2 g. 
(46.9%  yield) of the vinyl compound.

2 -Vinylquinoline was also prepared directly from a quin- 
aldine-form aldehyde reaction m ix ture . Quinaldine, 200 g . 
(1.4 moles), formalin 180 g. (2.4 moles of formaldehyde), 
100 m l. of ethanol and 100 ml. of w ater were heated 
tw enty-four hours on a steam -bath . The solvents were

(13) Graf and Meyer, Ber., 61, 2210 (1928).

distilled off, 5 g. of powdered sodium hydroxide and 1 g. of 
phenyl “/3-naphthylamine were added, and the mixture was 
heated a t 7 mm. pressure until distillation ceased. Redis­
tillation gave 103 g. (49% yield) of product, b. p. 120-125° 
(7 mm.), n 2QD 1.6439, d 2h 5 1.0692.

A n a l .  Calcd. for ChH 9 N : N, 9.04. Found: N, 9.06.

2 -Isoprop enylquinolin e
Ethyl Quinaldinate.—A solution of 111 g. (0.66 mole) of 

silver nitrate in 660 ml. of water was added carefully with 
stirring to a solution of 83 g. (0.22 mole) of 2-tribromo- 
quinaldine in 800 ml. of ethanol. The mixture was re­
fluxed for th irty  minutes, filtered, acidified with 40 ml. of 
hydrochloric acid, and concentrated under vacuum to 300
ml. The solution was made strongly basic, the oily 
product was separated by decantation and ether extraction 
and was then purified by distillation; yield 25 g.  (55%), 
b. p. 131-136° (1 m m .); reported , 1 4  15 b. p . 131-136° (0.3
mm. ) , n 20D 1.5973.

2 - (2' -Hydroxy-2' -propyl) -quinoline .•—Ethyl quinaldi­
nate was treated with 3.3 moles of methylmagnesium 
bromide to obtain 16 g. (8 6 %) of the alcohol, m. p. 67°.15

2-Isopropenylquinoline.—Dehydration of 17 g. of the 
above alcohol was accomplished by heating with 50 ml. of 
concentrated sulfuric acid in an oil-bath a t 120-130° for 
three hours. The mixture was cooled, poured into cold 
water, made basic, and ether extracted. Distillation gave 
a pale yellow oil, 7.0 g. (45.5% yield), b. p. 119-120° (3 
mm.), n 25d 1.6281, d 2hs 1.0600.

A n a l .  Calcd. for Ci2HuN : N, 8.28. Found: N, 8.05.

6-Chloro-2-isopropenylquinoline
6-Chloroquinaldine.—The following procedure gives 

over three times the yield reported previously . 16 A mix­
ture of 80 g. (0.625 mole) of 4-chloroaniline, 500 ml. of 
absolute ethanol, 53 ml. of concentrated hydrochloric acid, 
270 g. of ferric chloride hexahydrate and 10 g. of zinc chlo­
ride was heated to 60-65°. Crotonaldehyde, 35 g. (0 .5  
mole) was added dropwise in two hours. The mixture was 
refluxed two hours, let stand overnight, distilled, under 
vacuum to remove the alcohol, and then made strongly 
basic and steam distilled. The distilled solid, after drying, 
weighed 70 g. (79% yield), m. p. 92-93° (reported , 16 m. p. 
91°).

6 -Chloro -2 -tribromoquinaldine.—A solution of 227 g. 
(1.44 mole) of bromine in 61 ml. of glacial acetic acid was 
added in the course of one hour to a mixture of 245 g. 
(2.98 moles) of anhydrous sodium acetate, 85 g. (0.49 
mole) of 6 -chloroquinaldine, and 610 ml. of glacial acetic 
acid a t 75-80 °. After heating a t 90-95 ° for one hour and 
standing overnight, the solid product was separated and 
recrystallized from petroleum ether (60-70°); yield 133 g. 
(67%), m. p. 59-60°.

A n a l .  Calcd. for C10H 5 NBr3 Cl: Br, 57.86; GL 8.56. 
Found: Br, 57.5,57.6; Cl, 8.5, 8.5.

Ethyl 6-Chloroquinaldinate.—The procedure developed 
for the preparation of ethyl quinaldinate gave a 44% yield 
of the 6 -chloro analog, m .p . 91-92°. ""

A n a l .  Calcd. for Ci2HioN02 Cl: N, 5.Ö4. Found:
N, 5.94.

6-Chloro -2 -isopropenylquinoline.—The reaction of 13 g. 
(0.055 mole) of ethyl 6 -chloroquinaldinate with approx­
imately 0.18 mole of methylmagnesium bromide in ether 
according to the procedure previously described using 
ethyl quinaldinate gave 7.5 g. of a viscous oil, chiefly 6 - 
chloro-2 -(2 '-hydroxy-2 '-propyl)-quinoline, which was not 
further characterized but was dehydrated directly with 
coned, sulfuric acid (20 ml.) a t 120° for three hours. The 
olefin was a pale yellow oil which crystallized from an 
ethanol-water mixture; yield 4.3 g. (62.5%), m. p. 50°.

A n a l .  Calcd. for Ci2H iiNC1: N, 6.84. Found: N,
6.67.

(14) Campbell, et al., This Journal, 68, 1841 (1946).
(15) Emmert and Pirot, Ber., 74B, 718 (1941).
(16) Bartow and McCollum, This Journal, 26, 703 (1904).
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Polymerization Experiments
Compounds I, VIII and IX gave no polymers 

alone or copolymers with butadiene, styrene, or 
methyl methacrylate, in the presence of benzoyl 
peroxide. Of the remaining compounds II, III, 
and V gave no polymers alone but copolymerized 
readily with the above olefins. Compounds IV 
and VI polymerized readily alone and also copoly­
merized with the above olefins. Several attempts 
were made to prepare 6-chloro-2-vinylquinoline 
(VII) by procedures analogous to those used for 2- 
vinylquinoline (VI). In every case rapid poly­
merization interfered with isolation of the mono­
mer. The bulk polymers were prepared by heating 
the monomers at 70° in stoppered test-tubes with

0.5% benzoyl peroxide catalyst. Equal weights 
of monomers were used for the copolymers. The 
emulsion polymers with butadiene were prepared 
in sealed tubes at 40° (thermostat) using the 
formula: butadiene 7.5 g., vinyl monomer 2.5 
g., water 18 g., soap 0.5 g., potassium persulfate
0.03 g .y lauryl mercaptan (OEI) 0.06 g.

Summary
A series of vinylpyridines and vinylquinolines, 

some containing nuclear halogens, have been pre­
pared and a preliminary study made of their 
polymerizing and copolymerizing characteristics.
L a f a y e t t e , I n d ia n a  R e c e iv e d  D e c e m b e r  23, 1947

[C o n t r ib u t io n  N o . 145 f r o m  t h e  G o o d y ea r  T ir e  a n d  R u b b e r  C o ., R e s e a r c h  L a b o r a t o r y ]

Viscosity-Molecular Weight and Viscosity-Temperature Relationships for
Polystyrene and Polyisobutylene1-2

®

B y  T hom as G F o x , Jr ., an d  P a u l  J. F l o r y

The simple empirical relationship3
log 7] — A  +  C5w 1 / 2  (U

where y is the viscosity, M w the weight average 
molecular weight and A and C are constants for a 
specified temperature, has been found to apply 
with remarkable accuracy to linear polyesters,3-4 
polyamides,5 and to certain non-linear polymers 
as well.5 Extension of this relationship to addition 
polymers of unsaturated compounds such as poly­
ethylene6 and polyisobutylene7 and to polymeric 
dimethyl silicones8 has been attempted recently 
with indications of success. However, either the 
molecular weights (weight average) were unreli­
ably determined or the range was too limited for 
positive assurance that equation (1) may be 
applied to these polymers.

In the present investigation viscosities of two 
representative hydrocarbon polymers, poly­
styrene and polyisobutylene, of simple chain 
structure have been measured over wide ranges of 
molecular weight, molecular weight distribution 
and temperature. In addition to providing data 
with which to test the generality of equation (1), 
the present results demonstrate the nature of the 
dependence of the viscosity-temperature co­
efficient on molecular weight, molecular weight

(1) The work presented in this paper comprises a program of 
fundam ental research on rubber and plastics being carried out under a 
contract between the Office of Naval Research and the Goodyear 
Tire and Rubber Company.

(2) Presented before the High Polymer Forum a t the Atlantic 
C ity Meeting of the American Chemical Society, April 15, 1947.

(3) P. J. Flory, T his Journal, 62, 1057 (1940).
(4) W. O. Baker, C. S .  Fuller and J. H. Heiss, ibid., 63, 2142 (1941).
(5) J. R. Schaefgen and P. J. Flory, forthcoming publication.
(6) G. J. Dienes and H. F. Klemm, J . Applied Phys., 17, 458 

(1946).
(7) R. L. Zapp and F. P. Baldwin, Ind. Eng. Chem., 38, 948 (1946).
(8) A. J. Barry, / .  Applied Phys,, 17, 3.020 (1946),

distribution and temperature. Apparent dis­
crepancies which have appeared in the literature 
on viscosity-temperature coefficients for poly­
styrene have been accounted for. I t is hoped 
that the results of this investigation will provide a 
basis for the better understanding of flow mecha­
nisms in high polymers.

Experimental
Preparation and  F ractionation.—Seven polymers of 

styrene varying in viscosity average molecular weight ( Mx) 
from 7000 to  350,000 were prepared by bulk polymerization 
a t  60 °. An average molecular weight in the  desired range 
was obtained in each case by  using appropriate concentra­
tions of benzoyl peroxide and dodecyl m ercaptan as shown 
in T able I . T he reactions were stopped a t conversions of 
approxim ately 25% . T he polymers were separated by 
precipitation in an excess of vigorously stirred m ethanol, 
and were dried in  vacuo a t  60°.

Four polyisobutylenes w ith molecular weights as listed 
in Table I were fractionated .9 T hus, the polym er known 
commercially as “ V istanex-L M H ”  with a  viscosity aver­
age molecular weight of 69,000, was separated into a  series 
of polym er fractions identified as PB 1F1, PB1F2, and so 
on. The polym er PB5 consisted of a  mixture of two large 
coarse fractions separated  from PB2 and PB3.

All polymers were fractionated by  single precipitation 
m ethods carried ou t a t 30.0°. Solvent-precipitant com ­
binations employed were m ethyl ethyl ketone-m ethyl 
alcohol for polystyrene and benzene-acetone for polyiso­
butylene. In  each case the precip itant was added slowly 
with stirring to  a solution containing 1.3 to  2.5 g. of poly­
mer, per 100 ml. of solvent (Table I) un til a condition of 
perm anent tu rb id ity  was reached. A fter adding an 
appropriate excess of the precipitant, the solution was 
warmed until it became clear, then  subjected to  gentle 
stirring while cooling slowly to  30.0°. The insoluble gel 
which settled out on standing overnight a t this tem perature 
was separated from the clear solution by decantation, 
washed w ith the non-solvent, and  dried first on a steam

(9) The polyisobutylene was supplied by the Standard Oil Co. of 
New Jersey. We are indebted to  Mr. D. W. Young of the Esso 
Laboratories who made available to us PB7, a laboratory sample of 
low molecular weight*
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T a b l e  I

T h e  P o l y m e r s  U s e d  f o r  F r a c t io n a t io n

Mole % 
Polymer peroxide

14A 0 .04
11A 0 .50

8 A 1.0
6 A 1.0
3D 1.0
4C 1.0

16A 4 .0

Polystyrene

Mole % Extent of
m ercaptan reaction

0 26%
0 2 2

0 . 0 1 0 28
0.024 24
0.055 28
0 . 2 2 2 2

6.5 2 0

Polyisobutylene

Frac­
tiona­
tion

initial
concn.,
g. / 1 0 0

H r ml.
349,000 2 .0
150,000 2 .0
60,000 2 .0
70,000 2 .0
45,000 2 .0
41,000 2 .2

7,060 2 .0

Commercial 
Polymer designation

PB1 Vistanex LM H
PB2 100,000 Grade
PB3 100,000 Grade
PB4 Vistanex LMS
PB5 .................
PB7

Mv
(approximate)

Frac­
tionation 

initial 
concn., 

g . / l00 ml.
69,000 2 . 0 0

1 ,0 0 0 , 0 0 0 1.25
1 ,0 0 0 , 0 0 0 1.25

45,000 2.50
1 ,0 0 0 , 0 0 0 1.33

3,100 2 .5

bath and then in  va cu o  a t  60°. By repeating this pro­
cedure a series of fractions was obtained from each polymer, 
the individual fractions usually representing 5 to 25% of 
the whole polymer (Table V III) . PB5F1 appears to  be a 
notable exception, as it represents 46% of PB5. However, 
it represents only 23% of polyisobutylene B-100 since PB5 
was obtained by combining fractions representing approx­
imately half of tha t polymer.

Fractionation of the low molecular weight polystyrene 
16A was carried out from acetone solution using as pre­
cipitant a mixture containing equal volumes of water and 
methanol. The acetone-soluble portion of 4C (about two- 
thirds of the whole) was fractionated in a similar manner.

Inasmuch as the w e ig h t average  molecular weight on 
which the melt viscosity depends (c f . s e q .)  lies close to the 
v is c o s i ty  a verage  deduced from intrinsic viscosity measure­
ments, it is evident tha t efficient fractionation should be 
unnecessary. Nevertheless, to confirm this expectation 
experimentally, polystyrene 3D was fractionated by the 
double precipitation method previously described . 10 The 
melt viscosity of one.of these fractions did not differ sig­
nificantly from tha t of a fraction of the same intrinsic vis­
cosity which had been obtained by the single precipitation 
method. Hence all subsequent fractionations were 
carried out employing the single precipitation technique.

Molecular Weight Determination.—Molecular 
weights of the polystyrene fractions have been 
calculated from their intrinsic viscosities, [77], in 
freshly distilled benzene, using the relationship 
obtained by Ewart11

log M v =  (log M  +  4.013) /0.74 (2)
where Mv is the viscosity average molecular

(10) P. J. Flory, This Journal, 65, 372 (1943).
(11) R. H. Ewart, paper presented at the Atlantic City Meeting of 

the American Chemical Society, April 14, 1947. Recently A. I. 
Goldberg, W. P. Hohenstein and H. Mark, J . Polymer Sci., 2, 503 
(1947), have proposed yet another intrinsic viscosity-molecular 
weight relationship for polystyrene. We prefer the Ewart expression 
for our purposes since it is derived from measurements made over a 
range similar to th a t covered in our experiments. Use of the Gold­
berg, Hohenstein and M ark equation, however, would not affect; the 
general nature of the relationships reported in this paper*

weight.10 Molecular weights of the polyiso­
butylenes have been obtained from their intrinsic 
viscosities in carbon tetrachloride, using the equa­
tion12

log M y  -  (logM  +  3.345)/0.64 (3)
The carbon tetrachloride was purified by suc­
cessive washings with concentrated sulfuric acid, 
water, 10% sodium carbonate, and water, fol­
lowed by drying over sodium sulfate and distilling. 
For the fractionated polymers it is permissible to 
replace M v with M w.

The solution viscosities were measured at
30.08 =*= 0.01° using a Ubbelohde no. 1 viscometer 
the calibration of which included the kinetic 
energy term.13

Relative viscosities, rjr, for solutions of the poly­
styrene fractions at different concentrations agreed 
with the relationship reported by Tingey14

(In rjT) / c  =  [17] — 0.125 [17]% (4)
where c is expressed in g./100 ml. Consequently 
it was possible to determine the intrinsic viscosity 
from the efflux time for a single solution.

The value of (In rjr) / c for polyisobutylene solu­
tions with relative viscosities between 1.18 and
1.22 was arbitrarily taken to represent [77]. This 
value differs by approximately 2% from that ob­
tained by extrapolation to infinite dilution. In 
some cases, particularly for high molecular weight 
samples, values of (In 7jr) / c for 7}r in the above pre­
scribed range were obtained by extrapolation from 
measurements in solutions of higher relative vis­
cosities, the error thus introduced being less than 
4% -

Molecular weights reported here are generally 
reproducible to =*=3%. For certain of the poly­
mers of higher molecular weight this uncertainty 
maybe =*=5%.

Capillary Viscometers.—Melt viscosities in the 
range of 1 to 106 poises were determined accord­
ing to the procedure previously described.3 The 
viscometers consisted of straight capillary tubes,
1.0 to 2.0 mm. in diameter, each marked at four 
points at appropriate distances from the lower tip. 
The time required to fill the viscometer capillary 
from one mark to the next under a predetermined 
pressure differential was measured. In this way 
three determinations could be carried out suc­
cessively. Absolute viscosities in poises were cal­
culated from

v =■ ktp (5)
(12) See reference 10. We are Indebted to  Dr. John Rehner, Jr., 

of the Esso Laboratories for providing information on the relation­
ship between intrinsic viscosities of polyisobutylene in carbon te tra ­
chloride compared to  those in diisobutylene, the solvent originally 
used10 in establishing the intrinsic viscosity-molecular weight 
relationship. According to Rehner, the ratio McCk/lridiisobutylene 
is 1.255 =*= 0.005 for all molecular weights.

(13) The calibration m ethod outlined in ASTM Designation 
D445-39T was employed.

(14) H. C. Tingey, unpublished data  referred to by R, H. Ew art, 
"Advances in Colloid Science,*' Vol» II, Interscience Publishers, 
New York, N. Y., 1946, p, 210.
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where t is the measured time, p the pressure dif­
ferential (2 to 30 cm. of mercury), and k is a cali­
bration constant computed according to Poiseuille’s 
law from the accurately measured dimensions of 
the tubes. As a check on the reliability of these 
calibrations, the constants k for several of the vis­
cometers were independently determined from 
their tp products for an oil of accurately known 
viscosity, 493 poises at 30.0°, obtained from the 
National Bureau of Standards. The two methods 
agreed within =*=1%.

Construction of the Coaxial Viscometer.—To
measure viscosities in the range of 105 to 1011 
poises there was constructed a coaxial falling—

cylinder viscometer 
(shown schematically 
in Fig. 1) of the type 
described by Segel,15 
systematically stud­
ied by Traxler and 
Schweyer,16 and used 
by various other work­
ers.17 It consists of a 
steel block 4" X 3.5" X 
2" containing a cylin­
drical cavity of diame­
ter B and length L, the 
axis of the cavity coin­
ciding with the long 
axis of the block. A 
steel rod of smaller 
diameter, A, is centered 
coaxially in the cavity, 
the ends of the rod pro­
jecting beyond the re­
spective ends of the vis­
cometer block. The 
annular space around 
the steel rod is filled 
with the sample. With 
the viscometer sus­
pended with its long

\ \\ \\ \-B-\ \\ \\ «-A-*\\ \ L\ \\Kj \
IN IN\ \\ \\ \\ \

W

Fig. 1.—Schematic cross- 
sectional view of the coaxial 
falling-cylinder viscometer. 
The values of L, B and A are 
10.16 cm., 1 . 1 2 2  cm. and 
0.795 cm., respectively.

axis in a vertical position, the rate of fall, V, of 
the steel rod under the influence of a suspended 
weight, W, is observed. The viscosity is calcu­
lated from

v  =  K W / V  (6 )
where A  is a constant determined from the di­
mensions of the instrument according to the 
equation

K  «  (g/2icL)\n(B/A) (7)
where g is the gravitational constant. The instru­
ment was designed with provisions for: (1) mold­
ing of the polymer in the annular space about the 
central rod, (2) obtaining adequate temperature 
control and (3) the application of a load to, and 
observation of the rate of fall of, the central cylin-

(15) M. Segel, Physik. Z , 4, 493 (1903).
(16) R. N . Traxler and H. E. Schweyer, Am . Soc. Testing M a­

terials Proc., 36, 523 (1936).
(17) A. Pochettino, Nuovo cimento, 8, 77 (1914); C. J. Mack, 

J. Phys. Chem., 36, 2901 (1932); H. L. D. Pugh, J . Sci. Instruments, 
g l, 177 (1944).

der. Important features of the construction are 
shown schematically in Figs. 2 and 3 (omitting 
the screws, guide pins, and other details which 
would make the drawings hopelessly complex).

Fig. 2.—End view of the coaxial viscometer. Drawn ap­
proximately to  scale.

Fig. 3.—Cross-sectional view of the coaxial viscometer; 
not drawn to scale.

In order to permit molding of the sample within 
the instrument, the outer block was constructed 
in two parts, as illustrated by the end view of Fig.
2. As the two sections are brought together the 
projecting portion (D) of the top member (A) 
fits snugly into the trough (E) in the bottom sec­
tion (B), thus providing the necessary compression 
of the polymer. Positioning of the steel rod in the
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cavity during the molding operation is accom­
plished by two metal plates (C) which can be se­
cured to the ends of the bottom section of the 
viscometer, each plate being provided with a hole 
(H) about 0.001" larger in diameter than the rod.

Four symmetrically placed 3/ s" holes (G) were 
bored through the length of the block for the in­
sertion of either cartridge-type electrical heaters or 
copper tubes containing a cooling liquid. A larger 
hole (F) directly under the cylindrical cavity pro­
vides for the insertion of a Fenwal thermoswitch, 
which in conjunction with an electronic relay pro­
vides temperature control. To insure uniform 
temperature throughout the length of the poly­
meric cylinder, 1.5" steel blocks (J in Fig. 3) can 
be attached at both ends of the viscometer. 
These blocks are provided with appropriate holes 
(G', L) to permit insertion of the heaters and to 
allow for motion of the inner cylinder and its at­
tachments.

Two thermocouple holes are provided, one 
being drilled in the core of the steel rod and the 
other in the side of the viscometer block, the latter 
reaching within 5 mm. of the annular cavity.

As shown in Fig. 3, a thin steel tube (N) at­
taches to the end of the steel rod (M) and projects 
out into the space below the instrument. Weights 
may be hung from a hole (O) which is drilled at 
the lower end of this tube. A needle (P) is fas­
tened perpendicular to its length, providing a ref­
erence for observing the motion of the falling cyl­
inder. Two rods projecting from the sides of the 
viscometer provide for its suspension between a 
pair of iron posts firmly bolted to a cast iron base.

Operation of the Coaxial Viscometer.—In 
preparation for the molding operation, the end 
plates (C) are first attached to the lower block 
(B) of the viscometer and the steel rod is inserted 
through the holes (H) in the end-plates. The 
upper and lower blocks are brought to tempera­
ture, usually 160°. An amount of polymer slightly 
in excess of that needed to fill the cavity is distrib­
uted evenly in the trough (E) and the upper 
block is set in place on the lower. The assembly is 
placed in a press equipped with heated platens and 
again brought to temperature. A load of 10,000 
to 30,000 pounds is applied to close the viscome­
ter assembly, the excess polymer being forced out 
through three vents drilled in the top of the vis­
cometer. After about ten minutes the viscometer 
is cooled to room temperature under pressure, the 
pressure is removed and the two sections of the 
viscometer are securely fastened together with 
screws.

In order to make ready for viscosity measure­
ments, the insulating end pieces (J) are substituted 
for the end plates (C), the heaters and the thermo­
switch are inserted in the cavities (G, F) and the 
necessary electrical connections are made. The 
steel tube (N) is secured to the steel rod, the ther­
mocouples are set in place, and the assembly is in­
sulated with asbestos board and glass fabric. The

instrument is mounted with its axis vertical and 
brought to the desired temperature. The desired 
weight is hung on the end of the steel tube and the 
position of the needle observed at various inter­
vals.

In the experiments reported here, the tempera­
ture was controlled within ± 2° between —9 and 
200°, the readings of the two thermocouples 
agreeing within ± 1°. A traveling microscope ac­
curate to 0.0005 cm. was used for most of the 
observations; one of lower accuracy, =*=0.003 
cm., was used in the initial experiments. Rates of 
fall varying from 1.5 X 10~7 to 3.5 X 10“3 cm ./ 
sec. were observed. Usually ten or more observa­
tions were made while the cylinder moved 0.15 to
0.30 cm., after which the viscometer was inverted 
and the load attached to the other end. Observa­
tions were repeated while the cylinder traveled in 
the opposite direction. The velocity of fall was 
observed to be independent of the direction of mo­
tion of the cylinder.

High Temperature Stability.—Both the melt 
viscosity and the intrinsic viscosity were ob­
served to decrease on heating polystyrene to 
217° in the presence of either air or nitrogen for 
periods of five minutes to two hours. However, in 
several instances an insoluble portion appeared 
and an increase in the intrinsic viscosity of the sol­
uble portion was observed. It appears that deg­
radation and cross-linking reactions occur simul­
taneously under these conditions. Addition of 
phenyl /Tnaphthylamine eliminated all evidence of 
gelation and reduced degradation to a negligible 
amount when polysytrene was heated at 217° in a 
nitrogen atmosphere for up to two hours. Ac­
cordingly, approximately 0.5% of this compound 
was incorporated into all high molecular weight 
polystyrenes by addition to a benzene solution of 
the polymer and subsequent evaporation.

No signs of gelation and only a slight decrease 
in the intrinsic viscosity were observed when poly­
isobutylene was heated to 217° in the presence of 
an inert atmosphere for periods of thirty to ninety 
minutes.

The Mw values reported here are derived from 
intrinsic viscosities measured after the melt viscos­
ity had been determined. In most cases the molec­
ular weights before and after melt viscosity de­
termination agree within 5%.

Results
The Coaxial Viscqmeter.—The deformation 

taking place within the coaxial viscometer ap­
proaches simple shear; the difference between 
the outer and inner cylinder diameters being 
relatively small, the rate of shear is nearly uniform 
throughout the polymer. If the polymer under­
goes Newtonian flow, (1) the motion of the falling 
cylinder will be linear with time, (2) the observed 
viscosity will be independent of the applied load 
and (3) the viscosity values will agree with those 
obtained by the capillary method.
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Results shown in Table II and in Fig. 4 illus­
trate the constancy of the rate of displacement of 
the cylinder with polyisobutylenes at viscosities 
up to 1010 poises and loads up to 500 g.

T ab le  II
T he D istance  (d) T raveled  by  the F alling Cylinder 

in  T ime (/)
P o ly  is o b u ty le n e

M rr =  660,000
Load 558 g., T  == 160° O Load 158 g ., T  - 160° C.“
t, sec. d obs. d calcd. & t, sec. d obs. d calcd. b

0 0  cm. 0  cm. 0 0  cm. 0  cm.
87 0.088 0.088 263 0.078 0,074

128 .130 .129 510 .149 .144
191 .191 .193 667 .191 .188
294 .293 .294 809 .229 .228
348 .350 .351 1007 .285 .284

Load 58 g., T  = 160° C.<* Load 527 g., 7'

ci -
o001!

t,
sec. d obs. d calcd. 6 t, sec. X 10 “3 d obs.

a
■ calcd. b

0 0  cm. 0  cm. 0 0  cm. 0  cm.
146 0.016 0.016 97.2 0.0132 0.0150
320 .035 .035 153.9 .0223 .0237
674 .073 .073 183.6 .0280 .0283
809 .086 .087 270.0 .0414 .0416

1021 .110 .110 500.4 .0773 .0771
a 7} =  3 X 106 poises a t 160°. b d calcd. = Vt, where 

V  is the “ best value"* for the velocity in cm ./sec. c t\ = 
2 X 1010 poises a t 8 °.

However, in many cases, particularly at the higher 
viscosities, there was observed an initial non-linear 
dependence of displacement on time which later 
became linear (i. e., the straight lines in Fig. 4 
do not go through the origin). It was assumed 
that the non-linear portion was due to a time-de­
pendent elastic deformation which, however, 
reached completion in a relatively short time.18 
Since the elastic deformation was of no interest in 
this work, sufficient time was allowed in most of

Fig. 4.—Motion of the falling cylinder vs. time. The 
initial observation (distance 0  a t zero time) was made as 
soon as possible after attaching the weight.

(18) A. P. Alexandrov and J. S. Lazurkin, Acta Physicochim, 
V . R S. S „  1%, 647 (1940).

the experiments for the completion of the elastic 
deformation prior to observing the fall of the cyl­
inder. Hence, the times recorded in Table II are 
referred not to the time of application of the load 
but rather to some arbitrary time thereafter.

Observed viscosity values for polyisobutylenes 
are independent of the applied load at least up to 
500 g., provided the viscosity be less than 109 
poises. Typical data illustrating this point are 
given in Table III. The apparent viscosity de­
creases with increasing load for higher values.

T able  I I I
T he A pparent V iscosity as a  F unction of A pplied

L oad

Polyisobutylene, Afw = 660,000

Direction
of

T  = 

Load,
160°

T  = 8°
motion g. 7j, poises Load, g. 7], poises

Out 558 2.97 X 106 3970 0.84 x  IO10

In 558 2.95 2140 1.50
Out 213 3.00 1 0 2 0 1.55
In 158 3.02 527 1.84
Out 58 2 . 8 8 Extrapolated 1.97 X 1010

In 58 2.85 to zero load poises
Average (z.95 =*= 0.05)

X 106 poises

The viscosity at zero load, where the limiting flow 
characteristics may be assumed to correspond to 
ideal Newtonian behavior, was obtained in such 
cases by linear extrapolation (Fig. 5).

Fig. 5.—The apparent viscosity vs. load, employing the 
coaxial falling-cylinder viscometer.

Measurement of the viscosity of polyisobutyl­
ene of molecular weight 80,000 by this method 
yielded 88,000 poises at 87° which, from the tem­
perature coefficient of flow (cf. seq.)y corresponds 
to 79,000 poises at 89°. A similar determination 
at the latter temperature using a capillary viscome­
ter yielded 80,700 poises. Thus, the two methods 
are consistent.

Attempts to measure accurately the viscosity 
of high molecular weight polystyrene in the co­
axial viscometer were unsuccessful. Frequently 
the apparent viscosity was observed to vary with 
time and/or with the applied load* The results
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T a b l e  IV
V is c o s it y - T e m p e r a t u r e  R e l a t io n s  f o r  P o l y s t y r e n e ®

Polymer M f'O ^T, poises Polymer M T° VT, poises

11AF3 134,000 217 11,400 16AF5 4900 " 217 1.03
190.5 6 8 , 0 0 0 190.5 2 . 1

160 1,350,000 160 8.7
138 43.8

6AF3 • 80,000 217.2 1,703 1 1 0 950
2 1 0 . 2 2,525 99.5 3750
2 0 1 . 2 4,315 88.5 28,300
190.7 9,200 9 81.7 182,000
177.8 27,400

16AF6 3700 138 3.44
8AF4 32,200 217 131 1 1 0 25.6

190.5 709 8 8 229
160 12,900 74.0 2360
138 375,000 64.5 8400
130 2,320,000 53.0 197,000

4CF2 25,700 217 70.3
2 0 1 . 1 168
177.8 1060
156.5 11,500

a The same sample of each polymer fraction was used for measurements a t the several temperatures.

which appeared most reliable were lower than the 
corresponding values obtained with capillary vis­
cometers by a factor of at least three. These dis­
crepancies are believed to have been caused by air 
bubbles trapped in the polystyrene. All efforts 
to mold high molecular weight polystyrenes in the 
viscometer so that they were reasonably free of 
bubbles failed. On the other hand, polyisobutyl­
ene could be molded almost bubble-free with no 
great difficulty.

Viscosity-Temperature Relationships.—The
viscosities of fifteen polystyrene fractions rang­
ing in molecular weight from 3700 to 134,000 
were measured with capillary viscometers at 
various temperatures. The maximum tempera­
ture range covered was 217 to 53°. Representa­
tive data are given in Table IV, and the data for 
thirteen of the fractions are plotted as log (rjT/  
77217) vs. 1/T  (°A._1) in Fig. 6. The viscosity ratio 
is employed in order to facilitate comparison of 
results for polymers differing in molecular weight. 
The relationship between log (77T/77217) and 1/T  is 
non-linear. The data for eight fractions with 
molecular weights from 25,700 to 134,000 may be 
represented by a single curve (curve 1 of Fig. 6) 
when plotted in this manner. For fractions of 
lower molecular weight, a series of curves are ob­
tained, their slopes being lower the lower the 
molecular weight. This dependence of the vis­
cosity-temperature coefficient on the molecular 
weight is further illustrated in Fig. 7 where log 
(,Vt / V 217)  for temperatures of 160, 176 and 190° are 
plotted vs. the molecular weight. (The molecular 
weights employed here and in Tables IV, V and 
VI are based on intrinsic viscosity measurements 
and, hence, to the extent that the particular type 
of average requires specification when dealing 
with fractionated samples, they represent viscos*

Temperature, °C.
200 150 100 75

Fig. 6 .—Log v s . 1 / T  i ? A .  9 for polystyrene
fractions of various molecular weights: curve 1 , 134,000,
9  80,000, 69,500, 49,700, 44,000, 32,200, O 26,600,
•  25,500; curve 2, +13,500, □ 11,000; curve 3, «  7400; 
curve 4, ■ 5100; curve 5, Ö 4900.

ity averages. For reasons which will appear 
later, however, the particular average is not speci­
fied.) The temperature-coefficient for polysty­
rene at a given temperature increases with in­
creasing molecular weight up to approximately
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Fig. 7.—Log 6 7 T/V217) v s . M  for polystyrene fractions.

25,000 beyond which it is approximately constant.
Corresponding results for polyisobutylene over 

the molecular weight range from 11,200 to 660,000 
are presented in Table V.

T a b l e  V
V is c o s it y - T e m p e r a t u r e  R e l a t io n s  f o r  P o l y is o b u t y l  

e n e g

Polymer T, °C.
PB2F2 217
M  ~  660,000 160

141 
119 
100 
78 
28 

8
PB4F1 217
M  *  80,000 190

160 
138 
89 
87
78.5
38
17
3 .5

- 9
PB1F3 216.5
M  =  81,500 201.0

179.0
156.0

PB1F4 217
M  =  56,500 201.4

181.5
157.0
110.0

PB1F5 217.0
M  =  38,200 200.8

178.6
155.6

PB1F7 216.5
M  =  22,400 181.0

137.7

77T, poises
Method of 

measurement
7.6  X 105 Capillary
2.95 X 106 Coaxial
5.28 X 106 Coaxial
1.20 X 107 Coaxial
2.57 X 107 Coaxial
7.80 X 107 Coaxial
2.04 X 109 Coaxial
1.97 X 1010 Coaxial

1 1 0 0 Capillary
2090 Capillary
4800 Capillary

1 0 , 1 0 0 Capillary
80,700 Capillary

8 . 8  X 104 Coaxial
1.38 X 105 Coaxial
1.83 X 106 Coaxial
1 . 0  x 1 0 7 Coaxial
4.1 X 107 Coaxial
2.58 X 107 Coaxial

1150 Capillary
1640 Capillary
2810 Capillary
5600 Capillary
340 Capillary
485 Capillary
880 Capillary

1750 Capillary
9830 Capillary

119 Capillary
168 Capillary
305 Capillary
634 Capillary
22.9 Capillary
56.1 Capillary

206 Capillary

1 1 0 . 0 643 Capillary
80.5 2760 Capillary

PB1F8 217.2 6.45 Capillary
M  =  11,200 181.9 14.2 Capillary

138.1 57.6 Capillary
1 1 0 . 0 184 Capillary
79.0 884 Capillary
55.5 3530 ■ Capillary

“ The same sample of each polymer fraction was used for 
measurements at the several temperatures.

T a b l e  VI
T h e  A p p a r e n t  E n e r g y  o f  A c t iv a t io n  f o r  V is c o u s  F l o w

Polyisobutylene
Mol. wt. E t , kcal./mole

range 217° 200° 150° 100°
11,200 to

>1,000,000 10.3 10.6 12.0 13.2

Polystyrene
Poly­
mer M 217° 200°

ET, kcal./mole 
175° 150° 138° 125° 100°

00000 82°
Several >25,000 24 30 38 52 66 >100
4CF3 19,000 22 27 35 42
4CF5 7,400 18 23 27 35
4CF6 5,100 8 21 26 32
16AF5 4,900 7 12 20 28 32 35 44 60 85
16AF6 3,700 22 27 32 37

Both types of viscometers were employed for 
measurements on each of the two highest molec­
ular weight fractions. The capillary method 
alone was employed for the other polyisobutylenes. 
The data for the various fractions are represented 
by a single curve in Fig. 8. The viscosity-temper­
ature coefficient appears to be independent of 
molecular weight over the range investigated. 
The corresponding curve for high molecular

Temperature, °C.
200 150 100 50 0

Fig. 8 .—Log 07tA?217) vs. 1 / T  (°A._1) for polyisobutylene 
fractions of various molecular weights: 3  660,000, •  80,000, 
O  81,500, +  56,500, A  38,200, □  22,400, V  11,200. The
curve to the left, representing high molecular weight 
polystyrene, is a duplicate of curve 1 of Fig. 6 .
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weight polystyrene (curve 1 of Fig. 6) has been 
included for comparison.

The present results are in good agreement with 
those of Ferry and Parks19 on the viscosity of an 
unfractionated polyisobutylene of cryoscopic mo­
lecular weight 4900, as obtained from falling 
sphere and rotating cylinder measurements. As 
shown in Fig. 9, their data fall on or near the 
curve for polyisobutylene (from Fig. 8) provided 
the viscosity of their polymer at 217° (which 
they did not determine) is assumed to be 7.94 
poises.

Both polymers exhibit a non-linear relationship 
between log rjT and 1/T. The “apparent” energy 
of activation, ET, for viscous flow at temperature 
Ty defined as 2.3R[d(log ?7) /d (l/T )], increases 
with decreasing temperature for both polystyrene 
and polyisobutylene. As shown in Table VI (see 
also Fig. 8), Et for high molecular weight poly­
styrene in this temperature range is greater than 
the corresponding value for polyisobutylene and it 
increases more rapidly with decreasing tempera­
ture. The dependence of the viscosity-tempera­
ture coefficient for polystyrene on molecular 
weight below 25,000 is reflected in the diminished 
values of ET in this range.

Viscosity and Molecular Weight.—The viscosi­
ties of the lower polyisobutylenes were measured 
at 217° by capillary viscometers; the coaxial 
method was used in most cases on the higher poly­
mers. These latter measurements were carried out 
at several lower temperatures and the correspond­
ing values at 217° were obtained by extrapolation 
using the viscosity-temperature dependence pre­
sented above. The validity of these extrapolations 
is confirmed by close agreement between values 
extrapolated from measurements at different tem­
peratures, as shown in Table VII. Viscosities for 
polystyrene at 217° were obtained by the capillary 
method.

T a b l e  VII
E x t r a p o l a t io n  o f  C o a x ia l  V is c o m e t e r  D a ta  to  217°

Poly­
mer T, °C. log TIT

Extra­
polated  
log vm

Average
log 7}217

PB5F1 160 8.05 7.40 7.40
PB5F2 160 7.69 7.04 7.02 =i= 0.03

115 8.34 6.99
PB5F3 160 6.74 6.09 6.08 db 0 . 0 1

1 1 2 7.47 6.07
PB2F4 8 8 6.38 4.50 4.51 ±  0.01

38 7.73 4.51

All of the above data as obtained at 217° or 
extrapolated to that temperature are summarized 
in Table VIII and imFigs. 10 and 11 where log y]m 
is plotted against M w1/2. Curves drawn through 
the sets of points for the two polymers are of the 
same general character. While certain limited 
portions of the data may be approximated by 
straight lines, no linear relationship is valid over

(19) J. D. Ferry and G. S. Parks, Physics, 6, 356 (1935).

Temperature, °C.
200 150 100 50 0

Fig. 9.—Log (t7t A?217) vs. 1 / T  (°A.-1) for polyiso­
butylene. The solid line is a reproduction of the curve for 
polyisobutylene in Fig. 8 . The points represent data ob­
tained by Ferry and Parks (ref. 19) on an unfractionated 
polyisobutylene of cryoscopic molecular weight 4900. 
The open circles represent falling sphere data; the dark 
circles represent data obtained with a rotating cylinder 
viscometer. The value of 77217, which they did not measure, 
was arbitraily taken as 7.94 poises.

a wide molecular weight range. For polystyrenes 
below 25,000 the viscosity-molecular weight re­
lationship is of little significance since for these 
polymers the viscosity-temperature behavior is 
dependent on the molecular weight. However, 
for convenience these data have been included and 
a dotted line has been drawn through the points.

The similarity in behavior of these two poly­
mers is further illustrated if these data are plotted 
as log 77217 vs. log M w. In such plots, the two sets of 
points may be represented fairly satisfactorily by 
two straight lines, with identical slopes. However, 
the approximate linearity of these log-log plots 
probably is of limited significance, the correct 
function being of a more complicated nature.

The Viscosities of Mixtures.—Any choice of a 
particular molecular weight average in Figs. 7, 
10, and 11 is necessarily arbitrary so far as the 
foregoing data are concerned, inasmuch as the 
various molecular weight averages, M a, M v, and 
M w for fractionated samples are similar. In order 
to establish the particular averages (if any) on 
which the viscosity and the viscosity-temperature 
coefficients depend explicitly, seven mixtures of 
polystyrene fractions and two of polyisobutylene 
were prepared as detailed in Table IX by evapo­
rating benzene solutions of two fractions of widely 
separated molecular weights. The melt viscosities 
of the mixtures were observed at 217° and several 
lower temperatures (Table IX). In Table X  vah
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Fig. 10.—Log 7j2i7 vs. M w 1/2 for polystyrene fractions: 
measurements were made with capillary viscometers. 
The viscosity-temperature curves for polystyrenes below 
25,000 are not parallel; hence the dotted line through the 
points for these polymers is for convenience only.

Fig. 1 1 .—Log 7)2i7 vs. M w 1 / 2  for polyisobutylene fractions: 
observations with the coaxial viscometer (extrapolated), • ;  
with capillary viscometers, 0 .

ues of M n, M v and M w for these mixtures are given 
(Columns 6, 2, and 4, respectively) as calculated 
by the usual equations

M n =  E  Wlj  L  ( W i / M i ) , (8)

M „ «= W i M ?  / X  Wi] Va 
i  f  i

(»)

M w  =  Y  Wi M i / Y  Wi
i  I  i

(10)

where w\ is the weight fraction of the species of 
molecular weight Mi, and a is the exponent in the 
equation relating the intrinsic viscosity to molec­
ular weight. The experimental values of My 
(Column 3), obtained from intrinsic viscosities, 
agree rather well with the calculated values, al­
though for the higher molecular weight mixtures 
discrepancies as great as 6% occur.

T a b l e  VIII
V is c o s it y - M o l e c u l a r  W e ig h t  R e l a t io n s h ip s

Poly­
mer
frac­
tion

% of 
unfrac- 

tion- 
ated 
poly­
mer M  w 77917.® noises

Method of
fnpasnrpmptif

PB5F1 46.0
Polyisobutylene 

1,830,000 2 .5  X 107 Coaxial extra­

PB5F2 23.6 1,400,000 1 .0  x  107
polated to 217 

Coaxial extra­

PB5F3 24.7 783,000 1.2 X 106

polated to 217 
Coaxial extra­

PB2F2 25.0 548,000 7.6 X 105

polated to 217 
Capillary at 217

PB2F4 15.4 2 2 1 , 0 0 0 3.2  X 104 Coaxial extra­

PB1F2 14.4 115,000 3390
polated to 217 

Capillary a t 217
PB1F3 1 1 . 1 81,500 1150 Capillary at 217
PB4F1 2 0 . 0 80,000 1 1 0 0 Capillary a t 217
PB1F4 1 2 . 0 56,500 330 Capillary a t 217
PB1F5 1 0 . 0 38,200 118 Capillary a t 217
PB1F6 9.0 29,900 55.8 Capillary a t 217
PB1F7 6.4 22,400 2 2 . 8 Capillary a t 217
PB1F8 7.8 1 1 , 2 0 0 6.5 Capillary a t 217
PB7F4 4.0 3,500 0.50 b

14AF2 26.0
Polystyrene 

381,000 7.5  X 105 Capillary a t 217
14AF3 19.4 307,000 2 .0  X 105 Capillary a t 2171
14AF4 1 1 . 2 229,000 8 .5  X 104 Capillary at 2171
11AF2 2 2 . 2 186,000 3.6  X 104 Capillary a t 2171
14AF5 6 . 0 167,000 2 .5  X 104 Capillary a t 2171
11AF3 11.5 134,000 1.2 X 104 Capillary a t 217 ‘
8 AF 1 31.3 1 0 0 , 0 0 0 3710 Capillary at 217 *
3DF3 5.8 94,000 2970 Capillary at 217 ‘
6AF3 40.8 80,000 1703 Capillary at 217 ‘
3DF3' 19.5 69,500 930 Capillary a t 217'
3DF6 9.5 63,800 803 Capillary a t 217'
3DF7 7.0 54,400 459 Capillary a t 217'
6AF4 29.5 49,700 368 Capillary a t 217'
3DF4' 21.7 49,700 398 Capillary at 217(
7AF3 2 0 . 0 44,000 287 Capillary at 217c
3DF8 9.2 43,300 299 Capillary at 217 ‘
8AF4 15.0 32,200 131 Capillary a t 217c
3DF5' 18.3 30,100 118 Capillary at 217c
3DF10 6 . 0 28,500 1 1 2 Capillary a t 217c
6AF5 13.7 26,600 70.5 Capillary at 217c
16AF2 8.5 25,500 71.2 Capillary a t 217c
4CF2 15.8 25,700 70.3 Capillary a t 217c
3DF11 4.0 22,800 67 Capillary at 217c
4CF3 2 0 . 6 18,900 34 Capillary at 217c
3DF6' 1 2 . 1 14,200 21.5 Capillary at 217c
4CF4 21.3 1 1 , 0 0 0 1 2 . 0 Capillary a t 217c
4CF5 11.5 7,200 4.1 Capillary at 217c
16AF5 14.0 4,900 1 . 0 Capillary at 217c

a Some of the viscosity values represent averages ob­
tained from measurements at 217 ° on two or more samples 
of the same polymer fraction. These are generally re­
producible to =̂ 5 % or better, although the uncertainty in 
the extrapolation of the coaxial data to 217° (Table VII) 
may be as high as =*= 15%. h A special pipet type viscom­
eter consisting of a fine capillary and a small bulb was 
employed in measurements on this lowest fraction.
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T a b l e  IX
T h e  V is c o s it ie s  o f  M ix t u r e s

Desig­
nation

Mol. wts. and proportions of 
components® 217°

7}T in poises 
190° 160° 138° log(2 !=). Iob( 2 5 )

A 389,000(0.5) 78,000(0.5)
Polystyrene

80,500
B 389,000(0.5) 35,000(0.5) 50,000
C 100,000(0.5) 31,000(0.5) 796 4560 8 8 , 0 0 0 0.758 2.044
D 78,000(0.5) 31,000(0.5) 532 2820 55,000 0.724 2.014
E 138,000(0.25) 8,240(0.75) 67.4 307 2720 0.658 1.606
F 44,000(0.5) 5,180(0.5) 22.4 80 681 6710 0.553 1.483
G 26,000(0.5) 5,180(0.5) 9.2 33.4 273 2590 0.560 1.472

H 233,000(0.5) 38,200(0.5)
Polyisobutylene 

4960 9240 216,000 0.270 0.639
I 81,500(0.5) 30,000(0.5) 321
° Figures in parentheses represent proportions by weight.

T a b l e  X
M o l e c u l a r  W e ig h t s  o f  t h e  M ix t u r e s

Desig­
nation

M r Mv Mw Mn
calcd. obs. calcd. M217 calcd. M t

Polystyrene
A 217,000 212,000 233,000 219,000 130,000
B 190,000 179,000 213,000 195,000 64,000
C 63,800 60,600 65,500 62,500 47,500 >25,000
D 51,600 53,600 54,500 55,200 44,200 >25,000
E 32,500 33,000 40,700 24,700 10,800 10,000
F 22,300 20,900 24,500 14,900 9,250 7,500
G 14,700 13,800 15,600 9,400 8,600 7,500

Polyisobutylene
H 121,000 121,000 135,000 134,000 66,000 Normal
I 53,700 52,700 55,800 55,700 44,000

The quantity designated as “M m” (Column 5) 
represents the molecular weight of a homogeneous 
fraction exhibiting_the same viscosity at 217° as 
the mixture; the Mm  values have been deduced 
from the measured viscosities of the mixtures at 
217° (Table IX) and the previously established 
curves relating viscosity to molecular weight for 
the fractions (Fig. 10 or 11). Values of M m  for 
both of the polyisobutylene mixtures and for the 
polystyrene mixtures for which M n is greater than
25.000 are in good agreement with the correspond­
ing weight average molecular weights. For each 
of the polystyrene mixtures for which M n is less 
than 25,000 (E, F, G), M m  lies between the num­
ber average and viscosity average molecular 
weights. _

The quantity designated as “M T” (Column 7) 
represents the molecular weight of the polystyrene 
fraction having the same viscosity-temperature 
relationship as that of the mixture, as deduced 
from the observed values of (v t / v-h i ) for the mix­
ture (Table IX) and the curves ofFig. 7. For the 
two polystyrene mixtures with M n greater than
25.000 (C, D) the viscosity-temperature coeffi­
cients are identical with those previously observed 
to be characteristic of polystyrene fractions hav­
ing molecular weights in excess of 25,000. For 
each of the mixtures of lower molecular weight

(E, F, G), M t  is approximately equal to the num ­
ber average molecular weight of the mixture.

The ratio n /v^n  for polyisobutylene mixture H 
at T  = 160° and 190° (Table IX) was observed to 
be in agreement with the corresponding value for 
the polyisobutylene fractions. As with the frac­
tions, no dependence on molecular weight is evi­
dent.

Generalizing the above results obtained on sim­
ple mixtures of fractions, we conclude that the 
melt viscosities of polystyrenes for which the 
number average molecular weight is greater than
25,000 and of all polyisobutylenes (above a molec­
ular weight of 11,200 at least) are explicit func­
tions of the weight average molecular weight, re­
gardless of the degree of molecular weight hetero­
geneity. Further, the viscosity-temperature coef­
ficients for these polymers are independent of 
molecular weight distribution as well as of molec­
ular weight. For polystyrenes of M n less than
25,000, the viscosity-temperature coefficient var­
ies with, and is determined by, the num ber average 
molecular weight, being otherwise independent of 
the molecular weight distribution. The melt vis­
cosities of polystyrenes in this molecular weight: 
(number average) range are not uniquely deter­
mined by any specific average molecular weight.

Discussion
Failure of equation (1) to accurately represent 

the dependence of melt viscosities of polystyrene 
and polyisobutylene on molecular weight is sur­
prising in the face of the number of instances, cov­
ering a variety of polymers, in which the square 
root relationship has been reported to hold. 
Perusal of these various sets of results reveals, 
however, either that the molecular weight range 
covered generally was too limited for a conclusive 
decision or that the molecular weights were de­
termined by methods which fail to yield an accu­
rate measure of the weight average or something 
consistently proportional to it. These aspects of 
previous investigations on the applicability of 
equation (1) are summarized in Table XI. Only
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in the case of the glycol-dibasic acid polyesters has 
the relationship been demonstrated to apply pre­
cisely over a manifold range; it probably applies 
similarly to the polyamides. The results for poly­
esters and polyamides are limited to moderate 
molecular weights, however; it is conceivable that 
the square root relationship may fail for higher 
molecular weight polymers of these series.

T a b l e  X I
Mol. wt. Mol. wt. Refer­

Polymer range determination ence
Glycol-dibasic acid 

polyesters
500-20,000

(40-fold)
End-group titration 3

Polyundecanoates 5,000-22,200
(4-fold)

End-group titration 4

Polyamides 2,880-37,100
(13-fold)

Stoichiometric pro­
portion of react­
ants

5

Polydimethyl-
siloxane

2,500-160,000
(64-fold)

Osmotic pressure®; 
end group titra ­
tion; light scatter­
ing

8

Polyisobutylene 134,000-545,000
(4-fold)

Intrinsic viscosity 7

Polyethylene 12,000-36,000
(3-fold)

Staudinger viscosity1* 6

Paraffin wax-poly­
ethylene mixtures

400-17,000
(42-fold)

Staudinger viscosity6 6

° Since these three methods were applied to different 
polymers none of which were fractionated, the results 
should not be strictly comparable on a weight average 
basis. b Molecular weights by this method are undoubt­
edly of limited significance.

The difference in the nature of the viscosity- 
molecular weight relationship for polystyrene and 
polyisobutylene on the one hand and that for 
polyesters and polyamides on the other cannot be 
dismissed as a mere consequence of the displace­
ment of the respective molecular weight ranges 
covered. Enlarged plots of log 17 vs. MWI 2 using 
the data for polystyrene and polyisobutylene frac­
tions within the molecular weight range covered 
for the polyesters and polyamides (or, preferably, 
over the same range of chain lengths) show defin­
ite deviations from linearity which considerably 
exceed the experimental error; the polyester and 
polyamide plots, on the other hand, are precisely 
linear.3 The conclusion cannot be avoided that 
the square root relationship applies to certain 
polymers such as the polyesters (at least up to 
moderate molecular weights), but that it cannot 
be applied to other polymers such as those investi­
gated here, except, perhaps, as a short range 
rough approximation.20 It may be significant that 
these polyesters and polyamides possess regularly 
occurring polar groups conducive to crystallization 
whereas polyisobutylene and polystyrene are non­
polar in character.

It is noteworthy that the melt viscosity appears 
to be determined explicitly by the weight average 
molecular weight (except for low molecular weight

(20) Investigations now in progress on the viscosities of very low 
molecular weight polyisobutylene and of polyesters of exceptionally 
high molecular weight are expected to  clarify the difference in the 

[.-behavior of polymers of these two series.

polystyrenes) in all cases where the effect of molec­
ular weight heterogeneity has been tested.

Recently attempts have been made to interpret 
the effects of polymer molecular weight and of 
plasticizer content on softening points21 and brit­
tle temperatures22 through the use of relationships 
based on equation (1). In the light of our results, 
which refute the general applicability of equation 
(1), these treatments are of questionable value.

Both polystyrene and polyisobutylene, in com­
mon with linear polyesters3 and many other com­
plex liquids,23 exhibit non-linear relationships be­
tween In rj and 1/T. If the usual relationship

n -  DeE/RT (11)
where E  is the activation energy for viscous flow, 
is to be applied here, either D or E  (or both) must 
be temperature dependent. Hence, to regard the 
value of R[d(ln rj)/&(l/T)} as the energy of activ­
ation probably is incorrect. The value of E t con­
sidered here is merely a measure of the slope of the 
log 7] vs. 1/T  curve at the specified temperature, 
although for convenience it has been designated as 
an apparent energy of activation.

There exists in the literature much disagreement 
concerning the temperature coefficient of viscos­
ity of polystyrene. Spencer and Williams arrived 
at an estimate for E r  of 8 to 12 kcal. from viscos­
ity measurements between room temperature and 
100° on concentrated solutions of polystyrene in 
several aromatic solvents.24*25 The linear extrapo­
lation involved in obtaining Et from the proper­
ties of solutions in which the maximum concen­
tration was 50% by weight of polystyrene is of 
doubtful validity. The viscosity-temperature 
coefficient as deduced by the same authors24 from 
Nason’s results26 on the rates of extrusion at high 
stresses is of uncertain significance. Observations 
of Foote27 on the flow of polystyrene in capillary 
molds under high pressures indicated a depend­
ence of Et on temperature, his estimates varying 
from 40 to 80 kcal. between 200 and 100°. Many 
of these experiments involved high stresses and the 
accuracy was admittedly low. Wiley’s measure­
ments28 on the elongation of a strip of polystyrene 
under a constant load permit a calculation of Et 
of 18 kcal. and 79 kcal. at 190 and 150°, respec­
tively, a variation in excess of that reported here. 
Perhaps, as has been suggested elsewhere,21 the 
viscous and elastic effects have not been separated 
in this case.

Thus, while the confusion concerning the vis­
cosity-temperature coefficient of polystyrene may 
be due in part to the variation of Fr with tempera-

(21) R. F. Tuckett, Trans. Faraday Soc., 39, 158 (1943).
(22) R. F. Boyer and R. S. Spencer, "Advances in Colloid Sci­

ence," Vol. II, Interscience Publishers, New York, N. Y., 1946, p. 28; 
R. F. Boyer and R. S. Spencer, J. Polymer Sci., 2, 157 (1947).

(23) R. H. Ewell, J . Applied Phys., 9, 252 (1938).
(24) R. S. Spencer and J. L. Williams, J. Colloid Sci., 2 ,  117 

(1947).
(25) J. D. Ferry, This Journal, 64, 1330 (1942).
(26) H. K. Nason, J. Applied Phys., 16, 338 (1945).
(27) N. M. Foote, Ind. Eng. Chem., 36, 244 (1944).
(28) F. F. Wiley, Ind. Eng. Chem., 33, 1377 (1941).
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ture and with molecular weight (for Mn less than
25,000), it is chiefly attributable to the low accu­
racy and unreliability (for this purpose) of much of 
the data on which previous estimates were based.29

Tuckett21 has suggested that any apparent in­
crease of Et  with decreasing temperature above a 
value of 20 kcal. is due to the simultaneous occur­
rence of a slow time-dependent elastic deforma­
tion, the activation energy of which he assumes to 
be greater than that for viscous flow. Elastic ef­
fects and other non-Newtonian disturbances were 
eliminated in the present work by operating at low 
rates of shear and at relatively large deformations. 
Results obtained with the capillary viscometers in­
variably were found to be independent of the pres­
sure employed; the highest viscosities, determined 
with the coaxial viscometer, were derived from 
measurements made after elastic deformation ap­
peared to have reached equilibrium. The suc­
cessful elimination of any complicating elastic 
effects in our experiments is confirmed by the in­
dependence of the viscosity-temperature coeffi­
cient of molecular weight (except for polystyrenes 
for which Mn is less than 25,000). This behavior is 
contrary to that predicted by Tuckett on the basis 
of the aforementioned assumptions. Tuckett’s 
assumption that Et for viscous deformation is ap­
proximately independent of temperature and that 
it may not exceed 20 kcal. is not substantiated.

Since the viscosity-temperature coefficient has 
been observed to depend on the number average 
molecular weight, a commercial polystyrene with 
a high intrinsic viscosity will not necessarily possess 
the limiting viscosity-temperature coefficient for 
high molecular weight polystyrene. The presence 
of even a small amount of low molecular weight ma­
terial (e. g.y unreacted monomer or an impurity) 
may cause the number average molecular weight 
to be less than 25,000, although the weight average 
molecular weight may be high. This suggests also 
that the efficiency of low molecular weight com­
pounds as plasticizers for polystyrene is perhaps 
due to their ability to lower Mn (and thus F t).

Acknowledgment.—The authors wish to ac­
knowledge the assistance of Mr. Robert E. 
Marshall in carrying out the fractionations and 
measuring solution viscosities.

(29) Since this m anuscript was written, Spencer and Dillon, 
J . Colloid Sci.f 3, 163 (1948), have reported viscosity-temperature 
data for high molecular weight polystyrene which are in substantial 
agreement with the present results. They have also investigated 
the dependence of viscosity on shearing stress. According to their 
results, our viscosity values for polystyrenes above 100,000 should 
in no case be in error by more than  about 10% due to failure to  extra­
polate to zero shearing stress.

Summary
1. The viscosities of polystyrene and polyiso­

butylene fractions over molecular weight ranges of 
4900 to 381,000 and 3,500 to 1,830,000, respec­
tively, have been determined at 217°. The vis­
cosities of polystyrene fractions covering the molec­
ular weight range of 3,700 to 134,000 were meas­
ured at several temperatures, the maximum range 
being 53 to 217°. Similar data were obtained for 
polyisobutylene fractions in the molecular weight 
range of 11,200 to 660,000 over a maximum tem­
perature range of —9 to 217°.

2. The viscosity-molecular weight relation­
ships have been expressed in graphical form. Log 
77217 is not a linear function of M^* for either of 
these polymers over the wide range in the molec­
ular weight investigated.

3. Both polymers exhibit non-linear relation­
ships between log 77 and 1/T . The viscosity-tem­
perature coefficient is independent of molecular 
weight except for polystyrene fractions of molec­
ular weight less than 25,000, for which the coef­
ficient at a specified temperature decreases with 
decreasing molecular weight.

4. From the viscosities of mixtures of frac­
tions of widely separated molecular weights at 
217° and at several lower temperatures, the fol­
lowing generalizations have been made: (a) The 
melt viscosities of these polymers at a specified 
temperature are determined by the weight aver­
age molecular weights, regardless of heteroge­
neity, except for polystyrenes of number average 
molecular weight less than 25,000. For the latter 
the melt viscosity is not uniquely determined by 
Mn, M Vt or M Wy but appears to be some function 
of the particular molecular weight distribution, 
(b) The viscosity-temperature coefficient of these 
polymers is independent of both molecular weight 
distribution and molecular weight except for poly­
styrenes with M n less than 25,000. For the latter 
the viscosity-temperature coefficient is determined 
by the number average molecular weight, being 
otherwise independent of molecular weight distri­
bution.

5. The results of previous investigations on the 
viscosity-molecular weight and viscosity-temper­
ature relationships of polymeric materials have 
been discussed.

6. A coaxial falling-cylinder viscometer was 
designed for determining the viscosity of high 
molecular weight polyisobutylene. Details have 
been given concerning its construction and use.
A k r o n , O h io  R e c e iv e d  O c t o b e r  10, 1947
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[C o n t r ib u t io n  p r o m  t h e  M o k l e y  C h e m ic a l  L a b o r a t o r y  o p  W e s t e r n  R e s e r v e  U n iv e r s it y ]

Thiophosphoric Amides: Aminolysis
B y  A l l e n  C. B u c k & an d  H e r m a n  P. L a n k e l m a

Mixed thiophosphoric triamides of the type 
(RNH)2FS(NHRi) where R is an aromatic radical 
and Ri an aliphatic radical have been prepared by 
Michaelis1 by the stepwise aminolysis of thiophos- 
phoryl chloride
2R iNH 2 +  PSC13 — ^

(R 1NH)PSC12 +  RiNHa-HCl (1)
(RiNH)PSCl* +  4RNH 2 ---->

(R!NH)P(NHR ) 2 +  2RNH 2-HC1 (2)
S

Michaelis could not use this method to prepare 
mixed triamides in which both radicals were aro­
matic since the intermediate, RNHPSC12, lost hy­
drogen chloride to give RN=PSC1.

A new approach to the preparation of mixed 
thiophosphoric triamides was suggested by the 
addition of aniline to dimeric thiophosphoric anil 
anilide.2 The addition of amines to dimeric thio­
phosphoric anil anilide could yield mixed thiophos­
phoric triamides

S
(C6H 5N—P—n h c 6h 5) 2 +  r n h 2 ----

s
2 (C6H 5 NH)2P—NHR (3)

When RNH2 in equation (3) was benzylamine, in 
excess, the product at temperatures of 30 and 60° 
was a mixture containing triamides of both benzyl­
amine and aniline. No pure mixed triamide 
could be isolated. When the reaction tempera­
ture was raised to 130° tribenzylthiophosphoric 
amide was isolated in good yield. This product 
could have formed only through the addition of 
benzylamine to dimeric thiophosphoric anil anil­
ide and the replacement of aniline by benzylamine

S
( C6H öN—P—NH C6H5) 2 +  6 C6H 5CH 2 NH 2 — >

2(C 6H 5CH 2NH)3PS +  4C6H 5NH 2 (4)
A second approach to the preparation of mixed 

thiophosphoric triamides appeared to be possible 
through the reaction of dithiophosphoric dianilide 
with amines according to the equation
(C6H 5NH)2PSSH +  r n h 2 —

s
(C6H 5NH)2P— (NHR) +  H2S (5)

This reaction has already been carried out with 
aniline to give thiophosphoric trianilide. When di­
thiophosphoric dianilide was treated with benzyl­
amine, tribenzyl thiophosphoric amide rather than 
a mixed triamide was obtained. Tribenzylthio­
phosphoric amide must have resulted from the
0 S tandard Oil Co., Ohio, Fellow in Chemistry 1946-1947; present 

address, E. I. du Pont de Nemours and Co., Parlin, New Jersey.
(1) Michaelis, A nn., 326, 129-258 (1903).
(2) Buck, Bartleson and Lankelma, T his Journal, 70, 744 

(1948).

concurrent formation of a mixed triamide by loss 
of hydrogen sulfide between dithiophosphoric di­
anilide and benzylamine and displacement of ani­
line by benzylamine
(C6H 5 NH)2PSSH +  3C6H 5 CH 2 NH 2 —

(C6H 5 CH 2 NH)3PS +  2C6H 5NH 2 +  H2S (6 )
The displacement of aniline by benzylamine 

with the formation of benzylamine triamide in 
each of these cases suggested the possibility of a 
similar reaction occurring also with a triamide. 
The reaction of triamides with primary aliphatic 
amines and with primary aromatic amines was 
therefore studied. This reaction could lead to

S  S

mixed triamides (RNH)2P(NHR') and (RNH)P- 
(NHRO2 by partial displacement or to (RNH)3PS 
by complete displacement. The results of this 
study are shown in Table I.

The reaction of thiophosphoric trianilide with 
tributylamine and with dimethylaniline was tried 
to determine the effect of tertiary amines, which 
could not enter into displacement reactions.

When thiophosphoric trianilide was heated at 
130° in a large excess of tributylamine, hydrogen 
sulfide was continuously evolved for twenty hours. 
Aniline and the phosphate ion were identified as 
decomposition products. Dimethylaniline pro­
moted a similar decomposition, but required a 
much longer reaction time. In neither case could 
any thiophosphoric trianilide be recovered.

It is apparent that this decomposition not only 
resulted in the rupture of nitrogen-phosphorus 
bonds, but that the rate at which these bonds were 
broken was related to the basicity of the tertiary 
amine used. It would follow that thiophosphoric 
triamides heated in excess primary aliphatic or 
aromatic amines would have nitrogen-phosphorus 
bonds severed in an analogous fashion. In this 
case, however, a new triamide could form from the 
excess amine present. Thus is it possible that 
displacement reactions involving primary am­
ines and thiophosphoric triamides with primary 
amine residues attached to phosphorus be ex­
pressed as a mobile equilibrium 
(RNH)3PS +  3R 'N H 2 >  (R 'N H )3PS +  3RNH 2 (7)
The position of equilibrium would depend upon 
the relative stability of the phosphorus-nitrogen 
bond of the two triamides. The relative rates at 
which tertiary amines decomposed thiophosphoric 
acid trianilide indicated that the aliphatic amines 
would sever nitrogen-phosphorus bonds more rap­
idly than the less basic aromatic amines. It would 
follow in equation (7), that the nitrogen-phos­
phorus bonds of an aliphatic amine would be more 
stable than that of an aromatic amine. Under 
the conditions used with the triamides of primary
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Triamide 
(R N H )3PS

1 (C6H 6NH)3PS
2 (C6H 5NH)3PS
3 (C6H 5 NH)3PS
4 (n-C3H 7NH)3PS
5 (C5H 1 0N)3PSa
6  (C6H 5NH)3PS
7 (C6H 5NH)3PS
8  (C6H 5-CH2 NH)3PS
9 (rc-C3H 7NH)3PS 

10 (C5H 1 0N)3PSa
a Piperidyl.

amines, the nitrogen-phosphorus bond of the tri­
amide of a secondary amine, piperidine, was not 
severed by tertiary amines, either aliphatic or 
aromatic. Primary amines also would not be ex­
pected to sever these bonds under comparable re­
action conditions. The establishment of an equi­
librium and therefore displacement reactions could 
not occur. This was verified; Table I, number 5.

This equilibrium could also be shifted by mass 
action. This is shown by the reaction between 
thiophosphoric trianilide and benzylamine. Using 
a large excess of benzylamine, tribenzyl thiophos­
phoric amide was formed in high yield; Table I, 
number 3. The reverse displacement could not 
be accomplished under comparable reaction con­
ditions. Since the boiling points of benzylamine 
and aniline lie close together, selective removal of 
the aniline could not be used to displace the equilib­
rium. However, this was accomplished by using 
tri-^-propylthiophosphoric amide. In this case 
the triamide with the weaker nitrogen-phosphorus 
bonds was formed due to the selective removal of 
the low boiling ^-propylamine from the equilib­
rium mixture, Table I, number 9.

The displacement of aniline from thiophos­
phoric acid trianilide by ^-chloroaniline, Table I, 
number 7, was accomplished by the addition of an 
excess of ^-chloroaniline to the equilibrium mix­
ture. The displacement of ^-propylamine from 
tri-w-propylthiophosphoric amide by benzylam­
ine, Table I, number 4, was accomplished with 
the use of excess benzylamine and the continuous 
removal of the low boiling ^-propylamine dis­
placed.

Experimental
Action of Benzylamine on Dimeric Thiophosphoric Anil 

Anilide.—Six grams of dimeric thiophosphoric acid anil 
anilide and 15 g. of benzylamine were heated at 180° for 
three hours. Crystallization of the product from alcohol 
gave 4  g. of tribenzyl thiophosphoric amide, m. p. 1 2 0 -  
123°, a 44% yield. I t  was identified by a mixed melting 
point.

At a temperature of 30 and 60° a product melting at 
70-80° was obtained. I t  could not be purified by crystal­
lization from alcohol. I t  was shown to be a mixture of 
triamides by cleavage with acetic acid . 2 Acetanilide, 
benzylamine and phosphoric acid were identified in the

Product

No reaction
A mixture of triamides of aniline and benzylamine 
(C6H 5 CH2 NH)3PS 80% yield 
(C6H 5CH 2 NH)3PS 84% yield 
No reaction
A mixture of triamides of aniline and ^-chloroaniline 
(£-ClC2H 4 NH)3PS 40% yield
A mixture of triamides of benzylamine and aniline 
(C6H 6 NH)3PS, 40% yield 
No reaction

cleavage products. At a temperature of 130° a 50% 
yield of the tribenzyl thiophosphoric amide was obtained.

Action of Benzylamine on Dithiophosphoric Dianilide.— 
Six grams of benzylamine and 5.6 g. of dithiophosphoric 
dianilide were heated to 140-150° for four hours. The 
product was washed with dilute hydrochloric acid and 
crystallized from alcohol; 1.5 g. of tribenzyl thiophos­
phoric amide melting a t 123-125° was obtained. Aniline 
was identified in the acid washings by conversion to  acet­
anilide. •

Action of Tertiary Amines on Thiophosphoric Trianilide. 
—Three grams of thiophosphoric trianilide and 20 g. 
of tributylamine were heated a t 130° in an atmosphere of 
nitrogen. The evolution of hydrogen sulfide was detect­
able for twenty hours. The mixture was made alkaline 
with sodium hydroxide solution and steam distilled. The 
distillate was extracted with ether and the amines recovered 
by evaporation of the ether. The aniline was separated 
and identified as the benzenesulfonamide. The aqueous 
solution from the steam distillation gave a strong te st 
for phosphate ion with ammonium molybdate solution.

Action of Amines on Thiophosphoric Triam ides.—The 
combinations of amine and triamide employed, with the 
reaction conditions and results, are shown in Table I . 
The triamides employed were prepared as follows: th io­
phosphoric acid trianilide from aniline and phosphorus 
pentasulfide2; tribenzyl, t r i -propyl, and tripiperidyl 
thiophosphoric amides from the amine and thiophosphoryl 
chloride by the method of Michaelis1 in yields of 57, 84 
and 25%, respectively. The triamide formed in each case 
was identified by a mixed melting point and the displaced 
amine was identified as an acyl derivative. In  two of the 
cases where a mixture of triamides was obtained, Table I, 
numbers 2  and 8 , cleavage of the amides with acetic acid 
yielded a mixture of acetanilide and benzylamine.

Summary
The preparation of mixed thiophosphoric tri­

amides by the addition of amines other than ani­
line to dimeric thiophosphoric anil anilide was pre­
vented by aminolysis reactions. Similarly, the re­
action of amines other than aniline with dithio­
phosphoric dianilide failed to yield mixed thio­
phosphoric triamides due to aminolysis reactions.

The primary amine thiophosphoric triamides 
underwent complete aminolysis reactions upon 
heating with other primary amines. The thio­
phosphoric triamide of the secondary amine, pi­
peridine, did not undergo this reaction.

An interpretation of the aminolysis reactions 
has been presented.
C l e v e l a n d , O h io  R e c e iv e d  S e p t e m b e r  10, 1947

Amine
C6H6CH2N H 2
C6H 6CH 2 NH 2

C6H 6CH 2 NH 2

c 6h 6c h 2 n h 2

C6H 6 CH 2 NH 2

£-ClC 6H 4 NH 2

£-ClC 6H 4 NH 2

CeHjNHü
C6H 6NH 2

c ,h 6 n h 2

Temp.,°c. 
30-60 

130 
180
150-160
170
130
180
130 and 180
180
180

T a b l e  I
Time, 

hr.
2 
2 
2 
4 
4 
2 
2
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[C o n t r ib u t io n  f r o m  t h e  M o r l e y  C h e m ic a l  L a b o r a t o r y , W e s t e r n  R e s e r v e  U n iv e r s it y ]

The Reaction of Aniline with Phosphorus Pentoxide: Phosphoric Anilides
By Allen  C. Buck1 and H erman P. Lankelma

The reaction of six and four moles of aniline 
with one mole of phosphorus pentasulfide has 
been shown to yield thiophosphoric trianilide and 
dithiophosphoric dianilide, respectively.1*1

The reaction of six and four moles of aniline 
with one mole of phosphorus pentoxide under sim­
ilar conditions gave aniline metaphosphate as the 
major reaction product along with small amounts 
of aniline orthophosphate. In addition to aniline 
metaphosphate, the reaction of four moles of ani­
line and one mole of phosphorus pentoxide at room 
temperature in an inert solvent such as toluene 
gave very low yields of phosphoric dianilide.

The formation of some phosphoric dianilide 
suggested that the reaction was similar to that 
with the sulfide, that is, the formation of a diani­
lide which subsequently reacts with aniline at 
higher temperatures to form a trianilide. How­
ever, the reaction of aniline with phosphorus pen­
toxide differed in that aniline metaphosphate 
was formed.
2C6H5NH2 +  P20 5 — ^ (C6H6NH)2POOH +  H P03 (1) 

C6H5NH2 +  H P O s----> C 6H5NH2 HP03 (2)

With phosphorus pentasulfide, however, the for­
mation of dithiophosphoric dianilide was not inter­
fered with by the formation of a salt of aniline.

Although phosphoric trianilide was not ob­
tained by the action of aniline on phosphorus pen­
toxide, it has been prepared by Michaelis and 
Soden2 from aniline and phosphorus oxychloride. 
Phosphoric trianilide, like thiophosphoric triani­
lide, was stable to prolonged refluxing in water, 
dilute acids and bases. It was also stable toward 
glacial acetic acid under conditions which effect a 
cleavage of thiophosphoric trianilide.la

Michaelis and Silberstein3’4 observed that phos­
phoric trianilide was thermally unstable when 
heated under a vacuum, losing aniline to form di­
meric phosphoric anil anilide
2(C 6H 5 NH)sPO — ^

O
(C6H 5N—P—NHC 6H 6 ) 2 +  2C6H 5NH 2 (3)

They recorded a melting point of 357° for this 
compound and suggested a cyclic amide structure 
(A), whereas Oddo5 reported a melting point of 
320-325° and suggested a cyclic isoamide struc­
ture (B)

(1) S tandard Oil Co., Ohio, Fellow in Chemistry 1946-1947; 
present address, E. Ï. du Pont de Nemours and Co., Parlin, New 
Jersey.

(la) Buck, Bartleson and Lankelma, This Journal, 70, 744 
(1948).

(2) Michaelis and Soden, A nn., 229, 295-340 (1885).
(3) Michaelis, ibid., 407, 310 (1915).
(4) Michaelis and Silberstein, Ber., 28, 716-733 (1896).
(5) Oddo, Gazz. chim. ital., 29, I I , 340 (1899).

O
y s ? —n h c 6h 6  

c 6h 6—n /  )>n c 6h 5

\ p—NHCeHs 
O

(A) (B)

Dimeric phosphoric anil anilide, prepared in 
this laboratory by thermal decomposition of phos­
phoric trianilide, melted at 357-358° as reported by 
Michaelis and Silberstein. It has been previously 
shown that thiophosphoric trianilide exhibited 
similar thermal instability.la

Since dimeric thiophosphoric anil anilide had 
reacted with aniline to reform thiophosphoric 
trianilide,la it appeared that phosphoric anil ani­
lide might undergo a similar reaction. When di­
meric phosphoric anil anilide was refluxed in ex­
cess aniline, it slowly dissolved with the formation 
of quantitative yields of phosphoric trianilide.

It has previously been shown that the nitrogen- 
phosphorus bond in thiophosphoric trianilide was 
ruptured by tributylamine and that aniline could 
be displaced from it with primary amines.6 Phos­
phoric trianilide was not attacked by tributylam­
ine under similar conditions. This suggested that 
the aniline might not be displaced by primary 
amines. Accordingly phosphoric trianilide was 
treated with excess benzylamine under condi­
tions which had displaced aniline from thiophos­
phoric trianilide to give eighty per cent, yields of 
tribenzyl thiophosphoric amide.6 The phosphoric 
trianilide was recovered unaltered.

The stability of phosphoric trianilide to dis­
placement reactions suggested that mixed phos­
phoric triamides might be prepared by the addi­
tion of amines other than aniline to dimeric phos­
phoric anil anilide

O
(C6H 5 N— PNH C 6H 5 ) 2 +  2RNH 2 — >

I I o
2 (C6H 6 NH)2P (NHR) (4)

This reaction was first tried using ^-propylamine 
as the amine. The solid product obtained from 
the reaction was a mixture which exhibited resist­
ance to hot dilute acids and bases, a property of 
trianilides, from which phosphoric trianilide was 
isolated after several crystallizations. When this 
reaction was repeated with secondary amines, di­
n-propylamine and piperidine, a mixture of prod­
ucts was again obtained and phosphoric trianilide 
was isolated after two crystallizations.

Theoretically, amines could react with dimeric 
phosphoric anil anilide in one or both of the fol­
lowing ways depending upon whether nitrogen-

(6) Buck and Lankelma, This Journal, 70, 2396 (1948).

C6H bN x XX ^ N C 6H 5

> p f
C6H 5n /  XX ^NHCeHs 

H
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phosphorus bonds 1,2 or 1,3 of the ring were rup­
tured

O
C6H 6 NHP-

(1)l
c 6h 5n -

(2)

(4)

1,2
NC 6H 5

| (3) +  4RNH2:
-p n h c 6h 5

o

(C6H 5NH)3PO +  c 6h 5n h
o

-P (N H R ) 2 (5)
1,3 o

•---->  (C6H 5 NH)2P - (NHR)

Each pair of bonds would have an equal chance 
to be ruptured and a mixture of products would 
therefore be expected. The presence of phosphoric 
trianilide as one of the reaction products regard­
less of the nature of RNH2 supported the view that 
the addition of amines to dimeric phosphoric anil 
anilide did occur by the rupture of bonds 1,2 above.

Since mixtures of products were obtained from 
which phosphoric trianilide was isolated only after 
repeated crystallization, it appeared quite likely 
that this mixture contained the two similar mixed 
phosphoric triamides suggested in equation (5) 
above. The similar solubilities of these mixed 
triamides prevented separation into the individual 
components.

The formation of phosphoric trianilide by the 
addition of two moles of an amine other than anil­
ine to dimeric phosphoric anil anilide offers proof 
that the structure proposed by Michaelis3 for di­
meric phosphoric anil anilide is correct. The 
structure proposed by Oddo would not yield phos­
phoric trianilide but a mixed triamide.

By analogy with dimeric phosphoric anil anilide, 
the structure of dimeric thiophosphoric anil 
anilide previously reported13- would contain a four- 
membered nitrogen-phosphorus ring. This struc­
ture was supported by the fact that the addition 
of aniline gave thiophosphoric trianilide, a reac­
tion comparable to that observed with dimeric 
phosphoric anil anilide. However, with amines 
other than aniline there was a difference in the 
type of triamide obtained. Whereas dimeric 
phosphoric anil anilide and amines at 180° gave 
mixtures of phosphoric triamides of which one 
component was always the trianilide, dimeric thio­
phosphoric anil anilide and amines such as benzyl­
amine, gave excellent yields of a single triamide, 
tribenzyl thiophosphoric amide.6 However, it 
has been shown previously that the action of ex­
cess benzylamine on dimeric thiophosphoric anil 
anilide at 30 and 60° gave mixtures of thiophos­
phoric triamides from which no individual tri­
amide could be isolated. Also, displacement of 
aniline from thiophosphoric trianilide by benzyl­
amine did not occur at 30 and 60° but occurred 
readily at 180°. It would appear, therefore, that 
the displacement of aniline in dimeric thiophos­
phoric anil anilide by benzylamine would not occur 
at the lower temperatures. The reaction of pri­
mary amines, such as benzylamine, with dimeric 
thiophosphoric anil anilide to form tribenzylthio- 
phosphoric amide would involve severing of the 
ring to give a mixture of triamides followed by dis­
placement of aniline.

In the case of dimeric phosphoric anil anilide the 
triamides resulting from the first reaction are

stable.
Phosphoric dianilide, 

(C6H5NH)2POOH, ob­
tained in very low yields 
from aniline and phos­
phorus pentoxide has 

previously been prepared by Michaelis and Soden2 
from aniline and phosphorus oxychloride. Phos-

S
/ P —n h c 6h 5 

c 6h 6 n < (  )> n c 6h 6

\ - N H C 6H s
s .

(C6H 6 NH)3PS 
(C6HsNH)2.

C6H 5 CH 2 N H /
C6H 5 NHn

> P S

c ĥ 5 c h 2 n h 2 — :--------------

c 6h 5 c h 2 n h 2 --------;---------->-

(C6H 5 CH 2 N H ) ^
PS

(C6H 6 CH2 NH)3PS +
C6H 6 NH 2 (6 )

phoric dianilide was observed by Michaelis to be 
readily hydrolyzed by hot water and hot dilute 
acids to give aniline and phosphoric acid. It has 
previously been shown that thiophosphoric di­
anilide underwent a similar decomposition with 
these reagents.13

Experimental
Reactions of Aniline with Phosphorus Pentoxide.—

37.2 g. (0.4 mole) of aniline and 14.2 g. (0.1 mole) of 
phosphorus pentoxide in 1 0 0  ml. of toluene were heated a t 
50° for three hours with stirring. The principal product 
was aniline phosphate from which the aniline was liberated 
by treatm ent with cold 5% sodium hydroxide solution. 
The aniline was identified as benzene sulfonanilide, the 
phosphate ion as ammonium phosphomolybdate. In 
addition 3 g., a 6 % yield, of phosphoric dianilide, m. p. 
199-200°, was obtained. I t  was identified by a mixed 
melting point with a sample of the dianilide prepared by 
the method of Michaelis and Soden . 2 Using a 6:1 molar 
ratio of aniline and phosphorus pentoxide and heating a t 
2 0 0 ° for three hours only aniline phosphate was obtained.

Attempts to Hydrolyze Phosphoric Trianilide.—One 
gram samples of phosphoric trianilide were refluxed in 
water, 5% sodium hydroxide, 5 %  hydrochloric acid and 
glacial acetic acid for twenty hours without change.

Preparation of Dimeric Phosphoric Anil Anilide and its 
Reaction with Primary and Secondary Amines.—Nine 
grams of phosphoric trianilide was heated for th irty  
minutes a t 225° under a vacuum of 30 mm. of mercury; 
2.5 g. of aniline distilled over. The residual solid was 
washed with alcohol and filtered. Six grams of phosphoric 
anil anilide, m .p . 357-359 °, was obtained. This is a yield 
of 94%.

Three grams of phosphoric anil anilide was heated with 
15 g. of aniline a t the boiling point for five hours. The 
excess aniline was removed by steam distillation and the 
residual solid recrystallized from alcohol and gave 3 . 9  g. 
(a 93% yield) of phosphoric trianilide, m. p . 213-215°.

Two grams of phosphoric anil anilide and 15 g. of n -  
propylamine heated a t 180-190° in a sealed tube for 
five hours gave 1 . 0  g. of product melting a t 70-205°. 
Recrystallizations from alcohol gave 0.2 g. of phosphoric 
trianilide. No other product could be separated.

Two grams of phosphoric anil anilide with 15 g. of d i - n -  
propylamine gave 0.8 g. of phosphoric trianilide, and 7 
g. of phosphoric anil anilide with 30 g. of piperidine 
gave 2  g. of phosphoric trianilide.
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Stability of Phosphoric Acid Trianilide to Amines.—
Phosphoric trianilide was heated with excess tributylamine 
for twenty hours a t 130 ° and also with excess benzylamine 
for four hours a t 170°. Unchanged trianilide was re­
covered in high yield and no reaction products were de­
tected V

Summary
The reaction of aniline with phosphorus pen­

toxide gave aniline metaphosphate as the principal 
product.

A comparison of the properties of phosphoric 
and thiophosphoric anilides has been made.

Proof of structure of the dimeric phosphoric and 
thiophosphoric anil anilides has been given. 
C l e v e l a n d , O h io  R e c e iv e d  S e p t e m b e r  10, 1947

[C o n t r ib u t io n  N o . 53 f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  T e n n e s s e e ]

The Preparation of Ethers of Triphenylcarbinol from the Triphenylcarbonium Ion
By H ilton A. Smith and R obert J. Smith

Several years ago Newman1 reported a new 
method for the esterification of certain sterically 
hindered acids. The acids were dissolved in 100% 
sulfuric acid where they formed carbonium ions. 
The resulting solutions were poured into alcohols 
and the esters formed were subsequently re­
covered. Triphenylacetic acid is a sterically 
hindered acid which cannot be esterified by heat­
ing with an alcohol in the presence of an acid 
catalyst.2 When an attempt was made to esterify 
this acid with methanol by Newman’s method, 
the product was identified as the methyl ether of 
triphenylcarbinol. This is, perhaps, not surpris­
ing since it has already been shown3 that tri­
phenylacetic acid loses carbon monoxide quanti­
tatively when treated with concentrated sulfuric 
acid. The mechanism for the formation of the 
ether is presumably
(C6H 5)3CCOOH +  2H2S 0 4 — >

(C6H 5)3CCO+ +  H 30 + +  2 HSO4-  (1)
(C6H s)3CCO+ ---- ^  (C6H 5)3C+ +  CO (2)
(C6H5)3C-)- +  CH3O H ---- ^  (C6H6)3COCH3 +  H+ (3)

While this method is a failure as far as the pro­
duction of esters of triphenylacetic acid is con­
cerned, it does indicate a quick and useful method 
for the preparation of ethers of triphenylcarbinol. 
The carbinol is dissolved in 100% sulfuric acid, 
where it forms the triphenylcarbonium ion accord­
ing to the equation
(C6H 5)3COH +  2 H 2SO4 ---- >

(C6H 5)3C + +  H 30 +  +  2 HSO4-  (4)4’5

The carbonium ion may then be made to react 
with various alcohols in the manner indicated by 
equation (3). The yield of ether is essentially 
quantitative, and the product may be obtained in 
very pure form.

A search of the literature indicated that other 
methods which have been used to prepare ethers 
of triphenylcarbinol are usually quite long, and

(1) Newman, T his J ournal, 63, 2431 (1941).
(2) Sm ith and Burn, ibid., 66, 1494 (1944).
(3) Bistrzycki and Reintki, Ber., 38, 839 (1905); Bistrzycki and 

Mouron, ibid., 43, 2883 (1910); D ittm ar, J. Phys. Chem., 33, 533 
(1929); H am m ett, “ Physical Organic Chemistry,” McGraw-Hill 
Book Co., New York, N. Y., 1940, p. 283.

(4) Hantzsch, Z. physik. Chem., 61, 257 (1908).
(5) H am m ett and Deyrup, T his Journal, 55, 1900 (1933).

give smaller yields of impure products. Such 
methods include the reaction of triphenylmethyl 
chloride with an alcohol,6-7’8 and the reaction of 
the chloride with sodium alcoholates. This latter 
method was employed by Norris and Young,9 who 
prepared eleven different ethers of triphenylcarbi­
nol in yields ranging from 10 to 60%. In the pres­
ent research, six such ethers were prepared, the 
yields of purified products ranging from 86 to 
97%. The same method could presumably be 
used for the formation of ethers of other carbinols 
which form similar carbonium ions in sulfuric 
acid (i. e.y have i  factors of 4).

The preparation of pure ethers of triphenylcar­
binol is, unfortunately, complicated by their de­
composition into triphenylmethane and an alde­
hyde, as indicated for the ethyl ether by the equa­
tion

(C6H 5)3COC2H5 — >  (C6H5)3CH +  CH3CHO (5) 
This reaction was extensively studied by Norris 
and Young9 who found that the ease of decomposi­
tion increased with increasing complexity of the 
ether. In addition, the reaction is catalyzed by 
several ions, the most efficient of those studied 
being the bisulfate ion. The preparation of ethers 
of triphenylcarbinol from carbonium ions formed 
in sulfuric acid gives the product in the presence of 
bisulfate ions, and decomposition will occur for 
the higher members of the series unless the prod­
uct is quickly removed.

Conditions were not found which would give the 
5-butyl, /-butyl and benzyl ethers. It might also 
be noted that Newman1 was unable to prepare the 
/-butyl ester of trimethylbenzoic acid by an analo­
gous method. The failure of such alcohols to give 
esters or ethers by reaction with the carbonium 
ions may be due to one of two reasons:

1. The effect of these branched-chain alcohols 
may be such as to materially decrease the rate of 
reaction (3).10

2. An equilibrium of the type 
(C6H 5)3COR +  H a O .^ ±  (C6H5)3COH +  ROH

(6) Friedel and Crafts, Ann. chim. phys., [6] 1, 502 (1884),
(7) Hemilian, Ber., 7, 1208 (1874).
(8) Helferich, Speidel and Tochdte, ibid., 56, 766 (1923),
(9) Norris and Young, T his Journal, 52, 753 (1930),
(10) Smith, ibid., 62, 1136 (1940),
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may exist in solution, and the effect of increased 
complexity of the alkyl group may be of such a 
nature as to shift the equilibrium toward the for­
mation of the carbinol.

The ethers of triphenylcarbinol also form the tri­
phenylcarbonium ion when dissolved in 100% sul­
furic acid, and the triphenylcarbinol may be re­
covered in essentially quantitative yields if such 
solutions are poured into water.

In attempting to find the most advantageous 
procedure for the etherification reactions, a study 
was first made of the esterification of 2,4,6-tri­
methylbenzoic acid with methanol and ethanol. 
It was found that Newman’s procedure1 could be 
greatly simplified. In fact, the study indicated 
that, under conditions similar to those employed 
by Newman, both benzoic acid and 2,4,6-tri­
methylbenzoic acids may be almost completely 
esterified, but the benzoates are rapidly hydro­
lyzed. If the reaction mixture is poured into 
water rather than having water poured into it, 
good yields of the benzoates may be obtained. 
Apparently when water is poured into the sulfuric 
acid solution, local heating causes hydrolysis of 
the benzoates. A similar but much slower hy­
drolysis of the esters of the 2,4,6-trimethylbenzoic 
acid probably causes a slight reduction in the net 
yield of these esters. Conditions can be estab­
lished which show that the fundamental differ­
ences between benzoic acid and the sterically 
hindered benzoic acids discussed by Newman do 
actually exist. This is shown by the fact that the 
sterically hindered 2,4,6-trimethylbenzoic acid is 
almost completely esterified in ten minutes, while 
the unhindered benzoic acid is not. The i  factor 
of 4 for the hindered acid in sulfuric acid indicates 
a carbonium ion reaction while that of 2 for ben­
zoic acid indicates that the ordinary type of acid- 
catalyzed esterification is involved.

Experimental
The 100% sulfuric acid was prepared by mixing suitable 

quantities of 96% sulfuric acid and oleum. I t  froze at 
10° and analyzed 100.3% by dilution and titration with 
standard base.

Preparation of Ethers from Triphenylcarbinol.—For 
those ethers which were solids, 2 g. of triphenylcarbinol 
was dissolved in 6 to 12 g. of 100% sulfuric acid. The 
resulting yellow solution was added dropwise to 30 ml. 
of cold alcohol held a t —10° by means of a salt-ice-bath. 
As soon as all of the solution was added, the resulting 
mixture was poured into 100 g. of a mixture of ice and 
water. The solid which separated was immediately 
filtered out, washed, and recrystallized from methanol.

For those ethers which were obtained as liquids, the 
following modifications were introduced. After pouring 
the sulfuric acid-alcohol solution into water, the organic 
layer was extracted with ether. The ether solution was 
treated with sodium carbonate solution, dried, and all 
readily volatile m atter removed. The triphenylcarbinol 
ether which remained was fractionated in a small Vigreux 
column.

Hydrolysis of Ethers.—Several of the above ethers were 
dissolved in 100% sulfuric acid solution, and the resulting 
yellow solutions poured into ice water. The solid product

T a b l e  I
E t h e r s  o f  T r ip h e n y l c a r b in o l

Alcohol used Yield,
Methyl 97
Ethyl 94
Propyl® 88
Isopropyl 86
n -Butyl 87
Isoamyl 88

Melting point or boiling point, 
°C.b

96 -96 .5
82 .5 - 83
54 .5 - 55.5 

113 -114
208 a t 5 .5  mm.
217.5 a t 5 .5  mm.

a I t  was usually necessary to extract this ether because 
of difficulty in inducing crystallization. 6 See Norris 
and Young, ref. 5, for melting or boiling points of the 
compounds.
which separated was filtered from the liquid, and identi­
fied as triphenylcarbinol by its melting point and mixed 
melting point with known triphenylcarbinol.

Attempted Esterification of Triphenylacetic Acid.— 
Two grams of triphenylacetic acid was dissolved in 25 g. 
of 100% sulfuric acid. Some frothing was noted, indicat­
ing gas evolution. The resulting yellow solution was 
poured dropwise into 30 cc. of cooled methanol. This 
mixture was poured into 100 g. of ice and water. The 
precipitate was filtered and recrystallized from methanol 
to give 1.77 g. of white crystals, m. p. 96°.u

A n a l .  Calcd. for C20H 1 8O: C, 87.6; H , 6.6. Found: 
C, 87.5, 87.5; H, 6.8, 6.6.

Esterification of Benzoic and 2,4,6-Trimethylbenzoic 
Acids.—Benzoic and 2,4,6-trimethylbenzoic acids were 
esterified in the manner described by Newman1 (Method 
I) and by a modification of this method (Method I I ) . 
The main difference between the two was tha t in the modi­
fied method the reaction mixture was poured into ice and 
water, while Newman added ice water to the reaction 
mixture. For each esterification, 2-g. samples of ben­
zoic acid and 1-g. samples of 2,4,6-trimethylbenzoic acids 
were used.

In two parallel experiments using benzoic acid and 
ethanol, and allowing the mixture of alcohol, sulfuric 
acid and benzoic acid to stand for twelve hours, the 
product worked up by Method I showed 62.5% of acid 
recovered. Using Method II , no acid was obtained. 
When methanol and benzoic acid were used, and the mix­
ture allowed to stand for only ten minutes, less than 
50% of the acid was recovered by Method II. When the 
mixture was allowed to stand for one hour, only 10% of 
the acid was recovered.

In experiments with 2,4,6-trimethylbenzoic acid and 
methanol, using Method II, 6% of the acid was recovered 
whether the mixture was allowed to stand for ten minutes 
or for one hour.

I t  is much easier to estimate the ester yields from the 
percentage of acid recovered, than from ester yields. 
However the esters were isolated in a number of cases, 
and the amounts obtained were in accord with the results 
indicated on the basis of recovered acid.

Summary
A method for the formation of ethers of tri­

phenylcarbinol from the triphenylcarbonium ion 
has been described; the method gives good yields 
of pure ethers. The esterification of benzoic and 
2,4,6-trimethylbenzoic acids by Newman’s method 
has been discussed.
K n o x v il l e , T e n n . R e c e iv e d  February 2, 1948 11

(11) The crystals from some of these preparations first melted at 
84°, this being the melting point of a different crystalline form of the 
methyl ether of triphenylcarbinol, See H att, J . Chem. Soc., 483 
(1938),
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[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  D u k e  U n iv e r s it y ]

Reactions of /3-Keto Esters with Aromatic Amines. Syntheses of 2- and
4-Hydroxy quinoline Derivatives1

B y  C h a r l e s  R. H a u s e r  a n d  G e o r g e  A. R e y n o l d s

Earlier workers have shown that ethyl acetoace- 
tate and aniline react at room temperatures to 
form ethyl /Tanilinocrotonate (I)2 or the anil, 
whereas, at 130-140°, acetoacetanilide (II) is pro­
duced.3 On cyclization these products form 2- 
methyl-4-hydroxyquinoline (III) and 4-methyl-
2-hydroxyquinoline (IV), respectively.

h 2o  +

) n h 2

CH 8C0CH*C02C2H b

OH

c h 3

(III)

c 2h 5o h  +

/C H s
o = c CHs

1 \ c h 2  
1 1 •>*.
) \  / A - o

n n h
'v -An Ao h

(II)

We have found that both crotonate and anilide 
formations are reversible; the crotonate is con­
verted to the anilide by heating with an equiva­
lent of water and a trace of acid4 at 130-140°, 
whereas the reverse transformation takes place 
upon boiling the anilide with ethanol and Drierite. 
Furthermore, in contrast to ethyl acetoacetate,
2-ethylbutyl and n-amyl acetoacetates were found 
to react with aniline to form mainly the corre­
sponding crotonates even at 130-140°. The cro- 
tonates and the anilide were identified by cycliza- 
tions to (III) and (IV), respectively.5 Conceiv­
ably differences in the volatility of the by-products 
govern the course the reaction takes. If at all tem­
peratures considered the equilibrium favors the

(1) This work was supported by a grant from the  Duke Univer­
sity  Research Council.

(2) (a) Knorr, Ber., 16, 2593 (1883); (b) Conrad and Limpach, 
Ber., 20, 944 (1887); (c) Cavallito and Haskell, T his Journal, 66, 
1166 (1944); (d) Coffey, Thomson and Wilson, J. Chem. Soc., 856 
(1936).

(3) (a) Knorr, Ann., 236, 69 (1886); (b) Roos, Ber., 21, 624
(1888); (c) Knorr and Reuter, Ber., 27, 1169 (1894); (d) Knorr, 
Ann., 236, 74 (1894).

(4) The reaction failed in the absence of a trace of acid. This is 
not surprising since Coffey, Thomson and Wilson (ref. 2d) have 
shown th a t the formation of the crotonate requires a trace of acid, 
which ordinarily is present in commercial ethyl acetoacetate.

(5) The anilide was also identified (after recrystallization) by its 
melting point. The crotonates have been distilled a t  reduced pres­
sures but, since the distillates deposited small amounts of diphenyl- 
urea, they were not analyzed. The diphenylurea was formed ap­
parently from anilide, small amounts of which were evidently pro­
duced during the heating a t 130-140° or during the distillation. 
Oppenheim and Precht (Ber., 9, 1098 (1876)) reported th a t heating 
the anilide with aniline produced diphenylurea and acetone.

(IV)

crotonate, anilide formation in the case of the 
ethyl ester6 could be accounted for, because etha­
nol, the by-product of the anilide formation, is 
more volatile than water, which would result from 
crotonate production.7 On the other hand, one 
might assume that at 130-140° the equilibrium 
favors the anilide, and then the results could be 

understood on the basis of the 
lower volatility of 2-ethyl­
butyl and w-amyl alcohols as 
compared to water. The facts 
at hand do not permit stating 
which, if any, of these alter­
natives applies. However, 
since the products are read­
ily interconvertible, it seems 
likely that the temperature 
dependence of the course of 
reaction is due to displace­
ment of equilibrium rather 
than to the existence of two 
competing reaction paths 
with sufficiently differing 

temperature coefficients8 of rate.
In Tabled are given the over-all yields of vari­

ous 2- and 4-hydroxyquinolines obtained from 0- 
keto esters and aromatic amines employing vari­
ous methods of preparation of the intermediate 
crotonates and anilides. The crotonates were 
generally prepared more conveniently by refluxing 
the reactants with Drierite in ethanol (Method 
B)9’10 than by the older procedure (Method A) 
which requires a much longer time. However, 
Method B has not been satisfactory with ethyl 
benzoylacetate with which a modification of 
Method A was finally adopted (see note e, Table

(6) Also isopropyl acetoacetate appears to form the anilide a t 130- 
140°, since a low yield of (IV) has been obtained on cyclizing the 
crude product. However, in attem pts to reproduce this result, the 
only product isolated was diphenylurea which was formed pre­
sumably from the anilide (see note 5).

(7) Knorr (3d) reported th a t the anilide was obtained from aniline 
and ethyl acetoacetate when they were heated in a sealed tube a t 
150° for a long time. An a ttem pt to  reproduce this result was un­
successful.

(8) This is evidently the case, for example, in the reaction of alkali 
with anti-benzaldoxime acetate which yields mainly the anti-benzald- 
oxime a t 0° bu t mainly the corresponding nitrile a t 30° or above; 
Hauser and Jordan, This Journal , 57, 2450 (1935).

(9) A little  more than  the calculated amount of Drierite required 
to remove the by-product, water, has generally been employed, but 
one-third of this am ount has given, after cyclization of the crotonate, 
only a slightly lower yield of ( I I I ) . I t  was found advisable to add a 
trace of acetic acid as catalyst.

(10) This procedure has also been satisfactory for the reaction of 
ethyl ethoxalylpropionate and aniline; cyclization of the resulting 
intermediate gave 3-methyl-4-hydroxy-2-carbethoxyquinoline, m. p. 
177-179°, in 50% yield. However, the  procedure using Drierite, 
as well as the original one, failed with ethyl ethoxalylpropionate and 
2-nitr o-4-methoxyaniline.
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T a b l e  I

Q u in o l in e  D e r iv a t iv e s  f r o m  R C 0C H 2 C0 2R ' a n d  A r o m a t ic  A m in e s  b y  C y c l iz a t io n  o f  I n t e r m e d ia t e  C r o t o n a t e s

a n d  A n il id e s  O b t a in e d  b y  V a r io u s  M e t h o d s
Yield,*

R R ' Aromatic amine Method Substituted quinoline M. p., °C. %
Methyl Ethyl Aniline A 2-Methyl~4-hydroxy 229-230® 60
Methyl Ethyl Aniline B 2-Methyl-4-hydroxy 229-230® 70
Methyl n-Amyl& Aniline D 2-Methyl-4-hydroxy 229-230® 30
Methyl 2-Ethylbutyl6 Aniline C, D 2-Methyl-4-hydroxy 229-230® 70
Methyl Ethyl ^-Chloroaniline B 2-Methyl-6-chloro-4-hydroxy 320-322c 68
Methyl 2-Ethylbutyl Chlor oaniline C 2-Methyl-6-chloro-4-hydroxy 320-322® 70
Methyl 2-Ethylbutyl o-Toluidine C 2,8-Dimethyl-4-hydroxy 260-26l d 68
Phenyl Ethyl Aniline A® 2-Phenyl-4-hydroxy 253-254/ 50
Phenyl Ethyl o-Toluidine A 2-Phenyl-8-methyl-4-hydroxy 245-246* 38
Methyl Ethyl Aniline D, E 4-Methyl-2-hydroxy 222-223* 50
Methyl Ethyl 6>-Toluidine D, E 4,8-Dimethyl-2-hydroxy 217-218* 50
Phenyl E thyl Aniline F, G 4-Phenyl-2-hydroxy 259-260* 50
Phenyl Ethyl ö-Toluidine F, G 8-Methyl-4-phenyl-2-hydroxy 216-217* 38

a Conrad and Limpach, B e r . , 2 0 , 949 (1887). b Prepared b y  the method of Shivers, Dillon and Hauser, T h is  J o u r n a l , 
69, 119 (1947). c Kermac and Weatherhead, J .  C hem . S o c ., 563 (1939). d Conrad and Limpach, B e r . ,  21, 524 (1888). 
e The reactants were allowed to stand ten days. The crotonate, obtained in 55% yield, melts a t 92-93° (ref. 11). f  Ref. 
11. 9 Dziewonski, Moszew and Dortheimerowna, R o c z n ik i C h em ., 12, 925 (1932). h Camps, B e r . , 32, 3230 (1901). 
* Ewins and King, J .  C h em . S o c ., 103, 107 (1913). » Ref. 12. * A n a l .  Calcd. for Ci6H i3 NO: C, 81.67; H, 5.61; N, 
5.99. Found: C, 81.22; H, 5.80; N, 6.25. * Over-all yield base on the /3-keto ester or aromatic amine.

I). Both Method A and B have failed with ethyl 
acetoacetate and p-nitroaniline or 2-nitro-4- 
methoxyaniline. Method C, which was used only 
with the higher alkylacetoacetates, is not gener­
ally as convenient as Method B. Method D, in­
volving heating the reactant at 130-140°, pro­
duces the crotonates only with /3-keto esters of 
sufficiently high boiling alcohols. The anilides 
were prepared from the ethyl /3-keto esters either 
by Method D or by refluxing the reactants (Meth­
ods E and G).

It should be pointed out that, although cycli­
zation of the crude crotonates prepared on a 0.1- 
mole scale by Method B gave quinolines of satis­
factory purity, crude ethyl /3-anilinocrotonate, 
prepared on a 0.5-mole scale, as a rule, gave prod­
ucts which were difficult to purify. When, how­
ever, the crotonate was purified by distillation 
under reduced pressure, the pure quinoline was 
always obtained.

Knorr reported that, like the crotonate, the 
anilide from aniline and ethyl benzoylacetate pro­
duces 2-phenyl-4-hydroxyquinoline (V) on cycli­
zation.11 He prepared the anilide by heating the 
reactants at 150° followed by treatment with di­
lute acid to hydrolyze ethyl /3-phenylamidophenyl- 
acrylate, which was formed along with the ani­
lide. However, we have found that heating the 
reactants at 150°, followed by recrystallization, 
produces essentially pure anilide, which, on cycli­
zation, forms the expected 4-phenyl-2-hydroxy- 
quinoline (VI). The two isomers, (V) and (VI), 
melt only a few degrees apart but a mixture of the 
two melts much lower and over a range. More­
over, treatment of (VI) with phosphorus oxychlo­
ride forms a chloro derivative the melting point of 
which is fifteen degrees higher than that reported 
for the chloro derivative of (V). Compounds

(11) Knorr, Ann., 245, 378 (1888).

(VII) and (VIII), which have been prepared from 
ö-toluidine and ethyl benzoylacetate, melt almost 
thirty degrees apart. The present method of 
preparing 4-phenyl-2-hydroxyquinoline appears 
much more convenient than that described previ­
ously employing acety l-ö-amidobenzophenone.12

C6H 5 OH C6H 5

\ N / C6H 5 ■N' OH

(V)

\N ' 
CH 3 

(VII)

C6H 5

(VI)

Experimental13

\N ' 
CH 3 

(VIII)

OH

General Procedures.—The crotonates were prepared by 
one or more of the following procedures using 0 . 1  mole each 
of /3-keto ester and aromatic amine. M ethod A: the re­
actants were allowed to  stand a t room temperatures (2 0 -  
30°) either alone for four to five days2a>b-° or in the pres­
ence of a trace of hydrochloric acid (or aniline hydrochlo­
ride) in a vacuum desiccator over concentrated sulfuric acid 
for one to  three days.2d M ethod B: to  the reactants was
added 30-40 ml. of commercial absolute ethanol, about 35 
g. of Drierite, and three or four drops of glacial acetic acid. 
The resulting mixture was refluxed on the steam -bath 
for three to four hours. The Drierite was filtered off and 
the ethanol was distilled a t slightly above room tem pera­
tures by means of a water aspirator. M ethod C : the re­
actants were heated at 95-100° in an oil-bath for three to 
four hours in the presence of about 10 g. of Drierite and the 
Drierite then filtered off. M ethod D (applicable to /3-keto 
esters of higher alcohols): the reactants were heated in
an open Erlenmeyer flask or beaker for three or four hours 
in an oil-bath a t 130-140° and then cooled to room tem ­
peratures.

The crude crotonate was added as rapidly as possible to 
100 ml. of stirred refluxing (2,50-260°) Dowtherm 1 4  con­
tained in a 2 0 0 -ml. three-neck round-bottom flask equipped 
with a mercury-sealed stirrer and condenser. After fifteen

(12) Camps, Arch. Pharm., 237, 683 (1899).
(13) Analyses by Oakwold Laboratory, Alexandria, Virginia.
(14) This cyclization has been effected previously under other 

conditions; Cavallito and Haskell (ref. 3c) effected the reaction in 
mineral oil.
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to tw enty minutes the stirring was stopped and the mixture 
allowed to cool, a light yellow solid usually separating. 
Approximately 200 ml. of Skellysolve “ B ”  was then added. 
After shaking, the solid 4-hydroxyquinoline derivative was 
filtered off, washed several times with Skellysolve and re­
crystallized from water in the case of 2-methyl-4-hydroxy- 
quinoline and from a mixture of water and ethanol in the 
other cases.

Acetoacetanlliues were prepared from 0.1 mole each of 
ethyl acetoacetate and aromatic amine either by Method D 
described above or by refluxing the reactants three to four 
minutes1 5 (Method E ) . The solid, obtained on cooling the 
mixture, was recrystallized from acetic acid and water and 
then from ethanol and water yielding acetoacetanilide 
(m. p. 82-83°)3a in 52% yield and acetoaceto-ö-toluidide 
(m. p. 107-108°)15 in 55% yield.

Benzoylacetanilides were prepared from 0.1 mole each of 
ethyl benzoylacetate and aromatic amine either by heating 
the reactants a t 150° for five hours (Method F) or by re­
fluxing the mixture for fifteen minutes (Method G ). After 
recrystallization as described for acetoacetanilide, benzoyl- 
acetanilide (m. p. 107-108°)11 was obtained in 50% yield, 
and benzoylaceto-o-toluidide (m. p. 130-131°) in a 65% 
yield.

A n a l .  Calcd. for C1 6H 1BN 0 2: C, 75.82; H, 5.96.
Found: 0 ,7 5 .5 1 ; H, 5.72.

The anilides were cyclized in concentrated sulfuric acid 
at 80-90° as described in “ Organic Syntheses’ ' 16 or by 
heating on the steam -bath for fifteen minutes. The 2- 
hydroxyquinoline derivatives were recrystallized from a 
mixture of water and ethanol. An attem pt to cyclize 
acetoacetanilide (II) in Dowtlierm a t 250-260° as de­
scribed above for the crotonate was unsuccessful.

The yields and the melting points of the quinoline de­
rivatives are given in Table I . Admixture of the various 
samples of the same derivative showed no depression in 
melting point, but admixture of isomeric 2 - and 4-hydroxy- 
quinolines depressed the melting point.

2 -M ethyl-4-hydroxyquinoline (0.5 mole scale).—A mix­
ture of 46.5 g. (0.5 mole) of aniline, 65 g. (0.5 mole) of 
ethyl acetoacetate, 1 0 0  ml. of commercial absolute ethanol, 
135 g. of Drierite, and 1 ml. of glacial acetic acid was re­
fluxed on the steam -bath for four hours. After removing 
the Drierite and the solvent, the residue was fractionated 
through a 30-cm. Vigreux column yielding 58 g. (57%) of

(15) Ewins and King, J . Chem. Soc., 103, 104 (1913), effected the 
reaction in one and one-half minutes.

(16) Lauer and Kaslow, “ Organic Syntheses,” Vol. 24, John Wiley
and Sons, Inc., New York, N. Y., 1944, p. 68.

ethyl jS-anilinocrotona te, b .p .  155° a t 10 m m . 17 The cro­
tonate was cyclized in 200 ml. of Dowtherm yielding 38 g. 
(50%) of 2-methyl-4-hydroxyquinoline (m. p. 229-230°).

4 -Phenyl- 2  -chloroquinoline.—A mixture of 10 g. 
(0.045 mole) of 4-phenyl-2-hydroxyquinoline (m. p. 259°) 
and 30 ml. of phosphorus oxj^chloride was heated in an oil 
bath at 1 2 0 ° for two hours, the excess oxychloride distilled 
under reduced pressure and the light brown viscous oily 
residue poured onto ice. After standing in the refrigerator 
for one day the solidified oil was recrystallized from abso­
lute ethanol yielding 10 g. (93%) of white crystals of 4- 
phenyl-2-chloroquinoline, m. p. 87-88°.

A n a l .  Calcd. for CisHioNCl: C, 75.15; H, 4.21; N, 
5.86; Cl, 14.8. Found: C, 74.88; H, 4.70; N, 6.12; 
Cl, 14.68.

Conversion of Crotonate to Anilide.—To 0.1 mole of 
ethyl /3-anilinocrotonate, b .p .  155° at 10 mm., was added 
2  g. of water and five drops of concentrated hydrochloric 
acid and the mixture stirred and heated in an open flask 
in an oil-bath at 130-140° for three or four hours. The 
resulting crude anilide was cyclized16 to form 4-methyl-2- 
hy droxy quinoline, m. p. 222-223°, in 35% over-all yield.

Conversion of Anilide to Crotonate .—A mixture of 0.1 
mole of acetoacetanilide (m. p. 82-83°), 30 ml. of com­
mercial absolute ethanol and 30 g. of Drierite was refluxed 
four hours and the Drierite then filtered off. After dis­
tilling the solvent, the residue was fractionated giving a 
50% yield of ethyl (3 -anilinocrotonate (b .p . 139-143° a t 6  

mm.) which was cyclized in Dowtherm to 2-methyl-4- 
hy droxy quinoline, m. p. 229-230°, in 39% over-all yield 
from the anilide.

Summary
1. The factors governing the formation of cro­

tonates and anilides from /3-keto esters and 
aromatic amines have been considered.

2. Crotonates and anilides, prepared by vari­
ous methods, have been cyclized to form 4- and 2- 
hydroxyquinolines, respectively.

3. In contrast to reports in the literature the 
anilide from ethyl benzoylacetate and aniline was 
found to form 4-phenyl-2-hydroxyquinoline on cy­
clization.

(17) Distillation of the residue a t a bath  tem perature of 120° until 
the forerun was removed and then a t 140-160° gave ethyl /3-anilino­
crotonate, b. p. 128-130° a t 2 mm., in 60-70% yield.

D u r h a m , N o r t h  C a r o l in a  R e c e iv e d  M a r c h  19, 1948

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a to r y  o f  I o w a  S t a t e  C o l l e g e ]

The Bacterial Activity of “Racemized Casein,” Caseose, and the Four 
Diastereoisomeric Leucylleucines12

B y  S id n e y  W . F o x , Y u t a k a  K o b a y a sh i , 3  Sa m u el  M e l v in 3  a n d  F r e d e r ic k  N . M in a r d 4

Several of the antibiotics, particularly penicillin 
and gramicidin, are notable for their content of d - 
amino acid residues. In the case of penicillin, the 
D-ammo acid residue is one of a number of critical 
structural features, since the L-analog is without

(1) Journal Paper No. J-1514 of the Iowa Agricultural Experiment 
Station, Project 897, in cooperation with the Veterinary Research 
Institu te, and Project 980.

(2) The experiments with “ racemized casein” were described 
before the American Society of Biological Chemists, May, 1947, at 
Chicago.

(3) This work was supported in part by the Industrial Science 
Research Institu te  of Iowa S tate College.

(4) Upjohn Company Fellow.

activity . 5 D-Amino acids have been shown experi­
mentally to inhibit bacterial growth6*7 at relatively 
high concentrations. Recent reports, however, 
indicate medical utility of some of the simple 
amino acids, when used in relatively large 
amounts, in the control of infection. 8 In view of 
the above observations it is of interest to deter­
mine the antibacterial activity of structures re-

(5) du Vigneaud, Carpenter, Holley, Livermore and Rachele, 
Science, 104, 431 (1946).

(6) Fox, Fling and Bollenback, J . Biol. Chem., 155, 465 (1944).
(7) Kobayashi, Fling and Fox, ibid., 174, 391 (1948).
(8) Mario, Minerva med., 38, I, 578 (1947).
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lated to the D-amino acids and to the antibiotics 
in which these simple units are incorporate. 9

Substances which include the D-amino acid 
residue repeated within a single large molecule 
are under investigation in this laboratory; in­
terest in such materials and their behavior has also 
been expressed elsewhere. 10 The present report 
describes two types of such material, with some 
reference to their effects on bacteria.

The simpler type is represented by D-leucyl-D- 
leucine. For comparative experiments in the 
present study, all four diastereoisomeric leucylleu- 
cines were synthesized by the method of Fischer 
and Koelker. 11 D-Leucyl-D-leucine was of partic­
ular interest because of its relationship to d - 
valyl-D-valine, which had been isolated from par­
tial hydrolyzates of gramicidin as the benzoyl 
derivative. 12 In the other type of molecule the 
D-amino acid residues were linked in the main- 
chain through both the amino and carboxyl 
groups. Such material was available through the 
racemization procedure of Dakin . 13*14 The frac­
tions called by Dakin "racemized casein” and 
caseose were shown to contain inverted residues 
of valine, leucine, phenylalanine, proline, tyro­
sine, aspartic acid, glutamic acid, arginine, lysine 
and histidine. D-Isomers of the first three amino 
acids represent all of the D-forms which have been 
found in gramicidin and tyrocidine. 1 5 -1 9

T a b l e  I

G a l v a n o m e t e r  R e a d in g s  o f  E s c h e r ic h ia  co li C u l t u r e s  
in  N u t r ie n t  B r o t h  C o n t a in in g  L e u c in e  a n d  L e u c y l - 

l e u c i n e  I s o m e r s

Figures presented represent per cent, transmission.
Concentration, mg. per ml.-

Substance 10 5.0 2.5 1.25 0.6 0.3
L-Leucine 70 74 71 74 72 75
D-Leucine 99 82 76 74 72 70
L-Leucyl-L-leucine 71 70 70 69 72 70
D-Leucyl-D-leucine 72 70 67 67 69 70
L-Leucyl-D-leucine 79 71 70 69 69 70
D-Leucyl-L-leucine 78 71 71 70 68 71

T a b l e  I I
G r o w t h  o f  E s c h e r ic h ia  c o li o n  M e d ia  C o n t a in in g  

C a s e in  a n d  R a c e m iz e d  C a s e in  D e r iv a t iv e s  
O =  no visible growth; S.G. =  slight visible growth; 

G =  visible growth
l

—-Time, days 2 3 N
Smaco casein O O o
Racemized casein O G G
Caseose S .G . S. G. S. G.

(9) Fling, M inard and Fox, T h is Journal, 69, 2466 (1947).
(10) Bergel, Biochem. J ., 41, xxxvi (1947).
(11) Fischer and Koelker, A nn., 354, 39 (1907).
(12) Christensen, J. Biol. Chem., 154, 427 (1944).
(13) Dakin, ibid., 13, 357 (1912-1913).
(14) Dakin and Dudley, ibid., 15, 263 (1913).
(15) Hotchkiss, ibid., 141, 171 (1941).
(16) Christensen, Edwards and Piersma, ibid., 141, 187 (1941).
(17) Hotchkiss, J . B ad., 45, 64 (1943).
(18) Gordon, M artin and Synge, Biochem. J ., 37, 86 (1943).
(19) Gordon, M artin and Synge, ibid., 37, 313 (1943).

In none of the tests with the described D-amino 
acid derivatives was antibacterial activity equal 
to that of D-leucine noted (Table I). The lack of 
activity of D-leucyl-D-leucine, as an analog of d - 
valyl-D-valine, is in agreement with the rapid loss 
of activity of gramicidin under gentle hydrolytic 
conditions. 20*21 The activity of gramicidin thus 
seems not to be even partially represented by con­
tiguous D-amino acid residues. The experiments 
with racemized casein and with caseose indicate 
that a polypeptide preparation containing a larger 
proportion of D-amino acid residues than occurs in 
tyrocidine is without appreciable antibacterial ac­
tivity.

The results recorded by Dakin and Dudley22 
for the action of pancreatic microbial cultures on 
racemized casein was in the main confirmed in this 
work, with Escherichia coli. It should be noted 
that in the present experiments, the effect of E. 
coli on native casein also was tested; no appreci­
able growth was observed.

The quantitative nature of the behavior of the 
leucylleucines as sources of L-leucine for L. arab­
inosus 17-5 is striking. Table III represents a 
typical experimental result. The bacterium was 
capable of Utilizing fully, during the experimental 
incubation period, the L-leucine residues of L- 
leucyl-L-leucine and of D-leucyl-L-leucine. As 
might be expected, it could not utilize D-leucyl-D- 
leucine. L. arabinosus was also unable to use l- 
leucyl-D-leucine. This behavior is in contrast to 
the utilizability of D-leucyl-L-leucine. 23

T a b l e  I I I
l -L e u c in e  A c t iv it y  o f  L e u c y l l e u c in e  I s o m e r s  f o r  
G r o w t h  o f  L a c to b a c illu s  a r a b in o s u s  1 7 - 5  i n  L e u c in e - 

F r e e  M e d iu m
L-Leucine a c tiv ity  of peptide,

Peptide %
L-Leucyl-L-leucine 98 102
L-Leucyl-D-leucine 0 0
D-Leucyl-L-leucine 50 50
D-Leucyl-D-leucine 0 0

Experimental
Leucylleucines.—The d - d , d - l , l - d , and l - l  leucyl­

leucines were prepared by the same general procedure em­
ployed by Fischer and Koelker11 and by Fischer . 2 4  The 
intermediate bromoisocaproylleucines prepared in the 
present work had the following m. p . ’s (co r.) : L-ce-
bromoisocaproyl-D-leucine, 145-7° (F. & K. 149°), L - a -  
bromoisocaproyl-L-leucine, 126-7°, (F. & K. 128°), d - a -  
bromoisocaproyl-D-leucine, 125-7°, (F. & K. 128°), and 
d  - ol-bromoisocaproyl-L-leucine, 144-6° (F. 149°). Each 
of the dipeptides was assayed for L-leucine content. Sam­
ples of 2 0  mg. of each dipeptide were dissolved in 5  ml. of 
2 0 % hydrochloric acid and autoclaved for three hours a t 15 
lb. steam pressure. The solutions were then neutralized 
with sodium hydroxide and each was diluted to  1 0 0  ml. 
The resultant solutions were then assayed against a stand-

(20) Schales and Mann, Arch. Biochem., 13, 357 (1947).
(21) Itschner and Fox, unpublished experiments.
(22) Dakin and Dudley, J. Biol. Chem., 15, 276 (1913).
(23) Taken in conjunction with the work of Agren: Acta. Physiol. 

Scand., 13, 347 (1947), these results emphasize the importance of 
position of the amino acid residue.

(24) Fischer, Ber., 39, 351 (1906),
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ard solution of DL-leucine turbidimetrically on a Coleman 
Model 11 Spectrophotometer a t 600 m/x. The organism 
employed was L a c to b a c illu s  a r a b in o s u s  1 7 - 5 , which re­
sponds only to the L-form of leucine. The medium em­
ployed was tha t of Kuiken, e t a l . 25 26

W ith in  th e  p ro b ab le  lim its  of e rro r of th e  assay , th e  
id e n t i ty  of th e  four leucylleucines w as estab lished . T he  
l - l  a ssay ed  90-100% L-leucine, th e  l - d an d  d- l each 50% 
L -leucine (^ 5 % ) , a n d  th e  d- d h y u iu ly z a le  gave 0- <  1% 
L -leucine.

Partially Racemized Casein Fractions.—Smaco vitamin- 
free casein was partially racemized by the procedure of 
D akin . 12 The [ck]27d for the original casein, the acid- 
precipitable racemized casein and the water-soluble caseose 
(precipitated by ammonium sulfate) were, respectively: 
-1 0 4 .7 °  0.8°, -5 2 .0 °  =*= 0.8°, and -3 7 .5 °  =±= 2.0°
(0.3 g. in 25 ml. 0.5 N sodium hydroxide solution).

Inhibition Experiments.—The leucylleucines and leu­
cines were first tested against E .  c o li in a dilution series. 
Twenty mg. of each compound was weighed into a small 
test-tube. Two ml. of nutrient broth 28 was added to each 
tube and solution was effected by warming. Half of this 
was mixed with medium in another tube, and this process 
repeated through a series of a total of six tubes. The tubes 
were plugged with cotton and autoclaved for ten minutes 
a t 15 lb. steam pressure. The tubes were then inoculated 
from a fresh subculture of E . c o l i .

After twenty-five hours of incubation a t 37 °, the turbidi­
ties of the cultures were assessed in a Coleman Model 1 1  

spectrophotometer a t 650 m/x. The results are presented 
in Table I . The experiment was repeated with a synthetic 
medium consisting of 0.5% disodium phosphate, 0.5% 
dipotassium phosphate, 0.5% ammonium chloride, 0.02% 
magnesium sulfate and 0.5% glucose, brought to p H  7  
with phosphoric acid. The visual results were similar to 
those in nutrient broth; only D-leucine a t 10 mg./ml. 
showed total inhibition. No inhibition was found for any 
of the peptides tested against L .  a r a b in o s u s  1 7 -5  in a yeast 
extract medium 27 with all other conditions the same as in 
the E .  c o li experiments. Because of the conceivability of 
racemization of the d-peptides during autoclaving , 28 the 
experiment of Table I was repeated with the glucose

(25) Kuiken, Norman, Lyman, Hale and Blotter, J. Biol. Chem., 
151, 615 (1943).

(26) Difco Laboratories, “ Difco M anual,” D etroit, Mich., 1943, p. 
42.

(27) Difco Laboratories, “ Difco M anual,” Detroit, Mich., 1943, 
p. 178.

(28) Fling and Fox, J. Biol. Chem., 160, 329 (1945).

added aseptically after autoclaving, and again with the 
glucose replaced by glycerol. In both cases the results 
were identical with those in synthetic medium.

At concentrations of 10 m g./m l. of added racemized 
casein and of caseose, E .  c o li grew under the experimental 
conditions given above. E .  c o li was grown for the other 
inhibition experiments with nutrient broth as above, ex­
cept for the added casein or racemized preparations. The 
racemized casein was dissolved in 2 N  sodium hydroxide 
solution, neutralized, and Seitz-filtered for the tests. 
There was no inhibition of L .  a ra b in o s u s  1 7 -5  by racemized 
casein at a concentration of 3.5 mg./ml. nor by caseose a t a 
concentration of 15 m g./m l. in yeast extract medium at 
37° for seventy-two hours.

A corresponding set of experiments with racemized gela­
tin (not isolated) gave similar results.

Experiments on Support of Growth.—For experiments 
on support of growth, casein, racemized casein, and caseose 
were made up in concentrations of 1 0 0  mg./ml. of 0 .8 % 
sodium carbonate solution containing traces of calcium 
chloride, magnesium sulfate and trisodium phosphate. 
No other protein was present. E .  co li was the organism 
used. The results are presented in Table II.

Tests of replaceability of L-leucine by the leucylleucines 
were run in leucine-free synthetic medium 25 inoculated 
with L .  a r a b in o s u s . The results are presented in Table
III .

Summary
Racemized casein and caseose, containing nu­

merous D-amino acid residues per molecule, failed 
to inhibit the growth of cultures of Escherichia coli 
or Lactobacillus arabinosus 17-5. None of the four 
isomeric leucylleucines showed as much antibac­
terial activity as D-leucine. The relationship of 
these experiments to the antibacterial activity of 
D-amino acids and of the antibiotics which are d- 
amino acid derivatives has been discussed.

The replaceability of L-leucine by leucylleucine 
isomers, in the medium for L. arabinosus 17-5, has 
been studied. The L-residues of L-leucyl-L-leucine 
and D-leucyl-L-leucine were fully utilized. None 
of the residues of L-leucyl-D-leucine nor of D-leucyl- 
D-leucine were available to this organism.
Am es , I owa  R ec e iv e d  J anuary  31, 1948

[Co n tr ib u tio n  from  t h e  C hem ical L aboratory  of T h e  Oh io  Sta te  U n iv e r sit y ]

Action of Heat on D-Fructose. Isolation of Diheterolevulosan and a New Di-D-
fructose Dianhydride

By M. L. Wolfrom and Mary Grace Blair1

It is probable that the well-established tendency 
of D-fructose to form bimolecular cyclic anhy­
drides2 accounts for some of the molasses forma­
tion occurring in cane sugar house processing. 
Such a view has been expressed by Sattler and 
Zerban.3 These authors have investigated the 
non-fermented products formed on heating a con­
centrated aqueous solution of D-fructose. They

(1) Sugar Research Foundation Fellow of The Ohio State Uni­
versity Research Foundation (Project 190).

(2) For a review of the di-D-fructose dianhydrides see Emma J.
McDonald, Advances in Carbohydrate Chem., 2, 253 (1946).

(3) L. Sattler and F. W. Zerban, Ind. Eng. Chem., 37, 1133 (1945).

established that the complex mixture obtained 
closely approximated in composition that required 
for a mixture of isomeric di-D-fructose dianhy­
drides. This work has now been repeated in our 
laboratory and the non-fermented products have 
been subjected to separation by chromatography 
on clay, a procedure established by Lew, Wolfrom 
and Goepp.4 Two crystalline products were iso­
lated in pure form and characterized. The one 
was the diheterolevulosan of Pictet and Chavan5

(4) B. W. Lew, M. L. Wolfrom and R. M. Goepp, J r., T his 
Journal, 67, 1865 (1945); 68, 1449 (1946).

(5) A. Pictet and J. Chavan, Helv. Chim. Acta, 9, 809 (1926).
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and the other, designated diheterolevulosan II, 
was an isomeric substance (m. p. 250-252°, dec.; 
[ a ] 25D —39° in water) not identical with any 
known di-D-fructose dianhydride.

Pictet and Chavan5 prepared their crystalline 
diheterolevulosan by treating D-fructose at low 
temperatures with concentrated hydrochloric 
acid. This work was repeated in our laboratory 
in order to obtain material for comparative pur­
poses. The complex reaction product was sub­
jected to chromatographic separation and the di­
heterolevulosan of Pictet and Chavan5 was ob­
tained with constants in agreement with those 
cited by these workers. In addition, diheterolevu­
losan II was obtained from this source. The 
crystalline hexaacetate of diheterolevulosan was 
prepared and was found to have properties in 
agreement with those described by Schlubach and 
Behre.6 The hexaacetate of diheterolevulosan II 
was likewise obtained in crystalline form.

Pictet and Chavan5 isolated an amorphous frac­
tion which they termed "heterolevulosan” and 
which they considered to be a monomolecular 
anhydride of D-fructose. A material of similar 
properties was obtained on following their pro­
cedure. It was easily demonstrated by chromato­
graphic methods, however, that this fraction was 
a complex mixture whose main component was 
the diheterolevulosan II. There thus exists no 
evidence for a monomolecular anhydride of d- 
fructose or for its "dimerization”3’5 to a di-D-fruc- 
tose dianhydride. Like "glutose,”3 "heterolevu- 
losan” has no existence in fact and the name 
should be stricken from the chemical literature.

Schlubach and Behre6 methylated diheterolevu­
losan to a crystalline hexamethyl ether from which 
was obtained on acid hydrolysis a sirupy trimeth- 
yl-D-fructose, [ a ] 20D —73.5° in water, which 
formed an oily phenylosazone without demethyla­
tion. McDonald and Jackson7 noted that dihetero­
levulosan absorbed four moles of periodate. To 
this we add that two moles of formic acid and no 
formaldehyde are produced in this oxidation. 
Upon these data the structure I (Fig. 1), di-D- 
fructopyranose 1,2': 2,1'-dianhydride, is evinced 
for diheterolevulosan. The methylation data do 
not meet the exacting criteria of crystallinity and 
are therefore inadequate. Fortunately, the perio­
date work is definitive and leads uniquely to 
formula I. The structure of diheterolevulosan is 
thus established save for the assignment of con­
figurations to the anomeric spirane carbon atoms.

We can presently adduce for the structure of di­
heterolevulosan II only the results of periodate 
analysis which are that three moles of oxidant are 
consumed with the concomitant formation of one 
mole of formic acid and no formaldehyde. Formu­
las II and III satisfy these demands and for the 
sake of simplicity we favor III. Further data are 
required for an unequivocal proof of structure.

(6) H. H. Schlubach and C. Behre, A nn., 508, 16 (1934).
(7) Emm a J. McDonald and R. F. Jackson, J. Research Natl. 

Bur. Standards, 35, 497 (1945).

I .  D ih e te r o le v u lo s a n  (d i-D -fr u c to p y r a n o se  1 ,2 ':  2 ,1  '-d i-  
a n h y d r id e )  .

III. D -F ru c to p y r a n o se -D -fr u c to fu r a n o se  1 ,2 ':  2 ,1  '-d ia n h y ­
d r id e .

* Anomeric configuration unknown.
Fig. 1.—Di-D-fructose dianhydrides.

Experimental
Treatment of D-Fructose with Hydrochloric Acid and 

Recovery of the Crude Reaction Products.-—Following 
Pictet and Chavan , 5  D-fructose (100 g.) was dissolved a t 
0° in 400 g. of concentrated hydrochloric acid (sp. gr.
1.19 a t 15.56°) and the solution was maintained a t 0° 
for seventy-two hours. Neutralization was then ef­
fected with basic lead carbonate and the dissolved lead 
chloride was removed from the filtered solution by ion 
exchange on Amberlites IR-100 and IR -4 . 8  Unchanged 
D-fructose was removed from the solution (1500 ml.) 
by fermentation with 20 g. of baker’s yeast (Fleischmann) 
a t 30 ° for three days. Upon the cessation of ferm entation, 
the yeast was removed by centrifugation and filtration 
through a filter-aid. The filtrate was deionized with 
Amberlites IR-100 and IR-4 8 and concentrated to  a sirup 
which was dried by the addition of absolute ethanol and 
its subsequent removal by distillation under reduced 
pressure. Crystallization was effected from methanol; 
yield 28 g. in two crops (fraction A). The filtrate (150 
ml.) was added dropwise to 1.5 liters of anhydrous ether 
and the precipitate so formed was removed by filtration; 
yield 4.7 g. (fraction B), M 24d —61.0° ( c 4, w ater). 
The material was an amorphous, somewhat hygroscopic, 
white powder.

Diheterolevulosan from Fraction A.-—Fraction A (28 
g.) above was recrystallized several times from water to 
yield pure diheterolevulosan; yield 5.9 g., m. p . 9 261- 
263° (dec.), [<*] 18d  ̂— 45.8° (c 4, water). This material 
was chromatographically pure; it showed only one zone 
when chromatographed according to the extrusion pro­
cedure described below. Pictet and Chavan 5 cite for

(8) Products of the Resinous Products and Chemical Co., Phila­
delphia, Pennsylvania.

(9) Unless otherwise noted, all melting points are uncorrected and 
were taken on a modified Berl-Kullmann block as described by F. W. 
Bergstrom, Ind. Eng. Chem., Anal. Ed., 9, 340 (1937). The sub­
stances were heated as rapidly as possible from room tem perature 
to  near the melting point.
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diheterolevulosan the constants: m .p . 266-267°; [ck]18d
—43.5° (c 4, water).

A n a l .  The substance (1 mole) consumed 4.2 moles of 
sodium metaperiodate and formed 2.0 moles of formic acid 
and no formaldehyde.

Acetylation of this material (0.5 g.) with pyridine (7 
ml.) and acetic anhydride (4.5 ml.) by shaking me­
chanically a t room temperature for four to five days, 
yielded hexaacetyldiheterolevulosan (recrystallized from 
absolute ethanol); yield 0.8 g., m. p. 172.5-173.5° (cor.), 
[ce]28d —59.0° ( c 1, U. S. P .10 11 chloroform). Schlubach 
and Behre6 cite for hexaacetyldiheterolevulosan the con­
stants: m .p . 171-173°; [«]20d —59.1° ( c l ,  chloroform).

Diheterolevulosan II from Fraction A.—The aqueous 
mother liquor from the above-described preparation of 
diheterolevulosan was concentrated to a sirup; yield 22 
g. An amount of 11 g. of this sirup was dissolved in 
8 ml. of water, made into a slurry with clay-Celite11 
(5:1 by wt.) and treated with 200 ml. of 95% ethanol. 
The mixture was added to the top of a 2-liter pharmaceu­
tical percolator packed with 1 kg. of the same clay-Celite 
mixture and saturated with 95% ethanol. To this mix­
ture was added 95% ethanol until 6.3 liters of effluent was 
obtained. Evaporation of the filtered effluent yielded a 
sirup (fraction A -l). Additional development with 95% 
ethanol removed a negligible amount of material (very 
weak Molisch test). Changing of the developer to 80% 
ethanol slowly removed further material. From 5 liters of 
effluent there was recovered, in the manner described 
above, crystalline material identified as diheterolevulosan; 
yield 1.0 g., [a ]27D —45.4° (c  4, water).

Fraction A -l was dissolved in water and deionized with 
Amberlite IR-100 and IR-4.8 The deionized solution 
was concentrated under reduced pressure to a thick sirup 
and crystallized by the addition of methanol; yield 7.2 
g., [a ]26d —39.5° (c  4, w ater). The material was re­
crystallized by solutioii in water, concentration to a thick 
sirup and addition to this of absolute methanoh This 
product contained some inorganic material which was 
removed by solution of the organic crystals in boiling 
absolute methanol and filtration. The solvent was 
removed and the procedure was repeated with 90% 
ethanol. Crystallization was effected by concentration of 
the dilute ethanol solution; yield 6.4 g., m. p. 250-252° 
(dec.), m. p. 239-243° on admixture with dihetero­
levulosan of m. p. 261-263° (dec.), [«]28d —39° (c 4, 
w ater). The substance reduced Fehling solution after 
acid hydrolysis with 5% sulfuric acid for thirty minutes 
a t 70°. I t  was chromatographically pure, showing only 
one zone when chromatographed on clay according to the 
procedure detailed below.

A n a l .  Calcd. for C12H 20O1 0 : C, 44.44; H, 6.22.
Found: C, 44.28; H , 6.18. Periodate analysis: the
substance (1 mole) consumed 3.0 moles of sodium meta­
periodate and formed 1.0 mole of formic acid and no 
formaldehyde.

Hexaacetyldiheterolevulosan II.—This substance was 
prepared according to the procedure described above for 
hexaacetyldiheterolevulosan except th a t solution was 
readily effected in the acetylating mixture and two days 
standing a t room temperature without shaking sufficed. 
I t  was obtained crystalline from absolute ethanol; m. p. 
123-124°; [a]29D -4 1 .5 °  (c  4, U. S. P .10 chloroform).

A n a l .  Calcd. for Ci2Hi4Oio(CH3 CO)6 : C, 49.99; H, 
5.60; CH3CO, 10.4 ml. 0.1 N  NaOH per 100 mg.; mol. 
w t., 577. Found: C, 50.11; H , 5.72; CH3CO, 10.4 
m l.; mol. wt. (R ast), 604.

Deacetylation was effected by the procedure of Kunz and 
Hudson12 (sodium hydroxide in dilute acetone a t —15°).

(10) United States Pharmacopoeia.
(11) The clay employed was Florex X X X , a fuller’s earth type of 

clay, produced by the Floridin Co., Warren, Pennsylvania. The 
Celite (no. 535) was a siliceous filter-aid produced by Johns-M an- 
ville Co., New York, N. Y. The mixture was purified by solvent 
extraction as described by Lew, Wolfrom and Goepp.4

(12) A. Kunz and C. S. Hudson, T his Journal, 48, 1982 (1926).

Acetone was removed from the neutralized solution by 
distillation under reduced pressure and inorganic ions 
were removed by passage through ion exchange columns 
(Amberlites IR-100 and IR-48) . Concentration to a thick 
sirup followed by methanol addition yielded the original 
crystalline diheterolevulosan I I ;  m. p. 250-252°, [<xj2SD 
— 38.7° ( c 4 ,  w a te r) .

Investigation of Fraction B,—Fraction B above (4.7 g., 
[a]24D —61° in water) corresponds to the amorphous 
material described by Pictet and Chavan5 as “ hetero­
levulosan, ” [ck]24d —66° ( c 3, water), and considered by 
them to be a six carbon anhydro-D-fructose. Three 
grams of this fraction was dissolved in 45 ml. of water 
and 255 ml. of dioxane (distilled from sodium) was added. 
The resultant solution was chromatographed in 5-cc. 
portions on 25 g. of clay-Celite (5:1) in tapered tubes 
(23 mm. diam. a t bottom and 25 mm. diam. a t top). 
Development was effected with 70 ml. of 95% dioxane. 
Extrusion of the chromatograms and streaking with the 
alkaline permanganate indicator (1% potassium per­
manganate in 2 N  sodium hydroxide) located three zones 
in each: C, 6-18 mm. from the top; D, 45-70 mm.;
E, 95-125 mm. No significant amount of material was 
present in the effluents. The sectioned fractions were 
eluted with 80% ethanol. The collected material from 
the C zones yielded a small amount of crystalline sub­
stance th a t is under further investigation; m. p. 261- 
263° (dec.), [ck]25d —90° ( c 4 ,  water). Zone E yielded 
a sirup; yield 0.3 g. Zone D contained diheterolevulosan 
I I ;  0.8 g., [ a ] 23D —37° (c  4, water). Ash-free material 
was obtained on recrystallization as described above; 
m. p. 248-250° (dec.) undepressed on admixture with 
the material described above, [ a ] 24D —37° ( c 4, water).

A n a l .  Calcd. for C12H 20O1 0 : C, 44.44; H , 6.22.
Found: C, 44.08; H , 6.08.

Subjection of an Aqueous Solution of D-Fructose to 
the Action of Heat and Recovery of the Reaction Products.
—Following the heat treatm ent procedure of Sattler and 
Zerban,3 100 g. of D-fructose was dissolved in 25 ml. 
of water and the resultant solution was refluxed gently for 
sixteen hours. The solution was then diluted to 700 ml. 
with sterile water and fermented and deionized as de­
scribed previously. The resultant dried sirup was dis­
solved in 200 ml. of dry methanol and the solution added 
dropwise to 2 liters of dry acetone. The resultant flaky, 
cream colored, somewhat hygroscopic, amorphous solid 
was removed by filtration; yield 26 g., [gj]24d —23° 
(c  4, water). The precipitate was redissolved in water, 
treated with decolorizing charcoal, and the solution again 
evaporated to  dryness under reduced pressure. The dry 
residue was further purified by two precipitations ef­
fected by the dropwise addition of its methanolic solution 
to  acetone; yield 18 g., [<x]24d —32.6° ( c 4, water). An 
amount of 16.4 g. of this material was crystallized from 
anhydrous methanol; yield 1.1 g. of crystals (fraction 
F ) , [o'] 22d —37 0  (c  4, w ater). The mother liquor material 
will be designated fraction G.

Fraction F  (1.1 g.) was dissolved in 15 ml. of water to 
which was then added 85 ml. of purified dioxane. This 
solution was chromatographed in 5-cc. portions exactly 
as' described above for fraction B. Two zones were 
obtained: H , 8-23 mm. from the top; I, 36-72 mm.
The collected material from the H zone yielded crystals 
on concentration of the eluate; yield 0.49 g., [«]30d 
—48° ( c 4, water). Pure material was obtained on 
several recrystallizations effected by solution in a minimum 
amount of hot water and addition of ethanol. I t  was 
identified as diheterolevulosan; m. p. 261-263° (dec.) 
undepressed on admixture with the above-described m a­
terial from the acid treatm ent of D-fructose, [ a ]24d — 45.0° 
( c 4 , w ater).

A n a l .  Calcd. for C12H 2 0O1 0 : C, 44.44; H, 6.22.
Found: C, 44.23; H , 5.96.

The hexaacetate was prepared as described above; 
m. p. 172.5-173.5° (cor.) undepressed on admixture with 
material from the acid treatm ent of D-fructose, [ a ] 28D 
-5 8 .0 °  (c 1, U. S. P .10 chloroform).
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The collected material from the above-described zone I 
was a sirup tha t crystallized on the addition of anhydrous 
methanol; yield 0.19 g. {fraction J ) ,  [cz] 29d —37.6° 
(c 4, water). This material was combined below to 
form fraction K.

An amount of 12 g. of fraction G above was dissolved 
in 180 ml. of water and to this was added 1 0 2 0  ml. of puri­
fied dioxane. The resultant solution was chromato­
graphed in 5-ml. portions as described above for fraction 
B. Zones were obtained th a t were located in the same 
positions as those found in fraction B. The collected 
material from the bottom zones yielded a sirup th a t was 
not .further investigated; yield 1.4 g. The material 
from the top zones was found to contain diheterolevulosan, 
identified by optical rotation, which was isolated as de­
scribed above; yield 0.32 g. The collected material from 
the middles zones crystallized in part from methanol; 
yield 1.2 g., [ a ] 28D —39.0° (c 4, water). This crystalline 
material was combined with fraction J above to form frac­
tion K which was further purified from methanol and 90% 
ethanol and was identified as diheterolevulosan I I ; m .p . 
250-252° (dec.) undepressed on admixture with material 
obtained by the acid treatm ent of D-fructose, [ « ] 28d 
—39.0° (c  4, water).

A n a l .  Calcd. for Ci2H 20Oio: C, 44.44; H, 6 .2 2 .
Found: C, 44.31; H ,6 .20 .

The material was non-reducing toward Fehling solution 
and yielded the above-described hexaacetate of dihetero­
levulosan II.

Summary
1. Diheterolevulosan (di-D-fructopyranose 1,- 

2': 2,1 '-dianhydride, I) and a new di-D-fructose di­
anhydride, designated diheterolevulosan II, have 
been isolated in crystalline form by chromato­
graphic methods from the products obtained by 
the action of heat or of hydrogen chloride upon 
concentrated aqueous solutions of D-fructose.

2. Periodate analysis of diheterolevulosan II
(II) favors, but does not prove, a 1,2': 2,1'-dian­
hydride structure (III) formed between a mole of 
D-fructopyranose and one of D-fructofuranose.

3. The amorphous "heterolevulosan” of Pictet 
and Chavan is shown by chromatographic meth­
ods to be a complex mixture, the principal constit­
uent of which is diheterolevulosan II.
C o l u m b u s , O h io  R e c e iv e d  F e b r u a r y  16, 1948

[C o n t r ib u t io n  f r o m  t h e  C o n v e r s e  M e m o r ia l  L a b o r a t o r y  o f  H a r v a r d  U n iv e r s it y ]

The Structure of Ketoyobyrine
By R. B. Woodward and Bernhard W itkop

The selenium dehydrogenation of yohimbine 
(I) gives two bases, tetrahydroisoyobyrine (II), 
yobyrine (III) and ketoyobyrine, a neutral sub­
stance of the formula C20H16ON2. The study of the

h 2

C

H I
basic products was of primary importance in de­
ducing the structure of yohimbine, and the struc­
tures of the bases have been established beyond 
question.1-2 On the other hand, no satisfactory

(1) Scholz, Helv. Chim. Acta, 18, 923 (1935).
(2) Witkop, Ann., 554, 83 (1943); cf. Clemo and Swan, J . Chem. 

Soc., 617 (1946); Julian, et al., This Journal, 70, 180 (1948).

formulation of ketoyobyrine has been forthcom­
ing . Scholz3 originally put forward the expression
(IV); the facts that ketoyobyrine is optically in­
active, that it is the product of a drastic dehydro­
genation reaction, and in particular that it has no 
basic properties, are incompatible with that for­
mula. The outstanding phenomenon in the chem­

istry of ketoyobyrine is the smooth cleavage of the 
molecule by amyl alcoholic potassium hydroxide 
to hemellitylic acid and norharmane.3-4 This be­
havior has been adduced in support of an alterna­
tive formula (V),2 which, however, still cannot 
be reconciled with the neutral character of the 
molecule.

In this communication, it is shown that in 
fact ketoyobyrine5 has the structure (VI). This 
formula was deduced from that of yohimbine (I) 
on the basis of these considerations: (i) when yo- 
himbic acid is heated with selenium, loss of the

(3) Scholz, Diss. Eidgen. Techn. Hochschule, Zürich, 1934.
(4) M endlik and W ibaut, Rec. trav. chim., 50, 91 (1931).
(5) I t  is clear th a t the  term  ketoyobyrine is a misnomer, bu t in 

view of long-established usage, we feel th a t a change is not desirable.
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H
O

HOOC'
hydroxyl group through dehydration may be 
followed to some extent by the dehydrogenation 
of ring E; (ii) the resulting intermediate (VII), as 
a benzylamine, should be subject to ready reduc­
tion cleavage between N.4 and C.21,6 7 8 to give
(VIII); (iii) by rotation through 180° about the

C.14-C.15 bond, (VIII) is in a position to un­
dergo lactamization to (IX); (iv) selenium may 
effect the further dehydrogenation of the dihydro- 
isoquinolone (IX) to (VI). It is noteworthy that 
the latter contains a fully aromatic isoquinolone 
system, and that a compound of that structure 
should exhibit the high stability characteristic of 
ketoyobyrine.

The remarkable cleavage of ketoyobyrine by 
amyl alcoholic potassium hydroxide to norhar- 
mane and hemellitylic acid is readily explicable in 
terms of the structure (VI). Thus, opening of the 
amide link gives (X). The A3*14 double bond of

(X) migrates to A5*6 by three prototropic shifts, 
for each of which ample analogy is available, viz.,
enamme

ketimine isomeric ketimine8

ine ( HC—C—NH  ̂—> ketimine7 ( CH2—C=n \
\  14 3 /  \1 4  3 )

(-Ln4h-)
( —CH—N==CH ,̂ and finally ketimine 

(  N—CH—CH2 — > NH—CH—CĤ
\  5 6 5 6 /

amine The

(6) Emde and Kull, Arch. Pharm., 274, 173 (1936).
(7) Cf. Auwers and W underling, Ber., 64, 2748, 2758 (1931); 

65, 70 (1932).
(8) Shoppee, J . Chem. Soc., 696 (1932); 1225 (1931).

resulting dihydropyridine derivative (XI) then 
suffers loss of the side chain through the base-cata-

ing norharmane and 2,3-dimethylbenzoic acid. 
The cleavage is analogous to that of the dihydro­
quinoline derivative (XII), which leads to quino­
line and isobutyric acid9; the driving force for the 
reaction is derived from the aromatization of the 
pyridine ring in either case, and the reaction is fa­
cilitated by the attachment of a carboxyl group 
either directly (in the case of XII) or through a

double bond (in the case of XI) to the carbon atom 
which must accept the electron pair from the bro­
ken bond.

The formula (VI) implies that in ketoyobyrine 
the yohimbine ring system is not fully aromatized. 
In accordance with that view, we have found that 
when ketoyobyrine is heated at 280° in the pres­
ence of palladium black, exactly one mole of hy­
drogen is released, and a new substance, C20H14- 
ON2, m. p. 345°, for which we propose the name 
dehydroketoyobyrine, is formed. The ultraviolet 
spectrum of the new compound differs consider­
ably from that of its progenitor (cf. Fig. 1). It is 
clear that the structure (XIII) may be assigned to 
dehydroketoyobyrine.

In marked contrast to ketoyobyrine, dehydro­
ketoyobyrine, when treated with hot amyl alco­
holic potassium hydroxide, is converted smoothly 
to a colorless amino acid, C20II16O2N2, which re­
verts readily to its precursor on heating, alone, or 
in a variety of solvents, e. g . 9 even on attempted re­
crystallization from alcohol. The nature of these 
changes is clear. Following the cleavage of the

(9) Staudinger and Klever, Ber., 39, 968 (1906); 40, 1149 (1907).
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Fig. 1.—Dehydroketoyobyrine, — ; ketoyobyrine ----.

amide link of (XIII) with the formation of (XIV), 
ring C becomes aromatic through migration of the 
A3-14 double bond to the A3 4 position. In this 
way, we arrive at the conclusion that the amino 
acid C20H16O2N2 is carboxyyobyrine (XV). This 
view is substantiated by the identity of the ultra­
violet absorption spectrum of the amino acid in 
alkaline solution10 with that of yobyrine11 (III) 
(cf. Fig. 2). The reconversion of (XV) to (XIII) 
is readily understandable in the light of the well- 
known lability of the «-substituted pyridine 
a-pyridone methine equilibrium. When attempts 
were made to effect the decarboxylation of (XV) to 
yobyrine itself, the facile reconversion to (XIII) 
supervened, and dehydroketoyobyrine was the 
sole isolable product.

The new view of the constitution of ketoyobyrine 
affords new support for the attachment of the 
carboxyl group of yohimbine at C.16. Hitherto 
the acceptance of this position has depended upon 
the formation of harmane and m-toluic acid from

(10) The spectrum  was determined under alkaline conditions in 
order to minimize any possible additional contribution to absorption 
as a result of the conjugation of the carboxyl group of (XV) with the  
benzenoid ring.

(11) Pruckner and W itkop, A nn., 4>54, 127 (1943).

Fig. 2.—Carboxyyobyrine (sodium salt), — ; yobyrine,

"tetradehydroyohimbine”12 (XVI)2 on boiling 
with amyl alcoholic potassium hydroxide. The 
inference from this change is relatively clear, but 
the structural value of the evidence has been sub­
ject to some question in view of the fact that the 
nature of the cleavage has been obscure, the more 
so, since, in this reaction, scission of the C.14-C.15 
bond occurs, in sharp contrast to the breaking of 
the C.3-C.14 bond of ketoyobyrine under very 
similar conditions. We should like to point out 
that the course of the cleavage of (XVI) is explic­
able in terms which we have applied elsewhere to 
the drastic alkaline degradation of alicyclic acids.13 
Thus, removal by base of the hydrogen atom, a 
to and activated by, the carbomethoxy group of
(XVI) gives an anion (XVII), which undergoes a 
simple electronic shift (XVII, arrows), with cleav­
age of the C.14-C,15 bond; the acceptance of the 
liberated electron pair by C.14 is, of course, facili­
tated by the adjacent pyridine ring (cf. XVII, ar­
row a). The addition of a proton to the heterocy­
clic fragment leads to harmane, and the further 
changes which lead to m-toluic acid from the hy­
droaromatic fission product are unexceptional. 
We may point out that the course of this cleavage 
is in general terms very similar to that of ketoyo­
byrine, and that the difference in the actual points 
of cleavage receives a rational explanation in 
terms of the particular molecular environment 
present in the one or the other case.

In these circumstances, we consider that the 
attachment of the carbomethoxy group of yohim­
bine at C.16 is now entirely free of ambiguity .

Experimental
Ketoyobyrine.—The crude product obtained from the 

selenium dehydrogenation of yohimbic acid in about 4%
(12) Hahn, Kappes and Ludewig, Ber., 67, 686 (1934).
(13) Woodward and Brutschy, This Journal, in press.
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yield was first recrystallized from acetic acid (charcoal) 
and then extracted from a thimble with alcohol, in which it 
is moderately soluble; bright yellow rectangular prisms, 
m. p. 315-320°14 (dark m elt).

A n a l .  Calcd. for C20H 1 6ON2: C, 79.97; H , 5.37 
Found: C, 79.98; H , 5.37.

Dehydroketoyobyrine.—A mixture of 100 mg. of ketoyo­
byrine and 2 0 0  mg. of palladium black was heated to 280 ° 
(m etal-bath). After about fifteen minutes exactly the 
equivalent of one mole of hydrogen had been liberated; 
prolonged heating or higher temperature did not increase 
the amount of hydrogen (8.5 cc.). From the reaction 
mixture the dehydroproduct was obtained either by sub­
limation (280°, 0 . 0 0 1  m m .), or by recrystallization from a 
thimble with ethyl alcohol (twenty-four hours). The 
compound is very sparingly soluble in ethanol and forms 
fans of short needles of a yellowish-green color. The yield 
is almost quantitative. The crystals when powdered or 
sublimed have the same yellow color as ketoyobyrine and 
in solution they exhibit a similar powerful fluorescence; 
melting point 345-350° (transformation into prisms at 
310°, mixed melting point with ketoyobyrine, 305-310°).

A n a l .  Calcd. for C2oH1 4ON2: C, 80.53; H , 4.69. 
Found: C, 80.32; H , 4.92.

Carboxyyobyrine.—Dehydroketoyobyrine (0 . 2  g.) was 
heated under reflux in 4 cc. of amyl alcohol containing 2  g. 
of caustic potash. A clear yellow solution was obtained 
after fifteen minutes, whereas ketoyobyrine requires many 
hours to go into solution under the same conditions. After 
ten hours water was added and the mixture was extracted 
with ether. The ethereal layer contained traces of keto­
yobyrine, if th a t was a contaminant of the starting m ate­
rial, and traces of a fluorescent base yielding a picrate (4 
m g.), m. p. 255°, showing no depression on admixture 
with norharmane picrate. The aqueous alkaline layer 
contained an acid which on acidification with glacial acetic 
acid separated as a colorless flocculent precipitate. When

(14) All melting points are corrected.

the alkaline cleavage was carried out in a glass vessel, 
silicic acid was precipitated first by adding mineral acid to 
the alkaline solution to p H  8 .5. The flocculent amino acid 
(180 mg.) was obtained crystalline when its solution in 
dilute ammonia was allowed to stand overnight in a 
slightly evacuated desiccator. In another run. carboxy­
yobyrine was obtained in beautiful fine needles when it was 
reprecipitated from dilute alkaline solution with just the 
necessary amount of acetic acid and was afiowed to stand 
for two days. The colorless aqueous acidic solution of the 
acid shows the characteristic pure blue harmane fluores­
cence. On heating the compound becomes yellow at 
about 1 0 0  ° and shows then the same melting point as de­
hydroketoyobyrine. For the analysis the substance has 
to be dried a t room temperature.

A n a l .  Calcd. for C2 0H 1 6O2 N 2 -H2O : C, 71.85; H,
5.40. Found: C, 71.46; H , 5.49.

Reconversion to Dehydroketoyobyrine.—When recrys­
tallization of carboxyyobyrine was attempted by extracting 
it from a thimble with methanol in which the amino acid is 
sparingly soluble, all the yellow material which had crys­
tallized overnight from the alcoholic solution consisted of 
dehydroketoyobyrine, m. p. 345°. When 20 mg. of 
carboxyyobyrine mixed with 40 mg. of soda lime was 
heated in  vacu o  to 350 °, no yobyrine could be isolated from 
the negligible sublimate. The residue gave some dehydro­
ketoyobyrine.

Acknowledgment.—We are indebted to Miss 
Adelaide Sutton who, through the courtesy of 
Dr. Elkan R. Blout (Polaroid Corporation, Cam­
bridge), measured the ultraviolet spectra.

Summary
The structure of ketoyobyrine has been shown 

to be that of a lactam derived from carboxyyoby­
rine.
C a m b r id g e  38, M a s s . R e c e iv e d  M a r c h  15, 1948

[C o n t r ib u t io n  f r o m  t h e  C o b b  C h e m ic a l  L a b o r a t o r y  o f  t h e  U n iv e r s it y  o f  V ir g in ia ]

The Mannich Reaction with 1,2-Dibenzoylethane1'2
B y  P h i l ip  S. B a il e y 3 a n d  R o b e r t  E. L u tz

The Mannich reaction has been carried out with drochlorides and paraformaldehyde in ethyl or
1,2-dibenzoylethane, using secondary amine hy- isoamyl alcohol solution and in benzene solution.4

C6H 6 COCH2 CH 2 COC6H 6

I

H N R2 HC1 +  c h 2o  -f HCl ------------------- -------------------
ethyl or isoamyl 
alcohol solution

H—C— ----C—CH2NR2

C6H 5—Cs^ / C —c 6h 5

HNC 4H8O H C l 
CH20  -F HCl 
benzene solution

Y
HOCH2—C-------C—c h 2 n c 4h 8o

II II
C6H 5—Cv /C —C6H 5x cx

I I I

C6H5COCH2CHCOC6H5

C n 2 NR 2

IV (a) NR 2 =  N(CH 3 ) 2  

(b) NR 2 =  morpholinyl 
group

II  (a) NR 2 =  N(CH 3 ) 2

(b) NR 2 =  morpholinyl
group

(c) NR 2 =  N(C 2H 5 ) 2

(1) A portion of the work described in this paper was carried out 
under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development 
and the University of Virginia.

(2) Presented in combination with a paper from The University 
of Texas a t the Chicago meeting of the American Chemical Society, 
April, 1948.

(3) Holder of Philip Francis du Pont Fellowships, 1942-1944.
Present location, The University of Texas, Austin, Texas.

In ethanol solution, using dimethylamine and 
morpholine hydrochlorides and refluxing for forty- 
eight hours, the products were the respective sub­
stituted furans (Ila and lib ), both of which have 
previously been made by other methods.5 When

(4) For a discussion of the  use of benzene as a solvent in the M an­
nich reaction see Fry, J . Org. Chem., 10, 259 (1945).

(5) Lutz and Bailey, This Journal, 67, 2229 (1945).
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the reaction was carried out under less acidic con­
ditions, low yields of the respective mono-(amino- 
methyl) -dibenzoylethanes (IV) were obtained. 
Never were any di-(aminomethyl)-dibenzoyleth­
anes isolated. When diethylamine hydrochloride 
was used in ethanol solution, very little reaction 
occurred. When isoamyl alcohol was used as the 
solvent, however, a 32% yield of lie  was obtained. 
The structure of this compound was proved by the 
same method used in the proof of structure of the 
other (aminomethyl) -furans,5 namely, conversions 
V to He.

Br—C------- C—CH2Br HN(C2H5)2
II II —  ..

BrC6H4— Cv yC—C6H4Br

Br—C------- C—CH2N (C2H5)2 H2

\ 0/
V

BrC6H4—Cv /C —C6H4Br
XK  
VI

Pd
lie

When the reaction was carried out in benzene 
solution,4 using morpholine hydrochloride, the 
product was a mixture from which was isolated 
some of the (morpholinylmethyl)-furan (lib) and 
the known 3 - (hydroxymethyl) -4- (N-morpholinyl­
methyl) -2,5-diphenylfuran (III).6-7 The respec­
tive yields of these products seem to vary with the 
acidity of the reaction medium. When 1% by vol­
ume of concentrated hydrochloric acid was used in 
the reaction mixture, compound III was the prin­
cipal product, but when the amount of hydrochlo­
ric acid was cut in half, compound lib  was the 
principal product.

The basis for the structure assigned to com­
pound III was its synthesis from compound lib  
by a bromomethylation reaction followed by a 
hydrolysis of the resulting bromomethyl com­
pound.6 Further substantiating this structure 
was the reaction of the hydroxymethyl compound
(III) with acetic anhydride and sulfuric acid or 
benzoic anhydride and sulfuric acid to yield the 
acetate or the benzoate, respectively.

Experimental8
Preparation of 1,2-Dibenzoylethane (I).—The 1,2-di- 

benzoylethane used in these reactions was prepared by the 
reduction of 1,2-dibenzoylethylene by means of stannous 
chloride and hydrochloric acid. Into a hot suspension of 
200 g. of stannous chloride in a solution of 300 ml. of 8 N  
hydrochloric acid and 100 ml. of 95% ethanol, was poured 
with stirring a hot solution of 200 g. of /m ^-l,2-diben- 
zoylethylene in 1 liter of 95% ethanol. The mixture was 
then diluted with 100 ml. of water, cooled and filtered. 
Recrystallization of the crude dibenzoylethane (190 g., 
m. p. 125-133°) yielded 156 g. (76% yield) of material 
which melted at 145-147 °.

(6) Lutz and Bailey, T his J o u r n a l , 68, 2002 (1946).
(7) D ue to an erroneous analysis, the fact was not at first apparent 

that th is compound was identical w ith th at reported in ref. 6. 
Thanks are due to Mr. Gene Nowlin, graduate student of The Uni­
versity of Texas, for subsequent work which led to the identification 
of III , and which will be reported soon in a paper from The Univer­
sity  of Texas.

(8) All melting points reported here are corrected.

3 - (N -Diethylaminomethyl) -2,5-diphenylfuran Hydro­
chloride (lie) (SN-3545)9 from the Mannich Reaction in 
Isoamyl Alcohol Solution.—A mixture of 12 g. of 1,2- 
dibenzoylethane (I), 12 g. of diethylamine hydrochloride, 
5 g. of paraformaldehyde, 1 ml. of concentrated hydro­
chloric acid and 50 ml. of isoamyl alcohol was refluxed for 
thirty hours, after which the solvent was evaporated under 
vacuum. An ether suspension of the residue was shaken 
with dilute hydrochloric acid until everything dissolved in 
one or the other of the layers, after which the ether layer 
was evaporated. From the residue was isolated 1.3 g. of
2,5-diphenylfuran which was identified by a mixture melt­
ing point with an authentic sample. The hydrochloric 
acid extract was neutralized with sodium carbonate and ex­
tracted with ether. The ether extract was washed with 
salt solution several times, dried over sodium sulfate and 
evaporated. An acetone solution of the residual oil was 
acidified with ethereal hydrogen chloride solution and 
diluted with dry ether. White crystals were obtained, 
which weighed 5.4 g. (32% yield) and melted at 168-175°. 
Several recrystallizations from acetone solution, by the 
addition of dry ether, raised the melting point to 177-179 °.

Anal. Calcd. for C21H23NOHCI: C, 73.77; H, 7.08.
Found: C, 73.74; H, 7.16.

The preparation also was attempted using other solvents. 
In the case of ethanol, reaction was obtained only when 
excess paraformaldehyde was added daily over a period of 
fifteen days; yield of He, 18%. When the reaction was 
carried out in benzene solution a mixture of basic products 
was obtained which was not studied further, due to diffi­
culty in effecting a separation.

4-Bromo-2,5-di- (^-bromophenyl) -3 - (N-diethylamino- 
methyl)-furan (VI).-—A mixture of 2.8 g. of V10 and 10 
ml. of diethylamine in 25 ml. of isopropyl ether was allowed 
to react without attention for two days. The diethyl­
amine hydrochloride which precipitated was filtered off and 
the filtrate was washed several times with salt water and 
dried over sodium sulfate. Evaporation of the ether solu­
tion and crystallization of the residue from 2-propanol gave
2.5 g. (91% yield) of white crystals, m. p. 95-98°; re­
crystallized from 2-propanol, m. p. 97-98°.

Anal. Calcd. for C2iH20Br3NO: C, 46.52; H , 3.72. 
Found: C, 46.34; H, 3.65.

In a separate experiment it was shown that 4-bromo-3- 
methyl-2,5-diphenylfuran will not react with amines under 
the above conditions.

3 - (N-Diethylaminomethyl) -2,5 -diphenylfuran (He) from
4-Bromo-2,5- di - ( p  - bromophenyl) -3 - (N - diethylamino­
methyl)-furan (VI).—Catalytic hydrogenolysis of 1 g. of 
VI in 50 ml. of ethanol with 1 g. of palladium-barium sul­
fate catalyst was carried out until the rate appreciably de­
creased, at which point 3.5 mole-equivalents of hydrogen 
had reacted. The reaction mixture was filtered and the 
filtrate evaporated; the residue was suspended in sodium 
carbonate solution and the mixture was extracted with 
ether. The ether extract was washed, dried over sodium 
sulfate and evaporated. An acetone solution of the resi­
due, acidified with ethereal hydrogen chloride solution and 
diluted with absolute ether, yielded 0.6 g. of a white crys­
talline material (m. p. 177-178°), which was shown by a 
mixture melting point to be the same compound obtained 
from the Mannich reaction described above.

Oxidation of the furan with nitric acid in acetic acid 
solution gave an oil which resisted crystallization either as a 
free amine or as a hydrochloride.

3-(N  -Morpholinylmethyl) -2,5-diphenylfuran Hydro­
chloride (lib) from the Mannich Reaction in Ethanol Solu­
tion.—A mixture of 48 g. of dibenzoylethane (I), 25 g. of 
paraformaldehyde, 51 g. of morpholine hydrochloride, 200

(9) The Survey Num ber, designated SN , identifies a drug in th e  
records of th e Survey of Antimalarial Drugs. T he antim alarial 
activities of those compounds to  which Survey Num bers have been  
assigned are tabulated in the monograph, F. Y. W iselogle, “ A Survey  
of Antimalarial Drugs, 1941-1945,” Edwards Brothers, Ann Arbor, 
M ichigan, 1947.

(10) Lutz and M cGinn, T h is  J o u r n a l , 64, 2583 (1942),
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ml. of absolute ethanol and enough ethanolic hydrogen 
chloride to make the reaction mixture slightly acidic, was 
refluxed for one hundred and thirty-five hours. During 
this time an additional 2 g. of paraformaldehyde was 
added every twelve hours. The reaction mixture was 
worked up in a manner similar to that of the Mannich re­
action using diethylamine hydrochloride. Thus was 
obtained 21 g. of 2,5-diphenylfuran and 30 g. of 3- 
(N-morpholinylmethyl) -2,5-diphenylfuran hydrochloride 
(H b), both of which were identified by mixture melting 
points with known samples. The use of isoamyl alcohol as 
a solvent did not improve the yield.

1,2 -Dibenzoyl -1 - (N -morpholinylmethyl) -ethane (IVb) 
from the Mannich Reaction.—When a mixture of 4.7 g. of 
dibenzoylethane (I), 4.2 g. of morpholine hydrochloride,
l .  8 gv of paraformaldehyde and 20 ml. of ethanol (no 
excess hydrogen chloride present) was refluxed for forty 
hours (1 g. of excess paraformaldehyde was added every 
twelve hours) and the reaction mixture was worked up as 
described above, 0.6 g. of dibenzoylethane was recovered 
in the non-basic extract and 1.6 g. (24% yield) of IVb 
(m. p. 80-82°) was found in the basic extract. It was 
isolated as the free amine and was identified by a mixture 
melting point with an authentic sample.5

3-(N-Dimethylaminomethyl) -2,5-diphenylfuran Hydro­
chloride (Ila) from the Mannich Reaction in Ethanol Solu­
tion.—A mixture of 12 g. of dibenzoylethane (I), 8 g. of 
dimethylamine hydrochloride, 5 g. of paraformaldehyde, 
16 drops of concentrated hydrochloric acid and 50 ml. of 
absolute ethanol was refluxed for forty-three hours. On 
cooling, a precipitate formed and was filtered; 2.5 g.,
m. p, 75-135°; identified as dibenzoylethane after re­
crystallization. When the filtrate was worked up in the 
same manner as the Mannich reactions described above,
4.5 g. (31% yield) of white crystals (m. p. 217-220°) was 
obtained and identified as 3 - (N-dimethylaminomethyl) -
2,5-diphenylfuran hydrochloride (Ila) by a mixture 
melting point with an authentic sample.5

In another run in which one-half the amount of hydro­
chloric acid was used, 50% of the product was 1,2-diben- 
zoyl-1 - (N-dimethylaminomethyl) -ethane hydrochloride
(IVa) ; separated from the furan by fractional crystalliza­
tion and identified by a mixture melting point with an 
authentic sample.5

The Mannich Reaction between 1,2-Dibenzoylethane 
(I), Paraformaldehyde and Morpholine Hydrochloride in 
Benzene Solution.—A mixture of 48 g. of dibenzoylethane 
(I), 51 g. of morpholine hydrochloride, 28 g. of paraform­
aldehyde, 200 ml. of benzene and 2 ml. of concentrated 
hydrochloric acid was refluxed for forty-eight hours. Two 
layers were present during the entire time. The solvent 
was then evaporated under reduced pressure and the resi­
due was suspended in ether. When the resulting mixture 
was shaken with approximately 6 N  hydrochloric acid, 
some material crystallized (15.3 g., m. p. 145-148°) and 
was identified as dibenzoylethane by a mixture melting 
point. The acid layer was separated and was neutralized 
with sodium carbonate. When this mixture was shaken 
with ether, some material crystallized and was filtered; 
18 g., m. p. 152-165°. The filtrate was thoroughly ex­
tracted with ether and the ether extract, upon being 
washed, dried and evaporated, yielded an oil which was 
converted to a crystalline hydrochloride and identified as 
l ib  by a mixture melting point; yield 1 g. The 18-g. 
batch of crystals melted at 176-177° after several recrys­
tallizations from ethanol and was shown to be 3-(hydroxy­
methyl) -4  - (N - morpholinylmethyl) - 2,5 - diphenylfuran
(III) by a mixture melting point with a known sample.6 
A small amount of the compound (III) was converted into

a crystalline hydrochloride by acidifying an acetone solu­
tion of the material with ethereal hydrogen chloride solu­
tion; recrystallized from methyl ethyl ketone, m .p . 178- 
ISO 0 (it gave a large depression in a mixture melting point 
with the free amine).

Anal. Calcd. for C22H 23N 0 3 -HCl: C, 68.47; H, 6.27.
Found: C, 68.32, 68.29; H , 6.26, 6.11.

In another reaction in which only one-half the quantity 
of hydrochloric acid was used, the yield of III was one- 
third less, while the yield of lib  was 37%. In yet another 
experiment where the amount of paraformaldehyde was 
cut to one-half, the hydrochloric acid to one-fourth and the 
reaction mixture was refluxed for only one hour, IVb was 
the product in 8% yield. The recovery of dibenzoylethane 
was 91% .

3-( Acetoxymethyl) -4 - (N -morpholinylmethyl) -2,5-di­
phenylfuran.—To a suspension of 2 g. of III in 9 ml. of 
acetic anhydride was added 7 drops of concentrated sulfuric 
acid. The mixture was allowed to stand for five minutes, 
after which time it was poured into water. The resulting 
mixture was neutralized with sodium carbonate and ex­
tracted with ether. After the ether extract was washed, 
dried and evaporated, the residue was converted into a 
hydrochloride by acidifying an acetone solution of it with 
ethereal hydrogen chloride solution. Upon cooling and 
filtering, 1.5 g. of material was obtained (m. p. 183-185°) ; 
recrystallized from 2-propanol, m. p. 187-188°.

Anal. Calcd. for C24H25N04-HCl: C, 67.36; H, 6.12.
Found: C, 67.40, 67.52; H, 6.41, 6.18.

The acetoxy compound was not obtained when acetyl 
chloride was used in place of acetic anhydride.

The acetoxy compound was converted back to III by 
treatment with phosphorus pentachloride or methylmag­
nesium iodide followed by hydrolysis.

3-(B enzoyl oxy) -4-(N-morpholinylmethyl) -2,5-diphen­
ylfuran.—A mixture of 1 g. of III and 5 g. of benzoic 
anhydride was fused at 80°. To the fused mixture was 
added 4 drops of concentrated sulfuric acid. The reaction 
mixture was allowed to stand for fifteen minutes at 80°, 
after which time it was poured into water. The resulting 
aqueous mixture was extracted with ether and the ether ex­
tract was washed four times with dilute sodium hydroxide 
solution, dried over sodium sulfate, and evaporated. An 
acetone solution of the residue was acidified with ethereal 
hydrogen chloride solution, and the resulting crystals were 
filtered; yield, 1 g.; recrystallized from 2-propanol, m .p . 
183-185°.

Anal. Calcd. for C29H27N 04-HC1: C, 71.08; H, 5.76. 
Found: C, 71.16; H, 5.73.

The hydroxymethyl compound (III) was not affected by 
refluxing acetic acid-zinc dust mixture (thirty minutes).

Summary
The Mannich reaction with 1,2-dibenzoylethan e 

has been carried out in benzene and in alcohol solu­
tions. The products isolated were N-substituted
l-(aminomethyl)-l,2-dibenzoylethanes and 3-(ami- 
nomethyl)-2,5-diphenylfurans, and in one case 3- 
(hydroxymethyl) -4- (morpholinylmethyl) - 2,5-di­
phenylfuran. Conditions favoring the formation 
of each type of product are described.
A ustin, T exas  
C harlottesville, V irginia

R eceived  F ebruary  24, 1948
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The Synthesis of 2- and 3-Substituted Naphth [ 1,2] imidazoles
By E arl W. Malmberg1 and Cliff S. Hamilton
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Many of the compounds which have been syn­
thesized in this Laboratory because of possible 
interest as antimalarial agents have included the 
benzoquinoline nucleus as part of the structure.2 
The syntheses of a number of similar compounds 
which are based on the naphth [1,2] imidazole nu­
cleus (I) have been studied and are reported in the 

1 2
N = C H

present investigation. The antimalarial screening 
of one derivative of the proposed nucleus, 2- 
aminonaphth [1,2]-imidazole, was reported after 
the inception of this work; the quinine equivalent 
was less than 0.08.3

The Phillips reaction4 was used in the prepara­
tion of the 2,3-disubstituted naphth [1,2] imida­
zoles. The parent diamine in the disubstituted 
series is 1-amino-2-methylaminonaphthalene. 
The most promising synthesis for this unreported 
diamine was by reduction of 1-nitroso-2-methyl- 
amino naphthalene. The necessary aminonitroso 
compound was prepared very simply according to 
the method of Fischer, Dietrich, and Weiss.5 
Methods usually employed for the reduction of 
nitroso compounds failed because of the formation 
of extremely insoluble complexes between the 
aminonitroso compound and various metallic 
ions. Reduction with molecular hydrogen and 
Raney nickel catalyst proceeded very smoothly 
and in excellent yields.

Literature reports6 and preliminary experiments 
with ethyl e-diethylaminocaproate indicated that 
amino acids do not undergo the Phillips reaction, 
and so the tertiary amine groups which were de­
sired in the final structure were introduced into 
the molecule after the ring closure; the secondary 
hydroxyl group could be present in the molecule 
of the carboxylic acid. The desired intermediates 
were therefore prepared from the acids listed 
below, chloroacetic acid and /3-chlorolactic acid. 
The respective products, 2-chloromethyl-3- 
methylnaphth [1,2] imidazole and 2-(«-hydroxy-/3- 
choroethyl) -3-methylnapth [ 1,2] imidazole, were
then treated with morpholine and piperidine to 
give products of the desired structure.

(1) Parke, D a v is  and C om pan y  F ellow .
(2) B enson  and H am ilton , T h is  J o u r n a l , 68 , 2644 (1946).
(3) “ A  S urvey  of A ntim alaria l D ru gs 1 9 4 1 -1 9 4 5 ,” ed. b y  F . Y . 

W iselogle, J . W . E dw ards, A nn Arbor, M ich ., 1946, S N . 13,406.
(4) P h illip s, J .  C h em .  S oc . ,  2820 (1929 ).
(5) F ischer, D ie tr ich  and W eiss, J .  p r a k t .  C h e m . ,  100, 167 (1920).
(6) H u gh es and L ions, J .  P r o c .  R o y .  S o c . ,  N .  S .  W a le s ,  71, 209  

(1938).

The naphth [1,2] imidazoles which are substi­
tuted only in the 2-position can be regarded as 
derived from 1,2-diaminonaphthalene. However, 
the Phillips reaction could not be successfully ap­
plied to this diamine because of the insolubility of 
the amine salt in acid of the required strength. 
Attempts to prepare the desired intermediate by 
fusion of the diamine and chloro acids were also 
unsuccessful. Hydroxy compounds have been 
converted to chloro derivatives in the benzimida­
zole series quite readily6*7 and therefore 2-hydroxy- 
methylnaphth [1,2] imidazole was prepared by fu­
sion of the diamine with glycolic acid, the method 
used by Sachs for the preparation of a perimidine.8 
However, preliminary experiments on the conver­
sion of 2-hydroxymethylnaphth [ 1,2] imidazole to 
the desired chloromethyl compound by means of 
thionyl chloride showed no promise of success be­
cause of the insolubility of the hydroxy compound 
and therefore a third and successful approach was 
made. l-Nitro-2-aminonaphthalene was con­
verted to N- (1 -nitro-2-naphthyl) - «-chloroaceta- 
mide by treatment with chloroacetyl chloride; 
the halogen on the acetyl group of this compound 
is active and readily reacted with an amine such as 
morpholine. The product of this reaction, N -(l- 
nitro-2-naphthyl) - a-morpho lino acetamide, was 
converted to the desired compound, 2-morpho- 
linomethylnaphth [ 1,2]imidazole, by two different 
methods. Reductive ring closure,9 refluxing the 
nitro amide in alcohol with zinc and hydrochloric 
acid, accomplished the transformation in one step. 
A somewhat longer but more satisfactory synthe­
sis was through the catalytic reduction of the 
nitro compound to N- (1 -amino-2-naphthyl) - «- 
morpholinoacetamide; the ring closure was then 
accomplished by the method of Kelly and Day.9 
In this series the placement of the hydrogen on 
either nitrogen of the ring is immaterial since the 
tautomeric nature of the structure has been dem­
onstrated.9 The compounds of the series with 
hydrogen on the heterocyclic nitrogen rather than 
a methyl group were characterized by a very high 
melting point, very low solubility in organic sol­
vents, and solubility in both aqueous alkali and 
acid.

Experimental10
l-Nitrosonaphthol-2.—This nitroso compound was pre­

pared by the direct nitrosation of naphthol-2.11 For 
best results in the subsequent catalytic reduction it was 7 8 9 10 11

(7) Skolnik, Miller and D ay, T h is  J o u r n a l , 65, 1854 (1943).
(8) Sachs, Ann., 365, 108 (1909).
(9) Kelly and Day, T h is  J o u r n a l , 67, 1074 (1945).
(10) All melting points are corrected for stem emergence. We 

wish to thank Mr. Anton Kashas for the performance of a number of 
the carbon and hydrogen analyses.

(11) Marvel and Porter, “Organic Syntheses,” Coll. Vol. I, ed. 2, 
John Wiley and Sons, New York, N. Y., 1941, p. 411.
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necessary to recrystallize the crude yield from 88-100° 
ligroin.

1- Nitroso-2-methylaminonaphthalene (II).—A mixture 
of 100 ml. of water and 127 ml. of aqueous methylamine 
(25% methylamine by weight, 0.94 mole) was cooled to 
15° and 34.6 g. (0.2 mole) of recrystallized 1-nitroso- 
naphthol-2 was slowly added. The mixture was warmed 
to 35° to complete solution of the salt. The mixture was 
a llo w ed  Lo stand at room temperature for twenty-four 
hours, during which time the product crystallized out in 
black platelets. Purification by solution in dilute hydro­
chloric acid, filtration, and precipitation with dilute 
ammonium hydroxide was sufficient for excellent results 
with the subsequent catalytic reduction. The product 
weighed 33.5 g. (90%). A sample which was recrystal­
lized from methanol melted at 145-146°; literature values 
vary from 141-142° to 148-149°.5

1 -Amino -2 -methylaminonaphthalene Dihydrochloride 
(III).—A suspension of 18.6 g. of II in 115 ml. of absolute 
ethanol was reduced at room temperature with Raney 
nickel catalyst and molecular hydrogen at 50 lb. pressure. 
The calculated quantity of hydrogen was absorbed in 
twenty to twenty-five minutes and the pressure was 
constant thereafter. After removal of the catalyst, dry 
hydrogen chloride was passed into the cooled alcoholic 
solution and the product isolated as the dihydrochloride; 
yield, 23.3 g. (95%).

This new diamine was found to be an unstable oil with 
a blue fluorescence; it was always isolated and used as the 
dihydrochloride. The dihydrochloride salt, after solution 
in hot water and treatment with charcoal and recrystal­
lization from dilute hydrochloric acid melted with decom­
position at 194-196°. The diamine was characterized by 
the conversion to a known derivative and to three new 
compounds which are described in the following four pro­
cedures; the Phillips reaction with acetic, chloroacetic, 
lactic and /3-chlor olac tic acid was used in these conversions. 
A known compound, 2,3-dimethylnaph[ 1,2]imidazole,12 
was formed with acetic acid; the identities of the other 
three products were confirmed by the elementary analysis 
and by the results of succeeding reactions.

2,3-Dimethylnaphth[ 1,2]imidazole (IV).—A mixture of 
1.0 g. of III, 1.6 ml. of acetic anhydride, and 8 ml. of 4 A  
hydrochloric acid was heated under reflux for one hour. 
The cooled solution was neutralized with solid sodium 
bicarbonate, whereupon a quantitative yield of 2,3- 
dimethylnaphth[ l,2]imidazole was obtained in crystalline 
form. When recrystallized from dilute alcohol and from 
benzene, the product melted at 142-143 °, the same value 
as reported in the literature.12

2-  (a.-Hydroxyethyl) -3-methylnaphth[1,2]imidazole (V). 
—A mixture of 1.8 g. (0.02 mole) of lactic acid and 2.45 
g. (0.01 mole) of III was refluxed in 24 ml. of 4 N  hydro­
chloric acid for six hours. The reaction mixture was 
cooled in ice and neutralized carefully with solid sodium 
bicarbonate. The crude yield of crystalline product 
weighed 2.2 g. (96%). A sample which was recrystal­
lized from benzene and from alcohol melted at 184.1- 
184.6°.

Anal. Calcd. for Ci4H14ON2: C, 74.31; H, 6.24.
Found: C, 74.22; H, 6.37.

2-Chloromethyl-3-methylnaphth[1,2] imidazole (VI).— 
Technical chloroacetic acid (5.64 g., 0.06 mole) was dis­
solved in 72 ml. of 4 N  hydrochloric acid and the mixture 
was heated on a steam-bath. Three 1.23-g. portions of 
III (total of 3.69 g., 0.015 mole) was added at thirty- 
minute intervals during the first hour of heating. The 
mixture was heated a total of four hours, after which it 
was cooled in ice, a layer of ether added, and the mixture 
carefully neutralized with sodium bicarbonate. The tar 
which formed during the addition of the first half of the 
total amount of base was skimmed off before the product 
began to precipitate. The dried crude yield was extracted 
with 75 ml. of 2:1 benzene-ligroin, the extract was treated 
with charcoal, filtered, and the product crystallized from 
the cooled solution; yield 1.2 g. (34%).

(12) Meldola and Lane, J . Chem. Soc., 85, 1602 (1904).

VI, similar to an analogous compound in the benzimid­
azole series,13 is a powerful skin irritant. The compound 
was crystallized from benzene-ligroin mixtures and from 
absolute alcohol. The substance turns yellow at 150- 
155° and melts with decomposition at 160-162°.

Anal. Calcd. for Ci3HuN2C1: C, 67.68; H, 4.81.
Found: C, 67.70; H, 4.93.

2 - (a-Hydroxy- /3-chloro ethyl) -3-methylnaphth[1,2] - 
imidazole (VII).—A mixture of /3-chlor olac tic acid (7.46 
g., 0.16 mole) and III (9.8 g., 0.04 mole) in 96 ml. of 
3 N  hydrochloric acid was heated on a steam-bath for 
seven hours. The subsequent procedure was the same as 
in the preparation of VI except that 135 ml. of benzene- 
ligroin was used for the extraction. A yield of 2.96 g. 
(29%) was obtained from experiments in which two of 
three separate lots of /3-chlor olac tic acid were used. 
With a third lot, identical with the other two as far as 
physical tests indicated, a yield of only 8-10% could be 
obtained. The product was recrystallized from benzene 
and from alcohol; m. p., 168.9-169.0°.

Anal. Calcd. for Ci4Hi3ON2Cl: C, 64.49; H, 5.03. 
Found: C, 64.48; H, 5.11.

ƒ3-Chlorolactic Acid.—This acid was prepared by the 
oxidation of glycerol ce-monochlorohydrin.14 The chloro­
hydrin was made by the procedure of “Organic Syntheses” 
and redistilled before use15; the fraction which was col­
lected between 117 and 120° at 13 mm. was used in the 
oxidation. The time required for the oxidation with nitric 
acid was considerably longer than that reported by 
Koelsch, but it was also noted that just a few degrees of 
variation in room temperature had a marked effect on the 
rate of this exothermic reaction.

A modified method of isolating the desired product 
was used. The oily crystalline mass of crude product was 
subjected to prolonged suction on a filter until practically 
all the oil was removed. The melting point of this prod­
uct, 77-78°, was excellent, comparable to the values re­
ported for recrystallized material, 77 °14 and 78.5-79.0°.16

2 - Piperidinomethyl - 3 - methylnaphth [1,2] imidazole
(VIII) .—A solution of VI and a three-fold excess of 
piperidine in benzene was refluxed in benzene for two 
hours. The piperidine hydrochloride was removed by 
washing and the product isolated in 97% yield by evapora­
tion of the benzene solution. The product was recrystal­
lized from dilute alcohol and from ligroin; m .p ., 134.8- 
135.0°.

Anal. Calcd. for Ci8H21N3: C, 77.38; H, 7.58.
Found: C, 77.46; H, 7.63.

2 - Morpholinomethyl - 3 -methylnaphth [1,2] imidazole
(IX) .—The same procedure was used as in the preparation 
of VIII, with morpholine in place of the piperidine. This 
very similar product melted at 134.0-134.4°.

Anal. Calcd. for C17H19ON3: C, 72.58; H, 6.81; N, 
14.94. Found: C, 72.67; H, 6.82; N, 14.92.

2-(a-Hydroxy-/3-piperidinoethyl) -3 -methylnaphthf 1,2] - 
imidazole (X).—A solution of VII in piperidine was heated 
on a steam-bath for three hours. The resulting mixture 
was poured into water and the product allowed to crystal­
lize ; the crude yield was 95%. The product was recrystal­
lized from dilute alcohol and from benzene-ligroin. The 
crystals which were obtained from anhydrous-solvents or 
which were very carefully dried melted at 149.2-149.6°.

Anal. Calcd. for C19H23ON3: C, 73.76; H, 7.49.
Found: C, 73.83; H, 7.61.

2 - (a -Hy droxy - ft -morpholino ethyl) -3 -methylnaphth [1,2] 
imidazole (XI).—This compound was prepared from VII 
and morpholine by the same procedure as for the prepara­
tion of X . The product possessed the same properties 
as X, with respect to solubility, etc.; the melting point 
was 168.4-169.0°.

(13) B loom  an d  D a y , J .  Org.  C h e m . ,  4 ,  14 (1939).
(14) Koelsch, T his J o u r n a l , 52, 1105 (1930).
(15) C onan t and  Q uayle, “ O rganic S y n th eses ,” C oll. V ol. I , ed. 2, 

John W iley , N e w  Y ork , N . Y ., 1941, p. 294.
(16) S m ith , Z .  p h y s i k .  C h e m . ,  81, 366 (1913).
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Anal. Calcd. for Ci8H2i0 2N3: C, 69.43; H, 6.80.
Found: C, 69.27; H, 6.87.

N-( 1 -Nitro-2-naphthyl) -a-chloro acetamide (XII) .•— 
Seven grams (0.07 mole) of precipitated chalk was sus­
pended in a solution of 12.1 g. (0.064 mole) of l-nitro-2- 
aminonaphthalene in 32 ml. of dry dioxane, and to this 
mixture a solution of 9.6 g. (0.085 mole) of redistilled 
chloroacetyl chloride in 18.6 ml. of dry dioxane was slowly 
added. The mixture was stirred and kept between 20 
to 25° during the addition and then allowed to stand at 
room temperature for several days. The product was 
precipitated by the slow addition of 200 ml. of water, and 
after acidification the product was collected by filtration. 
The crude product was purified by crystallization from 
ligroin. By use of a Soxhlet extractor a yield of 88% of 
the purified product was obtained. A sample which was 
crystallized from benzene and from alcohol melted at 
119.8-120.6°.

Anal. Calcd. for CiaHsA^Cl: C, 54.33; H, 3.42. 
Found: C, 54.39; H, 3.50.

N-( 1 -Nitro-2-naphthyl) -a-morpholino acet amide (XIII). 
—A solution of 18.0 g. (0.075 mole) of XII and 16.3 g. 
(0.1875 mole) of morpholine in 120 ml. of 80% ethanol 
was refluxed for one hour. The resulting mixture was 
cooled slowly, finally to —10°, and 19.3 g. (82%) of very 
pure product crystallized. A sample which was recrystal­
lized from benzene-ligroin and from absolute alcohol 
melted at 131.9-132.5°.

Anal. Calcd. for C16H17O4N3: C, 60.94; H, 5.44.
Found: C, 61.04; H, 5.50.

N - (1 - Amino-2 -naphthyl) - ol -morpholinoacetamide 
(XIV).—Fifteen grams of XIII was dissolved in 100 ml. 
of warm absolute alcohol, Raney nickel catalyst was 
added, and hydrogen under 50 pounds pressure admitted.

The calculated quantity of hydrogen was slowly ab­
sorbed and the pressure subsequently remained constant. 
The final solution was warmed to dissolve the product 
which crystallized during the reaction, filtered, and upon 
cooling 8.0 g. of pure product (58%) was obtained. By 
precipitating the product as the dihydrochloride a yield of 
82% was obtained. A sample which was recrystallized 
from benzene-ligroin, acetone, and absolute ethanol 
melted at 163.9-164.4°.

Anal. Calcd. for Ci6Hi90 2N3: C, 67.34; H, 6.71.
Found: C, 67.36; H, 6.76.

2 -Morpholinomethylnaphth [1,2] imidazole Dihydro­
chloride (XV): Reductive Ring Closure.—One gram 
of XIII was dissolved in 100 ml. of warm alcohol,
l .  0 g. of granulated zinc was placed in the flask, and the 
solution was refluxed for seven hours. During this time 
10 ml. of concentrated hydrochloric acid was added very 
slowly. The salt of the ring closure product precipitated 
during the reaction. This salt was freed from inorganic 
impurities by solution in water and the free base was ob­
tained as an amorphous white solid upon neutralization 
of the solution with sodium bicarbonate. The dihydro­
chloride salt was prepared by addition of hydrogen chloride 
to an ethereal solution of the free base; the characteristics 
of this salt are described in the following section.

Ring Closure of XIV in Xylene.—One gram of XIV was 
refluxed in 80 ml. of xylene for one hour. The product 
was extracted with acid, the solution treated with charcoal, 
neutralized, and finally the amorphous free base was again 
isolated as the dihydrochloride salt. The amorphous free 
base was soluble in dilute acid and alkali and in organic 
solvents. The dihydrochloride was purified by recrystal­
lization from ethanol which contained 3 to 4% of water;
m. p. 241-243°.

Anal. Calcd. for Ci6HnON3-2HCl: C, 56.47; H, 5.63; 
Cl, 20.84. Found: C, 56.24; H, 5.73; Cl, 20.74.

N-( 1 -Nitro-2 -naphthyl) -a- anilinoacetamide.—A solu­
tion of 1.2 g, (0.0045 mole) of XII and 1.9 g. (0.02 mole) 
of aniline in 25 ml. of absolute ethanol were heated on a 
steam-bath for six hours. During this time the volume 
of solvent was allowed to decrease to 15 ml., and upon 
cooling the final mixture a precipitate of pure crystalline 
product was obtained which weighed 1.3 g. (87%). This 
compound was insoluble in dilute acid, but could be re­
crystallized from benzene-ligroin and alcohol; m. p. 171- 
172°.

Anal. Calcd. for Ci8Hi503N3: C, 67.28; H, 4.71.
Found: C, 67.44; H, 4.84.

1,2-Diaminonaphthalene (XVI).— 1-Nitro-2-amino- 
naphthalene in alcoholic solution was reduced at roöm 
temperature with Raney nickel catalyst and molecular 
hydrogen at 50 lb. pressure. The solvent was evaporated 
to a small volume and the product precipitated by the care­
ful addition of water; yield, 71%. The crude product 
melted at 91-92° ; literature values vary from 90-96°.17

2-Hydroxymethylnaphth [1,2]imidazole (XVII).—A mix­
ture of XVI (3.6 g., 0.023 mole) and glycolic acid (1.8 g., 
0.024 mole) was heated slowly up to 150°. The initially 
fluid mixture became viscous after a considerable amount 
of water had been lost, and after twenty minutes of 
heating 10 ml. of glycerol was added. Heating was con­
tinued for a total of two hours, and then the mixture was 
poured into 100 ml. of water. Ten milliliters of 6 V  
hydrochloric acid was added to the mixture, the solution 
was heated to boiling, treated with charcoal, and filtered 
while hot. The hydrochloride of XVII crystallized from 
the filtrate upon cooling; yield, 45%.

The free base is soluble in dilute acid, dilute alkali, 
and alcohol; it is very sparingly soluble in other organic 
solvents, but it can be recrystallized from acetone; m .p . 
253-255° (dec.).

Anal. Calcd. for Ci2H10ON2: C, 72.71; H, 5.09.
Found: C, 72.78; H, 5.18.

Summary
A new diamine, l-amino-2-methylaminonaph- 

thalene, was prepared by reduction of l-nitroso-2- 
methylaminonaphthalene. N aphth [ 1,2] imida­
zoles which are substituted in the 2- and 3-posi­
tions were prepared by the Phillips reaction be­
tween this diamine and acetic, lactic, chloroacetic, 
and /3-chlorolactic acids. The products from the 
latter two acids were treated with piperidine and 
morpholine to give compounds of the desired struc­
tures, 2-piperidinomethyl-3-methylnaphth [1,2]- 
imidazole, 2-morpholinomethyl-3-methylnaphth- 
[1,2] imidazole, 2- («-hydroxy-/3-piperidinoethyl) -
3-methylnaphth[1,2]imidazole, and 2-(«-hydroxy- 
0 - morpholinoethyl) - 3 - methylnaphth [1,2] imi­
dazole.

Naphth f 1,2] imidazoles which are substituted 
only in the 2-position were prepared by the chloro - 
acetylation of l-nitro-2-aminonaphthalene, re­
action of the chloro compound with morpholine to 
give N- (1 -nitro-2-naphthyl) - «-morpholinoaceta­
mide, and conversion of this compound to 2- 
morpholinomethylnaphth [ 1,2] imidazole by two 
different methods.
Lincoln , N ebraska  R eceived  January  14, 1948

(17) Bamberger and Schieffelin, Ber., 22, 1376 (1889).
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[Contribution  from the Oak  R idge N ational L aboratory]

The Synthesis of Phenanthrene-9-C14 (12)
B y  C lair  J. C o llins

Due to the widespread interest in cancer pro­
ducing substances, it appeared tha t a simple 
method for introducing carbon-14 in reasonable 
yields into aromatic polynuclear hydrocarbons 
should be of value. Accordingly, a synthesis of 
phenanthrene containing carbon-14 in the 9-po­
sition (VI) which the author has designated3 
phenanthrene-9-C14 has been effected by means of 
the Wagner rearrangement4 of 9-fluorenemethan- 
nol-10-C14 (V). A new synthesis of the latter 
compound has been developed. Fluorene (I) was 
converted to 9-fluorenesodium (II) by interaction 
with triphenylmethylsodium. Carbonation with 
carbon dioxide-C14 yielded 9-fluorenecarboxylic 
acid-10-C14 (III). Reduction of the methyl ester 
(IV) with lithium aluminum hydride5 produced 9- 
fluorenemethanol-10-C14 (V).

C14OOH

(C6H5)3CNa —------------- >

Na

f iT V ^ i  ci‘°->
V —V  69~75%

II
C14OOCH3

III

c h 3o h ,
c h 3co ci
98-100%

IV

(1) LiAlH4
(2) H +

80%

The complete synthesis was first worked out 
with non-radioactive materials, and each com­
pound in the series was purified and characterized. 
The series was finally effected with purification

(1) This paper is based on work performed under Contract No. 
W-35-058-eng-71 for the Atomic Energy Project at the Oak Ridge 
National Laboratory.

(2) Presented before the Division of Organic Chemistry at the 
112th Meeting of the American Chemical Society, New York, N. Y., 
September 15, 1947.

(3) The carbon-14 labeled compounds described in this paper have 
been named by analogy to the rules set down in Chemical Abstracts 
(39, 5874-5875 (1945)) for deuterium and tritium. Since the prefix 
“deuterio” is not recommended for compounds containing deuterium, 
use of the term “radio” to denote the presence of carbon-14 has been 
avoided. Unlike deuterium nomenclature, however, the present 
author recommends the use of capital C in preference to lower case c 
for carbon-14 to avoid confusion with the lower case letters denoting 
bridgehead positions 4a, 4b, 8a, and 10a in phenanthrene. At tracer 
levels of C14 concentrations, “phenanthrene-9-C14” and “phenan- 
threne-9,10-C142” are indistinguishable because of the equivalence of 
the 9- and 10- positions. Pending the adoption of a formal conven­
tion the simpler designation has been used.

(4) Brown and Bluestein, T h is  J o u r n a l , 62, 3256 (1940).
(5) Nystrom and Brown, ibid., 69, 1197 (1947); ibid., 69, 2548 

(1947).

only at the phenanthrene stage. The generality 
of this synthetic method is now under investiga­
tion.

Acknowledgment.—The author wishes to 
thank Professor Weldon G. Brown, of the Uni­
versity of Chicago, for the design of the extrac­
tion apparatus (Fig. 2) as well as for his many 
suggestions during the course of this work.

Experimental
Determination of Radioactivity.—Carbon-14 determina­

tions were carried out by measuring the ionization current 
of carbon dioxide-C14 by means of a dynamic condenser 
electrometer.6*7 The wet combustion method8 of Van 
Slyke, Folch and Plazin was employed to oxidize 9-fluo- 
renecarboxylic acid-10-C14 and phenanthrene-9-C14 (1-5 
mg. samples). The carbon dioxide thus formed was col­
lected in an ionization chamber which had previously been 
evacuated, using nitrogen to sweep the carbon dioxide into 
the chamber and to fill it to atmospheric pressure. Barium 
carbonate-C14 samples were similarly analyzed after de­
composition with dilute perchloric acid. The conversion 
of the measured ionization currents to activities in milli- 
curies was made on the basis of data obtained in this lab­
oratory by Dr. W. B. Leslie employing similar chambers 
and a barium carbonate sample of known isotopic composi­
tion.

9-Fluorenecarboxylic Acid (III).9—The vacuum line 
shown in Fig. 1 was used for this preparation. In a typical 
run, 100 mg. of barium carbonate was weighed into flask A 
which could be placed directly on the balance pan. The 
apparatus was then swept with nitrogen. The exhaust 
nitrogen was passed through Drierite, a barium hydroxide 
bubbler and soda-lime. Decomposition of the barium 
carbonate was effected by addition of 5-8 cc. of 5 M  per­
chloric acid. Next, nitrogen was passed through the sys­
tem at a convenient rate for fifteen minutes. The cooling 
mixture surrounding the Dry Ice trap was kept at —50° to 
—55° by adjusting the amount of Dry Ice in the CHC13-  
CC14 mixture. This trap served to collect water vapor; 
when cooled to Dry Ice temperature, a significant amount 
of carbon dioxide was retained. Carbon dioxide was 
frozen in the liquid nitrogen trap. After fifteen minutes 
the acid decomposition mixture was heated gently with a 
free flame to liberate the last traces of carbon dioxide. In 
the reaction flask (B), 3.5 cc. of a stock triphenylmethyl 
sodium solution, prepared from 2.0 g. of sodium, 5.0 g. of 
triphenylchloromethane, 40 cc. of dry ether and 40 cc. of 
dry benzene, by the procedure of Bachmann and Wise- 
logle10 was added to 150 mg. of fluorene (m. p. 114.0- 
114.5 °)11 and the flask was joined to the line. The entire 
operation was carried out under dry nitrogen. After 
stirring for three minutes, by means of a magnetic stirring 
bar, the color changed from deep red to light orange, and 
the mixture was frozen in liquid nitrogen. The two traps 
(b, c, Fig. 1) and the reaction flask (B) were evacuated to a 
pressure of less than 1 mm. of mercury. The carbon di­
oxide was then distilled from trap c into reaction flask B 
by cooling the latter with liquid nitrogen, and the flask was 
isolated from the rest of the line. Upon warming to a

(6) Palevsky, Swank and Grenchik, Rev. Sci. Instr., 18, 298 (1947).
(7) Scherbatskoy, Gilmartin and Swift, ibid., 18, 415 (1947).
(8) Van Slyke, Folch and Plazin, J. Biol. Chem., 136, 509 (1940).
(9) Burtner and Cusic, T h is  J o u r n a l , 65, 264 (1943)
(10) Bachmann and Wiselogle, ibid., 58, 1943 (1936).
(11) All melting points were determined on a Fisher-Johns melt­

ing point block.
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Fig. 1.—Carbonation apparatus: a, perchloric acid
funnel; b, Dry Ice trap; c, liquid nitrogen trap; d, 
drierite; e, barium hydroxide solution; f, soda lime.
point at which the magnetic bar would just turn in the 
mixture, the reaction was complete, as indicated by a zero 
pressure in the system when the mixture was cooled to Dry 
Ice temperature. After admitting nitrogen, flask B was 
detached and 10 cc. of water was added to it. The layers 
were separated by means of the extraction apparatus shown 
in Fig. 2. The ether-benzene layer was washed twice with
5-cc. portions of water, and the combined aqueous layers 
were washed twice with 3-cc. portions of ether. Next, 10 
cc. of 1 TV hydrochloric acid was added to the aqueous layer, 
forming a white precipitate which was usually filtered 
directly when non-radioactive material was used. With 
radioactive material, however, the mixture was not fil­
tered, but was treated with four 4-cc. portions of ether. 
The ether layer was washed once with 4 cc. of water, and 
then treated with three 4-cc. portions of saturated sodium 
bicarbonate solution. The bicarbonate layer, after one 
washing with 3 cc. of ether, was decomposed with 10 cc. of 
6 N  hydrochloric acid. Extraction with ether and concen­
tration yielded 73-80 mg. of 9-fluorenecarboxylic acid 
(III); m. p. 222-226°. Consistent yields of 69-75% 
were obtained. The best yield was 86%.

Methyl 9-Fluorenecarboxylate (IV).—To 115.5 mg. of
9-fluorenecarboxylic acid (III) was added a chilled mixture 
of 5.0 cc. of methanol and 0.1 cc. of acetyl chloride. After 
standing at room temperature for one hour the contents of 
the flask were taken to dryness, yielding 120 mg. of methyl
9-fluorenecarboxylate (IV), m. p. 63.0-63.5°, 98%.

9-Fluorenemethanol (V).12 *—To 108 mg. of methyl 9- 
fluorenecarboxylate (IV) in 5.0 cc. of ether was added 10 
cc. of 0.15 M lithium aluminum hydride solution (in ether). 
The mixture was stirred for ten minutes and then treated 
with 10 cc. of moist ether followed by 5.0 cc. of 6 AT hydro­
chloric acid. The layers were separated, and the ether 
layer was washed with 5.0 cc. of water, and taken to dry­
ness, yielding 82.4 mg. of crude alcohol melting at 80-85° 
(87% ). One crystallization gave a product melting at 94- 
96°. The carbinol (7.7 mg.) was converted to 6.3 mg. 
(90%) of phenanthrene (VI) by the procedure of Brown 
and Bluestein.4

Phenanthrene-9-C14 (VI) Synthesis from Barium Car- 
bonate-C14.—The carbonation reaction was carried out as 
described elsewhere in this paper using 211.3 mg. of BaC14- 
0 3 containing 11.65 millicuries of carbon-14 per mole. 
Decomposition of this material produced 46.8 mg. of car­
bon dioxide-C14 (47.2 mg.  ̂theoretical) determined by 
direct weight in a gas weighing bulb. This was distilled 
into 9-fiuorenesodium prepared from 300.0 mg. of fluorene 
and 7-8 cc. of triphenylmethyjsodium solution.10 The 
yield of 9-fluorenecarboxylic acid-10-C14 was 164.5 mg. 
(73%) whose activity was 11.62 millicuries carbon-14 per 
mole. To 122.0 mg. of this acid was added 5.0 cc. of 
methanol and 0.15 cc. of acetyl chloride. After standing 
for one hour at room temperature, the solution was concen­
trated in an air stream and desiccated to constant weight of

(12) The reduction of the free acid (III) proceeds very slowly, and
even after twenty-four hours approximately 10% of the starting ma­
terial is recovered. Further, prolonged treatment of the acid with 
lithium aluminum hydride in ether solution decreases the yield of 
carbinol.

Fig. 2 - Extraction appara­
tus.

124.4 mg. over phosphorus 
pentoxide. This material 
was dissolved in 7 cc. of ether 
and to it was added 10 cc. of 
0.16 molar lithium aluminum 
hydride solution. After stir­
ring for fifteen minutes, 5 cc. 
of moist ether was added, fol­
lowed by 5 cc. of 6 AT hydro­
chloric acid. The layers 
were separated, the ether 
layer was washed with 5.0 cc. 
of water and taken to dryness 
and desiccated, yielding 114.8 
mg. of an oil, which was dis­
solved in 10 ml. of xylene 
(doubly distilled over phos­
phorus pentoxide) . To this 
solution was added 200-400 
mg. of phosphorus pentoxide, 
and the mixture was heated 
under reflux for thirty min­
utes. After cooling, 5 cc. of 
water was added. The layers 
were separated and the xylene 
layer was washed twice with
5-cc. portions of water and 
concentrated and desiccated, 
yielding 170 mg. of an oil, 
which was transferred to a 
centrifuge tube fitted with a 
19/38 female joint. This cen­
trifuge tube was so designed that it could replace flask 1 of 
the extraction apparatus (Fig. 2). To this oil was added 
60 mg. of picric acid and then 3.0 cc. of saturated ethanolic 
picric acid solution. The tube was heated with a free flame 
until a clear solution resulted; it was then allowed to cool. 
The phenanthrene picrate was separated by centrifuging, 
the supernatant liquid being drawn off using the extraction 
apparatus (Fig. 2). The picrate was decomposed with 
dilute aqueous sodium hydroxide solution, and extracted 
with ether, which was washed with water and concen­
trated. A repetition of this process with the solid so 
obtained yielded 72.5 mg. of phenanthrene-9-C14, m. p. 
94-95°; activity, 10.78 millicuries carbon-14 per mole. 
The over-all yield from barium carbonate was 51%. One 
crystallization from ethanol yielded white crystals melting 
at 96-97°. The picrate of this material melted at 141°. 
There was no depression of melting point when this 
material was mixed with an authentic sample of phenan­
threne.

Extraction Procedure.—All extractions were carried out 
in the apparatus sketched in Fig. 2. The 50-cc. flasks 1 
and 2 were interchangeable and were used in the carbona­
tion apparatus (Fig. 1) as the reaction flask B and also in 
the lithium aluminum hydride reductions as the reactor 
vessels. This procedure prevented mechanical loss, and 
kept laboratory contamination with carbon-14 at a mini­
mum. Chromatographic adsorptions were effected by re­
placing flask 2 (Fig. 2) with a chromatograph tube sealed 
to a 19/38 female glass joint.

The layers to be separated were placed in flask 1. By 
proper setting of the stopcocks, downward pressure on the 
plunger in cylinder A forced both layers into vessel 3 and 
also moved the plunger in cylinder B upward. Mixing 
was effected by pressing plunger A downward and forcing 
air through the two layers in 3. Solvents were added 
through 4, and by manipulation of stopcock b, liquid could 
be placed in flasks 1 and 2.

Summary
Fluorene (I) has been converted to 9-fluorene­

carboxylic acid-10-C14 (III) by carbonation of 9- 
fluorenesodium (II) with carbon dioxide-C14. 
Lithium aluminum hydride reduction of the 
methyl ester (IV) yielded 9-fluorenernethanol-10-
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C14 (V). Dehydration of V with phosphorus pen­
toxide was accompanied by a Wagner rearrange­
ment to form the desired phenanthrene-9-C14

(VI). The over-all yields of VI, based on barium 
carbonate, were 50-55%.
O a k  R id g e , T e n n e s s e e  R e c e iv e d  F e b r u a r y  6, 1948

[C ontrtutttton f r o m  t h e  C o n v e r s e  M e m o r ia l  L a b o r a t o r y  o f  H a r v a r d  U n iv e r s it y ]

The Synthesis of Nuclear Isomers of Quinacrine
By  W illiam  G . D a u b e n 1

During the past few years much work has been 
done on the synthesis of compounds related to 
Quinacrine. However, of the four possible iso­
mers of this compound which have the methoxyl

CHsCH—CH2CH2CH2N<
I X

NH

/C 2H5

c2h 5

Cl

group in position two of the acridine nucleus and 
the chlorine atom in the opposite, nitrogen-free 
ring, only two have been reported. They are the 
2-methoxy-6-chloro - 9 - substituted - aminoacridine2 
(Quinacrine) and the related 7-chloro isomer.3 
The present paper is concerned with the synthesis 
of the 5-chloro and the 8-chloro isomers.4

Following the observations of Ullmann and 
Kipper5 that 2-chloro-5-methoxybenzoic acid6 
(I) can be used in the Ullmann condensation to 
prepare substituted N-phenylanthranilic acids 
(III), this compound (I) was utilized as the pre­
cursor of the desired methoxyl-substituted ring of 
the acridine. When the above acid (I) was al­
lowed to react with m-chloroaniline (Ila) in the 
presence of anhydrous potassium carbonate and 
copper powder in boiling isoamyl alcohol, N-(3'- 
chlorophenyl)-5-methoxyanthranilic acid (Ilia) 
was formed in a yield of 19.9% and the majority 
of the starting acid (I) was recovered. Likewise, 
when acid I was allowed to react with o-chloro- 
aniline (lib), N-(2'-chlorophenyl)-5-methoxyan- 
thranilic acid (Illb) was isolated in a yield of only

(1) Present address: Department of Chemistry, University of
California, Berkeley 4, California.

(2) Mauss, German Patents 553,072, 565,411.
(3) Feldman and Kopeliowitsch, Arch. Pharm., 273, 488 (1935).
(4) Since this paper was submitted fo/ publication, Grigorovskii 

and Terent’eva (J. Gen. Chem. (U. S. S. R.), 17, 517 (1947)) have 
reported the synthesis of the 5-chloro isomer and the attempted 
preparation of the 8-chloro isomer. The 2-methoxy-5,9-dichloro- 
acridine (IV) , prepared from 2,3-dichlorobenzoic acid and -̂anisidine 
through the intermediate N-(4'-methoxyphenyl)-3-chloroanthranilic 
acid, had identical physical properties with the compound reported 
in this work. They, likewise, were unable to obtain a crystalline 
hydrochloride of the Quinacrine analog but they did obtain a solid 
oxalate. The 5-chloro isomer showed no anti-malarial activity. 
Their attempted synthesis of the 8-chloro isomer from 2,6-dichloro- 
benzoic acid and -̂anisidine failed and the product isolated from the 
Ullmann reaction was m-bis-( -̂methoxyanilino)-benzene.

(5) Ullmann and Kipper, Ber., 38, 2120 (1905).
(6) Peratoner and Condorelli, Gazz. chim. ital., 28, I, 213 (1898).

-COOH

+ f |
•Cl H2nV

Rx
Ila (Ri =
l ib (Rt =

CH3Q

III (Ri =  R2 -  H)
I lia  (Ri =  K, R2 =  Ci) 
I llb  (Ri =  Cl, R2 =  H)

11.4% and again the majority of the starting acid 
was recovered. I t was found that the use of sol­
vents with different boiling points, as n-butanol, 
77-pentanol, ^-hexanol and cyclohexanol, gave still 
lower yields and that when the reaction was con­
ducted in boiling nitrobenzene extensive decompo­
sition occurred.

The small quantity of the desired materials 
(Ilia  and Illb) was not easily separated from the 
large amount of starting acid by fractional crys­
tallization. However, this mixture was easily sep­
arated by partial acidification of a solution of their 
potassium salts since a substituted-anthranilic 
acid is a much weaker acid than a substituted ben­
zoic acid. Crude product was precipitated when 
the pH was adjusted to seven and the starting acid 
was deposited from solution at a pH of five.

In view of the poor yields obtained in the above 
condensations, it is interesting to note that Ull­
mann and Kipper5 have reported that the same 
acid (I) reacts with aniline to give N-phenyl-5- 
methoxyanthranilic acid (III) in a yield of 80% 
and that Lehmstedt and Schrader7 have reported

CH3O r
+  r n h 2

c h 3o /
+  HCl

NHR
(7) Lehmstedt and Schrader, Ber., 70, 838 (1937),
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that m-chloroaniline (Ila) reacts with o-chloro- 
benzoic acid to give N- (3 '-chlorophenyl) -anthra­
nilic acid in 53% yield. If the mechanism of the 
Ullmann condensation is considered as a nucleo­
philic displacement of the chlorine atom by the 
amine, it can be seen that not only is the electro­
philic strength of the tf-chlorobenzoic acid impor­
tant but also the nucleophilic strength of the re­
acting amine.8 For example, Hertel and Luhr- 
mann9 have shown in a similar type of displace­
ment reaction that the rate of the reaction de­
creases as the strength of the base decreases. 
From this work it would appear that the dissocia­
tion constant of the amine is a measure of its nu­
cleophilic reactivity. This same correlation is 
qualitatively observed when the basic strengths10 
of the amines used in the above condensations are

Amine
Aniline
m-Chloroaniline
ö-Chloroaniline

K b  X  10i° 

126 
8.5  
1.4

Yield, % 
80 
20 
11

considered. Also, Tuttle11 has shown that the 
presence of an electronegative group para to the 
chlorine atom of an o-chlorobenzoic acid greatly 
increases the reactivity of the chlorine toward 
nucleophilic displacement. In the case of 2- 
chloro-5-methoxybenzoic acid (I), the presence 
of an electropositive group, a methoxyl, in the 
para position to the chlorine atom would be ex­
pected to lessen the tendency of this chlorine atom 
to be displaced by a nucleophilic reagent (that is 
decrease the electrophilic tendency of the carbon 
atom holding the chlorine).

CH30 COOH

Cl
I t is well-known that when a N-phenylanthran- 

ilic acid is allowed to react with phosphorus oxy­
chloride a 9-chloroacridine is formed; that is, a 
ring closure and a subsequent chlorination occur. 
When the above anthranilic acids (Ilia and Illb) 
were allowed to react with boiling phosphorus oxy­
chloride only the corresponding 9-acridones were 
isolated. However, when chlorobenzene was used 
as a solvent and the reaction temperature was

(8) In view of the specific reactivity of the o-halogen in this 
reaction, the role of the copper powder may be to aid in a simultane­
ous back and front side attack in the displacement reaction (see 
Swain, T h is  J o u r n a l , 70, 1119 (1948)), by forming a weak, intra­
molecular coordinate bond between the halogen atom and the car­
boxylate anion.

(9) Hertel and Luhrmann, Z. Élektrochem., 45, 405 (1939); 
Branch and Calvin, “The Theory of Organic Chemistry,” p. 426, 
Prentice-Hall, New York, N. Y., 1941.

(10) Bennett, Brooks and Glasstone, J. Chem, Soc., 1821 (1935).
(11) T uttle, T h is  Journal, 45, 1906 (1923).

raised to 140°, good yields of the 9-chloroacridines 
were isolated. Starting with acid Illb , 2-meth- 
oxy-5,9-dichloroacridine (IVb) was formed in a 
yield of 83.3%.

Cl

Cl Cl
I llb  IVb

In the case of acid Ilia , two possible isomers (IVa 
and Va) can be formed.

Cl Cl

Lehmstedt and Schrader7 have studied in detail 
ring closures of this type. They have found in the 
case of N- (3-chlorophenyl) -anthranilic acid (Iiic) 
that reaction occurs mainly a t the carbon two po­
sition to give the 8-chloro isomer (IVc). Linnell12 
also has reported similar results with compounds 
of this type. When acid I l ia  was allowed to react 
with phosphorus oxychloride, only one pure di­
chloro compound could be obtained. After eight 
fractional crystallizations from benzene, 2-meth- 
oxy-8,9-dichloroacridine (IVa) was isolated in 24% 
yield. However, after this work was completed, 
Nargund and co-workers reported13 that this same 
acid (Ilia) upon treatment with phosphorus oxy­
chloride gave 2-methoxy-6,9-dichloroacridine (Va) 
as the only product of the reaction. These work­
ers have published no experimental detail and no 
physical properties of their product so it is not pos­
sible to fully evaluate their work at this time. The
8-chloro structure was assigned to our compound 
IVa since it melts at 182° as compared to a melting 
point of 162° for the 6-chloro compound (Va), and 
a mixture of the two isomers melts from 145-158°. 
Also, the Quinacrine analog (VI) differs from 
Quinacrine in melting point, solubility and bio­
logical activity. The structure IVa is likewise in 
agreement with the results of Lehmstedt and 
Schrader7 and of Linnell.12

The desired amino-side chain was attached to 
the acridine nucleus by allowing 2-methoxy-8,9- 
dichloroacridine (IVa) to react with 1-diethyl- 
amino-4-aminopentane in molten phenol. 2-

(12) Bradbury and Linnell, J. Chem. Soc., 377 (1942), and earlier 
papers.

(13) Shah, Kshatriga, Patel and Nargund, J. Univ. Bombay, Sect, 
A, 15, pt. 3 (Science No, 20), 42 (1946),
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Methoxy - 8 - chloro - 9 - [ (4 - diethylamino - 2 - amyl) - 
amino]-acridine (VI) was isolated as the dihydro­
chloride hydrate in a yield of 58%.

CH3— CH— (CH2)3— N(C2H 5)2-2HC1

CH3o /

v
VI

When 2-methoxy-5,9-dichloroacridine (IVb) was 
treated in a similar manner, no crystalline amino 
product could be isolated. However, 2-methoxy- 
5-chloro-9-phenoxyacridine was obtained in 41% 
yield.

Dr. J. H. Bauer of the Rockefeller Foundation 
has investigated the antimalarial activity of the
8-chloro-isomer (VI). I t  was found that when it 
was used in 50-mg. amounts per day per 65 g. 
chick, it was non-toxic and had a very definite 
effect in prolonging the incubation period of the 
infection. Quinacrine, when assayed under the 
same conditions, was found to be effective in 8- 
mg. doses.

The author wishes to express his appreciation 
to Professor L. F. Fieser for his advice during the 
course of this investigation.

Experimental14
2 -Chloro-5-methoxytoluene .6—2-Chloro-5-hy droxy tolu­

ene (71.5 g., 0.5 mole, m. p. 65°) was methylated in 
the usual manner with dimethyl sulfate (126 g., 1 mole) 
and 10% aqueous sodium hydroxide (200 cc.). The 
methyl ether distils at 77-78° (3 mm.), yield 71.5 g. 
(91.5%), w23d 1.5348.

2-Chloro-5-methoxybenzoic Acid.6—A mixture of 2- 
chloro-5-methoxytoluene (30 g., 0.192 mole), potassium 
permanganate (91.2 g., 0.577 mole) and water (9 liters) was 
refluxed, with stirring, for seven hours. The unreacted 
toluene compound was removed by steam distillation, the 
manganese dioxide filtered, and the clear, colorless filtrate 
acidified. The acid was obtained as white needles, yield 
23.0 g. (64.3%), m. p. 172-173°. When the manganese 
dioxide was dissolved by bubbling-in sulfur dioxide, the 
same yield of acid was obtained.

N-(3 '-Chlorophenyl) -5-methoxyanthranilic Acid (Ilia ). 
—A mixture of 2-chloro-5-methoxybenzoic acid (25 g., 
0.134 mole), m-chloroaniline (25 g., 0.196 mole), anhy­
drous potassium carbonate (25 g., 0.181 mole), copper 
powder (0.6 g.), and isoamyl alcohol (100 cc.) was heated 
under reflux with stirring for a period of twenty-four hours. 
The reaction mixture was diluted with water, the isoamyl 
alcohol and the unreacted amine removed by steam dis­
tillation, and the solution decolorized with Norit. The 
cooled filtrate then was acidified with dilute hydrochloric 
acid to a pH  of 7. The yellow precipitate was removed by 
filtration and the filtrate was acidified to a pH of 5. A 
voluminous white precipitate of the starting acid was de­
posited . Upon making the latter filtrate acid to congo red, 
a mixture of the white solid and a brown oil was formed.

Recrystallization of the yellow precipitate from aqueous 
ethanol yielded N-(3-chlorophenyl)-5-methoxyanthranilic 
acid as yellow, feather-like needles, yield 7.4 g. (19.9%, 
49.7% allowing for recovered acid), m. p. 190-191 °.

Anal. Calcd. for C14H12O3NCI: C, 60.54; H, 4.36;
(14) All melting points are corrected. Microcombustions by Miss 

E. Werble.

N, 5.04; Cl, 12.76. Found: C, 60.44; H, 4.28; N, 
5.30; Cl, 12.75.

The white solids upon recrystallization from aqueous 
ethanol gave 15 g. of starting acid. The brown sirup par­
tially crystallized on standing and the solid which sepa­
rated was starting acid. The remaining sirup was acidic 
but its composition was not investigated.

2-Methoxy-8,9-dichloroacridine (IVa).—The ring clo­
sure and subsequent chlorination was accomplished by 
heating a solution of N -(3-chlorophenyl)-5-methoxy- 
anthranilic acid (12.6 g., 0.045 mole), phosphorus oxy­
chloride (100 cc.), and chlorobenzene (250 cc.) at a tem­
perature of 140° for a period of five hours. The reaction 
mixture was concentrated to dryness in a vacuum at 80°. 
The brown, sirupy residue upon the addition of dilute 
aqueous ammonia hardened to a yellow crystalline mass. 
The solid was filtered, washed with water until the wash­
ings were neutral, and then dried. The crude product was 
dissolved in excess dry benzene, the solution was decolor­
ized with Norit, and the solvent was distilled until crystals 
began to appear. A small volume of dry benzene then was 
added and the solution cooled. This procedure was re­
peated seven times in order to obtain pure 2-methoxy-8,9- 
dichloroacridine. The product is light-yellow plates melt­
ing at 181-182 0; the yield was 3.1 g. (24%).

Anal. Calcd. for Ci4H9ONC12: C, 60.45; H, 3.26; 
N, 5.04; Cl, 25.50. Found: C, 60.45; H, 3.24; N, 
5.40; Cl, 25.72.

2-Methoxy-6,9-dichloroacridine melts at 161-162° and a 
mixture of these two isomers melts from 145-158°.

The mother liquors from the above fractional crystalliza­
tion on concentration deposited 4.0 g. of a yellow com­
pound which melts over a large range and was entirely 
melted by 138°. When this solid was treated in the above 
manner no change in its composition appeared to occur.

2-Methoxy-8-chloro-9-[ (4-diethylamino-2-amyl) - 
amino] - acridine-(VI).—1 - Diethylamino-4-aminöpentane 
(2.9 g., 0.018 mole) was added dropwise to a well-stirred 
mixture of 2-methoxy-8,9-dichloroacridine (3.65 g., 0.0131 
mole) and phenol (18.4 g.) over a period of thirty minutes. 
The entire addition was conducted at steam-bath tempera­
ture. The reaction mixture was heated for an additional 
two hours and then diluted with warm 10% sodium 
hydroxide (80 cc .). A brown oil separated which floated 
on the alkaline solution. The entire mixture was cooled 
and extracted with a 1:1 mixture of benzene-ether. The 
extract was washed with water, dried over sodium sulfate, 
and the solvent was removed at reduced pressure at room 
temperature. The brown sirupy residue which was con­
taminated with a small amount of the yellow acridone was 
dissolved in acetone leaving the insoluble acridone. The 
acetone solution was acidified with dry hydrogen chloride 
at 0 0 and a small amount of the solvent was removed by 
means of a stream of dry air. The cooled solution set to a 
solid mass which yielded 5.1 g. (82.3%) of the yellow 
crystalline hydrochloride.

The hydrochloride was dissolved in distilled water (150 
cc.) at room temperature, filtered, and the free amine 
generated by the addition of 50 cc. of one normal sodium 
hydroxide. The yellow milky solution was extracted 
twice with 100-cc. portions of ether, the ethereal extract 
dried, and the solvent removed at reduced pressure at 
room temperature. The brown residual oil was dissolved 
in 125 cc. of dry acetone; dry hydrogen chloride was 
added at 0°. At first, the solution became milky colored 
and a sirup came out of solution but upon continued addi­
tion of the gas, the sirup finally redissolved. The solution 
was cooled to 0 0 for twenty-four hours and the precipitate 
removed by filtration. The air-dried material melts 
from 135-140°. After drying at 80° at a pressure of 1 
mm., the acridine melts at 197.5-199° (dec.), yield 3.75 g. 
(58%). Quinacrine dihydrochloride melts from 248-250 0.

Anal. Calcd. for C23H30ON3CI 2HCI H2O: C, 56.27;
H, 6.98; N, 8.58; Cl, 21.68. Found: C, 56.40; H, 
7.16; N, 8.89; Cl, 21.60.

A much less convenient method of crystallization was to 
dissolve the amine in dilute aqueous hydrochloric acid and
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allow the solution to stand in a vacuum desiccator over 
sulfuric acid at 0  °. After a few days a yellow solid, identi­
cal with the above, appeared.

N - ( 2  '-Chlorophenyl) -5-methoxyanthranilic Acid 
(Illb).—A mixture of 50 g. (0.268 mole) of 2-chloro-5- 
methoxybenzoic acid, 50 g. (0.392 mole) of o-chloroaniline, 
50 g. (0.362 mole) of anhydrous potassium carbonate, 1 g. 
of copper powder, 15 and 250 cc. of isoamyl alcohol was con­
densed and processed as described above. The yellow 
precipitate obtained by acidification to a p H  of 7 was re­
crystallized twice from aqueous ethanol. The yield was
8.5 g. (11.4%, 28.5% allowing for recovered acid), m. p. 
189-190°.

A n a l . Calcd. for CuH 120 8NG1: C, 60.54; H, 4.36; 
N, 5.04; Cl, 12.76. Found: C, 60.63; H, 4.32; N,
5.34; Cl, 12.92.

The white precipitate obtained at a p H  of 5 yielded 30 g. 
of the starting acid. Further acidification of the mother 
liquor gave only a brown oil.

2 -M ethoxy-5,9-dichloroacridine (IVb).—The ring clo­
sure was conducted as described above employing 7.4 g. 
(0.027 mole) of N-(2-chlorophenyl)-5-methoxyanthranilic 
acid. The yield of pure product was 6.2 g. (83.8%), m. p. 
157-158° (benzene).

A n a l. Calcd. for ChH 9ONC12: C, 60.45; H, 3.26;
(15) When copper bronze was used as the catalyst, it was found 

necessary to dissolve the coating of wax and stearic acid by heating 
with ethanol.

N, 5.04; Cl, 25.50. Found: C, 60.55; H, 3.28; N , 
4.77; Cl, 26.01.

2-Methoxy-5-chloro-9-[ (4-diethylamino-2-amyl) - 
amino]-acridine.—The condensation was carried out and 
worked up as described above using 1 . 1  g. (0.004 mole) of 
2-methoxy-5,9-dichloroacridine. Upon removal of the 
ether, a mixture of a yellow solid and a brown sirup was 
obtained. The yellow solid was removed and recrystal­
lized from benzene. The compound was 2-methoxy-5- 
chloro-9-phenoxyacridine, m. p. 189-190°, yield 0.55 g. 
(41%).

A n a l . Calcd. for C20H14O2NCI: C, 71.53; H, 4.20;
N, 4.17. Found: C, 71.42; H, 4.22; N, 4.17.

The brown sirup was processed in a manner analogous to 
that used for the 8 -chloro isomer but no crystalline hydro­
chloride was obtained. Attempts to distil the product led 
to decomposition.

Summary
2-Methoxy-8,9-dichloroacridine and 2-meth- 

oxy-5,9-dichloroacridine have been prepared. The
8-chloro isomer of Quinacrine has been prepared 
and its antimalarial activity determined. The 5- 
chloro isomer has been made but was not obtained 
in a crystalline form.
Berkeley  4, California  R eceived  F eburary 9, 1948

[Contribution from the D epartment of Chemistry , Oregon State College]

Quinazolines. VI. Syntheses of Certain 2-Methy 1-4-substituted Quinazolines1
B y Arth u r  J. T om isek  and B e r t  E. C h r ist e n se n

The study of the quinazoline compounds pro­
vides unusual interest, in view of the many novel2 
reactions and unpredictable3 reaction products. 
During the course of nitration studies of 2,4-di- 
methylquinazoline, another unusual reaction was 
observed; instead of a nitro-2,4-dimethylquinazo- 
line, the reaction product was 2-methyl-6-nitro-4- 
quinazolone. Even when equimolar quantities of 
reagents were used the nitrated quinazolone and 
unreacted quinazoline were the only compounds 
isolated from the reaction mixture, which fact in­
dicates that the nitration of the quinazolone must 
have taken precedence óver all other reactions. 
This reaction again illustrates the marked activity 
of a univalent substituent in the 4-position of the 
quinazoline nucleus.4

Another unpredictable reaction5 of the quinazo­
lines is illustrated in the chlorination of 2-methyl-
4-quinazolone; in this instance benzenoid chlorin­
ation occurs along with the replacement of the 4- 
hydroxyl group. This makes it impossible to pre­
pare 4-alkylaminoquinazolines with a methyl sub­
stituent in the 2-position by the usual procedures,
i. e.f coupling of the 4-chloro derivative with de-

(1) Published with the approval of the Monographs Publication 
Committee, Oregon State College, as Research Paper No. 124.

(2) Leonard and Curtin, J. Org. Chem., 11, 341 (1946).
(3) Tomisek and Christensen, T his Journal, 70, 874 (1948).
(4) Tomisek and Christensen, ibid., 67, 2112 (1945).
(5) Dehoff, J. prakt. Chem., 2, 42, 352 (1890); Bogert and May, 

T h is  J o u r n a l , 31, 511 (1909).

sired amine. Recently Leonard and Curtin6 have 
successfully employed the 4-mercaptoquinazolines 
in place of the usual chloro derivative as interme­
diates for synthesis of alkylamino compounds. 
This procedure has now been used to circumvent 
the problem of benzenoid chlorination in the prep­
aration of 4-alkylamino-2-methylquinazolines; 2- 
methyl-4-quinazolone and 6-chloro-2-methyl-4- 
quinazolone were readily converted to the respec­
tive 4-mercaptoquinazolines by means of phos-
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phorus pentasulfide in refluxing xylene. 2-Meth- 
yl-6-nitro-4-quinazolone on the other hand gave 
no reaction with phosphorus pentasulfide, even 
upon twelve hours of heating in boiling’ ^-cymene. 
This was probably due to its solubility charac­
teristics.

The 6-chloro-2-methyl-4-quinazolone was pre­
pared through a series of previously unreported 
intermediates. For purposes of characterization 
small amounts of each of these intermediates were 
purified after each stage of the synthesis. The 
diagram illustrating this series of reactions is also 
representative of the synthesis and reaction of 2- 
methyl-4-quinazolone.

Experimental7
6-Chloro-2 -methyl-4-quinazolone.—A solution consist­

ing of 25 g. of 5-chloroanthranilic acid8 and 75 ml. of pure 
acetic anhydride was refluxed one hour, then cooled to 
about 0 ° and filtered. The crystalline product (21.8 g. of 
crude benzoxazine) was converted to N-acetyl-5-chloro- 
anthranilamide after standing four hours in concentrated 
ammonia. Ten ml. of 10% sodium hydroxide was added 
to the unisolated product and the mixture was heated for 
several minutes; then the quinazolone was brought into 
solution by addition of an excess of hot 10% sodium 
hydroxide-. The basic solution was decolorized with char­
coal, adjusted to pH  8 and filtered (5.4 g. of crude N- 
acetyl-5-chloroanthranilic acid was recovered from the fil­
trate) . The product was recrystallized from alcohol, and 
residues from the alcoholic liquors were recrystallized (with 
charcoal treatment) from aqueous acetic acid. The com­
bined quinazolone fractions, 10.45 g., m. p. 283-286 °, corre­
sponds to an over-all yield of 37%. An additional recrys­
tallization from the acetic acid raised the m. p. to 287°.

Anal. Calcd. for C9H7N2OCl: C, 55.54; H, 3.63;
N, 14.40. Found: C, 55.30; H, 3.91; N, 14.55.

6-Chloro-2-methyl-3,1,4-benzoxaz-4-one.—A small 
amount of the crude benzoxazone9 was removed at the 
point indicated above, decolorized and recrystallized from 
hot acetic anhydride solution. The colorless plates melted 
at 124-125°.

Anal, Calcd. for C9H6N 0 2C1: C, 55.26; H, 3.09.
Found: C, 55.17; H, 2.84.

N-Acetyl-5-chloroanthranilamide.—A sample of the 
crude N-acetyl-5-chloroanthranilamide which occurred as 
an intermediate in the above synthesis of 6-chloro-2- 
methyl-4-quinazolone was recrystallized from alcohol to 
yield white crystals of m. p. 183 °.

Anal. Calcd. for C9H 9N20 2C1: C, 50.83; H, 4.27.
Found: C, 50.88; H, 4.16.

N-Acetyl-5-chloroanthranilic Acid.—The crude N-ace­
tyl-5-chloroanthranilic acid which occurred as a result of 
incomplete and/or side reaction in the above synthesis of
6-chloro-2-111 ethyl-4-quinazolone was decolorized from hot 
aqueous alcohol and crystallized. The flat white needles 
melted at 204°. This compound is not to be confused 
with 5-chloroanthranilic acid (m .p . 210-212°)10 the melt­
ing point of which in the earlier literature11 is given as 204 °.

Anal. Calcd. for C9H 8N 0 3C1: C, 50.60; H, 3.77.
Found: C, 50.71; H, 3.67.

2 -Methyl-4-mercaptoquinazoline.—Sixteen grams (0.1 
mole) of 2-methyl-4-quinazolone and 21.6 g. (0.1 mole) of 
phosphorus pentasulfide were mixed dry. One hundred 
ml. of xylene was added and mixture was refluxed two

(7) All melting points are corrected.
( 8 ) Eastman Kodak Company, technical grade (blue label).
(9) Wegscheider and Faltis, Monatsh., 33, 185 (1911).
(10) Magidson and Golovchinskaya, J. Gen. Chem. (USSR), 8, 

1801 (1938).
(11) Eller and Klemm, Ber., 55, 222 (1922).

hours. The heating was interrupted at the end of the 
first hour to permit repulverizing of the solids in the mix­
ture. The mixture was shaken with 100 ml. of 10% so­
dium hydroxide and filtered. The solid material from the 
filtration was thoroughly dried, then extracted with 100 
ml. of hot 10% sodium hydroxide. The combined basic 
solutions after treatment with charcoal were precipitated 
with acetic acid. The solid material was removed by fil­
tration and reprecipitated from sodium hydroxide solution.

This crude mercaptoquinazoline was recrystallized from 
aqueous alcohol to yield 8.55 g. (49%) of yellow needles, m. 
p. 217-219 °. The melting point recorded for 2-methyl-4- 
mercaptoquinazoline as prepared from acetylanthranilic- 
nitrile is 218-219° (dec.).12

6-Chloro-2-methyl-4-mercaptoquinazoline.—The syn­
thesis and isolation were as given for 2-methyl-4-mercapto- 
quinazoline. The crude 6-chloro-2-methyl-4-mercapto- 
quinazoline was decolorized and recrystallized from hot 
aqueous alcohol solution. The yield from 19.5 g. (0.1 mole) 
of 6-chloro-2-methyl-4-quinazoline was 11.6 g. (55%). 
An additional recrystallization from aqueous acetic acid 
gave yellow needles of m. p. (dec.) 276-278°.

Anal. Calcd. for C9H7N2SC1: C, 51.30; H, 3.35; 
Cl, 16.83. Found: C, 51.53; H, 3.21; Cl, 16.78.

4-( /3-Hydroxy ethyl amino) -2 -methylquinazoline.—A 
mixture of 5 ml. of ethanolamine and 1.47 g. of 2-methyl-4- 
mercaptoquinazoline was heated for seven hours at 80°. 
The suspension which resulted on cooling was diluted with 
a small amount of water. This product was recrystallized 
(preferably by seeding from a previous preparation) yield­
ing rosettes of thick, yellow needles. The product (1.5 g., 
88%) was dissolved in hot dioxane, in order to remove a 
trace of insoluble oil. This solution was then evaporated 
to dryness, and the residue was recrystallized from the 
minimum amount of water. The pure 4 -(/3-hydroxy- 
ethylamino)-2-methylquinazoline crystallized from water 
as yellow prisms and spherulites. When dropped upon a 
hot melting point block the crystals appeared to melt at 
164-166° resolidifying to white needles which melted (with 
sublimation) at 174.5-176°. Since both forms recrystal­
lized from water to yield a mixture of highly birefringent 
spherulites and prisms one cannot attribute the behavior to 
crystal habit or to a monotropic transformation on the 
basis of the present information.

Anal. Calcd. for CnH13N30 : C, 65.01; H, 6.45; N,
20.68. Found: C, 64.83; H, 6.69; N, 20.69.

6-Chlor o -4-(p -m ethoxy anilino) -2 -methylquinazoline.— 
A mixture of 4 g. of />-anisidine and 1.75 g. of 6-chloro-2- 
methyl-4-mercaptoquinazoline was heated for six hours at 
190 °. The resulting dark yellow solid was triturated first 
with acid and then with sodium hydroxide. The solid was 
decolorized and recrystallized from 0.5 A  hydrochloric acid 
to yield 0.59 g. of fine, yellow needles of 6-chloro-4-(£- 
methoxyanilino)-2-methylquinazoline hydrochloride. The 
m. p. in a capillary block preheated to 319° was 321° 
(dec.).

Anal. Calcd. for Ci6H15N3OC12: C, 57.15; H, 4.50. 
Found: C, 57.41; H, 4.42.

Nitration of 2,4-Dimethylquinazoline.—Two and one- 
half grams of 2,4-dimethylquinazoline was dissolved in 20 
ml. of concentrated sulfuric acid and 10 ml. of fuming 
nitric acid (sp. gr. 1.5) was added in one portion. In order 
to keep the initial temperature below 75 °, it was necessary 
to cool the reaction mixture which was then maintained at 
75° for one hour, and then poured on 200 g. of ice; tiny 
white needles (0.61 g.) separated on standing overnight. 
The liquors were neutralized to yield more product which 
was recrystallized from glacial acetic acid; yield 1.84 g. 
Several recrystallizations from glacial acetic acid and pyri­
dine gave a product with m. p. (dec.) 302-304 °, which did 
not depress the melting point of the 2-methyl-6-nitro-4- 
quinazolone prepared later by nitration of 2-methyl-4- 
quinazolone.

Anal. Calcd. for C9H7N30 3: N, 20.48. Found: N,
20.44.

(12) Bogert, Breneman and Hand, T his J o u r n a l , 25, 377 (1903).



Nitration of 2-Methyl-4-quinazolone.—Two and one- 
half grams of 2-methyl-4-quinazolone was nitrated accord­
ing to the directions given for the nitration of 2,4-dimethyl- 
quin azoline. The yield of crude product was 2.8 g. The 
m .p . after several recrystallizations was 298-300° (dec.) 
Bogert and Geiger reported13 a melting point of 299° 
(uncor.) for 2-methyl-6-nitro-4-quinazolone obtained by a 
similar nitration.

July, 1948

(13) Bogert and Geiger, T his Journal, 34, 529 (1912).

Summary
4-Mercapto-2-methylquinazoline can be used 

as an intermediate for synthesis of 4-(/3-hydroxy­
ethylamino)-2-methylquinazoline and 6-chloro-4- 
(^-methoxyanihno)-2-methylquinazoline.

The nitration of 2,4-dimethylquinazoline yields
2-methyl-6-nitro-4-quinazolone.
C o r v a l l i s , O r e g o n  R e c e i v e d  F e b r u a r y  9 ,  1 9 4 8
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[Contribution N o. 80 from the C hemistry Laboratory of the  U n iversity  of U tah]

The Willgerodt Reaction on «-Tetralone
B y  W. J. H orton and  J. V a n  D e n  B e r g h e 1

The reaction of aliphatic aromatic ketones with 
aqueous ammonium polysulfide to produce co-aryl 
aliphatic amides, first reported by Willgerodt,2 has 
been shown to be applicable to olefins, acetylenes, 
aldehydes, alcohols and mercaptans.3*4 I t is ap­
parent that a rearrangement is not involved.5 
This confirms Willgerodt’s experiment6 in which 
isovalerophenone was converted to «-methyl-7- 
phenylbutyramide rather than the /3-methyl-7- 
phenylbutyramide expected by rearrangement. 
This reaction has been successfully repeated in 
several laboratories.4*7*8

The most important suggestions as to the mech­
anism of the reaction4*8 have postulated a group 
which migrates along the chain by reversible 
steps, the process being terminated by irreversible 
changes which yield the amide. These ideas have 
been supported by the fact that the proposed in­
termediates, olefins, acetylenes, mercaptans, will 
yield amides if they are submitted to the condi­
tions of the reaction. No intermediates have been 
isolated from the reaction mixture.

In the hope of interrupting the progression of a 
functional group along the aliphatic chain, we 
proposed to terminate the aliphatic chain of the 
aliphatic aromatic ketone with a second aryl 
group, or to use «-tetralone in the reaction9 so 
that the aryl group of the ketone would also be the 
terminal group on the chain. We employed for 
convenience the modification suggested by 
Schwenk and Bloch10 which avoids the use of 
sealed tubes.11 The principal product of the reac-

(1) In part from the M aster’s D issertation of J. Van Den Berghe.
(2) Willgerodt, Ber., 20, 2467 (1887).
(3) For a recent review of this reaction, see Carmack and Spiel- 

man, “ Organic R eactions,” Vol. 3, John W iley and Sons, Inc., N ew  
York, N . Y ., 1946, p. 83.

(4) King and M cM illan, T h is  J o u r n a l , 68, 525, 632 (1946).
(5) Shantz and Rittenberg, ibid., 68, 2109 (1946). Calvin, et al., 

ibid., 68, 2117 (1946), have shown that the acid produced is not 
formed by the same mechanism as the amide.

( 6 ) W illgerodt and Merck, J . prakt. Chem., 80, 192 (1909).
(7) Fieser and Kilmer, T h is  Jo u r n a l , 62, 1354 (1940).
(8) Carmack and De Tar, ibid., 68, 2029 (1946).
(9) This is the first recorded example of a cyclic ketone in the 

Willgerodt reaction.
(10) Schwenk and Bloch, T h is  J o u r n a l , 64, 3051 (1942).
(11) Preliminary work by one of us on a-tetralone and aqueous 

ammonium polysulfide in a sealed tube gave crystals melting at 
139-140° which contain sulfur but no nitrogen.

tion was a tertiary aromatic amine. When this 
was hydrolyzed using dilute sulfuric acid in a 
sealed tube,12 /3-naphthol was obtained and further 
identified by conversion to /3-naphthyl methyl 
ether. That the amine is 4-(2-naphthyl)-morpho­
line was fully confirmed by independent syntheses 
from /3-naphthol and morpholine in the presence 
of aqueous sodium bisulfite, and from /3-naphthyl- 
amine and 0,0 '-dichlorodiethyl ether.13

The reaction of «-tetralone, morpholine and 
sulfur gives, in addition to the above amine, small 
amounts of at least one other product which has 
not been fully investigated.

When «- or /3-naphthol replaced «-tetralone in 
this reaction, no amines could be found. Thus the 
conversion of «-tetralone to «-naphthol by means 
of sulfur cannot be the initial step in the reaction.

We have also investigated the behavior of mor­
pholine and sulfur without the addition of any 
other material. Several reports in which the 
Schwenk and Bloch modification of the Willger­
odt reaction was used have appeared14*15 but 
products of a reaction between morpholine and 
sulfur have not been noted.16 At a temperature 
just above that used to produce 4-(2-naphthyl)- 
morpholine from «-tetralone, morpholine and sul­
fur, the latter two components alone gave a high 
melting compound which resembled that isolated 
in the reaction of commercial diisobutylene, two 
styrene homologs, or certain mercaptans with 
morpholine and sulfur and shown to be dithio- 
oxalodimorpholide.15 When our product was mixed 
with known dithioöxalodimorpholide, no depres­
sion of the melting point was obtained. Hydrol­
ysis of the high melting material with aqueous 
hydrobromic acid produced the hydrobromide of 
/3,/3'-dibromodiethylamine. I t is apparent then 
that sulfur attacks the morpholine molecule to 
give hydrogen sulfide and a dithioöxalyl fragment

(12) Cf. Arnold, Buckley and Richter, T his Journal, 69, 2322 
(1947), who treated l-acetamido-3,4-dimethylnaphthalene in this 
manner.

(13) Cretcher and Pittenger, ibid., 47, 163 (1925).
(14) Campaigne and Rutan, ibid., 69, 1211 (1947); Arnold 

and Rondestvedt, ibid., 67, 1265 (1945).
(15) McMillan and King, ibid., 69, 1207 (1947).
(16) Carmack has reported (ref. 8) a high melting material in the 

reaction of phenylacetylene with morpholine and sulfur.
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which is stable when converted to dithioöxalodi- 
morpholide.

This work is being continued in an attempt to 
explain the appearance of the morpholinyl group 
at the 2-position of the naphthalene ring when a- 
tetralone is used.

We are indebted to assistance from the Univer­
sity of Utah Research Committee. The help of 
Mr. C. H. Arrington is gratefully acknowledged.

Experimental17
4-(2-Naphthyl) -morpholine.— (a) Morpholine from

Commercial Solvents Corp. was redistilled and the color­
less fraction, b .p . 121.5-122° at 644 mm., was used. The 
« -tetralone was prepared by the methods described18 and 
had a b. p. 127-137° at 13 mm. «-Tetralone prepared by 
air oxidation of tetralin gave similar results. A mixture of 
4.0 g. (0.027 mole) of «-tetralone, 2.48 g. (0.028 mole) of 
morpholine and 0.86 g. (0.027 mole) of powdered sulfur 
was refluxed by heating the flask in an oil-bath at 128-135° 
for eight hours. Within the first hour, the sulfur dissolved, 
an odor of hydrogen sulfide was noted and the color of the 
solution lightened. The reaction mixture was allowed to 
cool to room temperature and stand overnight, whereupon 
it solidified. The solid was treated with a warm solution 
of 5 cc. of concentrated hydrochloric acid in 10 cc. of water 
and decanted to a filter. This treatment was repeated 
twice. The oil remaining undissolved was washed with 
water and the washings added to the acidic filtrate. The 
cooled filtrate was made basic with ammonia, the suspen­
sion of dark precipitate was cooled, filtered and washed 
with water. The dried crude amine weighed 2.87 g. 
Steam distillation and three recrystallizations from aque­
ous ethanol gave thin rods, m. p. 87-90°, reported 90°.13

Anal. Calcd. for Ci4H15NO: N, 6.57. Found: N,
6.55.

The amine was dissolved in dilute hydrochloric acid with 
warming and the acidity was increased to 10% by addition 
of concentrated hydrochloric acid. On cooling, the hydro­
chloride of 4 -(2-naphthyl)-morpholine appeared as color­
less crystals. Recrystallization first from a small volume 
of water and then from absolute alcohol, produced large 
granular crystals which melted at 211.5-215° with sudden 
evolution of gas at 215°.

Anal. Calcd. for Ci4Hi8NOC1: N, 5.61; neut. equiv.,
250. Found: N, 5.64; neut. equiv., 250.

A solution of 0.5 g. of amine and 0.5 g. of picric acid in 25 
cc. of warm ethanol gave 0.77 g. of picrate on cooling. 
Recrystallization from alcohol gave fine, rectangular, ca­
nary-yellow rods which melted at 152-155° (dec.).

Anal. Calcd. for C2oH i8N408: neut. equiv., 442. 
Found: neut. equiv., 438.

When «-naphthol or /3-naphthol (0.027 mole) replaced 
«-tetralone in the above procedure, no detectable amounts 
of amines could be obtained from the hydrochloric acid ex­
tracts of the reaction mixture.

(b) A sample of 4 -(2-naphthyl) -morpholine prepared by 
the reported procedure13 melted at 84.5-87° and a mixture 
with the amine from (a) melted at 87-89°. A picrate was 
prepared which melted at 152-155° (dec.). No change in 
m. p. was observed when this was mixed with the picrate 
obtained in (a).

(c) A sealed glass tube containing 1.0 g. of /3-naphthol 
(0.0069 mole), 1.2 g. of morpholine (0.014 mole), 0.73 g. 
of sodium bisulfite (0,007 mole) and 1.5 cc. of water was 
heated for twenty-four hours at 190-200°. Extraction of 
the tube contents three times with a solution of 1 cc. of 
alcohol in 9 cc. of 6 A  hydrochloric acid, filtration and 
neutralization of the filtrate gave 1.06 g. of crude amine.

(17) Melting points and boiling points are uncorrected.
(18) Martin and Fieser, “ Organic Syntheses,” Coll. Vol. II, John

Wiley and Sons, Inc., New York, N . Y., 1943, p. 569; Thompson, 
ibid., Vol. 20, p. 94.

On solution in dilute hydrochloric acid, filtration and neu­
tralization, 1.03 g. of nearly colorless amine, m .p . 84-87°, 
was obtained. A mixture with the amine produced in (a) 
melted at 87-89°. Similarly, a mixture of the picrates 
melted without depression.

Hydrolysis of 4-(2-Naphthyl) -morpholine .—Two hun- 
dred milligrams of the amine from «-tetralone, morpholine 
and sulfur was sealed in a glass tube with 10 cc. of 15% 
sulfuric acid.12 The tube was heated in a metal-bath at 
220-240° for three hours. The crystalline contents of the 
tube were filtered and washed with water. The solid, 
dissolved in warm benzene, was washed with a solution of 
0.5 cc. of hydrochloric acid in 20 cc. of water. The sepa­
rated benzene solution was washed with water until neutral 
and the benzene evaporated. The residue partially dis­
solved in 10% sodium hydroxide. The filtered solution 
was acidified to yield a gelatinous precipitate which dis­
solved on warming and reappeared as colorless crystals on 
cooling. These melted at 114-120° and a mixture with 
authentic /3-naphthol melted at 117-120°. A solution of 
10 mg. of the crystals in 0.5 cc. of 10% sodium hydroxide 
and 2 cc. of water was treated with two 0.1-cc. portions of 
dimethyl sulfate to yield 5 mg. of /3-naphthyl methyl ether, 
conveniently recovered by steam distillation of the reaction 
mixture. The ft-naphthyl methyl ether was recognized by 
its distinctive odor, m. p. 71.5-74° alone, and when mixed 
with known /3-naphthyl methyl ether, m. p. 71.5-73.5°.

Reaction of Morpholine and Sulfur.—A mixture of 4.3 
g. (0.13 mole) of powdered sulfur and 12.4 g. of redistilled 
morpholine (0.14 mole) was heated in an oil-bath held at 
150-158 ° for four hours. Use of a Hopkins-type condenser 
permitted gentle refluxing with only a small portion of the 
material becoming solid in the condenser. The warm 
reaction product was mixed with 50 cc. of 95% ethanol 
and allowed to stand at room temperature overnight. The 
crystals so obtained were washed with cold alcohol and 
weighed 1.16 g ., m . p . 217-227 °. A filtered solution of the 
compound in hot water deposited 0.45 g. of colorless flat 
prisms on cooling, m .p . 253.5-255°. The m .p . was not 
raised by subsequent recrystallization from alcohol.

Anal. Calcd. for Ci0Hi6N2O2S2: N, 10.76. Found: 
N, 10.76.

When mixed with dithioöxalodimorpholide prepared by 
the described method,15 m .p . 254.5-256°, reported m .p . 
252-253 °, the mixture melted at 252.5-255 °.

Hydrolysis with Hydrobromic Acid.—To 0.28 g. of the 
compound from morpholine and sulfur was added 10 cc. of 
48% hydrobromic acid and the solution was refluxed for 
twelve hours. Removal of the acid at reduced pressure by 
warming on the water-bath left a residue which crystal­
lized on cooling. The crystals were dissolved in 10 cc. of 
warm absolute alcohol, filtered and the solution concen­
trated. On cooling, crystals appeared which were filtered 
and washed with ice-cold alcohol. The material weighed 
100 mg. and melted at 195-201°. Reported19 for ft,ft'- 
dibromodiethylamine hydrobromide, m .p .  199-200°. A 
hot water solution of 70 mg. of the hydrobromide and 50 
mg. of picric acid deposited 50 mg. of canary-yellow crys­
tals, m .p . 125-134°. Recrystallization from a few cc. of 
hot water gave crystals, m .p . 132-134° with shrinking at 
129°. Reported19 for the picrate of /3,/3'-dibromodiethyl- 
amine, m. p. 128°.

Oxalodimorpholide.—A solution of 14.4 g. of morpholine 
in 50 cc. of anhydrous reagent benzene was treated with a 
solution of 4.2 g. of oxalyl chloride in 50 cc. of benzene. 
The oxalyl chloride solution was added slowly with swirling 
and cooling in cold water. After standing at room tem­
perature for thirty minutes, followed by warming on the 
steam-bath, the cooled mixture was filtered and the filter 
washed with benzene. After removal of the benzene from 
the filtrate, the residue and the colorless salt insoluble in 
benzene were thoroughly extracted with warm acetone. 
On concentration of the acetone and cooling, 5.32 g. of 
short, rectangular prisms was obtained, m. p. 173- 
182.5°, reported 184-185°.15 By concentration of the fil­
trate and addition of petroleum ether (b. p. 70-90°), 1.2 g.

(19) Gabriel and Eschenbach, B er., 30, 809 (1897).



July, 1948 D esoxycorticosterone Acetate from 3-Kbto- A4-etiocholenic Acid 2427

was obtained, m .p . 138-176 °. The first crop material was 
suitable for the preparation of dithioöxalodimorpholide.15

Summary
The reaction of «-tetralone with morpholine

and sulfur yields 4-(2-naphthyl)-morpholine.
Dithioöxalodimorpholide has been isolated as a 

reaction product of sulfur and morpholine.
Salt  L ak e  C it y , U tah R eceived  M arch 9, 1948

[Contribution from the L aboratory of Organic Chemistry of the U niversity  of W isconsin]

The Preparation of Desoxycorticosterone Acetate from 3-Keto-A4-etiocholenic Acid
B y  A. L. W ilds and  Clifford  H. S h u n k 1

Desoxycorticosterone acetate (IVa) has been 
prepared by Reichstein and co-workers2 from 3- 
acetoxy-A5-etiocholenic acid by treating the acid 
chloride with diazomethane to form the diazoke­
tone, followed by hydrolysis, Oppenauer oxida­
tion of the remarkably stable diazoketone to 21- 
diazoprogesterone (III) and finally reaction with 
acetic acid. Attempts to prepare this adrenal cor­
tical hormone from 3-keto-A4-etiocholenic acid (I), 
thus avoiding the selective hydrolysis and oxida­
tion of the diazoketone, have been unsatisfactory 
because of difficulties in preparing the acid chlo­
ride.3-4 The «, jS-unsaturated ketone grouping 
seems to be sensitive to reagents, such as thionyl 
chloride, normally used to prepare the acid chlo­
rides. Apparently because of these difficulties, 
Reich and Lardon5 developed a six-step procedure 
for converting 3-keto- A4~steroids into the 3-ace 
toxy- A5-derivative. This procedure was employed 
by von Euw and Reichstein6 in a partial synthesis 
of 11-dehydrocorticosterone which necessitated re- 
'oxidation to the 3-keto-A4 derivative at a later 
stage.

In connection with the synthesis of certain ana­
logs of desoxycorticosterone and progesterone 
lacking ring C, we have developed an improved 
procedure for converting unsaturated keto acids of 
this type into the acid chlorides and diazoketones. 
This procedure has proved to be quite successful 
with 3-keto- A4-etiocholenic acid (I). The critical 
step is the formation of the acid chloride at low 
temperatures (below 15°) by reaction of the so­
dium salt of the acid with oxalyl chloride.7*8 After 
reaction with diazomethane the diazoketone III 
was obtained in 81% over-all yield from the acid
I. By adding the diazoketone to boiling acetic

(1) National Research Council Predoctoral Fellow, 1946-1948.
(2) Reichstein and v. Euw, Helv. Chim. Acta, 23, 136 (1940); see 

also Steiger and Reichstein, ibid., 20, 1164 (1937).
(3) Private communication from Dr. Lewis H. Sarett of Merck 

and Co., Inc., Rahway, New Jersey.
(4) Dr. Wayne Cole of The Glidden Co., Soya Products Division, 

Chicago, 111., has informed us that they have obtained this acid chlo­
ride in impure form using thionyl chloride in cold ether containing 
a trace of pyridine.

(5) Reich and Lardon, Helv. Chim. Acta, 29, 671 (1946).
(6) v. Euw and Reichstein, ibid., 29, 1913 (1946).
(/) Adams and Ulich, T h is  J o u r n a l , 42, 599 (1920).
(8) Dr. Thomas L. Johnson found this to b e  a superior method 

for preparing the acid chloride of a different type of keto acid; see  
Wilds and T. L. Johnson, T h is  Jo u r n a l , 70, 1166 (1948).

acid,9 desoxycorticosterone acetate (IVa) was ob­
tained in 73% yield. The over-all yield is con­
siderably higher than those reported for the earlier 
syntheses.

These procedures should prove of value for 
similar reactions with the 11-oxygenated deriva­
tives of I.

COOH

IVa, R -  CH3CO 
IVb, R =  H

Experimental10
21-Diazoprogesterone (III) .—A solution of 506 mg. of 3- 

keto-A4-etiocholenic acid11 in 19 ml. of 0.091 N  sodium 
hydroxide was frozen and evaporated to dryness (lyophil- 
ized) under reduced pressure and the residue dried at 110 0 
(0.1 mm.) for eight hours. After cooling, 10 ml. of dry, 
thiophene-free benzene and 3 drops of pyridine were added; 
the salt was scraped from the sides of the flask, mixed 
thoroughly and cooled in an ice-bath before adding 2 ml. of 
redistilled oxalyl chloride (b .p . 60-60.5 °). There was an 
immediate evolution of gas which stopped after a few

(9) Dr. Warren R. Biggerstaff has found that this procedure is 
superior to dissolving in acetic acid before heating.

(10) All melting points are corrected.
(11) We are indebted to the Research Dept, of The Glidden Co., 

Soya Products Division, for this material.
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seconds. The mixture was then allowed to warm to 15° 
for four minutes and as no further evolution of gas was 
noticed the solvent was evaporated under reduced pressure. 
Dry air was then admitted and three 1.5-ml. portions of 
benzene were added and evaporated, keeping the tempera­
ture below 15° at all times. Finally the acid chloride was 
dissolved in 5 ml. of benzene, filtered through a dry, sin­
tered glass funnel into a cooled receiver and diluted with an 
equal volume of ether. The acid chloride was added 
slowly to a cold ( —15°) ethereal solution of diazomethane 
(prepared from 6 g. of nitrosomethylurea12) , maintained at 
— 15° for one-half hour and at 0° for one-half hour, then 
the solvent was evaporated under reduced pressure. Tri­
turation of the residual oil with acetone gave a total of 439 
mg. (81%) of the light yellow diazoketone which decom­
posed at 177-178° (reported,2 182-184°).

Desoxycorticosterone Acetate (IVa).—To 10 ml. of 
boiling, purified13 acetic acid was slowly added 163 mg. of 
21-diazoprogesterone; there was immediate evolution of 
nitrogen and a light yellow solution resulted. After re­
fluxing for three minutes the acetic acid was evaporated

(12) The diazomethane solution was distilled, dried for two hours 
over potassium hydroxide pellets, and then for one hour over sodium 
wire before use; see Fieser and Turner, T his Journal, 69, 2341 
(1947).

(13) The acetic acid was refluxed for six hours with 5% by weight
of potassium permanganate, distilled and the distillate fractionated, 
collecting the last fraction, b.p. 117°.

under reduced pressure and the residual oil dissolved in 
acetone. On cooling long needles were obtained which 
changed to 109 mg. of a powder upon drying at room tem­
perature, m .p . 155-157°. A second crop of 14 mg., m .p . 
153-155°, and an additional 8 mg., m. p. 146-154°, after 
molecular distillation of the nitrate at 160° (0.001 mm.) 
brought the total yield of desoxycorticosterone acetate to 
73%. Recrystallization of a sample from acetone raised 
them. p. to 158-159° (reported,2 158-159°).

Hydrolysis of the acetate by the method of Reichstein 
and von Euw14 gave desoxycorticosterone; after molecular 
distillation at 150° (0.001 mm.) and two recrystallizations 
from acetone-ether, this melted at 140-142° and showed 
no depression when mixed with an authentic sample.

Summary
A procedure has been developed for preparing 

acid chlorides from a, /3-unsaturated keto acids 
using the sodium salt and oxalyl chloride in the 
cold. By means of this reaction it has been pos­
sible to convert 3-keto- A4-etiocholenic acid to 21- 
diazoprogesterone and desoxycorticosterone ace­
tate in good yields.

(14) Reichstein and v. Euw, Helv. Chim. Acta, 21, 1181 (1938). 

M adison 6, W isconsin R eceived  M arch 19, 1948

[Contribution from the R esearch  Laboratory of E vans R esearch  and D evelopm ent C orporation]

Esters of (Carboxymethylmercapto) -succinic Acid
B y J ohn F. M ulvaney , la J ames G. M u rph y  and R alph  L. E vans

(Carboxymethylmercapto)-succinic acid has 
been prepared by Fitger,1 by Morgan and Fried­
mann2 and by Larsson.3 Larsson gives a proced­
ure for the preparation of the dl-acid in excellent 
yield by the interaction of maleic acid and thio­
glycolic acid at water-bath temperature.

During an investigation of derivatives of thio­
glycolic acid, we prepared esters of (carboxy­
methylmercapto)-succinic acid of the three types 
indicated in Fig. 1. No attempt was made during 
this work to isolate any optically active forms of 
these esters.

Type I

SCHjCOOR
i

CHCOOR
I

CHjCOOR

Fig. 1 
Type II

SCH2COOH
I

CHCOOR
I

CH2COOR

Type III

s c h 2c o o r
I

CHCOOH
I

CH2COOH

Esters of Type I.—These were prepared in the 
usual manner with an acid catalyst and with 
toluene or benzene as water-entraining agents.

The esters were purified by fractional distilla­
tion. Tne octadecyl ester was crystallized from 
toluene, alcohol and acetone.

The properties of the esters of Type I are listed
(1) Fitger, Diss. Lund, 1924.
(la) Present address: General Aniline Works, General Aniline

and Film Corporation, Grasselli, N. J.
(2) E. J. Morgan and E. Friedmann, Biochem. J., 32, 733 (1938).
(3) E. Larsson, Trans. Chalmers Univ. Technol., 47, 3-7 (1945).

in Table I. The ^-propyl (b. p. 125-131° at 0.1 
mm.) and isopropyl (b. p. 124-129° at 0.4 mm.) 
esters were prepared but were not purified for 
analysis.

Esters of Types II and III.—Preliminary a t­
tempts to prepare esters of Type II by the addi­
tion of thioglycolic acid to alkyl maleates gave 
only slow and partial reaction. The isolation of 
fumaric acid from the reaction mixture indicated 
hydrolysis and isomerization. When sodium 
thioglycolate was used, the reaction proceeded 
almost to completion at room temperatures.
NaOOCCH2SH +

ROOCCH=CHCOOR
SCH2COONa 
CHCOOR (1) 
CH2COOR

Similarly, it was found that thioglycolic acid es­
ters reacted more completely with sodium maleate 
than with maleic acid to give esters of Type III.
ROOCCH2SH +

NaOOCCH=CHCOONa
SCH2COOR
CHCOONa
CH2COONa

(2)

Experimental
In general, 0.25 mole of the acid was neutralized 

with 15% sodium hydroxide and an alcoholic solu­
tion of the ester (0.25 mole) was added. The mix­
ture was allowed to stand at room temperature 
until titration with iodine showed that the addi­
tion was almost complete.
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T able  I

E sters of T ype  I
B. p.

R °C. Mm. W25 D

Ethyl 140-145 0.8 1.4646
w-Butyl 161-163 0.2 1.4606
Octadecyl 50 (melting point, uncor.)

M D ------Sulftir, % --------.
J2525 Calcd. Obs. Calcd. Found

1.1498 70.5 70.4 10.96 10.82
1.0517 98.2 98.6 8.54

3.43
8.92
3.43

Compound
(Carboxymethylmercapto)-butyl-succinatea 
(Carboxymethylmercapto)-benzyl-succinate® 
(Carbobutoxymethylmercapto) -succinate6’d 
(Carboctoxymethylmercapto) -succinate6’d 
(Carbododecoxymethylmercapto) -succinate0’ ‘

T able  II
-----------------Analyses, %----------------- >

M. p., Calculated Found
Formula °C. S Na S Na

Ci4H230 6SNa 148 9.37 6.72 9.51 6.49
C20H19O6SNa 156-157 7.81 . . .  8.10
C10H14O6SNa2 ........  10.39 . . .  9 .98
Ci4H22OoSNa2 . . . . .  8 .80 12.62 9.01 12.50
C18H3o06SNa2 ........  7.62 . . .  7.32

a Purified by dissolving in methanol and precipitating with ether. 6 Purified by dissolving in methanol—water (1:1) 
and precipitating with acetone. c Purified by dissolving in water and precipitating with acetone. d White, waxy solids. 
The octyl and dodecyl compounds have surface-active properties.

The compounds prepared, all as their sodium 
salts, are listed in Table II.

The (carboctoxymethylmercapto) disodium suc­
cinate was converted to the free acid by acidifying 
an aqueous solution with hydrochloric acid. The 
oil that separated was dissolved in ether and 
washed with water. The ether then was evapo­
rated and the oil dried in vacuum. Alkali titration 
gave an equivalent weight of 165 (theory 160.3) 
n2bd 1.4840, d2525 1.146.

Acknowledgment.—The authors wish to ex­
press their appreciation to Miss Lillian Weiss and

Mr. J. W. Veale for assistance in the experi­
mental work.

Summary
1. Three tri-esters, two di-esters and three 

mono-esters of (carboxymethylmercapto)-succinic 
acid (the latter two types as sodium salts) have 
been prepared and some of their physical con­
stants determined.

2. An indirect method for the preparation of
certain of the mono-esters and di-esters of (car­
boxymethylmercapto)-succinic acid is reported. 
N ew Y ork, N. Y. R eceived  F ebruary  28, 1948

[Contribution from the C hemical Laboratory of N orthwestern Un iversity]

Mechanism for the Reaction of Dioxane Sulfotrioxide with Olefins. II. Sulfonation
of Styrene

B y F. G. B ordwell and Christian  S. R o n destvedt , J r .1

In a continuation of the attempt to elucidate 
the mechanism2 of the reaction of dioxane sulfo­
trioxide with olefins,3 the sulfonation of styrene 
has been investigated. Styrene was chosen be­
cause of its ready availability in a pure state and 
because preliminary studies4 indicated that a vari­
ety of products are formed in its sulfonation.

To ensure uniformity in the sulfonating agent 
and a fixed ratio of dioxane to sulfur trioxide the 
dioxane sulfotrioxide was prepared by adding an 
equimolar quantity of dioxane to a solution of sul­
fur trioxide in ethylene dichloride. In this way a 
fine suspension of dioxane sulfotrioxide was ob­
tained.

(1) National Research Council Predoctoral Fellow, 1946—1947. 
Present address: University of Michigan, Ann Arbor, Michigan. 
This material was abstracted from the Ph.D. Dissertation of Chris­
tian S. Rondestvedt, Jr., October, 1947.

(2) Bordwell, Suter and Webber, T h is  J o u r n a l , 67, 827 (1945).
(3) Suter and co-workers, ibid., 60, 538 (1938); 63, 978, 1594 

(1941); 66 , 507 (1943); 66 , 1105 (1944).
(4) Bordwell, Suter, Holbert and Rondestvedt, ibid., 68, 139 

(1946).

In most of the experiments of the present in­
vestigation the sulfonation mixture, prepared at 
— 5 to 0° by dropwise addition of a solution of 
styrene in ethylene dichloride to the sulfonating 
agent, was hydrolyzed without allowing the tem­
perature to rise above 5°. When the aqueous layer 
was neutralized with sodium hydroxide, the water- 
soluble products were sodium 2-phenylethene-1 - 
sulfonate4 (I), sodium 2-phenyl-2.-hydroxy-1-eth- 
anesulfonate (II) and sodium sulfate. The iden­
tity of II was established by separation from I and 
sodium sulfate by fractional crystallization using 
alcohol-water mixtures,5 and comparison of the
S-^-chlorobenzylthiouronium salt6 with an au­
thentic sample.7 From the ethylene dichloride 
layer 2,4-diphenyl-1,4-butanesultone (III) was ob­
tained.4*8 At higher reaction temperatures the 
amount of I increased at the expense of II.

(5) Kharasch, Schenk and Mayo, ibid., 61, 3092 (1939).
(6) Suter and Milne, ibid., 65, 582 (1943).
(7) We wish to thank Frank Colton for carrying out this experi­

ment.
(8) This structure is assigned on the basis of unpublished results.
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In order to follow conveniently the variation in 
the proportions of products with changing experi­
mental conditions it was necessary to devise an 
analytical method for determining the relative 
amounts of I and II in the aqueous portions of the 
hydrolysis mixture. Oxidation of I with potas­
sium permanganate has been reported to be quan­
titative, but not suitable for the analysis of this 
mixture since the presence of II interferes with the 
determination.5 No reaction occurred when I was 
treated with hydrogen peroxide and formic acid.9 
However, titration with aqueous bromine using 
the bromate-bromide method was found to be 
rapid and quantitative. The presence of II did 
not affect the analytical results.

The product formed in the reaction of I with 
bromine water was found to be identical with that 
obtained in the sulfonation of /3-bromostyrene 
with dioxane sulfotrioxide,10 as shown by compari­
son of the corresponding sulfonamides. Truce10 
designated this compound as sodium 2-phenyl-1- 
bromoethene-1 -sulfonate on the basis of its re­
duction to sodium 2-phenylethene-1 -sulfonate 
under conditions similar to those used by Kohler11 
for the reduction of sodium 1 -bromoethene-1 - 
sulfonate to sodium ethene-1 -sulfonate. The as­
signed structure10 was substantiated in the present 
investigation by preparation of sodium l-bromo-2- 
phenylethene-1-sulfonate from sodium 2-phenyl- 
ethene-1-sulfonate in a manner comparable to 
Kohler’s preparation of sodium 1 -bromoethene-1 - 
sulfonate by bromination of sodium ethene-1-sul­
fonate, and by the fact that benzaldehyde was 
obtained on oxidation.

It is of interest to compare the very rapid sub­
stitution reaction of sodium 2-phenylethene-1 - 
sulfonate (I) with bromine in aqueous solution to 
the relatively slow addition of bromine to the 
double bond of 2-phenylethene-1-sulfonamide and
2-phenylethene-1-sulfonyl chloride. In acetic acid 
solution 2-phenylethene-1-sulfonamide decolor­
ized an equimolar portion of bromine in about 
three hours (in the dark about twenty-four hours 
was required) to give l,2-dibromo-2-phenyl-l- 
ethanesulfonamide. In the dark, carbon tetra­
chloride solutions of 2-phenylethene-1-sulfonyl 
chloride required about fifteen days for decoloniza­
tion of an equimolar portion of bromine. The 
reaction in acetic acid was somewhat faster. 
When exposed to sunlight and oxygen complete 
decolorization in carbon tetrachloride solutions 
occurred in an hour. Hydrogen bromide was not 
evolved.

The slow rate of electrophilic addition of bro­
mine to 2-phenyl ethene-1-sulfonamide and 2- 
phenylethene-l-sulfonyl chloride in acetic acid 
and carbon tetrachloride solutions is not unex­
pected in view of the well-known retarding effect

(9) Swern, Findley and Scanlan, T h is  J o u r n a l , 67, 1786 (1945); 
Swern, ibid., 69, 1692 (1947).

(10) Truce, Doctoral Dissertation, Northwestern University, 
1944.

(11) Kohler, Am. Chem. J., 21, 349 (1899).

of electron-attracting groups on the addition of 
bromine to olefins. The rapid attack of bromine 
in aqueous solution on the alpha carbon of the 
ethenesulfonate11 and 2-phenylethene-1-sulfonate 
ions is undoubtedly facilitated by the negative 
charge on the ions. Kohler11 showed that potas­
sium 1,2-dibromo-l-ethanesulfonate did not un­
dergo dehydrobromination in aqueous solutions, 
thus ruling out the addition of a molecule of bro­
mine as a preliminary step in the formation of po­
tassium 1-bromoethene-l-sulfonate in this reac­
tion.12 Further evidence on this point is the ob­
servation of Suter and Truce3 that the l-methyl-2- 
phenylethene-l-sulfonate ion which could react 
by addition but not by comparable substitution, 
fails to react with bromine under these conditions. 
A mechanism involving a molecule of water in the 
transition state is shown for the bromination of I.

H

c6h 5c h 4 c------s 4  o~
Li !

I Ó-
Br

C*H6CH=C—S08-H 80 + +  Br-
I

Br
Analysis by the isolation technique5*7 showed 

that the only water-soluble products present in 
significant amounts in hydrolysis mixtures from 
sulfonations carried out below 5° were I, II and

T a b l e  I
S u l f o n a t io n  o f  S t y r e n e  a t  T e m p e r a t u r e s  B e l o w  5 °

Mole per cent, of products (based on SO3)
% SO3

ac-

Expt.
Time,®
hours

Temp,,
°C. I 1 1 1 1 1 & Na2S04

counted
for

1 1 . 3 C 0 3 3 4 8 7 8 96
1 . 3 d 0 2 6 55 7 8 9 6

2 0 0 15 72 5 5  • 9 8
3 2 . 2 5 - 2 5 7 53 2 0 21 101
4 0 0 2 0 7 2 6 5 103

1 . 5 2 19 7 4 6 4 103
3 2 2 0 76 6 3 105
4 . 5 2 2 0 7 4 6 4 104
6 . 0 2 2 0 73 8 4 10 5

1 7 .5 2 21 6 9 9 4 103
5 0 2 2 6 6 6 10 4 106

a Time interval from completion of addition of styrene to 
hydrolysis of the sulfonation mixture. b Yield of crude 
sultone. One crystallization from acetone-water usually 
gave a 60% recovery of reasonably pure material. c In 
this experiment the quantities were estimated by isolation 
of the products.5*7 d The same mixture as for c analyzed 
by titration.

(12) Ingold and Smith, J. Chem. Soc., 2742 (1931), found that 
iodine chloride reacts with ethenesulfonic acid to give 1-iodoethene- 
1-sulfonic acid. Apparently they misinterpreted Kohler’s work 
since they suggested that 2-chloro-l-iodo-l-ethanesulfonic acid was 
an intermediate in this reaction.
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sodium sulfate. In subsequent work, therefore, I 
was determined by bromate-bromide titration, 
sulfate was determined gravimetrically and the 
quantity of II was taken as the difference between 
the total acids present and the amounts of I and 
sulfate determined. To complete the analysis an 
approximation of the quantity of III was made 
by evaporation of the ethylene dichloride layer 
and isolation of the solid product.

The results of the sulfonations carried out below 
5° are summarized in Table I. Table II shows the 
results obtained when the sulfonation mixture was 
heated to 54.4° prior to hydrolysis.

T able  II
Sulfonation  of Sty rene  at 54.4°

Mole per cent, of products (based on SC>8)
% SOa

Time,®
minutes I n c III& NaaSOé

accounted
for

Qd 28 66 5 3 102
0d 28 64 6 4 102

12 33 58 7 3 101
15 44 45 8 3 100
23 54 36 7 2 99
33 61 31 7 1 100
48 68 27 6 1 102
72 72 25 6 0 .4 101

104 74 22 5 1 102
143 74 22 5 1 102
210 74 22 4 1 101

1020 75 24 3 0.2 102

a Time for which sulfonation mixture was kept at 54.4°. 
b Yield of crude product. One crystallization from ace­
tone-water gave a 60% recovery of reasonably pure 
material. c It seems probable that after a short period of 
heating the figures in this column also include the percent­
ages of substances other than II (see Discussion). a Con­
trol taken after completion of the addition of styrene and 
after the reaction mixture had been allowed to stand for 
fifteen minutes at 10°.

Discussion
The mode of formation previously suggested2 

for the products isolated on hydrolysis and neu­
tralization of sulfonation mixtures obtained from 
the reaction of dioxane sulfotrioxide and olefins, 
as applied to the sulfonation of styrene, is repre­
sented on the accompanying diagram by solid- 
shafted arrows (reactions 1, 2, 6, 7) . The arrows 
with broken shafts illustrate new reaction possi­
bilities disclosed by the present investigations 
(reactions 3, 4, 5). Whether reactions 3, 4 and 5 
are peculiar to styrene or applicable to olefins in 
general is yet to be determined.

At elevated temperatures I is the principal prod­
uct, and reaction 2 is believed to be the primary 
route by which it is formed. However, a t tem­
peratures below 5° amounts of I varying from 7% 
to 26% were formed. Since reaction 2 is slow 
under these conditions (Table I), the formation of 
as much as 26% of I is surprising. An experiment 
at 2° utilizing rapid stirring and a slow addition of 
a more dilute solution of styrene, conditions de­
signed to minimize local heating, resulted in 13% 
of I. Even at —25° (hydrolysis a t 0°) 7% of I 
was formed. For this reason reaction 3 is tenta­
tively suggested as an additional source of I, but 
this point requires further investigation.

I t has been postulated2 that the 0-hydroxysul- 
fonic acids formed on hydrolysis of these sulfona­
tion mixtures are derived from substituted-ethi- 
onic anhydrides (reactions 6 and 7). The fact 
that equimolar quantities of II and sodium sulfate 
are not formed in the sulfonation of styrene below 
5° eliminates this as the sole source of II. The 
bulk of II is believed to be formed by reaction 4.

Of the three species (A, III and IV) postulated 
as being present in the sulfonation mixture at tem­
peratures below 5° only III has been isolated.

[CeHsCH^CHSOg-HOCjIsO] 

(2)

c 6h 6c h = c h 2
o c4h 8o so 3

---------------->
(1)

1. h 2o
------------->- C6H6CH=CHSOjNa
2. NaOH

^  I

'CeHsCH—CH2S03-

1. HaO
2. NaOH 

/  (3)

s '  1. H20 , 2. NaOH

+o c 4h 8o
(A)

(4)
CcH5CHCH2S 03Na

I
OH

II
(6)

o c8h 4o so3

c 6h 5c h = c h 2 
(5) \

II +  Na2S 04
1. H20 , 2. NaOH

(7)
c«h 5c h —c h 2

°<

CeHsCH-CH-s. 
h 2c /  > so2
GeHsCH-------O’

III

so 2—O
IV

)>so2 +  o c 4h 8o
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Isolation of alkylethionic anhydrides analogous to 
IV from sulfonation mixtures has been accom­
plished on a few occasions, but our attempts to iso­
late such a compound in the present investigation 
were unsuccessful. The presence of IV is assumed 
since it appears to be a logical source of the sulfuric 
acid obtained on hydrolysis.13

If (A) is the major source of II, as is suggested, 
it must possess surprisingly great stability since 
the amount of II formed on hydrolysis is not 
changed appreciably when the sulfonation mixture 
was allowed to stand at 2° for fifty hours (Table
I) . This stability is probably made possible by 
solvation with dioxane, since, in the absence of di­
oxane, styrene is polymerized by sulfur trioxide in 
ethylene dichloride solution.

If reactions 1, 5 and 6 alone are occurring be­
low 5° prior to hydrolysis, reactions 5 and 6 
should be interdependent when equimolar quanti­
ties of styrene and sulfur trioxide are used. The 
molar quantities of III and sulfuric acid should, 
therefore, be equal. This is only approximately 
true (Table I), but the amounts are at least of com­
parable magnitudes. The relatively small quanti­
ties of II and sulfuric acid obtained at — 5 to 5° in­
dicates that reaction 1 is faster under these condi­
tions than either 5 or 6, since it does not seem likely 
that either of the latter is reversible. The increased 
quantity of sulfuric acid obtained at —25° is prob­
ably due to incompleteness of reaction 1. The 
resulting relative increase in the ratio of styrene to 
(A) leads to an increase in the proportion of III.

Previously4 a 60% yield of practically pure I 
was isolated from the first three crops of the hy­
drolysis and neutralization products of a sulfona­
tion carried out at temperatures above 5°. Using 
the analytical procedure developed for determina­
tion of I the quantity of I present in these crops 
was found to be 94, 98 and 96%, respectively. 
The residue was found to contain 56% of I, bring­
ing the total yield of I in this experiment to 75%. 
A more detailed study of the formation of I at 
elevated temperatures has now been made (Table
II)  . The increase in the quantity of I is explained 
by an acceleration of reaction 2. Under these 
conditions (A) should be converted completely to 
the dioxane salt corresponding to I, and, in time, 
the quantity of II should drop to low values. The 
minimum figure of 22% for II recorded in Table 
II after extended heating is probably accounted for 
by the formation of products other than those in­
cluded in the diagram. Since II was determined 
only by difference the figures could represent, for 
example, disulfonation products.

The elimination of the proton in reaction 2 is 
most likely accomplished with the aid of either an 
extraneous dioxane molecule or the uncoordinated 
oxygen of the dioxane molecule incorporated in 
(A).14 I t was hoped that kinetic data would allow

(13) An alternative representation would be CgHbC +IICH2- 
SO 2O SO 3- . Other typ es of anhydrides m ay also be present.

(14) M odels show th at th is oxygen can approach the a-hydrogen 
atom  closely.

a choice  ̂between these two possibilities, but the 
complexity of the reaction at elevated tempera­
tures discouraged further attempts along these 
lines,

Acknowledgment.—We wish to thank the 
National Research Council for the Predoctoral 
Fellowship which supported this work.

Experimental15
Dioxane Sulfotrioxide.—The method of Suter and 

Evans3 was used in some experiments, but the following 
method was preferred. Sulfur trioxide was distilled from 
an all-glass distillation apparatus containing 60% fuming 
sulfuric acid or ‘‘Sulfan B ” 16 into dry ethylene dichloride 
contained in a tared flask cooled by a cold water-bath. 
The weight of sulfur trioxide was determined by difference 
to 0.05 g. An equimolar quantity of dioxane, purified by 
refluxing with sodium and distilling, was then added with 
rapid stirring. The internal temperature of the flask must 
be maintained below 5 0 in this operation to prevent char­
ring. Since the coordination of sulfur trioxide with diox­
ane is very exothermic, the permissible rate of addition de­
pends on the efficiency of cooling. For large runs it is 
advantageous to use a cooling bath temperature of about 
—40°. The reagent was obtained as fine granules.

Hydrolysis of the reagent with cold water gave 99.6% of 
the theoretical quantity of sulfuric acid, as determined by 
titration. No unsaturated material was detectable by a 
bromate-bromide titration.

Sulfonation of Styrene below 5 0 (Isolation of the Prod­
ucts7).—An equimolar quantity of styrene, dissolved in 
about an equal volume of ethylene dichloride, was added 
dropwise to dioxane sulfotrioxide suspended in ethylene di­
chloride. The mixture was stirred and the temperature 
kept below 5° (usually below 0°) during the addition. 
Hydrolysis was effected by pouring the reaction mixture 
into ice water. The ethylene dichloride layer was sepa­
rated (the use of ether was helpful in overcoming the emul­
sions sometimes encountered) and washed; after drying, 
the solvent was removed at room temperature leaving 
crude2,4-diphenyl-l,4-butanesultone8 (III) as the residue. 
The aqueous portions were combined and neutralized with 
barium carbonate, and the barium sulfate was collected and 
determined gravimetrically. The filtrate was evaporated 
and three successive crops of barium sulfonates collected. 
A portion of the sulfonates from each crop was converted 
to the sodium salts by metathesis. Five grams of the 
sodium sulfonates from the first crop were refluxed with 50 
ml. of 90% alcohol for forty-five minutes, the mixture was 
allowed to cool to room temperature and filtered. This 
process was repeated with further portions of 90% alcohol 
until the residue gave a negligible test for unsaturation 
with cold aqueous potassium permanganate solution. The 
residue weighed 2.0 g. and gave an 80% yield of S-p- 
chlorobenzylthiouronium 2-phenyl-2-hydroxy-l -ethane- 
sulfonate, m. p. 179-180°, which gave no depression in 
melting point when mixed with an authentic sample.6 
The salt obtained by evaporating the alcohol filtrates was 
largely sodium 2-phenylethene-1 -sulfonate (I), as shown 
by converting it to its S-benzylthiouronium salt4 in 80% 
yield. The second and third crops were analyzed in a 
similar fashion. The percentages of crude I isolated from 
the three crops were 60, 43 and 0%, respectively. Titra­
tion of these samples by the bromate-bromide method 
showed 49, 36 and 2% of I. The mean values are given in 
Table I.

The analytical method used for subsequent sulfonations, 
the results of which are summarized in Table I, was similar 
to that described below for the analysis of the sulfonation 
run at 54.4°. To make certain that the determination for

(15) The microanalyses were performed by M iss Patricia Craig 
and M iss M argaret Hines.

(16) The T-form of sulfur trioxide containing an inhibitor to  
prevent polym erization. This material was kindly furnished by  
the General Chemical Company, 40 Rector Street, N ew  York, N . Y .



July, 1948 E th er s  in  th e  pr epa r a tio n  of  P en ta ery th rito l 2433

the experiments carried out over long periods of time was 
valid, the water-soluble products from a sulfonation mix­
ture kept at 2° for fifty hours prior to hydrolysis were 
partially separated by the fractional crystallization tech­
nique described above. The formation of 2-phenyl-2- 
hydroxy-l-ethanesulfonic acid and 2-phenylethene-l - 
sulfonic acid as the principal products was confirmed.

Sodium 1-Bromo-2-phenylethene-l-sulfonate.—A solu­
tion of 1.05 g. (0.005 mole) of sodium 2-phenylethene-l - 
sulfonate was treated with bromine water until a perma­
nent yellow color remained. The solution was evaporated 
to dryness on a steam-bath with the aid of a current of air. 
The residue, after crystallization from 90% alcohol, 
weighed 1.20 g. (87%).

Anal. Calcd. for C8H60 3SBrNa: Na, 8.07; Br,
28.03. Found: Na, 8.13; Br, 27.33.

A portion was converted to the sulfonamide (m .p. 130- 
131 °) by the procedure used by Truce,10 and this showed no 
depression in melting point when mixed with a sample of 
his l-bromo-2-phenylethene-l-sulfonamide, m. p. ISO- 
1310.

1,2-Dibromo-2 -phenyl-1 -ethanesulf onamide.—A solu­
tion of 1.0 g. of 2-phenylethene-l-sulfonamide4 in about 50 
ml. of acetic acid was treated with an equimolar quantity 
of bromine, and the solution kept in sunlight for three 
hours. Oxygen appears to catalyze the reaction since de- 
colorization occurs first at the surface. Concentration of 
the acetic acid at room temperature to about 15 ml. gave 
1.0 g. (55%) of crystalline material. After two crystal­
lizations from benzene, colorless needles, m. p. 161-162°, 
were obtained.

Anal. Calcd. for C8H 90 2Br2NS: C, 27.96; H, 2.73.
Found : C, 28.00; H, 2.79.

Triethylammonium bromide precipitated immediately 
when 0.1 g. of l,2-dibromo-2-phenyl-l-ethanesulfonamide 
in a warm benzene solution was treated with excess tri­
ethylamine. Evaporation of the benzene and crystalliza­
tion from water gave 1 -bromo-2-phenylethene-1 -sulfon­
amide.10

Sulfonation of Styrene at 54.4°.—Dioxane sulfotrioxide 
was prepared from 76.1 g. (0.951 mole) of sulfur trioxide,
83.7 g. (0.951 mole) of dioxane and 150 ml. of dry ethylene 
dichloride. A solution of 99.0 g. (0.951 mole) of styrene 
in 30 ml. of ethylene dichloride was added to this reagent 
in the course of two and one-third hours, the temperature 
being maintained at 5-7°. After an additional fifteen

minutes at 10 ° two aliquots were withdrawn (by means of a
10-ml. pipet), weighed and hydrolyzed. The remaining 
solution was heated on the steam-bath to 55 ° as rapidly as 
possible, whereupon it was placed in a thermostat at 54.4 °. 
Further aliquots were withdrawn at intervals. The frac­
tion of sulfur trioxide present in each aliquot was deter­
mined from the weight of the reaction mixture and the 
weight of the aliquot. The aliquots were quenched im­
mediately in ice-water, the weight of the aliquot being de­
termined by the increase in weight of the flask holding the 
ice-water. Ether was added to each aliquot and the 
layers separated, using sodium chloride to break emulsions 
where necessary. After washing thoroughly the organic 
layer was dried and evaporated to dryness at room tem­
perature, the weight of the residue being taken as an 
approximation of the quantity of 2,4-diphenyl-l,4- 
butanesultone8 (III). The water layer was titrated (to 
phenolphthalein) with standard sodium hydroxide, then 
acidified and treated with 0.1 mole of barium chloride per 
mole of sulfur trioxide in the aliquot. The barium sulfate 
was determined gravimetrically (analysis reproducible to 
within 1% of the total sulfur trioxide). The filtrate was 
titrated by the bromate-bromide method to determine the 
amount of sodium 2-phenylethene-l-sulfonate present. 
The results are summarized in Table II.

Summary
1. Sulfonation of styrene at temperatures be­

low 5° gave (after hydrolysis and neutralization) 
sodium 2-hy dr oxy-2-phenyl-1 -ethanesulf onate
(II) as the major product. /3-Phenylethionic an­
hydride was ruled out as the principal precursor of
II.

2. Titration with aqueous bromine using the 
bromate-bromide method was used to determine 
sodium 2-phenylethene-l-sulfonate (I) in the 
presence of II. A mechanism is given for the rapid 
reaction of I with bromine in aqueous solution.

3. The olefin-sulfur trioxide intermediate com­
plex previously postulated2 was useful in account­
ing for the various products formed in the sulfo­
nation of styrene.
E v a n s t o n , I l l in o i s  R e c e iv e d  M a r c h  29, 1948

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  Ch e m i s t r y , S t a t e  U n i v e r s it y  o f  I o w a ]

Formation of Ethers in the Preparation of Pentaerythritol
By Stanley Wawzonek

The preparation of pentaerythritol from acetal­
dehyde and formaldehyde is always accompanied 
by the formation of dipentaerythrityl ether.3

Attempts3 to arrive at a mechanism by increas­
ing the amount of dipentaerythrityl ether formed 
in this condensation proved unsuccessful. The 
only conclusion made was that pentaerythritol 
was not necessary for the formation of dipenta­
erythrityl ether.

One possible mechanism for the formation of
(1) A. C. S. Pre-Doctoral Fellow, 1946-1947.
(2) Abstracted from a thesis by Donald A. Rees, submitted 

to the Graduate Faculty of the State University of Iowa in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy, 
August, 1947.

(3) Friederick and Brun, Ber., 63, 2681 (1930).

and D onald A. Rees1*2

dipentaerythrityl ether is outlined in the following 
series of reactions

OH~
CH3CHO +  HCHO <' ">: CH2OHCH2CHO (1) 

CH2OHCH2CHO c h 2= c h c h o  +  H20  (2) 
CH2= C H —CHO +  HOCH2CH2CHO

0(CH2CH2CHO)2 (3) 
0(CH2CH2CHO)2 +  6HCHO -{- 20H “ — ^

0(CH 2C(CH20H )3)2 +  2HCOO- (4)

The existence of an equilibrium between acro­
lein and /^hydroxypropionaldehyde in aqueous 
and acid solutions has already been demonstrated 
by Lucas.4 Addition of an alcohol to acrolein in

(4) Lucas and Pressman, T h is  J o u r n a l , 64, 1953 (1942).
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the presence of alkali is the subject of a patent.5
In the present investigation evidence has been 

obtained for the formation of ethers of pentaery­
thritol, by the reactions cited above, in the Tollens 
condensation.

The formation of pentaerythritol under the 
usual cüiiditiüiis6 iii an aqueous solution contain­
ing 50% methanol by volume gave a product 
which, to aid separation, was propionated. The 
mixture of propionates obtained was separated by 
distillation into pentaerythrityl tetrapropionate, 
the tripropionate of methylpentaerythrityl ether, 
and the dipropionate of dimethylpentaerythrityl 
ether. Identification was accomplished by sa­
ponification to pentaerythritol, methylpentaery­
thrityl ether and dimethylpentaerythrityl ether.

Methylpentaerythrityl ether and dimethyl­
pentaerythrityl ether were also separated by 
chromatographic adsorption of their ^-phenylazo- 
benzoates.

The formation of methylpentaerythrityl ether 
indicates that acrolein is an intermediate in the 
formation of pentaerythritol and that it can add 
alcohols that may be present to form ethers. The 
ethers on further reaction with formaldehyde give 
ethers of pentaerythritol. In the present investi­
gation methyl alcohol gave methylpentaery­
thrityl ether. Under the usual conditions6 for 
preparing pentaerythritol, /3-hydroxypropionalde- 
hyde or products resulting from the reaction of 
/^hydroxypropionaldehyde and formaldehyde or 
even pentaerythritol can add to acrolein and give 
rise to dipentaerythrityl ether. The reaction of 
the last two with more than one molecule of acro­
lein would give rise to the polypentaerythrityl 
ethers mentioned in the patent literature.

The formation of dimethylpentaerythrityl ether 
is entirely consistent with the mechanism pro­
posed. Its formation could proceed from 0-meth- 
oxypropionaldehyde.

OH-
CH3OCH2CH2CHO +  HCHO CH3OCH2CHCHO

T 1CH2OH

CH30CH2CCHO
II

CH2 +  H20
OH"

c h 3o c h 2c c h o  +  CH3OH u i± :
II
CH2

(CH3OCH2)2—CHCHO
(CH3OCH2)2CHCHO +  2HCHO +  O H "----^

(CH3OCH2)2C(CH2OH)2 +  HCOO-
Similar reactions may be involved in the for­

mation of some of the polypentaerythrityl ethers.
Experimental7

Preparation of Pentaerythritol in 50% Methanol.—To
a suspension of paraformaldehyde (240 g.) in water (750 
ml.) and methanol (750 ml.) containing 63 g. of acetalde­

(5) Heyse, German Patent 554,946 [C. A .,  26, 5964 (1932)].
(6) Schurink, “Organic Syntheses,” Coll. Vol. I, 425 (1941).
(7) Melting points are corrected while boiling points are not.

hyde, there was added 53 g. of powdered quicklime in 
rather large portions at first in order to bring the tempera­
ture to 45° and then at a rate to maintain the temperature 
between 50-55°. The mixture became slightly yellow 
in color. After the addition was complete, stirring was 
continued for an additional three hours. To the resulting 
mixture, oxalic acid (141 g.) was added; the solid was 
removed by filtration and washed with two 500-ml. por­
tions of water. The combined filtrates were evaporated 
under reduced pressure to dryness. The last traces of 
water were removed by adding 200 ml. of propionic acid 
and repeating the distillation under reduced pressure. 
The product obtained was a dark brown sirup.

Separation of the Products.—To a mixture of the sirup 
and propionic anhydride (780 ml.) at 0°, concentrated 
sulfuric acid (30 ml.) was added dropwise keeping the 
temperature below 4°. The resulting solution was stirred 
overnight at room temperature and then at 100° until 
solution of the sirup was complete. After two more 
hours at this temperature, the solution was heated under 
reduced pressure to remove the excess propionic anhydride, 
and the propionic acid formed. The liquid obtained was 
cooled, poured onto ice (1500 g.) and neutralized with 
sodium bicarbonate. Extraction with ether gave 287 
g. of a deep brown colored sirup which was first rapidly 
distilled at 0.1 mm. from a Claisen flask. A second dis­
tillation at 4 mm, through a Vigreux column gave three 
distinct fractions.

Fraction Yield, g. B. p., °C.

I 14.5 135-148
II 52.0 165-172

III 167.4 172-197

Fraction I upon refractionation gave the dipropionate of 
dimethylpentaerythrityl ether, b. p. 135-138° at 6 mm., 
n™d 1.4361, d20 1.057.

Anal. Calcd. for C 3H240 6: C, 56.50; H, 8.75;
OCHs, 22.46. Found: C, 56.62; H, 8.67; OCH3,
20.41.

The dipropionate of dimethylpentaerythrityl ether 
(5.4 g.) was refluxed with a slight excess of sodium meth­
oxide in methanol (20 ml.) for two hours. The resulting 
solution was neutralized with dilute hydrochloric acid and 
evaporated to dryness. Extraction with chloroform 
gave an oil which was recrystallized from (60-70°) 
petroleum ether; m .p . 34-35°; yield 0.5 g. A mixture 
with an authentic sample8 melted at the same tempera­
ture.

Fraction II upon refractionation gave the tripropionate 
of methylpentaerythrityl ether, b. p. 170-172° at 5-6 
mm., n25d 1.4410, d20 1.081.

Anal. Calcd. for Ci5H260 7: C, 56.59; H, 8.23;
OCH3, 9.75. Found: C, 56.79; H, 8.18; OCHs, 9.03.

The tripropionate of methylpentaerythrityl ether (17 
g.) was saponified in a similar manner to that used for the 
dipropionate of dimethylpentaerythrityl ether. The oil 
obtained was crystallized from chloroform; m .p . 65-67°; 
yield 2.3 g. A distillation at reduced pressure (2 mm.) 
followed by a crystallization from chloroform gave white 
crystals melting at 71-72°. A mixture with an authentic 
sample8 melted at the same temperature.

Fraction III upon refractionation gave pentaerythrityl 
tetrapropionate, b. p. 184-186° at 3 mm.; m .p . 35-37°. 
This compound is reported in the patent literature9 as a 
liquid.

Anal. Calcd. for Ci7H280 8: C, 56.65; H, 7.83.
Found: C, 56.45; H, 7.81.

Pentaerythrityl tetrapropionate (5.0 g.) was saponified 
by refluxing with sodium methoxide (0.02 g. of sodium) 
in dry methanol (50 m l.). Completion of the reaction 
was indicated by complete solution of a few drops of the 
reaction mixture in water. Upon cooling pentaerythritol

(8) Orthner and Freyss, Ann., 484, 131 (1930).
(9) Holt, U. S. 2,031,603; C. A., 80, 2200 (1936),
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crystallized from the reaction mixture. One crystalliza­
tion from water gave a product (1.5 g.) melting at 259°.

Deacylation and Chromatographic Separation of Frac­
tion I.—Fraction I (3 g.) was deacylated in a similar fash­
ion to that used for pentaerythrityl tetrapropionate. 
Removal of the methanol gave a sirup which was treated 
in dry pyridine (50 ml.) and p -phenylazobenzoyl chloride10 
(3 g .) . The mixture was shaken for a short time and then 
heated at 85° for three days. The resulting solution was 
shaken with water (2 ml.) for fifteen minutes and then 
poured onto ice (300 g.) with vigorous stirring. The re­
sulting mixture was neutralized with sodium bicarbonate 
and extracted repeatedly with chloroform. The combined 
chloroform extracts were washed once with water and 
dried. Chromatographic separation was performed on 
a column of silicic acid 60 cm. long and 3.3 cm. in di­
ameter. Two distinct bands were obtained. Using 
chloroform as the eluent, the lower band of the tri-p- 
phenylazobenzoate of methylpentaerythrityl ether was 
run completely through the column in order to separate 
the di -p -phenylazobenzoate of dimethylpentaerythrityl 
ether from the ^-phenylazobenzoic acid. The chloroform 
solution of the tri-^-phenylazobenzoate of methylpenta­
erythrityl ether was concentrated to 55 ml., mixed well

(10) Coleman, Nichols, McCloskey and Auspon, “Organic Syn­
theses,” 25, 87 (1945).

with ethanol (100 ml.) and allowed to stand at 0° until no 
more precipitate formed. The light orange crystals 
were filtered, washed with ethanol and recrystallized 
from ligroin, m. p. 190-191°.

Anal. Calcd. for C45H38N6O/: C, 69.77; H, 4.95;
azoyl, 81.0; mol. wt., 774. Found: C, 70.08; H, 4.87; 
azoyl, 80.4; mol. wt. (Rast), 773, 793.

The di -^-phenylazobenzoate of dimethylpentaerythrityl 
ether was separated mechanically and removed from the 
silicic acid with a mixture of chloroform and ethanol. 
Removal of the solvent gave an orange solid which was 
recrystallized from ligroin, m. p. 93-94°.

Anal. Calcd. for C33H3206N4: C, 68.27; H, 5.51;
Found: C, 67.50; H, 5.25.

Summary
The Tollens condensation of acetaldehyde with 

formaldehyde in 50% methanol gives a mixture of 
pentaerythritol, methylpentaerythrityl ether and 
dimethylpentaerythrityl ether.

A mechanism for the formation of ethers in the 
preparation of pentaerythritol is proposed.
I o w a  C i t y ,  I o w a  R e c e i v e d  F e b r u a r y  1 6 ,  1 9 4 8

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  Ch e m i s t r y  o f  S t a n f o r d  U n i v e r s it y ]

Oxidations of Certain Polyacetyl-jS-D-thioglycosides to the Corresponding Sulfones
By W illiam  A. B onner  and R ichard  W . D risk o

A single paper by Wrede and Zimmermann1 
seems to be the only report to date considering the 
oxidation of carbohydrate derivatives containing 
divalent sulfur. These investigators prepared di- 
tetraacetylglucosyl sulfone, di-tetraacetylgalac- 
tosyl sulfone, di-heptaacetylcellobiosyl sulfone and 
methyl 6-sulfo-bis-(6-desoxy-2,3,4-triacetyl-/3-D- 
glucoside) by oxidation of the corresponding sul­
fides with potassium permanganate in acetic acid. 
Treatment of the first three of these compounds 
with ammonia in methanol led to the correspond­
ing deacetylated substances. Since the chemistry 
of the sulfone derivativeo in the sugar series has re­
ceived little attention, and since no sulfones re­
lated to the simple thioglucosides have been pre­
pared, it seemed desirable to prepare and study a 
few representative members of this class of. com­
pounds.

When phenyl tetraacetyl-/3-D~thioglucoside was 
dissolved in acetic acid and treated with a slight 
excess of aqueous potassium permanganate, 
phenyl tetraacetyl-/3-D-glucosyl sulfone resulted in 
excellent yield and purity. Phenyl triacetyl-0-D- 
xylosyl, phenyl triacetyl-D-arabinosyl, and ethyl 
tetraacetyl-/3-D-glucosyl sulfones were similarly 
prepared. Hydrogen peroxide in acetic acid, after 
the method of Gilman and Beaber,2 was also found 
effective in oxidizing thioglycosides to the corre­
sponding sulfones. Phenyl, benzyl and ethyl 
tetraacetyl- 0-D-glucosyl sulfones were prepared in

(1) Wrede and Zimmermann, Z. physiol. Chem., 148, 65 (1925).
(2) Gilman and Beaber, T h is  J o u r n a l , 47, 1449 (1925k

good yield in this manner. I t  is noteworthy tha t 
when hydrogen peroxide was used as oxidant, the 
oxidation process was apparently attended by de­
acetylation of the acetylated thioglucoside despite 
the acetic acid solvent. This unexpected phenom­
enon is under further investigation at the pres­
ent time.

The alkyl and aryl polyacetyl-3-D-glycosyl sul­
fones prepared in this study were white, nicely 
crystalline substances. The physical properties 
of the sulfones prepared in this study are con­
trasted with those of the corresponding parent 
polyacetyl-/3-D-thioglycosides in Table I. I t  is 
seen that oxidation of the divalent sulfur atom in 
the acetylated thioglycoside to the sulfone state 
brings about the substantial melting point increase 
usually observed in converting a thioether to its 
sulfone.3 Accurate correlations of the trends in 
the change of optical activity accompanying oxi­
dation of the thioglycoside to its sulfone cannot 
be made on the basis of the data a t hand, but it is 
apparent from Table I that such changes in ro­
tatory power probably depend both upon the na­
ture of the thio-aglucone and the configuration of 
the glycosyl residue.

By use of the calculated quantity of potassium 
permanganate as oxidant an attempt has been 
made to convert phenyl tetraacetyl-/3-D-thiogluco - 
side into phenyl tetraacetyl-/5-D-glucosy 1 sulfoxide, 
a typical representative of the class intermediate

(3) Cf. C. M. Suter, “The Organic Chemistry of Sulfur,” John 
Wiley and Sons, Inc,, New York, N, Y,, 194.4, p. 661 ff.
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T a b l e  I

C o m p a r is o n  o f  P r o p e r t i e s  o f  S e v e r a l  A c e t y l a t e d  
T h io g l y c o s id e s  w it h  t h e  C o r r e s p o n d in g  S u l f o n e s

Acetylated thioglycoside Acetylated sulfone

Compound 
Phenyl /3-d-

M. p.,
°C. M d , °

M. p.,
°C. M d,0

thioglucoside 
Phenyl /3-d-

1174 - 1 7 .5 189.5 - 2 6 .9 “

thioxyloside 
Phenyl D-thio­

784 — 58.94’“ 154.0 -8 6 .8*

arabinoside 
Benzyl /3-d-

Sirup +  15.7“ 147.0 + 2 9 .4 “

thioglucoside 
Ethyl /3-d-

985 - 9 3 . 15'6 199.0 - 4 8 . 6&

thioglucoside 83-846 - 2 7 . 256'6 154.5 - 1 6 . 4&
a In chloroform 

tion.
solution. b In ethylene dichloride solu-

in oxidation state between the thioglycosides and 
their sulfones. Instead of isolating the desired 
sulfoxide, however, a mixture of the starting thio- 
glucoside and the corresponding sulfone was ob­
tained. I t is possible that the sulfoxide, once 
formed, is more readily oxidized to the sulfone 
than is the remaining unoxidized thioglucoside oxi­
dized to the sulfoxide.

I t  was found that by the action of ammoniacal 
methanol phenyl triacetyl-/3-D-xylosyl and phenyl 
tetraacetyl-/5-D-glucosyl sulfones could be readily 
deacetylated. Both deacetylation products were 
crystalline solids, the latter forming a hydrate. 
Both products rapidly reduced Benedict solution. 
Wrede and Zimmermann1 similarly report reduc­
ing properties for their sulfone derivatives. The 
deacetylation product of the glucose derivative has 
been reacetylated to yield its previous acetate, and 
has been propionylated to give the corresponding 
tetrapropionate.

An initial attempt has been made to determine 
the ring structure of the above deacetylation prod­
ucts by their oxidation with periodic acid. The 
reaction observed, however, seems to be more com­
plex than that usually noted7 in the periodic acid 
oxidation of sugar derivatives, since the quantity 
of periodic acid consumed is not that predicted. 
Investigations into the cause of this behavior and 
further ring size studies are currently in progress.

Experimental Part
Phenyl Tetraacetyl-/3-D-glucosyl Sulfone.—Phenyl tet­

raacetyl -/3-d-thioglucoside (1.00 g.) was dissolved in
glacial acetic acid (25 m l.). To the solution was added 
slowly with stirring a 5% aqueous solution of potassium 
permanganate containing 0.53 g. (10% excess) of the 
oxidant. The mixture was heated on the hot-plate for 
five minutes at the end of which it had begun to boil. 
It was cooled and treated with a saturated aqueous solu­
tion of sodium bisulfite until clear. On dilution of the 
clear solution with 125 ml. of water the sulfone precipitated 
as a white solid; yield 0.93 g. (87%), m. p. 189.5°.8

(4) Purves, T his J o u r n a l , 51, 3619 (1929).
(5) Schneider, Sepp and Stiehler, Ber., 51, 214 (1918).
(6) Schneider, Gille and Eisfeld, ibid., 61, 1244 (1928).
(7) Jackson in Chap. 8, “Organic Reactions,” Vol. II, John Wiley 

and Sons, New York, N. Y., 1944.
X8) All melting points are corrected.

On recrystallization from 2-propanol the m. p. was un­
changed and the sample had [ a ] 24D —26.9° (chloroform; 
c9 1.895).

In the peroxide oxidation phenyl tetraacetyl-/3 -d - 
thioglucoside (10 g.) was dissolved in glacial acetic acid 
(75 ml.) and treated with 30% hydrogen peroxide (14 
g., 173% excess). The mixture was refluxed for two 
hours, cooled, and poured into an excess of water. No 
precipitate formed, suggesting that the compound had 
undergone deacetylation during the course of oxidation. 
The mixture was distilled to dryness in vacuo and the 
residue treated with acetic anhydride (75 ml.) and sodium 
acetate (1 g .) . After refluxing for one and one-half hours 
the acetylation mixture was poured into water to give 
a brown oil which solidified on rapid stirring. The crude 
material was filtered, dried, and weighed 7.0 g. (65%). 
After recrystallization from 2-propanol the m .p . was 188° 
and [ck]21d —27.2° (chloroform; c, 8.019).

Anal. Calcd. for C20H24O11S: C, 50.85; H, 5.12; S, 
6.80. Found: C, 50.58, 50.71; H, 5.14, 5.11; S, 6.84.

The failure to observe a precipitate on pouring the 
reaction mixture from the peroxide oxidation into water 
was interpreted as indicative of accompanying deacetyla­
tion. To test this supposition several test-tube experi­
ments were undertaken.

Four test-tubes were charged with the following mix­
tures: Tube A, phenyl tetraacetyl-/3-D-thioglucoside
(0.50 g.) and acetic acid (8 ml.); Tube B, phenyl tetra­
acetyl-/3-d-thioglucoside (0.50 g.), acetic acid (8 ml.) 
and 30% hydrogen peroxide (1.0 g .) ; Tube C, phenyl 
tetraacetyl - 8 - d  -glucosyl sulfone (0.50 g.), acetic acid (8 
ml.), and 30% hydrogen peroxide (1.0 g .) ; Tube D, 
acetic acid (8 ml.) and 30% hydrogen peroxide (1.0 g.). 
The tubes were placed in boiling water for two hours and 
cooled. Then phenyl tetraacetyl-/3-d-glucosyl sulfone 
(0.50 g.) was dissolved in Tube D. The contents of each 
tube were poured into 125 ml. of water, and the four 
resulting mixtures placed at 0° overnight. The products 
were filtered, rinsed with water, and air-dried. Tube A 
gave unchanged thioglucoside (0 37 g., m. p. 115.5°). 
Tubes B, C and D gave phenyl tetraacetyl-/3-d-glucosyl 
sulfone as follows: Tube B, (0.19 g., m. p. 180°); Tube 
C, (0.43 g., m .p . 187.5°); Tube D, (0.46 g., m. p. 188°). 
The low yield and m. p. of the product from Tube B is 
interpreted as due to deacetylation accompanying the 
oxidation of the thioglucoside.

Phenyl • Triacetyl- /3-d-xylosyl Sulfone.—Phenyl tri- 
acetyl-/3-D-thioxyloside (1.00 g.) dissolved in acetic acid 
(15 ml.) was treated with potassium permanganate (0.63 
g., 10% excess) dissolved in water (10 m l.). The mixture 
was heated for thirty minutes on the steam-bath, then 
cooled, clarified by addition of sufficient solid sodium bi­
sulfite, and diluted with 1~5 ml. of ice water. There 
resulted 1.09 g. (99%) of crude sulfone, m. p. 151°. 
After three recrystallizations from 2-propanol the com­
pound had m. p. 154° and [«]22d —86.8° (chloroform; c, 
1.729).

Anal. Calcd. for C17H20O9S: C, 51.0; H, 5.04.
Found: C, 51.0; H, 5.11.

Phenyl Triacetyl-D-thioarabinoside.—Acetyl bromide 
(27 ml., equiv. amount) was cooled to 0° in a salt-ice 
mixture. D-Arabinose (10 g.) (a ,/3-mixture) was added 
with mechanical stirring over a period of twenty minutes. 
The cold bath was removed and the mixture allowed to 
warm slowly. Whenever the reaction became too vigorous 
as evidenced by excessive evolution of hydrogen bromide 
the cold bath was momentarily replaced. After twenty 
minutes of such treatment the reaction mixture was a 
homogeneous, amber fluid. It was stirred at room 
temperature for an additional twenty-four hours, then 
diluted with chloroform (100 ml.). The solution was 
washed with ice water, cold bicarbonate solution, and 
ice water, then treated with calcium chloride until clear. 
Removal of the solvent in vacuo at 45-50 ° resulted in 15.9 
g. (70%) of crude acetobromo-d-arabinose, a thick, 
crystalline paste.

The crude product above (15.9 g.) was dissolved in
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chloroform (75 ml.) and treated with ethanol (75 ml.) 
containing potassium hydroxide (2.63 g., one equiv.) 
and thiophenol (5.3 ml., 10% excess) after the manner of 
Purves.3 After refluxing forty minutes the mixture was 
washed twice with water, once with 10% potassium hy­
droxide solution, again with water, then dried over sodium 
sulfate and decolorized by filtration through Norit and 
Celite. Removal of the solvent at 80° in vacuo left 7.8 
;g. (45%) of clear, amber sirup. This showed no tendency 
to crystallize on standing in 2-propanol, in agreement 
with the observation of Fletcher and Hudson.9 10 The 2- 
propanol solution was, therefore, poured into water, 
the mixture extracted with ether, and the extract washed 
as above. The resulting sirup obtained after drying and 
distillation of solvent was used without further purifica­
tion; [ a ] 23D +15.7° (chloroform; c, 4.583).

Anal. Calcd. for CiiHii06S(0CCH3)3: acetyl, 35.1.
Found:10 acetyl, 34.5.

Phenyl Triacetyl-D-arabinosyl Sulfone.—One gram of 
the sirupy product above was oxidized exactly as de­
scribed for the corresponding xylose derivative. The 
oxidation mixture was poured into water and the milky 
suspension extracted with ether. The extract was 
washed with water, bicarbonate solution and water, then 
dried over anhydrous sodium sulfate. Removal of the 
solvent left a clear sirup which, on treatment with 2- 
propanol, gave 0.50 g. (46%) of crude solid product, 
m. p. 144 to 145°. After four recrystallizations from 2- 
propanol the substance had m .p . 147° and [ a ] 23D +29.5° 
(chloroform; c, 1.290).

Anal. Calcd. for C17H20O9S: C, 51.0; H, 5.04.
Found: C, 51.2; H, 5.02.

Benzyl Tetraacetyl-/3-d-glucosyl Sulfone.—Benzyl te­
traacetyl-/3-d-thioglucoside 4 (2.0 g.) was dissolved in 
acetic acid (20 ml.), and 30% hydrogen peroxide (5 g.) 
was added. The mixture was refluxed for two hours, 
the solvent evaporated under reduced pressure, and the 
residue acetylated with acetic anhydride (50 ml.) and 
sodium acetate (2 g.) as before. Isolation of the product 
in the previous fashion gave 1.6 g. (75%) of crude product, 
m. p. 196.5°. One recrystallization from 2-propanol 
gave the pure material, m. p. 199°, [o:]28d —44.6° (chloro­
form; c, 1.995), [ck]22d —48.6° (ethylene dichloride; c,
l .  523).

Anal. Calcd. for Ci3Hi60 7S(0CCH3)4: C, 51.8; H, 
5.39; acetyl, 35.4. Found: C, 51.7; H, 5.34; acetyl,
35.7.

Ethyl Tetraacetyl - /3-d -glucosyl Sulfone.—Ethyl tetra- 
acetyl-/3-D-thioglucoside4 (5.0 g.) was refluxed for two 
hours in acetic acid (100 ml.) containing 30% hydrogen 
peroxide (18 g.). The acetic acid was distilled in vacuo 
with heating below 70°, and the residue acetylated and 
processed in the previous manner. There resulted 5.6 
g. (103%) of crude product, m. p. 154°. After one re­
crystallization from 2-propanol the pure product had
m. p. 154.5°, M 26d  -1 5 .0 °  (chloroform; c, 1.334), 
[a]22v> —16.4° (ethylene dichloride; c, 1.095).

Anal. Calcd. for C8H120 7S(0CCH3)4: C, 45.3; H, 
5.70; acetyl, 40.7. Found: C, 45.5; H, 5.83; acetyl, 
40.9.

Ethyl tetraacetyl - /3 -d -thioglucoside (0.60 g.) was dis­
solved in acetic acid (25 ml.) and 5% potassium perman­
ganate solution (8.5 g., 32% excess) added. After
heating five minutes the mixture was cooled and processed 
as in previous permanganate oxidations. The crude 
product weighed 0.44 g. (68%) and had m. p. 154.5° 
and M 23d -1 5 .5 °  (CHC13; c, 1.611).

Attempted Oxidation of Phenyl Tetraacetyl-jS-D-thio- 
glucoside to Sulfoxide.—Phenyl tetraacetyl-jS-D-thio- 
glucoside (2.00 g.) was dissolved in acetic acid (25 ml.).

(9) Fletcher and Hudson, T h is  J o u r n a l , 69, 1673 (1947).
(10) Since the compound in question was a sirup and incapable of 

further purification by convenient means, and since the sulfoaae 
prepared from this sirup gave an acceptable analysis, no attejaxipt
was made to obtain further analytical data for this compound.

To this was slowly added with stirring an aqueous solution 
(25 ml.) containing 0.49 g. (theoretical amount for 
oxidation to the sulfoxide) of potassium permanganate. 
The solution was warmed for five minutes on the hot­
plate, cooled, clarified with saturated bisulfite solution, 
and diluted to 125 ml. with water. The flocculent pre­
cipitate was filtered, rinsed and air-dried, m. p. 125° 
with preliminary softening. This was recrystallized four 
times from a mixture of acetone and water giving successive 
melting points of 145, 155, 158-160 and 162-164°. It 
was then recrystallized six times from 2-propanol to give 
successive melting points of 172-174°, 176-177°, 176- 
178°, 183-185°, 187-187.5° and 188°. All melting 
points but the last two showed preliminary softening. A 
mixed melting point of the final product with phenyl 
tetraacetyl- jS-d-glucosyl sulfone showed no depression 
(188°). From the initial filtrate there was obtained an 
additional 0.18 g. of solid on further standing, m. p. 111°. 
On recrystallization from 2-propanol this melted at 114° 
and showed no mixed m .p . depression (114°) with a sample 
of phenyl tetraacetyl-/3-D-thiogliicoside of m. p. 115°.

Phenyl /3-D-Xylosyl Sulfone.— Phenyl triacetyl-/3-d- 
xylosyl sulfone (0.66 g.) was dissolved in methanol (30 
ml.) which had been saturated with ammonia, and the 
solution permitted to stand for four days in an open beaker. 
The solvent evaporated to leave a white solid, m .p . 156°, 
dec. The product, after recrystallization from 2-pro­
panol, readily reduced Benedict solution. The recrystal­
lized product was extracted four times with hot ether. 
The remaining solid weighed 0.24 g. (53%) and had m. p. 
160° dec., unchanged on further recrystallization from 2- 
propanol; [«]19d was —44.8° (water; c, 1.137).

Anal. Calcd. for CnH^OeS: C, 48.2; H, 5.14.
Found: C, 48.2; H, 5.09.

Phenyl /3-D-Glucosyl Sulfone Hydrate.—Phenyl tetra­
acetyl - ft -D  -glucosyl sulfone (2.00 g.) was covered with 
100 ml. of methanol saturated with ammonia, and stirred 
until solution was complete. The solution stood for two 
days in an open beaker, after which the residual solvent 
was evaporated in an air stream. The tan residue was 
extracted four times with hot ether to leave 1.32 g. (102%) 
of sticky tan solid. This was dissolved in a slight excess 
of 2-propanol and the solution decolorized with Norit. 
Ligroin was added to the clear solution until slightly 
cloudy and on cooling in ice there resulted 0.88 g. (68%) 
of white crystalline solid, m. p. 90-92°. A second re­
crystallization raised the m. p. to 91-92°. A combustion 
analysis and quantitative drying in an Abderhalden pistol 
showed that this material contained water of hydration. 
Consequently, the sample was recrystallized from 2-pro­
panol containing 10% water and ligroin, m. p. 92-93°. 
{a]26d was —15.0° (water; c, 1.132).

Anal. Calcd. for Ci2H i60 7S-H20: C, 44.7; H, 5.63. 
Found: C, 44.7; H, 5.73.

On reacetylation of the above sample with acetic an­
hydride and sodium acetate the acetylated sulfone was 
obtained in 87% crude yield, m. p. 188.5°, [«]28d —26.8° 
(chloroform; c, 1.047).

An attempt was made to deacetylate phenyl tetra­
acetyl-/8-d-glucosyl sulfone by the procedure of Bonner 
and Koehler11 using potassium methylate followed by 
potentiometric titration with perchloric acid. The prod­
uct obtained, however, did not crystallize, and proved to 
contain around 8% of inorganic ash.  ̂ Apparently the 
deacetylation product, retained a certain amount of po­
tassium perchlorate which could not be separated. The 
sirup obtained had [o:]22d —14.3° (ethyl alcohol; c, 
2.310), and was shown to be substantially phenyl /3-d- 
glycosyl sulfone by the fact that it could be reacetylated 
to give the original starting material in 75% yield.

Phenyl Tetrapropionyl - ft -D-glycosyl Sulfone.—Impure, 
sirupy phenyl /3-D-glucosyl sulfone (0.14 g.) from the 
second reaction above was dissolved in pyridine (4 ml.) 
and treated with propionic anhydride (10 m l.). The 
mixture stood for two days at 0° and was thrown into ice

(11) Bonner and Koehler, T h is  J o u r n a l , 70, 314 (1948).
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water. After stirring for several hours the oil was ex­
tracted into ether and the extract washed with water, 4 N  
hydrochloric acid, water, saturated bicarbonate solution, 
and water. After drying over sodium sulfate the solvent 
was distilled to yield 0.17 g. (70%) of amber sirup which 
could not be crystallized from 2 -propanol; [a] 19d was 
—23.9° (chloroform; c, 33.3).

Anal. Calcd. for C24H32O11S: C, 54.5; H, 6.10.
Found: C, 55.3; H, 6.24. "

Summary
1. Alkyl and aryl polyacetyl-^-D-thioglycosides 

have been shown to be readily oxidized to the corre­
sponding alkyl or aryl polyacetyl-jft-D-glycosyl sul­

fones by action of either potassium permanganate 
or 30% hydrogen peroxide. Partial deacetylation 
apparently attends the latter oxidation in acetic 
acid medium. A number of examples of these 
oxidations are given, and several members of this 
new class of sulfones are described.

2. Two phenyl polyacetyl-p-D-glycosyl sul­
fones have been deacetylated using ammoniacal 
methanol, and the deacetylation products have 
been described.
Stanford U niversity
Stanford, C alifornia  R eceived January 2 1 ,  1 9 4 8

[Contribution  from the Department of Chemistry, U niversity  of T exas]

5-Alkyl (or 5-Phenyl)-5-propoxymethylhydantoins1
By Henry R. Henze, Joe W. Melton2 and Eugene O.. Forman

Some time ago, Henze and Rigler3 prepared 5- 
ethoxymethyl-5-phenylhydantoin which later was 
shown to possess considerable anticonvulsant ac­
tivity.4 This behavior is in contrast to that of 5- 
ethyl-5-isoamyoxymethylhydantoin3 which shows 
no anticonvulsant activity even in far larger 
doses,4 and is, in fact, an unsatisfactory soporific. 
To obtain additional compounds, suitable for sub­
sequent pharmacological testing for activity, we 
converted seventeen keto ethers, previously re­
ported,5 into the corresponding 5-alkyl (or 5-

phenyl)-5-propoxymethylhydantoins. The latter 
have proved to be potent anticonvulsants,4 the 
most active being 5-isopropoxymethyl-5-phenyl- 
hydantoin which compares favorably with 5,5-di- 
phenylhydantoin in this respect and has merited 
clinical study.

Experimental
The hydantoins were obtained by warming a 

mixture of 1 part of keto ether, 1.1 parts of potas­
sium cyanide and 3 parts of ammonium carbonate

T able  I

5 - A l k y l  (or 5 - P h e n y l )  - 5 - p r o p o x y m e t h y l h y d a n t o i n s

OC- -NH

.
HN—CO R

>
c h 2o r

c /

—R —R'
M. p., 

°C. (cor.)
Yield,

%
Carbon, % 

Calcd. Found
Hydrogen, % 

Calcd. Found
Nitrogen, % 

Calcd. Found

C3H7-W —c h 3 85.0 42 51.60 51.39 7.58 7.51 15.05 15.38
C3H7-iso —CHs 136.5 49 51.60 51.35 7.58 7.71 15.05 15.10
C3H i-n —CH2CH3 96.0 51 53.98 54.04 8.05 7.92 13.99 14.05
C3H7-iso —CH2CH3 143.5 34 53.98 54.14 8.05 8.23 13.99 14.11
C3H 7-n — (CH2)2CHs 113.0 54 56.05 55.91 8.47 8.30 13.08 13.32
C3H7-iso — (CH2)2CHs 166.5 66 56.05 56.08 8.47 8.76 13.08 13.38
C3H7-iso —CH(CHs)2 182.0 54 56.05 56.20 8.47 8.47 13.08 13.07
C3H 7-71 — (Ch 2),c h , 141.5 35 57.87 57.87 8.83 8.83 12.27 12.58
C3H7-iso — (CH2)3CHs 175.8 74 57.87 57.83 8.83 9.03 12.27 12.44
C3H 7-iso —CH2CH(CH8)2 221.7 65 57.87 57.78 8.83 8.95 12.27 12.52
C3H7-iso —CH(CHs)CH2CH3 180.2 64 57.87 57.73 8.83 8.86 12.27 12.51
C3H m — (CH2)4CH3 130.0 60 59.48 59.65 9.15 9.08 11.56 11.67
C3H 7-iso — (CH2)4CH3 165.4 85 59.48 59.79 9.15 9.34 11.56 11.68
C3H7-7Z — (CH2)2CH(CHs)2 180.0 45 59.48 59.70 9.15 9.24 11.56 11.63
C3H 7-iso — (CH2)2CH(CH3-)2 218.2 78 59.48 59.56 9.15 9.37 11.56 11.45
C3H7-W —c ,h 5 133.0 75 62.89 62.67 6.50 6.33 11.28 11.42
C3H 7-iso —CeH5 162.0 78 62.89 62.89 6.50 6.34 11.28 11.52

(1) From the M. A. thesis of J. W. M. (August, 1940) and of 
E. O. F. (June, 1941).

(2) Present address: Department of Chemistry, Northwestern
State College, Alva, Okla.

(3) Rigler with Henze, T h is  J o u r n a l , 58, 474 (1936).
(4) Merritt, Putnam and Bywater, J. Pharmacol., 84, 67 (1945).
(5) Henze, Duff, M atthews, M elton and Forman, T his J ournal, 

64, 1222 (1942).

{U. S. P. cubes) in sufficient 50% alcohol at 58- 
60° for periods up to twenty-four hours. After 
the period of interaction, the solutions were evap­
orated to about half volume, acidified with hy­
drochloric acid and boiled to remove hydrogen 
cyanide, U sually, at this point, the hydantoins
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separated as white, crystalline solids; some, of 
lower m.p., separated as liquids which crystallized 
upon contact with ice. Recrystallization was 
effected in most cases by use of diluted alcohol or 
of a mixture of benzene and petroleum ether. The 
hydantoins can be dissolved in cold 10% solution 
of alkali and are reprecipitated unchanged upon 
acidification. Data for melting points and anal­
yses are listed in Table I.

Summary
Seventeen new 5-alkyl (or 5-phenyl) -5-alkoxy- 

alkylhydantoins have been prepared from the cor­
responding alkyl (or phenyl) n- or iso-propoxy- 
methyl ketones. Of these, the 5-isopropoxy- 
methyl-5-phenylhydantoin exhibits outstanding 
activity as an anticonvulsant.
A u s t i n , T e x a s  R e c e i v e d  A p r il  12, 1948

[C o n t r i b u t io n  f r o m  t h e  O r g a n ic  D e p a r t m e n t  o f  t h e  A b b o t t  R e s e a r c h  L a b o r a t o r ie s ]

Organic Thio-antimonials in Schistosomiasis
By LeRoy W. Clemence and Marlin T. Leffler1

Organic antimony compounds have been used 
for a number of years in the treatment of proto­
zoan diseases, but with certain drawbacks such as 
toxicity and a high relapse rate. It was felt that

co-Cyclohexylamyl Bromide.3—To 227 g. (1.33 moles) 
of cyclohexylamyl alcohol3 (prepared by hydrogenation 
of ethyl co-cyclohexyl valerate3 at 250°, 3600 lb. pressure 
and copper chromite catalyst; b. p. 106-107° at 3 mm., 
n25d 1.4634) cooled to —10° in a 500-ec. flask fitted with

T a b l e  I
Isothiouronium

bromides

R—
Yield,

%
" M. p.,

°c.
N Analyses, % 
Calcd. Found

/3-Cyelohexylethyl- 90 115-116“ 10.48 10.35
to-Cyclohexylamyl- 68 140—141& 9.06 8.92
w-(/3-Tetralyl)-butyl- 89 112-113° 8.16 8.10
co- (/3-Decalyl) -butyl- 56 123—124° 8.02. 8.00

° Recrystallized from alcohol. b Recrystallized from water. 
0.5 mm. pressure.

Mercaptans
Yield, B. p., Analyses C Hĵ drogen

% °c. pJ-5D Calcd. Found Calcd. Found

56 50-52.5 1.4910 66.66 67.00 11.23 11.11
87 89.5-91 1.4820 70.96 71.06 11.82 11.78
72 143 1.5569 76.36 76.19 9.09 8.89
62 124rf 1.5072 74.33 74.52 11.49 11.29

c Recrystallized from alcohol and ether. d Distilled at

oil soluble antimonials would tend to overcome 
these difficulties because of slower and more pro­
longed absorption. A series of compounds has 
been prepared in which each compound is either 
an oil or a low melting solid and is soluble in vege­
table oils. The general structure is (RS —)3Sb 
where R is 77-alkyl (C8 —Ci8), aralkyl (phenyl­
ethyl or naphthylethyl), cycloalkyl (cyclohexyl­
ethyl, cyclohexylamyl, tetralylbutyl, decalyl- 
butyl), and heteroalkyl (pyridylethyl).

The compounds were prepared by the action of 
antimony trichloride on the appropriate mercap­
tan in chloroform. They were tested in experi­
mental schistosomiasis2 and preliminary results 
indicate some promise. Further animal investi­
gation is under way and the results will be pub­
lished elsewhere.

Experimental
The procedures described below were used for the prep­

aration of the isothiouronium bromides, mercaptans 
and antimony compounds. Table I gives the physical 
constants and analytical data of previously undescribed 
compounds in the two former groups; Table II gives the 
data on the antimony compounds.

(1) Presented at the 112th meeting of the American Chemical 
Society, Division of Medicinal Chemistry, at New York, N. Y., 
September, 1947.

(2) These compounds were submitted to the Chemotherapy Center
for Tropical Diseases, National Research Council, and were screened
by Drs. Maxwell Schubert and Arthur DeGraff.

T able II
T r i - ( R - m e r c a p t o ) - vS -a n t im o n o u s  A c i d s , (R-S-LSb

Anal. Sb
R—- Calcd. Found

w-Octyl 21 .9 22 .14“
%-Decyl 19 .07 18 .85“
n-U ndecyl 17 .83 17 . 14“
w-Dodecyl 16 .8 16 .85a>b
w-Tetradecyl 15 .05 15 .40c,d
n-Hexadecyl 13..68 13. 43c 6
ft- Octadecyl 12. 4 12. 62c’/
/3-Phenylethyl 22. 85 22. 9“
ft- (1 -Naphthyl et 113d) 17. 83 17..8°
ft-(^-Diisobutylphenoxy ethoxy) -

ethyl 11. 60 11..6°
/3-Cyclohexylethyl 22.,10 21.,85“
co - Cy eloh exylamyl 18. 00 18.,33“
co- (/3-Tetr alyl) -butyl 15. 63 15.,52“
co-(/3-Decalyl)-butyl 15. 22 15. 30“
ft-(2-Pyridyl) -ethyl 22. 72 21.A0
° Oil. b Solidified on cooling, recrystallized from Skelly 

C, m. p. 38-40°. c Solid; recrystallized from Skelly C. 
d M. p. 50-51°. 6 M. p. 51-52°. AM. p. 58-59°.
0 Resin.
stirrer, dropping funnel and thermometer, was added 
dropwise, 144 g. (0.44 mole -f- 20% excess) of phosphorus 
tribromide, keeping the temperature below 0°. This

(3) Hiers and Adams, T h is  J o u r n a l , 48, 2385 (1926); Katsnel- 
son and Dubinin, Compt. rend. Acad. Sci. (U. R. S. S.), [N. S.J, 4, 
405 (1936).
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addition required three hours. The reaction mixture was 
stirred until room temperature was reached, allowed to 
stand overnight, heated at 100° for several hours, then 
cooled and poured into 1000 cc. of ice and water with good 
agitation. The heavy oily layer was dissolved in ether, 
the ether layer washed several times with water then with 
sodium carbonate solution, again with water, then dried 
over m agnesium  sulfate and evaporated. On distillation 
in vacuum, the fraction boiling at 89.5-90.5° at 1 mm., 
?724d 1.4784, was collected; yield 271 g. (87%). Anal. 
Calcd. for Cn'H21Br: C, 56.65; H, 9.01. Found: C,
56.87; H, 9.14.

w-Cyclohexylamyl Isothiouronium Bromide.—To 23.3 
g. (0.1 mole) of the above bromide was added a hot, 
filtered solution of 7.6 g. (0.1 mole) of thiourea in 125 cc. 
of absolute alcohol. The mixture was refluxed for thirty- 
six hours, then cooled and stirred until the whole mass 
became a crystalline mush. The solid was filtered, washed 
with a little acetone and dried. The yield was 22.6 g., 
m. p. 138-141°. After recrystallization of this material 
from 250 cc. of boiling water using a small amount of 
norite, the yield was 20.9 g. (68%), m. p. 140-141°. 
Anal. Calcd. for Ci2H24N2S-HBr: N, 9.06. Found:
N, 8.92.

co-Cyclohexylamyl Mercaptan.—Seventy-eight grams 
(0.25 mole) of the isothiouronium compound described 
above was added to a solution of 50 g. (1.25 moles) of 
sodium hydroxide dissolved in 325 cc. of water. The 
mixture was heated to boiling and refluxed for ten minutes, 
then cooled quickly and made acid to congo red by addition 
of coned, hydrochloric acid. It was extracted with ether 
and dried over anhydrous sodium sulfate, then evaporated. 
The residual oil was distilled in vacuum. The main frac­
tion boiled at 93-94.5° at 1.2 mm. It was redistilled, 
b. p. 89.5-91° at 1 mm., n2hd 1.4820, yield 41 g. (87%). 
Anal. Calcd. for CnH22S: C, 70.96; H, 11.82. Found: 
C, 71.06; H, 11.78.

Tri- [ co-cyclohexylamylmercapto ] -S-antimonous Acid.— 
A solution of 7.61 g. (0.033 mole) of antimony trichloride 
in 50 cc. of warm chloroform was filtered and added to a 
solution of 18.6 g. (0.1 mole) of co-cyclohexylamyl mer­
captan in 50 cc. of chloroform. The clear solution was 
evaporated in vacuum to remove the solvent, then placed 
in a vacuum desiccator over solid sodium hydroxide for 
forty-eight hours to remove the last traces of hydrochloric 
acid. A quantitative yield of almost colorless oil was ob­
tained. It was insoluble in water, soluble in chloroform, 
ether, benzene and vegetable oils. Anal. Calcd. for 
CssHeeSeSb: Sb, 17.99. Found: Sb, 18.33.

The n -alkyl mercaptans, except the undecyl, were ob­
tained from the Connecticut Hard Rubber Company. 
This was prepared by converting undecyl alcohol to the 
bromide and following the above procedure. ft-(p-Di- 
isobutylphenoxyethoxy) -ethyl mercaptan was obtained

from Rohm & Haas Company; 2-pyridylethyl mercaptan 
was obtained from Reilly Tar and Chemical Corporation.

The intermediates, for conversion to the remaining mer­
captans by the above procedures, were obtained as follows. 
Phenylethyl bromide was obtained from Columbia Or­
ganic Chemicals Company. ft-(l-Naphthyl)-ethyl al­
cohol was prepared by method of Ruzicka.4 /5-Cyclo- 
hexylethyl alcohol,3 b. p. 78-80° at 5 mm., n2~d 1.4629, 
was prepared by catalytic hydrogenation of ethyl cyclo- 
hexylacetate.

The following alcohols were previously undescribed. 
w-(jS-Tetralyl)-butyl alcohol was obtained by hydrogena­
tion of ethyl co-(/3-tetralyl)-butyrate5 at 250°, 3600 lb. 
pressure with copper chromite catalyst; b. p. 167° at 
5 mm., w25d 1.5391. Anal. Calcd. for Ci4H2oO: C, 
82.32; H, 9.81. Found: C, 82.03; H, 9.98. «-(0-
Decalyl) -butyl alcohol was obtained by further hydrogena­
tion of the above alcohol at 200°, 3500 lb. pressure with 
Raney nickel catalyst; b. p. 148-149° at 6 mm., w25d 
1.4919. Anal. Calcd. for Ci4H2eO: C, 80.00; H, 12.38. 
Found: C, 80.64; H, 12.33.

The bromides obtained from the alcohols were slightly 
impure and were converted to the corresponding isothiou­
ronium bromides without redistillation.

An attempt was made to purify one of the antimony 
compounds (w-dodecyl-) by molecular distillation but de­
composition occurred. Tri- [ ( ft-(2-pyridyl) -ethylmercap- 
to]-S-antimonous acid was a resinous material only 
slightly soluble in olive oil.

Acknowledgment.—The authors wish to thank 
Mr. E. F. Shelberg for the micro-analyses, Mr. 
R. Cox for the antimony analyses herein re­
ported, Mr. M. Freifelder for the catalytic 
hydrogenations and Mr. C. Plummer for assist­
ance in syntheses.

Summary
1. A series of thio-antimony compounds has 

been prepared, which are either oils or low melt­
ing solids soluble in vegetable oils.

2. Several new alcohols, isothiouronium bro­
mides and mercaptans have been prepared.

3. The antimony compounds show some prom­
ise in experimental schistosomiasis and further 
investigation is being carried out.

(4) Ruzicka, Helv. Chim. Acta, 16, 836 (1933).
(5) Newman and Zahm, T h is  J o u r n a l , 65, 1099 (1943), described 

the preparation of the corresponding methyl ester.
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[Contribution from T he Procter and G amble C ompany]

The Polymorphism of the Mixed Triglycerides of Palmitic and Stearic Acids
B y  E . S. L utto n , F. L. Jackson  a n d  O. T. Qu im b y

Introduction
The four mixed triglycerides of palmitic and 

stearic acid are of practical as well as academic 
interest. Among them are generally to be found 
important and frequently the predominating com­
ponents of most of the highly hydrogenated fats 
and oils of commercial significance. These com­
pounds, as would be expected, show many simi­
larities in polymorphism to the single fatty acid 
triglycerides, but there are differences more sig­
nificant than is apparent in the valuable papers of 
Malkin.1-2

The work of Clarkson and Malkin8 on the simple 
triglycerides was corrected by other observers.4’5»6 
None of these later authors was in disagreement

connection with unsymmetrical glycerides, but it 
is generally felt that this is a matter of little physi­
cal significance for longer acyl groups. In this 
paper only such “racemic” mixtures as are pre­
pared by ordinary synthesis are discussed.)

Experimental
The four mixed glycerides were made by established 

methods from the corresponding mono- or diglyceride by 
reaction with the proper fatty acid chloride. The mono- 
and diglycerides were prepared by directed rearrangement 
according to the method of Eckey.8 Fatty acids were 
purified by distillation and by crystallization from glacial 
acetic acid. From the acids the corresponding chlorides 
were prepared by reaction with thionyl chloride and sub­
sequent distillation. Constants for the starting materials 
are given in Table I along with those of the final products.

T able I

A nalyses of Starting M aterials and Products

I. V. = iodine value, S. V. = saponification value, H. V. = hydroxyl value, % monoglyceride is by the Mehlenbacher
periodic acid method.

I. V. s. V. H. V. % Mono­ Setting pt., °C. M. p., °c.
Exp. Exp. Theory Exp. Theory glyceride Exp. Lit.9 Exp. Lit. 10,11,5,6

Palmitic acid 0.1 220 219 62.6 62.60
Stearic acid .1 196 197 69.5 69.39
1-Monopalmitin .0 169 169.6 98.4 76.5 77
1-Monostearin .1 ■ 156.3 156.4 101.9 81.5 81.5
1,3-Dipalmitin .0 197.4 197.3 99 98 0.45 72.4 72.5
1,3-Distearin .1 179.4 179.7 92 90 0 .4 78.2 78
SPS 194.7 195.2 68.5 68
PSS 194.9 195.2 65.2 65
PSP 201.6 201.6 68.6 68
SPP 201.4 201.6 62.7 62.5

with Malkin as to number of forms and melting 
points. The differences from Malkin arose in as­
sociation of melting points with diffraction pat­
terns and in nomenclature. I t  is to be empha­
sized, however, that the nomenclature of the pres­
ent authors7 follows the lead of Malkin in designa­
tion of X-ray patterns, except in details particu­
larly involving the term “beta prime.” Here a 
form is called “beta prime” on the basis of X-ray 
pattern type rather than order of melting.

In view of the situation with regard to the 
simple triglycerides, there has been great need for 
reëxamination of the four important mixed glyc­
erides of palmitic and stearic acids—namely, the 
symmetrical glycerides, 2-palmityldistearin (SPS) 
and 2-stearyldipalmitin (PSP), and the unsym­
metrical glycerides, 1 -palmityldistearin (PSS) and
1-stearyldipalmitin (SPP). (Theoretically the 
matter of optical isomerism is to be considered in

(1) Malkin and Meara, J. Chem. Soc., 103 (1939).
(2) Garter and Malkin, ibid., 577 (1939).
(3) Clarkson and Malkin, ibid., 666 (1934).
(4) Bailey, et al., Oil 6* Soap, 22, 10 (1945).
(5) Lutton, T his Journal, 67, 524 (1945).
(6) Filer, et al., ibid., 68, 168 (1946).
(7) Lutton, ibid., 79, 248 (1948).

A typical synthesis, that of 1-palmityldistearin, is de­
scribed in some detail. Twenty grams (0.061 mole) of 
1-monopalmitin was dissolved in 50 g. (0.632 mole) of 
pyridine and 20 ml. of anhydrous chloroform. To this 
mixture, 41.5 g. (0.137 mole) of stearyl chloride was 
added slowly while the reaction vessel was cooled in an 
ice-bath. The mixture was then warmed on a steam-bath 
for six hours in order to complete the reaction. After 
this step, the reaction mixture was dissolved in ether 
and washed consecutively, twice with water, four times 
with 10% potassium carbonate, three times with dilute 
sulfuric acid and finally with water until neutral to litmus 
paper. The ether solution was dried over anhydrous so­
dium sulfate and filtered. Final purification was accom­
plished by four crystallizations, one from ether and three 
from Skellysolve B-ethyl alcohol (1:1) mixtures.

The symmetrical glycerides showed good crystallinity 
as compared with the chalk-like appearance of unsym­
metrical compounds.

The polymorphism of the glycerides was studied by the X - 
ray and melting point techniques described previously.6 
Briefly flat film patterns were obtained with a regular 
General Electric XRD unit. The pinhole was 0.025" 
and film distances were 2.5 cm. for exploratorjr patterns, 
5.0 cm. for most short spacing determinations and 10.0 
cm. for detailed short spacing and for long spacing pat- 8 9 10 11

(8) Eckey, U. S. Patent 2,442,534 (June 1, 1948).
(9) Francis and Piper, T his J ournal, 61, 578 (1939).
(10) Malkin, et al., J. Chem. Soc., 1628 (1936).
(11) Malkin, et al., ibid., 1409 (1937).
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terns. In the case of 2-palmityldistearin, it was neces­
sary to take 10 cm. patterns with a 0.005" slit system for 
sufficient resolution of certain prominent lines.

For alpha forms three types of capillary thermal points 
were obtained:

Softening Point.—Sample melted, chilled two seconds 
at 0°, thrust into bath for observation. Softening point 
is half-way between the highest point of no increased 
translucence and the lowest point of definite increase in 
translucence.

Rapid Complete Melting Point.—Sample melted, 
cooled rapidly to minimum cloud, thrust into bath. 
This determination is completed as for the softening 
point except that complete clarity instead of increased 
translucence is observed.

Regular Complete Melting Point.—Sample melted, 
chilled, observed for complete clarity on raising the tem­
perature 0.5° or less per minute.

Beta prime forms were obtained in three ways—from 
alpha by tempering near the alpha melting point, from 
melt just above the alpha melting point, and in one case 
by solvent crystallization. Thermal points were obtained 
as described for alpha. In the case of “regular complete 
melting points’* samples were stored near the beta prime 
melting point but not long enough to produce beta*.

Beta forms were obtained from beta prime by tempering 
near the beta prime melting point (or from alpha) and 
by solvent crystallization (usually Skellysolve B). Melt­
ing points were obtained by observing the sample while 
raising the temperature 0.5° or less per minute.

Detailed melting point and X-ray data are recorded in 
Tables II and III, respectively. Characterizing data 
compared with those for tripalmitin and tristearin are to 
be found in Table IV.

Time.
Fig. 1 .—Cooling and heating curves indicating the alpha 

m. p. for PSP. Cooling curves-—O, samples melted 100°, 
placed at temperature without jacket—I, 0°; II, 17°: 
III, 27°; IV, 44°. Heating curves— # , samples melted, 
chilled 10°, placed at temperature without jacket—V, 
49°; VI, 47°; VII, 45°; VIII, 44°.

Fig. 2.—Cooling and heating curves involving beta 
prime for PSP, jacketed samples—I, melted, placed 0 °- 
O; II after I, placed 80 0— # ; III melted, chilled 10° 
(no jacket), jacketed at 80°—H.

Thermal curves were run on a 1-g. sample of PSP 
after the manner of Clarkson and Malkin.3 The procedure 
has been described previously in some detail.12 Examples 
of the curves are shown in Figs. 1 and 2.

T able  II
T hermal D ata for M ixed  Palmitic-S tearic T riglyc­

erides

S. P. =  softening point, C. M. P.
SPS

( S. P. 50.8
Alpha \ Rapid C. M. P. 51.0

[ Regular C. M. P. 51.8 
S. P.

Beta  ̂ Rapid C. M. P.
prime Regular C. M. P.

Solvent C. M. P. 
f Regular C. M. P. 67.7

ta \  Solvent C. M. P. 68.5

Discussion
These glycerides are more striking in their indi­

viduality than in their similarity. Thus one of 
them is quite unstable as alpha, another is rela­
tively stable. While two are normal in being 
thermodynamically beta stable, one is beta prime 
stable and the fourth is apparently equally stable as 
beta prime or beta.

No vitreous (or gamma) form was found for any 
of these glycerides, Accordingly no more than 
three forms, never four, were found for each com­
pound, For a given form of a given glyceride, 
actual varia tion  of com plete m elting p o in t w ith  extent 
of stabiliza tion  is  common and must be the basis for 
the excess “characteristic” melting points which 
have been previously reported.1-2 As much as 
three degrees variation was observed. I t was ob­
served that long spacings were constant with such 
m.p. variation, while short spacings showed only 
differences in sharpness.

The two symmetrical glycerides offer a most 
interesting contrast. I t  is the alpha form of SPS 
that is unusually stable while that of PSP is so un­
stable that no complete melting point for it can be 
obtained, and the observer must be content with a 
softening point. Neither glyceride shows more 
than one form beside alpha. Most startling is the 
fact that, while beta is the stable form for SPS, as 
would be expected, beta prime is stable for PSP. 
The short spacing data of Malkin,1 by the present 
nomenclature7, lead to this same conclusion with 
regard to PSP, for the form he called beta had no
4.6 A. spacing but only slightly modified beta 
prime spacings. The absence of a beta prime form 
for SPS is a matter of some concern especially 
since later work has revealed this form for the 
closely related homolog, 2-myristyldistearin.13 
Moreover, it is known that small amounts of im­
purity permit beta prime development in SPS. 
However, there can be no doubt that if the beta 
prime form exists for pure SPS it is extremely fleet-

(12) Ferguson and Lutton, T his Journal, 69, 1445 (1947).
(13) Jackson and Lutton, unpublished.

= complete m .p .
PSS PSP SPP

49.6 46.5 46.8
50.6 47.4

61.1 65.0 57.7
62.1 58.3
65.0 68.6 61.7

68.6

62.4
65.2 62.7
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T able H I

D etailed  d/n V alues for M ixed Palmitic-S tearic T riglycerides

.-----------SIPS-----------. ---------PSS------ PSP----------- > SPP
(.hkl) Alpha Beta Alpha Beta prime Beta Alpha Beta prime Alpha Beta prime Beta

Long Spacings
001 48.9 VVS 42.75 VS 48.5 VS 44.9 VS 44.4 VS 47.0 VS 42.8 VS 47.7 VS 43.7 VS 42.0 VS
002 24.5 W 21.7 M 24.3 W - 22.3 V W - 22.7 VW (21.2 VW) 24.0 VW 21.4 V W - 21.4 VW
003 16.5 S + ’ 14.3 S-f 16.1 S 15.0 S 14.8 M 15.55 M 14.22 M 14.1 S 14.5 S 14.2 S
004 11.5 V W - 11.8 V W - 11.2 W 10.6 V W -
005 9.86 W 8.66 W 9.75 W+ 9.00 M 8.94 V W - 9.30 W 8.59 W 9.50 W 8.88 W 8.36 W
006 8.22 W - 7.22 W 8.13 W 7.50 M 7.75 VW 7.05 W 7.97 W 7.30 W 6.88 VW
007 6.26 VW
008 5.45 M
Av. d 49.2 43.1 48.5 45.1 44.7 46.65 42.75 47.6 43.8 42.1

Short Spacings -
4.14 VS 5.34 M 4.14 VS 4.37 M 5.34 M 4.13 VS 4.34M 4.13 VS 4.30 VS 5.33 M
2.40 VW 5.20 M - 2.41 VW 4.23 VS 4.90 W 2.40 VW 4.18 VS 2.40 W 4.15 S 4.61 VS

4.57 VS 4.07 M 4.61 VS 3.99 M 3.83 VS 4.29 W
4.44 M 3.81 S 4.28 W 3.75 S 3.13 VW 4.12 VW
4.24 W 3.48 VW 4.07 W 3.35 VW 2.83 VW - 3.85 S
4.12 W 3.13 W 3.87 S 3.12 VW 2.57 VW 3.67 S
3.97 M 3.02 V W - 3.67 S 3.00 V W - 2.98 V W -
3.81 S“ 2.82 V W - 3.43 V W - 2.79 VW 2.29 VW 2.85 V W -
3.72 S + “ 2.78 VW 3.30 VW 2.58 V W - 2.58 M
3.62 W 2.56 VW 2.84 VW 2.52 VW 2.41 W
3.30 W - 2.40 V W - 2.58 M 2.26 VW + 2.31 W
3.21 W 2,27 W 2.40W 2.23 VW
2.84 VW 2.10 VW — 2.28 W 2.14 VW
2.54 M - 1.89 V W - 2.07 W 2.07 W
2.49 W 1.97 VW - 1.96 V W -
2.27 W 
2.20 VW 
2.12 VW 
2.06 W 
1.93 W 
1.85 VW 
1.79 VW 
1.68 VW

* Resolved by 0.005" slit, 10 cm. sample to film distance.
T able IV

C haracteristic T hermal and X -ray D ata for Palmitic-Stearic T riglycerides
SSSM4 SPS PSS PSP SPP PPFM«

Melting Points
Alpha 54.9 51.8 50.6 46.5 47.4 44/7
Beta Prime 64 61 .1--65.0 68.6 57.7-61.7 56.6
Beta 73.1 68.5 65.2 62.7 66.4

X-Ray Data: Long Spacings
Alpha 50.6 49.2 48.5 46.65 47.6 46.8
Beta Prime 46.8 45.1 42.75 43.8 42.3
Beta 45.15 43.1 44.7 42.1 40.9

Short Spacings
Alpha 4.14 VS 4.14 VS 4.14 VS 4.13 VS 4.14 VS 4.14 VS
Beta Prime 4.18 VS 4.37 VS 4.34 M 4,30 VS 4.18 VS

3.78-S 4.23 VS 4.18 VS 4.15 S 3.78  S
4.07 M 3.99 M 3.83 S
3.81 S 3.75 S

Beta 5.24 M 5.34 M 5.34 M 5.33 M 5.24 M
5.20 M —

4.61 VS 4.57 VS 4.61 VS 4.61 VS 4.61 VS
3.84 S 3.81 S 3.87 S 3.85 S 3.84 S
3.68 S 3.72 S + 3,67 S 3.67 S 3.68 S

ingo The beta form of SPS is characterized by 
the closeness of the two spacings near 3.8 A., un­
resolved on ordinary patterns of 5~cm. sample to 
film distance.

(14) Quimby, unpublished.

Cooling and heating curves have been used often 
by Malkin and by others to study the polymor­
phism of triglycerides. Properly interpreted they 
can give valuable information, but there are pit- 
falls. Complicated relationships existing between
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environment, sample and thermocouple and the 
imperfection of quickly formed crystals are some 
of the factors which can result in apparently shift­
ing the characteristic level of thermal change. 
Actually one may obtain halts, bends or nicks in 
thermal curves at practically any temperature 
from the minimum to the maximum melting point 
of a pure triglyceride. I t  is necessary to confirm 
the significance of breaks by showing that they 
occur a t approximately the same level with fairly 
wide variations in surrounding conditions.

Among the mixed glycerides discussed here only 
PSP has been subjected to thorough examination 
by thermal curves. I t  is particularly worthy of 
investigation since only two forms, instead of the 
previously reported four,1 have been found. The 
curves, Figs. 1 and 2, while they actually support 
the conclusion tha t only two forms occur, do show 
how one may be led astray.

The cooling curves of Fig. 1 plainly show a 
thermal effect (halt, nick or minimum) at 45 to 
47° in spite of large variations in cooling rate. 
The value is in good agreement with the alpha 
melting point level for PSP, Table II, and is in 
line with the general experience of agreement be­
tween alpha m. p. and supercooling limit for tri­
glycerides. The heating curves of Fig. 1 also re­
veal this characteristic thermal point. At the in­
flections of these latter curves the phenomena are 
not simple for there are involved (1) melting of 
alpha, (2) transformation of alpha to beta prime 
and (3) beta prime crystallization from melt.

The level of beta prime melting is indicated by 
the heating curves of Fig. 2. Curve I, a cooling 
curve, shows how one may, from minima and max­
ima, obtain values between alpha and beta prime 
m. p. values, but a real significance for these values 
cannot be confirmed visually, nor by X-ray nor by 
a series of systematically varied thermal curves. 
Curve II of Fig. 2, following after I, shows only 
beta prime melting at the normal level. Curve 
III, run on a quickly chilled (alpha) sample, shows 
a slight inflection indicative of alpha melting below 
50° but the main feature is beta prime melting in 
the neighborhood of 68°. Thus only alpha and 
beta prime forms were confirmed.

The differences between the unsymmetrical glyc­
erides, while not so striking as for the symmetrical 
glycerides, are of equal interest. Both 1-palmityl- 
distearin (PSS) and 1-stearyldipalmitin (SPP) 
show the three forms—alpha, beta prime and beta. 
For PSS, however, beta is obtained only from sol­
vent. The stable form from the melt is beta 
prime. Accordingly, it is found on stabilization to 
rise in m. p. almost to the level of the beta m.p.  
obtained after solvent crystallization.

These four mixed glycerides may be conven­
iently grouped with regard to the stable form from 
the melt according to the nature of the acyl residue 
in the 2-position. This is indicated in Table V.

One must infer from the evidence here presented 
that many of the homologs of these glycerides

T able  V
Stable F orms from the M elt

Beta prime
stable Beta stable

Unsymmetrical PSS SPP
Symmetrical PSP SPS
Acyl in 2- position S P

which have been discussed by Malkin, et al., must 
also in many cases have only three, perhaps only 
two, forms instead of four as reported. For ex­
ample Malkin’s own X-ray data1 indicate that the 
glycerides grouped with PSP on the basis of simi­
larity in molecular geometry (namely, 2-palmityl- 
dimyristin, 2-myristyldilaurin and 2-lauryldicap- 
rin) must have only two forms, metastable alpha 
and stable beta prime.

Important differences from the evidence of 
Malkin, et al., for these four mixed glycerides are 
here summarized: (1) As in the case of tristearin, 
no glassy forms were observed, alpha actually 
being the lowest melting form in each case. (2) 
The number of forms for a given glyceride in no 
case exceeded three and in two cases was two in 
contrast to Malkin’s recording of four forms. 
(The variation in melting point here reported for 
a given form of a given compound seemingly is re­
sponsible for Malkin’s reporting of superfluous 
melting points.) (3) The stable form of PSP is 
called beta prime (instead of beta) according to 
the modification of Malkin’s nomenclature, which 
has been used in the present work. (4) Also for 
PSP is reported the impossibility of achieving a 
complete melting point for the alpha form. The 
observed softening point is 3° below Malkin’s 
“melting point” value. (5) For SPS no beta 
prime form is here reported and beta has a char­
acterizing feature; this is the closeness of the two 
smaller main short spacings so that they are un­
resolved on an ordinary 5 cm.-0.025" pinhole 
pattern (Malkin’s values for these spacings are 
farther apart). (6) Differences in long spacing 
data are best discussed in relation to Table VI.

T able  VI
C omparison with M alk in ’s L ong Spacings 

(LJQ) are data of Lutton, Jackson and Quimby.
(M) are data of Malkin and co-workers 

, — -S P S -------- n .------------ PSP---------oi p' P a Pf p
(LJQ) 49.2 . .  43.1 46.65 42.75 ..
(M) 50.5 47.5 44.2 50.2 44.7 43.2

,--------pss------- ,------- spp------- >
ot p' p a P' p

(LJQ) 48.5 45.1 44.7 47.6 43.8 42.1
(M) 48.8 44.7 46.5 47.8 43.9 42.5

In several cases agreement is within experi­
mental error; in a few instances differences are of 
the order of 1.0 A. Serious differences are a 3.55 
A. difference for the alpha form of PSP, a 1.8 A. 
difference for the beta form of PSS and difference 
as to the existence of a beta value for PSP. I t is 
presumed that Malkin’s value reported for beta
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prime PSP is not correct but that his value for 
“beta” is the true beta prime long spacing value. 
Malkin’s beta prime value for a pure SPS is tenta­
tively questioned on the basis of the present au­
thors’ failure to obtain such a form.
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Summary
As compared with the great similarity in poly­

morphic behavior of the single fatty acid saturated 
triglycerides, the mixed palmitic-stearic triglyc­
erides show a remarkable individuality. Many 
of the conclusions here reached with regard to 
their behavior are at variance with those of Mal­
kin and co-workers.

The symmetrical isomers show a high degree of 
crystallinity; the unsymmetrical compounds are

microcrystalline. All four compounds exhibit a 
lowest melting alpha form—unusually stable in the 
case of 2-palmityldistearin and unusually labile in 
the case of 2-stearyldipalinitin.

Occurrence of forms other than alpha can be 
briefly tabulated:

G lyceride

2-Palmityldistearin
2-Stearyldipalmitin
1-Palmityldistearin

1 -S tearyldipalmitin

Forms beside alpha

Only beta 
Only beta prime
Only beta prime from melt, beta 

from solvent (beta prime and beta 
equally stable)

Beta prime and beta (beta stable)

A given form of a given glyceride may vary sev­
eral degrees in melting point depending on its de­
gree of stabilization. This variation may ac­
count for the fact that previous workers have re­
ported more characteristic thermal points for a 
given glyceride than can be substantiated by 
X-ray diffraction patterns.
I v o r y d a l e , O h io  R e c e iv e d  F e b r u a r y  6 , 1948

[ C o n t r ib u t io n  fr o m  t h e  P r o c t e r  &  G a m b l e  C o .]

The Polymorphism of 1-Monostearin and 1-Monopalmitin
B y  E .  8 .  L u t t o n  a n d  F. L .  J a c k s o n

Introduction
The polymorphism of the compounds 1-mono- 

caprylin through 1-monostearin has been studied 
by Rewadikar and Watson1 by means of capillary 
melting point methods but without the help of 
X-ray diffraction data. Malkin and co­
workers,2*3*4 using X-ray diffraction and thermal 
techniques, have studied the polymorphism of 
saturated 1-mono-, 1,3-di- and triglycerides. 
However, further work has led to corrections and 
new interpretations in the field of triglycerides.5*6*7 
Similarly, re-examination of the 1-monoglycerides, 
specifically 1-monostearin and 1-monopalmitin, 
as reported in the present paper has shed new light 
on the polymorphic behavior of this class of com­
pounds.

As in the case of the triglycerides6 every effort 
has been made to maintain the nomenclature in­
troduced by Malkin.3 However, the discovery of 
four polymorphic forms (here called subalpha, 
alpha, beta prime and beta) instead of three for the
1-monoglycerides and the fact that subalpha and 
beta prime have very similar X-ray patterns re­
quired some revision and refinement of Malkin’s 
basis for nomenclature. A particular compli-

(1) Rewadikar and W atson, J . Indian Inst. Sci., 13, A, 128 (1930).
(2) Clarkson and M alkin, J. Chem. Soc., 666 (1934).
(3) Malkin and Shurbagy, ibid., 1628 (1936).
(4) Malkin, Shurbagy and M eara, ibid., 1409 (1937).
(5) Bailey, et al., Oil & Soap, 22, 10 (1945).
(6) Lutton, T his Journal, 67, 524 (1945).
(7) Filer, et al., ibid., 68, 168 (1946).

cation is the subalpha form, a distinct form ac­
counting for the reversible thermal effects reported 
by Malkin on cooling alpha and subsequent re­
heating.

The basis for monoglyceride nomenclature may 
be summarized as follows.

Subalpha has a single strong short spacing line 
at 4.15 A., other medium lines at 3.9, 3.75 and 
3.55 A. This form undergoes a reversible trans­
formation to alpha and therefore has no m. p.

Alpha has a single strong short spacing line at
4.15 A. with other weak short spacing lines. This 
form has the lowest complete m .p. Triglyceride 
alpha similarly has a single strong short spacing 
line at 4.15 A. and is the lowest melting form.

Beta prime has a strong short spacing line at
4.15 A., and a 3.65 A. medium line which is the 
strongest one between 4.2 and 2.6 A. This form 
has an intermediate complete m .p. Triglyceride 
beta prime has strong spacings at 4.2 and 3.8 A., 
and is normally the intermediate melting form. o

Beta has a strong short spacing line at 4.55 A. 
and is the highest melting form. Triglyceride 
beta has a strong line at 4.6 A. and is generally the 
highest melting form.

It is apparent from the preceding paragraphs 
that the bases for nomenclature are similar for the 
mono- and triglycerides.

Experimental
The monoglycerides were prepared according to the
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directed rearrangement method of Eckey.8 Monostearin 
was prepared from a mix of 35% completely hydrogenated 
linseed oil and 65% linseed oil, to which was added 
15-20% of dry glycerol and 0.5% NaOMe (a catalyst 
suspended in xylene). The mixture was agitated for 
forty-eight hours each a t 60, 49 and 38°, during which time 
the crude monostearin precipitated in increasing amounts. 
An excess of glacial acetic acid was added to kill the cata­
lyst, the mix was water-washed to remove sodium acetate, 
and the final purification accomplished by six crystalliza­
tions from Skelly B-ethyl alcohol mixtures.

Monopalmitin was prepared similarly from cottonseed 
oil stearine plus 15-20% of glycerol and 0.5% NaOMe 
catalyst. (The stearine was the precipitate from a par­
tially crystallized oil and contained 30-35% combined 
palmitic acid.) The temperature cycle used here was 38, 
32 and 27°.

The degree of purity of the monoglycerides is indicated 
by the analyses in Table I.

T a b l e  I
A n a l y s e s  o f  M o n o g l y c e r id e s  

I. V. =  iodine value, S. V. =  saponification value, % 
monoglyceride by the periodic acid method.9

--------- Experim ental---- —% /-------- Theory------- > L it.3
% %

Mono- C. Mono- C.
glycer- m. p., glycer- m. p.

Glyceride I. V. S. V. ide °C. I. V. S. V. ide °C.
1-Mono-

stearin 0 0 156.2 104.5 81.5 0 .0  156.4 100.0 81.5
1 -M onopal­

m itin .0  169.0 101.9 77 .0  .0  169.6 100.0 77.0

The samples were examined by X-ray diffraction, 
thermal methods and by dilat*metry. The techniques 
of X-ray diffraction and thermal examination have been 
described elsewhere.6*10

The X-ray specimens were prepared in three ways: 
(1) melted samples were drawn into Pyrex glass capil­
laries and tempered in various ways depending on the 
polymorphic form desired, (2) powdered crystalline samples 
were made into 0.5 mm. thick disk-shaped pellets which 
were X-rayed perpendicularly to the flat side of the disk, 
and in addition (3) powdered samples were made into 1- 
cm. rods of 0.5 mm. diameter after the manner of Piper.3 
The rods were mounted vertically in the path of the X- 
ray beam. They gave excellent long and short spacing 
X-ray lines on the same film, while the disk-shaped pellets 
yielded very poor long spacings presumably due to orien­
tation of the hydrocarbon chains perpendicularly to the 
face of the disk.

Thermal examination was accomplished with samples 
in capillary tubes. Beta prime and beta melting points 
were obtained by ordinary complete melting point deter­
mination with a rise in bath temperature of 0.5° per 
minute. Alpha melting points were obtained by thrusting 
capillaries into a bath of definite temperature. The 
alpha m .p .  was the point halfway between the maximum 
temperature for remaining solid (indicated by any cloudi­
ness, however faint) and the minimum temperature for 
complete clarity. These two temperatures were usually 
less than 0.2° apart.

The dilatometer procedure was without special features. 
A one-gram sample was placed in a glass bulb and the bulb 
joined to the dilatometer capillary by an interchangeable 
joint. The sample was melted, the dilatometer evacuated 
and the sample then frozen. At this point the dilatometer 
was completely filled by running mercury into the evacu­
ated space and onto the sample.11 The mercury content 
was adjusted by setting the sample a t a temperature about 
10° above the melting temperature. After the desired

(8) Eckey, U. S. Paten t 2,442,534 (June 1, 1948).
(9) Pohle, Mehlenbacher and Cook, Oil & Soap, 22, 115 (1945).
(10) Nordsieck, Rosevear and Ferguson, J „ Chem. Phys., 16, 175 

(1948).
(11) McBain and Field, J .  Phys. Chem., 37, 675 (1933).

sample treatm ent, dilatometer readings (distance of the 
mercury meniscus from the top of the dilatometer) were 
taken a t successive temperatures. The dilatometer was 
particularly helpful in studying the alpha-subalpha rela­
tionships.

The alpha form was obtained by rapid cooling of the 
melt. As in the case of triglycerides, its melting point 
represents the approximate supercooling limit. Alpha 
has a low temperature limit of existence a t which it 
transforms reversibly to subalpha, so tha t a t room tem ­
perature both monostearin and monopalmitin exist in the 
subalpha rather than the alpha form.

The beta prime form was obtained by fairly rapid 
crystallization from dilute (1:300) ether or Skellysolve B 
solutions. I t  was not obtained from a melt nor by tem ­
pering alpha. By a similar procedure Chen and Daubert12 
obtained metastable forms of triacid triglycerides.

Relatively slow crystallizations from solvents (50-50 
mixtures of alcohol and Skellysolve B) gave beta. This 
form was not obtained by direct crystallization from the 
melt without seeding, but was obtained by transformation 
of alpha or beta prime.

Results
The thermal points are recorded in Table II in 

comparison with the data of Malkin. The two 
sets of values are in reasonable agreement except 
that no second transition point was observed be­
low the alpha m. p. as reported by Malkin for 
monostearin.

T a b l e  II
T h e r m a l  P o in t s , °C.

(L J), D ata of Lutton and Jackson; (M S), data of Malkin 
and Shurbagy

Sub­
alpha

T rans­
forma­

tion
Pt.®

Beta 
Alpha prime 
M. p. M. p.

Beta 
M. p.

Sub­
alpha

Trans­
forma­

tion
Pt.

Alpha 
M. p.

Beta 
prime 
M. p.

Beta 
M. p.

1-Mono- 49 74 78 81.5 42 and 74 79 81.5
stearin 47.5

1-Mono-
palmitin 39 66.9 74.6 77.0 34 66.5 74 77.0
a Determined 

dilatometer).
by microscope (and ;approximately by

Detailed X-ray data are shown in Table III 
with average long spacing values which are com­
pared with those of Malkin3 and Filer.7 Long 
spacing agreement is reasonably good except in 
the case of the alpha form for monostearin. The 
present value is 8 A. short of that reported by Mal­
kin. Characteristic short spacing data are shown 
in Table IV in comparison with those of Malkin 
and Filer. For the beta form, agreement is bet­
ter in certain respects with Filer’s data, but some 
of Filer’s strong lines were not confirmed. It is 
uncertain whether Malkin’s so-called beta prime 
data should properly be regarded as pertaining to 
beta prime or subalpha. From the reported 
spacings and description of procedure no decision 
can be made.

Dilatometer results for the alpha subalpha 
reversible change are shown in Fig. 1.

Discussion
While in most features of behavior the mono­

glycerides were found to correspond to the beha-
(12) Claen and Daubert, T his Journal, 67, 1256 (1945).
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T a b l e  III
X - R a y  Sp a c in g s , in  A . O b t a in e d  w it h  C u R a d ia t io n , =  1.54 A.

1-Monostearin----------------------------,-------------------------------------- 1-M onopalmitin'
(hkl) Subalpha Alpha Beta prime Beta Subalpha Alpha Beta prime Beta

Long Spacings (LJ)
001 49.7 VS 50.7 VS 49.7 VS 50.0 VS 45.0 VS 45.1 VS 45.0 VS 45.5 VS
002 25.5 W 25.0 M 25.2 W 25.0 W 22.8 M 22.8  W 23.0 VW
003 16.9 W 16.7 S 16.8 W 16.6 M 15.3 M 15.15 M 15.1 W 15.25 S
004 12.7 W 12.5 M 12.6 W 12.5 M 11 .4M 11.4 M 11.3 VW 11.4 S
005
006 8.42 VW 8.38 M 8.40 VW 8.34 M 7.53 M 7.60 W 7.60 M
007 7.17 VW 7.18 M 6.55 W 6.47 W
008 6.27 VW
009 5.63 W 5.10 W 5.06 M
Av. d 50.3 50.2 50.1 50.1 45.5 45.6 45.25 45.6
(MS) d 50.0? 58.3 50.0? 50.0 45.8? 45.8? 45.8
(FSDL) d 49.9 45.7

Short Spacings (LJ)
(U ) 4.88 W 5.00 VW 4.87 VW

4.13 VS 4.64 W 4.15 VS 4.54 VS 4.14 VS 4.65 W 4.15 VS 4.55 S
3.92 M 4.18 VS 3.89 VW 4.36 VS 3.92 M + 4.18 VS 3.85 V W - 4.37 S
3.75 M 3.82 W 3.61 M 4.13 W 3.74 M + 3.99 VW 3.69 W 4.13 W
3.58 M 2.47 VW 3.30 VW 3.85 VS 3.54 M + 3.80 W 3.29 W + 3.86 S
3.28 W 2.91 VW 3.74 W 3.29 W 2.46 V W - 2.78 VW 3.74 W
3.10 VW 2.79 VW 3.64 VW 2.92 VW 2.52 M 3.50 M
2.94 VW 2.52 M 3.54 W + 2.78 VW 2.25 VW 3.29 M
2.81 VW 2.25 VW 3.43 VW 2.54 W 3.08 M
2.52 M 2.22 W 3.30 VW 2.50 W 2.67 VW
2.42 VW 3.1 2 M 2.41 VW 2.54 VW
2.32 W 2.97 VW 2.33 W 2.47 M
2.23 W 2.21 W 2.23 VW
2.09 W 2.45 M 2.08 W 2.14 VW

2.06 V W -
(FSDL), D ata of Filer and co-workers

T a b l e  IV
C h a r a c t e r is t ic  S h o r t  S p a c in g s  in  A . f o r  M o n o ­

g l y c e r id e s  (C o m p a r is o n  w it h  P r e v io u s  D a ta )
Subalpha Alpha Beta prime Beta

(LJ) 4.14 VS 4.64 W 4.15 VS 4.55 S +
3.92 M 4.18 VS 3.87 VW 4.37 S +
3.75 M 3.99 VW 3.65 W +  3.86 S +
3.56 M 3.81 W 3.30 W -  3.74 W

(MS) 4.24 VS? 4.2  VS 4.24 VS? 4.65 VS
3.86 M? 3.86 M? 3.94 S

1-Monostearin 1-Monopalmitin
Beta Beta

(FSDL) 4.74 W 4.73 VS
4.55 VS 4.55 VS
4.37 S 4.37 VS 

4.27 VS 
3.94 VS

3.84 VS 3.84 VS
3.74 W 
3.52 S

3.74 S

vior described by Malkin, there were departures 
of considerable significance particularly in the 
case of alpha and subalpha forms.

Alpha and Subalpha.—Alpha, in the corre­
spondence of its melting point to the super­
cooling limit and by the value of its one strong

short spacing (4.18 A.), resembles the alpha form

Dilatometer readings, cm.
Fig, 1.—-"Dilatometer curves of reversible alpha to subalpha 

transformation.
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of triglycerides. There are important differences, 
however. Weak short spacings on both sides of 
4.18 A. evidence certain unidentified complexities 
of structure not found for triglycerides. Of greater 
interest are the lonv snacinv values. Doubleo  i  o
chain length structures are indicated, but the 
values are 8 A. short of that to be expected for 
completely extended untilted molecules, 58 A. for 
monostearin. (A value of this magnitude, re­
ported by Malkin, was not confirmed.) Alpha, 
beta prime and beta values are very nearly equal 
and the simplest conclusion is that they each indi­
cate titled molecules. A tilted alpha, supposedly 
of hexagonal cross-sectional type, would be con­
trary to previous experience and preconceptions.

The alpha form goes reversibly to a form, here 
called subalpha, at a temperature about 25° below 
the alpha melting point. The reversibility was 
completely established, in the present study by 
successive X-ray exposures above, below and 
above the transition point to give respectively 
alpha, subalpha and alpha patterns. This transi­
tion point was actually located by Malkin, with 
the help of thermal curves, but he did not describe 
a clearcut association of change in diffraction pat-

JLJLV_ OCLXVJ. CJLXCXC CLXĴXXCL
stable only very near its melting point,” but it is 
actually reasonably stable clear down to the tran­
sition point. He speaks of the form below the 
transition point as an “intermediate form” some­
what akin to a “glass” and without “a regular crys­
talline lattice,” but subalpha is actually a highly 
ordered structure, apparently considerably more 
ordered than alpha which is itself of a fair degree 
of crystallinity.

The alpha subalpha change is readily fol­
lowed also by the dilatometer and microscope.13

If a dilatometer sample is melted and chilled 
quickly to 20°, then heated in steps to 60° and 
cooled stepwise to 20°, curves such as those shown 
in Fig. 1 are obtained. The solid ascending curves 
show a small break at about 49° for 1-monostearin 
and 39° for 1-monopalmitin. The solid descend­
ing curves show greatly accentuated contractions 
in the same temperature regions indicating that 
the subalpha form is decidedly more dense than 
it was initially. The order of contraction in the 
alpha —> subalpha change is about 0.04 specific 
volume units.

After the ascending and descending curves were 
run the dilatometers stood overnight at room 
temperature and then were read at 30°, heated 
directly to 60°, allowed to attain a constant read­
ing, and cooled to 30°. The points obtained are 
joined by broken lines on Fig. 1 and the time se­
quence is indicated by arrows. The data show 
that the descending alpha to subalpha path is es­
sentially duplicated for 1-monostearin. However, 
1-monopalmitin transformed to beta in four hours 
at 60°. Cooling 1-monopalmitin beta to 30° re-

(13) Microscopic observations by Dr. Don G. Kolp of this labora­
tory.

vealed a lower density for this form than for sub­
alpha—a fact which was substantiated for other 
samples of 1-monopalmitin as well as for 1-mono- 
stearin after long stabilization. Preliminary spe­
cific volume data for 1-monopalmitin at 30.0 are
0.937 for subalpha, 0.983 for alpha (extrapolated 
from 0.996 at 60.0°) and 0.949 for beta. Final 
data will be reported later.

The large density difference between slowly 
and rapidly chilled subalpha is puzzling, espe­
cially in view of the great similarity in X-ray 
patterns for the two states. The difference may 
be due to vacuoles or perhaps to a less complete 
stabilization and less perfect alinement of chains 
or crystallites in the chilled sample. (Comparable 
variations in density have been observed, but not 
yet reported, for triglycerides and in those cases 
have been found to be associated with observable 
variations in melting point.)

With the microscope the transformation of 
alpha to subalpha is revealed quite sharply by the 
appearance of many little shrinkage cracks as the 
temperature is lowered to a level just below the 
point of transformation. These cracks are almost 
completely “healed” by raising the temperature 
and holding it just above the transformation point.

It is believed that Malkin was concerned, at 
least part of the time, with subalpha when he used 
the term beta prime. Especially in the case of his 
recent publication14 containing data on monoelai- 
din it is apparent that the so-called beta prime 
form conforms much more closely, in X-ray spac­
ing, to the subalpha values than to the beta prime 
values here reported for monopalmitin and mono­
stearin. Malkin’s beta prime m. ps. are not ac­
counted for by this line of thought, however.

No evidence was obtained by the various tech­
niques employed in this study for the lower of the 
monostearin transformation points reported by 
Malkin. It is the higher value that was confirmed 
and that corresponds to the alpha —> subalpha 
change.

Some indication of the stability of the alpha 
(and subalpha) forms is given by the observation 
that monopalmitin subalpha persists about thirty 
days at room temperature as compared with more 
than one hundred twenty days for monostearin. 
This is comparable to the room temperature sta­
bilities of the alpha forms of the corresponding 
triglycerides. A difference in high temperature 
alpha stability between mono- and triglycerides 
appears on running complete melting points on al­
pha (subalpha) forms at a heating rate of 0.5 per 
minute. Monopalmitin and monostearin give ap­
proximately their respective alpha m. p.s but the 
triglycerides transform during heating to give ap­
proximately their beta m. p.s.

Beta Prime.—Despite considerable effort to ob­
tain the beta prime form from the melt or from 
alpha, it was actually obtained only by rapid 
crystallization of dilute ether or Skellysolve B so-

(14) Malkin and Carter, J. Chem. Soc., 554 (1947).
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lutions. Crystals, while well defined, were small. 
As has been indicated, the beta prime X-ray pat­
tern is somewhat similar to that of subalpha. 
The distinguishing features are indicated in Table 
IV, a summary table of characteristic values. In 
brief, the chief difference is that beta prime lacks 
the two medium strength lines shown by subalpha 
for the region between 4.15 A. and 3.65 A.

Beta.—The beta form is obtained by slow crys­
tallization from solvent or by transformation 
of alpha and beta prime forms. It was not ob­
tained directly from the melt. The crystals 
from solvent are relatively large platelets with a 
beautiful gloss. Beta is the only truly stable crys­
talline form.

Acknowledgment.—The authors are grateful 
to the members of this Laboratory who have 
given valued advice and experimental assistance.

Summary
While largely confirming the work of Malkin, a

reexamination of the polymorphic behavior of 1- 
monostearin and 1-monopalmitin has resulted in 
new information which differs in important as­
pects from earlier findings.

These monoglycerides have four forms—sub­
alpha, alpha, beta prime and beta. The last three 
have melting points increasing in the order named. 
Beta alone is thermodynamically stable. Beta 
prime has been obtained only from solvent. There 
is a reversible alpha-subalpha transformation 
about 25° below the alpha m. p. but above room 
temperature. All forms for a given monoglyceride 
have very nearly the same long spacing and appear 
to be tilted double-chain-length structures. The 
forms are readily distinguished by means of short 
spacings except for subalpha and beta prime, 
which, in spite of notable differences in thermal be­
havior, show only minor differences in diffraction 
pattern.
I v o r y d a l e , O h io  R e c e i v e d  M a r c h  4 ,  1 9 4 8

[Co n t r ib u t io n  from  t h e  D epa rtm en t  of Ch em ist r y , C a r n e g ie  I n st it u t e  o f  T ec h n o l o g y ]

Kinetics of the Reaction between Ethylene Chlorohydrin and Hydroxyl or Alkoxyl
Ions in Mixed Solvents1,2

B y J ohn E d Stevens,3 C. Law M cCabe and J. C. W arner

Previous investigations of the reaction between 
ethylene chlorohydrin and hydroxyl ion have es­
tablished the following facts concerning the reac­
tion. It is clearly second order,4*5’6 the rate being 
proportional to the concentration of chlorohydrin 
and to the concentration of hydroxyl ion, and the 
side reaction with water at temperatures in the 
vicinity of 30° is so slow7 that it may be neglected. 
There is no significant back reaction in alkaline 
solution8 and the product with water as the solvent 
is ethylene oxide and not ethylene glycol.9 There 
is a very small negative kinetic salt effect in water 
and in water-ethanol mixtures.6 More recently, 
Porret,10 who apparently was unaware of the work 
of Winstrom and Warner,6 has reported the results 
of an investigation which duplicates their kinetic 
studies in water as solvent. His velocity con-

(1) Abstracted from a dissertation subm itted by John Ed Stevens 
to the Carnegie Institu te  of Technology in partial fulfillment of the 
requirements for the degree of Doctor of Science.

(2) Presented before the Physical and Inorganic Division a t the 
Detroit meeting of the American Chemical Society, April, 1943.

(3) Present address: Shell Development Company, Emeryville, 
Calif.

(4) Evans, Z. physik. Chem., 7, 335 (1891).
(5) Smith, ibid., 81, 339 (1912); A152, 153 (1931).

... (6) Winstrom and W arner, T his Journal, 61, 1205 (1939).
(7) Radulescu and M uresanu, Bull. Soc. Sci. Cluj. Roumanie, 7, 

128 (1932).
(8) Brönsted, K ilpatrick and Kilpatrick, T his Journal, 51, 428 

(1929).
(9) British Patents 286,850 (Feb. 8, 1927); 292,066 (Jan. 11, 

1927). Ushakov and Mikhailov, J . Gen. Chem. (U .S.S.R .), 7, 249 
(1937).

(10) Porret, Helv. Chim. Acta , 24, 80E (1941).

stants, activation energy and kinetic salt effects 
are in excellent agreement with those reported by 
Winstrom and Warner. Porret11 has also deter­
mined equilibrium constants for the reaction in 
the temperature range 0 to 50°. These results 
confirm the view that no correction for the back 
reaction needs to be made in alkaline solutions.

It was the purpose of the present investigation 
to study the kinetics of this reaction in a number 
of water-non-aqueous solvent mixtures down to 
low dielectric constants for the mixtures, i. e., to 
high concentrations of the non-aqueous solvents.

Experimental
Materials and Procedure.—Previously described6 m eth­

ods for the purification of materials and the preparation of 
reagents were used with only minor modifications. Tem ­
perature variations in thermostats were followed by means 
of Beckman thermometers and absolute temperatures were 
established within 0.01° by use of a N .B.S. platinum re­
sistance thermometer. The therm ostat operated a t 30 =±= 
0.005° was of the conventional type, and the one operated 
a t 15 ±  0.01° was also of the conventional type, bu t was 
placed inside a large insulated container through which air, 
cooled by ice, was circulated to maintain the environment 
a t 10 to 12°. Experiments a t 0 =•= 0.005° were carried out 
in large Dewar flasks filled with washed cracked ice and dis­
tilled water.

Standard solutions of sodium ethoxide and sodium 
methoxide were prepared by treating metallic sodium with 
the corresponding anhydrous alcohol, determining the con­
centration by titration and then diluting to the desired 
strength with the anhydrous alcohol.

Since the reaction proceeds with a decrease in hydroxyl or 
alkoxyl ion concentration and a corresponding increase in

(11) Porret, Helv. Chim. Acta, 27, 1321 (1944).



2450 J ohn E. Stevens, C. Law M cCabe and J. C. Warner Vol. 70

chloride ion concentration, it is obvious th a t the reaction 
m ay be followed by withdrawing samples a t suitable time 
intervals, delivering them into an excess of standard acid to 
stop the reaction, and titrating for either excess acid or 
chloride. In each new solvent mixture, it was always 
established th a t these two methods of following the reac­
tion gave results which were in agreement within the experi­
mental error; thereafter the acid-base titration (rosolic 
acid indicator) was used in a majority of the experiments.

In  most experiments, equal starting concentrations of 
ethylene chlorohydrin and carbonate-free hydroxide (or 
alkoxide) were used and the velocity constant was obtained 
from the slope of the best straight line obtained by plotting 
1 / c  against time.

Kinetic Results.—Velocity constants were determined in
1,4-dioxane-water, methanol-water, ethanol-water, iso­
propanol-water and ^-butanol-water mixtures a t 30°. 
Rates were also determined a t 0 and 15° in the first three 
of the above solvent mixtures.

Velocity constants in ethanol-water mixtures are given 
in Table I. The rate in 100% ethanol was determined by 
using sodium ethoxide and ethylene chlorohydrin as re­
actants in anhydrous alcohol. Table I I  gives the velocity 
constants in methanol-water and 1,4-dioxane-water mix­
tures including the rate constant for the reaction of sodium 
methoxide with ethylene chlorohydrin in 100% methanol. 
Table I I I  reports the velocity constants obtained a t 30° in 
isopropanol-water and in ^-butanol-water mixtures. In 
Fig. 1, velocity constants as a function of dielectric con­
sta n t11* a t 30° are summarized for all of the solvent mix­
tures.

Fig. 1.—All.at 30°: I, dioxane-water; II, isopropanol- 
water; III , /-butanol-water; IV, ethanol-water; V, 
methanol-water.

( I la )  Akerlof, T ins Journal, 54, 4125 (1932); Akerlof and Short, 
ibid,, 58,1242 (1935).

T a ble  I
Summary of R esults  in  E thanol-W ater M ixtures
w t. % Dielectric k w t. % Dielectric k
ethanol constant (min. ~l) ethanol constant (m in.- i )

At 30° At 15°
0 .0 76.7 1.13 0 .0 82.2 0.166

11.9 70.0 i k aX . t/U n r>zr , kj i-r/3 >~rt \J . t .710
20.6 65.0 1.93 20.6 70.0 .284
30.0 59.5 2.23 28.8 65.0 .349
34.3 57.0 2.27 37.6 59.4 .376
37.6 55.0 2.33 44.8 55.0 .359
40.9 53.0 2.28 54.9 48.9 .323
48.4 48.7 2.21 61.7 45.0 .302
54.9 45.0 2.17 At 0°65.8 39.0 2.04

0 . 0 .018669.7 36.9 1.95 . 88.4
75.0 34.2 1.81 18.6 76.7 .0307
83.7 30.1 1.53 20.6 75.4 .0325

100.0 23.5 0.95 36.6 65.0 .0450
37.7 64.3 .0460
52.1 55.0 .0387
54.9 53.2 .0378
68.6 45.0 .0290

T a ble  II
Summary o f  R esults  in  M ethanol-W ater  and

1 ,4-D io x a n e -W ater  M ixtures
In  m ethanol-w ater In 1,4-dioxane-water

Dielec- Dielec-
Wt. % trie  trie

Temp., meth­ con­ k Wt. % con­ k
°C. anol stant (min. ~x) dioxane stant (min._1)

30 0 .0 7 6 .7 1 .1 3 0 .0 7 6 .7 1.13
7 .0 7 3 .7 1 .0 8 7 .6 7 0 .0 1 .5 0

1 8 .0 6 8 .4 0 .8 7 8 1 8 .6 6 0 .4 2 .1 1
3 7 .9 5 9 .0 .545 2 2 .9 5 6 .7 2 .3 2
4 6 .6 5 5 .0 .429 23 .1 5 6 .5 2 .4 6
5 0 .5 5 3 .2 .388 2 4 .9 5 5 .0 2 .4 8
6 1 .5 4 7 .8 .241 2 5 .8 5 4 .2 2 .6 6
6 4 .7 4 6 .3 .214 3 4 .3 4 6 .7 3 .4 1
7 2 .6 4 2 .4 .144 3 4 .6 4 6 .0 3 .4 7
8 4 .7 3 7 .5 .0702 4 1 .0 4 0 .8 4 .1 5
9 2 .8 3 3 .5 .0450 4 6 .0 3 6 .6 4 .7 4

1 00 .0 3 0 .7 .0225 6 1 .2 2 4 .1 7 .0 8
7 1 .4 16 .2 8 .4 3

15 0 .0 8 2 .3 .169 0 .0 8 2 .2 0 .1 6 6
1 2 .0 7 6 .7 .123 6 .2 7 6 .7 .204
5 4 .9 5 5 .0 .0343 2 9 .7 5 5 .0 .470

3 4 .3 5 1 .1 .578
0 0 .0 8 8 .4 .0186 0 .0 8 8 ,4 .0186

2 2 .8 7 6 .7 .00864 12 .3 7 6 .7 .0297
6 4 .6 6 5 .0 .00198 3 4 .3 5 5 .0 .0772

Reaction Product in Mixed Solvents.—Previous investi­
gators9 have stated th a t ethylene oxide is the product of the 
reaction of ethylene chlorohydrin with hydroxyl ion in 
aqueous solution. This has been confirmed by our in­
vestigations. We considered it necessary, however, to 
establish the nature of the reaction product in our water- 
non-aqueous solvent mixtures and in anhydrous ethanol 
and anhydrous methanol. The possible products would 
seem to be ethylene glycol, ethylene oxide or (in alcoholic 
solutions) an hydroxy ether óf the Cellosolve type. Any 
attem pt to separate ethylene oxide from the glycol and the 
hydroxy^ether by distillation is complicated by the hydroly­
sis of the oxide to glycol which is quite rapid a t tempera­
tures as high as 80 °4 Our evidence was obtained h y
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T a b l e  I I I
S u m m a r y  o f  R e s u l t s  i n  I s o p r o p a n o l - W a t e r  a n d

L B u t a n o l - W a t e r  M ix t u r e s  a t  30 °
In  isopropanol-water In  Lbutanol-water

Dielec- Dielec-
Wt. % trie k w t. % trie k

isopropanol constant (min. -1) butanol constant (min. -1)
0 .0 76.7 1.13 0 .0 76.7 1.13
5.0 73.2 1.55 10.4 67.9 2.05
8.6 70.6 1.81 18.8 60.6 2.66

11.4 67.9 2.11 39.8 42.7 3.08
20.4 62.2 2.66 63.2 24.7 3.47
24.7 59.2 ■2.81
29.7 56.7 3.02
37.4 50.2 3.23
48.0 42.8 3.60
59.2 34.9 4.10
70.3 27.6 4 .68

adaptation of L ubatti’s method12 13 for determining ethylene 
oxide in gas m ixtures: To samples which had reacted to
completion, standard solutions of hydrochloric acid and 
calcium chloride were added in such amounts that a slight 
excess of acid and 30 g. of chloride ion per 100 ml. were 
present. Under these conditions ethylene oxide is con­
verted back to ethylene chlorohydrin and an equivalent of 
acid is consumed. The rate  of this reversal in acid solution 
has been studied.8 Similar experiments with known solu­
tions of glycol and hydroxy ether showed that no acid was 
consumed by these substances. T hat glycol does not react 
with acid under these conditions is supported by other in­
vestigators.18 Although the method did not yield results 
of the desired precision and reproducibility, and has since 
been greatly improved, the acid consumed in various ex­
periments was between 90 and 105% of the amount calcu­
lated assuming ethylene oxide was the only product of re­
action. I t  seems safe to  say, therefore, tha t ethylene oxide 
was the principal product in all of the solvent mixtures used 
in this investigation as well as in water, in anhydrous 
methanol and in anhydrous ethanol.

Discussion
The fact that ethylene oxide is the product ob­

tained in all of the experiments performed in this 
investigation indicates that the second order re­
action between ethylene chlorohydrin and hy­
droxyl ion, alkoxyl ion or mixtures of the two re­
actants cannot proceed by the usual displacement 
type of mechanism. Furthermore, the data ob­
tained in methanol-water and in ethanol-water 
mixtures is unusual and cannot be explained on a 
basis of the expected influence of the dielectric 
constant of the solvent upon the reaction rate.

Mechanism.— It seems possible to give a 
qualitative explanation of all the facts which 
have been observed by assuming the mechanism 
suggested by Winstein and Lucas,14*15 namely

V O H
Cl—c  

/ \
I

+  B-
h

k 2

Y Z -
c U  + BH °>

/ \
I I

(12) Lubatti, J . Soc. Chem. Ind., 51, 361T (1932).
(13) Norris, W att and Thomas, T his Journal, 38, 1079 (1916).
(14) Winstein and Lucas, ibid., 61, 1576 (1939).
(15) This mechanism for the reaction of chlorohydrins with strong

bases has received further confirmation in the recent work of Kadesch,
ibid., 68, 46 (1946).

c — o -

Cl— C
Y>
r /

O +  c i- (2)

II
If Step 1 is an equilibrium step for which the equi­
librium constant is K  and Step 2, in which the 
anion goes through the activated state to form 
ethylene oxide with a rate constant k3> is slow, 
then
— d [B~] ^  d[C l-] ^  

dt ch

l U i  [CH2C l-C H 2O H ] [ B - ] ^ ^  (3)

where k (observed) = kzK / [BH], when B -  is the 
base conjugate to a pure solvent BH. It is obvi­
ous that according to this mechanism the rate of 
reaction should be proportional to the concen­
tration of the chlorohydrin and to the concentra­
tion of the anion base (OH- , CH30 -  or C^HéO- ). 
Furthermore the mechanism accounts for the 
negligible kinetic salt effect. (As a first approxi­
mation,15a ionic strength would have little in­
fluence on the value of the activity coefficient 
quotient in Eq. 3).

Influence of Dielectric Constant of Solvent.—
One would expect the dielectric constant of the 
medium to have little effect on the equilibrium 
(Step 1) because the electrostatic contribution 
to the free energy of reaction would be small. On 
the other hand, the conversion of the anion into 
the activated complex

C—o -

Cl—c

c —o -

c - i /
/ \

is quite like the formation of the activated complex 
in the bimolecular displacement of halide from 
alkyl halides by hydroxyl ion; there is a distribu­
tion of charge and one would expect an increase 
in rate as the dielectric constant of the medium 
is decreased.16 * The expected effect is observed 
in 1,4-dioxane-water mixtures, but it seems ob­
vious that some factor other than dielectric con­
stant has an important influence in the alcohol- 
water mixtures, especially in methanol-water and 
ethanol-water.

Influence of Acid-Base Level of Solvent.—
If one postulates that ethanol is a stronger acid 
than water and that methanol is a still stronger 
acid than ethanol, then hydroxyl ion will be 
leveled somewhat in these mixed solvents by the 
reaction OH-  +  ROH RO -  -+ H20. The ex­
tent of the reaction, and hence the reduction in 
the base level of the medium will depend upon the

(15a) La Mer, Chem. Rev., 10, 179 (1932); J . Franklin Inst., 225, 
709 (1938).

(16) Hughes, Trans. Faraday Soc., 37, 609 (1941); Hughes and 
Ingold, ibid., 37, 666 (1941); Harned and Sam aras, T h is  Journal ,
54, 15 (1932); Scatchard, Chem, Rev., 10, 236 (1932),
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acid strength of ROH and the ratio [ROH]/ 
[H20] in the solvent mixture. The extent to which 
the carbanion is formed in the equilibrium step of 
the process (Step 1) undoubtedly depends upon 
the base level of the system, and a decrease in basic­
ity would, therefore, cause a decrease in rate. It 
is tentatively suggested that in methanol-water 
mixtures, the influence of methanol in decreasing 
the basicity over the entire range of composition 
is sufficient to more than compensate for the ex­
pected increase in rate due to decreasing dielectric 
constant. It seems logical to assume that ethanol 
is a weaker acid than methanol and hence has less 
influence on the basicity. We may assume, at low 
ethanol concentrations, that the dielectric con­
stant effect is predominant, but that at the higher 
concentrations the decreased basicity brings about 
a decrease in rate, thereby accounting for the ob­
served maximum in the rate constants as a func­
tion of ethanol composition. The fact that rate 
constants in the alcohol-water mixtures extrapo­
late smoothly to the rate constants for reaction 
with alkoxyl ion in the anhydrous alcohols sup­
ports this explanation. Accurate information on 
acid-base levels in ethanol-water and methanol- 
water mixtures is sorely needed and is being 
sought in this laboratory.

Summary
1. 'The rate of reaction of ethylene chlorohy­

drin with hydroxyl ion (or with alkoxyl ion) has 
been measured in 1,4-dioxane-water, methanol- 
water, ethanol-water, isopropanol-water and t- 
butanol-water mixtures at 30° up to high con­
centrations of the non-aqueous solvent. Measure­

ments in anhydrous ethanol and methanol are in­
cluded. For the first three solvent mixtures, rate 
measurements were also made at 0 and 15°.

2. In methanol-water mixtures, the reaction 
rate decreased continuously with increase in meth­
anol concentration. With the addition of ethanol 
to water, the rate at first increased, reached a 
maximum value at about 38% ethanol (30°), and 
then decreased at higher ethanol concentrations. 
In the other solvent mixtures, the rate increased 
with a decrease in dielectric constant over the 
entire range of solvent composition.

3. It has been established that ethylene oxide 
is the principal reaction product in all of the sol­
vents used, including anhydrous ethanol and an­
hydrous methanol.

4. The Winstein-Lucas mechanism which pos­
tulates an initial equilibrium step in which a pro­
ton is removed from the chlorohydrin to form an 
anion, followed by an intramolecular displace­
ment of chloride by the negatively charged oxy­
gen, is consistent with (a) the bimolecular charac­
ter of the reaction, (b) the absence of an appreci­
able kinetic salt effect, (c) the formation of ethyl­
ene oxide as the principal product, and (d) the 
increase in rate with decrease in dielectric constant 
is the principal factor influencing the rate. This 
mechanism is also capable of giving a qualitative 
explanation of the unusual results obtained in 
methanol-water and ethanol-water mixtures by 
taking into account the possible influence of the 
acid-base level in these solvents upon the initial 
equilibrium step.
Pittsburgh 13, Pennsylvania

Received February 5, 1948

[C o n t r ib u t io n  fr o m  B e l l  T e l e p h o n e  L a b o r a t o r ie s , I n c .]

Measurements on the Absorption of Microwaves, in . Losses of Camphor
Dissolved in Cyclohexane

B y  D. H. W h if f e n 1

The general outline of the type of absorption of 
electromagnetic radiation of about a centimeter 
wave length by mobile liquids and solutions has al­
ready been established.2*3 Before investigating 
some of the details or exceptional systems, it was 
thought profitable to measure one system care­
fully; such a system may also be useful for com­
paring various methods of measurement.

Solutions of camphor in cyclohexane seem to 
have several advantages for this purpose. Firstly, 
the use of solutions makes a large range of loss 
tangents available according to the concentration 
employed. Secondly, cyclohexane is easily puri­
fied so as to give an almost negligible loss; this is

(1) Present address: St. John’s College, Oxford, England.
(2) Whiffen and Thompson, Trans. Faraday Soc., 42A, 114 and 122 

<1946).
(3) Jackson and Powles, ibid.,42A., 101 (1946).

in contrast to benzene which is difficult to keep 
dry. Thirdly, camphor was chosen because of its 
large dipole moment, its rigidity, its high solu­
bility, the ease of purification by sublimation, and 
because preliminary experiments had indicated 
that its solutions in cyclohexane obeyed the De­
bye loss curve4 5 with a relaxation time of 7 X 10“12 
sec., which corresponds to a maximum loss at 1.3 
cm. wave length.

Experimental
Cavities.—The loss tangents were obtained from the 

Q of a cavity resonator completely filled with the test 
liquid. The details of the resonator used at 3.3 cm. are 
shown in Fig. 1. This is a cylindrical cavity which can 
be resonant in the Hitif2 mode6 when filled with a liquid

(4) Debye, “ Polar Molecules,” Chemical Catalog Co., Reinhold 
Publ. Corp., New York, N. Y., Chap. V.

(5) Lam ont, “ Waveguides,” M ethuen, New York, N . Y.
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Fig. 1 .—3.3-Cm. wave length resonant cavity; dimensions 
in cm.

of dielectric constant about 2.0 at a frequency near 9,500 
Me./sec. The liquid is contained by two very thin mica 
windows which are stuck with seccotine over the coupling 
holes, which are located centrally in each end-plate. 
The central barrel is in two parts so that the windows 
could be fixed in position and the cavity can be thoroughly 
cleaned. When assembled the two parts meet in a butt- 
joint and this is located one quarter of the way along the 
barrel, where there is a node in the longitudinal wall cur­
rents. The whole is silver-plated and when screwed up 
the end guides are kept parallel thus ensuring coupling 
into and out of the same member of the degenerate 
Hi, 1,2 modes. Since the cavity is not resonant at a con­
venient wave length when filled with air, the Q due to the 
wall resistance and the coupling losses must be found with 
the help of a lossless liquid or by calculation. In this 
instance the observed Q when filled with the best sample 
of cyclohexane was 4,050 and the theoretical Q is 7,100, 
whence the maximum loss tangent of the cyclohexane is 
0 .0 0 0 1 1 , which is the difference in the reciprocal Q ’s;  
this figure is only a maximum since it has usually been 
observed6 -7 that the Q ’s of air filled cavities are lower 
than the theoretical values calculated from the direct 
current resistivities of the walls. For work with solutions 
it is the reciprocal Q of the cavity filled with solvent which 
must be subtracted from that of the cavity filled with 
solution to obtain the loss due to the solute molecules, 
and so the solvent and the resistance losses need not be 
separated.

The cavity used at 1.3 cm. is essentially a scale model 
of that already described and has a barrel length of 2.29 
cm. and diameter of 0.63 cm. The Hi.i.s mode is used

(6) Horner, Taylor, Dunsmuir, Lamb and Jackson, J . Inst. Elect. 
Engrs., 93, 53 (Part I I I  1946).

(7) Bleaney, Loubser and Penrose, Proc. Phys. Soc.t 59, 185 (1947).

and when filled with cyclohexane it has a Q  of 2,500; 
the theoretical Q is 3,800 so that the loss tangent of the 
cyclohexane is less than 0.00014 at room temperature and
1.3 cm. wave length.

The cavities are immersed in a thermostat whose tem­
perature is held constant to better than 0 .1 ° and the 
rubber washer indicated in the diagram serves to keep the 
thermostat liquid from the inside of the cavity.

Q Measurements.—The wave guide bench arrangement 
is shown in Fig. 2. The signal oscillator is stabilized in 
frequency by comparison of its output with a cavity 
resonator, any difference in frequency causing an error 
voltage to be fed back to the reflector of the oscillator 
(723A at 3.3 cm.) and also to the thermal tuning grid in 
the case of the oscillator used at 1.3 cm. (2K50). The 
error voltage is obtained by a modification of the first 
Pound8 circuit or else by a rather different arrangement 
due to Dr. Townes9 which involves a very small frequency 
modulation of the oscillator. The output powers of both 
the signal and the beat oscillators are monitored with a 
crystal detector and a microammeter. Superheterodyne 
detection is employed, the beat oscillator being swept 
through a small frequency range. The detecting crystal 
is connected through a calibrated carbon attenuator to a 
60 M e./sec. amplifier and thence to a detecting system  
whose output meter shows a signal dependent on the peak 
input during the sweep. The meter is used as a null 
instrument and the power calibration rests in the attenua­
tor for the 60 M e./sec. signal.

Signal
Oscillator

Variable
Attenuator’

Directional Wavemeter 
Coupler

Attenuator

^Squeeze
Section

Swept
Oscillator

ii
Variable

Attenuator

Attenuator
ii ii ii

Attenuator Cavity With J Hybrid
Test Liquid I Junction ~j|

Attenuator I Crystal || Crystal

11 Control

Monitor
Crystal

Micro-
Ammeter

Directional Attenuator
Coupler

Monitor
Crystal

i
Micro-

Ammeter

Detector
Crystal

Calibrated
Attenuator

60 Mc/Sec 
Amplifier

i
Detector

Cavity

_Feedback_
Stabilizer

Circuit

Null Meter
Fig. 2 .-—Arrangement of the wave-guide bench.

Measurements of the Q are made by observing first the 
maximum transmission of the cavity and the frequency 
at which this occurs; then 3 db., or other convenient 
amount, of attenuation are removed and the frequency 
of the signal oscillator readjusted so that the output from 
the cavity is reduced to its former value. From the dif­
ference between this frequency and that at the correspond­
ing point on the other side of the maximum the Q can be 
calculated from the usual formula for a resonance curve

Q -  f m P ^ J P  -  l )1/»
where ƒ is the frequency, 8f the total frequency difference

(8) Pound, Rev. Sci. Instruments, 17, 490 (1946).
(9) To be published.
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and P max. and P  are the power transmissions at the peak 
and a t the points of observation of bf. The frequency 
meter a t 1.3 cm. is an Ho,i,n cylindrical resonator which 
has been calibrated against the ammonia spectrum10*11 
while th a t used a t 3.3 cm. is a coaxial line meter checked 
against a substandard which derives its calibration from 
quartz crystals. In the measurement of the Q  there is 
a scatter of experimental values corresponding to a 
probable error of 3% in each reading; several determina­
tions are made on each Q  which reduces this error, but 
there may also be systematic errors due to the small 
frequency sensitivity of the directional couplers and the 
monitor crystals so tha t the results can only be trusted to 
5 % .

M easurements at 10 cm.—Measurements a t 10 cm. 
wave length are made using a coaxial line after the method 
of von Hippel and his co-workers.12 The test liquid a t 
the end of a short-circuited coaxial line has its surface 
in contact with a quarter wave length plug of Teflon (poly- 
fluorethylene) of negligible loss; the liquid is introduced 
from a pipe through the reflecting end of the line. The 
plug is located so as to leave one quarter wave length of 
liquid a t room temperature. However uncertainty in 
its expansion leads to some uncertainty in the length of 
the liquid filling a t other temperatures, and the observed 
losses a t the higher temperatures may be too low on this 
account.

M aterials.—The cyclohexane was a commercial product 
dried and purified by shaking with active silica gel. The

-camphor was a commercial resublimed product.
The solutions for the measurements a t 3.3 and 1.3 cm.

.._________ i ____ __j .  „ „    m„  n  c  «  nii.—  — t ,  ~ldllgCVJL 111 LUllLCnUciUUU up IAJ* jU .%J g./llCCl, WUUCd.3 CUL
smaller loss and the less sensitive technique a t 10 cm. 
wave length necessitated solutions up to  25 g./liter. The 
density13 of pure cyclohexane was used to correct for the 
change of volume concentration with temperature.

Results and Discussion
The losses due to a solute are best expressed as 

the molecular loss tangent, that is Loss tangent/ C  
where C  is the concentration in g. moles/liter;

0 0.5 1.0 1.5 2.0 2.5
Concentration in g./liter a t 23°.

Fig. 3.—Loss of camphor in cyclohexane at 3.3 cm.

(10) Strandberg, Kyhl, W entink and Hillger, Phys. Rev., 71, 326 
(1947).

(11) Coles and Good, ibid., 71, 383 (1947).
(12) Hippel, Jelatis and W estphal, “ M easurem ents ol Dielectric 

C onstant and Loss in Coaxial W aveguides,”  report from Massa» 
chusetts Institu te  of Technology, 1943.

(13) “ International Critical Tables,”

this name and concentration unit have been chosen 
to be in keeping with general usage in other fields 
of chemistry. In no case was there any indication 
of a departure from a linear dependence of loss 
with concentration. This is shown for the losses 
at 3.3 cm. in Fig. 3.

The experimental results are summarized in 
Table I which gives the observed molecular loss 
tangents; in each case the value is taken from the 
slope of a graph covering the concentration range. 
No explanation is offered for the smaller loss at 
29° compared to the neighboring temperatures at
1.3 cm. wave length; the reduction is scarcely 
more than the estimated experimental errors.

T a b l e  I
1.3 cm. 3.3 cm. 10.0 cm.

24,000-23,500 M c./sec. 9500-9250 Mc./sec. 3000 Me . / sec.
T, °C. Loss T, °C. Loss 0 p Loss

10 0.246 10 0.194 12 0.064
29 .226 32 .156 25 .056
46 .235 46 .135 37 .047
62 .202 64 .118 51 .037

66 .030

For comparison at a common temperature the 
losses at 10, 30, 50 and 70° were obtained by inter­
polation and slight extrapolation. These were 
compared with the Debye loss expression used in 
the form2

Loss = (e -j- 2)2 47riVju2 cor 
e 27 k T  1 +  co2r 2

e, the dielectric constant of the solvent is 2.0 and 
M, the dipole moment of camphor, was taken as
3.00 D ;  Sidgwick’s table14 gives range from 2.94-
3.05 D . co is the angular frequency and r, the 
time of relaxation, is the only unknown quantity. 
The values of this parameter which best fit the re­
sults, together with the experimental losses and 
the calculated losses using these times, are given 
in Table II. This table shows agreement between

T a b l e  II
Time of Losses a t

Temp., relaxation, 1.3 cm. 3.3 cm. 10 cm.
°C. sec. exp. calcd. exp. calcd. exp. calcd.
10 7 .4  X IO"»* 0.246 0.255 0.194 0.190 0.066 0.067
30 6 .2  X 10 —i* .228 .235 .159 .155 .052 .053
50 5 .3  X 10-i* .230 .220 .131 .129 .039 .045
70 4 .5  X IO”»* .193 .200 .111 .105 .029 .036

the experimental and calculated losses within 5%  
except for the higher temperature results at 10 
cm. wave length and a special experimental error, 
which would lead to low experimental values here, 
has been mentioned above.

Measurements are at too few frequencies for a 
claim to be made that the Debye expression with 
one relaxation time is undoubtedly the proper form 
for describing the loss, but the agreement is such 
that it can be said that single relaxation times, one 
for each temperature, do give a reasonable de­
scription of the system. In particular the recipro-

(14) Trans. Faraday Soc., 30, 1934»
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cals of these times describe the rate of rotation and 
the temperature dependance of this rate may be 
expressed as an activation energy. Figure 4 shows 
a graph of logr against 1 /T  and the slope of this 
line is equivalent to an activation energy, Er, of
1.7 kcal. if the time of relaxation is expressed by

r  =  A e ~ E r / R T

This value may be compared with that of 1.7 kcal. 
for the similar activation energy for the rotation of 
camphor in w-heptane,2 and also with the value of
2.3 kcal. for the corresponding activation energy 
for the viscosity of cyclohexane13 over the range 
15-30°. Further the interpolated value for the 
relaxation time at 20° which is 6.8 X 10“12 sec. in 
cyclohexane is very close to the value 6.5 X 10 ~12 
sec. for camphor in ^-heptane2 but these values 
are by no means proportional to the macroscopic 
viscosity coefficients which are 0.96 and 0.41 
cpoise, respectively.13

Acknowledgments,—The author wishes to 
thank Prof. P. Debye for his interest in the 
work and Dr. C. II, Townes for many invaluable 
discussions and suggestions. He also wishes 
to thank the Commonwealth Fund for the 
award of a Fellowship and the Bell Telephone 
Laboratories for granting the use of their facili­
ties so freely during its tenure.

0.0030 0.0034
1 / T .

Fig. 4.—Graph of logio r  against 1 / T ;  slope equivalent to 
1.7 kcal. energy of activation.

Summary
A description of the measurement of the dielec­

tric loss of liquids at microwave frequencies using 
a completely filled cavity resonator is given. So­
lutions of camphor in cyclohexane have been 
measured over the range 10-70° at three wave 
lengths, 1.3, 3.3 and 10 cm. The observed losses 
can be well explained by a single Debye loss curve; 
the relaxation time is 6.8 X 10“12 sec. at 20° and 
the temperature coefficient corresponds to an acti­
vation energy of 1.7 kcal,
M u r r a y  H il l , N e w  J e r s e y

R e c e iv e d  F e b r u a r y  20, 1948

[C o n t r ib u t io n  fr o m  t h e  U n iv e r s it y  o f  M in n e s o t a  a n d  C o r n e l l  U n iv e r s it y ]

Potentiometric Investigation of Tripyrophosphatomanganic (III) Acid
B y  J a m es  I. W a t t e r s  and  I. M . K o l t h o ff

Evidence presented in a previous paper1 indi­
cated that the violet complex ion of manganese
(III) and pyrophosphoric acid is a chelate ring 
complex anion having essentially the formula 
Mn(H2P207)3“3« The ionic weight was estimated 
by application of Jander’s expression2 to the po- 
larographically determined diffusion coefficients, 
and the hydrogen content of the complex was de­
duced from pH, ionic charge, and theoretical con­
siderations. An investigation of the oxidation po­
tential of the manganese(II)-manganese(III) 
couple in acidic pyrophosphate solutions along 
with the various factors influencing it is described 
in the present paper.

A new potentiometric procedure for determining 
manganese by titrating the trivalent complex with 
standard iron(II) sulfate solution is also de­
scribed. Volumetric procedures in which the tri­
valent complex is titrated with iron(II) sulfate 
and the end-point detected with diphenylamine 
sulfonate as indicator, as well as amperometrically, 
will be described in subsequent papers. On the

(1) J .  M. Kolthoff and J. I. W atters, Ind. Eng. Chem., Anal. Ed., 
15, 8 (1943).

(2) G. Jander and H. Spandau, Z. physik. Chem., A185, 325 
(1939).

basis of the present studies,3 Lingane and Karplus4 
have developed a potentiometric method for de­
termining manganese in which manganese(II) is 
titrated to the violet manganese (III) pyrophos­
phate complex with standard permanganate solu­
tion. Their titration curves substantiate the au­
thors’ results.

Theoretical
In the experimental part it is shown that the po­

tential at a platinum electrode of the complex 
mangani c (111) -manganous (II) system is rever­
sible, and that both complexes are mononuclear. 
It has been mentioned that the trivalent manga­
nese complex contains three pyrophosphate radi­
cals.1 The hydrogen content of the pyrophos­
phate ions, either in the form of complex ions or 
simple ions, is a function of the pH  of the solution. 
The number of associated hydrogen ions in the 
various ions at a particular pH, will be indicated 
by x, y and z. The number of pyrophosphate rad­
icals in the manganese (I I) complex will be indi­
cated by m to illustrate the method of its evalua-

(3) J. I. W atters, Ph.D. Thesis, University of M innesota, 1943.
(4) J. J. Lingane and Robert Karplus, Ind. Eng. Chem., Anal. Ed., 

18, 191 (1946).



2456 J ames I. Watters and I. M. K olthoff Vol. 70

tion. The following equation for the electrode 
reaction can be written
M n(H ,P 20 7)m"(4m" mx" 2) +  (3 -  w)HyP20 7” (4 “ y) 
M n ( H ,P A ) r (9"  3z) T  ( m x  +  3 y  -  m y  -  3z)H+ +  e (1)

The equation for the oxidation potential of this 
system at 25° m terms of activities can be written 
as
E  =  E e0 +  0.0591 log öMnnIC /aM nn C

- ( 3  -  m )  0.0591 log +
( m x  +  3y  — m y  —3z )  0.0591 log aH + (2)

Upon converting hydrogen ion activity to paH 
and other activities to concentrations, this equa­
tion becomes
E  -  E l  +  0.0591 log (/i/Afs)

+  0.0591 log (MnIIIC )/(M nIIC)
-  (3 -  m )  0.0591 log (HyP20 7~(4“ -,'))

— ( m x  +  3 y  — m y  — 3s) 0.059I p a H  (3)
In these equations Mnm C and Mnn C indicate 

the two complex ions, a denotes molar activity, 
and f i  the molar activity coefficient of Mnm C, / 2 
that of MnnC and / 3 that of HyP20 7 ~(4_y) and 
parentheses indicate molar concentration. E c0
* — d  * ^  41 41 ^  ^  1 -C /-V 4-1» .-N 4Uir\rt 4^IJLJUJLldcL ICÖ L1XCZ Ö LctJLLU-CiJL U. pVJLeilLlctl 1KJI LX1C ICctCLIUlJL.

If only the concentration ratio of the two man­
ganese complexes is varied, the potential change 
AE  at 25° at constant paH  and ionic strength can 
be expressed as follows

A£2_ i =  0.0591 A log (MnIIIC )/(M nIIC)2_ i (4)
By means of this equation it is possible to estab­
lish that the complexes are mononuclear and that 
a one-electron change occurs.

The effect on the potential resulting from varia­
tions of only the total pyrophosphate concentra­
tion can be expressed as
AE2_ i =  ( m  -  3) 0.0591 A log (HyP20 7 - (4" y))2 - i  (5)

By simple calculations involving the ionization 
constants of pyrophosphoric acid it can be shown 
that, at constant ionic strength and paH , the con­
centrations of all species of pyrophosphates are 
proportional to the total pyrophosphate concen­
tration. Accordingly, equation (5) can be con­
verted to the following form

AE2- i =  ( m  -  3) X 0.0591 A log ( Q 2 - 1  (6)
Cs denoting the total pyrophosphate concentra­
tion. From this equation, it is possible to deter­
mine m , the number of pyrophosphate ions asso­
ciated with each manganese (II) ion by determin­
ing the change in potential, E, as a function of the 
total pyrophosphate concentration.

The effect of varying the paH is given by the 
equation
A E 2 - 1  =  (3 z  +  m y  -  3 y  -  m x )  0.0591 A p a H 2 _ 1 (7)

Certain complications enter in the evaluation of 
x, y  and z . Obviously pyrophosphate ions and 
both complex ions in various degrees of association 
with hydrogen ion enter the reaction or are in 
equilibrium with reacting forms. The observed

coefficient of paH (eq. 7) will be a weighted aver­
age for the several reactions which may occur. 
An equation for a predominant reaction in a given 
paH range might be written. In this case, the 
concentration of the uneomplexed pyrophosphate 
ion could be evaluated since the ionization con­
stants of pyruphosphorfe acid are known. How­
ever values of the hydrogen ionization constants 
of the two complex acids are unknown. Accord­
ingly, the actual concentrations of complex ions of 
any given degree of dissociation for which the elec­
trode reaction might be written cannot be solved 
even though the total concentrations of manganese
(III) and manganese(II) are known. Recourse 
to a sufficiently high paH to be certain that one 
complex contains no associated hydrogen ions is 
denied because in alkaline solutions the complex 
manganese(III) ion disproportionates to produce 
manganese dioxide. Likewise, the complexes are 
too strongly acidic to assume quantitative asso­
ciation during a variation in paH in fairly strong 
acidic solutions. The latter behavior is to be 
anticipated because positive nuclear ions enhance 
the acidity of acids in the complex. Pyrophos­
phoric acid complexed with either manganese(II) 
or manganese(III) is a stronger acid than the 
simple pyrophosphoric acid, and the manganese
(III) should be more acidic than the manganese 
(II) complex.

The value of z in fairly strong acid solutions has 
been shown1 to be close to 2 corresponding to 6 
hydrogen ions in the manganese (III) complex. 
However, the evidence did not preclude the pos­
sible association of one or possibly two additional 
hydrogen ions or the dissociation of several more 
hydrogen ions depending on the exact pH  with a 
corresponding effect on the potential. It follows 
that only differences in the acidities of the two 
complexes can be found on the basis of equation
(7).

Experimental
Apparatus.—The potential measurements were made in 

a 100-ml. tall form lipless beaker with a bright platinum 
indicator electrode and a saturated calomel reference elec­
trode. The beaker was equipped with a no. 11 rubber 
stopper with holes to receive electrodes, buret, a stirrer, 
and a tube for adm itting purified nitrogen. Unless other­
wise indicated, oxygen-free nitrogen was bubbled through 
the solution for fifteen minutes to remove oxygen. A 
temperature of 25 =*= 0.1° was maintained by means of a 
thermostatically controlled water-bath. In a few titra ­
tion experiments the temperature of the bath was changed 
to 26°, which was room temperature.

A Leeds and Northrup Student’s potentiometer was 
used on conjunction with a Leeds and Northrup portable 
enclosed lamp and scale galvanometer. The paH . meas­
urements were made by means of a Beckman glass elec­
trode p H  meter.

Reagents.—Analytical reagents were employed. A 
stock solution of 0.1 M  manganese(II) sulfate in 0.01 N  
sulfuric acid was used.1 Standard 0.1 N  iron(II) sulfate 
solution having a p H  of about 1.6 was prepared by dissolv­
ing approximately 40 g. of Mohr salt in water, adding 2 
ml. of sulfuric acid (1:1) and diluting to one liter. This 
solution, which was oxidized only slowly by air, was 
standardized daily just before being used. Standard 
0.01 N  iron (II) sulfate solution was prepared by dilution
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of 0.1 N  solution with sulfuric acid (1:100). Sodium 
and potassium pyrophosphate1 were both used as a source 
of pyrophosphate. The p H  of the pyrophosphate solu­
tions was adjusted to the desired value with either sulfuric 
or nitric acid.

Procedure.—The manganese (III) complex was pre­
pared from the manganese(II) complex, in 0.4 Af pyro­
phosphate having a p H  of-about 2, by shaking with lead 
dioxide and then filtering according to the procedure de­
scribed in a previous paper.1 The solution was stirred 
mechanically during potential measurements.

Results and Discussion
Equations (4) through (7) were tested by means 

of various experiments designed to permit the ob­
servation of potential changes resulting from care­
fully controlled variations.

Effect of the Manganese (III) to Manganese 
(II) Ratio.—Experimentally, equation (4) was 
tested by measuring the potential of solutions 
prepared by mixing varying proportions of the air- 
free oxidized and unoxidized portions of a solu­
tion, 10 millimolar in manganese ion, 0.4 M  in so­
dium pyrophosphate, and 2.40 in paH. The po­
tentials in Table I are plotted as a function of log 
(Mnm C)/(Mnn C) in line c, Fig. 1. The points 
fall on a straight line which has a slope of 0.0598 v., 
in good agreement with the theoretical value of
0.0593 volt for a one-electron transfer at 26°.

T a b l e  I
P o t e n t ia l  a n d  R a t io  (Mn111) /  

(Mn11)
E  (S. C. E.), 

volts
0.8456 

.8288 

.8116 

.7877 

.7697 

.7592 

.7523 

.7463 

.7327 

.7220 

.7042 

.6800 

.6612 

.6323

Another experiment was performed by observ­
ing the effect on the potential resulting from 
changes in total manganese concentration while 
the ratio of the oxidized to reduced form remained 
constant. A solution 5 millimolar in both the 
manganese (III) and the manganese (II) com­
plexes, 0.4 M  in sodium pyrophosphate and 2.40 
in pH, was diluted ten times with a solution 10 
millimolar in sodium sulfate instead of manganese 
sulfate, 0.4 M  in sodium pyrophosphate and 2.40 
in pH. Upon dilution the potential retained a 
constant value of 0.7463 v. (S.C.E.). From these 
experiments it follows that the electrode behaves 
in a reversible manner for a one-electron transfer 
with respect to the two manganese complex ions, 
and that both the oxidized and reduced forms of

the complex ions must contain only one manga­
nese atom. This conclusion has further support 
in the fact that potentiometric titrations discussed 
later show that the oxidation states differ by 
unity.

- 1 .6  —0.8 0 0.4 0.8 1.2 1.6
Log ([M n111 complex] /  [Mn11 complex]).

Fig. 1.—Line a, data obtained from the titration curve 
of 0.001 M  manganese (III) complex with iron ( I I ) ; line 
b, data  from titration curve of 0.01 M  manganese (III) 
complex; line c, data obtained from Table I.

Effect of the Pyrophosphate Concentration.—
Equation (6) was tested experimentally by 
varying the total concentration of pyrophos­
phate from 0.4 to 0.04 M  keeping the ionic 
strength and the paH  constant. In the following 
experiments the paH  was 2.06. The ionic strength 
of the system which was 0.4 M  in sodium pyro­
phosphate was calculated to be 1.83. The solu­
tion containing 0.04 M  pyrophosphate was made
1.83 M  in potassium nitrate in order to have the 
same ionic strength as the 0.4 M  pyrophosphate 
solution. The various solutions were 0.5 milli­
molar both in manganese(II) and manganese
(III). The average value of the oxidation poten­
tial (vs. S.C.E.) of the solution 0.04 M  in pyro­
phosphate was found to be 0.8278 =*= 0.001 v. and 
of the solution 0.4 M  in pyrophosphate 0.7670 =±=
0.001 v. After correcting for the amount of pyro­
phosphate combined with manganese, the poten­
tial change was found to be 60.8 =*= 2.0 mv. for a 
change in the pyrophosphate concentration from
0.3975 to 0.0375 M. Substituting these values in 
equation (6) yields 2.00 for the value of m.

In order to establish that m remained constant 
throughout the dilution, another experiment was 
performed in which the pyrophosphate concentra­
tion was varied continuously. To a solution 5 
millimolar in both manganese (II) and manganese
(III) and 0.4 M  in sodium pyrophosphate, was 
added 1.83 M  potassium nitrate solution. The 
paH was kept constant at 1.58 by adding small 
amounts of nitric acid. The results are given in 
Table II. They show that in the concentration 
range of pyrophosphate used a value of m =  2 
satisfies the experimental data.

From polarographic experiments1 it was con­
cluded that the manganese(III) complex contains 
three pyrophosphates. This relation of two to

R e l a t io n  b e t w e e n

(M nlll)
Losio(m S T

1.69897
1.39794
1.09691
0.69897

.39794

.22185

.09691

.00000
-  .22185
-  .39794
-  .69897 
-1 .09691  
-1 .39794  
-1 .97634
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Table II
T h e  I n f l u e n c e  o f  P y r o p h o s p h a t e  C o n c e n t r a t io n  o n  

t h e  P o t e n t ia l

Dilution Potential vs. A E
V/Vo S. C. ±s., mv. A log Cs, mv.

1 .0 824.7
1.5 834.7 56.8
2.0 839.6 49.5
3 .0 850.3 53.7
7.5 874.6 57.2

10.0 884.3 59.6

three in the number of chelate complexing ions has 
been observed repeatedly in complexes of di- and 
trivalent elements of the first transition series. 
An analogous behavior of the iron(III) oxalate- 
iron(II) oxalate couple was observed by Schaper5 
and verified by Lingane.6 *

Effect of Hydrogen Ion Concentration.—Since 
the value of m has been found to be two, equa­
tion (7) becomes

T a b l e  I I I

E f f e c t  o f  p j l  o n  t h e  P o t e n t ia l

Pall

Potential
vs.

S. C. E.,
mv. ■w Color

0.05 946.2 Rich violet
.19 934.5 1.51 Rich violet
.52 903.5 1.51 Rich violet
.80 879.6 1.21 Rich violet

1.12 861.1 1.23 Rich violet
1.52 826.0 1.31 Rich violet
1.76 812.4 1.54 Rich violet
1.97 788.7 1.80 Rich violet
2.27 758.4 1.90 Rich violet
2.99 668.0 2.33 Rich violet
3.59 578.0 2.44 Violet (less intense)
4.02 518.5 2.64 Violet (trace of amber)
4.54 428.2 2.61 Amber violet
5.85 318.4 1.03 Brown amber
7.11 262.3 0.77 Brown turbid
8.72 187.0 More turbid

AE2_i =  (3s -  2 x  -  y )  0.0591 A p a H 2- i  «
— w  0.0591 A p a H z - i  (8)

Experimentally, this equation was tested by meas­
uring the potential as the paH was varied by add­
ing concentrated nitric acid or ammonium hy­
droxide dropwise to a solution 5 millimolar in both 
manganese(IX) and manganese (III) complexes 
and 0.4 M  in sodium pyrophosphate. The effect 
of changing the paH in this solution is shown in 
Table III and Fig. 2. The value of w corre­
sponds to the number of hydrogen ions involved in 
the reaction if the activity coefficient of the hydro­
gen ions remains constant with variations in the 
acidity. Each value given for w is the average 
obtained with reference to the preceding and suc­
ceeding data. In solutions having a paH smaller 
than 3, the solution was rich violet in color. As 
the paH approached 7, the color of the complex be­
came increasingly amber. When the pall ex­
ceeded 7 appreciably, a precipitate formed due to 
disproportionation of the amber-colored complex

1 2 3 4 5 6 7 8 9  10 
p H .

Fig. 2.—Change of potential with p a H  in mixture 0.005 
M  in both manganese (II) and manganese (III) complexes 
and 0.4 M  in sodium pyrophosphate.

(5) C. Schaper, Z. physik. Chem., 72, 315 (1910).
(6) J. J. Lingane and H. Kerlinger, Ind. Eng. Chem., Anal. Ed.,

13, 77 (1941).

to form manganese dioxide and manganese (II) 
ion.

At a pall approaching zero w became approxi­
mately 1.5. In the lower limit of this paH  range, 
y can be assigned approximately the value 4 since 
the pyrophosphoric acid is largely associated. 
Assigning the value of 2 to z on the basis of polaro­
graphic data1 leads to a calculated value of ap­
proximately 2 for x, indicating that both the man­
ganese (II) and the manganese (III) complexes are 
definitely more acidic than pyrophosphoric acid. 
The following equation may accordingly be writ­
ten for the predominant equilibrium in strongly 
acidic solutions.
Mn(H 2P 2 0 7 )2 " 2 4- H 4P 2 O7

M n(H2 P 2 O7)3 “ ' 8 (violet) +  2H+ +  e (9)
In the pall range of 0 to 3, there is a large varia­

tion in the extent of association of hydrogen ions 
with pyrophosphoric acid. This factor alone ac­
counts for the major portion of the change of w. 
Accordingly if there is any decrease in the value of 
z in this range, there is also a compensating de­
crease in the value of x.

In the paH range of 3 to 6, pyrophosphoric acid 
is largely present as H2P20 7-2. Furthermore, the 
degree of association of pyrophosphoric acid does 
not change rapidly in this range and does not con­
tribute appreciably to the value of w. In the 
lower half of this range the observed value of w is 
about 2.5. This value should be zero if both com­
plex ions contained dihydrogen pyrophosphate 
ions. It is evident that the manganese (III) com­
plex must contain fewer hydrogen ions than the 
manganese(II) complex. Accordingly z is unity 
or zero. This decrease in the value of z is accom­
panied by a change in the color of the manganese
(III) complex from violet to amber.

In the paH range of 6.7 to 9.4, the ion HP2O7"’3 
preponderates in pyrophosphate solutions. The 
more acidic complex ions undoubtedly contain
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simple pyrophosphate ions. Assigning the value 
zero to x and z, yields a value of unity for w which 
is approximately the value observed. The main 
reaction in this paH range is
M n(P 20 7)2- 6 +  H P 20 7- 3

M n(P 20 7)3- 9 +  H + +  e (10)
Cartledge and Ericks7 in a study of the oxalate 

complexes of manganese(III) observed a red com­
plex, Mn(C20 4)3~3, which changed to a brown 
complex, Mn(C20 4)2 (H20 )2~ \  when the concen­
tration of excess oxalate ion was decreased by di­
lution. The color change in the manganese(III) 
pyrophosphate complex cannot be due to an anal­
ogous displacement of pyrophosphate ions by wa­
ter molecules because a one-hundred fold dilution 
of the violet complex with water at a paH of 2 
caused no change of color from violet to amber, 
but a change of the paH  to 2.4 caused a definite 
change in color. Furthermore a large excess of 
the complex-forming pyrophosphate ions is pres­
ent in solutions containing the amber-colored com­
plex.

On the basis of these considerations it appears 
that the manganese (III) complex is rich violet in 
color when an average of two hydrogen ions are 
associated with complexed pyrophosphate ion 
and it is amber in color when one or no hydrogen 
ion is associated with each pyrophosphate,

Potentiometric Titrations.—Titrations 1 and 2 
in which 75 ml. of 1 millimolar manganese (III) 
complex was titrated with 10.06 millinormal iron 
(II)sulfate, with air present and with dissolved 
air removed, yielded curves (a) and (b) in Fig. 3. 
Titration 3 was performed with a ten-fold increase 
in the concentration of both the manganese (III) 
complex and the iron(II) sulfate in the presence of 
dissolved air. This titration curve was practically 
identical with curve b in Fig. 3.

In blank determinations performed in the same 
manner as the titrations, 0.07 ml. of 0.01006 N  
iron (I I) sulfate was added before a potential 
change was observed. This blank correction due 
to a trace of oxidizing agent, probably very finely 
divided lead dioxide, was applied in all calcula­
tions. The calculated molarities of the manganic 
complex in the three titrations, assuming a one 
electron change, were 1.0013, 1.0010, and 9.972 
millimolar corresponding to errors of +0.13, 
+0.10 and —0.28%, respectively. The large po­
tential break and the accuracy which is better 
than 0.3% in the presence or absence of dissolved 
air, indicate the excellence of the potentiometric 
titration from a practical viewpoint.

Effect of Oxygen.—Although dissolved oxygen 
had no noticeable effect on the results of the 
titration, some of the potentials, especially in 
the more dilute solutions, were influenced by 
its presence. Before the end-point the corre­
sponding potentials in all three titrations were 
in good agreement. However, beyond the end-

(7) G. H. Cartledge and W. P. Ericks, T his Journal, 68, 2065 
(1936).

point, the presence of dissolved oxygen influenced 
the potential in the solutions which were only one 
millimolar in manganese complex because of air 
oxidation of the ferrous iron.

Volume of 0.01006 N  iron (II) sulfate in ml.
Fig. 3.—Potentiometric titration curve of 0.001 M  

manganese (III) complex with iron ( I I ) ; a, dissolved air 
not removed; b, dissolved air removed.

Since the changes in paH and volume during the 
titrations were small, the potential change before 
the end-point was due largely to changes in the 
ratio of the concentrations of the two complex 
manganese ions. This permitted a convenient 
confirmatory test of equation (4). Upon plotting 
the potential versus log (Mn1IIC)/(M nIIC) for 
titrations 2 and 3, the lines a and b in Fig. 1 were 
obtained. Straight lines with slopes of 0.059 v. 
were found in both cases. Considering the small 
effect due to dilution and a small pH  change the 
average value of the potential of 0.776 v. at the 
midpoint in the titrations agreed satisfactorily 
with the formal potential of 0.767 v. of the couple 
at various concentrations in a solution 0.4 M  in so­
dium pyrophosphate having the same paH, 
namely, 2.06.

Similar calculations involving the iron(III) and 
iron(II) pyrophosphate complexes which deter­
mine the potential beyond the end-point yielded a 
slope of 0.059 v. and a potential of 0.033 v. 
(S.C.E.) for this couple in a solution containing 
equal concentration of the two complex ions at a 
paH of 2.06. It follows that both of the manga­
nese and both of the iron complexes are mono­
nuclear and that both undergo one-electron 
changes.

The potential at the endpoint should be one- 
half the sum of the above potentials of the two 
couples at paH of 2.06, namely, 0.405 v. (S.C.E.). 
The value of 0.410 v. (S.C.E.) calculated by the 
method of second derivatives from titration b 
(Fig. 3) is in satisfactory agreement with the theo­
retical.

The Standard Potential.—The potential of a 
solution equimolar in the manganese (III) and 
manganese(II) complexes, in a solution 0.4 Af 
in sodium pyrophosphate and having a paH  of
2.06 is +0.767 =*= 0.003 v. versus the saturated 
calomel electrode or +1.013 =*= 0.003 v. versus the
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standard hydrogen electrode at 25 °* Extrapolat­
ing to a paH. of zero and a pyrophosphate concen­
tration of unity on the basis of experimental data 
previously presented yields a value of +1.15 v. as 
the “formal” oxidation potential for the reaction 
in equation (9) at 25°. Strictly speaking this po­
tential is not the formal potential, since the hy­
drogen ion activity and not its concentration was 
extrapolated to zero. Nor is it the standard po­
tential since the concentrations and not activities 
of the complex ions and pyrophosphoric acid are 
used. As the activity coefficients are not known, 
the standard potential cannot be solved but is 
probably close to 1.15 v.

Although the data will not permit an accurate 
evaluation of the instability constants, an approxi­
mation may be made of their ratios. On the basis 
of the standard potential of 1.51 v. for the aqueous 
manganese(III)/manganese(II) couple deter­
mined by Grube and Huberich,8’9 the following 
relation between the instability constants K m  
for tri-dihydrogen pyrophosphatomanganate(III) 
complex and K n  for di-dihydrogen pyrophosphato- 
manganate(II) is obtained
_ . _ _ _  . _____ _ flMn+»i. iö  v. =  i .ö i -t- u.uoyi lo g -------- =

öMn+2

1.51 v. +  0.0591 log-— ---------------- ------ volts (11)
AnöMnn C ÖH4P2072

Since the standard potential is calculated for 
all substances in the last term at unit activity

(8) G. Grube and K. Huberich, Z. Elektrochem., 29, 17 (1923).
(9) W. M. Latimer, “ Oxidation Potentials,” Prentice-Hall, Inc., 

New York, N. Y., 1938, pp. 221.

the following relation is obtained
Km — 10~6 ICn (ca.) (12)

Summary
The couple tripyrophosphatomanganic (III) 

acid/dipyrophosphatomanganic (II) acid was
shown to behave reversibly at a platinum elec­
trode. The influence of the total pyrophosphate 
concentration, ratio of manganese (III)/manga- 
nese(II) concentrations, and paH were studied. 
At a paH  near zero, the equilibrium was shown 
to be essentially 
M n(H2P20 7)2“ 2 +  H 4P20 7 5Z±:

M n(H2P20 7)3 - 3 (violet) +  2H + +  e (9)
The potential of a platinum electrode in a solution 
containing equal concentrations of manganese 
(II) and manganese(III) in a solution 0.4 M  in 
pyrophosphate having a paH of 2.06 is +1.013 =*=
0.003 v. versus the standard hydrogen electrode. 
The standard potential for the reaction indicated 
in equation (9) is Eq =  (ca.) —1.15 v. (Lewis and 
Randall convention).

As the paH  approaches 7, the manganese(III) 
complex becomes increasingly brown amber in 
color, due to the ionization of additional hydrogen 
ions from the complex. In an alkaline solution, 
the manganese (III) complex is unstable dispro- 
portionating to form manganese dioxide and man­
ganese (II) ion.

A new method for determining manganese by 
means of a potentiometric titration of tripyrophos­
phatomanganic acid with iron(II) sulfate is de­
scribed.
M in n e a p o l is , M in n e s o t a  R e c e iv e d  F e b r u a r y  9, 1948

[C o n t r ib u t io n  fr o m  t h e  P h il a d e l p h ia  Q u a r t z  C o .]

The Effect of Sodium Silicates on the Absorption Spectra of Some Dyes
By R. C. M e r r il l , R. W. Sp e n c e r  a n d  R. G e t t y

That certain dyes change color in the presence 
of various colloids has long been known. Familiar 
examples are the variation in color of a biological 
stain depending on the nature of the stainable sub­
strate, which P. Ehrlich called metachromasy, and 
the protein error of indicators. Micellar solutions 
of colloidal electrolytes, such as cetyl pyridinium 
chloride1 and long chain sulfonates and sulfates2*3 
change the color of pinacyanol chloride and other 
dyes.4*5 This paper reports the effects of another 
group of colloidal electrolytes, the sodium sili­
cates, on the absorption spectra of the dyes, pina­
cyanol chloride, toluidine blue O, Rhodamine 6G,

(1) S. E. Sheppard and A. L. Geddes, J . Chem. Phys., 13, 63 
(1945).

(2) M. L. Corrin, H. B. Klevens and W. D. Harkins, ibid., 14, 
480 (1946).

(3) M. L. Corrin and W. D. Harkins, T his Journal, 69, 679 
(1947).

(4) G. S. H artly, Trans. Faraday Soc., 30, 444 (1934).
(5) J. E. Sm ith and H. L. Jones, J . Phys. Chem., 38, 243 (1934).

and the sodium salt of 2,6-dichlorobenzenone in- 
dophenol.

Experimental
All of the sodium silicates used were commercial products 

of the Philadelphia Quartz Co. Their composition is sum­
marized in Table 1. The sodium metasilicate penta- 
hydrate was in the form of pure white free flowing crystals 
which have a melting point of 72.2°. The “ E ”  and 
“ S tar”  silicates are clear, transparent, aqueous solutions 
and the “ S ” is an opalescent solution. The sodium oxide 
content is determined by titration with standardized 
hydrochloric acid to the methyl orange end-point. Silica

T a b l e  I
C o m p o s it io n  o f  S o d iu m  S il ic a t e s

Name Form ula M. W.
Na20,

%
SiOs,
%

Metso crystals Na2Si0s*5H20 122 29.1 28.2
Star Na20*2.6Si02 217 10.5 26.3
E Na20*3.3Si02 262 8.6 27.7
S Na2O-4.0SiO2 305 6.3 24.6
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T a b l e  II
T h e  I n ten sities  o f  B and  M axima in  2 X 10“8 M olar S olutions o f  P inacyanol Chloride

a  Band a ' Band 0 Band y  Band
Solvent pH X(mu) em X 104 X(m/t) em X 104 X(m/i) em X 104 X(m fi) em X10*

h 2o 5.92 599 5.94 546 7.33
0.020 M  NaOH 12.24 599 5.65 630 1.84 546 5.03 490 2.08

. 020 M  Na2SiOs 12.23 599 3.90 630 2.36 556 2.73 486 2.34

.020 M  Na20-2.6Si02 11.02 593 3.49 630 2.24 . . . 492 3.65

.020 M  Na20-4.0Si02 10.83 584 2.62 630 1.25 . . . . . . . 502 3.64
2 X 10“6 M  Na20-3.3Si02 6.78 599 5.87 546 6.88 . .

2 X 10“ 4 M  Na20-3.3Si02 9.17 599 3.07 ~550 2.72 490 1.20
2 X 10"3 Af Na20-3.3Si02 10.20 584 2.48 630 1.37 488 2.41
6 X 10~3 Af Na20-3.3Si02 10.40 582 3.45 630 1.69 . . 492 3.46
2 X 10“ 2 Af Na20-3.3Si02 10.85 587 3.47 630 1.98 493 3,92

is determined gravimetrically. The sodium hydroxide was
J. T. Baker analyzed C.p. grade.

The dyes were all commercial products and used without 
further purification. The pinacyanol chloride and sodium 
salt of 2,6-dichlorobenzenoneindophenol were purchased 
from the Eastman Kodak Co. Rhodamine 6G (C.I. No. 
752) was obtained from the National Aniline division of 
the Allied Chemical and Dye Corp. The toludine blue O 
was the certified dye stain sold by the Coleman and Bell 
Co. which contained 66% dye. The molar concentrations 
of the solutions are given on the basis of actual dye con­
tent, assuming tha t the first three dyes were pure. The 
p H  of the dye solution was determined with a Beckman p H  
meter.

The absorption curves were obtained with a General 
Electric Co. recording spectrophotometer. From the 
transmission curves thus obtained the molar extinction 
coefficients, em, were calculated a t 10 m/x intervals and a t 
maxima and minima from the equation logio I o / I  =  em C d  
where C  is the molar concentration of the dye, d  the width

of the cell (0.50 cm .), and Io and I  the intensity of the in ­
cident and transm itted light. All the absorption curves 
were obtained a t room temperature (around 2 2 - 2 3  ° ).

Results
The absorption spectra of 2 X 10 ~5 M  pinacya­

nol chloride in water and in 0.02 M  solutions of so­
dium hydroxide, sodium metasilicate and silicates 
with silica to alkali (Na20) ratios of 2.6 and 4.0 
are shown in Fig. 1. The effect of four concentra­
tions, including 0.02 M , of the 3.3 ratio silicate on 
the absorption spectra of 2 X 10“5 M  dye is 
illustrated in Fig. 2. Table II gives the intensi­
ties of the band maxima for these solutions. All 
solutions were diluted fivefold immediately prior 
to being placed in the spectrophotometer after

Fig. 1.—Molar extinction coefficients of 2 X 10“ 5 M  
pinacyanol chloride: O—O in H2G, 9— 9  in 0.02 M  NaOH; 
X— X in 0.02 M  Na2Si03, A—A in 0.02 M  Na20-2.6 Si02, 
•  •  in 0.02 M  Na2O*4.0 S i02.

X, mju.
Fig. 2.—Molar extinction coefficients of 2 X 10“ 5 M  

pinacyanol chloride in varying concentrations of Na20-3.3 
Si02: 0 —0  2 X 10“ 5 M ,  9 — 9  2  X 10“ 4 M ,  X— X 2 X 
10“ 3 Af, A—A 2 X 10“ 2 M .
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X, m fx.

Fig. 3.—M olar extinction coefficients of 2 X 10~6 M  
pinacyanol chloride in Na2S i03 and Na20-3.3 Si02 solutions 
containing the same am ount of S i02: O—O 0.02 M  
Na2Si03, X— X 0.006 M  Na20-3.3 S i02.

having stood about fifteen hours at the higher 
concentration. Our absorption curve for pinacya­
nol chloride in water is in excellent agreement 
with that expected by interpolation from the 
curves given by Sheppard6 for different concen­
trations of dye.

The effect on the dye’s absorption spectrum of 
increasing the silica to alkali ratio of the 0.02 M  
silicates is to decrease greatly the intensity of the 
a band at about 595 m/x, and even more that of 
the 0 band at 546 mix. New bands, a' at 630 mix 
and 7  at about 490 m/x, appear in the metasilicate 
solution. The intensity of the y  band is about 
50% greater in solutions of the higher ratio sili­
cates whereas that of the a! band becomes pro­
gressively less with increasing silica to alkali ratio. 
The effect of increasing the concentration of the
3.3 ratio silicate parallels that of increasing the 
silica to alkali ratio at a given concentration in 
that the intensity of the a band is greatly de­
creased and that of the 0 band even more. Their 
effects differ in that the intensities of both the a ' 
band, which becomes apparent in a 2 X 10 ~z M  
silicate solution, and the y  band, first being evi­
dent in a 2 X 10 ~ 4 M  silicate, increase progres­
sively with increase in concentration. Both the a 
and 0 bands appear to have a minimum intensity 
at a silicate concentration about 2 X 10“ 3 M. 
The visual color of the dye solutions changes from

(6) S. E. Sheppard, Rev. Mod. Physics, 14, 303 (1942).

X, m/x.
Fig. 4.—Molar extinction coefficients of 2.5 X 10~6 M  

toluidine blue O in water and varying concentrations of 
Na20-3.3Si02: 0 —0  in H20 , 9 — 9  in 5 X 10~4 M
Na20-3.3Si02, A—A in 5 X 10“ 13 M  Na20*3.3Si02, X— X 
in 5 X 10“ 2 M  Na20-3.3Si02.

blue to purple as the silica to alkali ratio or the 
silicate concentration is increased.

The differences in the absorption spectra of 2 X 
10 ~5 M  pinacyanol chloride in 0.020 M  sodium 
metasilicate and 0.006 M  3.3 ratio silicate (Fig. 3) 
both of which contain the same amount of silica, 
show clearly that the silica is in a different form 
in the two solutions.

The differences in the absorption spectra of
2.5 X 10“5 M  toluidine blue 0 in 0.01 M  sodium 
metasilicate and varying concentrations of the 3.3 
ratio silicate as compared with that in water 
(Figs. 4 and 5) are similar to those observed in 
solutions of the polymeric sodium “hexameta- 
pliosphate”7 and agar.8 Results with this dye 
suggest that the addition of small amounts of col­
loidal electrolytes greatly decreases the intensity 
of the two only partially resolved bands, a at 624 
m/x and 0  (which at this concentration in water 
occurs at 600 m/x), and gradually decreases the 
wave length at which the 0 band maxima occurs. 
At higher concentrations the intensity of the band 
at around 540 m u  increases, and in “hexameta- 
phosphate” solutions7 goes through a maximum. 
The effects of the silicates on the intensities of the 
band maxima of 2.5 X 10“5 M  toluidine blue 0 
solutions are summarized in Table III. The dye

(7) J. M. Wiarne, T his Journal, 69, 3146 (1947).
(8) L. Michaelis and S .  Granick, ibid., 67, 1212 (1945).
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X, mfi.
Fig. 5 .—Molar extinction coefficients of 2.5 X 10“ 5 M  
toluidine blue O: O—O in H20 , X — X in 0.01 M Na2Si03.

appears blue in water and in the 5.0 X 10~4 M
3.3 ratio silicate solution, but is purple at all other 
silicate concentrations studied.

X, m/x.
Fig. 6.—Molar extinction coefficients of 1 X 10“ 4 

Rhodamine 6G and 1 X 10“ 4 M  sodium 2,6-dichloro- 
benzenone indophenol: Rhodamine 6G O —O in H 20 , 
X — X in 0.01 M  Na20*3.3Si02; sodium 2,6-dichloro- 
benzenone indophenol • —•  in H20 , A — A  in 0.01 M  
Na20-3.3SiC>2.

T a b l e  I I I

T h e  I n t e n s it ie s  o f  B a n d  M a x im a  i n  2.5 X  10“6 M o l a r  
S o l u t io n s  o f  T o l u id in e  B l u e  O

Solvent
h 2o
5 .0  X 10“ 4 M  N a20-3.3Si02
1 .0  X 10“ * M  Na20-3.3Si02
5 .0  X 10“ * M  N a20*3.3Si02
5 .0  X 10“ 2 M  Na20-3.3Si02&
1.0 X 10“ * M  N a2Si03

a. Band 0 Band
X em X em

pH (m/Lt) X 104 (m/t) X 104
6.53 624 3.69 600 3.59
9.49 622 2.57 600 2.54
9.91 546a 1.98

10.11 . . . 546a 2.00
11.12 538a 2.27
11.96 624 1.31 5.44 1.58

a M ay be new band. 6 There is an indication of a new 
band a t around 640 m/x a t this silicate concentration.

Figure 6 shows the absorption spectra of 1 X 
10 ~4 M  Rhodamine 6G and 1 X 10-4 M  sodium
2,6-dichlorobenzenone indophenol in water and in
0.010 M  solutions of Na20-3.3Si02. The addition 
of this concentration of silicate appears to shift 
by about 6 m/x toward shorter wave lengths, the 
band (or unresolved bands) of Rhodamine 6G oc­
curring from about 460 to 540 m/x. The water 
spectrum is probably somewhat complicated by 
the dye’s fluorescence. Rhodamine 6G is orange 
and fluorescent in water and red and non-fluores- 
cent in micellar solutions of anionic detergents 
and in solutions of various silicates including the 
metasilicate.

A 1 X 10~4 M  solution of sodium 2,6-dichloro­
benzenone indophenol has a single band maxi­

mum in the visible occurring at 605 m/x with a 
molar extinction coefficient of 18.2 X 104. The 
addition of 0.010 M  Na2O3.3Si02 to this dye pro­
duces practically no change in the color of the 
solution but increases the intensity maximum 
3%. Unlike other dyes used in this investigation, 
the dye ion in this case has the same charge as the 
silicate ions and micelles.

Discussion
The reduction in intensity of the a and 0 bands 

of solutions of pinacyanol chloride and toluidine 
blue 0 of as much as 50% by silicate solutions as 
dilute as 2 X 10“4 M  is much larger than that 
observed for ordinary electrolytes. For example, 
the height of the main band of methylene blue in 
water is decreased only 5% when the solution is 
made 1M  in potassium chloride and somewhat 
less with 1M  potassium nitrate.9 Lewis, et al.,9 
suggest that salts increase the formation in aqueous 
solution of a colorless form of the dye produced by 
simultaneous, reversible addition of hydrogen and 
hydroxyl ions. It appears that this suggestion 
does not explain the large reductions due to col­
loidal electrolytes, especially since, as Lewis 
states, one must also assume polymerization of 
the colorless substance in order to explain effects

(9) G. N. Lewis, O. Goldschmid, T. T. Magel and J. Bigeleisen, 
T his Journal, 66 1150 (19431-
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as large as 5%. A more likely explanation (cf. 
ref. 10) is that the dye and colloidal electrolyte 
interact in such a manner as to restrict free rota­
tion of some part of the molecule involved in the 
electronic transitions giving rise to the bands. 
This decreases the number of fully extended 
planar ions suitably oriented per unit time to the 
electric vector of the light rays.

Probably sorption of colloidal particles is in­
volved but the interaction is at least partially elec­
trostatic for effects plainly visible to the eye occur 
only when the charges on the dye ion and colloidal 
particles are opposite in sign. Precipitation or floc­
culation occurs rapidly at dye and silicate concen­
trations greater than those reported in Tables II 
and III; the higher concentrations in these tables 
precipitated after standing a day or two.

The addition of silicates alters the relative in­
tensities of the a and 0 band maxima of pinacyanol 
chloride. Thus, the ratio of the maximum molar 
extinction coefficients of the a to 0 band is 0.81 in 
water, 0.85 in 2 X 10~~5 M  Na20*3.3Si02 and 1.13 
in 2 X IO-4 M  Na20-3.3Si02. Some investigators 
regard the a band as characteristic of the mono­
mer dye ion, the 0 band as peculiar to a dimer, and 
the y  band peculiar to high polymers.11*12*13*14 
Since these bands are generally apparent in or­
ganic solvents where there is no evidence of di­
merization or polymerization it appears more 
likely that the 0 and y  bands are not new bands 
peculiar to dimers or polymers, but are vibration- 
ally coupled transitions proper to the monomeric 
ions which are, however, enhanced in the dimer or 
polymer.10 Because electrolytes generally in­
crease the extent of formation of associated ions 
in aqueous systems, it would be expected that, if 
the first hypothesis is true, the ratio of the intensi­
ties of the a to 0 bands would decrease on the ad­
dition of electrolytes. That the opposite effect 
occurs on the addition of both sodium hydroxide 
and silicates is evidence that the bands are not 
peculiar to dimers or polymers. That the rela­
tive intensity of the a and 0 bands of thionine is 
not affected by the addition of a chloride14 is a 
further indication.

(10) S. E. Sheppard and A. L. Geddes, T h is Journal, 66, 2003 
(1944).

(11) G. Scheibe, Kolloid Z., 82, 1 (1938).
(12) W. L. Lewschin, Acta Physicochim. U. R. S. S., 1, 685 (1934).
(13) H. O. Dickinson, Trans. Faraday Soc., 43, 486 (1947).
(14) E. Rabinowitch and L. F. Epstein, T his Journal, 63, 69 

(1941).

Silicates also produce a shift in the wave length 
at which the band maxima appear and causes new 
bands to become evident thus producing a visual 
change in the colors of the solutions. The color 
change of toluidine blue in agar solutions is at­
tributed to the adsorption of molecular aggregates 
of dye larger than the dimer by agar.8 In “hexa- 
metaphosphate” solutions the color change has 
been attributed to a linear complex polymer pro­
duced by each dye ion reacting with a phosphate 
group.7 The color change of dyes in soap solu­
tions is attributed to preferential solubilization of 
one form of dye from the equilibrium mixture by 
the soap micelle.3 Since silicates do not solubilize 
water-insoluble dyes and still produce comparable 
color changes, it is evident that the intimate type 
of interaction producing solubilization is not nec­
essary to give a change in color. A reasonable 
explanation is that these color changes are also 
due to sorption at the surface of the colloidal 
silica particle and/or chemical combination of the 
dye cation with the negative ionic groups of the 
colloid. The change in the wave length at maxi­
mum intensity of the various bands with concen­
tration indicates that the complexes responsible 
for their appearance vary in composition.

Summary
The addition of various sodium silicates to a 

pinacyanol chloride solution changes the absorp­
tion spectra by decreasing the intensity of the a 
and 0 bands to different extents, and by forming 
new a ’ and y  bands. The visual color change is 
from blue to purple. Their addition to a solution 
of toluidine blue 0 reduces the intensity of the 
absorption band and shifts the band maxima from 
620 m/x to about 540 m/x, causing a visual change 
from blue to purple. Silicates shifted the band 
maxima of Rhodamine 6G about 6 m/x toward the 
violet but did not alter the intensity by more than 
2%. This dye was orange and fluorescent in wa­
ter and red and non-fluorescent in silicate solu­
tions. Silicates had little effect on the absorption 
spectra of the sodium 2,6-dichlorobenzenone indo­
phenol. The silicates used had the molecular 
formulas Na2Si03, Na20-2.6Si02, Na2O3.3Si02 
and Na2O-4.0SiO2. Their effects are attributed 
to sorption and electrostatic interaction of the dye 
ion with the silicate ions and micelles.

R e c e iv e d  F e b r u a r y  11, 1948
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Studies of the Fischer-Tropsch Synthesis. IV. Properties of Reduced
Cobalt Catalysts1

B y  R o b e r t  B. A n d e r s o n ,2 W. K e it h  H a l l , 2 a n d  L. J. E. H o f e r 2

A number of catalysts of easily reducible metals 
are prepared by precipitation of their oxides or 
carbonates, followed by reduction in hydrogen to 
the metal. Since most precipitated oxides or car­
bonates sinter excessively on reduction, with de­
creases in both surface area and bulk volume, pro­
moters and carriers are added to minimize these 
effects. This paper describes such changes for 
cobalt-thoria-kieselguhr and cobalt-thoria-mag- 
nesia-kieselguhr Fischer-Tropsch catalysts and 
similar preparations with one or more of the 
components omitted. Also included are carbon 
monoxide chemisorption and X-ray diffraction 
studies.

Properties of these catalysts in the unreduced 
state3 and of the kieselguhrs used as carriers,4 and 
the characteristics of these catalysts in the syn­
thesis5-6 have been reported previously. It was 
shown that the surface areas of the cobalt-basic 
carbonate-promoter complex7 were only slightly 
increased by additions of promoters and, or, 
carriers. However the kieselguhr increased the 
bulk volume of the catalyst; the bulk volume of 
granular catalysts containing kieselguhr varied 
directly with the bulk volume of the kieselguhr. 
It was also shown that the cobalt basic carbonate 
was deposited chiefly in the pores of the kieselguhr 
that were larger than 5 microns in diameter,

Hofer and Peebles8*9 have reported X-ray dif­
fraction studies of some of this series of catalysts 
after reduction, carburization and use in the syn­
thesis. McCartney and Anderson10 have re­
ported electron micrograph and adsorption studies 
of changes of a pure cobalt oxide powder upon re­
duction. In a subsequent section of this paper, 
the results are compared with those of Emmett

(1) Published by permission of the  Director, Bureau of Mines, 
U. S. D epartm ent of the Interior. N ot copyrighted.

(2) Physical Chemists, Bureau of Mines, Central Experiment Sta­
tion, P ittsburgh, Pa.

(3) Anderson, Hall, Hewlett and Seligman, T his Journal, 69, 
3114 (1947).

(4) Anderson, M cCartney, Hall and Hofer, Ind. Eng. Chem., 39, 
1618 (1947).

(5) Anderson, Krieg, Seligman and O’Neill, ibid., 39, 1548 
(1947).

(6) Anderson, Krieg, Seligman and T arn , ibid., in press.
(7) The area of the cobalt-promoter complex was calculated with 

the following equations which assume the area of kieselguhr to 
be additive, Acomplex — Acatalyst — / kgA k G» where Acomplex» 
A catalyst and A KG are the area of the complex and catalyst per 
gram of unreduced catalyst and the area of kieselguhr per gram re­
spectively and / kg  is the weight fraction of kieselguhr in the unre­
duced catalyst. The area of complex per gram of complex in the un­
reduced catalyst was obtained by dividing A complex by 1 — /KG- 
I t  should be mentioned th a t the area of the kieselguhr did not change 
appreciably when subjected to the usual reduction procedures.

(8) Hofer and Peebles, T h is Journal, 69, 893 (1947).
(9) Hofer and Peebles, ibid., 69, 2497 (1947).
(10) M cCartney and Anderson, J . A ppl. Phys., 18, 902 (1947).

and Brunauer11 on reduced iron synthetic am­
monia catalysts. Surface-area studies of iron 
Fischer-Tropsch catalysts, now in progress, will 
be reported in a later paper.

Experimental
The catalysts studied were cobalt-thoria-kieselguhr 

(100:18:100) catalyst designated by 108B, a series of 
cobalt-thoria-magnesia-kieselguhr (100:6:12:200) desig­
nated as 89 and preparations similar to  the 89-series with 
one or more components omitted. The methods of pre­
paring these catalysts have been reported in previous 
papers.3»5*12 Hofer and Peebles8 have described the 
preparation of the cobalt oxide powder used in this work. 
For reduction, adsorption and density studies, the catalysts 
were placed in an adsorption vessel with a special four-way 
stopcock which perm itted hydrogen to  be flowed over the 
catalyst during reduction.13 To facilitate filling and re­
moval of catalysts without change in volume of the vessel, 
the charge tube as shown previously was extended to  the 
level of the stopcock and closed with a ground-glass joint. 
After filling of the adsorption vessel a close-fitting glass 
rod was inserted into the charge tube to minimize the dead 
space. Adsorption and reduction studies were made in a 
small vessel which held about one gram of catalyst, and 
density determinations were made in a larger vessel holding 
about ten grams. Helium and mercury densities were 
made on the same reduced sample. In  all cases, the re­
duced catalysts were handled in a manner which precluded 
exposure to air.

The hydrogen for the reduction was passed over hot cop­
per and through anhydrous magnesium perchlorate to  re­
move traces of oxygen and water vapor. The adsorption 
vessel was heated in a horizontal position to avoid heating 
the stopcock and ground joint. The small resistance 
furnace used to heat the samples was controlled autom atic­
ally to ± 3°.

Before reduction the samples were evacuated a t 100° 
for one hour to remove adsorbed vapors and to  minimize 
the effect of differences in drying of the samples. The 
weights of samples after this treatm ent were used in com­
puting surface areas, and except for the data in Table I II  
the areas of reduced catalysts were expressed per gram of 
unreduced catalyst. The reduction procedure was to heat 
the catalyst rapidly to reduction temperature, 360 or 400°, 
in a slow stream of nitrogen. Since the cobalt was present 
as a basic carbonate, about 65% of the total weight loss on 
reduction occurred during this treatment. When the 
reduction temperature was reached, hydrogen a t a space 
velocity14 of 6000 was passed over the catalyst for two 
hours. Then the catalyst was evacuated a t the reduction 
temperature to a vacuum of less than 10“ 3 mm. to remove 
chemisorbed hydrogen.

Adsorption isotherms were determined by conventional 
volumetric methods.15 The gases used were of high purity, 
containing considerably less than 0.1% of oxygen. Before 
starting the carbon monoxide isotherms, the samples were

(11) This work is summarized in Brunauer and E m m ett, T his 
Journal, 62, 1733 (1940).

(12) Storch, et a l., Bureau of Mines Technical Paper 709; Syn­
thetic Liquid Fuels Process. Hydrogenation of carbon monoxide. 
Part I, in press.

(13) Anderson, Ind. Eng. Chem., Anal. Ed., 18, 156 (1946).
(14) Volumes of hydrogen (S. T. P.) per volume of catalyst space 

per hour.
(15) E m m ett, “ Advances in Colloid Science,” ed. by Kraem er, 

Vol. I, Interscience Publishers, New York, N. Y., 1942, pp. 1-36.
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T a b l e  I
S u r f a c e  A r e a s  o f  U n r e d u c e d  a n d  R e d u c e d  C o b a l t  F is c h e r - T r o p s c h  C a t a l y s t s

Ratio of
/--------Surface areas of catalysts, sq. m.----—* area of

Catalyst
Kiesel-6

Form® guhr

Method of reduction® 
Temp., % Wt. 

°C. Hours loss

'------Unrt
Total 

per gram

iduced----—•>
Complex 
per gram 
of complex

/— Reduced------ *
Complex® 

Totals per gram 
per gram of complex

complex 
after to 
before 

reduction

Co - T hO .: M gO: Kg =  
89H

100:6:
P

12:200 
H. S. C. 400 2 19.8 67.2 127.2 41.9 83.8 0.620

89J P F. C. 400 2 17.4 85.5 155.4 62.0 99.6 .640
89K P Port. 400 2 19.7 88.8 160.3 62.7 105.5 .651
89K G Port. 400 2 17.7 101.1 185.0 62.2 104.5 .580
89U P Germ. 400 2 19.3 86.2 157.5 37.8 59.6 .374
89V P D-911 400 2 20.4 77.6 126.0 50.2 70.1 .550
89BB P JM -II 400 2 18.9 66.2 121.5 46.2 84.6 .690
89FF P FCX 400 2 16.7 102.9 177.5 80.2 133.2 .751

C o:ThO ,:K G  =  100:18:100 
108B P F. C. 360 2 24.4 71.6 96.2 32.4 50.0 .390

C o :T h 0 2:MgO «  
100:6:12 G None 400 2 37.7 154.8 154.8 52.8 52.8 .341

C o: ThOa =  100:6 G None 400 2 38.7 171.0 171.0 14.6 14.6 .085
Co: MgO7 =  100:12 G None 400 2 41.6 142.6 142.6 35.2 35.2 .247
Co:MgOff =  100:8 G None 400 2 42.0 129.6 129.6 18.3 18.3 .141
Co: Kg =  100:200 G F. C. 400 2 21.1 75.6 124.7 18.3 14.2 .109
Co: Kg =  100:200 G H. S. C. 400 2 21.2 77.2 152.4 6.87 12.0 .078
Cobalt basic carbonate G None 400 2 44.2 126.2 126.2 2 .5 2 .5 .020
Cobalt oxide powder h None 250 24 30.2 67.0 67.0 3 .2 3.2 .048

« G  =  granules, broken filter cake; P =  pellets (1.6 mm. long by 3.2 mm. diameter). 6 H. S. C. = Johns Manville 
Hyflo Super-Cel, F. C. =  Johns Manville Filter-Cel, Port. =  Portuguese kieselguhr, D-911 =  Dicalite 911, JM -II = 
Johns Manville II, FCX =  acid extracted Filter-Cel. For a complete description of these samples see references 4 and 6. 
« All reductions except cobalt oxide powder were made with hydrogen a t space velocities per hour of 6000. Cobalt oxide 
powder was reduced in hydrogen a t a space velocity of 100. d Per gram of unreduced catalyst. * Per gram of complex in 
unreduced catalyst. f  Contains powdered magnesia. 0 Contains precipitated magnesia. h A fine powder.

0 0.2 0.4 0.6 0.8 1.0
Relative pressure.

Fig. 1.—Adsorption of nitrogen a t —195° on unreduced 
and reduced cobalt catalyst 89J, where Ó represents the un­
reduced catalyst and O, □ and A represent different 
samples of reduced catalyst. Desorption points are solid, 
and the volume of gas corresponding to a monolayer is 
represented by X.

cooled in helium a t —195° to ensure temperature equilibra­
tion. Surface areas were computed from the simple
B. E. T. equation16 with the cross-sectional area of the 
nitrogen molecule taken as 16.2 sq. A. The methods of de­
termining helium and mercury densities have been de­
scribed previously.3*4

The samples used in X-ray diffraction analysis were re­
duced, using the same conditions as those above. They 
were opened under petroleum ether and stored for a few 
days under this liquid. The samples, wet with petroleum 
ether, were ground to a paste, mixed with collodion and 
partly extruded from a section of stainless steel tubing. 
This technique is described by Barrett.17 The tubing was 
19 gage 0.7 mm. inside diameter. The specimens were 
mounted in a Debye-Scherrer powder camera of 71.62 mm. 
inside diameter. FeK« radiation from a sealed-off X-ray 
tube equipped with beryllium windows with manganese 
dioxide filters was used. The tube was operated a t 30 
kv. and 7 ma.

Experimental Results
Surface-area data for unreduced and reduced 

catalysts and similar preparations are given in 
Table I. Also included are areas for the cobalt- 
promoter complex7 computed by assuming the 
area of the kieselguhr to be additive. Since part 
of the surface area of the kieselguhr may be 
covered or blocked by the cobalt-promoter com­
plex, this area of complex must be considered as 
the lower limit of its actual value. Nitrogen iso­
therms at — 195° of pelleted catalyst 89J before 
and after reduction are given in Fig. 1.

(16) Brunauer, E m m ett and Teller, T his Journal, 60, 309 (1938).
(17) B arrett, “S tructure of M etals,” McGraw-Hill Book Co., 

Inc., New York, N. Y., 1943, p, 118.
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T a b l e  I I

C h a n g e s  i n  S u r f a c e  A r e a  d u r in g  H e a t in g  a n d  R e d u c t io n  
(All data per gram of original unreduced catalyst or complex)

Original catalyst 
Area of

C atalyst
C o : T h O a : M g O : K G  =  1 0 0 :6 :1 2 :2 0 0 , 89J 

C o : T l i O j : M g O  =  1 0 0 :6 :1 2  

C o : K g 6 =  100:200  

C o b a lt  basic ca rb o n a te

Area 
sq. m ./g.

85.5 
154.8
75.6 

126.2

complex 
per gram 
complex
155.4
154.8
124.7
126.2

H eated catalyst® 
Area of

Area
q. m./g. 
65 .5  
68.3
37.1
24.2

complex 
per gram 
complex
108.9
68.3
52.4 
24.2

Evacuated catalyst® 
Area of

Area 
sq. m ./g.

67.0
61.1
35.5
21.6

complex 
per gram 
complex
109.8
61.1
49.2
21.6

Reduced catalyst® 
Area of

Area 
sq. m ./g.

62.0
52.8
18.3
2 .5

complex 
per gram 
complex

99.6
52.8
14.2

2 . 5

® Area of catalyst and complex per gram of catalyst and per gram of complex in the original unreduced catalyst re­
spectively. 6 Contains Filter-Cel.

T a b l e  III
M e r c u r y  a n d  H e l iu m  D e n s it i e s  o f  U n r e d u c e d  a n d  R e d u c e d  C o b a l t  C a t a l y s t s

M ercury volumes 
per gram  of un­

reduced catalyst,

Catalyst Form*

,-------------Unreduced catalysts-------
Pore

Densities volume Area 
Hg He cc./g. sq. m ./g.

d,b
L

/---------------Reduced catalysts--------
Pore<*

Densities volume Area** 
Hg He® cc./g. sq. m ./g.

d ,h
A.

cc.
Before After 
reduc- reduc­
tion tion

Co : T h 0 2: M gO : KG «  
89H

100:6:
P

12:200
1.20 2.74 0.47 67.2 280 0.993 3.10 0.68 51.8 527 0.833 0.816

89J P 0.974 2.76 0.66 88.7 297 0.780 3.07 0.95 76.6 500 1.026 1.037
89K P 1.20 2.77 0.47 88.8 212 1.045 3.08 0.63 77.4 327 0.833 0.768
89K G 0.611 2.77 1.28 101.1 506 0.537 3.13 1.54 76.8 804 1.635 1.530
89U P 1.10 2.80 0.55 86.2 255 0.901 3.08 0.79 46.7 672 0.909 0.896
89FF P 1.295 0.41 102.9 160 1.138 3.03 0.55 99.0 222 0.772 0.712

C o:T h02:KG -  100:18:100 
108B P 1.13 3.08 0.56 71.6 313 0,905 3.69 0.73 42.3 693 0.885 0.836

Co : T h02: MgO =  
100:6:12 G 0.781 3.62 1.00 154.8 259 1.057 6.72 0.80 84.1 379 1.280 0.593

Co: KG =  100:200 G 0.457 2.71 1.75 75.6 926 0.378 3.00 2.31 22.8 4060 2.189 2.082
Cobalt basic carbonate G 0.925 3.81 0.82 126.1 293 4 .476 ' 9.00 0.112 4 .2 1070 1.081 0.125

• P =  pellets (1.6 mm. long by 3.2 mm. diameter); G — granules, broken filter cake. 6 Average pore diameters com­
puted from d  — 4 V / A ,  where V  is the pore volume and A  the surface area per gram. c Helium densities calculated 
from compositions of reduced catalysts: 89-type, 3.12; 108B, 3.69; Co:ThC>2 :MgO =  100:6:12,7.79; Co:Kg =  100: 
200, 3.06; and cobalt basic carbonate, 8.9. d Pore volumes and surface areas per gram of reduced catalyst. e Not deter­
mined, assumed to be 2.77. ? This sample wet by mercury.

T a b l e  IV

C h e m is o r p t io n  o f  C a r b o n  M o n o x id e  o n  R e d u c e d  C o b a l t  F is c h e r - T r o p s c h  C a t a l y s t s  
All data per gram of unreduced catalyst

Catalyst Form® Ym cc. YCO,8 cc.

Complex per gram 
of complex 

Ym, cc. Yco, cc.
Yco

Y m-complex
Co atoms® 

in surface, %
Co: T h 0 2: M gO: KG =  100:6:12:200 P 9.58 4.40 18.72 8.80 0.470 72.3

89J P 14.15 3.10 23.92 6.20 .259 39.9
89K P 14.31 3.80 24.80 7.60 .306 47.1
89K G 14.19 4.00 24.40 8.00 .328 50.4
89U P 8.64 2.17 13.98 4.34 .311 47.9
89V P 11.48 3.80 16.48 7.60 .461 71.0

C o:T h02:KG -  100:18:100 
108B P 7.40 2.56 11.42 2.84 .448 69.0

C o :T h02:MgO =  100:6:12 G 12.06 6.90 12.06 6.90 .572 88.0
C o :T h02 =  100:6 G 3.33 1.95 3.33 1.95 .586 90.2
Co:MgOd =  100:12 G 8.03 3.70 8.03 3.70 .461 71 .0
Co:MgOe -  100:8 G 4.17 2.17 4.17 2.17 .520 80 .0
Co: K G ' =  100:200 G 4.18 0.85 3.28 1.70 .518 79.7
Cobalt basic carbonate G 0.58 0.36 0.58 0.36 .632 97.2
Cobalt oxide powder 0.73 0.73 0.48 0.48 .648 99 .7

® G =  granules, broken filter cake; P  =  pellets. 6 Fco computed from the difference the total carbon monoxide iso­
therms and the physical nitrogen a t equal relative pressures. c Fco/Fm-compiex divided by 0.65, the value of F co/ 
Fm-compiex for cobalt metal. d Powdered magnesia. ® Precipitated magnesia. f  Filter-Cel.
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Data for changes in surface area during a one- 
hour treatment with nitrogen at 400° and in a 
subsequent evacuation at 400° for sixteen hours 
are presented in Table II. Data for helium and 
mercury densities (the latter determined at 1 at­
mosphere), pore volumes,18 and average pore 
diameters, d, computed from the equation for open 
end cylindrical pores19 d =  4V /A , where V is the 
pore volume and A the surface area, are given in 
Table III. In Table IV data for the chemisorp­
tion of carbon monoxide are presented and com­
pared with the volume of nitrogen required to form 
a physical monolayer. In Fig. 2 are typical car­
bon monoxide and nitrogen isotherms at —195° 
for reduced catalysts. In Table V are given 
X-ray diffraction data for catalysts and similar 
preparations.

T a b l e  V

X - R a y  D if f r a c t io n  D a t a

2.5

2.0

1.5

i.o s3
•2O

8
0.5 8

■a
&

o

o 0.3

-X -R ay  reflections
F  ace-centered

1
<L>
a  

dl 
H 
cn

Dif­ cubic <
fuse­ d / n ,

Preparation ness® 16 hkl A. & I
Cobalt basic carbonate B s 111 2.04 w

(unsupported) M 200 1.76 w
S 220 1.25
S 311 1.06

Cobalt basic carbonate C vS 111 2.04 w
(on F ilter Cel) M 220 1.25

M 311 1.06
Co: T h 0 2 (100:6) C S 111 2.04 w

(unsupported) M 220 1.25
M 311 1.06

Co: MgO (100:8) C vS 111 2.02
(unsupported) w 200 1.76

M 220 1.25
S 311 1.06

Co: MgO (100:12) D vS 111 2.02
(unsupported) w 200 1.77

M 220 1.25
M 311 1.06

Co: MgO: ThOa D M 111 2.02
(100:12:6) vw 200 1.76
(unsupported) w 220 1.24

w 311 1.06
89J  Co: ThO: MgO: F ilter D M  ’ 111 2.02

Cel (100:6:12:200) w 220 1.25
w 311 1.06

89H C o :T h 0 2:M gO: D M 111 2.00
Hyflo Super-Cel w 220 1.24
(100:6:12:200) w 311 1.06

108B Co: T h 0 2: Filter-Cel D M 111 2.04
(100:18:100) M 220 1.25

M 311 1.06

Hexagonal 
close-packed d/n, 

hkil A. 
1010 2.15 
lOH 1.91

1010 2 .14

1010 2.15

0.1 0.2 
Relative pressure.

Fig. 2.—Sorption of nitrogen and carbon monoxide at 
— 195° on reduced pelleted catalysts 89H and 89J and re­
duced cobalt oxide powder where open points represent 
nitrogen and solid points represent carbon monoxide iso­
therms. Points of reduced 89H are given by O, two 
samples of reduced 89J  by □ and □, and the reduced cobalt 
oxide by A. The volumes of chemisorbed carbon mon­
oxide are given in lower part of the graph.

Changes of Surface Area on Reduction
In Fig. 1 the circles, squares and triangles of the 

isotherm of the reduced catalyst indicate the re­
producibility of isotherms of three different reduc­
tions of pelleted catalyst 89J. Isotherms of both 
unreduced and reduced catalysts showed hystere­
sis at relative pressures greater than 0.4. The hy-

(18) The volume of pores w ith openings smaller than 5 microns in 
diam eter (pores no t filled by mercury a t atmospheric pressure) com­
puted from the difference of the reciprocals of the mercury and helium 
densities.

(19) E m m ett and D eW itt, This Journal, 65, 1253 (1943).

° B =  diffuse; C =  more diffuse; D =  very diffuse. 
h VvS =  very strong; S =  strong; M =  medium; w = 
weak; vw =  very weak.

steresis loop in the range of relative pressures of
0.4 to 0.7 was considerably smaller for the reduced 
catalyst than for the unreduced, the hysteresis of 
the isotherm of the reduced catalyst being only 
slightly greater than that of the isotherm of the 
kieselguhr that it contained. This may indicate 
enlargement or removal of some of the pores of 
diameters less than 50 A., since hysteresis in this 
range is usually related to the presence of small 
pores.

The data in Table I show that the surface areas 
of all of the catalysts studied decreased on reduc­
tion. The areas of the cobalt-promoter complex7 
of the catalysts containing both promoters and 
carriers decreased to 37.4 to 75% of the area of the 
complex of the unreduced catalysts. The area of 
catalysts with promoter but no kieselguhr de­
creased to 8.5 to 34.1% of the unreduced areas. 
The areas of the complex of preparations contain­
ing kieselguhr but no promoters decreased to 7.8 
to 10.9% of the unreduced areas, and the area of 
the preparation with neither promoter nor carriers 
decreased to 2.0% of the unreduced area. Thus it 
is observed that catalysts of the 89 type were most 
resistant to sintering upon reduction. Catalysts 
with calcined and flux-calcined kieselguhrs, 89BB 
and 89H, respectively, did not sinter any more
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than catalysts prepared from natural kieselguhrs. 
However, since the areas of these catalysts in the 
unreduced state were less than those of catalysts 
with the natural kieselguhrs, the areas of reduced 
catalysts 89H and BB were less than the rest of the 
89 series. Of the individual promoters, magnesia 
added as a powder appears to be the most effective 
and thoria the least. However, the data for the 
preparations with powdered magnesia may be 
misleading, since the magnesia itself has a high 
area which is probably not appreciably decreased 
in the preparation or reduction20 and thus may in­
crease the total area. Consistent with this, the 
volume of chemisorbed carbon monoxide per unit 
surface area (Table IV) was less for preparations 
with powdered magnesia than for the other 
samples. Thoria was not very effective in pre­
venting sintering in either the cobalt-thoria prepa­
ration or in catalyst 108B. Kieselguhr appears to 
be nearly as effective as the thoria, the natural 
kieselguhrs being only slightly more effective than 
flux-calcined Hyflo Super-Cel.

The surface areas of unreduced catalysts3 as 
granules (broken filter cake) was 10 to 15% greater 
than those of corresponding pelleted catalysts. 
Here, the explanation was given that the decrease 
in area on pelleting was due to compression of some 
of the particles of the cobalt-promoter complex so 
that nitrogen molecules could not penetrate the 
spaces between them. After reduction granular 
catalyst 89K had the same area as reduced pelleted 
89K. This is consistent with the previous hypothe­
sis since reduction could cause enlargement of pores 
so that all of the surface would be accessible.

The data in Table II show the changes in sur­
face area upon heating or evacuations at 400° and 
during the reduction. The area of the cobalt 
basic carbonate decreased considerably upon both 
heating and reduction. The area of the catalyst 
with kieselguhr but no promoters likewise de­
creased sizably both on heating and reduction, 
but not as greatly as the cobalt basic carbonate. 
The area of the promoted preparation without 
kieselguhr decreased sizably on heating but only 
slightly on reduction. The area of the catalysts 
with both promoters and carriers decreased less in 
both steps than other preparations, the greatest 
decrease occurring in the heating step. Thus the 
kieselguhr appeared to be somewhat effective in 
preventing sintering of the surface during the heat­
ing step and less effective during the reduction. 
The promoters were about as effective in prevent­
ing sintering in the heating step as the kieselguhr, 
but very effective in inhibiting sintering during re­
duction. The catalysts containing both promot­
ers and carriers which combine both of the protec­
tive actions sinter least in both of the steps.
Changes in Densities and Pore Volumes on 

Reduction
In Table III the mercury densities determined 

at 1 atmosphere (under these conditions mercury
(20) Zettlemoyer and W alker, Ind. Eng. Chem., 39, 69 (1947).

should penetrate only pores larger than 5 microns 
in diameter21) show that preparations containing 
kieselguhr did not change in volume as measured 
by mercury on reduction, whereas the volume of 
mercury displaced by preparations without kiesel­
guhr decreased considerably. This is shown in the 
last two columns of Table III. This agrees with 
the role of the kieselguhr postulated previously3 
—that the kieselguhr acts as a “brush-pile” which 
defines the volume of the catalyst particle.

It was found that the mercury wet the reduced 
cobalt basic carbonate (pure cobalt metal) to some 
extent, which, of course, invalidates the usual 
interpretation of mercury densities; however, 
this was the only sample upon which this phenom­
enon was observed. Presumably, the presence 
of promoters or kieselguhr prevents such wetting. 
Should this occur to a slight extent on all of the 
reduced catalysts, the general picture of the 
changes in volume on reduction would not be 
altered, since the changes in volume are easily ob­
served visually.

The helium densities were less accurate than the 
mercury densities due to the small volume of 
helium displaced by the reduced catalysts. How­
ever, repeated determinations on the same sample 
usually agreed within 3%. With exception of the 
low helium density observed with the reduced co- 
balt-thoria-magnesium oxide preparation, for 
which we have no explanation except possibly in­
complete reduction, the observed densities differed 
no more than 4% from those computed from the 
catalyst composition, assuming no solution or com­
pound formation of the catalyst components.

The pore volumes of all the catalysts containing 
kieselguhr increased on reduction, but those of 
preparations without this carrier decreased. 
Average pore diameters were computed by the 
equation of Emmett and DeWitt19 for cylindrical 
open-end pores. Since the decreases in surface 
area were always greater than decreases in pore 
volume, the average pore diameters always in­
creased on reduction.

Reduction was accompanied by a decrease in 
surface area and in some cases by a decrease 
in bulk volume. With unpromoted and unsup­
ported cobalt, large changes occurred in both. 
When cobalt atoms are formed by reduction, they 
must be able to migrate until they find stable sites 
in the lattice of the already reduced metal. In 
fact, in the reduction of the cobalt oxide powder 
(Table I) for twenty-four hours at 250° hexagonal 
aggregates or possibly crystals of cobalt several 
microns in diameter were formed.10

Kieselguhr provides a framework which pre­
vents the decrease in bulk volume on reduction 
and at the same time inhibits sintering of the sur­
face. The cobalt-promoter complex probably 
shrinks about the kieselguhr particles, thus in­
hibiting the growth of large crystallites of cobalt.

The promoters, which at least in the case of
(21) R itter and Drake, Ind. Eng. Chem., Anal. Ed., 17, 782 (1945).
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thoria and precipitated magnesia are thoroughly 
mixed with the cobalt basic carbonate, have a 
more intimate role than the kieselguhr. In the 
change from the basic carbonate to cobalt metal, 
the volume of the part containing the cobalt de­
creases several-fold. The cobalt atoms possibly 
r p fr p c jf  f rnm fh p c u r f a p p  I p o v in o r  n m a t r i x  of the 
relatively unchanged promoter which inhibits mi­
gration of atoms and growth of large crystallites.

Chemisorption of Carbon Monoxide on Reduced 
Catalysts

In the research of Emmett and Brunauer11*22 
the chemisorption of carbon monoxide at —195° 
was taken as an indication of the extent of iron 
present on the surface of the iron catalysts. Fig­
ure 2 shows typical isotherms of carbon monoxide 
and nitrogen at —195° on reduced cobalt catalysts 
and cobalt oxide powder plotted on a relative pres­
sure basis. Since the physical properties of carbon * 59

♦ 2 .5  M
VCHE«./V m = 0 . 6 5

Fig. 3.—A representation of the manner that carbon 
monoxide may chemisorb on a cobalt surface. The upper 
drawing represents the closest packed faces of a - or ft- 
cobalt, and the lower drawing the 100 faces of /3-cobalt. 
Chemisorbed carbon monoxide molecules (the sectioned, 
dotted circles) are assumed to attach to the centers of co­
balt atoms. The diameters of these circles give a cross 
sectional area of 16.2 sq. A. per molecule in a close packed 
monolayer.

(22) E m m ett and B runauer, T his Journal, 57, 1754 (1935);
59, 310, 1553 (1937).

monoxide and nitrogen including molecular size 
are nearly identical, the nitrogen isotherm was 
taken equal to the physical carbon monoxide iso­
therm. The difference of the carbon monoxide 
(physical plus chemisorption) and nitrogen iso­
therms at equal relative pressures was taken as 
the volume of chemisorbed carbon monoxide. 
The constancy of these differences as shown in 
Fig. 2 demonstrates the correctness of this assump­
tion. Emmett and Brunauer11*22 found that the 
ratio of the amount of chemisorbed carbon mon­
oxide to the physically held monolayer, as deter­
mined by the B.E.T. method16 on pure iron, was
1.10 to 1.18, while on two nickel preparations 
Emmett and Skau23 observed ratios of 0.92 and 
1.78. Ratios slightly larger than one, such as ob­
served on pure iron catalysts, may be explained by 
assuming the chemisorbed molecules to be more 
densely packed in the chemisorbed layer than in 
the physically held one. On reduced cobalt oxide 
powder and cobalt basic carbonate the ratios of 
chemisorbed carbon monoxide to the monolayer of 
physically held nitrogen were only 0.65. The 
reasons for these differences of these ratios for pure 
iron and cobalt are not known. However, Em­
mett24 found that with highly sintered iron prepa­
rations this ratio was less than 1. The two pure 
cobalt preparations described in the present paper 
may be regarded as highly sintered.

An explanation which is probably greatly over­
simplified may be given from the geometry of pos­
sible cobalt surfaces. Two of the possible crystal 
faces of a- and /3-cobalt are shown in Fig. 3. If 
chemisorbed molecules are assumed to attach to 
the centers of the cobalt atoms, the size of the 
molecule will prevent adsorption on adjacent co­
balt atoms. The resulting ratios of chemisorbed 
to physically held molecules will be 0.65 and 0.75 
for the faces shown, which are near the ratios ob­
served for cobalt metal in the reduced cobalt oxide 
powder and cobalt basic carbonate.

For the reduced cobalt-thoria-magnesia kiesel­
guhr catalysts the ratios of chemisorbed carbon 
monoxide to the Vm value for the complex varied 
from 0.259 to 0.470, and for the cobalt-thoria- 
kieselguhr catalyst this ratio was 0.448. The 
ratios of chemisorbed carbon monoxide to the 
nitrogen-monolayer for cobalt-promoter and co- 
balt-kieselguhr preparations varied from 0.461 to
0.586. Cobalt-thoria preparations had higher 
ratios than those of cobalt-magnesia.

The ratio of chemisorbed to physically held 
molecules divided by the ratio for pure cobalt 
metal, 0.65, may not be an accurate indication of 
the extent of cobalt atoms in the catalyst surface, 
since, as shown in Fig. 3, all of the atoms adjacent 
to the cobalt atom adsorbing the carbon monoxide 
could be replaced by promoters without changing 
the ratio. In any case, the data of Table IV indi­
cate that the surface of the catalyst with both pro-

(23) Em m ett and Skau, ibid., 65, 1029 (1943).
(24) Em m ett, private communication.
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moter and carrier must be covered to at least 30% 
by substances other than cobalt.
X-Ray Diffraction Patterns of Reduced Cobalt 

Catalysts
The diffraction patterns of this series of prepa­

rations in the reduced state show the effect of 
promoters (thoria and magnesia) and the support 
(kieselguhr) on crystallite size. The background 
due to scattering from the amorphous constituents 
of the catalysts, particularly thoria and kieselguhr, 
makes exact evaluation of line broadening diffi­
cult; nevertheless the trends are unmistakable. 
Reduced cobalt basic carbonate gave the sharpest 
diffraction pattern, but some line broadening cor­
responding to crystallites about 800 A. diameter 
was observed. The most diffuse patterns were 
obtained from 108B, Co:MgO (100:12), Co: 
ThCV.MgO (100:6:12), 89J and 89H. The line 
broadening of this group corresponded roughly to 
crystallites of 100-300 A. The preparations Co: 
Th02 (100:6), Co:Filter-Cel (100:200), and Co: 
MgO (100:8) gave line broadening corresponding 
to crystallites 300-600 A. diameter. These re­
sults are in general agreement with surface area 
measurements.

The diffraction patterns of many of these prepa­
rations lack expected reflections. This has been 
previously noted9 in connection with fully pro­
moted and supported catalysts. The diffraction 
pattern of the reduced cobalt basic carbonate con­
tained relatively strong 111, 200, 220, and 311 
lines of face-centered cubic cobalt as well as faint 
1010 and lO ll lines of hexagonal close-packed co­
balt; such a pattern would normally be expected 
of a mixture of a relatively large amount of f .c.c. co­
balt and a small amount of h.c.p. cobalt. With in­
creasing amounts of promoter and support the 
200-f.c.c. line and the 10Ï0- and 1011-h.c.p. lines 
tend to disappear; in a fully promoted and sup­
ported catalyst, such as 89J and 108B, the 200-
f.c.c. and 1010- and 1011-h.c.p. lines cannot even 
be identified with certainty. It is interesting to 
note that the persistent lines 111, 220, and 311 of 
f.c.c. correspond to 0002, 1120, and 1122 of h.c.p., 
respectively, in interplanar spacing. Among the 
partly promoted or supported preparations, those 
containing magnesia produced a weak but unmis­
takable 200-f.c.c. reflection, whereas neither the 
10Ï0- or the 1011-h.c.p. lines could be positively 
identified. The converse is true of those partly 
promoted or supported preparations containing 
no magnesia. A theoretical discussion of this 
phenomenon will be published shortly.

Discussion
Promoters may have two functions: first, that 

of maintaining or increasing the extent of the sur­
face and, second, that of providing a surface of the 
proper physical or chemical nature. In some 
cases a single promoter may perform both of these 
functions and in other cases only one of them.

Russell and Taylor25 showed that thoria as a pro­
moter in nickel catalysts performed both of these 
functions. The surface area as estimated by the 
chemisorption of hydrogen and carbon dioxide was 
increased 20 to 40%, while the activity for hydro­
genation of carbon dioxide to methane increased 
nine fold. Similarly, thoria in cobalt-thoria- 
kieselguhr catalysts may accomplish both of these 
functions. Alkali in precipitated- or fused-iron 
Fischer-Tropsch catalysts appears to alter the dis­
tribution of products but does not increase the sur­
face area or activity appreciably. In doubly 
promoted (alumina-potassium oxide) synthetic 
ammonia catalysts, alumina is an effective struc­
tural promoter and potassium oxide is assumed to 
alter the chemical nature of the surface to inhibit 
formation of imide and amide groups on the sur­
face.11 The studies of Emmett and Brunauer11 
and others demonstrate these effects. The data 
in the present paper show chiefly the effect of pro­
moters and carriers in maintaining surface area, 
but the X-ray diffraction and chemisorption data 
give some information as to the nature of the sur­
face.

The chemisorption studies indicate that a siz­
able fraction of promoter was present on the cata­
lyst surface. In addition to greater surface areas 
and surface stability of the promoted catalysts, the 
relatively isolated metal atoms or groups of atoms 
at the surface may have greater activity than that 
of crystallites of unpromoted metals.

The X-ray diffraction data were in qualitative 
agreement with surface-area measurements, but 
in addition revealed that the cobalt metal in pro­
moted and supported catalysts had an anomalous 
crystal structure. The presence of the promoters 
and the support favored this anomalous structure. 
It should be noted that X-ray diffraction studies 
reveal the average structure of the crystallites of 
cobalt and not just the surface.

It has been suggested that kieselguhr as a carrier 
in cobalt and nickel catalysts produces the proper 
degree of dispersion of the active metal and gives 
the desired porosity.26 The data in this paper 
demonstrate the manner in which these effects are 
accomplished. Kieselguhr provided a framework 
about which the metal oxide complex shrank when 
reduced to the metal. Kieselguhr also provided a 
system of large, accessible pores and appeared to 
prevent excessive decrease in the area of the metal. 
It should be noted that in our catalysts the cobalt- 
promoter complex was deposited chiefly in the 
pores of the kieselguhr that were larger than 5 
microns.3

Upon reduction, the bulk volume of the catalyst 
containing kieselguhr remained unchanged, 
whereas the bulk volume of the unsupported cata­
lyst decreased several fold. Kieselguhr as a 
carrier is important if the reaction is highly exo­
thermic, as in the Fischer-Tropsch synthesis, or

(25) Russell and Taylor, J . Phys. Chem., 29, 1325 (1925).
(26) Hall, Craxford and Gall, “ Interogation of O. R oe ien /' 

B ritish Intelligence Objectives Sub-Committee, 1945.



2472 Vol. 70R obert B. Anderson, W. K eith Hall and L. J. E. H ofer

if the catalyst is reduced in the reactor. If the re­
action is highly exothermic, the heat produced by 
a dense, unsupported catalyst may exceed the ca­
pacity of the reactor to remove the heat of re­
action, and the catalyst may overheat. This is 
possibly the reason for the great improvement in 
mt: ui cooait and nickel Fischer Tropsch catalysts 
when kieselguhr was used as a carrier.27 Pichler28 
has stated that industrial development of the syn­
thesis in Germany appeared possible only after 
the introduction of kieselguhr as a carrier for co­
balt catalysts. If the catalyst is to be reduced in 
the converter, the large decrease in bulk volume 
on reduction of unsupported catalysts will cause a 
large amount of reactor space to be wasted.

Ries29 and Visser and DeLange30 have shown 
that unreduced catalysts of cobalt and nickel, re­
spectively, precipitated in the presence of kiesel­
guhr have considerably higher surface areas per 
gram of active metal than the unsupported cata­
lyst. Visser and DeLange have shown the forma­
tion of hydrosilicate bonds between the nickel and 
kieselguhr. With our catalysts the presence of 
kieselguhr does not greatly increase the area of the 
unreduced catalyst, and there is very little evi­
dence to indicate any reaction of cobalt with the 
kieselguhr. In fact, in the standard methods of 
preparing the cobalt catalysts these effects are 
minimized by keeping the time of contact of the 
reacting solutions with the kieselguhr as short as 
possible.

Craxford31 studied the rates of carbiding, hydro­
genation of carbide and synthesis on cobalt- 
thoria-kieselguhr (100:18:100) catalysts and on 
similar preparations with thoria or kieselguhr or 
both omitted. The rate of hydrogenation of 
ethylene was taken as an indication of the surface 
area, and since these rates were of the same mag­
nitude, it was assumed that the surface areas were 
about equal. Hence, Craxford concluded that

(27) Fischer and Koch, Brennstoff Chem., 13, 61 (1932); Fischer 
and M eyer, ibid., 12, 225 (1931).

(28) Pichler, “ Synthesis of Hydrocarbons from Carbon Monoxide 
and H ydrogen,” to  be published by H obart Publishing Co., Washing­
ton, D. C.

(29) R ies, J . Chem. Phys., 14, 465 (1946); also Ind. Eng. Chem., 
37, 310 (1945); and T h is Journal, 67, 1242 (1945).

(30) Visser and DeLange, De Ingenieur, 58, 24 (1946); DeLange, 
private  communication.

(31) Craxford, Trans. Faraday Soc., 42, 580 (1946).

thoria and kieselguhr do not act primarily by in­
creasing the available cobalt area, but as specific 
promoters for formation and reduction of carbide.

The data presented in the present paper indicate 
that the differences in both total surface area 
(Table I) and area of cobalt (Table IV) are quite 
large. The volume of chemisorbed carbon mon­
oxide per gram of complex varied roughly in the 
same manner as Craxford’s activities for carbide 
formation and reduction and for the synthesis. 
The uncertainties of this comparison are large 
because: (a) in some cases the catalysts compared 
did not have the same composition, and (b) the 
methods of catalyst preparation may have been 
considerably different. However, we believe that 
this comparison shows the activities of Craxford’s 
catalysts to be strongly a function of surface area.

Acknowledgment.—The authors are pleased to 
acknowledge the assistance of Norma Golumbic 
and Harlan Hewlett in catalyst preparation, 
Raymond Hahn for some of the density measure­
ments, and W. C. Peebles for X-ray diffraction 
studies.

Summary
1. Reduced cobalt-thoria-magnesia-kiesel- 

guhr and cobalt-thoria-kieselguhr catalysts and 
similar preparations with one or more of the com­
ponents omitted have been studied by nitrogen 
surface areas and carbon monoxide chemisorptions 
at —195°, mercury and helium densities, and 
X-ray diffraction.

2. The promoters were found to prevent exces­
sive decreases in surface area on reduction.

3. Kieselguhr as a carrier was somewhat effec­
tive in preventing the decrease of surface area on 
reduction, but its most important function was to 
prevent the decrease in bulk volume of the cata­
lyst on reduction.

4. The carbon monoxide chemisorption studies 
showed that an appreciable fraction of the surface 
was occupied by promoter.

5. The X-ray diffraction data were in qualita­
tive agreement with the surface-area determina­
tions, but in addition indicated that the cobalt in 
supported and promoted catalysts had an anoma­
lous structure.
P it t s b u r g h  13, P e n n s y l v a n ia

R e c e iv e d  J a n u a r y  30, 1948
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Transference Numbers and Hydration of Some Quaternary Ammonium Salts1
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It is a generally accepted fact that ions in 
aqueous solution are hydrated to some extent. 
The degree of hydration depends, amongst other 
factors, upon the nature and size of the ion. Von 
Hevesy3 has shown that nearly all univalent or­
ganic ions are so large and the strength of the elec­
tric field surrounding them so weak that hydration 
should not occur. If organic ions are not hy­
drated, the electrolytic transfer of water in solu­
tions of tetraalkylammonium salts should show a 
transfer of water to the anode equivalent to the 
amount of water carried by the anions alone or, 
more probably, the results should show a trend of 
less hydration for the larger organic cations. In 
this research, the electrolytic transfer of water in 
solutions of tetramethyl-, tetraethyl-, tetra-n- 
propyl-, and tetra-w-butylammonium iodides was 
studied. Maltose was used as the non-electrolyte 
because it has a high optical rotation and its con­
centration can be measured very accurately by 
means of a polarimeter. Some experiments were 
also made in which acetone and ethyl acetate were 
the reference substances. The well-known Nernst 
method as developed by Washburn4 was used in 
this investigation.

Apparatus and Experimental
The transference apparatus shown in Fig. 1 is a modi­

fication of the one described by Maclnnes and Dole.5 I t  
was constructed of Pyrex glass tubing of 19 mm. internal 
diameter. The stopcocks which separated the anode 
and cathode compartments were hollow and open a t each 
end to permit the circulation of water through them when 
the apparatus was in the constant temperature bath. 
The apparatus consisted of two sections, connected by 
a spherical joint to allow the anode and cathode compart­
ments to be weighed. . The total length of 130 cm. con­
tained 10 bends, spaced to reduce convection and dif­
fusion during electrolysis. For analysis the solution in 
the apparatus was divided into five portions. The ap­
proximate volumes of the different compartments were: 
cathode, 115 m l.; anode, 150 ml.; cathode middle, 40 
ml.; anode middle, 40 ml.; middle, 90 ml. There was 
never any appreciable variation in the concentrations 
of the three middle compartments, which proved the ef­
fectiveness of the design of the apparatus in the preven­
tion of diffusion and convection.

The electrodes were made of silver and silver iodide, 
deposited electrolytically on 18-gage platinum wire.

Silver coulometers were used to measure the current. 
The silver nitrate solutions from the platinum crucibles 
were filtered through sintered glass crucibles to prevent 
the loss of deposited silver. One coulometer was con­
nected to each electrode in order to detect any electrical 
leaks. I t  was necessary to coat the glass joints with 
picein wax to prevent such leaks.

(1) Presented before the Physical and Inorganic Division a t the 
113th meeting of the American Chemical Society, Chicago, 111., 
April 19-22, 1948.

(2) A bstract of the Ph.D. dissertation of C. H. Hale whose present 
address is Esso Laboratories, Baton Rouge, La.

(3) G. von Hevesy, Z. Elektrochem., 27, 77 (1921).
(4) E. W. W ashburn, T his Journal, 31, 322 (1909).
(5) D. A. M aclnnes and M. Dole, ibid., 53, 1357 (1931).

Fig. 1.—Transference apparatus: A, anode com part­
ment; AM, anode middle; M M , middle middle; CM, 
cathode middle; C, cathode compartment.

The polarimeter was a Schmidt and Haensch instrument 
which could be read too =*=0.01 degree of rotation. Light 
of wave length 5893 A. was obtained from a tungsten 
bulb by means of a monochromator. A four decimeter 
tube was used.

Electrolysis experiments were carried out in a therm o­
stat maintained a t 25 =*= 0.02°.

Quaternary ammonium iodides were prepared from 
alkyl iodides and the corresponding tertiary  amines. The 
compounds were purified by repeated recrystallizations 
from ethyl acetate to which a small amount of ethanol 
had been added.

The silver cyanide solution for silver plating the elec­
trodes was prepared by the dissolution of 46 g. of silver 
nitrate, 70 g. of potassium cyanide, 31.5 g. of sodium 
carbonate and 0.5 g. of sodium thiosulfate in one liter of 
distilled water.

The maltose used was Merck, ‘‘purified’* grade. Elec­
trical conductivity measurements showed it to  be free from 
electrolytes.

In the transference experiments, the electrolysis was 
allowed to continue for about forty-eight hours. A poten­
tial of about 50 volts was necessary to  obtain the desired 
current of about 5 milliamperes. At the end of the elec­
trolysis, the stopcocks were closed and the anode middle, 
cathode middle and middle solutions were transferred by 
means of a pipet to weight burets. The apparatus was then 
removed from the bath and the two sections separated, 
cleaned and dried, the stopcocks remaining closed. The 
two sections were first weighed before the solutions were 
transferred to weight burets.

Analysis.—The quaternary ammonium salt solutions 
were titrated with 0.05 M  silver nitrate a t about 50°. 
The end-point was determined potentiometrically using a 
Garman and Droz6 titrim eter. Weight burets were used 
in all the titrations.

The concentration of the maltose in grams per 100 ml. 
in the solutions were found from the equation 0.1923a 
-0 .010, where ol is the optical rotation. This relation was 
established by measuring the rotation of solutions of 
known concentration. The presence of the quaternary

(6) R. L. Garman and M. E. Droz, Ind. Eng. Chem., Anal. Ed., 11,
398 (1939).
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ammonium iodides was found to  have no measurable 
effect on the optical rotation of the solution.

Acetone determinations were made by a method based 
on the formation of iodoform.7 The deviation of triplicate 
determination was 0.1% .

E thyl acetate was determined by hydrolysis in alkaline 
solution. A measured excess of carbonate-free 0.35 N  
sodium hydroxide solution was added to a weighed sample 
and refluxed for forty-five minutes, and back titrated with 
0.1 N  sulfuric acid. W ith a correction from blank deter­
minations the deviation of triplicate determinations was 
0.05%.

The transference numbers of sodium and potassium 
iodide were determined to  test the apparatus and the 
techniques. The values obtained a t the anode and the 
cathode agreed well with each other and with the values 
in the literature to  within 0.001.

The quaternary ammonium iodides invariably gave a 
much larger value for the cation transference number a t 
the anode than a t the cathode. A typical set of values 
are presented in Table I. The deposit on the anode did 
not have the appearance of pure silver iodide, but was 
white and somewhat flocculent. Further, the trans­
ference numbers calculated from the analysis of the anode 
solutions did not agree in successive experiments. These 
facts indicated th a t formation of solid solutions of the 
quaternary ammonium iodide with silver iodide. A solu­
tion of tetramethylammonium iodide was electrolyzed in 
a small beaker with no attem pt made to separate the solu­
tions a t the silver-silver iodide electrodes. The final 
solution was analyzed for iodide ion concentration and it 
was found th a t approximately one mole of tetramethyl­
ammonium iodide had disappeared for every four moles 
of silver iodide deposited a t the anode. The transference 
numbers obtained from measurements of anode solutions 
were recalculated on the assumption th a t solid solutions 
of the quaternary ammonium iodide and silver iodide were 
formed in the ratio of one to four. The values were in 
approximate agreement with those obtained at the cathode. 
In every case, the ratio necessary to give complete agree­
ment was between one to three and one to five.

T a b l e  I

T r a n s f e r e n c e  N u m b e r  o f  T e t r a e t h y l a m m o n iu m  I o ­
d id e

T a b l e  II
T r a n s f e r e n c e  N u m b e r s  o f  Q u a t e r n a r y  A m m o n iu m  

I o d id e s
Cation transference

Salt number
Tetramethylammonium iodide 0.321 0.323
Tetraethylammonium iodide .236 .237
Tetra-«-propylammonium iodide .179 .171
Tetra-«-butylammonium iodide .106 .103

measured with maltose as the reference non-electrolyte. 
The results of a typical experiment with 0.1 M  solutions 
of tetraethylammonium iodide are given in detail in Table
III . The results with tetram ethyl- and tetra-«-propyl- 
ammonium iodides are included in Table IV, which also 
shows the values found with the other reference substances. 
Experiments in which tetra-«-butylammonium iodide and 
maltose were used were unsuccessful because of the forma­
tion of crystals a t the cathode and slight gassing a t the 
anode.

T a b l e  I I I
H y d r a t io n  o f  T e t r a e t h y l a m m o n iu m  I o d id e , M a l t o s e  

a s  R e f e r e n c e  S u b s t a n c e
,--------23--------. ,--------24-------- -

Experim ent no. 
Initial concn.
Final concn., anode soln.
Final concn., cathode soln. 
Final concn., anode middle 
Final concn., cathode middle 
Final concn., middle middle 
Density of initial soln., g./m l. 
Density of final anode soln. 
Density of final cathode soln. 
Density of final middle middle 
Wt. of anode soln., g.
Wt. of cathode soln., g.
Wt. of Ag in coulometers, g. 
tc a t cathode

Mal- 
Salt® tose6

0.0949 3.268 
.0758 3.280 
.1110 3.238 
.0949 
.0949
.0949 3.267 

1.0166 
1.0154 
1.0177 
1.0164 

151.321 
116.745 

0.7916 
0.263

M al- 
Salt® tose*

0.0949 3.271 
.0823 3.284 
.1090 3.249 
.0949 . . .
.0949
.0948 3.276

1.0169 
1.0159 
1.0177
1.0169 

150.589 
116.528

0.7419
0.245

Moles H2O transferred to cathode
per faraday 4 .9 4 .9

Experiment no. 15 16
Initial concn., mole/kg. 0.1013 0.1013
Final concn., anode soln. 0.0888 0.0864
Final concn., cathode soln. 0.1094 0.1113
Final concn., anode middle 0.1010 0.1012

0  Concentration expressed as moles per kg. of solution. 
6 Concentration expressed as g. per 100 ml. of solution.

T a b l e  IV

S u m m a r y  o f  H y d r a t io n  M e a s u r e m e n t s
Moles H2O transferred to cathode

Final concn., cathode middle 0 .10 11 0.10 11 per faraday

W t. of anode soln., g. 14 4 .6 9 5 14 4 .4 6 7 Salt Maltose
Ethyl

acetate Acetone
W t. of cathode soln., g. 1 1 5 .3 7 0 1 1 5 .1 0 7 (C H ,) 4N I 3 .9 20 6 .4
Wt. of Ag in coulometers, g. 0 .4 3 5 2 0 .5 4 7 7 4 .4 5 . 7
U a t  anode 0 .4 6 7 0 .4 3 7 (Q ,H 6)4N I 4 .9 20
to a t cathode 0 .2 3 6 0 .2 3 7 4 .9

( C ,H 7)4N I 3 .9The transference numbers of the quaternary ammonium Q O
iodides were first measured with no reference substance 0  .A
added and these results are presented in Table II. The ( C 4H „)4N I 35
concentrations of the salts were about 0.1 M  except in the 
case of the tetra-«-butylammonium iodide where, because 
of limited solubility, it was necessary to use about 0.07 M  
solutions. Several attem pts to electrolyze solutions of 
the tetrabutylammonium salt were unsuccessful because 
of the formation of hydrogen a t the cathode. This dif­
ficulty was overcome by the use of a silver bromide 
electrode for the cathode.

Hydration of Ions.—The electrolytic transfer of water 
in solutions of the quaternary ammonium iodides was

(7) M. B. Jacobs, “ The Analytical Chemistry of Industrial Pois­
sons, Hazards and Solvents,” Interscience Publishers, Inc., New 
York, N. Y., 1941, p. 535.

Acetone and ethyl acetate also were used as reference 
non-electrolytes. Two experiments were made with 0.1 
M  tetramethylammonium iodide which contained 0.1% 
acetone. The limited accuracy of the analytical method 
for determining acetone casts some doubt on the values 
of the actual amount of water transported. However, 
the results confirmed a t least qualitatively those obtained 
with maltose, and a transfer of water toward the cathode 
apparently occurred in each case. Acetone could not be 
used as a reference non-electrolyte with solutions of the 
other quaternary ammonium iodides because the addition 
of iodine, involved in the determination, formed precipi­
tates with the higher salts.
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Ethyl acetate was used as the reference substance in 
the electrolysis of tetram ethyl-, tetraethyl- and te tra­
butylammonium iodide. In  each case water was ap­
parently transferred toward the cathode, as was the case 
with maltose. These results are included in Table IV.

The transfer of water toward the cathode during the 
hydrolysis indicates th a t the cation is more highly hy­
drated than the anion, which is contrary to the prediction 
tha t large organic ions should not be hydrated. A plaus­
ible explanation of this failure to  follow prediction is 
tha t the changes in concentration of the reference sub­
stance are not only caused by the transfer of water but 
also by the transfer of the non-electrolyte to the anode. 
The assumption th a t the reference substance is carried 
along with the iodide ion is substantiated by the fact that 
the anion transference number is decreased by the addi­
tion of non-electrolyte. The effects of the non-elec­
trolytes on the cation transference numbers are shown in 
Table V.

T a b l e  V
E f f e c t s  o f  N o n -e l e c t r o l y t e  o n  C a t io n  T r a n s f e r e n c e

N u m b e r s
Cation transference number-

Salt Nothing added M altose added EtOAc adc
(C H ,)< N I 0 .3 2 2 0 .3 4 0 0 .3 5 6
(C sH s^ N I .2 3 7 .2 54 .2 78

( C 8H 7)4N I .1 7 5 .1 5 3 . . .

( C 4H 9)4N I .1 0 5 . . . .110
The association of non-electrolytes with ions in solution 

has been suggested by Fisher and Koval.8 They found 
tha t sucrose, acetone and urea reduced the transference 
number of the hydrogen ion in solutions of sulfuric acid 
and concluded th a t complex ions of the type, H30 ‘̂ •non- 
electrolyte, exist. Longsworth9 recently used the moving 
boundary method to measure water transport in solutions 
of alkali chlorides with various reference non-electrolytes. 
He also concluded th a t the reference substances were not 
electrically inert and therefore not stationary during the 
electrolysis.

If one assumes th a t neither the iodide ion nor the 
quaternary ammonium ion is hydrated, tha t is, tha t the 
water molecules are stationary, then the amount of refer­
ence non-electrolyte carried along by the iodide can be 
calculated. The results for such a calculation are pre­
sented in Table VI based on the data obtained with mal­
tose, ethyl acetate and acetone. Only about one per cent, 
of the iodide ions need to be associated with an equivalent 
amount of maltose to  explain the experimental results. 
One might also assume th a t the iodide ion but not the 
quaternary ammonium ion is hydrated and calculate

(8) P. Z. Fisher and T. E. Koval, Univ. Hat Kiev. Bull, sci., rec. 
chim., No. 4, 137 (1939).

(9) L. G. Longsworth, T h is Journal, 69, 1288 (1947).

the am ount of reference substance associated with the 
iodide ion. In  Table V II are given the results of such a 
calculation for maltose when the iodide ion is arbitrarily 
assigned hydration values of five and of ten molecules of 
water.

T a b l e  VI
A m o u n t  o f  R e f e r e n c e  S u b s t a n c e  A s s o c ia t e d  w it h  

I o d id e  I o n s  A s s u m in g  W a t e r  S t a t io n a r y
Moles of non-electrolyte per mole of iodide ions

Salt M altose E thyl acetate Acetone
( C H s)4N I 0 .0 1 1 0 .10 0 .0 29

.012 .029

( Q ,H ,) 4N I .0 1 1 .1 2
.008

( C sH 7) 4N I .008 . .

.006

(C 4H 9)4N I .0 9

T a b l e  V I I

A m o u n t  o f M a l t o s e  A s s o c ia t e d  w it h I o d id e  I o n s

H y d r a t io n  V a l u e s  o f  I o d id e  I o n  A s s u m e d
Mole of maltose per mole of iodide ionT— T -.c tr .o  t—. i n rSalt I - 1 - 5 H2O 1 - 1 OH2O

( C H 3)4N I 0 .0 1 1 0.020 0.028
.012 .020 .029

( C £ I ,) 4N I .0 1 1 .019 .028
.008 .017 .025

( C 3H 7)4N I .008 .015 .023
.006 .016 .024

Summary
The transference numbers of 0.1 M  solutions of 

tetramethyl-, tetraethyl-, tetra-^-propyl- and 
tetra-w-butylammonium iodide have been meas­
ured. The cation transference numbers were 
found to decrease as the size of the cation in­
creased.

The electrolytic transport of water was meas­
ured in solutions of the same quaternary ammo­
nium iodides with maltose, acetone and ethyl ace­
tate as reference non-electrolytes. The results 
indicated that the reference substances were asso­
ciated with a small fraction of the iodide ions and 
could not serve to determine the degree of hydra­
tion of the ions.
W e s t  L a f a y e t t e , I n d ia n a  R e c e iv e d  M a r c h  1, 1948
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Water solutions containing ceric perchlorate 
and perchloric acid evolve oxygen when they ab­
sorb ultraviolet light and the ceric is reduced to 
cerous perchlorate.2

Baur2a and Weiss and Porret2b studied the 
photochemical reaction in the full light of a quartz 
mercury arc lamp. Weiss and Porret obtained 
maximum gross quantum yields of the order of 
one-tenth in solutions one-tenth molar in ceric per­
chlorate and one molar in perchloric acid. Their 
quantum yields decreased as the cerous perchlo­
rate accumulated.

We have measured the quantum yields of the 
reaction when the solutions are irradiated with 
monochromatic light of X 254 mjx. The light in­
tensity, I, and the concentrations of cerous, c3, and 
ceric, C4, perchlorates were varied many fold. 
The perchloric acid concentration, c2, was held at
1.03 =±= 0.03 M  and the ionic strength, fx, at 1.1 =*=
0.1, all at 23 ±  3°.

Solutions of ceric perchlorate in perchloric acid 
are thermally unstable at 25°. The equilibrium 
ratio c jc 3 is about 10 “8 in molar perchloric acid in 
equilibrium with the atmosphere (po2 =  0.2 atm.), 
but the rate of the thermal reduction of the ceric 
perchlorate by water is extremely slow. In one 
of our stock solutions which was 5.3 M  in per­
chloric acid and was kept in the dark at 25 =*= 3°, 
£4 decreased from 1.36 to 1.20 M  in eleven months 
while c3 increased from 0.32 M.

Materials.-—The chemical reagents were of analytical 
reagent grade or were prepared from material of this 
quality. The water was chloride-free distilled water.

Stock solutions of ceric and cerous perchlorates were 
prepared from a sample of snow white granular ceric 
oxide, 98.5% pure Ce02, which was supplied by the Rohm 
and Haas Chemical Co., Philadelphia, Pa.

The ceric oxide could not be converted directly into ceric 
perchlorate even when dispersed as a fine hydrous oxide 
in 72% perchloric acid a t room temperature or at 100° 
for periods of several months.

The ceric perchlorate was finally prepared by reducing 
the ceric oxide to cerous ions by bromide in perchloric acid. 
The bromine and excess bromide were removed by boiling. 
The cerous ions were then oxidized electrolytically to the 
ceric state. The experimental details follow.

Forty grams of the granular ceric oxide and 80 g. of 
sodium bromide were added to 275 ml. of 72% perchloric 
acid. The mixture was simmered for two hours under an 
appropriate hood. The hot solution was filtered by suc­
tion through a sintered glass filter. The filtrate was boiled

(1) The part of this article concerned with the experimental study 
of the effect of cerous perchlorate upon the reaction is taken from the 
thesis subm itted by M aynard E. Smith in September, 1946, to the 
D epartm ent of Chemistry of the M assachusetts Institute of Tech­
nology in partial fulfillment of the requirem ents for the degree of Mas­
te r of Science.

(2) (a) E. Baur, Z. physik. Chem., 63, 683 (1908), was the first 
to identify oxygen as the gaseous product of the reaction. This was 
a ter confirmed by (b) J. Weiss and D. Porret, Nature, 139, 1019 
(1937).

down to half its initial volume; on cooling a colorless solid 
separated which was removed by decantation and filtering 
as above. The colorless filtrate, stock solution C, con­
tained 1.68 moles of cerous perchlorate and 5.3 moles of 
perchloric acid per liter of solution. I t  contained no m a­
terial oxidizable by ceric sulfate.

The stock solution B of ceric perchlorate was made by 
electrolyzing 63 ml. of solution C in a Pyrex beaker. The 
cylindrical electrodes were of platinum gauze of the type 
used for copper determinations. They were placed co­
axially in the beaker and the smaller electrode was rotated 
rapidly to stir the solution. The beaker was surrounded 
by running tap water. The current density was kept for 
eleven hours a t roughly 0.1 amp. per sq. in. of the anode 
surface. The solution then contained 1.36 moles of ceric 
perchlorate, 0.32 mole of cerous perchlorate and 5.3 
moles of perchloric acid per liter of solution. The con­
centration of sodium perchlorate in solutions B and C was 
less than 10/3 the total cerium concentration. About 
9.26 moles of sodium perchlorate dissolve in a liter of 
water solution a t 25° and the density of the solution is 
1.678 g. per ml.

Analytical Procedures.—The methods of analysis were 
entirely volumetric. The primary standard of oxidimetry 
was U. S. Bureau of Standards Sample 40b of sodium 
oxalate. The primary standard of acidimetry was potas­
sium acid phthalate.

The cerous, ceric and acid concentrations were deter­
mined by essentially the same procedures used by M . S. 
Sherrill, C. B. King and R. C. Spooner.3 Several modi­
fications require mention. In  determining c4> 2 ml. of 
coned, sulfuric acid were added to each 5 ml. sample 
analyzed and the resulting solution after mixing was 
either titrated  immediately or heated in boiling water for 
five minutes. Five or ten drops (0.25 or 0.50 ml.) of 
0.0043 M  orthophenanthroline indicator were used to 
identify the end-point in each analysis. The titrations 
were carried out with ferrous sulfate or ferrocyanide solu­
tions. End-points were reproduced a t best to =*=10-7 
mole of ceric ion. This was accomplished by using similar 
test-tubes for all the titrations and viewing the solutions 
end on against a white illuminated background.

The actinometer solutions of uranyl oxalate were 
titrated a t 80 ° with permanganate solution after adding 2 
ml. of 4 N  sulfuric acid per 10 ml. of the oxalate sample. 
End-points were determined to =*=10-8 mole of oxalate 
by means of the differential electrometric method previ­
ously developed.4 Care was taken to minimize even local 
excesses of the permanganate until the end-point was 
reached.

Absorption spectra of the solutions were mapped out 
by means of a Hilger sector photometer backed by a 
quartz spectrograph. The cerous solutions were colorless, 
the ceric solutions ranged from colorless in the case of the 
most dilute solutions to amber in the case of the most 
concentrated solutions.

Extinction coefficients, e, were measured in the region of 
X, 254 m/x by means of a Beckman ultraviolet spectro­
photometer. Values of e were calculated by means of the 
equation e =  (1 / c d )  logio ( I o / 1 )  when c is the concentra­
tion of the solute in moles per liter of solution, Io and I  
are the intensities of the light beams after traversing equal 
depths, d  in cm., of the solvent and solution, respectively. 
Water, perchloric acid and sodium perchlorate absorbed 
a negligible amount of light of X, 254 m/x in the cerous and 
ceric solutions over the range of concentrations and depths

(3) M. S. Sherrill, C. B. King and R. C. Spooner. This Journal, 
65, 170 (1943).

(4) L. J. Heidt, ibid., 61, 3455 (1939).
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T a b l e  I

E x t in c t io n  C o e f f ic ie n t s , e, o f  C e r o u s  a n d  C e r ic  P e r c h l o r a t e s  in  1.03 =*= 0.03 M  P e r c h l o r ic  A c id  a t  23 =*=3°
Ci CZ Ci/cz 6 a t  X, 253 254 255 m/g

0 0.00007 to 0.03 0 €8, 760 ±  70 750 *  70 740 *  70
0.0006 to 0.0094 2.5 €4 , 1750 ±  90 1710 =*= 95 1670 ±  90
0.0007 to 0.0043 .78 €4, 1740 =*= 110 1680 *  1 2 0 1610 *  80
0.0024 .42 e4, 1790 ±  20 1750 *  20 1660 ±  2 0

0.0009 to 0.0023 . 2 2 €4 , 1765 ±  85 1700 *  20 1540 *  60
The average value of e4 is 1730 and of € 3  is 750.

employed. The solutions obeyed Beer's law, i .  e . ,  
ec — ezcz +  €4Ci within the limits given in Table I.

Quantum yields were determined for mono­
chromatic light of X 254 m/x. The apparatus has 
been described.5 It has been shown5 that the 
light of X 185 mix produced by the lamp is com­
pletely (more than 99.99%) absorbed between the 
lamp and the reaction vessel by the two-cm. layer 
of running tap water and the cylindrical clear 
fused quartz filter containing a one-cm. layer of 
chlorine gas at one atm. A  one-cm. layer of gla­
cial acetic acid produced the same results.

Two sets of transparent fused quartz cylindrical 
reaction vessels were employed. In one set the 
cells had diameters of 1.3 cm and each held 11 ml. 
when filled to the neck. In the other set the diam­
eters ranged from 2.4 to 2.8 cm. and each held 42 
ml. when filled to the neck. The transmission of 
light of X 254 m/x by the cell walls of all the re­
action vessels was the same within 1%. The 
stirrers were made of transparent fused quartz 
ribbon and were rotated, on the axes of the cells.

Concentrations of cerous and ceric perchlorates 
were limited to those that absorbed over 90% of 
the light of X 254 m/x incident on the solutions be­
fore the light reached the stirrer. Less than 1%  
of this light emerged from any reaction cell.

Light fluxes incident upon the solutions were 
measured with the uranyl oxalate actinometer 
first standardized by W. G. Leighton and G. S. 
Forbes.6 The actinometer solution for the 11 ml. 
cells contained 0.0017 mole of uranyl oxalate and
0.0040 mole of oxalic acid per liter of solution, and 
for the 42 ml. cells it was half this strength.

Light fluxes were determined at the beginning, 
middle and end of each day of work or more often 
if the light flux was believed to be varying more 
than 5%. The duration of each photolysis was 
measured to the nearest second. Up to 20% of 
the oxalate and 16% of the ceric concentrations 
were destroyed by photolysis.

The photochemical data are given in terms of 
the quantum yield, </>, of the reaction, i .  e., the 
moles of ceric perchlorate reduced to cerous per­
chlorate per mole of light quanta absorbed only by 
the ceric perchlorate. The pertinent data are 
given in Table II. <£grOSs = V  Ac4/ E , </> = <j>gTOSS 
(1730 C4 +  750 c3)/1730 c4, <£* = <j>?ross (1730 c4 +  
750 c3)/750 c3. V  is the volume in liters of the 
solution irradiated, Ac4 is the change in the molar

(5) L. J. Heidt, Science, 90, 472 (1939).
(6) (a) W. G. Leighton and G. S. Forbes, T his Journal, 52, 3139 

(1930); see also (b) L. J. Heidt, J . Phys. Chem., 40, 624 (1942).

concentration of the ceric perchlorate produced by 
the irradiation, and E  is the fraction of an einstein 
(6 X 1023 quanta) of light of X, 254 m/x absorbed by 
the solution irradiated. The starred values refer 
to cerous instead of ceric perchlorate.

The values given in Table II for c3f C4 and the 
perchloric acid concentration are the average 
values during photolysis. The symbol c°4 refers 
to the value of concentration of ceric perchlorate 
in the unphotolyzed sample. The number in 
parentheses following the gross quantum yield 
indicates the number of expts upon which the 
values in that row are based. The column headed 
106 E /m im  gives the average light flux of X 254 
m/x incident upon the solutions irradiated; in all 
cases except expt. 1 , this value also equals the light 
flux absorbed by the solution.

In expt. 1, the irradiation of the perchloric acid 
produced no detectable substances which either 
oxidized ferrocyanide or reduced permanganate in 
dilute sulfuric acid.

In two sets of experiments with a solution like 
that used in expt. 5, gross remained constant 
within 4% when the light intensity was changed 
1/3.7 by dimming the lamp by means of a variac 
in the lamp circuit.

Two different methods were employed to change 
the concentration of cerous perchlorate. In 
expts. 11 and 14, appropriate amounts of the ceric 
perchlorate solution in which C4/ c 3 was about three 
were reduced with hydrogen peroxide free of pre­
servative until C4 equalled about 0.012. In all 
the other expts. appropriate amounts of the ceric 
and cerous stock solutions B and C  were mixed. 
Both methods produced the same results.

The effect of cerous perchlorate upon the re­
action is shown in Fig. 1 . A  decrease in the quan­
tum yield, <ƒ>, is seen to be produced by an increase 
in the concentration of cerous perchlorate, i .  e .t a 
decrease in the ratio of ceric to cerous perchlorate 
when other variables are held constant. Cerous 
perchlorate absorbs ultraviolet light of X 254 m/x 
but since </> is based upon the light of this wave 
length absorbed only by the ceric perchlorate, the 
value of 4> would have remained unchanged if the 
cerous perchlorate acted only as an inner filter. 
The line passing through the data is based on the 
hypothesis that the cerous perchlorate deacti­
vates the photon activated ceric ions.

The line in Fig. 1 was determined by a plot of 
1/0 vs. c3. The data on such a plot fall on a 
straight line within the limits of error. The line
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T a b l e  II
G r o s s  a n d  N e t  Q u a n t u m  Y ie l d s  a t  23 ± 3 °  f o r  t h e  P h o t o l y s is  o f  C e r ic  a n d  C e r o u s  P e r c h l o r a t e s  in  1.03 =*= 0.03 

M  P e r c h l o r ic  A c id  a t  I o n ic  S t r e n g t h s  o f  1.1 =*= 0.2, b y  L ig h t  o f  X 254 m/x

Expt. Ci CA CA/C3 Cell vol., 1. Min. A ca/ c\ 10® E / min. 0gross 0 '

1 0.00000 0.00000 0.00000 0 .0 1 1 1020 0.00000 5.9 0.00000(2) 0.0000
2 .00045 .00123 2.72 .042 9.0 .162 25.6 .040 (2) .0464
3 .00102 .00234 2.30 .042 8.0 .125 26.4 .062 (2) .0736
4 .00207 .00465 2.25 .042 6.0 .0794 28.4 .095 (2) .113
5 .00358 .00987 2.76 .042 3.3 .0655 71.3 .118 (3) .136
6 .00357 .01088 3.04 .011 15.0 .0795 6.01 .110 (2) .125
7 .00285 .0106 3.72 .011 15.5 .129 8.07 .128 (4) .143
8 .00696 .01638 2.35 .0 1 1 25.0 .0595 3.62 .122 (2) .145
9 .00637 .01105 1.73 .011 15.0 .0627 5 .7 .092 (2) .115

10 .00655 .01088 1.66 .011 20.0 .0887 6.6 .084 (2) .106
11 .0135 .0113 0.835 .042 9.0 .025 29.3 .046 (2) .070
12 .01502 .01113 .74 .011 15.0 .0505 10.1 .042 (2) .066
13 .0340 .0112 .33 .011 30.0 .0212 7.1 .0124 (2) .0287
14 .0540 .0120 .222 .042 15.0 .01335 36.1 .0125 (2) .0369
15 .00238 .00012 .0050 .0 1 1 815 .0096* 11.2 .00029(2) .00029*
16 .0098 .000196 .0020 .0 1 1 1033 .0093* 10.9 .00038(2) .00038*
17 .0394 .000401 .0012 .0 1 1 1307 .00202* 10.4 .00065(1) .00065*
18 .0792 .000244 .000307 .0 1 1 1295 .000613* 12.1 .00034(2) .00034*

intercepts the l/cj> axis at 5 ^  0.2 and has a 
slope, (1/<£)/c3, of 670 =*= 50; hence l/<t> = 5 +  
670 c3 and <t> = 1/(5 +  670 Cz) for these data.

0 1 2 3 4
Ca/C z.

Fig. l . — c2 =  1.03 =*= 0.003, ca =  0.0110 =*= 0.00045, ju =
1.2 db 0.1.

The possibility that the changes in 4> are pro­
duced by changes in the light flux absorbed by the 
ceric perchlorate is eliminated by the finding 
noted above that <j> did not change when the light 
intensity was changed several-fold while other 
variables were held constant.

There remains, however, the possibility that 
the quantum yields, </>, are decreased by cerous 
ions because the light absorbed by them causes 
them to be oxidized to ceric ions. The data in 
expts. 15, 16, 17 and 18 show that this reaction 
does occur and that the quantum yield, <£*, of the 
reaction is about 0.001 in 0.06 molar cerous per­
chlorate. This value of 0 * is, however, less than 
1 %  of the total decrease of 0.12 produced in <£ by

this concentration of cerous perchlorate in 0.011 
molar ceric perchlorate, so the main effect of the 
cerous ion is to deactivate ceric ions. The de­
crease of 0.12 in is obtained from Fig. 1 where <£ 
drops from 0.15 to 0.03 when Ca/ c3 decreases from 
4 to 0.2 while the concentration of ceric perchlo­
rate remains at 0.011 molar.

The photochemical oxidation of cerous to ceric 
perchlorate in expts. 15, 16, 17 and 18 was made 
evident by the orange color of ceric sulfate pro­
duced in the photolyzed but not in the unphoto- 
lyzed solutions when they were treated with con­
centrated sulfuric acid in the course of the analysis 
of them for ceric ions. The intensity of the orange 
color which developed in the solutions was di­
rectly proportional to the amount of ferrous ion 
required to bleach them. We did not test for hy­
drogen produced by the photoxidation of the cerous 
ions, but it is worth noting that when e3£3</>* = 
c4c4<£, the amounts of cerous and ceric perchlorates 
in the solution being irradiated would remain un­
changed while water was being broken down into 
oxygen and hydrogen.

Figure 2 shows that an increase in the net quan­
tum yield 4> accompanies an increase in c4. The 
increase occurs in spite of an accompanying in­
crease in Cz since in the case of these data cf/cz is 
nearly constant at 2.8. It is not caused by 
the increase in the concentration of photon acti­
vated ceric perchlorate because <#> was found not 
to depend upon the light intensity. The line 
passing through the data is based on the hypothe­
sis that only light absorbed by ceric dimers pro­
duces the measured reaction. The dependence of

upon ca and cs is then given by the equation <f> = 
y / ( a  +  bcz) where y  is the fraction of the ceric ions 
dimerized and a  and b are constants. y / (  1 — y ) 2 
= 2 K vCa where K p is a constant under the prevail­
ing conditions. The last equation for <j> is repre-
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T a b l e  III
M o l a l  P o t e n t ia l s  E i® a t  25° f o r  t h e  R e a c t io n  CeOH+3 -f- V2H 2 =  Ce +3 +  H20

Calculated from the data of Sherrill, King and Spooner at a perchloric acid concentration of 0.8 M . The values of 
*E i° have allowed for the dimerization of ceric ions. The symbols are explained in the text.

C2 103^4 C i / a 103 103 c'm E E f - £i« *Ei°

0.8024 8.436 5.4531 4.827 2.884 1.73219 1.68301 1.7023 1.7155
.8036 6.572 1.9312 3.763 2.549 1.70970 1.68721 1.7072 1.7167
.8038 5.698 1.3351 3.263 2.319 1.70110 1.68810 1.7080 1.7168
.8048 3.968 0.6626 2.273 1.742 1.68456 1.68958 1.7095 1.7163
• 8075 Extr. 1.6930 1.7128

sented by the line in Fig. 2 when K p equals 50, and 
a / y  and b /y  equal 5 and 670, respectively, from 
the data in Fig. 1.

The value of K p was estimated by the method of 
successive approximations. This involved evalu­
ating Ca for various values of y  and K p. Next, a  
and b were evaluated for the values of y  at Ca =
0.011. Then (ft was calculated for the values of Ca 
covered by the data. Values of K p equal to 50 =*= 
10 fit the data within the limits of error, but when 
K p is set equal to 100 or 25 the calculated values 
of <j> fall well outside the limits of error especially 
at the lower values of c4.

A value of 50 for K p gives a value of 0.398 for y  
at Ca equal to 0.011 and the corresponding values 
of a  and b are 2 and 270, respectively.

The tendency of the observed values of <j> to fall 
above the line in Fig. 2 at the highest concentra­
tions of ceric perchlorate suggests that photosensi­
tive trimers and higher polymers of ceric ions are 
also formed in these solutions.

The nature of ceric monomers in perchloric 
acid has been postulated by Professor M. S. 
Sherrill3 based on e. m. f. data on these solu­
tions. The formulas postulated are CeOH+3 and 
Ce(OH)2+2. The equilibrium constant for the re­
action CeOH+3 +  H20 = Ce(OH)2+3 +  H+ was 
found to be 0.6. A  slight extension of this 
idea suggests that the formulas of the dimers 
are C e-0 -C e+ 6, H OCe-0 -C eO H +4 and C e-O - 
CeOH+5. The formation of the dimers would be 
expected to take place by splitting out water 
from the hydroxyls attached to separate ceric 
monomers. The same kind of reaction would also 
produce trimers and higher polymers involving 
the Ce(OH)2+2 ion.

The formation of ceric dimers in ceric perchlo­
rate solutions is also supported by the e. m. f. 
measurements of M. S. Sherrill, C. B. King and 
R. C. Spooner.3 The solutions in their Run III 
are nearest in composition to our solutions; the 
main difference is that their perchloric acid con­
centration, c2, was 0.8 compared to 1.03 M  in our 
work.

The e. m. f. measurements were made on the 
cell H2, HC104 at c i/c 2f cs, c4 Pt. This cell can be 
thought of as two cells connected in series, namely, 
cell I, H2, £i/c2, H2, and cell II, H2, c2/ c 2, c3f c4 Pt. 
The first of these cells has a liquid junction po­
tential E l = (27h + — 1) 0.05915 log (£171/̂ 272) 
or very nearly E l  = (0.6744) 0.05915 log (ci/c2) =

0.03989 log (c i/c2) as calculated by S. K . S. The 
observed e. m. f . values, E , were corrected to hy­
drogen at 1 atm. and 25°. Table III gives the 
data for their Run III.

0 0.005 0.010 0.015 0.020
Ca.

Fig. 2.—c% =  1.03 =*= 0.3, Ca/ ci =  2.80 =*= 0.26, n  =  1.1 =*= 
0.1.

The formal potential Ef° (=  E  — 0.05915 log 
(ca/ ciCz) — E l )  includes the liquid junction po­
tential E l 9 produced by c3 and c4 in c2 of Cell 
II and in addition a term involving the activity 
coefficients of the various species in the solu­
tions.

Constant values of 1.7134 ± 0.0004 volts were 
obtained by S. K . S. for the molal potential E f  
of the reaction CeOH+3 +  V 2H2 =  C e+3 +  H20 
when c2 is between 0.54 and 1.6 M  and c4 = °cfm +  
°Cm, °CmAm = 0.6/ c2 and Ei° = Ff°(extr.) +
0.05915 log (c4/ c 20Cm). Thé symbols °c'm and °Cm 
represent the concentrations of CeOH+3 and Ce- 
(OH)2+2, respectively, when there is no dimeriza­
tion. The symbol Ff°(extr.) represents the value 
obtained for Ef° when extrapolated to c4/  (c3 -f- c4) 
equal to zero. The value of £i° calculated from 
E{° at any actual value of ca is always less than the 
value calculated from Et° (extr.), and it increases 
as c4 decreases as shown in Table III. This trend 
is eliminated when allowance is made for the di­
merization of ceric ions. The values of Ei° cor­
rected for this effect are the *Ei° values in Table
III.

*£i° =  E t° +  0.05915 log (ca/ c2cL )
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T a b l e  IV
T h e  V a l u e s  o f  * E i° f o r  t h e  S e p a r a t e  E .  m . f . R u n s  M a d e  b y  Sh e r r il l , K in g  a n d  S p o o n e r . T h e  A v e r a g e  V a l u e

o f  *Ei° Is 1.7174; It Is 1.7169 W h e n  R u n  V is O m it t e d

Run Expts. C2 CA *Ei°

V 6 0.1973 ±  0.0018 0.0010 to 0 .0093 1.72074 =*= 0 .00085
IV 5 .4787 ±  .0016 .0010 to .0086 1.71793 =*= .00072

V II 2 .5325 ±  .0015 .0032 to .0072 1 .71853 =*= .00057
V III 4 .5347 ±  .0011 .0009 to .0055 1.71584 .00041

I I I 4 .8036 ±  .0007 .0040 to .0084 1 .71633 ±  ..00043
IX 3 1.2977 =*= .0007 .0010 to .0045 1.71530 ±  ..00038
II 2 1.6304 ±  .0007 .0032 to .0048 1.71664 ±  ,.00024
I 2 2.3841 ±  .0014 .0048 to .0066 1.71751=*= ,.00026

where
Ca “  Cm +  Cm “f“ 2Cp

Cm +  Cm =  \/Cp/50, and 
Cm/Cm = 0.6/c2

The values of *Ei° for the separate runs in the 
order of increasing acid strength, c2i are given in 
Table IV.

The average value of *Fi° for Run V is signifi­
cantly higher than the other values and the ionic 
strength, /x, is the lowest ( m equals 0.26 compared 
to 0.5 to 2.4 in the other runs). An increase in the 
value of *Ei° would be produced if the activity of 
CeOH+3 decreased with /x. This can be seen 
by comparing the values of Fi° and *Ei° in Table
III. The higher values of *Ei° in Table III are 
associated with the lower values of the activity 
of the CeOH +3 which resulted from the correction

for the dimerization. A  decrease in /x favors the 
hydrolysis of CeOH+3 but it also favors a decrease 
in the dimerization. The two effects thus tend to 
cancel each other and this is supported by the lack 
of any trend in the values of *£i° in Table IV with 
changes in /x between 0.5 and 2.4.

Empirically, the values of *Ei depend linearly 
upon the logarithm of (c2 +  3Cz +  4c4) /c 2, as is 
shown in Fig. 3. The equation for the line in the 
Fig. is *Ei° = (1.71545 =*= 0.00026) +  (0.06185 ± 
0.00594) log [(c2 +  3cz +  4c4) /c 2]. The probable 
deviation of any value of *Fi° from the line is
0.00082.

The molal oxidation potential Ei° of the elec­
trode reaction (1) CeOH+3 +  H+ +  E~ = Ce+3 
+  H20 obtained by the above method is 1.7155 in­
stead of 1.7134 volts obtained from £°f(extr.).

The molal oxidation potentials of the other

0.00 0.01 0.02 0.03

Log

0.04 0.05 0.06
|”c2 +  3cz 4“ 4c4J

0.07 0.09

Fig. 3.—O, e, -  0.197; □, a  =  0.479; + , a  =  0.532; 0 ,  c2 =  0.535; A , c2 =  0.803; <  >, c2 =  1 .2 9 7 ; ®, c2
1.630; X , «2 =  2.384.
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T a b l e  V

C o n c e n t r a t io n s  o f  t h e  V a r io u s  C e r ic  S p e c i e s  P r e s e n t  a t  25° o v e r  t h e  R a n g e  o f  C o n c e n t r a t io n s  C o v e r e d  b y

t h e  Q u a n t u m  Y ie l d  M e a s u r e m e n t s

cs =  1.03; cp/Cm =  y / ( l  -  y )^ 2c4 =  50; c'm =  (CeOH«) =  cm/ ( l  +  0.6/c2) =  cm/1.583; c'L =  (Ce(OH)2« )  =  cm -  
Cmj Op ~  (Ce—-O—Ce+o) =  50(cm)2» Op =  (HOCc—O—Cc—OH"*"4) — 50(Cm)2; 0 .2p — (Cc—O—Cc—OH"*-5) =

100<4 Cm
Ci y  108 Cp 108 cm 108 Cta 108 Cm 10® Cip 108 Cap 10s c,,2p

0.000102 0.010 0.00051 0.101 0.0638 0.0372 0.020 0.00692 0.024
.00101 .085 0.043 0.924 0.583 0.341 1.7 0.58 1.99
.0102 .385 1.96 6.23 3.94
.0149 .450 3.35 8.20 5.18

electrode reactions on the above basis are:
(2) Ce(OH)2+J +  2H+ +  E ~  =  Ce+++ +  2HaO;

E i  =  1.7286 volts
(lp) 0.5 Ce—O—Ce+« +  H + +  E r  =  Ce+++ +  0.5

H20 ;  E ip° =  1.6652 volts
(2p) 0.5 HO— Ce—O—Ce—OH +4 +  2H + +  E~  =

Ce+++ +  1.5 H20 ; £ 2p° = 1.6783 volts 
(l,2p) 0.5 Ce—O—CeOH+1 +  1.5H + +  E~  =  Ce+++ +

H20 ; £°(i ,2P) =  1.6628 volts
E i  =  E i  -  0.05915 log 0.6
£ lpo =  E t  -  0.05915 log Y k 7p

£ 2po »  e 2o -  0.05915 log Y k Tp ____
E i S p =  (-Ei0 +  -E2°)/2 -  0.05915 log Y k ^ p 
K lp »  K 2p =  K h2p /2  -  50

within the limits of error of either the quantum 
yield measurements or the e. m. f . data.

The compositions of the ceric perchlorate solu­
tions over the range covered by the quantum 
yield measurements are given in Table V.

The following reactions in addition to the equi­
libria given above account for the quantum yields.

iTp 2 cm 5=5 Cp
k i  C p  +  k V  a= C p *

k y  C p *  +  H20  =  2c3 +  2H+ +  7 2 0 2  

k 2 C p *  4* Cz  —  C p  +  Cz

k z  C p *  4" s  =  C p  4* Cz

cm is the concentration of all the ceric monomers 
C p  is the concentration of all the ceric dimers 
S  is any substance except c$; the solutions do not 

fluoresce
k \ ,  k 2,  and k z  are the rate constants for the corresponding 

reactions

The reactions give a maximum quantum yield of 
two and the following equation for <t>

4> — 2y k i / ( k i  +  kzS  +  k2Cz) 

or
<t> — y /(a  +  bcz) a t constant ionic strength 
a =  (k x +  k z S ) / 2 h  -  2.0 
b =  k 2/ 2 k i  =  270

Thus the deactivation of the photon-activated 
ceric dimer by cerous ions is 2 X 55.5 X 2.70 or
30,000 times more efficient at 25° than the reduc­
tion of the dimer by water. The remainder of the 
environment, however, reacts with the photon- 
activated dimer little more efficiently (k zS /k rv

2.29 78 26 91
3.02 134 46 156

(H20) = 3) than the measured photochemical re­
action.

Our initial interest in the photochemistry of the 
ceric perchlorate system was to learn something 
about the way in which water is photochemically 
oxidized to oxygen since this oxidation is a funda­
mental step in the photosynthetic process in liv­
ing organisms. The work above shows that light 
absorbed by ceric monomers has a negligible effect 
upon the reaction. This implies that divalent oxy­
gen is not photochemically oxidized unless the pho­
ton activated ceric unit can absorb two electrons 
from the oxygen. There is no evidence for the in­
termediate formation of peroxide in the photo­
chemical oxidation of divalent oxygen either in the 
present research or when the photon activated 
unit is the persulfate anion,7 S208=. In the latter 
case all tests for the photochemical formation of 
hydrogen peroxide along with the oxygen were 
negative although hydrogen peroxide is made 
thermally from persulfates.

Summary
1. Photolysis of ceric perchlorate in perchloric 

acid has been measured quantitatively in ultra­
violet monochromatic light of X 254 m/x.

2. Net quantum yields, 0 , based on the light 
absorbed by the ceric perchlorate depend on the 
concentrations of cerous, c3, and ceric perchlorates. 
The dependence is given by the equation <t> = 
y / ( a  4- bc3) where y  is the fraction of ceric ions 
dimerized and a  and b are constants. <j> does not 
depend upon the light intensity, and is negligible 
for ceric monomers.

3. The dimerization of ceric ions is also sup­
ported by e. m. f. measurements on solutions of 
cerous and ceric perchlorates in perchloric acid, 
but it is not revealed by measurements of the 
extinction coefficients of the solutions in the region 
of X 254 m/x.

4. The molal oxidation potentials of the vari­
ous cerium species are calculated.

5. Cerous ions were found to be photochemi­
cally oxidized to ceric ions.
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  M a r c h  24, 1948

(7) L. J. Heidt, J . Chem. Phys., 10, 297 (1942),
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The Near Ultraviolet Absorption Spectra of Monosubstituted Benzenes: the Effect of
Certain Meta Directing Groups1
B y  W. F. H a m n e r  a n d  F. A. M a t s e n

The effect of electron donating ( i.e . 9 ortho-para 
directing) groups on the near ultraviolet absorp­
tion spectra of monosubstituted benzenes has 
been extensively investigated2*3 *, and the following 
trends established: the greater the extent of mi­
gration into the ring the longer the wave length 
of the 0 - 0  band, the higher the intensity of the 
spectrum as a whole and of the substitution sub-

Fig. 1 .—Microphotometer tracings of the vapor spectra 
of chloroalkyl substituted benzenes; intensity scale varies 
from compound to compound.

(1) Presented a t  the 112th meeting of the American Chemical So­
ciety New York, N. Y., September 15—19, 1947.

(2) A. L. Sklar, Rev. Modern Phys., 14, 232 (1942).
(3) F. A. M atsen, W. W. Robertson and R. L. Chouke, Chem.

Rev., 41, 273 (1947).

spectrum (A, A  +  C, etc.)4b relative to the ben­
zene subspectrum (A +  B, A  +  B +  C, etc.).4a

It was of interest therefore to investigate the 
spectra of electron attracting (i.e., meta-directing) 
groups. According to the data of Flurscheim and 
Holmes5 the per cent, meta compound formed 
upon nitration is as follows: toluene, 4.4; benzyl 
chloride, 11.6; benzal chloride, 32.8-33.3; benzo- 
trichloride, 48.3-48.6. This is attributed to the 
increasing migration of electrons out of the ring 
due to the progressive replacement of the hydro­
gen atoms by strongly electronegative chlorine 
atoms. This series presents a gradual transition 
from ortho-para toward meta direction.

Experimental
The benzyl chloride, benzal chloride and benzotri- 

chloride were donated by the Hooker Electrochemical 
Company, the /3 -phenylethyl chloride and 7 -phenylpropyl 
chloride were Eastman Kodak Co. white label grade; 
the compounds were subjected to  vacuum distillation or 
recrystallization to insure purity. The refractive indices 
of the fractions used are:

Compound
C6H5CH2C1
c 6h 5c h c i2
C6H 6—CCI3

c «h 5—c h 2c h 2c i 
c «h 5—c h 2c h 2c h 2c i

Temp., °C. md
17.4 1.5391
19.4 .20 .0  1.55155,1.55121
19.2 .20.0  1.55841,1.55806
20.0 1.52760
20.0 1.52237

The spectra of the vapor were photographed in the first 
order of a  three-meter 15,000 line per inch, Eagle mounted 
grating spectrograph using a 2.5 kva hydrogen discharge 
tube. The cells were all-quartz connected by a side-arm 
to a reservoir which contained the sample, the temperature 
of which controlled the vapor pressure in the cell. The 
plates were scanned on a Leeds and Northrup microphotom­
eter and the wave lengths determined by comparison 
with standard iron lines.

The solution spectra were obtained in cyclohexane solu­
tion with a Beckman quartz spectrophotometer.

Results
Microphotometer tracings of the vapor spectra 

are given in Fig, 1 along with that for toluene. 
The intensities of the spectra are not comparable 
since conditions were chosen to give maximum 
contrast. The chloroalkylbenzene spectra are 
more diffuse than that of toluene which appears 
to be due to the broadening of the rotational struc­
ture and to the interaction of a dissociative elec­
tronic level.

From Fig. 1 it will be seen that the substituent 
subspectrum becomes relatively more important 
as the number of chlorine atoms on the a  atom of

(4) (a) The benzene subspectrum  consists of bands containing 
the 500 cm ._1 (B) the mode which makes the benzene spectrum al­
lowed. (b) The substitution subspectrum consists of the additional 
bands which appear in substituted benzenes: 0 — 0(A), 0 +  900 
(A +  B) etc.

(5) Flurscheim and Holmes, J . Chem. Soc., 1607 (1928).
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the substituent is increased and as the chlorine 
atom is substituted successively 0 , y  and a .

The wave lengths, the relative intensities and 
assignments in terms of excited state fundamentals 
for the band maxima are given in Table 1. These

T a b l e  I

W a v e  L e n g t h s , R e l a t iv e  I n t e n s it ie s , a n d  P r o b a b l e  
A s s ig n m e n t s  o f  M a x im a

Relative
in­

tensityA. C m .-i Probable assigi
Benzyl chloride

2694 37,110 MS 0 - 0
2655 37,650 S 0 +  540
2641 37,860 S 0 +  750
2628 38,040 M 0 +  930
2604 38,390 W 0 +  540 +  750
2589 38,620 VS 0 +  2 X 750; 0

930
2577 38,790 S 0 +  750 +  930
2540 39,360 w
2526 39,570 w
2515 39,760 w

Benzal chloride
2701 37,020 VS 0 - 0
2661 37,570 MS 0 +  550
2644 37,810 MS 0 +  790
2634 37,950 S 0 +  930
2617 38,200 VW
2596 38,510 M 0 +  550 +  930
2582 38,720 M 0 +  790 +  930
2522 39,640 M

Benzotrichloride
2721 36,740 VS 0 - 0
2629 37,040 W 0 4- 300
2678 37,340 VW 0 4- 600
2656 37,640 S 0 4- 900
2635 37,940 W 0 4- 300 4- 900
2613 38,250 W 0 4- 600 4- 900
2595 38,520 W 0 4- 2 X 900

Phenylethyl chloride
2662 37,560 W 0 - 0
2628 38,040 S 0 4- 480
2595 38,520 W 0 4- 960
2576 38,810 VS 0 4- (730) -j- 480
2564 38,980 VS 0 4- 480 4* 960
2547 39,250 W 0 4- (730) 4- 960
2514 39,760 MS
2487 40,190 W
2461 40,630 W

Phenylpropyl chloride
2664 37,530 MS 0 - 0
2638 38,040 S 0 4- 510
2598 38,480 MS 0 +  950
2578 38,780 VS 0 +  (740) +  510
2564 38,980 VS 0 +  510 +  950
2535 39,440 w 0 +  2 X 950
2516 39,730 M
2416 40,600 M
2405 41,560 w

spectra, due to their diffuseness, exhibit only a few 
of the fundamentals and combination bands ex­
hibited by more discrete spectra.6 For /3-phenyl- 
ethyl chloride and 7 -phenylpropyl chloride the 
700 cm . -1  fundamental is lost on the shoulder of 
the stronger 900 cm . -1  fundamental but does ap­
pear in combinations. The wave numbers of the 
zero-zero bands lie in the following order: 0 - 
phenylethyl chloride > 7 -phenylpropyl chloride > 
toluene > benzyl chloride > benzal chloride > 
benzotrichloride.

The solution data7 are given in Fig. 2. The 
spectra of ^-phenylethyl and 7 -phenylpropyl chlo­
ride lie so close to toluene that they were not in­
cluded on the graph. The order of the intensities 
of absorptions are in the order benzotrichloride > 
benzal chloride > benzyl chloride =  toluene >
7 -phenylpropyl chloride > ^-phenylethyl chloride.

Fig. 2.—Ultraviolet absorption spectra in solutions of 
cyclohexane: —, toluene; —, benzyl chloride; ——, 
benzal chloride; -0 -0 -0 , benzotrichloride.

Conclusions
The migration of electrons out of the ring has 

qualitatively the same effect on the spectra as the 
migration into the ring.

The intensities of absorption and the importance 
of the substitution subspectrum are functions of 
the transition probability which is very low for 
benzene due to the hexagonal symmetry of the 
electron distribution. It has been proposed by 
Sklar2 that the hexagonal symmetry is distorted 
by migration of electrons into the ring due to the 
substitution of ortho-para directing groups. This 
research shows that the distortion is also accom-

(6) See footnote 3 for particular references.
(7) See also L. J. Anderson and S. L. Linden, T his Journal , 69, 

2091 (1947).
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plished by the migration of electrons out of the 
ring. Very qualitatively it appears that the mi­
gration in for toluene is of the same order as the 
migration out for benzyl chloride.

The position of the zero-zero bands is a func­
tion of the difference of zero point energies in the 
ground and excited state and the height of the ex­
cited state above the ground state. The former 
is influenced by the mass of the substituent and 
appears to become smaller as the mass of the sub­
stituent increases.3

The height of the excited above the ground state 
may be discussed from the point of view of reso­
nance between valence structures or of molecular 
orbitals. From the former, there is resonance in­
volving structures like the following

H 2 h 2

< Z > - C - C1 + < Z > = c c i -

which will lower the excited state relative to the 
ground state. The substitution of more chlorine 
atoms produces more ionic structures with a result­
ant increased lowering of the excited state. 
From the molecular orbital point of view the with­
drawal of electrons by the electronegative chlorine 
atoms tends to leave vacant a p  orbital on the car­
bon atom. The molecule then possesses seven

Postulated electron migration.
Fig. 3.—Spectral properties and postulated electron 

migration: The position of the zero-zero bands (O), the 
estimated intensity of the spectrum compared to tha t of 
benzene ( A ) ,  and the estimated ratio of intensity of the 
substitution subspectrum to intensity of the benzene sub­
spectrum (□) are plotted as ordinates. From left to 
right the points correspond to compounds toluene, 7 - 
phenylpropyl chloride, /3-phenylethyl chloride, benzyl 
chloride, benzal chloride and benzotrichloride. The ab­
scissa is a scale of electron migration so chosen as to  make 
the points (O) fall on straight lines.

Cl
interacting p  orbitals in which six ir electrons 
move. This system may be compared to aniline 
and phenol which also possess seven interacting 
orbitals; however, eight electrons move in these 
orbitals. The seven orbital-six electron system 
may be shown to be more stable and to possess a 
relatively lower-lying excited state than a six- 
orbital-six electron system accounting for the ob­
served spectral shifts.

The substitution of chlorine for hydrogen atoms 
reduces hyperconjugation, the principal mecha­
nism by which the methyl group sends electrons 
into the ring. The direction of migration is re­
versed on the replacement of one hydrogen atom 
by a chlorine as may be seen by Fig. 3.

From left to right along the abscissa of Fig. 3 
there is progression from migration into the ring 
to migration out of the ring. At some point there 
must be zero migration. Since the right side goes 
up continuously it seems necessary to locate the 
zero migration point between toluene and benzyl 
chloride; that is the direction of migration is re­
versed by the replacement of one hydrogen atom 
by a chlorine atom. This is substantiated by the 
spectrum of /3-phenylethyl chloride which has a 
weaker substitution spectrum, a lower intensity 
and a zero-zero band which lies farther from the 
visible than either toluene or benzyl chloride. 
Thus the shift of the chlorine atom from an a- to  a 
/3-carbon atom reduces its effect enough to place 
^-phenylethyl chloride near the minimum of the 
curve in Fig. 3. In 7 -phenylpropyl chloride the 
effect of the chloride is so reduced that the hyper­
conjugation with the ring becomes predominating 
which places the compound up on the left branch 
of the curve.

Assuming that in benzyl chloride the migration 
is out of the ring, the problem is raised as to why 
the per cent, meta formed is not higher than the 
11.6% reported. If the substituent had no effect, 
40 per cent, meta should be formed; if the sub­
stituent withdrew electrons a still higher per cent, 
meta should be formed. Several suggestions pre­
sent themselves: (1) there is a permanent positive 
inductive (non-resonance) effect associated with 
carbon which will always be ortho-para directing,
(2) there are polarizing effects in the substitution 
reaction of the kind discussed by Pauling and 
Wheland8 which are not detected spectroscopi­
cally.

Summary
1. The spectra of benzyl, benzal, benzotri-,

(8) Wheland, This Journal, 64, 900 (1942); Pauling and
Wheland, ibid., 57, 2086 (1935).



^-phenylethyl and 7 -phenylpropyl chloride have 2. A  theoretical discussion of the results is 
been obtained in the vapor phase and in cyclo- given.
hexane solution. A u s t in , T e x a s  R e c e iv e d  January 14, 1948
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The Relation between the Absorption Spectra and the Chemical Constitution of Dyes. 
XX. Induced Non-Coplanarity in Symmetrical Benzidine Dyes1

B y  R obert J. M orris2 and  W allace R . B r o d e2

In an earlier paper in this series3 an investiga­
tion was made on the separation of chromophores 
in disazo dyes by the introduction of insulating 
methylene, ethenylene and ethylene groups. This 
study was made on both symmetrical and unsym­
metrical disazo dyes and from the data obtained 
it was shown that when two chromophores were 
separated by one or two methylene groups, the 
chromophores function almost as though they 
were in separate molecules. However, the fre­
quency of each chromophore was slightly dimin­
ished by the presence of the other. This was con­
sidered due either to the mutual influence of the 
two chromophores or to added molecular weight. 
The closer the separated chromophores ap­
proached each other when directly connected, the 
greater their mutual effect. When the azo chro­
mophores were connected by a well-defined con­
jugate system, each chromophore strongly in­
fluenced the electronic excitation of the other.

The observed shift of the principal absorption 
band to lower frequency caused by an increase in 
molecular weight of the compound was, however, 
of a low order of magnitude compared with the 
shift caused by the conjugation of chromophoric 
systems.

In azo dye structures, the conditions effecting 
the coplanarity of the dye molecule would also be 
expected to have considerable effect on their ab­
sorption spectra. As early as 1923, Ley and 
Rincke4 made comparisons of the absorption 
spectra of planar tran s-stilbene with tran s-a- 
methylstilbene. Interpretation of their results 
indicated that the methyl group in the latter 
crowds an ortho hydrogen of the more remote 
benzene ring. Planarity was therefore inhibited, 
as was, in consequence, the resonance interaction 
between the two benzene rings. The unsubsti­
tuted benzidine nucleus has been shown to exhibit 
some steric inhibition to complete coplanarity be­
cause of the bond angles and distances involved in

(1) Presented before the Organic Chemistry Division a t  the New 
York meeting of the American Chemical Society, September 17, 
1947.

(2) Present address, (R. J. M.) D epartm ent of Chemistry, Uni­
versity of N evada, Reno, Nevada; (W. R. B.) National Bureau of 
Standards, W ashington 25, D. C.

(3) W. R. Brode and J. D. Piper, T his J ournal, 57, 135 (1935); 
63, 1502 (1941).

(4) H. Ley and F . Rincke, Ber., 56, 771 (1923).

its structure.5 Moyer and Adams6 have shown 
that the compound S^'-diaminodimesityl, because 
of the steric effects of the methyl groups in the 
2,2 ',6,6 '-positions, was definitely non-coplanar. 
It was further predicted that the characteristic 
effect of the conjugation of the biphenyl molecule 
on the absorption spectra would vanish for com­
pounds possessing this inhibited structure. This 
hypothesis was supported by observations con­
ducted by Pickett.7 In this investigation it was 
shown that the absorption spectra of bimesityl was 
almost identical with that of mesitylene but dif­
fered significantly from biphenyl. Other exam­
ples of the effect of 2,2 '-substitution on the absorp­
tion spectra of the biphenyl molecule have been 
recorded by Rodebush.8 Jones9 has also pre­
sented data and a general review on steric hin­
drance of resonance.

Experimental
The dyes prepared for this study were synthesized from 

intermediates of known purity by standard procedures 
for diazotization and coupling. The cresols used were 
available in grades of acceptable purity. Benzidine, 
3,3' -dimethylbenzidine and 3,3'-dimethoxybenzidine ob- 
tained from Eastman Kodak Company were analyzed 
and shown to be of acceptable purity. The 2,2 '-dimethyl10 
and 2,2',6,6/11-tetramethyl benzidine derivatives were 
synthesized and purified before use.

All the dyes prepared were purified by repeated re­
crystallization from dilute acetic acid until a constant 
purity resulted. The analysis for the purity of all dye 
samples was accomplished by the use of a standardized 
titanium trichloride solution.

Absorption measurements were made by the use of a 
Beckman quartz spectrophotometer. The properly di­
luted samples were introduced into 1.00-cm. fused silica 
cells and their absorption spectra determined using the 
corresponding solvent as a reference solution. Readings 
were generally taken at 10 m/x intervals, although in some 
places determinations were made at closer intervals to 
increase the accuracy of the measurements. A dilution 
to 0.000015 M  served for obtaining the complete absorp­
tion spectra of all the dyes measured. In neutral solu- 5 6 7 8 9 10 11

(5) J. M. Robertson and I. W oodward, Proc. Roy. Soc. (London), 
A142, 333 (1933).

(6) W. W. M oyer and R. Adams, T his J ournal, 51, 630 (1929).
(7) L. W. P ickett, G. F . W alter and H. France, ibid., 58, 2296 

(1936).
(8) B. Williamson and  W. H. Rodebush, ibid., 63, 3018 (1941).
(9) L. A. Jones, Chem. Reviews, 32, 1 (1943); ibid., 63, 1658 

(1941); 67, 2127 (1945).
(10) P. Jacobsen, Ber., 28, 2541 (1895).
(11) R. B. Carlin, T m s J ournal, 67, 928 (1945).
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tion this concentration was attained by the proper dilu­
tion of a 0.00006 M  alcoholic solution (referred to as the 
stock solution) of the dye by use of additional 95% 
ethanol. For measurements in basic media, the final 
concentration of 0.000015 M  was attained by dilution of 
the 0.00006 M  stock with aqueous sodium hydroxide. 
Determinations in concentrated acid media were made by 
dilution of the stock solution to 0.000015 M  with 12 N  
hydrochloric acid (coned. HCl) • Absorption data on the 
dyes, after correction for salt and inert non-absorbing 
material as indicated by the analytical data, were recorded 
with molecular extinction as ordinates and frequency 
(fresnel) as abscissa, (fresnel =  vibrations per sec. X 
10""12 =  wave number per cm. X speed of light in cm. per 
second, i .  e . 9 1/X =  v f =  v / c  where X =  wave length, v f =  
wave number, v =  frequency and c  — speed of light.) 
Molecular extinction (e) is defined as k  X molecular 
weight where k  is the specific extinction, k  =  E /c d ;  
where E  =  extinction, c =  concn. in g. per 1. and d  = 
cell length in cm.

Discussion of Results
The curves obtained for these azo dyes show 

definite changes in the absorption spectra as a non-

coplanar condition becomes established for the 
benzidine nucleus. This is evident by the shift 
of the absorption to higher frequencies with the 
establishment of these conditions. Such a shift is 
contrary to the expected change with the increas­
ing molecular weight. Although a partial restric­
tion to complete molecular conjugation has been 
previously reported for the diphenyl molecule 
because of the interference of the hydrogen atoms 
in the 2,2 ',6,6 '-positions, it is believed that the 
unsubstituted benzidine dyes possessing this 
structure show considerable conjugation through 
the 1,1 '-bond. This was demonstrated by the dis­
tinct change in the absorption bands of these dyes 
when the relatively large, unreactive methyl 
groups are introduced in the 2,2 '- and 2,2 ',6,6 '- 
positions on the benzidine nucleus. Figures 1, 2 
and 3 show the definite shift in the absorption 
band with these molecular changes. The marked 
change in the absorption observed is undoubtedly

600 400 600 400 600 400 m/x.

Fig. 1.—The absorption spectra recorded for the dyes prepared by tetrazotization and coupling benzidine and the in­
dicated substituted benzidines with phenol. The absorption spectra from left to right were taken in 95% ethanol, 3% 
sodium hydroxide and concentrated hydrochloric acid.

700 900 500 700 900 500 700 f.
Alcohol. HCl. NaOH.

Fig. 2.—The absorption spectra recorded for the dyes prepared by tetrazotization and coupling benzidine and the in­
dicated substituted benzidines with ^-xylenol. The absorption spectra from left to right were taken in 95% ethanol, 
3%  sodium hydroxide and concentrated hydrochloric acid.
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500 350 600 400 300 600 400 him.

Fig. 3.—The absorption spectra recorded for the dyes prepared by tetrazotization and coupling benzidine and the in­
dicated substituted benzidines with ^-cresol. The absorption spectra from left to right were taken in 95% ethanol, 3% 
sodium hydroxide and concentrated hydrochloric acid.

60

Ó 40

caused by the establishment of more exaggerated 
non-planar conditions for the half-structures in­
volved. The Fig. 1 shows a typical series of 
curves using phenol as the coupling constituent; 
similar types of curves were also obtained when 
ortho cresol and meta cresol were coupled, except 
for a very slight displacement to lower frequency 
due to the additional weight. In Fig. 2, a change 
in the general absorption curves of the dyes de­
rived from ^-xylenol was evident in the basic me­
dia. This is probably due to the increased diffi­
culty that such dyes would encounter in estab­
lishing a quinoid structure due to the interfer­
ence of the large groups ortho to the azo chromo­
phores. In Fig. 3, the double band formation 
evident throughout the absorption for these 
compounds may be ascribed to the two possible 
chromophoric paths in the quinoid form of
phenylazo-£-cresol / ) -— >s

V \ __ /  and ==\ __
This would result in a resolvable difference in 
the absorption for each conjugate system. Fig­
ures 3 and 5 illustrate this tendency. These 
ortho-coupled compounds do not appear at 
first to bear the simple relationship between 
the various substituted members as that shown 
by the para-coupled members. However, when 
the average of the frequencies of the compo­
nent parts of the ortho-coupled bands are taken 
and compared with the frequency changes ob­
served for the para-coupled bands, it will be 
noted that a similar relationship exists.12

Complete insulation of the two chromophores 
present in these disazo molecules was not accom­
plished by 2 ,2 '-dimethyl substitution. So pro­
nounced was this insulation for the 2,2 ',6,6 '- 
tetramethylbenzidine structure, however, that the 
absorption spectra exhibited by these dyes not 
only closely resembled the spectra for a suitable

(12) W. R. Brode, “ M ajor Instrum ents of Science and their Ap­
plications to C hem istry” (Vol. 4 of “ Frontiers in Chemistry”), 
Interscience Pub., N ew  York, N . Y ., 1945, p. 115.

concentration of a corresponding half structure, 
but also was almost identical with the absorption 
of a molecule of like structural type in which the 
insulation at the 1 ,1 '-bond was accomplished by 
the insertion of a methylene or ethylene link. In 
Fig. 4 an example of these similarities may be 
noted. This similarity serves to further indicate 
the pronounced restriction to complete molecular 
conjugation through the 1 ,1 '-bond, when a defi­
nite non-coplanarity for the two half structures is 
present.

500 350 250 m/x.

20

_

I

--------0 N- O cH4CH4 > - Nt 5  16
chT ch>

1 \ \  
/ƒ

PH H.C CH, OH
--------0 ^ < j -0 n=n0  17

-  ƒ V/
Y..\____ 1____ 1____ 1___ J____ 1____

CH, HjL CH, ch> 

OH

600 800 1000 1200 f.
Alcohol.

Fig. 4.—Comparison data are presented for the absorption 
spectra in alcohol solution of two disazo dyes showing restric­
tion to molecular conjugation and a monoazo dye of suitable 
construction to most nearly represent a half-structure for these 
molecules.

Absorption spectra taken in acidic and basic 
media again illustrate the decisive effects of non­
coplanarity. With the establishment of more po­
lar conditions for the molecule, either by the use 
of a solvent that favors the quinoid form for these 
structures or by introducing the more polar meth­
oxy groups into the 3,3'-position on the benzidine 
nucleus, even the partial restriction evident for 
the unsubstituted benzidine nucleus was greatly 
reduced. This is shown by the marked shift of the
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400 300 500 350 500 350 m/x.

Fig. 5.—The absorption spectra recorded for the monoazo dye phenylazo-^-cresol and its derivatives. The absorp­
tion spectra from left to right were taken in 95% ethanol, 3% sodium hydroxide and concentrated hydrochloric acid.

absorption to lower frequency attendant with a 
distinctive increase in the molecular extinction for 
the molecules altered in the aforementioned ways. 
The establishment of these more coplanar condi­
tions was most evident in the changes in the ab­
sorption spectra recorded for the benzidine dyes 
as illustrated in Figs. 1, 2 and 3. However, even 
the more simple monoazo dyes revealed these 
tendencies as indicated in the Fig. 5. The study 
of the steric effects in symmetrical dyestuffs as 
reported in this paper has been extended to un­
symmetrical disazo dyes and to trisazo dyes and 
will be reported in a separate discussion.13

Summary
A  spectrophotometric study has been made on 

twenty-five symmetrical benzidine dyes and the 
absorption spectra for fifteen of these structures 
have been reproduced as recorded in neutral, 
acidic and basic media. An absorption study of

(13) W. R. Brode and R. J. M orris, J . Org. Chem., 13, 200 (1948).

phenyl-azo-^-cresol dye and its methyl and meth­
oxy derivatives was made. The absorption 
spectra exhibited by the insulated disazo struc­
tures caused by non-coplanarity was compared 
with a corresponding half structure as well as a 
similar molecule in which the insulation was de­
rived from the insertion of an ethylene link. These 
data indicate that compounds with restricted ro­
tation differ markedly in their absorption spectra 
from those capable of free rotation. The partial 
conjugation present in these dyes is aided by the 
establishment of a more coplanar configuration 
for the benzidine nucleus. This molecular con­
jugation's progressively inhibited by the intro­
duction of the relatively large, unreactive methyl 
groups in the 2 ,2 '- and 6,6 '-positions on the benzi­
dine nucleus. For the dyes prepared from the te­
tramethyl substituted nucleus, the insulation to 
molecular conjugation at the l,l'-bond appears 
almost complete.
C o l u m b u s , O h io  R e c e iv e d  S e p t e m b e r  4, 1947
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Copolymerization. V. Relative Monomer Addition Rates in Vinyl Copolymerization
By Reid G. Fordyce, Earl C. Chapin and George E. Ham

Until the recent publication by Alfrey and 
Price1 it has been necessary to refer relative mono­
mer reactivity ratios to the particular two-com­
ponent system investigated. These authors, how­
ever, have indicated that it may be possible by 
means of two constants, Q and e} to characterize 
the relative rates of copolymerization of any vinyl 
monomer with any other vinyl monomer whose Q 
and e parameters are known. Utilizing the ex­
perimental study of Lewis, Mayo and Hulse,2 Q 
and e values were assigned to styrene, methyl 
methacrylate, acrylonitrile and vinylidene chlo­
ride which appeared to account satisfactorily for 
their behavior in copolymerization. Because of 
the practical and theoretical usefulness of this gen­
eral approach to the problem of copolymerization, 
it appeared desirable to test the validity of their 
relationships1 for a number of additional systems. 
It is the purpose of this communication to present 
additional data on relative monomer addition rates 
and to examine these results, along with previ­
ously published values, in the light of the Alfrey 
and Price equations.

In this work, the four base monomers cited 
above were used as reference points to calculate 
the Q and e values for new monomers. The Q and 
e values reported for any monomer are based on 
copolymerization rate data of that monomer with 
at least two other monomers. To obtain cross 
checks of this kind, it was necessary to supple­
ment published results with a study of the follow­
ing systems: vinyl acetate—acrylonitrile, vinyl
acetate-methacrylonitrile, a-methylstyrene-acryl- 
onitrile, a-methylstyrene—methacrylonitrile and 
styrene-methacrylonitrile.

In determining monomer—polymer composition 
curves for the above systems, polymerizations 
were allowed to proceed to low conversions 
(mainly < 4%) and the initial copolymer formed 
was isolated, purified and analyzed in duplicate by 
the micro-Dumas method.

The relationships of Alfrey and Price1 were used 
to derive simplified forms of the copolymer equa­
tions involving n  components. Copolymer com­
positions were calculated by substituting the Q 
and e values reported in these equations, and a 
comparison of the predicted composition with the 
composition determined by analysis was made.

Results and Discussion
The shapes of the monomer—polymer composi­

tion curves for the systems vinyl acetate-acrylo­
nitrile, vinyl acetate-methacrylonitrile, a-methyl- 
styrene-acrylonitrile, a-methylstyrene-methacryl- 
onitrile and styrene-methacrylonitrile are shown

(1) Alfrey and Price, J . Polymer Science, 2, 101 (1947).
(2) Lewis, Mayo and Hulse, T his J ournal, 67, 1701 (1945).

in Fig. 1. These curves are based on data ob­
tained from mass copolymerizations, interrupted 
at low conversions. Table I summarizes the 
polymerization conditions and the analytical re­
sults of the experiments.

T a b l e  I
Tim e a t  Gopoly-

Monomer, polymeri- mer,
mole % zation W t. % Nitrogen mole %
acrylo- tem p., conver- analyses, % acrylo­
nitrile hr. sion I  I I  nitrile®

Vinyl Acetate-Acrylonitrile copolymerizations 
Mass polymerization a t 60°, 0.1% Bz20 2

12.18 4 .0 0 .5 14.37 14.51 67.8
17.86 4.25 0 .9 17.86 17.88 79.2
52.0 4 .5 1.2 21.00 21.36 88.9
70.8 5.0 0 .4 22.12 22.19 92.5
93.6 8 .0 1.2 24.90 25.10 98.8

100.0 25.50 25.58 96.8*
Vinyl Acetate—Methacrylonitrile Copolymerizations 

Mass polymerization a t 70°, 0.05% Bz20 2
12.47 24 1.0 13.44 13.62 73.0
24.35 25.5 0 .2 15.51 15.74 82.1
46.2 10.5 0 .2 17.38 17.52 90.0
82.8 10.5 0 .3 19.26 19.29 99

100.0 . . . 19.90 19.98 95.5*
«-Methylstyrene—Acrylonitrile Copolymerizations 

Mass polymerization a t 75°, 0.05% Bz20 2
9.1 23 3 .0 5.34 5.22 36.7

22.8 23 2 .4 6.35 6.41 42.5
36.0 23 1.6 7.14 6.77 45.4
42.4 15 4.0 7.90 7.83 49.8
53.0 15 3 .5 8.63 8.54 53.0
84.0 15 2.3 9.82 9.52 57.4
94.0 15 2.6 11.74 11.98 65.9

«-Methylstyrene—Methacrylonitrile Copolymerizations 
Mass polymerization a t 80°, 0.10% Bz20 2

7.05 6 < 1 .0 4.34 4.27 32.6
25.5 6 < 1 .0 6.10 6.19 43.8
44.0 6 < 1 .0 7.68 7.76 52.6
63.0 6 2 .4 9.54 9.46 61.5
85.0 6 4 .6 12.09 12.29 73.4

Styrene-M ethacrylonitrile Copolymerizations
Mass polymerization a t 80°, 0.1% Bz20 2

6.5 9 1.0 2 .59s 2.75 19.2
25.2 9 2.0 5.66 5.89 38.7
54.3 3 1.6 8.21 8.16 52
84.6 11 1.8 11.98 11.84 69.7

° Corrected for incomplete nitrogen evolution. 6 N ot 
corrected.

It was found that the micro-Dumas method of 
nitrogen analysis gave only 96.8 and 95.5% of the 
theoretical nitrogen content for polyacrylonitrile 
or polymethacrylonitrile, respectively. For this 
reason the nitrogen analyses obtained on the above
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Fig. 1.—Monomer-polymer composition curves: 
vinyl acetate-acrylonitrile (experimental); —, vinyl ace­
tate-acrylonitrile (theoretical n  =  0.02, r2 = 6); vinyl 
acetate-m ethacrylonitrile; O, «-methylstyrene-acryloni­
trile; A ,  «-methylstyrene-methacrylonitrile; □, styrene- 
methacrylonitrile.

r i — ~  g-ei(ei_e2)
Q2

f2 — 2 ?  ee2(ei-e2) — 2 ?  e~e2(e2-ei)
VI Ql

(1)

(2)

Owing to the nature of the equations and to 
the inherent inaccuracies of the values of r\ and 
r2j the Q and e values for a given monomer varied 
somewhat depending on the system chosen for 
calculation. Consequently, the values reported 
represent only a fit to the data available. Un­
doubtedly, these values will have to be modified as 
more information becomes available.

The sequence of calculations used for determin­
ing Q and e values has a bearing on the results. 
From published data and data presented here, Q 
and e values were calculated from the systems indi­
cated.

Methyl acrylate 
Methacrylonitrile 
«-M ethylstyrene 
a-M ethylstyrene

Vinyl acetate 
Vinyl acetate

Vinyl chlor Ide 
Vinyl chloride

Q e System
0.34 0 .38  Styrene-m ethyl acrylate®

.77 0 .67 Styrene-methacrylonitrile

.59 —1.26 «-Methylstyrene-acrylonitrile

.67 —1.11 a-M ethylstyrene-methacrylo-
nitrile

.013 —0.45 Vinyl acetate-acrylonitrile

.024 —0.78  Vinyl acetate-m ethacrylo­
nitrile

. 027 — 0.22 Vinyl chloride—acrylonitrile7

.03 —0.16 Vinyl chloride-methylacrylate7

systems were corrected by assuming that any 
acrylonitrile or methacrylonitrile in a copolymer 
would evolve a proportionate amount of nitrogen.

Monomer reactivity ratios for these systems 
were determined by varying their values in the 
differential copolymer equation3*4 until a good 
curve through the experimental points was ob­
tained. This was possible in every case except the 
vinyl acetate-acrylonitrile system. Here some 
divergence between the experimental points and 
the theoretical curve exists as shown in Fig. 1. 
The relative reactivity ratios5 for these systems 
were determined:

Vinyl acetate-acrylonitrile
Vinyl acetate-m ethacrylo­

nitrile
«-Methylstyrene—acrylo­

nitrile
«-M ethylstyrene-metha-

crylonitrile
Styrene-methacrylonitrile

n
0.02 ± 0 .0 2  

.01 *  .01

.1 =*= .02

.12 ±  .02 

.25 =»= .02

n

6 ± 2

12 ± 2

0.06 =*= 0.02

.35 =*= .02 

.25 =*= .02

In connection with the above data it is interest­
ing to note that whereas a-methylstyrene readily 
forms copolymers containing more than 50 mole 
per cent, combined a-methylstyrene, we have been 
unable to polymerize it alone by a free radical 
mechanism.

The following relationships of Price and Alfrey1 
were employed for assigning Q and e values

(3) M ayo and Lewis, T h is Journal , 66, 1594 (1944).
(4) Alfrey and Goldfinger, J . Chem. Phys., 12, 205 (1945).
(5) The values correspond to  the n  and n  nomenclature of Alfrey, 

Mayo and Wall, J . Polymer Science, 1, 581 (1946).

The values of Q and e for methyl acrylate and 
for methacrylonitrile were not modified. The 
average of the two values obtained for a-methyl­
styrene, vinyl acetate and vinyl chloride was 
taken. The Q and e parameters determined in 
this manner are summarized, including those pre­
viously published1

Q e
Styrene 1.00 - 1 . 0
Methyl methacrylate 0.64 0
Acrylonitrile .34 1.0
Vinylidene chloride .16 0
Vinyl chloride .028 - 0 .1 9
Methyl acrylate .34 + 0 .3 8
Vinyl acetate .018 -0 .6 1
a-Methylstyrene .63 - 1 .1 8
Methacrylonitrile .77 + 0 .6 7

The degree of agreement between calculated 
relative rates of polymerization and the values de­
termined experimentally has been fully described 
by Price and Alfrey for the four reference mono-
mers. A  similar 
reported here is

comparison for the monomers

Calcd. * Obsd. Calcd, n Obsd.
Vinyl chloride®-

acrylonitrile 0.065 0.0747 3 .7 3 .7
Vinyl chloride®—

methyl acrylate 0.074 0.0837 9 .8 9 .0
Vinyl chloride-styrene 0.046 0 .0677 16 35
Vinyl chloride-vinyl

acetate 1.7 1 .8 8 0 .5 0.6

(6) Alfrey, Merz and M ark, J . Polymer Research, 1, 37 (1946).
(7) Chapin, Ham  and Fordyce, T his J ournal, 69, 538-542 

(1948).
(8) From a paper by T. Alfrey, Jr., presented a t  the American 

Chemical Society Meeting, A tlantic City, N. J., April 8-12, 1946.
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Styrene-methyl
acrylate® 1.3 1 .3 6 0.20 0.20

Styrene—vinyl acetate 41.5 50 0.021 .02
Styrene-methacrylo­

nitrile® 0.25 0.25 0.25 0.25
Vinyl acetate®- 

acrylonitrile .02 .02 *  0.02 3.4 6 ± 2
Vinyl acetate®-meth- 

acrylonitrile .011 .01 .01 18 12 *  2
a-Methylstyrene®-

acrylonitrile .14 .1 ±  .02 0.06 0.06 ± 0 . 0 2
«-Methylstyrene®--

methacrylonitrile .09 .12 *  .02 0.35 0.35 ±  .02
a The data which either were used directly or were used 

to calculate average Q  and e values for the designated 
monomer. The results of greatest interest, however, are 
those systems which are not marked, since these data repre­
sent the cross checks on the validity of predictions based 
on the Price-Alfrey relationships.

A n e x a m in a tio n  of th e  ab o v e  reveals, firs t, t h a t  
in  no  ease h a s  th e  p re d ic te d  sh a p e  of th e  m o n o m e r-  
po ly m er co m p o sitio n  cu rv e , w ith  re sp e c t to  th e  
azeo tro p e  line , b ee n  in  e rro r. W hen  th e  cu rv e  
p re d ic te d  fro m  th e  a b o v e  Q a n d  e v alu es la y  above  
o r below  th e  az e o tro p e  line, ex p e rim en ta l d a ta  
h av e  been  in  a g re e m e n t w ith  th e  p red ic tio n . U n ­
p u b lish ed  re su lts  o n  a  n u m b e r  of o th e r  v in y l co­
p o ly m er sy s tem s  s tu d ie d  a t  th e se  la b o ra to rie s  h a v e  
n o t as y e t  re v e a le d  a, sing le ex cep tio n  to  th is .

C onsidering  th e  a s su m p tio n s  a n d  u n c e r ta in tie s  
invo lved  in  th e  d e r iv a tio n  of th e  A lfrey—P rice  
eq u a tio n s , as  w ell as  th e  ex p e rim en ta l e rro r in ­
v o lved  in  m a n y  of th e  r a te  fu n c tio n  p a ra m e te rs , 
q u a n t i ta t iv e  a g re e m e n t is su rp ris in g ly  good. 
C e rta in  d isc rep an c ie s  sh o w n  ab o v e  a re  n o t  as  sig­
n ific an t as th e y  a p p e a r . F o r  exam ple , in  th e  sy s­
te m  s ty re n e -v in y l ch lo rid e  th e  m onom er—po ly m er 
com position  cu rv e s  d ra w n  fro m  th e  c a lc u la ted  
a n d  from  th e  o b se rv e d  rly r 2 v a lu es  a c tu a lly  lie 
q u ite  close to  ea c h  o th e r  in  sp ite  of th e  fa c t  t h a t  
superfic ial in sp e c tio n  of th e  figures in d ic a te s  a  
serious d ivergence . I t  is con c lu d ed  on  th e  basis  
of av a ilab le  d a ta  t h a t  th e  A lfrey—P rice  re la tio n ­
sh ip , w hen  re g a rd e d  a s  a n  em p irica l to o l fo r p re ­
d ic tin g  c o p o ly m eriz a tio n  b eh a v io r , is of th e  u t ­
m ost u t i l i ty  q u a lita tiv e ly , an d  fo recas ts  good 
v a lu es fo r th e  re la t iv e  r a te s  of co p o ly m eriza tio n  
fo r com onom ers w hose Q a n d  e v a lu es a re  know n.

T h e  d a ta  a lso  v e rify  c e r ta in  g en e ra liza tio n s 
im p lic it in  th e  A lfrey—P ric e  re la tio n sh ip s . M o n o ­
m e r-p o ly m e r  cu rv e s  w h ich  cross th e  azeo tro p e  line 
occu r p rin c ip a lly  w h en  com onom ers w ith  sim ila r 
Q values b u t  w ith  e v a lu es  of o p p o site  sign  are  co­
po lym erized , T h e  a b o v e  d a ta  fo r th e  ac ry lo ­
n itr ile s  w ith  th e  s ty re n e s  exem plify  th is . T h e  co­
p o ly m e riza tio n  of co m onom ers w ith  w idely  d iffer­
e n t  Q v a lu es g ives cu rv e s  w h ich  d ev ia te  w idely 
fro m  th e  az e o tro p e  line . T h e  sy stem s s ty re n e -  
v iny l ch lo ride  a n d  v in y l a c e ta te -a c ry lo n itr ile  show  
th is  c learly .

T h e  c o n c ep ts  o f P ric e  a n d  A lfrey  c a n  b e  u se d  to  
tra n s fo rm  th e  e q u a tio n s  fo r  re la t iv e  m o n o m e r 
a d d itio n  r a te s  in to  s im p le r fo rm s re q u ir in g  m u c h  
less t im e  fo r c a lc u la tio n s . T h e  s im p lifica tio n  is 
p a r tic u la r ly  u se fu l fo r sy s te m s  c o n ta in in g  th re e  o r 
m o re  m o n o m ers . F o r  th e  g en e ra l case of n  m o n o ­
m ers  s u b s t i tu t io n  in  th e  d e r iv a tio n  of W a llin g  a n d  
B riggs9 g ives n  — 1 s im u lta n e o u s  e q u a tio n s .

I t  is of in te re s t  t h a t  th e se  co p o ly m er e q u a tio n s  
ex is t in  a  fo rm  w h ich  c lea rly  show s th e  in d iv id u a l 
s te p s  in v o lv e d  in  th e  p ro p a g a tio n  re a c tio n , i .e .y th e  
su m  of a ll th e  te rm s  in  th e  n u m e ra to r  o r  d en o m i­
n a to r  re p re s e n t th e  su m  of a ll po ssib le  p ro p a g a ­
tio n  re a c tio n s  re su lt in g  in  a d d itio n  of th e  g iv en  
m o n o m e r to  th e  g row ing  ch a in .

T h e  Q a n d  e v a lu e s  g iv en  a b o v e  h a v e  b ee n  s u b ­
s t i tu te d  in  th e se  e q u a tio n s  to  p re d ic t in te rp o ly m e r  
c o m p o sitio n s fo r  sy s tem s  c o n ta in in g  m o re  th a n  
tw o  m o n o m ers. T h e se  v a lu es  w ere th e n  co m ­
p a re d  w ith  th e  re su lts  o b ta in e d . T h e  fo llow ing  
is ty p ic a l  of th e  a g re e m e n t o b ta in e d  b e tw e en  cal-
c u la te d  a n d  a n a ly tic a l v a lu es

Initial®
monomer
composi­

tion

Pre­
dicted®

polymer
composi­

tion

Polymer®
composition

by
analysis

Styrene 32.0 65.7 67, V
Acrylonitrile 48.8 33.7 32.5
Vinyl chloride 19.2 0 ,6 0 .4
Styrene 30.2 70.5 70.47
Acrylonitrile 15.4 26.4 26.2
Vinyl chloride 54.4 3.1 3 .4
Styrene 60 75.5 76. V
M ethyl acrylate 20 23.4 22.8
Vinyl chloride 20 1.1 1.1
Styrene 25.21 41.5 40 .710
M ethyl methacrylate 25.48 27.4 25.5
Acrylonitrile 25.40 24.7 25.8
Vinylidene chloride 23.91 6.4 8.0
* D ata for the three-component systems are expressed 

as weight per cent., those for the four-component system 
are expressed as mole per cent.

A g re e m e n t b e tw e en  c a lc u la te d  a n d  o b se rv e d  
va lu es, a s  sh o w n  ab o v e , is fu r th e r  s u p p o r t  fo r  th e  
g en e ra l v a l id ity  of th e  A lfrey—P ric e  re la tio n sh ip s . 
T h e  a g re e m e n t o b ta in e d  also  len d s w e ig h t to  th e  
a p p ro x im a te  c o rre c tn e ss  of th e  Q a n d  e v a lu e s  r e ­
p o rte d .

Experimental
Vinyl Acetate Monomer.—Redistilled Niacet Chemical 

Co. material was taken for all experiments.
Styrene monomer was the redistilled product of M on­

santo Chemical Co.
Acrylonitrile was the redistilled product of American 

Cyanamid Chemical Co.
Methacrylonitrile was redistilled Shell Development 

Co. product.
«-M ethylstyrene.—Redistilled Dow Chemical Co. prod­

uct was used.
Benzoyl Peroxide.—The product 

of the Lucidol Corp. was used as re­
ceived.

(9) W alling and Briggs, T his Journal 
67, 1774 (1945).

d[Mi] ^  [M x P & y * 1 ’2 +  [M1][M2]Q1Q2e ~ ^  +  ••• +  [MiHMJfrQne~**n 
d[M2] [M 2]2Q22e-e*2 +  [M d lM d Q iO tf-^  + '• • •  +  [M2][M]nQ2Qne~^n
d[Mi] = - +  [M1][Mn]Q1Q^~«.»«
d[M J [M J*C V -V  +  • • • +  [MB][MB_1]Q.Q„_ie-*»*»-i
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M ass Copolymerization.—The method for determining 
monomer-polymer composition curves for the five systems 
reported was essentially the same in each case. Solutions 
comprising 100 g. of total monomers were prepared by 
adding appropriate amounts of monomer, comonomer and 
benzoyl peroxide to 4-oz. French square bottles. The 
concentrations employed are given in Table I. Air above 
the monomers was swept out with nitrogen and a metal 
cap screwed tightly on the bottle mouth. Copolymeriza­
tions were carried out in an air oven regulated to ± 1 ° 
within the polymerization temperature given in Table I. 
Polymerization a t th a t temperature was continued until 
a slight increase in viscosity was observed or, in the case 
of copolymer samples high in combined nitrile, until a 
small amount of insoluble copolymer had precipitated 
from the comonomer solution. The reaction was then 
poured into 3000 ml. of stirred denatured ethanol (2B) 
a t room temperature and the bottle rinsed with ethanol. 
In the case of vinyl acetate copolymers, hexane was used 
in place of ethanol throughout. The mixture was boiled 
to complete the coagulation and filtered. Final purifica­
tion was effected by similar treatm ent with two fresh 1500- 
ml. portions of denatured ethanol. After drying in an 
evaporating dish for forty-eight hours in a circulating air

oven a t 60°, the copolymer was analyzed in duplicate 
for nitrogen by the micro-Dumas method. Analytical 
data and conversion values are summarized in Table I.

Summary
Monomer—polymer composition curves for the 

systems vinyl acetate-acrylonitrile, vinyl ace­
tate—methacrylonitrile, a-methylstyrene-acrylo- 
nitrile, a-methylstyrene—methacrylonitrile and 
styrene-methacrylonitrile are reported. These 
data, along with previously published copolymeri­
zation rates, were used to check the validity of pre­
dictions based on the Price—Alfrey relationships. 
Excellent qualitative and good quantitative agree­
ment was found for the systems studied.

Values for the Q and e parameters for five addi­
tional monomers are suggested, and simplified 
forms for copolymer equations involving any num­
ber of components are presented.
Dayton 7, Ohio Received N ovember 15, 1947

[ C o n t r i b u t i o n  f r o m  t h e  G e o r g e  H e r b e r t  J o n e s  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  o f  C h i c a g o ]

The Steric Inhibition of Resonance. III.1 Acid Strengths of Some Nitro- and
Cyanophenols

By G. W. Wheland, R. M. Brownell2 and E. C. Mayo

The acid strength of a phenol is greatly in­
creased by the introduction of a nitro group para 
to the hydroxyl group. In most instances, in 
fact, the ionization constant of a ^>-nitrophenol 
is approximately a thousand times as large as is 
that of the corresponding unnitrated phenol; in 
other words, a para nitro group usually decreases 
the p K a of a phenol by about 3 units. This 
greater acidity of the nitrophenol has been attrib­
uted3*4 in part to an electrostatic interaction be­
tween the ionizable proton and the dipole mo­
ment of the nitro group; and in part also to reso­
nance with a relatively unstable quinoid structure 
(such as I). Moreover, the effect produced by a 
para cyano  group upon the acid strength of a 
phenol is qualitatively the same as (but usually 
rather smaller than) that produced by a para nitro 
group. Again, the observed increase in acid 
strength can be attributed3 in part to an electro­
static interaction, since the dipole moment of the 
para cyano group (like that of the para nitro 
group) is directed so that its positive end points 
toward the aromatic ring, and hence toward the

(1) For the second paper of th is series, see Spitzer and Wheland, 
T his J ournal, 62, 2995 (1940).

(2) A portion of this paper is an  abstract of a thesis presented by 
R. M. Brownell to  the faculty of the Division of the Physical Sci­
ences of the University of Chicago in partial fulfillment of the re­
quirements for the degree of M aster of Science, M arch, 1943. Though 
here published for the  first time, th is portion of the  work has already 
been briefly discussed in a book by one of us (Wheland, “ The Theory 
of Resonance," John Wiley and Sons, Inc., New York, N. Y., 1944, 
p. 185).

(3) Westheimer, T his J ournal, 61, 1977 (1939).
(4) Pauling, “ The N ature of the Chemical Bond," 2nd ed., Cornell 

University Press, Ithaca, N. Y., 1940, p. 205.

ionizable proton; and in part also to resonance 
with an unstable quinoid structure (such as II).

I II

Although both the electrostatic and the reso­
nance effects should therefore increase the acid 
strengths of the nitro- and cyanophenols, there is 
no a p r io r i way for the estimation of either their 
absolute or their relative magnitudes. Data now 
in the literature suggest, however, that the two 
effects are fairly large and of comparable magni­
tude. Thus, calculations by Westheimer3 have 
led to the conclusion that the electrostatic effect 
alone should decrease the p K a of ^-nitrophenol 
(with respect to that of phenol itself) by approxi­
mately 1.25 units; hence, it may be inferred that 
the resonance effect must be responsible for the 
observed further decrease of approximately 1.6 
units (cf. Table I, below). Similarly, West­
heimer’s calculations show that, with p -cyano- 
phenol, the electrostatic effect alone should de­
crease the p K a by approximately 1.30 units; 
hence, it can likewise be inferred that the reso­
nance effect must here be responsible for the ob­
served further decrease of approximately 0.75 
unit (cf. Table I, below).

The experiments reported in this paper were 
performed in order to obtain additional evidence 
either for or against the belief that the electro­
static and the resonance effects are about equally 
responsible for the relatively great acid strengths
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T a b l e  I

V a l u e s  o f  p K & a t  25°
I i i

Compound (E. C. M.)® (R. M. B.)®
Phenol6 9,99e
3,5-Dimethylphenol 10.18 10.09®
2,6-Dimethylphenol 10.58 10.60*
^-Nitrophenol6 7.16 7 .2 +
3,5-Dimethyl-4-nitrophenol 8 .25 ' 8.24*
2,6-Dimethyl-4-nitrophenol 7 . 2 2 d>e’f 7 .1 6 d’e>0
^-Cyanophenol6 7.95c
3,5-Dimethyl-4-cyanophenol 8 .2 +
2,6-Dimethyl-4-cyanophenol 8 . 2 7 f . . .

® Since these two sets of data were obtained a t quite dif­
ferent times, by different investigators, and hence, pos­
sibly, under somewhat different circumstances, both sets 
are merely recorded separately, without any attem pt to 
average corresponding values. 6 Cf. Landolt-Börnstein, 
“Physikalisch-chemische Tabellen” ; “ International Criti­
cal Tables.” Average of four determinations. d Aver­
age of three determinations. e Average deviation, 0.02. 
s Mixtures warmed to effect solution. 0 Samples dissolved 
by complete neutralization with calcium hydroxide and 
resulting solutions back-titrated, to approximately two- 
thirds neutralization, with standard hydrochloric acid.

of p -nitro- and ^-cyanophenols. If the resonance 
with the quinoid structure (such as I  or II) is pre­
vented from occurring, only the electrostatic inter­
action remains; hence, from the observed acid 
strength of the compound in question, the magni­
tude of the electrostatic effect alone can be directly 
estimated. If the resonance effect is important, 
such an “ inhibition” of the resonance should, 
therefore, lead to a significant decrease in acid 
strength, and so to a significant increase in the 
value of p K a. Now, with a nitro^henol, the quin­
oid resonance (of the type stated) is largely, if not 
entirely, inhibited5 when there is a methyl group 
in each of the two positions ortho to the nitro 
group; for, under such circumstances, the nitro 
group cannot lie in the plane defined by the ben­
zene ring, but must instead be twisted out of that 
plane by a rotation about the carbon-nitrogen 
bond. With a cyano^hcnol, on the other hand, 
the quinoid resonance cannot be thus inhibited1; 
for, since the cyano group is linear, it cannot be 
twisted out of the plane of the ring by any sort of 
rotation.

The foregoing considerations lead to the con­
clusion that, if resonance is an important factor in 
increasing the acid strengths of the p-n itro -  and 
^-cyanophenols, the p K a of a ^-nitrophenol should 
be appreciably increased by the introduction of 
two methyl groups in the positions ortho to the 
nitro group; but that that of a ^-cyanophenol 
should not be greatly affected by a corresponding 
substitution. Since, however, methyl substitu­
ents directly  influence the acid strengths of phe­
nols, even in the absence of nitro or cyano groups, 
a complete analysis of the problem requires that

(5) (a) Birtles and Hampson, J . Chem. Soc., 10 (1937); (b)
Ingham and Hampson, ibid., 981 (1939); (c) Wheland and Danish, 
T his J ournal, 62, 1125 (1940); (d) Spitzer and Whelan, ibid., 62, 
2995 (1940); (e) Westheimer and Metcalf, ibid., 63, 1339 (1941).

the p K f s  of several phenols besides the ones men­
tioned be also measured.

The data obtained in this investigation are 
listed in Table I. As expected, methyl groups 
ortho to the nitro group markedly decrease the 
acid strength of the phenol, whereas methyl groups 
ortho to the cyano group have comparatively little 
effect. The prediction, based on the assumption 
that the quinoid resonance increases the acid 
strengths of the p -n itro- and ^-cyanophenols, is 
therefore confirmed. Methyl groups ortho to the 
hydroxyl group slightly decrease the acid strength, 
presumably because of either a direct electro­
static effect or a direct resonance (hyperconjuga­
tion) effect, or of both.

From a comparison of the data given in Table I 
for 3,5-dimethylphenol and for 3,5-dimethyl-4- 
nitrophenol, it appears that the electrostatic effect 
of the nitro group decreases the p K & of the latter 
compound by about 1.9 units. The discrepancy 
between this value and the one calculated by 
Westheimer (1.25 units) may be explained by the 
assumption either that the quinoid resonance in
3,5-dimethyl-4-nitrophenol is only partially in­
hibited, or that the methyl groups increase the 
electrostatic interaction between the nitro group 
and the proton by decreasing the effective dielec­
tric constant of the medium.3 That the second of 
these two factors (just mentioned) really exists, 
and is important, is suggested by the fact that the 
decrease in acid strength produced by methyl 
groups ortho to the hydroxyl group is much 
smaller in 2,6-dimethyl-4-nitrophenol and in 2,6- 
dimethyl-4-cyanophenol than it is in 2,6-dimethyl- 
phenol, even though, in neither of the first two 
compounds, could the methyl groups in any way 
affect the resonance.

Experimental 
Method and Apparatus

The p K & values reported were measured potentiometri- 
cally. A typical cell contained an aqueous solution of the 
desired phenol, which had been partially neutralized by 
standard calcium hydroxide; a Corning 015 glass elec­
trode with an inner reference electrode6; and a saturated 
calomel electrode. The design of the calomel electrode 
assembly (Leeds and Northrup Company, Cat. No. 7724) 
was such th a t the liquid junction was formed through a 
ground glass joint a t the end of the salt bridge. The cell 
was immersed in an oil therm ostat maintained a t 25 =*= 
0.5°. The values of the e. m. f. were measured to the 
nearest 0.2 mv. by means of a Leeds and Northrup vacuum 
tube electrometer.

The phenol concentrations in the solutions measured 
ranged from 0.0015 to  0.0088 M  and were determined by 
the solubilities of the respective phenols, by the degrees 
of neutralization intended, and by the normalities of the 
calcium hydroxide solutions to  be used. In  general, the 
concentration of phenol was such tha t not less than 9 or 
10 ml. of calcium hydroxide solution would be required 
per 100 ml. of final solution. Calcium hydroxide was

(6) The glass electrodes used in obtaining one set of da ta  (II 
(R. M. B.), Table I) were made by M r. John D. F arr and contained 
silver-silver chloride inner reference electrodes. The one used for 
the other set of measurements (I (E. C. M .), Table I) was a commer­
cial product, purchased from the Central Scientific Company; the 
inner reference electrode was unspecified and unobservable.
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chosen as the base because of the low error attending the 
positive ion of this substance in measurements with glass 
electrodes.7 The concentrations of the calcium hydroxide 
solutions used varied between 0.00770 and 0.01940 N .  
The ionic strength of the final solution was always well 
under 0.01.

The glass electrode was standardized daily by measuring 
the e. m. f. of a cell containing a Sorensen borate-hydro­
chloric acid buffer with a p H  of 8.25 (interpolated) a t 
25°.8 The p H  of each phenol solution was calculated in 
the usual way9 from the corresponding e. m. f. and the 
appropriate value of the e. m. f. given by the buffer 
solution. From the p H  value thus obtained, the p K & 
of the phenol was com puted.10 The p K *  s  were corrected 
for the ionic strength effect by means of the Debye- 
Hückel limiting law,11 and for the hydrolysis of the salt 
with use of the assumption th a t the concentrations of 
hydrogen and hydroxide ion were equal to  the respective 
activities, as determined by the measured p H .

Unless otherwise noted in Table I, each p K & value 
reported is the average of a t least five independent deter­
minations, with an average deviation of not more than 
0.01 p K  unit. The measurements of column II  (R. M. 
B.) were made on phenol solutions, each of which was 
approximately half neutralized with calcium hydroxide; 
those of column I  (E. C. M .), on the other hand, were 
made on solutions which varied in degree of neutraliza­
tion as widely as was permitted by the solubilities of the 
particular phenols concerned. If, in a measurement, 
there was any question whether an error had been made, 
the value obtained was not included in the average even 
ii it were reasuiictuie. jlixicc venues w ac icjcv,tc,(l Ou 
statistical grounds.12

W ith the cyanophenols, it was necessary to consider 
the possibility th a t the cyano groups might be hydrolyzed 
during the preparation of the solutions studied. The 
belief tha t no significant hydrolysis occurred is supported 
by the following evidence: (1) Nitriles of comparable
molecular weight are, in general, not appreciably hy­
drolyzed under the conditions here employed. More 
specifically, Thiele and Eichwede13 have stated that 2,6- 
dimethyl-4-cyanophenol is not hydrolyzed when it is 
boiled with dilute aqueous acids or bases; and, although 
the hydrolysis of 3,5-dimethyl-4-cyanophenol, itself, is 
not mentioned in the literature, a number of comparable 
compounds,14 such as 2,6 -dimethylbenzonitrile15 and
2,4,6-trimethylbenzonitrile16 in particular, have been 
reported to be stable toward alkalies. Moreover, 3,5- 
dimethyl-4-cyanophenol was found in this present study 
to be apparently unaffected when it was warmed with 
alkaline aqueous hydrogen peroxide. (2) Calculations 
indicate tha t appreciable hydrolysis of a cyanophenol to 
a product of significantly different acid strength would 
probably be evidenced by a systematic variation, exceed­
ing experimental deviations, in the p K & values calculated 
for th a t compound over the range of degrees of neutraliza­
tion concerned. No such systematic variations were 
observed. (3) The excellent agreement between indi­
vidual results, which was obtained for each of the cyano-

(7) Dole, “ The Glass E lectrode," John Wiley and Sons, Inc., 
New York, N. Y., 1941, chap. 7.

(8) Sorensen, Biochem. Z ., 21, 131 (1909); Walbum, ibid., 107, 
219 (1920).

(9) See p. 296 of ref. 7.
(10) (a) Cohn, T his J ournal, 49, 173 (1927); (b) Cohn, Heyroth 

and Menkin, ibid., 50, 696 (1928); (c) M aclnnes, Belcher and 
Shedlovsky, ibid., 60, 1094 (1938).

(11) See ref. 10a.
(12) Pierce and Haenisch, “ Quantitative Analysis,” 2nd ed., 

John Wiley and Sons, Inc., New York, N. Y., 1940, p. 43.
(13) Thiele and Eichwede, A nn., 311, 363 (1900),
(14) For a general discussion of the hydrolysis of such compounds, 

see Migrdichian, “ The Chemistry of Organic Cyanogen Com­
pounds,” Reinhold Publishing Corp., New York, N. Y., 1947, p. 39.

(15) Berger and Olivier, Rec. trav. chim., 46, 600 (1927).
(16) Grignard, Bellet and C ourtot, Ann. chim., [9] 4, 28 (1915);

K iister and Stall berg, A nn ., 278, 207 (1894).

phenols studied, was independent, not only of the degree 
of neutralization, but also of the age of a solution and of 
the length of time during which it was warmed. (4) 
The three cyanophenols investigated, when recovered 
from representative solutions by acidification and extrac­
tion with ethyl acetate, showed no marked change in 
melting point. (5) W ith the use of Nessler reagent, 
the amount of ammonia produced was shown, in typical 
instances, to  be iess than 0.5% of that corresponding to 
complete hydrolysis.

Materials
The temperatures reported below are uncorrected. 

They were taken, unless otherwise indicated, on a thermom­
eter calibrated against one standardized by the Bureau 
of Standards, or on the latter itself.

Phenol.—Mallinckrodt Analytical Reagent grade was 
distilled; a  portion of the large amount tha t boiled, 
according to  a non-standardized thermometer, constantly 
at 177.0° was reserved for use and stored in a vacuum 
desiccator in the presence of phosphorus pentoxide.

3 .5- Dimethylphenol.—Eastman Kodak Co. best grade 
was recrystallized from light petroleum ether; m. p. 
(R. M . B.) 62.8-63.3°, m. p. (E. C. M.) 62.5-63.0°.17

2.6- Dimethylphenol.—2,6-Dimethylphenol, prepared 
from Eastman Kodak Co. w-2-xylidine through the di­
azonium salt, was recrystallized from light petroleum 
ether; m. p. (R. M. B .), on non-standardized thermom­
eter, 48°, m. p. (E. C. M .) 44.7-45.6°.

^-Nitrophenol.—Eastman best grade was recrystallized 
from carbon tetrachloride; m. p. (R. M. B.) 112.6-i -1 q no _  _ / XT' r \ tit \ 1 1 o o 1 1 0  n«4 110 n 1 1 QK°■ lO.U , ill. \J. (JL>. V.. -LVX. ) nu.^i-iiy .1  ana ild .u  Ü u.ö »

3.5- Dimethyl - 4 -nitrophenol.—3,5 - Dimethyl-4 -nitro- 
phenol, prepared by the nitration of 3,5-dimethylphenol, 
was isolated by the codistillation procedure used by Ras- 
sow and Schultzky18 for ^-nitrophenol. This procedure 
employs a high-boiling petroleum fraction; an “ ink oil” 
obtained from the M artin Driscoll Company, Chicago, 
was found to  have approximately the correct boiling range, 
v i z . ,  265-280° (760 m m .). This method was found to 
give much more satisfactory yields than the usual pro­
cedures for isolating the p a r a  isomer; m. p. (R. M. B.) 
107.1-107.6°, m. p. (E. C. M .), after recrystallization 
from carbon tetrachloride, 107.6-108.3°.

2.6- Dimethyl - 4 - nitrophenol.—2,6 - Dimethyl- 4- nitro­
phenol, obtained by condensation of the sodium salt of 
nitromalonaldehyde with diethyl ketone, as described by 
Jones and Kenner,19 was purified by several decoloriza- 
tions with Norite or Nuchar and recrystallizations from 
various solvents, of which the most efficacious was carbon 
tetrachloride. Because of the evident instability of this 
compound a t temperatures near its melting point, the 
melting point of any sample varied markedly with the 
duration of heating; the best melting points obtained 
for the two portions used for measurement were, respec­
tively: m. p. (R. M. B.) 170.5-170.6°, m. p. (E. C. M'.), 
on non-standardized thermometer, 169.6-169.7°.

^-Cyanophenol.—£-Cyanophenol, prepared from p -  
aminophenol by a Sandmeyer reaction, was decolorized 
with Norite and recrystallized from carbon tetrachloride; 
m. p. 112.0-112.4°.

3,5-Dimethyl-4-cyanophenol.—3,5-Dimethyl -4 -cyano­
phenol was prepared by a stepwise procedure from 3,5- 
dimethylphenol. The 3,5-dimethylphenol was converted, 
by means of a Gattermann reaction, to 2,6-dimethyl-4- 
hydroxybenzaldehyde and the oxime of this aldehyde was 
dehydrated with acetic anhydride, as described by v. 
Auwers and co-workers,20 to  the desired cyano-xylenol. 
I t  was found tha t the yield of 2,6-dimethyl-4-acetoxybenzo- 
nitrile, the intermediate involved in the dehydration

(17) Kester (Ind. Eng. Chem., 24, 770 (1932)) states th a t, although 
melting points of 64, 64.5 and 68° have been reported, 63.2° was the 
highest melting point obtained in his laboratory.

(18) Rassow and Schultzky, Angew. Chem., 44, 669 (1931).
(19) Jones and Kenner, J . Chem. Soc., 1842 (1931).
(20) v. Auwers, M ürbe, Saurwein, Deines and Schornstein, 

Fortschr. Chem. Physik physik. Chem., 18, no. 2, 5 (1924).
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process, could be greatly improved through purification 
of this compound by vacuum distillation rather than by 
recrystallization from water. The crude 3,5-dimethyl-4- 
cyanophenol was recrystallized from benzene; it formed 
glistening, white scales; m . p ., on non-standardized 
thermometer, 177.5-177.7°.

Because of reports19,21 th a t 3 ,5-dimethyl-4-cyanophenol 
crystallizes from benzene in small needles and melts at 
about 175°, the identity of this compound was confirmed 
by analysis.21 22

A n a l .  Calcd. for C9H 9ON: C, 73.38; H, 6.16; N, 
9.52. Found: C, 73.55; H , 6.38; N, 9.46.

2,6-Dimethyl-4-cyanophenol.—2,6 - Dimethyl -4-cyano­
phenol was prepared from mesitol by the method of Thiele 
and Eichwede13 and recrystallized from medium-boiling 
petroleum ether; m. p. 124.0-124.4°.

(21) Houben and Fischer, Ber., 66, 339 (1933).
(22) The carbon-hydrogen analysis was made by Mr. James G. 

Burt.

Summary
1 . The p K f s  of the following compounds have

been determined at 25°: 3,5-dimethylphenol,
2.6- dimethylphenol, 3,5-dimethyl-4-nitrophenol,
2.6- dimethyl-4-nitrophenol, 3,5-dimethyl-4-cy- 
anophenol, 2,6-dimethyl-4-cyanophenol.

2 . The p K f s  at 25° have been redetermined 
for the following compounds: phenol, p -nitro­
phenol, p -cyanophenoL

3. The results provide evidence that the total 
effect produced by a para nitro or para cyano 
group on the acid strength of phenol is due about 
equally to an electrostatic interaction and to reso­
nance.
C h ic a g o , I l l in o is  R e c e iv e d  A p r il  5, 1948

[C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , P o m o n a  C o l l e g e ]

Catalytic Synthesis of Thianaphthene from Ethylbenzene
B y  C orw in  H ansch and F r ed  H aw thorne

In a recent paper, Moore and Greensfelder1 
published the procedure for a new synthesis of 
thianaphthene from styrene and hydrogen sulfide. 
While this procedure is an excellent one for the 
preparation of thianaphthene itself, it would not 
be as convenient for the preparation of substituted 
thianaphthenes because of the lack of availability 
of the proper styrenes as starting materials. 
Thus, it seemed that the dehydrogenation of an 
alkylbenzene in the presence of hydrogen sulfide 
might be accomplished over a single catalyst with 
formation of the thianaphthene in one step accord­
ing to Equation I.

V - ch 2c h 3 A

J +H-s+ i +  3H2 (I)

The present paper reports the results of such an 
attempt.

Experimental

alumina with vigorous stirring. The mixture was then 
dried in an oven a t 100 °.

For the preparation of thianaphthene, the straight 
chromium catalyst4 * 6 was reduced in  s i tu  with a slow stream 
of hydrogen, for one hour a t the temperature a t which 
dehydrogenation was to  be made, then a  stream of hydro­
gen sulfide passed over the catalyst for fifteen to  twenty 
minutes a t the same temperature. Ethylbenzene was 
then introduced a t a uniform rate. A space velocity 
ratio of about 9:1 of hydrogen sulfide and ethylbenzene 
was found to  give the highest conversion. Most of the 
liquid products were separated in a Liebig condenser. A 
small amount of liquid entrained in the large volume of 
hydrogen sulfide and hydrogen was separated by passing 
the gases through a U-tube filled with glass wool and cooled 
in an ice-bath. Using this technique, it was possible to 
obtain excellent material balances in all runs. The th ia­
naphthene was isolated by distillation and identified by a 
comparison of it and its picrate with th a t of a sample 
prepared by a known procedure.5

Discussion
Table I  shows the effect of temperature and space 

velocity on the conversion of ethylbenzene to  thianaph­
thene.

All experiments were carried out in a Pyrex catalyst 
tube in a continuous flow system. The apparatus used 
was similar to  tha t described by Hoog, Verheus and 
Zuiderweg.2

The hydrogen sulfide used in this work was commercial 
grade used directly from the cylinder. Eastman Kodak 
Co. white label ethylbenzene was distilled before using.

Catalyst Preparations. I. Chromium on Aluminum 
Oxide.-—To a boiling solution of 36.4 g. of chromic 
anhydride in 400 ml. of distilled water was added 200 g. 
of ALORCO alumina,3 Grade H40, Type R2200, 8-14 
mesh. The mixture was dried a t 100°.

II. Chromium and Nickel on Aluminum Oxide.— 
Chromic anhydride (7.6 g.) and 12.5 g. of Ni(NOs)2-6H20  
were dissolved in 50 cc. of water and the solution brought 
to boiling. To this solution was added 50 g. of activated

(1) T his J ournal, 69, 2008 (1947).
(2) Hoog, Verheus and Zuiderweg, Trans. Faraday Soc., 35, 995 

(1939).
(3) This type of alumina was used exclusively in the research and

was supplied through the courtesy of the Aluminum Ore Company*

T a b l e  I
The space velocity of hydrogen sulfide in all runs was 

1400 cc ./cc ./h r.

C atalyst
Temp.,

°C.

Space velocity,® 
ethylbenzene 

cc./cc./hr.
% Conversion to  

th ianaphthene
I 550 160 9.3
I 575 160 18.5
I 575 260 13.2

I I 575 160 17.0
II 610 245 13.2
I I 625 160 18.5

® Calculated as cc. of vapor a t S.T.P.

The above runs were made for periods of four hours. 
I t was observed tha t, although the rate of dehydrogena-; 
tion (as estimated by hydrogen evolution) was more rapidi

(4) The nickel-chromium catalysts were reduced for two hours.-
(6) Hansch and Lindwall* J* Org. Chem., 10» 38L G945).
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a t temperatures of 600° and above, the activity of the 
catalyst decreased much more rapidly than a t the optimum 
temperature 575°. Very little difference in activity or 
life of the two catalysts reported in this paper was noted. 
Several other catalysts of different ratios of chromium 
and nickel were prepared; they also showed very little 
difference in activity. W ith space velocity ratio of 4:1 
of hydrogen sulfide to  ethylbenzene, only low yields 
( ^ 5 % )  of thianaphthene were obtained.

Preliminary results with other alkylbenzenes indicate 
th a t the reaction may be general, however, the yields do 
not appear to be as good as in the case of ethylbenzene.

Acknowledgment.— The authors are very 
much indebted to the Research Corporation for 
a Frederick Gardner Cottrell grant-in-aid which 
supported this research.

Summary
Thianaphthene has been prepared in 18.5% con­

version from hydrogen sulfide and ethylbenzene 
using a chromia on alumina catalyst at 575°. 
C l a r e m o n t , C a l i f . R e c e iv e d  M a r c h  27, 1948

[C o n t r ib u t io n  f r o m  t h e  G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y , C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y ,
P a s a d e n a , N o . 1178]

The Purification and Properties of Antibody against p-Azophenylarsonic Acid and
Molecular Weight Studies

B y  D a n  H. C a m b p e l l , R o ber t  H,

I t  is  b eco m in g  in c re a s in g ly  e v id e n t t h a t  m a n y  
f u n d a m e n ta l  p ro b lem s d e a lin g  w ith  th e  s tru c tu re  
a n d  b e h a v io r  o f a n t ib o d y  m olecu les m u s t  be  
s tu d ie d  w ith  p u rified  a n t ib o d y  p re p a ra tio n s  in  so ­
lu tio n  of k n o w n  co m p o s itio n  r a th e r  th a n  in  com  
p lex  so lu tio n s  su c h  a s  se ru m . M e th o d s  w h ich  a re  
d e v ise d  fo r th e  iso la tio n  a n d  p u r ific a tio n  of a n t i ­
b o d ie s  o n  a  p ra c tic a l  sca le  a re  h e n e e  of co n s id er­
a b le  in te re s t  a n d  im p o r ta n c e . T h e  fo llow ing r e ­
p o r t  d esc rib es  a  m e th o d  fo r  th e  iso la tio n  a n d  p u r i­
f ic a tio n  of a n t ib o d y  a g a in s t  + -a zo p h e n y la rso n ic  
a c id  in  w h ich  th e  a n t ib o d y  is re m o v e d  fro m  th e  
a n t is e ru m  b y  specific  p r e c ip ita t io n  w ith  a  po ly - 
h a p te n ic  d y e  a n d  rec o v e re d  f ro m  a  so lu tio n  of th e  
d isso c ia te d  a n t ig e n - a n t ib o d y  com plex .

T h e  rec o v e ry  o f a n tib o d ie s  f ro m  specific a n t i ­
g e n -a n t ib o d y  com plexes h a s  b e e n  accom plished  
b y  a  v a r ie ty  o f m e th o d s .lb P e rh a p s  th e  b e s t 
k n o w n  is th e  o n e  d esc rib ed  b y  H eid e lb e rg e r a n d  
K e n d a l l2 a n d  H e id e lb e rg e r  a n d  K a b a t ,3 in  w hich  
1 5 %  so d iu m  c h lo rid e  so lu tio n s  w ere  used  to  p ro ­
d u c e  a  s h if t  in  th e  a n t ig e n - a n t ib o d y  ra tio  o f sp e ­
cific p re c ip ita te s  o f SSS  o r  o f i n ta c t  P neum ococcus 
a n d  an tip n e u m o c o c c u s  se ru m s fa v o rin g  th e  lib e ra ­
t io n  o f a n t ib o d y . L iu  a n d  W u 4 w ere  ab le  to  o b ­
ta in  a s  good  if n o t  b e t te r  y ie ld s  o f a n tib o d y  p re ­
p a ra tio n s  b y  a c id  d is so c ia tio n  o f s im ila r  a n t ig e n -  
a n t ib o d y  com plexes a t  a b o u t  p H  4 .0  w ith  su b se­
q u e n t  iso la tio n  o f a n t ib o d y  b y  s a l t  p re c ip ita tio n  o r 
re m o v a l o f a n t ig e n  b y  c e n tr ifu g a tio n  if b a c te ria l 
ce lls w ere  u se d . R e c e n tly , a  r e p o r t  h a s  b ee n  m a d e  
b y  H a u ro w itz , e t  a l . f  w h ich  d esc rib es  th e  iso la tio n

(la) Present address, McArdle Laboratory, University of Wiscon­
sin, Madison, Wisconsin.

(lb ) Dan H, Campbell and Frank Lanni, “ The Amino Acids 
and Proteins,” edited by D. M. Greenberg, Chapt. X II, “ Im ­
munology of Proteins,” Thomas Publishing Co., in press.

(2) M. Heidelberger and F. E. K endall, J . Exptl. Med., 64, 161
(1936).

(3) M. Heidelberger and E. A. K abat, ibid., 67, 181 (1938).
(4) S. C. Liu and H. Wu, Proc. Soc. Exptl. Biol. Med., 41, 144 

(1939).
(5) F. Haurowitz, Sh. Tekm an, M iervet Bilen and Paula Schwerin, 

Biochem. J ., 41, 305 (1947).
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and purification of antibody against p -amino- 
benzylamine, anthranilic, arsanilic, and sulfanilic 
acids by the use of methods somewhat similar to 
those used by us in the present investigation. 
The principal difference was their use of an acid- 
insoluble conjugated protein for a precipitating 
antigen. Our own investigations of a number of 
antigen-antibody systems have indicated that, in 
general, acid dissociation is the method of choice, 
at least for the systems involving ovalbumin, poly­
saccharide, and arsanilic acid antigens. The last 
of these is a particularly good system since simple 
polyhaptenic dye antigens can be used for specific 
precipitating agents. The physical properties of 
such antigens are so different from those of the 
antibody proteins that the dissociated complexes 
can usually be separated into the antigen and 
antibody components without difficulty. Certain 
dye antigens have the added advantage that they 
have a low solubility under aeid conditions and 
hence upon dissociation of the antigen-antibody 
precipitate the antibody dissolves and the antigen 
remains behind as an insoluble acid.

Purification of Antibody.— Several methods 
were studied for the dissociation of antibody 
from antigen-antibody complexes and its sub­
sequent recovery from the dissociated mixture. 
For example, treatment of precipitates by alkali at 
pH  9.0-10.0 resulted in considerable dissociation, 
as evidenced by solution of the precipitates, but 
the yields of antigen-free protein were low because 
of the high solubility of the antigen and its tend­
ency to remain attached to the protein. Fur­
thermore, some denaturation of antibody protein 
always occurred and the purity of antibody as 
based on the ratio of specifically precipitable pro­
tein to total protein usually gave values of only 10 
to 20%. Another method which was used with 
some success was dissociation of dye-antigen com­
plexes with a simple hapten such as arsanilic acid 
and subsequent dialysis against the hapten until 
the solution was free of the dye antigen. This
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method was limited to precipitating antigens of 
sufficiently small molecular size to permit diffusion 
through the dialysis membrane. Such antigens 
are rather inefficient precipitating agents, and 
considerable time was required to dialyze away 
first the dye antigen and then the arsanilic acid. 
The method of choice in most instances and the 
one used for the antibody preparation in the pres­
ent study was (1 ) the use of a good precipitating 
dye antigen, (2) dissociation of the antigen-anti­
body complex with arsanilic acid and then acidi­
fication to about p H  3.5, and (3) precipitation of 
the dissociated antibody with salt. The purified 
antibody used in study of physical properties was 
a pool obtained by mixing several purified prepara­
tions, but all were made by essentially the same 
method.

Serums from a number of rabbits which had 
been immunized over a period of many months 
with sheep serum-^-azophenylarsonic acid were 
pooled and a preliminary precipitation titration 
was made in order to determine the antigen-anti­
body ratio for optimum precipitation as well as to 
obtain an approximate idea of the antibody con­
centration. The antigen used for all preparations 
was a trisubstituted resorcinol dye having the 
following structure

The antigen solutions was adjusted to p H  8.0 and 
dilutions were made which varied by a factor of 
2 from 1 :1000 to 1:256,000, and these were added 
in 0.5 ml. volumes to tubes containing 0.5 ml. of a 
1 :4 or 1 :5 dilution of the pooled antiserum at p H
8.0. The mixtures were allowed to react for about 
two hours at room temperature and forty-eight 
hours at 4°. The precipitates were then washed 
with 1 .0%  sodium chloride solution and analyzed 
for protein by the Folin-Ciocalteu method as mod­
ified by Pressman.6 Most of the pooled sera 
gave maximum precipitation in slight antigen ex­
cess with antigen dilutions around 1:40,000 under 
the above conditions, and antibody protein values 
of from about 6 mg./ml. of serum to as high as 15 
mg./ml. For precipitation of antibody from an 
850-ml. batch of pooled serum which showed a pre­
liminary titration maximum for antibody pre­
cipitation of 1 : 10,000 (1:40,000/1:4) was ad­
justed to p H  8.0 with 0.5 M  sodium hydroxide, di­
luted with one volume of saline, and mixed with an 
equal volume of 1:20,000 antigen solution. After 
several hours at room temperature and about sev­
enty-two hours at 4° about half of the supernatant 
was siphoned off and the remainder centrifuged 
and the precipitate washed free of soluble dye and 
protein with 1 .0%  sodium chloride at room tem­

(6) David Pressman, I n d .  E n g .  C h e m .,  A n a l ,  E d . ,  15, 357 (1943).

perature. The insoluble antigen-antibody com­
plex was usually dissociated first with sodium 
arsanilate and was then acidified. Although acid 
dissociation alone was fairly successful it was 
found that hapten dissociation facilitated sepa­
ration and gave higher yields. Thus the precipi­
tate was first suspended in 25 to 50 ml. of 10% so­
dium arsanilate at p H  8.0-8.5 and the mixture 
carefully stirred until no further solution was evi­
dent. This required from two to four hours and 
usually resulted in a solution with only faint tur­
bidity. When precipitates were allowed to de­
velop over a period of longer than seventy-two 
hours the dissociation with haptens required much 
longer time and in a few extreme instances were 
not complete at twelve hours. The antigen-anti­
body-hapten solution was then quickly adjusted 
to p H  3.2 and again carefully stirred for about one 
hour at room temperature. A t this p H  most of 
the dye antigen became insoluble and the antibody 
protein remained in solution. A  small amount of 
antibody usually remained with the insoluble dye 
and arsanilic acid but practically all was recovered 
in one washing with saline and was added to the 
original acid extract. The small amount of anti­
body which remained with the insoluble dye was 
easily recovered by washing. The antibody was 

precipitated by addition of a satu­
rated sodium chloride solution in a 
final concentration of 4.0 M . Traces 
of dye which remained soluble in 
the acid solution were removed by 
the careful fractional precipitation 
with salt solution. The dye being 

relatively insoluble precipitated with much less 
salt than was required for antibody globulin. In 
such instances, 10- 20%  of the antibody would 
precipitate with the dye but could be recovered by 
further fractional precipitation with salt at p H  3.2. 
The final salt precipitated antibody was then re-

T a b l b  I

D a t a  o n  t h e  P u r if ic a t io n  o f  A n t ib o d y  f r o m  R a b b it

A n t i-S h e e p  S e r u m -£ -a z o p h e n y l a r s o n ic  A c id

Volume Total
of

pooled
serum,

ml.
Type of 
antigen

M aximum c 
antibody 

pptd., 
m g./m l.

protein
re­

covered,
mg.

Yield,
% P urity

25 R V 14.81 368 97 98
850 R*3 6.27 4487 84 87
230 R 1* 14.81 3390 99 96
400 R*3 9.05 3158 87 93
750 XX X 5 8.68 4100 63 71
100 XX X 8.68 685 79 83

“ The trisubstituted resorcinol dye described in text. 
6 A chromotropic acid derivative containing two azo­
phenyl-azo-arsonic acid groups. These antibody prepa­
rations were not used in the present study, c Subse­
quent experiments with the purified antibody indicated 
that less precipitate was obtained in the presence of serum 
proteins, hence these values may represent only relative 
amounts of antibody. d Protein based on microkjeldahl 
analysis. • Purity =  specific precipitable protein/total 
protein in solution.

OH
H 2Q 3A s<̂  >̂ N : N<^ ^>N: n / N n  : N<^ >̂ N : N<^ >̂AsQ8H2

U°h
N : N<(  : N<^ >̂As03H2
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suspended in 0.9% saline and dialyzed against 
saline until the p H  became practically neutral.

Representative values for several batches of 
pooled serum are given in Table I. It will be seen 
that the preparations obtained by use of the tri­
substituted dye antigen were better than those ob­
tained by use of a chromo tropic acid derivative. 
This was due largely to the fact that the latter 
antigen showed an appreciable solubility at p H
3.5 and hence tended to complex with the soluble 
protein. Serums with lower titers always gave 
smaller yields.

Electrophoretic Pattern.— Electrophoretic
studies of the purified preparations in the 
Tiselius apparatus indicated a very high degree 
of homogeneity. The experiments were made 
with approximately 1 .0%  protein solutions in 0.15 
M  sodium chloride plus 0.04 M  phosphate buffer 
at p H  7.2. The current used was approximately 
15 ma. and the pattern allowed to develop for two 
to three hours. The electrophoretic mobility was 
very similar to that of the gamma globulin frac­
tion of serum.

Molecular Weight Determination, (a) From 
Osmotic Pressure.— The molecular weight de­
terminations by osmotic pressure were made 
with simple osmometers of the static rise type 
with a Visking cellophane bag used for the mem­
brane. The protein concentration was 2.0% in 
0.15 M  sodium chloride and 0.04 M  phosphate 
buffer at p H  7.3. The values obtained varied 
from 136,000 to 144,000, as compared to the cur­
rently accepted values of 158,000. The slightly 
lower values were probably a reflection of the p H  
at which the determinations were made.

(b) From Light Scattering Data.— Measure­
ments of the turbidity, refractive index, and de­
polarization of a protein solution can, under cer­
tain conditions, be used to calculate the molecu­
lar weight of the dissolved protein. The 
theoretical bases of these calculations are due prin­
cipally to Rayleigh,7 Von Smoluchowski,8 Ein­
stein,9 Raman, 10 and Debye.11

If the dissolved particles are small compared 
with the wave length of light the following equa­
tion gives a relation between the turbidity of the 
solution, its concentration, refractive index, de­
polarization, and the molecular weight of the sol­
ute.

h =

where
h is the extinction coefficient due to scattering 
n  is the refractive index of the solution 
c is the concentration
d n f d c  is the refractive index increment of the solute
(7) Lord Rayleigh, Phil Mag., 12, 81 (1881).
(8) M . Von Smoluchowski, A nn. Physik, 25, 205 (1908),
(9) A. Einstein, ibid., 38, 1275 (1910).
(10) C. V Ram an, Indian J . Phys., 2, 1 (1927).
CU) P. Debye, / .  Applied Phys., 15, 338 (1944).

X is the wave length of the incident light 
No is Avogadro’s number 
M  is the molecular weight of the solute 
B  is a constant which describes the deviation of the sys­

tem from van’t  Hoff’s law 
R  is the gas constant 
r  is the absolute temperature 
P is the depolarization of the scattered light.

In practice it is difficult to measure h accurately 
so instead the amount of light which is scattered at 
an angle of 90° to the incident beam is measured. 
For solutions of particles which are small com­
pared with the wave length of light the angular 
distribution of intensity of scattered light obeys a 
(1 +  cos 26) relation where 6 is the angle between 
the direction of the incident beam and the scat­
tered beam. The relation between h , Jo, the in­
tensity of the original beam and i , the intensity of 
the light scattered at 90° to the incident beam, is

16tr . .
(2)

The direct measurement of the quantity, i/Io , 
is a time consuming task so that routine measure­
ments in this Laboratory are made by comparing 
the light scattered from a solution with that scat­
tered from a sealed tube of purified carbon disul­
fide. Various investigators have reported values 
of i / I 0 for carbon disulfide and in addition the 
value has been redetermined in this Laboratory.12 
The value of i / I 0 for carbon disulfide which has 
been used in this investigation is 4.4-10” 5 for light 
of the wave length of 5461 A.

The instrument which was used for the measure­
ment of the scattered light is one which was de­
signed and built in this Laboratory. A  slightly 
convergent beam of monochromatic light from a 
mercury arc (GE-AH-4) is passed up through the 
bottom of a cylindrical glass cell. The light which 
is scattered in directions near 90° to the incident 
beam is focused on a 931-A electron multiplier 
phototube. A  small fraction of the incident beam 
is reflected to another phototube and the outputs 
of the two tubes are balanced against one another 
by means of a potentiometer arrangement. A 
constant voltage transformer reduces fluctuations 
in the mercury arc and in the supply of a voltage 
regulator and rectifier which provides a source of 
high potential for the plates of the phototubes.

A diaphragm arrangement is installed in the 
path of the scattered beam which permits sections 
of polaroid film with known orientations to be 
switched in and out of the light path. This device 
gives a convenient way of measuring the de­
polarization of the scattered light.

The refractive index increment is measured with 
a differential refractometer similar in design to one 
which has been described in the literature.1314

(12) A more complete description of the light scattering apparatus 
and technique which have been developed in this Laboratory will soon 
be published.

(13) D. R au and W. Roseveare, Ind. Eng. Chem., A nal. Ed., 8, 72 
(1936).

(14) P. D«feye, J . Applied Phys., 17, 392 (1946).
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Four solutions of the protein were made with a 
dilute salt solution (0.15 M  sodium chloride) and 
were dialyzed against the same solution for two 
weeks at 4°. The p H  of the protein solution at 
the end of the dialysis was 7.5. The solutions 
were then centrifuged for twenty minutes in a 
field 32,000 times that of gravity to remove any 
suspended dust, placed in a scattering cell, and the 
intensity of the scattered light compared with that 
scattered from carbon disulfide for a wave length 
of 5461 A. Depolarization measurements were 
made. The refractive index increment was com­
puted from the difference between the refractive 
indices of the solution and the solvent. Two of 
the solutions were slightly colored. Optical den­
sity measurements were made on these solutions 
with a spectrophotometer at the wave length used 
so that the magnitude of the scattering could be 
corrected for the true absorption. Concentrations 
were determined as described in the previous 
section.

The molecular weight of the dissolved protein is 
given by

/ b n \ 2 K J27r2w2f g j J  ( c / i / i c S 2) c - + o ( h / i c s 2)

which follows from (1) and (2)
c / i / i c s 2 is the concentration of the solution 

divided by the ratio of the intensity of the light 
scattered from the solution to that scattered from 
c m . bon disulfide. This quantity is corrected for 
t1! depolarization of the scattered light and is 
extrapolated to zero concentration.

A plot of c / i / i c s 2 vs. c is given in Fig. 1. The 
refractive index increment of this protein is 0.171. 
The depolarization of the solution is 0.032 and 
apparently is independent of concentration.

The value of the molecular weight which is 
calculated from light scattering measurements,
158,000 =*= 10,000 compares favorably with previ-

4 8 12 16
Concentration, mg./ml.

Fig. 1.—Light scattering data for purified rabbit antibody.

ously published data from sedimentation and os­
motic pressure studies.

There is evidence, however, that the turbidity, 
depolarization, and refractive index of a protein 
solution change somewhat with p H  and perhaps 
with salt content.15*16 Not enough work has yet 
been done to understand how these changes should 
be taken into account when a value of the molecu­
lar weight is to be calculated.

We wish to express our thanks to Professor 
R. M. Badger and Dr. Stanley Swingle for their 
suggestions and assistance.

This work was supported in part by a Grant 
from the Rockefeller Foundation.

Summary
Methods are described for the isolation and 

purification of rabbit antibody against p -azo- 
phenylarsonic acid. The purified preparations 
were electrophoretically homogeneous and similar 
to gamma globulin.

Molecular weight studies from osmotic pressure 
and light scattering data gave values of approxi­
mately 140,000 and 158,000, respectively.

(15) Unpublished work on solutions of hum an serum album in, 
human serum globulin, and blood group A-Specific substance.

(16) S. Armstrong and others, T his J ournal, 69, 1747 (1947).
Pasadena, Calif. Received February 6, 1948

[Contribution from the Department of Chemistry of the University of Colorado]

The Inhibition of Microbiological Growth by Allylglycine, Methallylglycine and
Crotylglycine1,2

B y  K a r l  D it t m e r , H a r l a n  L . G o e r in g ,3 I r v in g  G oodm an  a n d  S t a n l e y  J .  C r is t o l

The interchange of an aromatic sulfide for a 
vinylene group in thiamin,4 nicotinic acid6 and 
phenylalanine6 has led to the formation of specific

(1) This work was supported in part by a research contract with 
the Office of Naval Research.

(2) This paper, which is Num ber 1 of the Unsaturated Amino 
Acid Series, was presented in part a t  the 111th meeting of the 
American Chemical Society a t A tlantic City, April, 1947.

(3) American Cy ana mid Company Fellow.
(4) Woolley and W hite, J . Exp. Med., 78, 489 (1943).
(5) Erlenmeyer, Block and Kiefer, Helv. Chim. Acta, 25, 1066 

(1942).
(6) D ittm er, Ellis,, MeKennis and du Vigneaud, J . Biol. Chem., 

164* 761 (1946).

metabolite antagonists. Because of these effects 
and because of the theoretical basis for the simi­
larity of the vinylene group (— C H = C H — ) and a 
divalent sulfur atom (— S— ),7 it has been possible 
to assume that substituting a sulfur for a vinylene 
g roup  or vice versa  may be the basis for the prepa­
ration of one type of specific metabolite antago­
nist.8*9*10

Since all of these examples are of aromatic com-
(7) Neuhaus, Die Chemie, 57, 33 (1944).
(8) W agner-Jauregg, Naturwissenschaften, 31, 335 (1943).
(9) Woolley, Physiol. Rev., 27, 308 (1947).
(10) Roblin, Chem. Rev., 38, 255 (1946).
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p o u n d s , i t  seem ed  d e s ira b le  to  d e te rm in e  w h e th e r  
s im ila r  ch an g es  in  a l ip h a t ic  c o m p o u n d s  c o n ta in ­
in g  su lfu r  o r  v in y le n e  g ro u p s  w o u ld  likew ise re su lt  
in  th e  fo rm a tio n  o f a n ta g o n is ts .  T o  te s t  th is  w e 
ch o se  to  make th e  v in y le n e  analogs of th e  su lfu r- 
c o n ta in in g  am in o  ac id s . I n  th is  p a p e r  we w ish  to  
r e p o r t  o n  th e  g ro w th - in h ib ito ry  p ro p e rtie s  of th e  
v in y le n e  a n a lo g s  of cy s te in e , a lly lg lyc ine  a n d  
th e  tw o  closely  r e la te d  u n s a tu ra te d  am ino  ac id s  
m e th a lly lg ly c in e  a n d  c ro ty lg ly c in e . T h e  s tr u c ­
tu r a l  re la tio n sh ip s  o f th e se  u n s a tu ra te d  am ino  
a c id s  to  cy s te in e  a re  i l lu s tr a te d  b y  th e  fo llow ing 
ch e m ic a l fo rm u las . T h e  p o s itio n  o f th e  d o u b le  
b o n d  in  th e se  co m p o u n d s  is in fe r re d  fro m  th e ir  
sy n th e ses .

NH2

H —S—CH2—CH—COOH 
Cysteine

CH3 n h 2

H —C H = C —CH2—CH—COOH 
Methallylglycine

NH2

H—C H = C H —CH2—CH—COOH
A llycrivrinfi

n h 2

CH,—CH==CH—CH2—CH—COOH 
Crotylglycine

W e h a v e  d e te rm in e d  th e  a m o u n ts  of th e se  u n ­
s a tu ra te d  a m in o  a c id s  re q u ire d  to  in h ib i t  th e  
g ro w th  o f th re e  s tr a in s  of E s c h e r i c h i a  c o l i  a n d  
s t r a in  139 o f S a c c h a r o m y c e s  c e r e v i s i a e . T h e  effects 
o f v a r io u s  am in o  a c id s  a n d  v ita m in s  o n  th e  to x ic ­
i t y  o f th e se  u n s a tu r a te d  am in o  ac id s  a re  now  
b e in g  in v e s tig a te d .

Experimental
Preparation of Unsaturated Amino Acids.—The syn­

theses of the unsaturated amino acids by procedures 
similar to  those reported by Albertson11 will be described 
in a separate paper.12 The starting materials were allyl

0 10 20 30 40 50 60
Micrograms of unsaturated amino acids per 7.5 ml.

Fig. 1.—The inhibition of the growth of E . co li, unidenti­
fied strain N, by (//-allylglycine, (//-methallylglycine and 
{//-crotylglycine.

(11) Albertson, T his J ournal, 68, 450 (1946).
(12) Goering, Cristol and D ittm er, ibid., in press.

chloride, methallyl chloride and crotyl chloride from which 
were obtained d l-allylglycine, (//-methallylglycine and d l-  
crotylglycine, respectively.

Inhibition of Growth of E sc h e r ic h ia  c o l i .—Three strains 
of E . c o li were used in this study; one was an unidentified 
strain13 which will be referred to as strain N ; the second 
is listed by the American Type Culture Collection as 
number 9723; and the third was kindly supplied by Dr. 
William Shive; it will be referred to as strain T. For 
these tests the organisms were grown for sixteen hours in 
the synthetic medium described by MacLeod.14 Best 
results were obtained when the medium was prepared daily 
and the p H  carefully adjusted to 7.3. Six and five- 
tenths milliliters of medium was added to the various 
addenda dissolved in a volume of 1.0 ml. in the assay 
tubes (20 X 150-m m .). The tubes were capped by 
aluminum caps and autoclaved for five minutes a t 15 
pounds pressure and then inoculated with 1 drop of a pure 
E . co li suspension. The inoculum was prepared and 
handled as described previously,6 except that during these 
experiments each culture was washed once with sterile 
saline before it was diluted for the inoculum.

The effects of increasing amounts of (//-allylglycine, d l-  
methallylglycine and (//-crotylglycine on the growth of 
three strains of E .  c o li are illustrated by the curves plotted 
in Figs. 1, 2 and 3, respectively. The amounts of each

Micrograms of .unsaturated amino acids per 7.5 ml.
Fig. 2.—The inhibition of the growth of E . c o l i , ATCC 

9723, by (//-allylglycine, (//-methallylglycine and d l-crotyl­
glycine.

Micrograms of unsaturated amino acids per 7.5 ml.
Fig. 3.—The inhibition of the growth of E . c o li, unidenti­

fied strain T, by (//-allylglycine, (//-methallylglycine and d l - 
crotylglycine.

(13) This culture of E. coli was originally obtained from Professor 
James Neill of the D epartm ent of Bacteriology, Cornell University 
Medical College, and is the same as th a t  used in the work previously 
reported.6

(14) MacLeod, J . Exp. Med., 72, 217 (1940).



July, 1948 I n h ib it io n  o f  M ic r o b io lo g ic a l  G r o w t h  b y  S u b s t it u t e d  G l y c in e s 2501

inhibitor required to reduce the growth of each strain to 
50% of normal and to complete inhibition are tabulated 
in Table I. The data of Table I represent the averages 
obtained from a large number of determinations. From 
these data and the curves of Figs. 1, 2 and 3, it can be 
seen tha t allylglycine and methallylglycine have very 
similar inhibitory activity, but crotylglycine is less active 
for all three strains of E .  c o li .

T a b l e  I

D a t a  I l l u s t r a t in g  t h e  R e l a t iv e  E f f e c t iv e n e s s  o f  
T h r e e  U n s a t u r a t e d  A m in o  A c id s  a s  M ic r o b ia l  

G r o w t h  I n h ib it o r s

Amounts of unsaturated amino acid 
required® per 7.5 ml. of medium

Microorganism

rfl-Allyl­
glycine

y

cW-Meth-
allyl-

glycine
y

dl- Crotyl­
glycine 

y

E . c o li, strain N
for 50% Inhibition® 166 22 50
for 100% Inhibition® 20-40 25-40 50-80

E . co li, strain 9723
for 50% Inhibition 27 20 so
for 100% Inhibition 30-50 25-40 50-70

E . c o li, strain T
for 50% Inhibition 17 10 23
for 100% Inhibition 20-30 15-25 30-40

S . ce rev is ia e , strain 139
for 50% Inhibition 6 55-100 700-1000
for 100% Inhibition 50 > 1  mg. > 4  mg.
a The amounts required for complete inhibition vary 

much more than the amounts required for 50% inhibition. 
The values for 50% inhibition are averages while the range 
of amounts required for 100% inhibition are given. 
5 For a short period of time during these tests, between 
30 and 50 y were required for 50% inhibition of normal 
growth.

Allyl chloride, allyl alcohol and allylurea were tested 
a t a concentration of 1 mg. per 7.5 ml. of medium and 
were found to be either completely inactive or only slightly 
inhibitory.

Inhibition of the Growth of S a cch a ro m y ces  c e r e v is ia e .— 
The technique followed in the yeast growth experiments 
was similar to th a t described previously.6 The medium 
employed was tha t used by Snell, Eakin and Williams15 
except for the level of aspartic acid, which was increased 
to 2 g. per 10 liters of medium.

The effects of increasing amounts of (//-allylglycine, d l-  
methallylglycine and (//-crotylglycine on the growth of 
S . cerev is ia e  are shown in Fig. 4. The amounts of the 
inhibitors required to produce 50 and 100% inhibition 
of normal growth are also listed in Table I. From the

(15) Snell, Eakin and Williams, T his J ournal, 62, 175 (1940).

Micrograms of unsaturated amino acids per 7.5 ml.
Fig. 4.—The inhibition of the growth of S . c e r e v is ia e , 

strain 139, by (//-allylglycine, (//-methallylglycine and d l-  
crotylglycine.

curves of Fig. 4 and the data of Table I it is evident th a t 
of the three unsaturated amino acids, allylglycine is by far 
the best yeast growth inhibitor and crotylglycine is the 
poorest.

A c k n o w le d g m e n t.— T h e  a u th o r s  a re  g r e a t ly  
in d e b te d  fo r  t h e  v e r y  e x c e lle n t a s s is ta n c e  r e ­
ce iv ed  f ro m  M rs . C h a rm io n  M c M illa n , M rs . 
H e s te r  P . M c N u l ty  a n d  M rs . V irg in ia  J a n d a .  
T h e  a u th o r s  a lso  w ish  to  t h a n k  M r . V . C . 
I rv in e  a n d  M r . W . S . T h o rn h i l l  o f th e  S h e ll 
C h e m ic a l C o r p o ra t io n  fo r  g e n e ro u s  su p p lie s  o f 
a lly l c h lo rid e  a n d  m e th a l ly l  ch lo rid e .

S u m m a ry
A s p o ss ib le  a n ta g o n is ts  fo r  c y s te in e  th re e  u n ­

s a tu ra te d  a lp h a  a m in o  a c id s , a lly lg ly c in e , m e th ­
a lly lg ly c in e  a n d  c ro ty lg ly c in e , w ere  te s te d  fo r  
th e ir  g ro w th  in h ib i t io n  o f th r e e  s tr a in s  o f E s c h e r ­
i c h i a  c o l i  a n d  s t r a in  139 o f S a c c h a r o m y c e s  c e r e ­
v i s i a e .  A lly lg ly c in e  a n d  m e th a lly lg ly c in e  w ere  a l ­
m o s t e q u a lly  e ffec tiv e  in h ib i to r s  o f E .  c o l i , p ro ­
du cin g  c o m p le te  in h ib i t io n  o f g ro w th  fo r  s ix te e n  
h o u rs  in  v e ry  sm a ll c o n c e n tra tio n s . C ro ty lg ly ­
cine w as  less a c tiv e  o n  th e  g ro w th  o f a ll th r e e  
s tra in s  o f E .  c o l i . F o r  S .  c e r e v i s i a e , a lly lg ly c in e  
w as th e  m o s t  e ffec tiv e  in h ib i to r  o f th e  th r e e  u n ­
s a tu ra te d  a m in o  a c id s  a n d  c ro ty lg ly c in e  sh o w ed  
on ly  low  in h ib i to ry  a c tio n .
B o u l d e r , C o l o r a d o  R e c e iv e d  F e b r u a r y  18, 1948
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[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  C o lo r a d o ]

The Condensation of Piperylene with Acrylonitrile and Methyl Acrylate
By J ohn S. M eek  and J ames W, R agsdale

w  u c i i  ct u i c n c  such as pipcryIctic (I) wInch jpos 
sesses only one plane of symmetry undergoes the 
Diels-Alder reaction with an unsymmetrically 
substituted dienophile such as acrylonitrile (II) 
then possibly four different racemic nitriles might 
be formed. In this case these are cis- (III) and 
/ra^s-l,2,5,6-tetrahydro-0r/Aö-tohmitrile (IV) and 
cis- (V) and tra n s-1,2,3,6-tetrahy dro-me/&-tolu- 
nitrile (VI). The possibility of the formation of

CH3

/ CH
CH
I

CH
^ c h 2

I

H v ^ C N

C
h / \ h

II

7 \
c h ,

-CN

/ \ -CN 7 \
c h 3 C E

-CN

IV V

III

G
VI

-CN

c h 3c h = c h c h ==c h 2
I

+

c h 2= VII

such isomers was recognized by Lehmann and 
Paasche.1 However, in 
only a few cases have the 
adducts been identified 
as ortho or meta iso­
mers and in no case has 
it been definitely proven 
whether these were cis  
or tran s  in nature.
Lehmann and Paasche 
condensed acrolein with 
4 - p  - xylyl -1,3 - penta- 
diene and assigned to 
the resulting adduct 
the structure of an 
ortho isomer in which 
the aldehyde group and 
the ^-xylyl group were 
trans  to each other.1 
Their proof of structure 
was inconclusive and 
their adduct was not 
converted to any known 
compound.

Recently it was found that the adduct of 
acrylonitrile and piperylene was a mixture of an 
ortho and a meta isomer and that the ortho isomer 
was roughly seven times as abundant as the meta 
isomer in the mixture.2 Therefore, this reaction 
was chosen in an effort to learn if these isomers were 
cis  or tran s  in nature, and at the same time it was 
planned to study the previously unreported con-

(1) Lehmann and Paasche, Ber., 68, 1146 (1935).
(2) Frank, Fm m iek and Johnson, T his J ournal, 69, 2313 (1947),

densation of piperylene and methyl acrylate (VII).
Methyl acrylate was found to condense readily 

with piperylene to give a 65% yield of an adduct 
(VIII). Dehydrogenation of V III and subse­
quent hydrolysis produced 0-toluic acid. No m - 
toluic acid was isolated. Saponification of VIII, 
conversion to the acid chloride, and treatment 
with ammonia gave a solid amide (IX). This 
upon hydrogenation gave the known cis-hexa- 
hydro-tf-toluamide (X ) .3 The over-all yield from 
the crude adduct to IX  was 57%, showing that 
the majority of the adduct was the c is-o r th o  iso­
mer V III.

In an attempt to get a better conversion of VIII 
to IX, ammonolysis was tried. None appeared 
to take place with alcoholic ammonia solutions. 
The use of liquid ammonia with ammonium chlo­
ride was next tried,4 but no identifiable product 
could be obtained. The use of sodium amide in 
liquid ammonia gave a small yield of a compound 
(XI) which was identified as tran s-1,2,5,6-tetra- 
hydro-ö-toluamide by hydrogenation to the 
known /ra^s-hexahydro-0-toluamide (X II) .3 A  
subsequent experiment showed that under simi-

+  h 2c = c h c n

II

-CH3
t—CN

N aH 02

I I I

-CHs
—c o 2c h 3

1. NaOH, HCl 1T-CONHs
h 2

V III 2. S0C12 IX ~ptT

-CH,
V-CONH2

x
3. NH,

NaNH2 
liq. NH,

CH,- CH,

NaNH2
liq. NH,

-c o n h 2
h 2 

— > 
P t

^ -V -C O N H 2

X I X II

lar conditions the cis  amide was converted to the 
tran s  isomer.

The crude adduct of piperylene and acrylonitrile 
was treated with sodium hydroxide and hydrogen 
peroxide in alcohol. An 85% yield of IX  was ob­
tained and thus the majority of the adduct was 
shown to be III. Attempts to isolate an amide

(3) Skita, A nn., 431, 1 (1923); v. Auwers, J . prakt. Chem„  \2 J 
124,209 (1930).

(4) FdUmger and Audrietii, T his J ournal, 60, 579 (1938).



July, 1948 C o n d e n s a t io n  o f  P ip e r y l e n e  w it h  A c r y l o n it r il e  a n d  M e t h y l  A c r y l a t e  2503

d e riv e d  fro m  e i th e r  IV , V  o r  V I  h a v e  fa iled  so  f a r  
a l th o u g h  i t  h a s  b e e n  sh o w n  t h a t  V  o r  V I if n o t  
b o th  m u s t  b e  p re s e n t  in  th e  r e a c tio n  m ix tu re .2

F ro m  th e se  tw o  ex am p les  i t  a p p e a rs  t h a t  p i­
p e ry le n e  condenses w ith  a  n e g a tiv e ly  s u b s t i tu te d  
u n sy m m e tr ic a l e th y le n e  to  g iv e  ch iefly  th e  c i s -  
o r th o  isom er. T h is  is w h a t  o n e  w ould  ex p e c t on  
th e  b as is  of re so n a n c e  a n d  in d u c tiv e  effects in  th e  
co m p o u n d s  s tu d ie d . F o r  in  p ip e ry le n e  i t  h a s  
b e e n  show n  t h a t  th e  in d u c tiv e  a n d  h y p e rc o n ju g a - 
t iv e  effec t o f th e  m e th y l g ro u p  c a u se s  a  n e g a tiv e  
ch a rg e  to  re s id e  o n  th e  te rm in a l  c a rb o n  a to m 5
( X I I I ) .  I n  m e th y l a c ry la te , a s  w ell as m a n y  
o th e r  n e g a tiv e ly  s u b s t i tu te d  e th y le n e s , th e  /3-car­
b o n  a to m  is p o s it iv e  w h en  c o m p a re d  to  th e  a - c a r ­
b o n  a to m  d u e  to  m esom eric  effec ts  (X IV ). T h u s  
th e  m olecu les m a y  lin e  u p  a s  p ic tu re d  below  to  
fo rm  th e  o r th o  isom er, th e  n e g a tiv e  en d  o f o n e  
b e in g  a t t r a c te d  b y  th e  p o s itiv e  e n d  of th e  o th e r . 
I n  th e  p ip e ry len e  m o lecu le  ( X I I I )  h y p e rc o n ju g a ­
tio n  of th e  m e th y l g ro u p  re s u lts  in  i ts  h a v in g  a  
p o s itiv e  ch a rg e . T h is  ch a rg e  a t t r a c t s  i t  to  th e  
n e g a tiv e  ch a rg e  o n  th e  c a rb o n y l g ro u p  re su ltin g  
fro m  reso n an ce , a n d  th u s  a  c i s  co n fig u ra tio n  re ­
su lts ,

H

H—C H (+ ) p c —)

/ C H
CH c
II +  1
CH
Nxc h 2

/ c \
h/ (+7h

( - )
X III XIV

H

H - C  H (+ )  0 ( _ )
I

*C—O—CHgHC
/

CH
Ii
CH

f *
HC

/C H 2
xc h 2.

CHs
c o 2c h 3

V III
T h e  fo rm a tio n  of th e  m e ta  iso m er in  th e  case 

ab o v e  w ou ld  re q u ire  th e  p o s itiv e  e n d  of th e  d ieno ­
p h ile  to  jo in  w ith  th e  p o s itiv e  en d  o f th e  d iene 
w h ich  w ou ld  n ee d  a  h ig h e r en e rg y  of a c tiv a tio n  
th a n  t h a t  re q u ire d  fo r  th e  fo rm a tio n  of th e  o rth o  
isom er.

E x p e r im e n ta l
The piperylene, methyl acrylate and acrylonitrile used 

in these experiments were Eastman Kodak Company 
practical grade, and they were used without further puri­
fication. About 70% of the piperylene was the tra n s  
isomer.

Adduct of Piperylene with Methyl Acrylate (VIII).—A 
mixture of 57 g. (0.67 mole) of methyl acrylate, 45.5 g. (0.67 
mole) of piperylene and 0.1 g. of hydroquinone were 
placed in a Parr hydrogenation bomb under 1200 pounds 
of hydrogen pressure and heated for six hours a t 200°.

The hydrogen was used to  test for leaks in the apparatus, 
and also in the hope th a t it would cut down peroxide 
formation and the diffusion of the piperylene which might 
result in polymerization taking place around the valves 
of the bomb head. No such polymerization was encoun­
tered and the use of the bomb avoided the dangers of 
sealed glass tubes and perm itted the use of larger am ounts 
of materials. The product was distilled through a short 
Vigreux column and 67.4 g. (65%) of adduct was ob­
tained, b. p. 180-205° (627 m m.). A small portion was 
redistilled and the fraction boiling at 181-183° (622 m m .), 
w20d 1.432 was taken for analysis.

A n a l .  Calcd. for C9H i40 2: C, 70.13; H , 9.15. Found: 
C, 70.28; H, 8.98.

The adduct was dehydrogenated by heating under re ­
flux with a 25% palladium on charcoal catalyst. Saponi­
fication of the resulting oil and acidification gave 0 -toluic 
acid. This was identified by means of a mixed melting 
point with an authentic sample and by preparing the p -  
bromophenacyl ester derivative.

Adduct of Piperylene with Acrylonitrile (III).—A mix­
ture of 38.5 g. (0.72 mole) of acrylonitrile, 58 g. (0.85 mole) 
of piperylene and a trace of hydroquinone and iodine were 
placed in the bomb as in the above procedure and were 
heated a t 130° for eight hours. Distillation of the re ­
sulting product gave 18.7 g. of crude piperylene, 18.4 g. 
of acrylonitrile, and 47.6 g. (54%) of crude adduct. 
Frank, Emmick and Johnson2 have reported a  56% yield 
when equivalent amounts of t r a n s -piperylene and acrylo­
nitrile were heated for twenty-four hours on a steam -bath. 
Fractionation of our adduct through a column possessing 
12 theoretical plates failed to separate the position isomers 
shown to  be present bu t not isolated by those authors. 
The adduct boiled a t 190-191° (620 m m .), # 20d 1.4710.6

c/s -1,2,5,6 -T etr ahy dro -o  -toluamide (IX ).—To a solu­
tion of 2.1 g. of V III in 15 ml. of methanol was added a 
solution of 1.6 g. of potassium hydroxide in 3 ml. of w ater. 
The mixture was allowed to stand in the cold for forty 
hours. This was then acidified with hydrochloric acid and 
extracted with ether. This extract was then warmed to  
remove the ether and any methanol present, and the re ­
sidual oil was heated with 6 g. of thionyl chloride for 
thirty minutes. The acid chloride was poured into ice- 
cold concentrated ammonium hydroxide and the resulting 
solid was isolated by means of filtration and washed with 
water. Recrystallization from hot water gave 1.1 g. 
(58%) of amide, m. p. 143°.

This same amide was prepared from the adduct of 
acrylonitrile and piperylene by the action of alkaline 
hydrogen peroxide using the procedure given for converting 
0 -tolunitrile to the amide7 with 18.1 g. (0.15 mole) of 
the adduct being used. A yield of 16.1 g. (85%) of the 
amide was obtained, m. p. 140-142°. Recrystallization 
from 10% methanol gave crystals melting a t 143° as be­
fore and a mixed melting point of the two was not de­
pressed.

A n a l .  Calcd. for C8H13NO: C, 69.02; H , 9.41; N, 
10.06. Found: C, 69.1; H, 9.20; N, 10.13.

Methyl cw-Hexahydro-o-toluate.—Hydrogenation of a 
small quantity of V III showed tha t about 2%  more than 
the theoretical amount of hydrogen was absorbed a t room 
conditions with Adams catalyst being used. Hydrogena­
tion of 20 g. (0.13 mole) of VIII in 40 ml. of methanol 
with 50 mg. of platinum oxide was carried out. The 
platinum was removed by means of filtration and the 
filtrate was distilled through a short Vigreux column. 
The main fraction boiled a t 181-183° (623 mm.) and 
weighed 15.2 g. (75% ); w20d 1.432; d u  0.956.

A n a l .  Calcd. for C9Hi60 2: C, 69.19; H , 10.32.
Found: C, 69.15; H , 10.46.

c is  -H exahy dro -o  -t oluamid e (X).—The 15.2 g. of h y ­
drogenated ester prepared above were allowed to  stand

(6) We are indebted to  M r. Robert C. Ronald for th is fractiona­
tion.

(7) Noller, “ Organic Syntheses,” Col. Vol. I I , John W iley & Sons, 
Inc., New York, N. Y., 1943, p. 586.(5) H annay and Sm yth, ib id ., 65, 1931 (1943).
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almost two days with 6 g. of sodium hydroxide in aqueous 
ethanol. The mixture was acidified with hydrochloric 
acid and then ether extracted. Fractional distillation 
gave 10 g. (72%) of c is  -hexahydro-o -t oluic acid, b. p. 
119-121° (9 m m .), n 20T> 1.4572; reported,8 b. p. 122- 
123° (10 mm.), n 20& 1.458. A small amount of the acid 
was heated with thionyl chloride, the excess reagent was 
removed by distillation and the acid chloride was poured 
into ice-cold ammonium hydroxide. The amide obtained 
was recrystallized twice from a methanol-water mixture 
and melted sharply a t 149.5°; reported8 m. p. 151-153°.

Twelve grams of IX  prepared from the adduct of 
acrylonitrile was placed in 135 ml. of methanol with 50 
mg. of Adams catalyst and hydrogenated at room condi­
tions. The platinum was removed by filtration and the 
filtrate was evaporated to dryness and gave 11.3 g. (93%) 
of crude amide, m. p . 149°. Treatment with charcoal 
in a 10% methanol solution gave a product melting 
sharply a t 150°. A mixed melting point with the hexa- 
hydroamide prepared from V III as reported previously 
showed no depression.

Attempted Ammonolyses of VIII.—All attempts to pre­
pare IX  by the action of ammonia on V III failed. Treat­
m ent of V III with aqueous ammonia or anhydrous am ­
monia in absolute ethanol with heating failed to give any 
solid product. Finally the procedure of Fellinger and 
A udrieth4 was tried. A solution of 4.8 g. of VIII and 2 g. 
of ammonium chloride in 120 ml. of liquid ammonia was 
placed in a 500 ml. Parr bomb and heated at 80-100° for 
twenty-four hours. The ammonia was allowed to evapo­
rate and the residue was dissolved in 10% methanol and 
treated  with charcoal. After removing the charcoal by 
filtration and the methanol by evaporation, chilling the 
solution resulted in the formation of white crystals, 0.1 
g. (5% ), m. p. 120-122°. Hydrogenation of 52.6 mg. of 
the substance with 10 mg. of Adams catalyst absorbed 
slightly more than the theoretical amount of hydrogen 
which would have been taken up by a tetrahydrotolu- 
amide. Recrystallization of the hydrogenated product 
gave a white solid, m. p. 141.5°. This does not cor­
respond to  the melting point of 155-156° reported for the 
only known form of hexahydro-m  -toluamide,9 and save 
for an analysis of the hydrogenated material these com­
pounds were not investigated further.

A n a l .  Calcd. for C8Hi5NO: N, 9.91. Found: N,
9.70.

t r a n s  -1,2,5,6 -T etr ahy dro-o -toluamide (X).—To 120 ml.
of liquid ammonia were added 2 g. of sodium hydride and

(8) Zelinsky, Ber., 41, 2676 (1908).
(9) Markownikoff, J . prakt. Chem., [2] 49, 64 (1894).

4.8 g. of V III. The mixture was heated as before in a 
Parr bomb, and then the ammonia was allowed to evapo­
rate. The resulting powder was dissolved in water, neu­
tralized with hydrochloric acid, and then ether extracted. 
Evaporation of the ether gave a gum which was dried 
on a porous plate and then treated with charcoal and 
recrystallized from 10% methanol; yield, 0.1 g. (5% ), 
m .p . 166°.

A n a l . Calcd. for C8H i3NO: N, 10.06. Found: N,
9.75.

/raws-Hexahydro-o-toluamide (XII).—Twenty-six mil­
ligrams of X I was hydrogenated with Adams catalyst in 
methanol. Slightly more than the theoretical amount of 
hydrogen was absorbed. Evaporation of the methanol 
following removal of the catalyst gave a product melting 
a t 178°. Recrystallization from hot water raised the 
melting point to 180°, reported m .p . for tra n s  -hexahydro - 
0 -toluamide is 180-181°.3-8

Two grams of c is  -hexahydro -o  -toluamide, 2 g. of sodium 
hydride and 100 ml. of liquid ammonia were heated under 
pressure a t 90° for two hours. The material was worked 
up as in the preparation of X I and 0.3 g. (15%) of amide, 
m .p .  180°, was obtained. A mixed melting point with 
the product obtained by hydrogenating X I was not de­
pressed. When 2 g. of X, 2 g. of sodium hydride and 100 
ml. of liquid ammonia were allowed to stand together for 
several hours while the ammonia gradually evaporated, 
no tr a n s  amide was obtained.
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ported in part by a grant-in-aid from the Coun­
cil of Research and Creative Work of the Uni­
versity of Colorado. The sodium hydride used 
in this work was a gift of the Electrochemical 
Division of E. I. du Pont de Nemours, Inc., and 
the thionyl chloride was a gift of the Hooker 
Electrochemical Company.

Summary
The condensation of piperylene with two nega­

tively unsymmetrically substituted ethylenes, 
acrylonitrile and methyl acrylate, in the Diels- 
Alder reaction has been found to give in both cases 
chiefly the c is-orth o  isomer. This is in agree­
ment with predictions based upon electronic theo­
ries.
B o u l d e r , C o lo r a d o  R e c e iv e d  F e b r u a r y  20, 1948

[C o n t r ib u t io n  f r o m  t h e  N o y e s  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  I l l in o is ]

The Synthesis of Pyrrolizidines. II. Basicities of 8-Alkylpyrrolizidines1
B y  N e l so n  J .  L eo n a r d  a n d  K a r l  M . B e c k 2

The 8-alkylpyrrolizidines (II) offer an excellent 
opportunity for the detection of F-strain3 in a 
bicyclic amine system, and the method of synthe­
sis of 8-methylpyrrolizidine (Ila) reported from 
this Laboratory1 shows promise of general appli­
cation. Therefore, the preparation of homolo­
gous 8-alkylpyrrolizidines has been investigated so 
that the relative basicities of the products could 
be determined.

(1) F or the first article in the series, see Leonard, Hruda and Long, 
T his J ournal, 69, 690 (1947).

(2) Present address: A bbott Laboratories, N orth Chicago, Illinois.
(3) Brown, T his J ournal, 67, 374 (1945).

A favorable yield of 8-methylpyrrolizidine (Ila) 
had previously been realized in the hydrogenation 
of diethyl 7 -methyl-y-nitropimelate (Ia) in etha­
nol over copper chromite at 250-350 atm. and 
275°.1 In extending the method to 8-^-propyl-
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pyrrolizidine (lie) and 8-isopropylpyrrolizidine 
(lid), it was found advantageous to employ diox­
ane as the solvent.4 The reaction time in dioxane 
was one-third that required in ethanol. Yields 
between 60 and 65% were realized. 8-Ethyl- 
pyrrolizidine (Xlb) was obtained in comparable 
yield by the one-step catalytic reduction of the 
condensation product of 1-nitropropane with two 
moles of ethyl acrylate (lb). When the condensa­
tion product of 1-nitropropane with one mole of 
ethyl acrylate (III) was hydrogenated in ethanol 
over copper chromite at 200-300 atm. and 250p,
1,2-diethylpyrrolidine (IV) was obtained in 5 0 %  
yield. Catalytic hydrogenation gave about the

C H 3C H 2 C H C H 2 C H 2C O O C 2H5

n o 2

I II
c 2h 5
IV

same yield of IV whether the reduction was car­
ried out in one step or by the two-step process with 
platinum oxide at low pressure followed by copper 
chromite at high pressure.1 That N-alkylation 
occurred is not surprising, since Adkins5 has cited 
the N-ethylation of primary and secondary amines 
with ethanol solvent above 150°, and Barr and 
Cook6 have observed N-alkylation in the prepara­
tion of certain piperidines by catalytic hydrogena­
tion over copper chromite in methyl, ethyl and 
butyl alcohols. N-Methylation did not proceed 
readily in the pyrrolidine series, for when III was 
hydrogenated in methanol over copper chromite 
at 200-300 atm. and 250°, none of the expected 
1 -metliy 1-2-ethylpyrrolidine could be isolated.

The precursors (Ic,d) of 8-w-propyl-and 8-iso- 
propyl-pyrrolizidine were prepared conveniently 
by the general method of Bruson,7 through the 
condensation of methyl acrylate with 1-nitro- 
butane and l-nitro-2-methylpropane in the pres­
ence of benzyltrimethylammonium hydroxide. 
Seventy to eighty per cent, of the nitroparaffins 
was accounted for in the form of condensation 
products when about 0.07 mole of benzyltri­
methylammonium hydroxide was employed per 
mole of nitroparaffin. From 1-nitrobutane were 
obtained dimethyl y-w-propyl-y-nitropimelate (Ic) 
and methyl y-nitroheptanoate; from l-nitro-2- 
methylpropane, dimethyl y-isopropyl-y-nitro- 
pimelate (Id) and methyl y-nitroisoheptanoate. 
The condensation of nitroisobutane with methyl 
acrylate gave a predominant yield of the isohepta- 
noate and only 10%  of the pimelate derivative. 
In further reaction of the methyl y-nitroisohepta­
noate with another mole of methyl acrylate to give

(4) An amide is the probable last intermediate1 in the over-all 
reduction process, and Adkins (“Reactions of Hydrogen,” Uni­
versity of Wisconsin Press, Madison, Wisconsin, 1937, pp. 95, 112) 
has recommended the use of dioxane as a solvent for the catalytic 
reduction of amides.

(5) Adkins, ibid., p. 26.
(6) Barr and Cook, J .  Chem. Soc., 438 (1945).
(7) Bruson, U. S. P aten t 2,342,119 (Feb. 22, 1944); U. S. Patent 

2,390,918 (Dec. 11, 1945).

dimethyl y-isopropyl- y-nitropimelate, diethyl­
amine8 was found to be superior to benzyltri­
methylammonium hydroxide as the condensing 
agent.

The reduction of the y-nitropimelate esters fur­
nished a series of alkylpyrrolizidines, for which it 
was desired to determine the basicity values. The 
high pK &  value (11.48) for heliotridane, or opti­
cally active 1-methylpyrrolizidine, as measured by 
Adams, Carmack and Mahan,9 suggested that the 
fusion of two five-membered rings through a com­
mon C -N  bond placed the electron pair of the 
nitrogen in an exposed or sterically freed position. 
Determination of the p H  at half neutralization for 
other alkylpyrrolizidines would indicate whether 
the unusually high figure for heliotridane was in­
herent in the pyrrolizidine nucleus. None of our 
observed p K j j  values for alkylpyrrolizidines (see 
Table I) was in the range of the figure for heliotri­
dane; all exhibited basicity of a much lower order, 
yet higher than that for analogous acyclic tertiary 
amines. The higher basicity of cyclic, as com­
pared with acyclic ethers and amines has been 
ascribed by Brown to B-strain3 in the acyclic 
molecules.10 F-strain3*11 in the pyrrolizidines 
should increase with increasing size of the 8-alkyl 
group attached to the pyrrolizidine nucleus, be­
cause the apparent cis  fusion of the two rings ne­
cessitates the protrusion of the 8-alkyl group to­
ward the face of the nitrogen atom. This may 
be seen by comparing the accompanying photo­
graphs of models of the 8-methyl (Fig. 1), 8-ethyl 
(Fig. 2), 8-isopropyl (Fig. 4), and 8-^-propyl 
(Fig. 3) compounds. The pK u . values determined

T a b l e  I
B a s i c i t y  o f  8 - A l k y l p y r r o l i z i d i n e s  a n d  R e l a t e d  C o m -

p o u n d s

Form ­ BF*
Compound ula P K b. adduct

2-Methyl-
pyrro- . |
lizi- jsT 10.49
dine12 \ /  \ Y --- VwXTs

8-Methylpyrrolizidine1 I la 10.69 Solid
8-Ethylpyrr olizidine1 l ib 10.67 Solid
8-Isopropylpyrrolizidine l id 10.70 Solid
8-w-Propylpyrrolizidine He 10.61 None
1,2-Diethylpyrrolidine IV 10.02 Liquid

Picrate

m°c.”

169-170

281
238

228-229
156-157
120-121

(8) Kloetzel, T his J ournal, 69, 2271 (1947), has dem onstrated the 
efficacy of diethylamine as a catalyst for the addition of n itroparaf­
fins to  a,/3-unsaturated ketones.

(9) Adams, Carmack and M ahan, ibid., 64, 2593 (1942).
(10) Examples include the following relations in basicity: te tra ­

hydrofuran >  dim ethyl ether, relative to  boron trifluoride [Brown 
and Adams, ibid., 64, 2557 (1942)]; pyrrolidine >  dim ethylam ine, 
relative to trim ethylboron [Brown and Taylor, ibid., 69, 1332 (1947) ]; 
quinuclidine >  triethylam ine, relative to trim ethylboron [Brown, 
Symposium on the M echanisms of Organic Reactions, N otre Dam e, 
Indiana, September, 1946].

(11) Examples include the  following relations in basicity: pyri­
dine >  2,6-lutidine, relative to  boron trifluoride [Brown, Schlesinger 
and Cardon, ibid., 64, 325 (1942) ]; pyridine > 2-picoline, relative to  
trim ethylboron [Brown and Barbaras, ibid., 69, 1137 (1947)1.

(12) Clemo and Melrose, J .  Chem. Soc., 424 (1942).
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Fig. 1. Fig. 2.

Fig. 3. Fig. 4.

in 50% aqueous methanol for the series of 8-alkyl- 
pyrrolizidines are indicated in Table I, as cor­
rected to 25° and accurate within =*=0.01 p H  unit. 
In the homologous series of 8-alkylpyrrolizidines, 
the p K n  values decrease in the order: 8-methyl > 
8-ethyl > 8-w-propyl, corresponding to the in­
crease in steric hindrance of the 8-alkyl group. 
The steric effect outweighs the positive inductive 
effect ( + 1) of the alkyl group introduced since, in 
consideration of the polar effect alone, the order of 
basicities would be the reverse of the observed 
order. The proximate p K u  values for 8-iso­
propyl- and 8-methylpyrrolizidine indicate that in 
l id  the increased positive inductive effect of the 
isopropyl group and the increased steric effect 
(similar to that in lib ) are about equal in their 
counteracting influences. The basicity value for 
8-methylpyrrolizidine is greater by 0.20 p H  unit 
than that for 2-methylpyrrolizidine. This is 
probably due to the inductive effect of the methyl 
group, which is only one carbon removed from the 
nitrogen in the 8-methylpyrrolizidine. A  com­
parison of the effect on basicity of the introduction 
of a methyl group into the 2- and 8-positions of 
pyrrolizidine with that of the introduction of a 
methyl group into the corresponding positions of 
1-ethylpiperidine13 indicates close analogy be­
tween the two systems. Thus, the basicity value 
for l-ethyl-2-metHylpiperidine is greater by 0.22 
p H  unit than that for 1 -^-propylpiperidine. The 
basicity value for 1,2 diethy Ipyrrolidine (IV,

(13) Adams and Mahan, This Journal, 64, 2588 (1942).

’ Table I) is much lower than that for the pyrrolizi­
dines, a fact which illustrates that the bicyclic 
bases (five-membered rings) are stronger than 
analogous monocyclic bases (five-membered ring) 
with the same number of carbon atoms and the 
same mode of attachment.

The acid in these determinations of basicity was 
the proton, since the p K u  values were determined 
by half-neutralization of the amine with dilute 
hydrochloric acid. It is apparent from Brown's 
work3’1011 that a bulkier acid, such as boron tri­
fluoride or trimethylboron, would amplify the 
steric effect of the 8-alkyl substituent on the basic­
ity of the pyrrolizidine nucleus. The results of 
passing boron trifluoride through the liquid amines 
are summarized in Table I. Solid adducts of bo­
ron trifluoride were formed immediately with Ila, 
b and d, and a distillable liquid adduct, b.p. 253° 
(755 mm.), was obtained with IV. No solid prod­
uct was obtained with lie , and if any adduct was 
formed, it was highly unstable since Hc could be 
distilled from the reaction mixture. Thus the 
greater F-strain in 8-n-propylpyrrolizidine re­
vealed in the reaction with a protonic acid is indi­
cated more strikingly in the reaction with boron 
trinuoride. An interesting but possibly fortuitous 
correlation between p K jy  values and picrate melt­
ing points has also been included in Table I.

Experimental14
Methyl y -Nitr oheptanoate and Dimethyl y^-Propyl-y- 

nitropimelate (Ic).—The esters were made from 1-nitro- 
butane15  16 * * essentially by the procedure described by Bruson7 

for the condensation of 1 -nitropropane with methyl acryl­
ate, with the exception th a t three times the recommended 
amount of Triton B was employed. The methyl y= 
nitroheptanoate was obtained in 51% yield as a colorless 
liquid, b. p. 102° (2 m m .); 1.4388.

A n a l . Calcd. for C 8Hi5 N 04: C, 50.78; H, 7.99; N,
7.40. Found: C, 51.18; H , 7.97; N, 7.64.

The dimethyl y-rc-propyl-y-nitropimelate was obtained
in 36% yield as a yellow-green oil, b. p . 157° (1 m m .); 
n wo  1.4612; d 2h  1.133.

A n a l . Calcd. for C12H 2 1N 0 6: C, 52.35; H, 7.69; N, 
5.09; MRd, 66.57. Found: C, 53.07; H, 7.74; N ,5 .29; 
MRd, 66.63.

Methyl y-Nitroisoheptanoate and Dimethyl 7 -Iso 
propyl-y-nitropimelate (Id).—Using the same procedure,
75.7 g. (0.734 mole) of l-nitro-2-methylpropane (nitro- 
isobutane ) 16 was caused to condense with 130 g. (1.5 
moles) of methyl acrylate in the presence of 30 g. of Triton 
B. The methyl y-nitroisoheptanoate was obtained as a 
colorless liquid, b. p . 102° (2 m m .); n 20d 1.4397;
1.115; yield, 82.5 g. (59,3%).

A n a l . Calcd. for C 8Hi5 N 0 4: C, 50.78; H , 7.99; N,
7.40. Found: C, 51.08; H , 7.92; N, 7.48.

The dimethyl yisopropyl-y-nitropimelate was obtained
as a green oil, b. p. 168° (2 m m .); d 20̂  1.138; yield*
19.1 g. (9.5% ).

A n a l .  Calcd. for Ci2H 2iN 0 6: C, 52.35; H , 7.69; N, 
5.09. Found: C, 54.09; H , 7.68; N, 4.58.

(14) M elting points and boiling points have not been corrected for 
stem immersion. We gratefully acknowledge the assistance of 
Donald L. Felley and Gradus L. Shoemaker.

(15) We are indebted to  Dr. R obert F s Taylor, Commercial Sol­
vents Corporation, for this material.

(16) M ade by the method of Shaw, Bull, roy  acad. Belg„  [3]
34, 1019 (1897), modified by the use of ether solvent in the reaction
mixture.
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The condensation of 79 g. of methyl y-nitroisoheptano­
ate with 40 g. of methyl acrylate in the presence of 30 ml. 
of £-butyl alcohol and 25 g. of Triton B produced 23 g. 
(20%) of Id, and 69% of the isoheptanoate was recovered. 
The condensation of 54.2 g. of methyl y-nitroisoheptano­
ate with 40 g. of methyl acrylate in the presence of 30 ml. 
of £-butyl alcohol and 30 g. of diethylamine produced 
32.5 g. (41%) of dimethyl y-isopropyl-y-nitropimelate, 
and again most of the unreacted monobasic ester was 
recovered.

1,2 -Diethylpyrrolidine (IV)
One-Step Reduction.—A solution of 38 g. (0.2 mole) 

of ethyl y-nitrocaproate7 (b. p. 93° (1 mm.), 1.4358)
in 100 ml. of ethanol was reduced with hydrogen in the 
presence of 20 g. of copper chromite a t 250° and 300-350 
atm . An exothermic reaction began when the tempera­
ture reached 125°, and the theoretical amount of hydrogen 
was absorbed after five hours a t 250°. The catalyst was 
removed by filtration, 200 ml. of benzene was added, 
and the benzene-ethanol-water azeotrope was removed 
a t 63-65° followed by solvent a t 78-80°. The 1,2- 
diethylpyrrolidine was collected a t 140-141° (750 m m .); 
w2°d 1.4372; d 2\  0.8098; yield 11.2 g. (44%). The
analysis and physical properties of the tertiary amine and 
the analysis of its picrate were consistent with the struc­
ture assigned to this product.

A n a l . Calcd. for C8H 17N: C, 75.52; H, 13.47; N, 
11.01; MRd, 41.06. Found: C, 75.79; H, 13.72; N, 
10.96; MRd 41.18.

When the same procedure was followed using methanol 
as the solvent, a high-boiling liquid was obtained, b. p. 
230-233° (750 m m .); ^ 20d 1.4535; ^204 0.9804, the iden­
tity  of which has not been established.

A n a l .  Found: C, 62.63; H , 11.25.
Two-Step Reduction,—A solution of 56 g. (0.31 mole) 

of ethyl y-nitrocaproate in 125 ml. of ethanol was reduced 
with hydrogen in the presence of 1 g. of platinum oxide 
catalyst a t 2-4 atm . and 25°. After seven days the 
theoretical amount of hydrogen for reduction of the nitro 
group had been absorbed, and the catalyst was removed 
by filtration. The filtrate was reduced further a t 250° 
and 300 atm. with hydrogen in the presence of 20 g. of 
copper chromite. After five hours the theoretical amount 
of hydrogen had been absorbed. Twenty grams (50%) 
of 1,2-diethylpyrrolidine was isolated in the same manner 
as in the more convenient one-step hydrogenation of 
ethyl y-nitrocaproate in ethanol.

1,2-Diethylpyrrolidine Picrate.—Prepared in and re­
crystallized from ethanol, the picrate formed yellow 
needles, m. p. 120-121°. The melting point of a mixture 
with picric acid was depressed.

A n a l .  Calcd. for ChH2oN40 7: N, 15.72. Found: N,
15.86.

8 - n -Propylpyrrolizidine (lie) and 8-Isopropylpyrrolizid- 
ine ( lid ) .—Method and yield are similar for these com­
pounds and for l ib , starting with the appropriate y-alkyl~ 
y-nitropimelic ester. The synthesis of l id  serves as an 
example. A solution of 46 g. (0.167 mole) of dimethyl 
y-isopropyl-y-nitropimelate (Id) in 90 ml. of purified 
dioxane was hydrogenated a t 250-260° and 200-350 
atm, in a high-pressure bomb. Rocking was begun 
when the temperature in the bomb reached 100°. After 
fifteen minutes a t 125° sufficient hydrogen had been ab­
sorbed to reduce the nitro group, and rocking was dis­
continued until the temperature reached 260°. After 
seven hours, the theoretical amount of hydrogen had been

absorbed. The catalyst was removed by filtration, and 
the filtrate was fractionated a t atmospheric pressure. The 
colorless, basic fraction distilling a t 187-193° (745 mm.) 
was collected and purified by redistillation; yield, 16.5 
g. (64.4% ).

8-w-Propylpyrrolizidine: b. p. 192° (745 m m .); n 20d 
1.4632; d 2\  0.8918.

8-Isopropylpyrrolizidine: b. p. 191° (745 m m .); n 20d 
1.4692; d » t  0.8899.

A n a l .  Calcd. for Ci0H 19N : C, 78.36; H , 12.45; N, 
9.14; M Rd , 48.10. Found ( l ie ) :  C, 77.99; H ,
12.66; N, 8.57; M Rd , 47.35. Found (H d ) : C,
77.73; H , 12.40; N, 8.52; M Rd, 47.98.

8- n -Propylpyrrolizidine Picrate.—Prepared in and re­
crystallized from ethanol, the picrate formed brilliant 
yellow needles, m . p .  156-157°.

A n a l . Calcd. for Ci6H22N40 7: C, 50.26; H , 5.80; N, 
14.65. Found: C, 50.54; H , 5.75; N , 14.73.

8-Isopropylpyrrolizidine Picrate.—Prepared in and re­
crystallized from ethanol, the picrate formed brilliant 
yellow needles which melted, with decomposition, a t 228- 
229°.

A n a l . Calcd. for Ci6H22N40 7: C, 50.26; H , 5.80;
N, 14.65. Found: C, 50.10; H, 5.80; N, 14.57.

Determination of Basicity Constants.-—The pK-&  values 
were determined by dissolving a weighed portion of freshly 
distilled amine, calculated to require 15-20 ml. of 0.12 N  
hydrochloric acid, in 90 ml. of aqueous methanol calculated 
to be about 50% methanol a t the end of the neutralization. 
The amount of 0.1200 N  hydrochloric acid necessary to 
react with exactly half of the amine present was then 
added, and the solution was allowed to  stand for tw enty 
minutes. The p H  of the solution was then measured 
using a Beckmann model G (laboratory model) p H  meter 
with a high p H  glass electrode (designed for p H  measure­
ments from 9 to 14), Duplicate or triplicate measure­
ments were made in each case, and the p K ^  values were 
corrected to 25°.17 The method was checked to determine 
its accuracy. The p K &  value for one of the amines was 
determined a t one-half the amine concentration used in 
the series. The identical value observed indicated th a t 
activities were not an influential factor in the determ ina­
tion. Also, the p H  values a t one-third and two-thirds 
neutralization of one of the amines were measured, and 
the P K b. was calculated by use of the equation p K &  =  
p H  =*= log 2. The identity of the values thus obtained 
with the p H  a t one-half neutralization was substantial 
proof th a t the half-neutralization point was actually 
being determined by the general procedure employed. 
The pK^L values are considered accurate within =*=0.01 
p H  unit.

S u m m a ry
1. T h e  p r e p a ra tio n  of p y rro liz id in e s  b y  th e  

o n e-s tep  c a ta ly t ic  re d u c tio n  o f y -n itro p im e lic  
es te rs  h a s  b ee n  e x te n d e d  to  th e  s y n th e s is  o f  8 - n -  
pro p y l- a n d  8 -iso p ro p y l-p y rro liz id in e .

2. C o m p ariso n  of th e  p K &  v a lu e s  o f 2 -m e th y l- ,
8 -m eth y l-, 8 -e th y l-, 8 -n -p ro p y l-  a n d  8 -iso p ro p y l­
p y rro liz id in e  h a v e  sh o w n  t h a t  th e  b a s ic i ty  o f  th e  
p y rro liz id in e  is d ec reased  a s  th e  le n g th  o f th e  8- 
a lk y l g ro u p  is in c re ase d .
U r b a n a ,  I l l i n o i s  R e c e i v e d  F e b r u a r y  26, 1948

(17) H all and Sprinkle, T his J ournal, gf, 3469 (1932).
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[C o n t r ib u t io n  f r o m  t h e  C o n v e r s e  M e m o r ia l  L a b o r a to r y  o f  H a r v a r d  U n iv e r s it y  a n d  t h e  L il l y  R e s e a r c h
L a b o r a t o r ie s ]

The Action of Alkali on Chloral-quinaldine
B y  R . B . W oodw ard  a nd  E d m u n d  C. K o r n f e l d

B y treatment of chloral-quinaldine (I) with al­
coholic sodium hydroxide, Einhorn1 obtained 0- 
(2-quinolyl)-acrylic acid (II), and a bright orange 
sodium salt, C^HioC^NNaSH^O, which was for­
mulated as a derivative of the hydroxyacid (III).

0 0\ A n /  \ c h 2CH (OH) CC1; 0
N ^ C H ^ H C O O H  

I I
The salt was supposed to have been transformed 
by oxidation in turn to quinoline-2-acetaldehyde 
(IV) and quinoline-2-acetic acid (V). Borsche2

^ A n / 'N'CH2CH(OH)COOH
I I I

0  j
V A'N/ \ CH2CHC

IV
noted that the properties of the acid obtained by 
oxidation were inconsistent with the formulation 
as (V), and was able to demonstrate that the sub­
stance was quinoline-3-carboxylic acid (VI), but 
did not challenge the expressions for the anterior 
substances.

0 Ü L COOH

/ y V C00H

In this communication it is shown that the 
orange sodium derivative is in fact a salt of 3-ace­
tyl- 1 ,2-dihydroquinoline-2-carboxylic acid (VII, 
R  =  H).

COCHs COCHs

V / w

V III
We were able to demonstrate first, by  direct com­
parison, that the carbonyl derivative obtained 
on oxidation, and formulated by Einhorn as (IV), 
is 3-acetyl-quinoline3 (VIII). The (erroneous) 
proof of the structure (IV) rested on the conver­
sion of the substance, by condensation with o- 
aminobenzaldehyde, to 3-(2-quinolyl)-quinoline 
(IX ); it is interesting to note that 3-acetylquino- 
line gives the same product (IX) in that reaction.4 
The orange salt, and the ethyl ester (VII, R  = 
Et), m. p. 110.5-111.5°, obtained from it, were

(1) Einhorn, Ber., 19, 904 (1886); cf. also Einhorn and Sherman, 
A nn., 287, 38 (1895).

(2) Borsche and Manteuffel, ibid., 626, 22 (1936).
(3) Roller, Monatsh., 62, 59 (1929).
(4) Koller and Ruppersberg, ibid., 58, 238 (1931).

COCH3

COOR

X
oxidized by potassium permanganate in aqueous 
pyridine to 3-acetylquinoline-2-carboxylic acid3 
(X, R  = H) and the corresponding ester3 (X, R  = 
Et), respectively.

Further, the methyl ester (VII, R =• Me) was 
transformed by benzoyl chloride in pyridine to an 
N-benzoyl derivative (XI, R = Me, R ' = CeH4- 
CO— ), m. p. 140-141°, while the ethyl ester 
(VII, R  = Et) gave with acetic anhydride the N- 
acetyl derivative (XI, R = Et, R ' = CH3CO— ), 
m. p. 130-131°. These facts necessitate the for­
mulation of the original acid as (VII, R  = H) or 
X II. An unequivocal decision in favor of (VII,

| / \ / \ n/ COCH3

I \ COOR
R '
X I

m / COCH3

X II
R = H) was made possible through the isolation, 
through resolution by brucine, of an optically ac­
tive sodium salt, [a]28D —430°. Of the two pos­
sibilities, only V II possesses an asymmetric car­
bon atom (starred).

We turn now to a consideration of certain 
remarkable properties of the orange acid (VII, 
R  == H). When this substance is pyrolyzed, 3- 
acetylquinoline and a product, CnHnON, are 
formed. The latter was isolated by previous in­
vestigators,1-2 but was not identified. We have 
found that the substance is oxidized by aqueous 
permanganate to 3-acetylquinoline, and that in 
turn, it may be resynthesized by the hydrogena­
tion of the latter substance in the presence of 
Raney nickel. Since the compound is colorless, 
the expression (XIII) is excluded, and it seems 
probable that the structure (XIV) represents the

X III  XIV
compound correctly. This conclusion is supported 
by the close similarity of the ultraviolet absorp­
tion spectrum of the substance (Fig. 1) to that of 
acetylacetone anil (XlVa) which contains the
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/ C o c h 3

CH
II

\ n/ C\ ch3
H

X I Va
same chromophore as XIV. The failure of the 
hydrogenation to proceed beyond the dihydro­
stage, as well as the lack of carbonyl reactivity in
(XIV) may be attributed to the interaction, 
through the double bond, between the imino and 
the carbonyl groups. The formation of (XIV) 
from (VII, R = H) takes place by decarboxyla­
tion, with simultaneous wandering of a double 
bond; it is worthy of note that not infrequently 
•the decarboxylation of /3,7-unsaturated acids takes 
place with movement of the double bond to the 
a, ̂ -position.5

Another interesting transformation of the or­
ange acid is its spontaneous air oxidation. When 
the acid is exposed to air, the color gradually 
fades, and changes from orange to buff. The con­
version is remarkably accelerated by light, and 
the sole product is 3-acetylquinoline. No 3- 
acetylquinoline-2-carboxylic acid (X, R = H) can 
be isolated and, further, the latter acid is stable 
under the conditions of the experiment. I t is 
clear that (X, R = H) cannot be an intermediate 
in the change and that another intermediate, 
more subsceptible to decarboxylation, must be 
involved. We suggest that the withdrawal of 
two electrons and a proton (probably in stages) 
from (VII, R = H) gives an intermediate (XV) in 
which the environment of the carboxyl group is 
favorable to the ready loss of carbon dioxide, with 
the electronic shift shown (XV, arrows); the

O f )V y \ CN
COCeHg

XV  XVI
change thus becomes fully analogous to the de­
carboxylation of jS-keto-acids, /3-bromo-acids, and 
other acids containing properly situated electron- 
accepting centers. A similar mechanism must be 
operative in the aqueous permanganate oxidation 
of (VII) since, again, 3-acetylquinoline is the sole 
product, and (X, R = H) is stable under the con­
ditions of the experiment (presence of permanga­
nate and manganese dioxide).

The behavior of the N-benzoyl derivative (XI, 
R = Me, R ' = C6H5CO—) on acid hydrolysis 
presents an interesting contrast to that of N-ben- 
zoyl-2-cyano-l,2-dihydroquinoline (XVI).6 While 
the latter undergoes a remarkable cleavage to 
benzaldehyde and quinoline-2-carboxylic acid

(5) Cf. Wallach, Ann., 365, 258 (1909). The change is also for­
mally similar to that which accompanies the decarboxylation of j3- 
keto-acids.

(6) Reissert, Ber., 38, 1610 (1905).

C O C H 3

Fig. 1.— — , Acetylacetone an il; —, 3-acetyl-1,4-dihydro- 
quinoline.

(the reaction forms the basis of a general method 
for the preparation of aldehydes from acids), 
(XI, R = Me, R ' = CeH5CO—), under the same 
conditions, gave only the corresponding acid (XI, 
R = H, R ' = C6H5CO—), m. p. 198° (dec.) on 
more vigorous treatment, benzoic acid was split 
off, but in no instance could benzaldehyde be de­
tected.

The color of the compound (VII) and its deriva­
tives is consonant with the structure now assigned 
to it. I t was, in fact, this property which re­
vealed at once that the previous structure (III) 
could not be correct, since from the point of view 
of light absorption III  is simply a 2-alkylquino- 
line, and consequently colorless. On the other 
hand (VII) possesses the absorbing system of o- 
aminobenzalacetone (X VII); unfortunately, the

/ y c w COCHs

X V II X V III
latter substance does not appear to be capable of 
existence, in consequence of its ready conversion 
to quinaldine. However, there can be no doubt 
that it (and VII) should be colored. The cor­
responding methoxy compound (XVIII), for ex­
ample, is bright orange. We have obtained ab­
sorption data which provide further support for 
these views. In view of the non-existence of
(XVII), we had hoped to examine the spectrum 
of 2 - dimethylamino - 5 - methylbenzalacetone 
(X IX ); the methyl group is (to a good approxi­
mation) irrelevant to the spectral discussion, and 
its presence offers preparative advantages (vide 
infra). I t  might be doubted that the spectrum of 
(XIX) and that of (VII) would be directly com-
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u
CH 3v / / / C H O

\ N (C H 3 ) 2 ■N(CH3 ) 2

X IX X X

parable, in view of the considerable bulk of the N- 
methyl groups, which might force the dimethyl­
amino group, or the adjacent side chain out of the 
plane, with consequent resonance damping; in 
any case, remarkably, and possibly for steric rea­
sons, we were unable under any conditions to bring 
about the condensation of 2-dimethylamino-4- 
methylbenzaldehyde (XX) with acetone. On the 
other hand, we did determine the ultraviolet ab­
sorption spectrum of the aldehyde (XX) (Fig. 2), 
of ^-dimethylaminobenzaldehyde (XXI) (Fig. 2)

Fig. 2.------- F~Dimethylaminobenzaldehyde; —, 2-dimeth-
ylamino-5-methylbenzaldehyde.

and ^-dimethylaminobenzalacetone (XXII) (Fig. 
3). I t  may be expected that the differences be­
tween the spectra of the ^-substituted aldehyde 
and its condensation product will be reflected in 
the comparison of the spectrum of (XX) with that 
(Fig. 4) of the orange compound and its deriva­
tives. The fact that this is the case provides con­
firmation of our view of the constitution of these 
substances; in the change XXI —> XXII, a short 
wave length band (240 m/x) is displaced to 250 m/x 
(A = 10 m/x) and a long wave length band (338 
m/x) moves to 385 m/x (A = 47 m/x). Correspond­
ingly, in comparing (XX) with (VII), a shift of a 
short wave length band (240 m/x) to 250 m/x (A = 
10 m/x), and of a long wave length band (370 m/x) 
to 415 m/x (A = 45 m/x) is observed. In the latter 
case, a third band, discernible only as a shoulder 
(^270 m/x) in the spectrum of (XX) appears as a 
well-defined maximum at 320 m/x in that of (VII). 
Furthermore, the relative intensities of the various 
bands, which differ markedly in the ortho as com­
pared with the para series, are in each case com­
parable within the series. The greater complexity

Fig. 3.—^-Dimethylaminobenzalacetone.

Fig. 4.™ —Orange compound, sodium sa lt; —, ethyl aceto - 
pyruvate-anil.

of the spectra of the ortho as compared with the 
para compounds is another example of a general 
effect7 which probably has its origin in the greater 
symmetry of the latter; thus, while the available 
oscillatory paths in (XXIII) are indistinguishable, 
in (XXIV), two distinct oscillations of different

xO
0

~ Y o = . o
r/

X X III

__ Q

« r/a
X X IV

length (a or b) may be envisaged, whose excita­
tions should involve different energies and, corre-

(7) Cf. Dede and Rosenberg, Ber., 67, 147 (1934); Morton and
Stubbs, J. Chem. Soc., 1347 (1940); B lout and Gofstein, This
Journal, 67, 15 (1945).
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spondingly, different absorption bands. A final 
spectrographic check on our structural conclu­
sions is provided by the absorption spectrum (Fig. 
4) of (XXV), which contains the absorbing system

✓ COCH3

n  Hf
XcOOEt

X X V

of (XII). I t  is clear that this spectrum bears no 
resemblance to those of the orange acid and its 
esters, and that consequently the expression (XII) 
is excluded for these substances.

There remains only a consideration of the 
mechanism of the remarkable change, I —> VII. 
The following mechanistic scheme is a reasonable 
one; it is intended as an outline only, and in par­
ticular, the sequence of steps, and the exact nature 
of the various intermediates may be varied consid­
erably. Thus, the removal of a proton by base

VII

gives XXVIa, in which the availability of electrons 
a t C.3 permits attack on the trichloromethyl 
group, with loss of halide ion and cyclization. The 

y shift (XXVIb —» XXVIc) with aromatization,

and the hydrolysis of the remaining chlorine atoms 
are unexceptional. The loss of water (XXVId —» 
XXVIc) is permissible in view of the /3-position 
of the hydroxyl group with respect to the quinoline 
nucleus and its subsequent readdition in the oppo­
site sense (XXVIe —» XXVIf) is characteristic of 
a,/3-unsaturated carbonyl compounds. The 
change XXVIf —> XXVIg is reminiscent of the 
familiar a-methylpyridine-a-pyridone methide 
equilibrium, which in this case is rendered irre­
versible by the ketonization, XXVIg XXVIh. 
Normal cleavage of the /3-diketone (XXVIh) then 
leads to VII. Complicated as the suggested se­
quence is, it is difficult to conceive of a simpler 
series to account for so deep-seated a change. We 
have considered one other possibility, namely, 
that in effect the chloral-quinaldine (I) breaks 
down to give 0-aminobenzalacetone (XXVII) and 
chloral, or equivalents of these fragments; sub-

| A / CH^ ch / COCHj

*

X X V II

CH—CH (OH) CC13

CH 3

X X V III
sequent re-condensation of the aldehyde group of 
chloral a t the starred positions, followed by hy­
drolysis could lead to (VII). I t will be noted that 
a prerequisite for the mechanism outlined above is 
the presence of two hydrogen atoms on the carbon 
a to the quinoline nucleus. On the other hand, 
the second mechanism possesses no such feature. 
Consequently, the chloral- a'-ethylquinoline con­
densation product (XXVIII) should undergo an 
analogous rearrangement to 3-propionyl-l,2-dihy- 
droquinoline-2-carboxylic acid, if the second mech­
anism is operative, but no such change is possible 
in the event that the alternative sequence is cor­
rect. We have prepared XXVIII and observed 
that it is smoothly converted by alcoholic so­
dium hydroxide to 0- («-quinolyl) -crotonic acid 
(XXIX); no evidence of the formation of a rear­
rangement product analogous to (VII) could be 
obtained. Consequently, we reject the cleavage- 
recondensation mechanism, and its equivalents.

( J  J
\ c =C H C O O H

CHS
X X IX

In conclusion, we may point out tha t we have 
prepared the chloral condensation products 
XXX,8 XXXI,9 X X X II10 and X X X III11 and sub­
jected them to the conditions which bring about 
the change I VII. In none of these cases

(8) Tullock and McElvain, T h is  J o u r n a l , 61, 961 (1939).
(9) Einhorn and Gilbody, Ber., 26, 1414 (1893).
(10) Koenigs and Menzel, ibid., 37, 1330 (1904).
(11) Clemo and Hoggarth, J. Chem, Soc,f 1341 (1939).
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have we observed any reaction other than the 
normal conversion to the corresponding substi­
tuted acrylic acid.

'UH2UH(U±1,)<JC13 
X X X

c m /  N X'Ch 2CH(OH)CC13 
XX XI

CH2CH(OH)CCl3
X X XII

Experimental
Chloralquinaldine (I).—The method of Bachman12 was 

used. It was found to be essential that the initial exo­
thermic reaction be moderated so that the temperature did 
not exceed 100°. Dark-colored by-products were formed 
if the mixture was allowed to overheat; yield, 71%, m. p.
145-146°.

Sodium Salt of 2-Carboxy-3-acetyl-1,2-dihydroquinoline 
(VII, R =  N a).—This product was obtained in 35-45% 
yield by the method of Einhorn.1 The free acid, m. p. 
123-125° (dec.), was obtained by neutralizing a concen­
trated aqueous solution of the sodium salt with hydro­
chloric acid.

The acid was resolved in the following w ay: the orange 
sodium salt (32.8 g., 0.112 mole) and brucine sulfate (56 
g.) were dissolved together in 500 ml. of hot water. The 
product which separated slowly from the cooled solution 
was collected and recrystallized twice from water, with 
considerable loss. The salt was then decomposed by tak­
ing up in 50 ml. of water and adding a solution containing
1.8 g. of sodium hydroxide. Brucine was removed by 
three extractions with chloroform. The aqueous layer was 
cooled, and the /-sodium salt which separated was re­
crystallized from dilute ethanol, m. p. 187-191°; [«I^d 
— 430° (1 =  2  dcm, C =  0.5 g . /100 ml. H20 ) .  A sample 
for analysis was dried at 125°.

A n a l. Calcd. for Ci2H10O3NNa: C, 60.25; H, 4.21; 
N, 5.86. Found: C, 60.33; H , 4.51; N , 5.61.

2-Carbethoxy-3-acetyl-1,2-dihydroquinoline (VII, R =  
E t).—The sodium salt trihydrate of 3-acetyl-1,2-dihydro- 
quinoline-2-carboxylic acid (4.0 g.) was suspended in 40 
ini. of absolute ethanol, the solution was immersed in ice, 
and saturated with dry hydrogen chloride. After twelve 
hours the solvent was removed in  vacuo, the residue was 
stirred with ice and water and neutralized with sodium bi­
carbonate. After addition of cold 10% sodium hydroxide 
(25 ml.) the product was removed, washed with water and 
dried; yield, 2.16 g. (65%). Recrystallized from dilute 
ethanol, it formed bright-yellow needles, m. p. 110.5-
111.5°. A n a l. Calcd. for Ci4H150 3N: C, 68.55; H, 
6.16. Found: C, 68.63; H, 5.75.

The ester was obtained in like yield by direct esterifica­
tion of the free acid (VII, R =  H ). The corresponding 
methyl ester (VII, R =  Me) was obtained in a similar 
manner. After repeated recrystallization from dilute 
methanol, it formed golden-yellow prisms, m. p. 140-141 °. 
It is undoubtedly identical with the ester, m. p, 145°, 
obtained by Borsche2 from the acid and diazomethane. 
A n a l. Calcd. for Ci3Hi30 3N: C, 67.52; H, 5.67. Found: 
C, 67.22; H, 5.21.

N -Benzoyl-2 -carbomethoxy-3 -acetyl-1,2 -dihydroquin­
oline (XI, R =  Me, R ' =  C6H5CO—).—The above methyl 
ester (VII, R =  Me, 0.95 g.) and benzoyl chloride (0.62 g.) 
were dissolved in 10 ml. of dry pyridine. After standing 
several days the solvent was removed in  vacuo and the

residue was made alkaline with dilute sodium bicarbonate 
solution. The product which oiled out was washed by 
decantation with water and recrystallized from methanol; 
yield, 0.4 g ., pale yellow crystals, m. p. 140-141 °. Anal. 
Calcd. for C2 0 H i7 O4 N : C, 71.63; H , 5.11. Found: C, 
71.84; H , 4.87.

When this benzoyl derivative (0.1 g.) was allowed to 
stand for two days with 1  ml. of concentrated hydrochloric 
acid, addition of water gave the crystalline free acid (X I, 
R =  H ; R ' =  C6H 5 CO— ) which was recrystallized from 
dioxane; m. p. 198-199° (dec.). Anal. Calcd. for 
Ci9H 1 50 4 N : C, 71.02; H , 4.71. Found: C, 70.33; 
H , 4.89.

More drastic hydrolysis of the N-benzoyl ester (X I, R  =  
M e, R ' =  C6H 5 CO— ) with concentrated hydrochloric acid 
at 100° gave benzoic acid in 55% yield and an unidentified 
oil. No benzaldehyde could be detected.

2-Carbethoxy-l,3-diacetyl-1,2-dihydroquinoline (XI, 
R =  E t, R ' =  CH 3 CO— ).—2-Carbethoxy-3-acetyl- 1 ,2 - 
dihydroquinoline (V II, R =  Et, 0 . 6  g.) was dissolved in 2 
ml. of pyridine and 3  ml. of acetic anhydride; the solution 
was warmed on the steam-bath for three hours. The ex­
cess solvents were removed in vacuo and ice-water was 
added to the residue. The oil soon solidified and was 
collected, washed and recrystallized from ethanol; yield of 
pale-yellow prisms, 50%; m. p. 131-132°. Anal. Calcd. 
for Ci6 H 1 2 0 4 N : C, 66.88; H , 5.96. Found: C, 67.32;
H , 5.69.

3-Acetylquinoline (VIII).—This ketone was prepared by 
permanganate oxidation of the sodium salt (VII, R =  Na) 
according to Borsche and Manteuffel2  (yield, 85% ), by 
chromic acid oxidation (A) of the salt or by the action of 
light and air on the free acid (V II, R =  H) (B ).

(A) The sodium salt (V II, R =  Na, 5 g.) was dissolved 
in a mixture of 150 ml. of glacial acetic acid and 1 0 0  ml. of 
water. Concentrated sulfuric acid (2 ml.) was added 
followed by a solution of 1.85 g. of potassium dichromate in 
30 ml. of water. The solution which turned green was 
concentrated in vacuo and the residue was made alkaline 
with ammonium hydroxide. The solution of the residue 
in ethanol was filtered and evaporated in vacuo. The 
residue was crystallized twice from water. It then had 
m. p. 96-98° and mixed with a sample from the permanga­
nate oxidation of (VII, R  =  Na) or with an authentic 
sample of 3 -acetylquinoline (see below) melted at 96-99°.

(B) A sample of the orange acid (VII, R =  H) was 
allowed to stand in air for eleven days with frequent stirring 
of the crystals. The bright orange color gradually faded 
and finally a buff-colored crystalline solid remained. The 
decomposition was markedly favored by sunlight; expo­
sure in thin layers was best. The product was stirred with 
1 0 % sodium bicarbonate solution, removed by filtration 
and washed with water. Recrystallization from water 
gave 3-acetylquinoline, m. p. 96-98°. From the sodium 
bicarbonate solution a small further quantity of 3-acetyl­
quinoline, but no 3-acetylquinoline-2-carboxylic acid was 
obtained.

For comparison authentic samples of 3-acetylquinoline 
(V III), m .p .  97-99°, 3-acetylquinoline-2-carboxylic acid 
(X , R =  H ) , m . p. 142-143 ° (dec.), and the corresponding 
ethyl ester (X , R  =  E t) , m. p. 93-94.5°, were prepared by  
the condensation of o-aminobenzaldehyde (Raney nickel 
reduction of o-nitrobenzaldehyde13) with ethyl aceto- 
pyruvate followed by hydrolysis and decarboxylation, 
according to R oller . 3

Oxidation of (VII, R =  Na) and (VII, R =  Et) with 
Permanganate in Aqueous Pyridine.—While permanga­
nate oxidation of (V II, R  =  Na) according to Borsche’s 
procedure gives only 3 -acetylquinoline, careful oxidation in 
aqueous pyridine gives some 3-acetylquinoline-2-carboxylic 
acid:

One hundredth of a mole (2.96 g.) of the sodium salt was 
suspended in 140 ml. of pyridine. A solution of 1.2 g. in 
potassium permanganate in 140 ml. of warm pyridine was 
then added. L ittle evidence of reaction was noted until 
50 ml. of water was added. After a few minutes the pre-

CIS) Ruggli and Schmid, H elv. Chim. Acta, 18, 1235 (1935).(12) Alberts and Bachm an, T his Journal, 57, 1234 (1935).
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cipitated manganese dioxide was removed and the filtrate 
was concentrated to a very small volume. Addition of a 
little sodium acetate caused the crude acid to separate (m. 
p. 120 ° (dec.)). The product was stirred with 2 ml. of 10% 
sodium bicarbonate and the mixture was filtered to remove
3-acetylquinoline. The filtrate was first acidified with 
hydrochloric acid and further concentrated in vacuo. The 
pure acid, m .p . 141-142 ° (dec.), separated as white needles 
from the cooled solution. The mixed melting point with 
authentic 3-acetylquinoline-2-carboxylic acid, m .p . 142- 
143° (dec.) (see above), was likewise 141-142° (dec.).

The ethyl ester (VII, R  =* Et) (2.0 g.) was dissolved in 
200 ml. of pyridine and 200 ml. of water. The solution 
was cooled in ice to 2 °. Potassium permanganate (1.4 g.) 
in 80 ml. of pyridine and 80 ml. of water was added drop- 
wise, with stirring and cooling in ice. After the addition 
which took about twenty minutes the solution was warmed 
to room temperature and the manganese dioxide was re­
moved. The filtrate was treated with 0.75 ml. of coned, 
hydrochloric acid and concentrated in vacuo to a very small 
volume. The residue which crystallized was suspended in 
a little ice water and was filtered and washed with water; 
yield, 50%. Recrystallization from ethanol gave white 
needles, m. p. 93-94°, mixed with an authentic sample 
(seeabove) of (X , R =  E t), m. m. p. 93-94.5°.

Stability of (X, R =  H) under Conditions of Aqueous 
Permanganate Oxidation.—A solution containing 5 ml. of 
1% potassium permanganate, 0.5 ml. of 10% sodium bi­
carbonate and 4 ml. of water was cooled in ice and 5 ml. of 
1% sodium bisulfite was added. 3-Acetylquinoline-2- 
carboxylic acid (0 . 1  g.) was added and the solution was 
heated to boiling. Manganese dioxide was removed and 
the filtrate was concentrated in vacuo. Acidification with 
one drop of coned, hydrochloric acid yielded the unchanged 
acid, m. p. 142-143° (dec.).

3-Acetyl-l,4-dihydroquinoline (XIV). (a) By Pyrolysis 
of (VII, R  =  H ).— 3 -Acetyl-1,2-dihydroquinoline-2- 
carboxylic acid (8 . 1  g .) was placed in a 2 0 0 -ml. round- 
bottom flask and heated in a metal-bath for twenty min­
utes at 180-190°. (Nitrogen was bubbled through the 
flask during the pyrolysis.) The resultant red oil was 
cooled and taken up in ethanol. From the cooled solution 
colorless plates separated which after recrystallization from 
dilute ethanol melted at 177-181°.

(b) By Catalytic Hydrogenation of 3 -Acetylquinoline.—  
One gram of the ketone was hydrogenated at atmospheric 
pressure in 1 0 0  ml. of absolute ethanol using about 2  g. of 
Raney nickel catalyst. The theoretical volume of hydro­
gen was absorbed in two hours. The catalyst was re­
moved and the filtrate concentrated in vacuo to ca. 15 ml. 
From the cooled solution the product (XIV) separated in 
40% yield, m .p . 174-180°.

Permanganate Oxidation of 3 -Acetyl-1,4-dihydroquin­
oline (XIV).—A sample of the dihydro-compound (XIV) 
(200 mg.) was dissolved in a hot mixture of 50 ml. of water 
and 10 ml. of acetone. A solution of 122 mg. of potassium 
permanganate in 1 0  ml. of water was then added dropwise 
and with shaking in the course of ten minutes. The re­
sulting mixture was reheated to boiling, filtered and the 
filtrate concentrated in vacuo to about 10 ml. The prod­
uct crystallized on cooling and was recrystallized from 
water; yield, 50%; m. p. 97-98°; mixed with authentic 
3 -acetylquinoline, m. m. p. 98-99°.

a - Anilino ac e t opyruvic Ester (XXV).—One tenth of a 
mole each of aniline and ethyl acetopyruvate were mixed 
with 40 ml. of ether. After three days the ether was 
evaporated and the product distilled twice in vacuo; yield, 
65%; b. p. 170-171° ( 8  m m .). Anal. Calcd. for Ci3H15- 
0 3 N : C, 66.93; H , 6.48. Found: C, 67.22; H , 6.38. 
The corresponding ö-toluidino ester was prepared similarly 
from o-toluidine and ethyl acetopyruvate; yield, 57%, b. 
p. 154-155° (3 m m .). Anal. Calcd. for Ci4 H i7 0 3 N : C, 
67.99; H, 6.93. Found: C, 68.07; H , 6.40.

2-Dimethylammo-5-methylbenzaldehyde (XX).—2-D i- 
methylamino-5-methylbenzyl alcohol was prepared by the 
method of von Braun and Kruber1 4  in 45% yield, b .p , 125-

(14) von Braun and Kruber, B e r ., 46, 2980 (1912).

127 ° ( 8  m m .). Oxidation to the aldehyde was carried out 
by the modified Oppenauer procedure of Woodward, 
Wendler and Brutschy . 1 5

Potassium (20 g.) was dissolved in 400 ml. of L-butanol 
and the excess alcohol was removed completely in vacuo. 
To the dry potassium Fbutoxide was added 33 g. of 2- 
dimethylamino-5-methylbenzyl alcohol, 2 liters of dry 
benzene and 260 g. of dry benzophenone. The mixture 
was refluxed in an atmosphere of nitrogen for twenty-three 
hours, after which it was extracted with dilute hydro­
chloric acid (150 m l. coned, acid and 500 ml. of water). 
The acid extract was made alkaline with sodium hydroxide 
and the product was extracted with 300 ml. of ether in 
three portions. The ether was removed and the residue 
was fractionated through a 30-cm. Podbielniak column. 
About 35% of dim ethyl-£>-toluidine (b. p. 90-97° (12-15  
mm .)) and 40% of the bright-yellow desired aldehyde, b. 
p. 138-142° (16 m m .), were obtained.

The ^-nitrophenylhydrazone, prepared in hot ethanol 
containing a few drops of glacial acetic acid, crystallized 
from ethanol in deep red-orange prisms, m .p .  185-186°. 
Anal. Calcd. for C1 6 H i8 0 2 N 4: C, 64.41; H , 6.08. 
Found: C, 64.50; H , 5.69.

The azine was prepared by allowing a solution of 0.7 g, 
of the aldehyde, 2.5 m l. of ethanol, 2.0 ml. of water and 
0 . 1  g. of hydrazine hydrate to stand at room temperature 
for twenty-four hours. I t crystallized from ethanol in 
lemon-yellow elongated plates, m. p. 147-148°. Anal. 
Calcd, for C2 oH2 6 N 4: C, 74.49; H , 8.13. Found: C, 
74.83; H , 7.92. In several attempts to effect condensa­
tion of the aldehyde with acetone, the starting material 
was recovered unchanged.

2  -Ethylquinoline.—This compound was prepared by a 
method similar to  that used by Ziegler1 6  in the preparation 
of 2 -butylquinoline.

Lithium metal (28 g.) was pounded into a thin sheet and 
the sheet was cut with scissors into small pieces, which 
were added quickly to 1200 m l. of dry ether. The mixture 
was stirred and cooled in ice while 2 0 0  g. of ethyl bromide 
was added dropwise during thirty minutes. The addition 
was conducted at such a rate that a steady reflux of the  
ether was maintained. Quinoline (200 m l.) was then  
added dropwise during fifteen minutes with stirring and 
cooling in ice. Unreacted lithium was then skimmed off 
and water was added cautiously with stirring to the m ix­
ture. The ether layer was separated, washed with water 
and dried over sodium sulfate. After the solvent was 
evaporated the residue of crude 1 ,2 -dihydro-2 -ethylquino- 
line was dissolved in 500 m l. of nitrobenzene. The m ix­
ture was heated slowly to 2 0 0 ° and was kept at that tem ­
perature five minutes. The solution was cooled, diluted 
with ether and the bases were extracted with dilute hydro­
chloric acid containing 175 ml. of the coned, acid. The 
acid extract was made alkaline with sodium hydroxide, and 
the product was taken up in ether. The ether extract was 
dried over potassium hydroxide after which the solvent was 
distilled. The residue was fractionated carefully in vacuo, 
and the 2 -ethylquinoline was obtained as a yellow oil, b .p .  
125-130° (15 m m .); yield 30%. The picrate was pre­
pared, m. p. 147-149°. Doebner1 7 reports a melting point 
of 148°.

Chloral-2-ethylquinoline (XXVIII).—To 58 g. of ethyl­
quinoline was added 40 m l. of pyridine and 54.5 g. of 
chloral. The mixture was heated on a steam-bath for one 
and one-half hours. During the early part of the heating 
period, the reaction was exothermic, and the temperature 
was kept below 105° by periodic cooling. The product 
was then poured into water and was washed several times 
with water by decantation. Addition of a little ethanol 
caused the product to crystallize slowly. The adduct was 
filtered and washed with cold alcohol to remove dark- 
colored impurities, yield, 57%. A sample was recrystal­
lized for analysis from m ethanol; m. p. 117-118°. Anal.

(15) Woodward, Wendler and Brutschy, T h is  J o u r n a l , 67, 1425 
(1945).

(16) Ziegler, Ann., 486, 182 (1931).
(17) Doebner, ibid., 242, 272 (1887).
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Calcd. for Ci3 H 1 2 ONC18: C, 51.26; H , 3.97. Found:
C, 51.02; H , 4.11.

Hydrolysis of Chloral-2 -ethylquinoline.—This hydroly- 
sis was conducted using the same molar proportions and 
conditions as those used for chloral-quinaldine.

Five hundredths of a mole of the adduct was warmed 
with 67 ml. of ethanol, and 56 ml. of water was added 
slowly. The mixture was heated to boiling, and to it was 
added, as quickly as the vigorous ebullition would permit, 
a solution of 11.7 g. of sodium hydroxide in 3 7 ml. of water. 
After the reaction had subsided the solution was kept hot 
for five minutes and 1 0 0  m l. of hot ethanol was added. 
After the mixture had cooled overnight, no crystalline 
product had separated, so the solvents were removed in

vacuo, and the residue was dissolved in water. The prod­
uct was precipitated with 1 1  ml. of coned, hydrochloric 
acid and 5 ml. of acetic acid: yield, 79%, m. p. 190-195° 
(dec.). Recrystallization from dilute dioxane gave the 
colorless jS-2-quinolylcrotonic acid, m. p. 204-206° (dec.). 
Anal. Calcd. for C^H^O.N: C, 73.22; H , 5.20. 
Found: C, 72.85; H , 5.18.

Summary
The action of alcoholic sodium hydroxide on 

chloral-quinaldine gives 3-acetyl-1,2-dihydroquin- 
oline-2-carboxylic acid.
Cambridge 38, M ass. R eceived October 6, 1947

[Contribution  from  the Chemical Laboratory of I owa State College]

The Reaction of Benzophenone /3-Naphthil with Phenylmagnesium Bromide and
with Phenyllithium

B y  H e n r y  G il m a n  a n d  J o h n  M o r to n

The forced reaction of phenylmagnesium bro­
mide with benzophenone anil was reported earlier 
from this Laboratory.1 I t  was found that the 
Grignard reagent undergoes a lateral-nuclear 1,4 
addition to the conjugated system consisting of the 
anil linkage and an unsaturated linkage of one 
benzohydrylidene phenyl group to produce, after 
hydrolysis and a hydrogen shift, o-phenylbenzo- 
hydrylaniline. Similar lateral-nuclear additions, 
in which Grignard reagents add 1,4 to ketones 
whose carbonyl groups are conjugated with un­
saturated linkages in aromatic nuclei, have since 
been described2; also, it has been demonstrated 
that benzalquinaldine adds phenylmagnesium 
bromide in a lateral-nuclear sense.3

Further work in this Laboratory4 established 
that phenyllithium adds to benzophenone anil a t 
the anil linkage only, yielding tri- 
phenylmethylaniline. This reac­
tion proceeds a t the temperature 
of refluxing ether, whereas phenyl­
magnesium bromide has no detect­
able effect upon the anil a t this 
temperature.

The present study of the reac­
tion of benzophenone /3-naphthil 
with phenylmagnesium bromide 
and with phenyllithium, has been 
carried out to discover whether 
the substitution of an N-/3-naph- 
thyl group for the N-phenyl group of benzo­
phenone anil could affect the course of reaction 
with either of the organometallic compounds, and

(1) Gilman, Kirby and Kinney, This Journal, 51, 2252 (1929).
(2) Kohler and Nygaard, ibid., 52, 4128 (1930); Allen and 

Overbaugh, ib id ., 57, 1322 (1935); Koelsch and Rosenwald, ib id ., 
59, 2166 (1938); Lutz and Reveley, ib id ., 63, 3178 (1941); 
Geissman and Morris, ib id ., 66, 716 (1944); Fuson, McKusick and 
Spangler, ib id ., 67, 597 (1945); Koelsch and Rosenwald, J . Org. 
Chem., 8, 462 (1938); Koelsch and Anthes, ib id ., 6, 558 (1941); 
Fuson, Kaiser and Speck, ib id ., 6, 845 (1941); Fuson, Armstrong 
and Speck, ib id ., 7, 297 (1942).

(3) Hoffman., Farlow and Fuson, This Journal, 55,2000 (1938),
(4) Oilman m d  Kirby, t b i d . t 56* 1825 (1988)*

particularly whether any addition involving the 
naphthyl group itself could be observed.

We find that the naphthil behavesquite similarly 
to the anil with respect to both organometallic 
compounds. With phenylmagnesium bromide 
at the temperature of refluxing ether, no reaction 
occurs; when ether-toluene is used and the tem­
perature is raised to 90-100°, a compound melting 
at 185-186° and having a nitrogen content corre­
sponding to that of 0-phenylbenzohydryl-j8-naph- 
thylamine (I) is obtained in pure yields as high as 
71%. Like the similarly substituted aniline de­
scribed earlier,1 this substance yields 9-phenyl- 
fluorene when refluxed with alcoholic hydrochloric 
acid.

The compound melting a t 185-186° has been 
shown to be identical with the product of the

forced reaction between o-biphenylylmagnesium 
iodide and benzal-/3-naphthylamine, and was thus 
identified as (I). The reaction leading to the for­
mation of compound (I) from the naphthil is shown.

We find that phenyllithium, on the other hand, 
reacts with the naphthil a t the temperature of re­
fluxing ether to produce a compound which melts 
at 185° but which gives a large depression of melt­
ing point when mixed with (I). The product from 
the RLi reaction proved to be identical with the 
product of the condensation of triphenylcarbinol 
with ^«naphthylamine in glacial acetic acid* The



July, 1948 Benzophenone p-Naphthil with Phenylmagnesium Bromide 2515

product, then, must be triphenylmethyl-/3-naph- 
thylamine (II), and its formation from the naph­
thil must proceed as follows

C6H 5Li
j3-(C1 0H7)N=C(C6H 5 ) 2 ---------- >

h 2o
j3-(C1 0H 7 )NLi— C (C 6H 5 ) 3 ------>

/3-(C10H7)NH—C(C6Hö)3 (II)
The pure yield is 72.5%.

Experimental
Preparation of Benzophenone /3-Naphthil.—The prep­

aration of this compound given by Reddelien5 was modi­
fied as follows: 143 g. (0.56 mole) of benzophenone anil 
was heated with 148 g. (1.03 mole) ft-naphthylamine in 
a flask equipped with a downward condenser and evacu­
ated to 20 mm. Heat was applied with a strong, direct 
Bunsen flame. After a considerable quantity of aniline 
had distilled over, solid ft-naphthylamine began to appear 
in the receiver, whereupon the heating was stopped. The 
reaction mixture solidified on cooling. Two recrystal­
lizations of this solid from absolute ethanol gave 1 1 0  g. 
(64%) of greenish crystals melting at 96-97°.

Reaction of Phenylmagnesium Bromide with Benzo­
phenone ft-Naphthil.—Two-tenths mole of phenylmagne­
sium bromide in ether was added to 15.5 g. (0.05 mole) 
of benzophenone ft-naphthil in toluene. There was no 
observable reaction during the addition. The solution 
was partly freed of ether by raising the temperature to 
90-100°, and was stirred for ten hours at the elevated 
temperature. The mixture was then cooled and hy­
drolyzed with iced ammoniacal ammonium chloride, and 
the ether-toluene layer was separated and steam-distilled. 
The light-colored residue weighed 14-16 g. (71-82%) 
and generally melted between 175 and 180°. Solution 
of this material in boiling ethanol-toluene and subsequent 
extended cooling yielded 10.5-14 g. (51-71%) of pure 
white powder melting at 185-186°. In one case, there 
appeared a small amount (approx. 0.5 g.) of a resinous 
material which separated from the alcohol-toluene some 
weeks after all the amine had crystallized. The composi­
tion of this substance has not as yet been determined.

Anal. Calcd. for C2 9 H 2 3 N : N , 3.62. Found: N, 3.45, 
3.87.

Cleavage of 0 -Phenylb enzohy dryl - ft -naphthylamine and 
of Tr iph eny lm ethyl - ft-n aphthyl amin e .—One gram of (I) 
was refluxed for seventeen hours in a mixture of 1 0  cc. 
of concentrated hydrochloric acid and 30 cc. of 95% 
ethanol. The solution was evaporated and the solid 
residue treated with dilute hydrochloric acid to remove 
amines. The remaining solid was recrystallized from 95% 
ethanol to give 0.21 g. (34%) of 9-phenylfluorene, and 
ft -naphthylamine. Triphenylmethyl - ft -naphthylamine (1 
g.) cleaved under the same conditions to give 0.33 g. 
(5 3 %) of triphenylmethane, and ft -naphthylamine. 
The identities of the cleavage products were established 
by comparison with authentic specimens.

Reaction of 0-Biphenylylmagnesium Iodide with Benzal- 
ft-naphthylamine .—Thirty grams (0.1 mole) of 0 -iodo-

biphenyl1 in dry ether was added to 5 g. (0.2 atom) of 
magnesium turnings. Activated copper-magnesium a l­
loy6  was used to start the reaction, which proceeded 
smoothly with the formation of 0.074 mole (74%) of 
Grignard reagent. The resulting solution was added to a 
solution of 17.1 g. (0.074 mole) of benzal-/3-naphthyl- 
amine7  in toluene. Ether was distilled off until the tem ­
perature reached 90°, and the solution was stirred at this 
temperature for eight hours. The mixture was hydro­
lyzed with dilute hydrochloric acid, and the toluene layer 
was separated and steam-distilled. The tarry residue 
from this process was dissolved in hot ethanol-toluene, 
and this solution, after lengthy cooling, deposited 2.5 g. 
(8 .8 %) of salmon-colored crystals melting at 182-184°. 
Another recrystallization from the same solvent yielded 
2.0 g. (7%) of almost colorless crystals melting at 185- 
186 °. This melting point is not depressed by mixture with 
the compound obtained from benzophenone jS-naphthil 
and phenylmagnesium bromide.

Reaction of Benzophenone ft-Naphthil with Phenyl­
lithium.—Twenty-three grams (0.075 mole) of the naph­
thil in ether was treated with 0.08 mole of phenyllithium  
in ether. Gentle spontaneous refluxing occurred as the 
solutions were mixed. After being stirred for six hours at 
reflux, the solution was hydrolyzed with water. Just 
prior to hydrolysis, the solution gave a positive Color 
Test I . 8  The ethereal layer was separated, washed with  
water, and steam-distilled. Twenty-four grams (84%) 
of greenish-white residue melting at 176-178° was ob­
tained. This was recrystallized from ethanol-toluene to  
give 21 g. (72.5%) of white crystals melting at 185-186° 
but giving a large depression of this melting point when 
mixed with (I).

Anal. Calcd. for C2 9 H 2 3 N : N , 3.62. Found: N ,
3.50.

Condensation of /3-Naphthylamine with Triphenyl­
carbinol.— In this reaction, modeled after the synthesis 
of the similarly substituted aniline given by Baeyer and 
Villiger , 9  5 g. of triphenylcarbinol and 10 g. of j8 -naphthyl­
amine were refluxed for one-half hour in glacial acetic acid. 
The solution was cooled and diluted with water, whereupon 
a white precipitate appeared. This was filtered off and 
washed with 95% ethanol, leaving a powdery residue 
which, when recrystallized from watered acetone, weighed 
0.1 g. (1.3% ) and melted at 185-186°. A mixed melting 
point with the material from the phenyllithium reaction 
showed no depression.

Summary
Benzophenone 0-naphthil undergoes a lateral- 

nuclear 1,4 addition with phenylmagnesium bro­
mide under forced conditions, yielding tf-phenyl- 
benzohydryl-/3-naphthylamine. The same naph­
thil undergoes 1,2 addition with phenyllithium 
under mild conditions, to yield triphenylmethyl- 
/3-naphthylamine.
Ames, I owa R eceived  A pril 3, 1948

(6) Gilman, Peterson and Schulze, Rec. trav. chim., 47, 19 (1928).
(7) Claisen, Ann., 237, 273 (1887).
(8) Gilman and Schulze, This J o u r n a l , 47, 2002 (1925).
(9) Baeyer and Villiger, Ber., 35, 3016 (1902).(5) Reddelien, Ber., 54, 3121 (1921).
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[Contribution  from  th e  K night C hemical L aboratory, U niversity  of A kron]

The Reaction of a, /3-Dichloropropionaldehyde with a Number of Grignard Reagents
B y  V aug h n  W. F loutz

The research project here reported was under­
taken to determine the behavior of representative 
Grignard reagents with a, /Tdichloropropionalde- 
hyde. Studies have shown that chloral and 
a, a, /3-trichlorobutyraldehyde, commonly called 
butyl chloral, react normally with arylmagnesium 
halides, but abnormally with certain other Grig­
nard reagents to give a primary alcohol by reduc­
tion of the aldehyde and an unsaturated hydro­
carbon by oxidation of the Grignard reagent.1*2 
Unlike chloral and butyl chloral, a,/3-dichloro- 
propionaldehyde carries one chlorine atom on the 
alpha carbon rather than a maximum number. 
I t was found that the reaction proceeds normally 
with phenylmagnesium bromide and gives a good 
yield of secondary alcohol. a,0-Dichloropropion- 
aldehyde reacts with w-hexylmagnesium bromide, 
cyclohexylmagnesium bromide and 0-phenyl- 
ethylmagnesium bromide to give the secondary 
alcohols of normal addition in a smaller yield. In 
each case there is formed in addition to the second­
ary alcohol 2,3-dichloropropanol-l (glycerol 2,3- 
dichlorohydrin) by the reduction of some of the 
aldehyde, and an unsaturated hydrocarbon by 
oxidation of some of the Grignard reagent. In the 
case of benzylmagnesium chloride no secondary 
alcohol was detected; the only reaction product 
identified was dibenzyl. I t  has been found that 
both chloral and butyl chloral exhibit this same be­
havior with benzylmagnesium chloride.2

dissolved in an equal volume of dry ether. The reagent 
was cooled and the aldehyde, dissolved in a like volume 
of dry ether, was added at a rate such that there was no 
refluxing of the ether. The product was poured slowly 
into a mixture of ice and water, and the resulting mixture 
was cleared by the addition of 5% aqueous acetic acid. 
The ether layer was removed, washed in turn with sodium 
bicarbonate solution, saturated sodium bisulfite solution, 
and water, and then dried over anhydrous sodium sulfate.

The.ether solution from the reaction of a:,/3-dichloro- 
propionaldehyde and phenylmagnesium bromide was sub­
jected to distillation to remove the ether. The distillation 
was then continued under reduced pressure in an atmos­
phere of nitrogen to obtain the secondary alcohol 2,3- 
dichloro-1 -phenylpropanol-1.

a , /3-Dichloropropionaldehyde and n -Hexylmagnesium 
Bromide, Cyclohexylmagnesium Bromide and /3-Phenyl- 
ethylmagnesium Bromide.—The ether solution of the 
products from the reaction of the aldehyde with w-hexyl- 
magnesium bromide was subjected to distillation to remove 
the ether and the hexene-1 formed in the reaction. The 
ether and larger portion of the hexene-1 were distilled 
by use of a hot water-bath; following this the residue 
was heated in an oil-bath to a bath temperature of 120°, 
and this additional distillate was added to the first por­
tion. To determine more accurately the amount of 
hexene-1 produced, the hydrocarbon was converted into 
1,2-dibromohexane; this was accomplished by treating 
the distillate in subdued light with a slight excess of 
bromine. The residue from the removal of ether and 
hexene-1 was distilled under diminished pressure to obtain 
the primary alcohol 2,3-dichloropropanol-l, and the 
secondary alcohol l,2-dichlorononanol-3. The primary 
alcohol was further identified through its oxidation with 
fuming nitric acid to produce a , /3-dichloropropionic acid.4 *

The reaction mixture from the cyclohexylmagnesium 
bromide, treated in a similar way, gave cyclohexene,

T able  I
R eaction Products

-Secondary alcohol—
-Analyses, % -

Dibromo
addition
product

Primary
alcohol

CHaClCHCl-
CHsOH

RMgBr Formula
Yield, 

G. %
B. p.,

°C. Mm.
Calculated 

C H Cl C
Found

H Cl
yield 

G. % G.
yield

%
CsHtMgBr* C9H10OCI2 35 68.3 150-151 10 52.71 4.92 34.58 52.39 4.89 34.36 ,, .. .
CeHuMgBr6 C9H18OCI2 19.5 36.6 139-141 12 50.71 8.51 33.27 50.41 8.61 33.32 10 16.4 6. 5 20.2
CeHnMgBr® CsHieOCh 13.5 25.6 144-146 12 51.20 7.64 33.59 51.30 7.66 33.50 14 23.1 8 24.8
C6H6(CH2)2-

MgBrd C11H14OCI2 28.5 49 155-158 4 56.67 6.05 30.42 56.92 6.10 30.21 8 12.1 4 12.4
a,b,e,d jn addition 1 g. of diphenyl, 3 g. of 

tively, were isolated.
^-dodecane, 3 g. of dicyclohexyl and 1.5 g. of 1,4-diphenylbutane, respec-

Experimental3
a , /3-Dichloropropionaldehyde and Phenylmagnesium 

Bromide.—In the preparation of this Grignard reagent, 
and also those subsequently considered, a 1-liter, three- 
necked flask, fitted with a mercury-seal stirrer, dropping 
funnel and condenser was employed. A 0.25 gram-atom 
portion of magnesium turnings was placed in the flask 
and covered with 250 ml. of anhydrous ether, and the 
reagent was formed by adding 0.25 mole of the halide

(1) Floutz, T h is  J o u r n a l , 67, 1615 (1945).
(2) Floutz, ibid., 68, 2490 (1946).
(3) A portion or the «,/3-dichloropropionaldehyde was furnished

through the courtesy of the Shell Development Company. That
used in the initial studies was synthesized by the low temperature
addition of chlorine to acrolein, according to the literature.

determined as the dibromide, the primary alcohol and 2,3- 
dichloro-l-cyclohexylpropanol-1. That from /3-phenyl- 
ethylmagnesium bromide yielded styrene, determined as 
the dibromide, the primary alcohol and l,2-dichloro-5- 
phenylpentanol-3.

«, iS-Dichloropropionaldehyde and Benzylmagnesium 
Chloride.—The ether solution of the reaction products 
was distilled to remove the ether. The residual liquid on 
standing overnight deposited a considerable amount of 
non-crystalline solid. This substance had the characteris­
tics of a polymerized material or a condensation product 
from the aldehyde, and was not identified. The liquid 
remaining from the removal of this solid was distilled 
under reduced pressure in an atmosphere of nitrogen. 
The only product isolated from the distillate was dibenzyl.

(4) Yarnell and Wallis, J. Org. Chem.t 4* 270-283 (1939).
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No secondary alcohol was detected; the larger part of the 
liquid began to decompose and carbonize at a bath tern- 
perature of 180° and pressure of 4 mm. An average 
of results from two runs gave amorphous solid, 1 2 . 5  g.; 
dibenzyl, 6.3 g.; tarry, carbonaceous residue, 14.5 g.

Table I provides essential data. Yields in each case 
are averages from two runs.

Summary
1. Tlie reaction of a,/3-dichloropropionalde- 

hyde with phenylmagnesium bromide, ^-hexyl-

magnesium bromide, cyclohexylmagnesium bro­
mide, jS-phenylethylmagnesium bromide and ben­
zylmagnesium chloride has been studied.

2. The new secondary alcohols’ 2,3-dichloro-l- 
phenylpropanol-1, l,2-dichlorononanol-3, 2,3-di­
chloro-l-cyclohexylpropanol-1 and 1,2-dichloro-5- 
phenylpentanol-3 have been prepared via the 
Grignard reaction.
Akron, Ohio R eceived  M arch 17, 1948

[Contribution from the G ates and Crellin  Laboratories of Chemistry, C alifornia  I nstitute  of T echnology,
No. 1162]

Cyclobutane Derivatives. IV, Ziegler Brominationla of Methylenecyclobutane115’2
B y  E d w in  R . B u c h m a n  a n d  D a v id  R . H o w t o n

In connection with another investigation,3 we 
have studied the reaction,la under a variety of con­
ditions, between N-bromosuccinimide (NBS) and 
methylenecyclobutane (I). I t was found that, 
although NBS reacted with I faster in the usually 
employed carbon tetrachloridela than in benzene,4 
higher yields of allylic bromides, CgH7Br, were ob­
tained in the latter solvent; in both cases the 
addition of small amounts of dibenzoyl peroxide5 
proved advantageous. A typical experiment car­
ried out in benzene and with added peroxide gave 
the following products6: a C5H7Br fraction (14%), 
methylenecyclobutane dibromide7 (56%), N- 
phenylsuccinimide9 (15%) and succinimide (66%). 
In carbon tetrachloride and without added per-

(1) (a) Cf. Ziegler, Spath, Schaaf, Schumann and Winkelmann*
A nn., 551, 80 (1942); (b) cf. Ziegler bromination of ketene dimer*
Blomquist and Baldwin, T h is  J o u r n a l , 70, 29 (1948).

(2) Presented before the Pacific Division of the American Associa­
tion for the Advancement of Science at the San Diego Meeting, 
June, 1947.

(3) See Paper V of this Series, to be published.
(4) Cf. Ettliuger and Fieser, J. Biol. Chem., 164, 451 (1946).
(5) Cf. Schmid and Karrer, Helv. Chim. Acta, 29, 573 (1946).
(6) Yields based on NBS.
(7) Földi8 obtained saturated dibromides from reactions of N- 

bromo-N-methylbenzenesulfonamide with certain olefins. In this 
Laboratory it has been found that I and cyclobutene,* which react 
slowly with NBS, give dibromides as major products (yield appar­
ently independent of added peroxide but dependent on nature of 
solvent, see Experimental), while cyclohexene,9 which reacts rapidly, 
gives only a small amount of dibromide.

The mechanism of formation of the dibromides remains obscure. 
Földi’s unsubstantiated explanation that substituted derivatives of 
ethylenediamine and substituted dibromides are formed in equiva­
lent amount obviously cannot apply in the present case. The possi­
bility that hydrogen bromide (which would combine with NBS to 
make free bromine available, cf. Meystre, Ehmann, Neher and 
Miescher, Helv. Chim. Acta, 28, 1252 (1945); Wieland and Miescher, 
ibid., 30, 1876 (1947); Barnes, T h is  Journal, 70, 145 (1948)) is 
formed during the slow reaction is unsupported by experimental evi­
dence; brominated reaction products from I appear to be stable and 
no loss of hydrogen bromide was noted during the Ziegler reaction 
or during the working-up procedure.

C f. Buckles, Organic Division Abstracts, April, 1948, page 36L.
(8) Cf.. Földi, Ber., 63, 2257 (1930); Lichoscherstow, et al., Chem. 

Zentr., 109, I, 3330 (1938); 110, II, 66 (1939); 111, I. 3246 (1940); 
111, II, 198 (1940); Kharasch and Priestly, T h is  J o u r n a l , 61, 3425 
(1939); Fosdick, Fancher and Urbach, ibid., 68, 840 (1946); ref. la.

(9) Cf. Howton, This Journal, 69, 2060 (1947).

oxide another minor product was encountered, ap­
parently formed by direct 1:1 addition8 of NBS 
to I.

The C5H7Br mixture (II +  III) was investi­
gated as indicated on the diagram. II and III  
were separated by virtue of the great difference in 
the rates a t which they react with trimethylamine 
in benzene at room temperature. I l l  reacted in a 
few minutes to precipitate the corresponding10 
allylic quaternary ammonium bromide (V) while 
the complete conversion of II to IV required sev­
eral weeks; the relative amounts of IV and V iso­
lated indicate a I I : I II  ratio in the C5H7Br fraction 
of about 15:1.

The structure11 of V (and indirectly that of IV) 
was established by relating it to the known18 
saturated quaternary bromide (IX). In this con­
nection the applicability of a recently described12 
two-step reduction method was investigated. 
The addition of bromine to V yielded a single di­
bromo bromide to which structure VII must be 
assigned since on catalytic hydrogenation it was 
converted to a bromide identified (by comparison 
with an authentic sample13) as IX. However, the 
bromination of IV gave not only compound VI 
isomeric with VII (and yielding on reduction VIII 
isomeric with IX) but also, by a novel rearrange­
ment, a nearly equal amount of bromide VII iden­
tical with the material originating from V.

A structure proof based on reactions not accom­
panied by possible rearrangements was achieved

(10) The precipitated fractions are quite pure; we assume that 
III is the precursor of V and II of IV.

(11) As a possible aid in assigning structures to such compounds, 
it may be noted that there appears to be a degree of correspondence 
in m. p.’s between allylic quaternary picrates and the related satu­
rated picrates, e. g., picrates corresponding to V and IX  melt at 
127 and 117°, respectively, while for the IV -V III pair the values are 
215 and 245°; Howton12 gives: 2-cyclohexenyltrimethylammonium  
picrate, m. p. 130°, and cyclohexyltrimethylammonium picrate, m. p. 
125°; allyltrimethylammonium picrate, m. p. 220°, and «-propyl tri - 
methylammonium picrate, m. p. 200°.

(12) Howton, T h is  J o u r n a l , 69, 2555 (1947).
(13) (a) v. Braun, Fussg&nger and Kuhn, A n n ., 445, 201 (1925); 

see also (b) Demjanow and Dojarenko, B er., 55, 2727 (1922); 
Chem. Z entr., 94, III, 746 (1923).
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by the direct catalytic reduction of IV and of V. 
From V, IX was obtained, while IV gave a rela­
tively good yield14 of VIII identical with the re­
duction product from VI; this synthesis of VIII 
incidentally confirms the formulas assigned to 
both VI and VIII.

This research was aided by a grant from the Re­
search Corporation; the authors wish also to ex­
press their thanks to Dr, Saul Winstein and to 
Dr. Martin G. Ettlinger for helpful discussions.

Expdrimental15
Ziegler Bromination of I.—A two-liter three-necked 

flask was charged with 178 g. (1.0 mole) of N BS,la 2.42 g. 
(0.01 mole) of dibenzoyl peroxide, 71.0 g. (1.044 mole) of 
I 1 6 and 740 ml. of thiophene-free benzene (dried over 
sodium ); the flask was equipped with a mercury-sealed 
Hershberg stirrer, a water-cooled reflux condenser topped 
by another containing Dry Ice, and a thermometer dipping 
into the reaction mixture. Thé stirred mixture was main­
tained at 75-80° (gentle reflux) by means of a heating 
mantle. From time to time the reaction mixture was 
cooled to about 40 ° and a drop of liquid was removed and 
tested with aqueous potassium iodide for the presence of 
NBS; after six and one-half hours the test was negative. 
After standing overnight at room temperature, 57.9 g. 
of crystalline solid (A) was filtered from the brown mix­
ture; 11.6 g. of I was recovered from the filtrate by dis­
tillation at atmospheric pressure, using a 30-cm. helix- 
packed column. M ost of the benzene was then removed 
through the same column at 200 mm. On standing over­
night, 19.7 g. of solid (B) crystallized from the residue. 
The filtrate from B was then distilled rather rapidly 
through a 9-cm. helix-packed column with efficient con­
densation (Dry-Ice trap) of the distillate, first at 70 mm. 
and then at 30 mm. until all of the allylic bromides had 
been removed. The resulting distillate was refraction­
ated through the same column giving 21.6 g. (14.6%6) of 
a mixture of II and III, b . p. 55.2-56.7° at 70 mm. This 
material rapidly decolorized potassium permanganate in 
acetone solution, slowly decolorized bromine in carbon 
tetrachloride, gave an immediate precipitate with alcoholic 
silver nitrate and slowly darkened on standing at room 
temperature exposed to light.

Anal.17 Calcd. for C5 H 7 Br: C, 40.84; H, 
4.80; Br, 54.36. Found: C, 40.83; H, 5.11; 
Br, 54.78.

The residual oil from the rapid initial distilla­
tion of the C5 H7Br fraction deposited 12.1 g. of 
crystalline material (C) on standing; this was 
filtered off and the filtrate combined with a small 
amount of ofi left from the final fractionation of 
the C5 H7Br distillate and distilled at 3 mm., 
giving 65.1 g. (56.2%6) of I dibromide, pale 
yellow subtly lachrymatory oil, b. p. 43-50°, 
« 25d  1.532,17 d254 1.80117; this material1 8 decolor­
ized permanganate in acetone rapidly and formed 
a precipitate soon after mixing with a benzene 
solution of dimethylamine.

Removal of I dibromide from the reaction mix­
ture left 43.8 g. of dark brown, very viscous oil 
which deposited 1 . 8  g. of crystalline material
(D ) after standing several months. Careful 
examination of the four crops of crystalline 

material showed A to be substantially pure succinimide, 
B and D to be N-phenylsuccinimide9  and C to be a mix­
ture of these two substances; total yield6  of the first 
6 6 %, of the latter 15%. A fractional distillation in 
vacuo was carried out on the 42 g. of residual oil; small 
additional amounts of succinimide and of N-phenylsuc­
cinimide were obtained but no other homogeneous product 
was isolated.

Reactions of this type gave consistently approximately 
the yields of bromination products indicated above; a 
bromination in benzene but without added peroxide re­
quired eleven and one-half hours and yielded6  9.1% of 
allylic bromides and 57.1% of the dibromide. In carbon 
tetrachloride the results were less consistent; figures6  are 
given for two representative runs; 8 .8 % of allylic bromides 
and 52.8% of dibromide (two and one-half hours, 1.6 
mole % peroxide), 5.6% of bromides and 34.1% of di­
bromide (three and one-half hours, no peroxide added). 
In «-heptane with 1.6 mole % peroxide the reaction ap­
peared complete after two hours; 6 .0 % of monobromides 
and 24.3 % 6  of dibromide were isolated from the gummy 
reaction mixture. Using excess of I as solvent and with 
added peroxide, no appreciable bromination took place 
even after twenty hours of refluxing.

From an experiment carried out in carbon tetrachloride 
(no added peroxide), it was found possible to isolate a 
small amount of a slightly colored, very viscous oil, 
b. p. 79° at 0.25 mm ., which gave analytical figures close 
to those calculated for the adduct of I and NBS; it was 
difficult to completely free this oil from succinimide by 
distillation.

Anal. Calcd. for C 9 Hi2 B rN 02: C, 43.92; H , 4.92; 
N , 5.69. Found: C, 44.46; H , 5.31; N , 6.16.

(2 -Methylenecyclobutyl) -trimethylamxnonium Bromide
(IV) and (l-Cyclobutenylmethyl)-trimethylammonium  
Bromide (V).—The above mixture of II and III (21.6 
g.) was treated in a centrifuge bottle with 63 g. (slight 
excess) of an 18% solution of trimethylamine in C. p. 
benzene. A voluminous crystalline precipitate (V) 
formed immediately; after standing for fifteen minutes 
at room temperature, this product was separated by cen­
trifugation, washed with benzene and dried in vacuo, 
yield 1.4 g. (4.6% ). Crude V, m. p. 162.5° (prior sinter­
ing) , was found to be extremely hygroscopic (in other ex­
periments V was obtained as an o il); it decolorized per­
manganate1 9  * * rapidly and was characterized by conversion

(14) Whereas V behaved normally12 on reduction, giving tri­
methylamine as a major reaction product, IV yielded somewhat 
bette* than 50% of VIII. Seemingly IV does not possess a fully 
effective allylic double bond.

(15) All melting points are corrected. Microanalyses by Dr. G. 
Oppenheimer and G. A. Swinehart of this Institute.

(16) B. p. 40.0-42,3°; preparation, see Shand, Schomaker and 
Fischer, T his Journal, 66, 636 (1944); a portion of the material 
used in this research was prepared by Mr. J„ R» Fischer.

(17) These figures were obtained from a sample prepared in a simi­
lar fashion from a Ziegler bromination carried out in carbon tetra­
chloride.

(18) An authentic sample of I dibromide, b. p. 41-45° at 2.2 mm., 
n u r> 1.537, decolorized permanganate and gave with dimethylamine 
the same series of reaction products (to be described in another 
connection).

(19) The behavior of quaternary bromides and picrates toward
potassium permanganate in acetone or acetone-water solution was in­
vestigated. The uasaturated bromides IV and V as well as the corre-
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to the quaternary picrate , 1 9 * 2 0  large dark yellow striated 
blades from ethanol-acetonitrile, m. p. 126.6-127.1°
(analysis see below).

A small amount of material (0.4 g.) which deposited 
in the next seventy-five minutes was shown (by conversion 
to the picrate20) to be predominantly IV. After the ben­
zene solution had stood tightly stoppered for two weeks 
longer, a dense network of colorless needles had formed 
which was centrifuged off (16.2 g. of IV ); two months 
later another crop (4.6 g.) was collected; total yield of 
crystalline IV, 70%. A small amount of oily material 
(crude IV) subsequently separated from the benzene 
solution and there remained a certain amount of bromine- 
containing benzene-soluble material which apparently 
did not react with trimethylamine.

Fractional crystallization of the IV obtained above and 
examination of the mother liquors (by conversion to the 
picrate20) failed to disclose the presence of any appreciable 
amount of V. IV 1 9  formed hygroscopic sparse clusters of 
colorless rods from acetone-ethanol, m .p . 229° dec.

Anal. Calcd. for C 8 H 1 6BrN: C, 46.61; H , 7.82; N , 
6.80. Found: C, 47.17; H , 8.07; N , 6.60.

The picrate1 9 *2 0  corresponding to IV crystallized from 
ethanol in long yellow feathers, m. p. 215-217° dec.

Anal. Calcd. for C1 4 H i8 N 4 0 7 : C, 47.46; H , 5.12; N , 
15.81. Found (IV picrate): C, 47.51; H , 5.41; N , 
15.85. Found (V picrate): C, 47.47; H, 5.36; N , 
15.59.

Bromination of IV.—A solution of 1.41 g. of IV (as 
obtained from the benzene-trimethylamine solution) in 
5  ml. of chloroform was treated with 1 . 1 0  g. (one molec­
ular equivalent) of bromine; the resulting two-liquid ™ 
phase mixture was tightly stoppered and allowed to stand 
at room temperature for ten days. The crop of clustered 
jagged crystals (VI) which had emerged from the pale 
orange solution was freed of mother liquors by rinsing with 
chloroform and dried, m. p. 203.5° dec., yield 1.02 g, 
(41%). A sample was recrystallized from ethanol-water, 
colorless truncated dog-tooth-like crystals, some arranged 
in rows to form long, irregular blades, m .p . 195.5° dec . 2 1  

(analysis below).
The mother liquors and washings from this crop of VI 

were freed of solvent and rapidly diluted with acetone, 
giving a voluminous white crystalline precipitate of crude 
VII weighing 0.93 g. (37% ), m. p. ca. 168°. This was 
recrystallized by dissolving in a small amount of warm 
methanol and rapidly diluting with acetone, broad color­
less plates with bluntly pointed terminations, m. p. 163- 
164° dec . 2 1

Anal. Calcd. for C 8H i6Br3 N : C, 26.25; H , 4.41; N , 
3.83. Found (V I): C, 26.19; H , 4.85; N , 3.74. Found 
(V II): C, 26.77; H , 4.64; N , 3.77.

Another bromination of IV (procedure similar to that 
used for bromination of V, see below) gave a 33% yield of
VI and a 27% yield of VII (isolated as the picrate).
VII obtained in this manner and the corresponding picrate 
were compared (mixed m . p .’s gave no depression) with 
material from bromination of V. VII from bromination 
of IV was also converted (see below) to  IX  and its picrate 
(mixed m. p .’s).

The quaternary picrate corresponding to VI was re­
crystallized from ethanol-water, yellow rhombic plates, 
some with striations parallel to all four edges of the rhombs, 
others growing to a point in such a way as to form stubby 
triangular prisms, m .p .  173°.21 The picrate correspond­
ing to VII, orange-yellow bars or granules from ethanol- 
water, melted at 172°.21 A mixture of the two isomeric 
picrates gave a difficultly-detectable depression of the 
melting point.
sponding picrates decolorized permanganate rapidly while VI, VII,
VIII and IX and their picrates did not. The stability of VI is of 
interest since I dibromide reacts readily with permanganate under 
these conditions, see ref. 18.

(20) See ref. 12, footnote 5,
(21) Melting point bath heated slowly; m. p. varies considerably 

with rate of heating.

Anal. Calcd. for Cx4 H i8 Br2 N 4 0 7: C, 32.70; H , 3.53. 
Found (VI picrate): C, 32.80; H , 3.55. Found (VII 
picrate): C, 32.99; H , 3.60.

Bromination of V.—A solution of 1.09 g. of crude 
crystalline V in 4 ml. of chloroform was treated dropwise 
with bromine until a heavy oil separated ou t; the mixture 
was then diluted with benzene and treated with more 
bromine until the color of the latter persisted in the 
benzene epiphase. The heavy oil was then thoroughly 
washed with benzene, taken up in 25 ml. of ethanol and 
slowly freed of solvent on the steam-bath; the residual 
clear tan sirup was taken up in 1 0  m l. of acetone and 
placed in an ice-box overnight, giving rise to  0.65 g. of 
VII, compact rosettes, crude m . p. 170° dec. Mother 
liquors yielded an additional 0.24 g. of V II, crude m. p. 
169° dec. and 0.57 g. of crude V II picrate2 2  (total yield of 
VII, 66.5% ).

( 2  -M ethylcyclobutyl) -trimethylammonium Bromide 
(VIII).— Recrystallized IV (0.90 g.) was added to a sus­
pension of pre-reduced palladium-on-barium-sulfate cata­
lyst1 2  (2.25 g.) in 25 ml. of water and the mixture was 
shaken with hydrogen at room temperature and atm os­
pheric pressure. After nineteen hours the absorption 
rate was negligible and 155.8 ml. of hydrogen had been 
absorbed (theory for one mole-equivalent, 1 1 2  m l.). 
The catalyst was centrifuged off, the solution was treated 
with sodium hydroxide in slight excess and the liberated 
trimethylamine was removed on the steam-bath in vacuo. 
Then, after neutralization with hydrobromic acid, the 
solution was evaporated to dryness. The residue was 
extracted with chloroform and the extracts were freed of 
solvent and treated with acetone; in this way three crops 
of crude VIII were obtained totaling 0.41 g. (45%) and 
from the mother liquors 0.11 g. of V III picrate (total yield 
of V III, 52% ). VIII picrate made from this crude VIII 
did not depress the m. p, of a like picrate obtained from VI 
(see below).

Catalytic reduction 1 2  of VI gave a theoretical yield of 
crude V III; after recrystallization from acetone-methanol, 
it formed colorless plates of various rectangular shapes, 
m. p. 270° dec.

Anal. Calcd. for C8 H i8 BrN: C, 46.16; H , 8.71; N , 
6.73. Found: C, 46.04; H , 8.97; N , 6.10.

The corresponding picrate formed bundles of yellow  
needles from ethanol, m. p. 244.6-244.8°.

Anal. Calcd. for C1 4H 2 0 N 4 O7: C, 47.19; H, 5.66.
Found: C, 47.24; H , 5.81.

(Cyclobutylmethyl)-trimethylammonium Bromide (IX). 
—Reduction 2 3  of cyclobutyl cyanide2 4  in ethanol-12 N  
hydrochloric acid using a palladium-on-Norit catalyst 
gave cyclobutylmethylamine hydrochloride, characteristic 
colorless flakes from acetone-ethanol, m . p. 235.5°. 
This hydrochloride (1.54 g.) was methylated in the usual 
way13b with methyl iodide and potassium hydroxide in 
methanol. After removal of solvent the product was 
separated by continuous extraction with chloroform, yield  
of crude (cyclobutylmethyl)-trimethylammonium iodide 
nearly quantitative (3.18 g .);  recrystallization from ace­
tone-ethanol gave glistening colorless needles, m .p . 205.6- 
206.5°.

Anal. Calcd. for C8 H i8 IN : C, 37.66; H , 7.11; N , 
5.49. Found: C, 37.80; H , 6.96; N , 5.48.

The iodide was converted to the base with silver oxide 
and this after neutralization with hydrobromic acid gave

(22) Mother liquors from this picrate gave 0.45 g. of material m. p. 
below 95°, from which, after several recrystallizations, a homo­
geneous substance was obtained, sparsely-clustered thin rectangular 
slats from ethanol-acetonitrile, m. p. 142.5—143.2°, halogen-free, 
unsaturated to permanganate. This may be (2-methyl-2-butenyl)- 
trimethylammonium picrate derived from 2-methylbutene-l origi­
nally present (see footnote 8 of ref. 16) as an impurity in I.

Anal. Calcd. for CmH ^ O t: C, 47.19; H, 5.66; N, 15.72.
Found: C, 47.25; H, 5.73; N, 15.75.

(23) C f. Hartung, T h is  J o u r n a l , 50, 3370 (1928).
(24) B. p. 147-148° (747 mm.), prepared in 62% yield according 

to Freund and Gudeman, Ber., 21, 2697 (1888).
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IX , beautiful sparse clusters of colorless triangular prisms 
from acetone-methanol, m . p . 2 2 0 - 2 2 1 ° (lit.13a m. p. 
214°). Another sample of IX  (from reduction of VII) 
exhibited dimorphism; on seeding a supercooled solution 
of the material in acetone-methanol, colorless needles 
were rapidly deposited which changed into massive 
granules, the interconversion being complete in about 
three hours at 0°. These granules melted at 219.6- 
2 2 0 .2 °, resolidified on withdrawing from the bath, then 
melted at 226 ° ; a sample mixed with authentic IX  showed 
the same behavior.

Anal. Calcd. for CgHisBrN: C, 46.16; H ,8 .71 ; N ,
6.73. Found: C, 45.75; H , 8.77; N , 6.39.

The above salts gave the corresponding picrate, bright 
yellow-orange dendrites from ethanol, m. p. 116.5^- 
117.1°.

Anal. Calcd. for C1 4H 2 0 N 4 O7 : C, 47.19; H , 5.66; N , 
15.72. Found: C, 47.40; H , 5.75; N , 15.50.

The halides with excess of aqueous sodium picrate gave 
a picrate-sodium picrate double salt , 2 0  fine yellow needles 
from ethanol, m. p. 164.4-164.7° (prior sintering).

Anal. Calcd. for Ci4 H 2 oN4 0 7 ,C6 l i 2 N 3 NaC)7 ,0 .5 I l 2 0 : C,

38.97; H , 3.76; N , 15.91; Na, 3.73. Found: C,
38.83; H , 4.04; N , 16.26; N a, 3.39.

Catalytic reduction1 2  of VII gave in good yield IX  
(mixed m. p. with authentic IX) which was converted 
to the picrate (mixed m. p .) . A very small yield of IX  
(isolated as the picrate-sodium picrate double salt, mixed 
m .p . and analysis) resulted from the reduction1 2  of crude 
V using a palladium-on-Norit catalyst : trimethylamine
hydrobromide constituted the major reaction product.

Summary
The Ziegler bromination of methylenecyclo­

butane has been studied. The major bromination 
product is the olefin dibromide and under the best 
conditions found (in benzene and with added per­
oxide) the yield of allylic bromides is 14%.

The allylic bromides were investigated by con­
version to the allylic trimethylammonium bro­
mides, the structures of which were established.
Pasadena 4, C alifornia  R eceived  M arch 15, 1948

[Contribution  from the C oates Laboratories of L ouisiana State  U niversity]

Analysis of the Vibrations of Benzene Derivatives. I. The Class Ax Carbon
Vibrations of Toluene

B y  A . R. C h o p p in  a n d  C. H. S m it h 1 * 2

The assignment of experimentally observed vi­
brational frequencies of aromatic molecules to 
definite modes of vibration has encountered diffi­
culties, chief of which has been the large number 
of vibrations belonging to each symmetry class. 
Only for the highly symmetrical benzene molecule 
has it been possible to make assignments with con­
fidence.

For toluene, the assignments have been more 
speculative. The polarization measurements in 
the Raman spectrum made by Cabannes and 
Rousset3 and by Cleveland4 have been of impor­
tance in identifying the totally symmetric vibra­
tional frequencies. However, the number of ob­
served polarized lines is less than the theoretical 
number of totally symmetric vibrations, even if 
toluene is assigned C2V symmetry. Teets and 
Andrews5 constructed a mechanical model of tolu­
ene, and found certain correlations between its vi­
brational frequencies and those observed in the 
Raman spectrum of toluene. Pitzer and Scott,6 
reasoning by analogy with benzene, assigned a fre­
quency and vibrational form to each of the funda­
mental vibrations of the toluene molecule. How­
ever, except for the 1003 cm ."1 frequency, they 
did not analyze the changes that occur in the vi­
brational forms on going from benzene to toluene.

(1) American Chemical Society Post-doctoral Research Fellow 
at Louisiana State University.

(2) The authors are indebted to Newton Grant for checking some 
of the calculations.

(3) Cabannes and Rousset, Ann. phys., 19, 229 (1933).
(4) Cleveland, J. Chem. Phys., 13, 101 (1945).
(5) Teets and Andrews, J. Chem. Phys., 3, 175 (1935).
(6) Pitzer and Scott, T h is  J o u r n a l , 65, 803 (1943).

Ginsburg, Robertson and Matsen7 have analyzed 
the near-ultraviolet absorption spectrum of tolu­
ene vapor and made a considerable number of fre­
quency assignments.

Recently, the authors8 have developed an inter­
pretation of the ultraviolet absorption spectrum of 
toluene which differs from that of Ginsburg, 
Robertson and Matsen in that the 623 cm.-1 fre­
quency (in the ground state) is assigned to Class 
Ai instead of Class Bi. Furthermore, the authors 
have proposed certain approximate vibrational 
forms for the Class Ax carbon vibrations of toluene. 
These forms were based upon analogies with ben­
zene and upon frequency changes taking place 
upon the substitution of deuterium for the various 
hydrogens of toluene. They differ in some cases 
from the forms assigned by Pitzer and Scott,6 and 
from the forms observed in the mechanical model.5

In an attempt to settle these differences in the 
assignment of the frequencies and modes of vibra­
tion of toluene, the mathematical analysis pre­
sented in this article was made.

Calculations
In order to simplify the mathematical analysis, 

the carbon and hydrogen vibrations are treated as 
distinct uncoupled sets. This follows a previous 
qualitative treatment of the benzene vibrations.9 
For the purpose of the calculation of the carbon 
vibrations, it is assumed that each hydrogen is

(7) Ginsburg, Robertson and Matsen, J. Chem. Phys., 14, 511 
(1946).

(8) Choppin and Smith, This J o u r n a l , 70, 577 (1948).
(9) Angus, Bailey, Hale, Ingold, Leckie, Raisin, Thompson and 

Wilson, J. Chem. Soc., 971 (1936).
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N ormal

Comparing with Figure 1,

T able  I

C oordinates for the Class A i C arbon V ibrations of T oluene  

the upward direction of the vertical component and the outward direction of the 
horizontal component are given positive signs.

Normal coordinate £x £2 £3 £4 t* £«
Calcd. freq. (cm.1"") 497 779 965 1156 1380 1704
Me-group motion 1 . 0 0 1 . 0 0 0 . 1 2 - 0 .6 1 0 .36 - 0 . 2 1

C -l motion 0 .52 - 0 . 2 0 - 0 . 1 0 1 . 0 0 - 1 . 0 0 1 . 0 0

C-2 motion (total) 0 .36 0 .80 0 .95 0 .9 0 0 . 2 2 1.06
C-2 (horiz. comp.) — 0.31 0 .74 - 0 .7 8 - 0 . 7 8 - 0 . 2 2 0 .4 0
C- 2  (vert, comp.) - 0 . 1 7 - 0 .3 0 - 0 .5 6 0 .4 4 0 . 0 2 - 0 . 9 9
Angle C - 2  with horiz. 29° 2 2 ° 36° 29° 4° 68°
C-3 motion (total) 0.41 1 . 1 1 0 .0 6 1 .26 0 .57 0 .90
C-3 (horiz. comp.) - 0 . 2 8 1 . 0 0 0 .04 1 .25 0 .27 0 . 2 0

C-3 (vert, comp.) - 0 .3 0 - 0 .4 9 0 .04 - 0 . 2 2 0.50 0 . 8 8

Angle C-3 with horiz. 47° 26° 40° 1 0 ° 60° 77°
C-4 motion - 0 . 7 0 0.61 1 . 0 0 - 0 . 6 6 - 0 . 5 2 - 0 . 4 6
% of V due to Ki 23 26 1 16 27 6

% of V due to K 2 8 37 51 48 63 82
% of V due to K a 69 37 48 36 1 0 1 2

ensed into the nucleus of the carbon atom to equation are as follows: 497, 779, 965, 1156, :
h it is attached, forming a “molecule” con- and 1704 cm.”1. The normal coordinates

taining seven mass-points. The methyl group 
has a relative mass of 15, the carbon in position one 
a mass of 12, and each of the other carbons a mass 
of 13. The “molecule” belongs to point-group 
C2v* I t has 15 normal vibrations, six belonging to 
Class Ai (totally symmetric), one belonging to 
Class A2 (symmetric only with respect to the two­
fold axis), five belonging to Class Bi (symmetric 
only with respect to the molecular plane), and 
three belonging to Class B2 (symmetric only with 
respect to the plane of symmetry perpendicular to 
the molecular plane). When the secular equation 
is expressed in terms of symmetry coordinates,10 it 
can be factored into four separate equations, one 
for each symmetry class. The Class Ax vibrations 
may be set up in a sixth-order determinant. The 
calculations of this article use a valence-force po­
tential system with the following force constants:
4.50 X 105 dynes per cm.,11 valence-stretching 
constant for the single bond; 7.58 X 105 dynes 
per cm.,12 valence-stretching constant for the aro­
matic bonds; 0.65 X 105 dynes per cm.,12 force 
constant for the bending of the aromatic -C -C -C - 
angle in the plane of the ring. The single bond 
force constant was calculated by Stitt from an 
analysis of the ethane molecule. This particular 
value does not include interaction between the 
hydrogens of ethane. I t  was used since Pitzer and 
Scott6 found that the methyl group of toluene has 
essentially free rotation. The aromatic bond 
force constants were calculated by Lord and 
Andrews from the benzene molecule. The aro­
matic bond distances in toluene were assumed to 
be the same as in benzene; it is not necessary to 
use any actual values.

The six roots of the Class Ai factor of the secular
(10) Howard and Wilson, J. Chem. Phys., 2, 630 (1934).
(11) Stitt, ibid., 7, 297 (1939).
(12) Lord and Andrews, J. Phys. Chem., 41, 149 (1937).

given in Table I and in Fig. 1.

Fig. 1.— Calculated frequencies and normal coordinates 
for the Class Ai carbon vibrations of toluene.

Discussion
Comparison with Spectral Frequencies.—

Theoretically, all of the Class Ax carbon vibrations 
should be active in the Raman spectrum (giving 
polarized lines) and in infrared and ultraviolet ab­
sorption. Possible correlations between calcu­
lated and observed frequencies of toluene are 
shown in Table II.

The frequency changes taking place when deu­
terium is placed on the toluene molecule8 are of 
value in checking the vibrational forms. If deu­
terium is placed upon a carbon atom which is vi­
brating with a large amplitude, there will be a 
greater decrease in frequency than would be the
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T able  II
C omparison of C alculated  F requencies of T oluene 

with Observed V alues

Calcu­
lated

Frequencies are given in cm. 1 

Raman13»14 (Pol.)4 Ultraviolet*.» Infrared18

497 520 (0.44) 520 521
779 786 (0.03) 787 786
965 1003 (0.13) 1003 1003

1029 (0.11) 1030
1156 1209 (0.29) 1 2 1 0 1 2 1 1

1380 1379 (0.46) 1379
1460
1497

1704 . . 1736
1802

case if the deuterium were placed upon a carbon 
atom vibrating with a small amplitude.

The calculated 497 cm.” 1 frequency correlates 
with the polarized 520 cm." 1 Raman line. The 
frequency changes upon deuteration check with 
the calculated normal coordinate, £x, except for the 
meta carbon atom.

No calculated frequency lies near the observed 
623 cm." 1 line. I t  must be concluded that this 
frequency does not correspond to a Class Ax car­
bon vibration. This is in agreement with the ob­
servation that this line is depolarized in the Ra­
man spectrum. I t disagrees with the authors’ 
previous assignment.8

The calculated 779 cm, ~l frequency correlates 
with the polarized 786 cm." 1 Raman line. The 
frequency changes upon deuteration check with 
the calculated form, £2, except for toluene-2-^ in 
the ground state,

From Raman data alone, the calculated 965 
cm." 1 frequency could belong to either the 1003 
or the 1029 cm.™1 Raman line. However, the 
1029 cm.™1 frequency was not observed in ultra­
violet absorption. This gives rise to the assump­
tion that the 1029 cm." 1 Raman line belongs to a 
Class Ai hydrogen-bending vibration. This idea 
is supported by the observation of a line, which has 
been assigned to a Class Ai hydrogen-bending vi­
bration, a t 1031.0 cm." 1 in the Raman spectrum 
of benzene- .̂16 The observed 1003 cm.-1 line 
must correspond with the 965 cm.™1 calculated 
frequency (£3). In the ground state, frequency 
changes upon deuteration check, with form £3 in 
every case. This coordinate, where the motion is 
chiefly confined to the 2, 4 and 6 positions, strik 
ingly confirms the form deduced by Pitzer and 
Scott6 from a consideration of the spectra of ben­
zene and the methyl benzenes. In ultraviolet 
absorption, two strong frequencies were observed

(13) Howlett, Can. J. Res., 5, 472 (1931).
(14) Kohlrausch and Wittek, Monatsh.,14, 1 (1941).
(15) American Petroleum Institute Research Project 44 at the 

National Bureau of Standards. Catalog of Infrared Spectrograms. 
Serial Numbers 308 and 480, toluene (liquid), contributed by the 
U. S. Naval Research Laboratory, Washington, D. C.

(16) Bailey, Gordon, Hale, Herzfeld, Ingold and Poole, J. Chem. 
Soc., 299 (1946).

in the excited state in this spectral region (933 and 
966 cm.™1 for toluene). One possible explanation 
is that the hydrogen-bending vibration, observed 
at 1029 cm.™1 in the Raman spectrum, is coupled 
in with the carbon vibrations in the excited state, 
even though it does not appear in the ultraviolet 
absorption for the ground state. A more probable 
explanation lies in assigning one of these excited 
state lines to a carbon vibration of another sym­
metry class. I t is to be noted that, for the excited 
state, the group of frequencies in the deuterated 
toluenes, beginning with 966 cm.™1 for toluene it­
self, check with the form of the normal coordi­
nate £3.

The calculated 1156 cm.™1 frequency corre­
sponds with the observed 1209 cm.™1 polarized 
Raman line. The observed frequencies of the 
deuterated toluenes are not in particularly good 
agreement with the form £4 .

The calculated 1380 cm.™1 frequency is near the 
1379 cm.™1 polarized Raman line. However, this 
frequency was not observed in ultraviolet absorp­
tion; it differs from other correlated frequencies 
in that the calculated value is not lower than the 
observed value. This makes its correlation ques­
tionable, especially since Pitzer and Scott6 corre­
lated the 1379 cm.™1 Raman line with the sym­
metric hydrogen-bending motion within the 
methyl group. Cabannes and Rousset3 observed 
a polarized Raman line at 1483 cm.™1 and Pitzer 
and Scott6 assigned this line to a Class Aj vibra­
tion. However, neither Howlett13 nor Kohl- 
rausch and Wittek14 observed a Raman line at 
1483 cm.™1, raising doubt as to its actual existence. 
Several infrared bands have been observed in the 
region15; possibly one of them may correspond to 
the calculated form £5 . Apparently, £ 5  is not 
active in either the Raman spectrum or near­
ultraviolet absorption.

The calculated 1704 cm.™1 frequency is far re­
moved from the 1603 cm.™1 line which Pitzer and 
Scott6 assigned to a Class Ax vibration, and no 
Raman lines have been observed near the calcu­
lated value. Possibly, one of the frequencies ob­
served in the infrared may correspond to form £0. 
Apparently, £e is inactive in both the Raman and 
ultraviolet spectra.

Comparison with the Vibrations of Mechanical 
Models.—Teets and Andrews5 constructed a 
mechanical model of the toluene molecule and 
observed its vibrational forms and frequencies. 
Unfortunately for comparison with the calcu­
lated frequencies, they used the centric formula 
of benzene as the basis for their model. This 
resulted in relatively high frequencies for those 
vibrations involving bending of the ring.

Trenkler17 constructed mechanical models for 
mono-substituted benzene, using the resonating 
benzene formula as the basis for his model. One 
of the models had a mass distribution somewhat 
similar to that found in toluene. The actual form

(17) Trenkler, Physik. Z., 37, 338 (1936)1
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of the vibrations of these models has been given 
by Kohlrausch.18 The agreement between the 
calculated forms and frequencies and those ob­
served in the model is not bad, except that Trenk- 
ler’s form o>3 has more motion in the meta carbon 
atoms than does form £3, and its frequency is com­
pletely out of line with both calculated and ob­
served values.

Summary
The approximate vibrational forms and fre­

quencies of the Class Ai carbon vibrations of tolu­
ene have been calculated, using a simplified val­
ence-force potential system and force constants 
from benzene and ethane. The calculated vibra-

(18) Kohlrausch, Physik. Z.t 37, 58 (1936).

tions have been compared with spectral frequen­
cies and with the vibrations of mechanical models. 
The results have been interpreted so as to indicate 
the following:

1. The observed 623 cm.™1 frequency of tolu­
ene does not belong to a Class Ai carbon vibration.

2. The 520, 786, 1003 and 1210 cm.,™1 observed 
frequencies of toluene belong to Class Ai carbon 
vibrations.

3. The 1029 and 1379 cm.-1 frequencies of tol­
uene belong to symmetric hydrogen-bending vi­
brations.

4. Two of the Class A] carbon vibrations of 
toluene are not active in either the Raman or the 
near-ultraviolet absorption spectra.
Baton R ouge, L a . R eceived  M arch 16, 1948

[Contribution  from the M orley Chemical L aboratory, Western  R eser ve  U n iver sity]

Fluorination of Thiophosphorylethoxydichloride1
By H arold Simmons Booth, D onald

Inasmuch as thiophosphoryl trichloride has 
been stepwise fluorinated in this Laboratory4 to 
give thiophosphoryl chlorofiuorides and trifluo­
ride, it was of interest to study the effect of sub­
stituting an ethoxy group for a chlorine atom upon 
the fluorination reaction. Therefore, the fluorina­
tion of thiophosphorylethoxydichloride by the 
Swarts reaction was undertaken.

Experimental
Preparation and Purification of Thiophosphorylethoxy­

dichloride.—The thiophosphorylethoxydichloride was pre­
pared by a modification of the directions given by Pish- 
chimuka5  6 from thiophosphoryl trichloride and dried, re­
distilled absolute ethyl alcohol. The thiophosphoryl tri­
chloride was a C. p . (chemically pure) grade obtained from 
the Victor Chemical Company which was then fractionally 
distilled.

Two hundred grams of thiophosphoryl trichloride was 
placed in a three-necked flask fitted with a stirrer, drying 
tube and a separatory funnel containing 1 0 0  g. of absolute 
ethyl alcohol. The alcohol was added dropwise over a 
period of two to three hours, care being exercised that the 
temperature of the reactor did not exceed 1 0 P 6  thus re­
ducing the yield. The crude thiophosphorylethoxydi­
chloride was fractionated once under a pressure of 70 
mm. and 4 times under a pressure of 25 mm. in a Raschig 
ring-packed electrically heated column to give a 70% 
yield of the purified product.

(1) From a thesis presented by Fred E. Kendall to the Graduate 
School of Western Reserve University, February, 1943, in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy 
and based upon work done in connection with a research project 
sponsored by the Naval Research Laboratory, Office of Research 
and Inventions, U. S. Navy Department. Publication delayed for 
security reasons.

(2) Present address: Department of Chemistry, University of
Illinois, Urbana, Illinois.

(3) Present address: The Master Builders Co., Cleveland, Ohio.
(4) H. S. Booth and M. C. Cassidy, T h is  J o u r n a l , 62, 2369- 

2372 (1940).
(5) P. S. Pishchimuka, Ber., 41, 3854-3859 (1908); J. Russ. 

Phys. Chem. Soc., 44, 1406-1554 (1912).
(6) E. Clemmensen, U. S. Patent 1,945,183, Jan. 30, 1934 (to

Monsanto Chemical Co.).

R ay M a r tin 2 and F red  E . K end a ll3

Fluorination of Thiophosphorylethoxydichloride.—The
method and apparatus used for the stepwise fluorination, 
using the Swarts reaction , 7 was the same as that described 
elsewhere , 8 - 9 except that, owing to the high boiling points 
of the products, an air-cooled condenser was substituted  
for the usual water-cooled condenser. In order to obtain 
the chlorofluoride, the fluorination products were removed 
with an automatic stopcock set to maintain a pressure of 
20-30 mm. in the generator. The temperature of the 
generator must be at, or below, 50° to prevent decom­
position of thiophosphorylethoxydichloride and thiophos- 
phorylethoxychlorofluoride. In exploratory fluorination 
reactions, it was observed that simple addition of antimony 
trifluoride to thiophosphorylethoxydichloride in a flask, 
open to the atmosphere through a drying tube, produced 
about the same results providing the temperature of the 
reactor was kept below 50°. Little or no reaction was 
observed when the fluorination was attempted without 
antimony pentachloride as the catalyst.

Purification of Thiophosphorylethoxy difluoride.—The 
fluorination products were fractionally distilled in a modi­
fied Dufton column as described by Booth and Bozarth . 1 0  

The best coolant for the column head was water, cooled 
by ice and salt. Samples, from separate generations, 
were collected by distillation at two differenl operating 
pressures, namely, 60 and 1 0 0  mm ., and found to be 
identical. The tailings in the still pot had such a low 
vapor pressure that their distillation in this type of frac­
tionating column was not possible.

Purification of this compound was first attempted with 
the heated column used to purify the starting material. 
The distillation was attempted at atmospheric pressure 
with the receiver open to the atmosphere through a drying 
tube. However, a reaction of a volatile product with the 
atmosphere outside the drying tube was observed so this 
method of purification was abandoned.

Purification of Thiophosphorylethoxychlorofluoride.—  
The tailings of the above distillations were placed in the 
heated column used for the purification of thiophosphoryl­
ethoxydichloride and were fractionally distilled at pressures 
of 25 and 70 mm. These samples were found to be

(7) F. Swarts, Acad. roy. Belg., 24, 309 (1892).
(8) H. S. Booth and C. F. Swinehart, T h is  J o u r n a l , 64, 4751-4753 

(1932).
(9) H. S. Booth and A. R. Bozarth, ibid., 61, 2927-2934 (1939).
(10) H. S. Booth and A. R. Bozarth, Ind. Eng. Chem., 29, 470—475

(1937).
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identical. After the removal of the thiophosphorylethoxy- 
chlorofluoride, there remained in the still pot a heavy, 
viscous residue which did not lend itself to subsequent 
distillation inasmuch as it apparently polymerized at the 
temperature required to cause vaporization. This ma­
terial was seemingly resistant to water and organic solvents, 
but was readily attacked by nitric acid. A similar product 
forms in the preparation of thiophosphorylethoxydi­
chloride as first observed by Pjohchltrinka - 3

Analyses.—The samples weighed in approximately 1- 
ml. sealed glass ampoules1 1  were hydrolyzed in a calcu­
lated excess of a 0.5 N  solution of sodium hydroxide. 
The hydrolyses were rapid for thiophosphorylethoxydi- 
fluoride and thiophosphorylethoxychlorofluoride, but 
slower for thiophosphorylethoxydichloride. Usually the 
hydrolytic reactions were allowed to proceed overnight 
before the samples were treated with hydrogen peroxide 
to oxidize the sulfide to sulfate. After insurance of the 
complete removal of excess peroxide, the chlorine was 
determined by the Volhard method , 1 1  the sulfur as sulfate 
gravimetrically1 2 ’ 1 3  and the phosphorus volumetrically 
by precipitating it as ammonium phosphomolybdate 
which was then dissolved in an excess of 0.25 N  sodium 
hydroxide and back-titrated with standardized nitric 
acid to the phenolphthalein end-point . 1 2 - 1 4 - 1 5  Separate 
samples were hydrolyzed, as described above, and the 
alcohol fractionally distilled into a tared receiver. The 
weight of distillate and its density at 25° were used to 
determine the percentage of ethoxy group present . 1 6  

Fluorine was obtained by difference. A summary of the 
analyses is contained in Table I.

T able  I 

C2 H 5 OPSX 1 X 2

All compounds are soluble in alcohol, acetone, ether and 
carbon tetrachloride, but insoluble in water

X4X2 are Cl Cl Cl F F F
B. p., °C.! 20 mm. 52.0 26.2 78.4d
F. p., °C. — 78.4 ±0.5 -178±1.0 -124 ±0.5
Vapor pressure ƒ A -2108.1 -1984.7 — 1700

constants® \ B 7.7846 7.9320 7.7174
TL f Av. sfc 0.4 0.7 1.1Variation® < _ _( Max. + 1.5 +2.5 -2 .7

Liquid d°4 1.4395 1.3828 1.3019
Heat of vaporization, cal. 9647 9082 7779
Corrosion,0 104 in./month 5.66 1.18 1.26

r Sul- f Calcd. 17.91 19.72 21.94
Per­ fur \ Found 17.76 17.87 19.65 19.70 22.02 22.07

cent­ Phos- ƒ Calcd. 17.32 19.06 21.20
age phor- Found 17.12 17.18 18.90 18.98 20.97 21 .01
com- - us
posi­ Chlo- f Calcd. 39.62 21.80 ...
tions, rine \ Found 39.58 39.65 21.65 21.70
% _ ƒ Calcd. 23.80 27.69 30.84

Found 23.50 23.68 27.44 27.50 30.33 30.60
* Constants in the equation log p  (mm.) =  (A /T )  +- F . 

b Variation in vapor pressure in mm. c Corrosion — C — 
43M W /ASt. dA t 760 mm. pressure.

Determination of Physical Constants (see Table I ) .—  
The freezing points of separately generated and fractionally 
distilled samples of these compounds were determined as 
described by Booth and M artin . 1 7 In the determination 
of the freezing points of the dichloride and the difiuoride,

(11) H. S. Booth and W. D. Stillwell, T h is  J o u rn al , 56, 1531- 
1535 (1934).

(12) W. W. Scott, “Standard Methods of Chemical Analysis,” 
Vol. I, 5th ed., D. Van Nostrand Co,, Inc., New York, N. Y., 
1938.

(13) S. Popoff and E. W. Neuman, Ind. Eng. Chem., Anal. Ed., 2, 
45-54 (1930).

(14) N. IJ. Furman and H. M. State, ibid., 8, 420-423 (1936).
(15) W. M. McNabb, T h is  J o u r n a l , 49, 891-896 (1927).
(16) O. v. Lupin, Z .  anal. Chem., 97, 210-220 (1934).
(17) H. S. Booth and D. R. Martin, T h is  J o ur n a l , 64, 2198-

2205 (1942).

supercooling was observed to the extent of 1 2 . 6  and 1 0 .5 °, 
respectively. The freezing point of thiophosphoryleth- 
oxychlorofluoride was difficult to obtain due to a tendency 
toward glass formation. Further cooling of the glass 
produced a crystalline product which gave a very short, 
but reproducible, break in the cooling curve. The trans­
formation from the glass to the crystalline solid was ac­
companied by a crackling noise and; frequently the freez­
ing point cell was broken. Attempts to obtain a melting 
point were unsuccessful.

Liquid densities were determined at 0 ° using the method 
of Booth and Hermann . 1 8 Qualitative solubility tests 
were made by adding each compound dropwise to com­
parable volumes of solvents and allowing the components 
to stand in contact with each other without stirring for 
thirty minutes. Except for water, complete miscibility 
with the solvent was observed immediately upon contact .

The vapor pressures were determined by the static 
method of Booth, Elsey and Burchfield . 1 9 The equations 
in Table I are derived from the original vapor pressure data.

Discussion
Thiophosphorylethoxydichloride was described 

by Pischimuka5 as being an oily, clear liquid, pos­
sessing a peculiar odor. The liquid density and 
the boiling point reported by Pischimuka5 are in 
poor agreement with the values reported in this 
study which may be due to impurities in the prod­
uct obtained by Pischimuka due to reactions de­
scribed by Cloez20 and Chevrier.21 The deter­
mination of the vapor pressure of this compound 
was not possible above 90° because it decomposes 
into a more volatile constituent. In air and in 
water, thiophosphorylethoxydichloride shows no 
tendency to hydrolyze. Small amounts of the 
liquid have no vesicant action upon the hands. 
No corrosion was observed when the vapors were 
in contact with mercury and only slight corrosion 
was measured22 when steel was kept in contact with 
the liquid for eighty-four hours at 0° (see Table I ) .

Thiophosphorylethoxychlorofluoride is a clear 
liquid with an odor similar to, but sharper than, 
thiophosphorylethoxydichloride. Upon exposure 
to air, dense grayish-white clouds of smoke appear 
which are attributed to oxidation rather than hy­
drolysis, inasmuch as no reaction was observed 
when the liquid was placed in water although it did 
react readily with a 0.5 N  solution of sodium hy­
droxide. A similar reaction occurs to a greater 
extent when the difluoride is exposed to the atmos­
phere. The chlorofluoride in the gaseous state 
apparently does not attack mercury and its cor­
rosion of steel, as would be expected, is less than 
that of the dichloride which is very slight as shown 
in Table I.

Thiophosphorylethoxydifluoride is a clear, 
highly refractive liquid, having an odor similar to 
that of the dichloride and chlorofluoride. Volumi­
nous clouds of a grayish-white reaction product 
are liberated when the difluoride is allowed to mix 
with the atmosphere. As with the chlorofluoride,

(18) H. S. Booth and C. V. Hermann, ibid., 58, 63-66 (1936).
(19) H. S. Booth, H. M. Elsey and P. E. Burchfield, ibid., 57, 2064— 

2065 (1935).
(20) S. Cloez, Compt. rend., 24, 388-389 (1847).
(21) Chevrier, ibid., 68, 924-927 (1869); Z. Chem., 413 (1869).
(22) J. H. Perry, “Chemical Engineers’ Handbook,” 2nd ed., 

McGraw-Hill Book Co., Inc., New York, N. Y., 1941, p. 2095.
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the reaction is believed to be one of oxidation in­
asmuch as the liquid does not appear to react with 
water. The fumes have an odor similar to that of 
ozone. As with the other compounds, little or no 
reaction with mercury or steel was observed (see 
Table I).

As expected, the substitution of fluorine for 
chlorine increases the stability of the compounds 
in this series. In the determination of the vapor 
pressures it was observed that the dichloride de­
composes around 90°, and the chlorofluoride 
around 100° whereas the difluoridë was observed 
to be stable up to its normal boiling point, 78.4°.

Although the equations for the vapor pressure 
of the dichloride and chlorofluoride are reliable 
only up to around 100°, calculation of the boiling 
points of these compounds under 760 mm. pres­
sure gives values of 157 and 120°, respectively. 
Once again the Swarts rule for regular lowering of 
the boiling point of a compound by substitution of 
a fluorine atom is valid. One fluorine atom 
lowers the boiling point from 157 to 120° (A = 
37°) and the second fluorine substitution cause 
the boiling point to drop to 78.4° (A = 42°).

Acknowledgment.—This investigation was 
carried out under the sponsorship of the Naval 
Research Laboratory. We are deeply indebted 
to members of the staff of the Chemical Division 
for valuable suggestions and encouragement dur­
ing its progress.

Summary
Thiophosphorylethoxydichloride was prepared 

from thiophosphoryltrichloride and ethanol, puri­
fied and certain of its physical and chemical prop­
erties observed. Upon fluorination, by means 
of the Swarts reaction with antimony pentachlo­
ride as catalyst, thiophosphorylethoxychloro- 
fluoride and thiophosphorylethoxydifluoride were 
obtained. These new compounds were purified 
and some of their physical and chemical properties 
studied.

The properties determined for the above com­
pounds include freezing point, vapor pressure, 
boiling point, heat of vaporization, Trouton con­
stant, liquid density, solubilities, corrosion tests, 
and hydrolysis.
C leveland, Ohio R eceived  M arch 15, 1948

[Contribution from the D epartment of Chem istry, H arvard University]

Polarographic Characteristics of + 2  and + 3  Vanadium. I. Polarography in
Non-complexing Solutions1

B y  J ames J . L ingane  and L o u is  M e it e s 2

Previous papers3’4 from this Laboratory have 
discussed the polarography of the + 2  and + 3  
states of vanadium in solutions of dilute acids and 
of oxalates. In these media the V(II)-V(III) 
couple is thermodynamically reversible at the 
dropping electrode. The investigation described 
in this and a following paper was undertaken to 
extend the information concerning solutions of 
these ions and of their complexes. The polaro­
graphic characteristics of + 2  and + 3  vanadium 
have been studied in a wide variet)^ of media, 
including dilute acids and alkalies, phosphate, 
acetate, pyridine, and carbonate buffers, and solu­
tions of the halides, thiocyanate, cyanide, thiosul­
fate, pyrophosphate, borate, benzoate, phthalate, 
salicylate, tartrate and citrate. This paper dis­
cusses only the cases in which no complex ions are 
formed. The experimental technique was essen­
tially the same as that used in previous studies.3’4

Data and Discussion
We have found the half-wave potential for the 

reduction of vanadic to vanadous ion in 1 A sul-
(1) This paper is based on a thesis submitted by Louis Meites to 

the Graduate Faculty of Harvard University in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy in February, 
1947.

(2) Present address: Department of Chemistry, Princeton Uni­
versity, Princeton, N. J.

(3) J. J. Lingane, This Journal, 67/182 (1945).
(4) J. J. Lingane and L. Meites, ibid., 69, 1021 (1947).

furie, hydrochloric, or perchloric acid to be 
—0.508 =*= 0.002 v. vs. the saturated calomel elec­
trode, which agrees very well with the standard 
potential of the couple reported by Jones and 
Colvin.5 Zeltzer’s determination of this constant6 
actually corresponds to the half-wave potential of 
+ 4  vanadium3; his solutions appear to have been 
quantitatively air-oxidized.

As the concentration of free acid is decreased, 
the wave becomes somewhat irreversible and shifts 
to more negative potentials. In 0.002 N  acid the 
half-wave potential is —0.59 v. A second small 
wave at about —0.95 v. develops as the acid con­
centration is decreased. This wave is due to re­
duction of the hydrolysis product V (OH)++, whose 
polarographic characteristics are discussed below.

We previously found the anodic half-wave po­
tential of vanadous ion in 1 N  sulfuric acid to be 
—0.50 v.,3 and the corresponding (anodic) dif­
fusion current constant to be — 1.74 =*= 0.01.4 Since 
this constant is much larger than that found for 
vanadic ion, 1.41 =*= 0.01, it follows that aquo- 
vanadous ion must be much smaller than aquo- 
vanadic ion. The half-wave potential of this 
anodic wave is not measurably affected by replac­
ing the sulfuric acid with hydrochloric or perchlo­
ric acid.

(5) G. Jones and J. H. Colvin, ibid., 66, 1563 (1944).
(6) S. Zeltzer, Coll. Czechoslov. Chem. Commun., 4, 319 (1932).
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Vanadic ion in 1 A  acid solutions shows no ano­
dic wave, nor is vanadous ion oxidized beyond the 
+ 3  state in these solutions.

Polarograms of + 3  vanadium in unbuffered 
potassium chloride solutions consist of several 
very irreversible waves, whose total height de­
creases as hydrous vanadic oxide precipitates* 
Since several species are clearly involved, the over­
all half- wave potentials are meaningless.

Polarograms of + 3  vanadium in acetic acid- 
sodium acetate buffers (1 M  total acetate) are 
presented in Fig. 1. These polarograms consist of 
two cathodic waves whose relative heights are a 
function of pH. Thus, at pH  4.1 the over-all dif­
fusion current constant is 2.21 times that of the 
first wave alone, at pH 5.4 the ratio is 2.44, and at 
pH  6.3 it is 2.72. The individual diffusion current 
constants have been determined only in the buffer 
of pH  5.4, where they are, respectively, 0.57 =*= 
0.01 and 1.39 =*= 0.01. The total diffusion current 
constant is so close to that found for a one-electron 
reduction of + 3  vanadium in 1 A  sulfuric acid 
that the reduction in these acetate media must 
proceed only to the +2  state and the doublet 
waves must be attributed to two different molecu­
lar species of + 3  vanadium in sluggish equilib­
rium.

Ed.e. VS. S.C.E., volts.
Fig. 1.—Polarograms of (a) 0, (b) 1.83, and (c) 3.44 

millimolar + 3  vanadium in acetic acid-sodium acetate 
buffers (1 M  total acetate) of pH  (I) 4.10, (II) 5.40, and 
(III) 6.30. The height of the arrow corresponds to six 
microamperes.

These species are most probably V(OH)++ and 
VO+ formed by hydrolytic dissociation of the 
aquovanadic ion

V+++ +  h 20  =  V (O H )++ 4- H + (1) 
V(OH) ++ -  VO+ +  H + (2)

Since the relative height of the first wave de­
creases with increasing pH, this wave corresponds 
to reduction of V(OH)+ and the second wave re­
sults from reduction of the more hydrolyzed species 
VO+. It is not possible to compute the exact rela­
tive concentrations of the two species in the body 
of the solution from the relative wave heights. At 
potentials on the first wave the equilibrium in re­
action 2 tends to shift to the left as V(OH)++ is

removed by the electrode reaction, and conse­
quently the relative height of the first wave tends 
to be larger than corresponds to the true relative 
concentration of V(OH)++ in the body of the solu­
tion. In an acetate buffer of pH 5.4 the ratio of 
the second to first wave heights is 1.44, from 
which we conclude that the (VO +)/V(OH)+ ratio 
in the body of the solution is equal to or greater 
than 1.44. This is consistent with the data for the 
hydrolysis of vanadic ion given by Jones and Ray.7

The half-wave potential of the first wave in 
acetate buffets is —0.970 v. at pH 4.1, —0.978 v. 
at pH  5.4, and —1.008 v. at pH 6.3. Correspond­
ing values for the second wave are, seriatim, 
—1.232, —1.245 and —1.300 v. Since both waves 
are somewhat irreversible, little thermodynamic 
significance can be attached to the magnitude of 
either rate of shift. However, the fact that a 
given pH  change causes approximately twice as 
great a shift of the half-wave potential of the 
second wave as the first is in agreement with the 
expected relative effect of hydrogen ion if the elec­
trode reactions are, respectively

V (O H )++ +  H + +  e =  V ++ -f  H20  and 
VO+ +  2H + +  e =  V ++ +  H20

In an acetic acid—sodium acetate buffer of pH 
5.4, + 2  vanadium yields a double anodic wave as 
shown in Fig. 2. The first wave has a half-wave 
potential of —0.886 v. and a diffusion current 
constant of —1.090 =*= 0.007, The half-wave po­
tential of the second wave is —0.106 v. and its dif­
fusion current constant is —3.36 =±= 0.06. The

Fig. 2.—Polarograms of (a) 0, (b) 2.83, and (c) 3.96 
millimolar + 2  vanadium in an acetic acid-sodium acetate 
buffer (1 M  total acetate) of pH 5.40. The height of the 
arrow corresponds to ten microamperes.

(7) G. Jones and W. A. R ay, T h is  J o u r n a l , 66, 1571 (1944).
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ratio of the diffusion current constants, 3.08, indi­
cates that the waves are due to successive 1- and 
3-electron oxidations of the + 2  vanadium to the 
+ 3  and +  5 states. Plots of —Ed.e. against log 
(i/id — i) have slopes of —73 and —54 mv. (ac­
cording to the common sign convention, this slope 
is negative for an anodic wave) instead of the
— 59.1 and —29.6 expected4 for reversible —1 and
— 2 electron oxidations. Therefore neither stage 
of the oxidation proceeds strictly reversibly, and 
the V+3 —» V+5 stage is less reversible than the V+2 
—» V+3 step.

Hydrous vanadic oxide is quantitatively precip­
itated on addition of solutions of + 3  vanadium 
to a supporting electrolyte containing 1 M  sodium 
hydroxide and 0.08 M  sodium sulfite, and polaro­
grams made immediately after the solutions are 
composited show no anodic or cathodic wave. 
However, even though the solutions are protected 
against air-oxidation by both hydrogen and sulfite, 
a double anodic wave at about — 0.46 and —0.38 v. 
soon develops and rapidly increases in height as 
the solution ages. We have succeeded in keeping 
solutions of very powerful reducing agents (e. g., 
vanadous oxalate4) for hours without measurable 
air-oxidation, and hence it appears that alkaline 
suspensions of vanadic hydroxide are actually 
thermodynamically metastable. Since + 5  vana­
dium gives no anodic wave whatever, and + 4  
vanadium in this medium gives only a single 
anodic wave at —0.432 v .,3*8 the reaction which 
takes place probably produces two hypovanadite 
ions at approximately equal concentrations and in 
slow equilibrium with each other.

Curves I in Fig. 3 are polarograms of + 3  vana­
dium in weakly acid (pH about 3) 1 M  potassium 
fluoride. No wave due to reduction of the vana­
dium is observed; the wave which appears in the 
residual current curve is probably due to an im­
purity in the potassium fluoride used. A color­

Ed.e. vs. S.C.E., volts.
Fig. 3.—Polarograms of (a) 0, (b) 1.83, and (c) 3.44 

millimolar + 3  vanadium in (1) 1 M  potassium fluoride 
and (II) 1 M  potassium iodide. The height of the arrow 
corresponds to ten microamperes.

less precipitate, possibly of K2VF5-H20 ,9 is formed 
in these mixtures. This is the most insoluble salt 
of +  3 vanadium encountered in the whole of the 
present work.

Solutions of + 2  vanadium in the same medium 
(Curves I, Fig. 4) give three approximately equal 
anodic waves, with half-wave potentials of
— 0.701, — O.I5, and +0 .2 i v. The first wave, 
which has a diffusion current constant of —1.96 =*= 
0.01, corresponds to oxidation to the + 3  state. 
The other waves, which are too ill-defined for ac­
curate measurement, must therefore represent 
oxidation to the + 4  and + 5  states. The vana­
dous—vanadic fluoride couple in this medium is 
very irreversible: the slope of the plot of —Ed.e. 
against log (i/id ~  i) is —166 mv., instead of the
— 59.1 mv. expected4 for a reversible one-electron 
oxidation.

0.0 - 0 .7
Ed.e. vs. S.C.E., volts.

Fig. 4.—Polarograms of (I) (a) 0 and (b) 2.03 milli­
molar + 2  vanadium in 1 M  potassium fluoride, (II) (a) 0 
and (b) 1.55 millimolar + 2  vanadium in 1 M  potassium  
bromide, and (III) (a) 0 and (b) 1.47 millimolar + 2  
vanadium in 1  M  potassium iodide. The height of the 
arrow corresponds to ten microamperes.

In a 1 M  potassium bromide solution (Curves 
II, Fig. 4), + 2  vanadium gives a single well-de­
fined anodic wave whose half-wave potential is 
— 0.495 v. The magnitude of the corresponding 
diffusion current constant, —2.03 =*= 0.03, indi­
cates that the oxidation proceeds only to the + 3 
state. Plots of —Ed.e. against log (i/id — i) have 
slopes of —74 mv., and this small irreversibility 
appears to be the cause of the deviation from the 
reversible half-wave potential of the vanadous— 
vanadic couple.

Solutions of + 3  vanadium in 1 M  potassium 
bromide give a double cathodic wave (Fig. 5) 
with half-wave potentials at —0.43 and —0.87 v. 
Both waves are well-defined, but the ratio of their 
diffusion current constants varies with the pH: 
at pH 6 the diffusion current constant for the total 
second wave is 3.3 times that of the first wave 
alone, at pH 4.7 the ratio is 1.75, and at ^H 4 it is 
1.46. Below pH 4 the over-all diffusion current

(9) E. Petersen, J. prakt. Chem., [2] 40, 48 (1889).(8) J. J. L in gan e and L. M e ites , A n a l .  C h e m . ,  19, 159 (1947).
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Fig. 5.—Polarograms of (a) 0, (b) 1.83, and (c) 3.44 
millimolar + 3  vanadium in 1 M  potassium bromide, 
pH  2.5. The height of the arrow corresponds to ten 
microamperes.

constant is 1.940 =*= 0.009, while that of the first 
wave alone is 1.419 =*= 0.005, and the ratio is 1.37 
=*= 0.01. Since the over-all constant is close to 
that which corresponds to a one-electron oxidation 
of + 2  vanadium in the same medium, it follows 
that the reduction of + 3  vanadium must also in­
volve only one electron, and consequently that the 
waves are due to the reduction of two species in 
sluggish equilibrium. Since both waves are irre­
versible (the slopes of plots of Ed.e. against log 
( i / id  — i ) are 74 and 170 mv., respectively), po­
larographic identifications of these species are im­
possible.

Only one ill-defined anodic wave is observed 
with solutions of + 2  vanadium in 1 M  potassium 
iodide (Curves III, Fig. 4). This wave has a half­
wave potential of —0.49 v. and a diffusion current 
constant of —2.275 =*= 0.03; it represents oxida­
tion to the + 3  state.

Solutions of + 3  vanadium in 1 M  potassium 
iodide show a triple cathodic wave (Curves II, 
Fig. 3) at a pH  of about 2.5. The half-wave po­
tentials of these waves are —0.46, —0.71 and 
— 0.98 v. At pH  values between 2 and 3 the total 
diffusion current constants of the second and third 
waves are 0.792 ±  0.003 and 2.75 ±  0.02, and the 
fact that the latter figure is fairly close to the 
value found for a one-electron oxidation of + 2  
vanadium leads to the conclusion that the sum of 
all three waves represents reduction only to the 
+ 2  state.

Table I contains data on the variation of the 
half-wave potentials of + 3  vanadium with pH 
and potassium iodide concentration. These data 
were assembled from polarograms of which Fig. 6 
is representative.

The half-wave potentials of the two waves given 
by + 3  vanadium in an iodide-free acetate buffer 
of pH 5.0, calculated by interpolation in the data 
quoted previously, are —0.98 and —1.24 v. 
These figures are in good agreement with those 
observed in the presence of 1 M  iodide; the small

T a b l e  I

H a l f -w a v e  P o t e n t i a l s  o f  + 3  V a n a d i u m  a t  V a r y i n g  
pH a n d  P o t a s s i u m  I o d i d e  C o n c e n t r a t i o n

The figures represent the half-wave potentials, in volts,
referred to the saturated calomel elect:rode.

KI,
molar

1.8 2.5 4.0° 5.0“ 6.0“ 13b

0.10 ....... —1.03 N. R.c
-1.28

....... -1.0 10.33 N. r .
-1.26

1.00 -0.49 -0.47 -0.978 -1.018 -1.038 n . r .
-0.97 -0 .71 -1.183 -1.256 -1.283

-0.98
° Acetic acid-sodium acetate buffer (1 M  total acetate). 

h 0.1 M  sodium hydroxide. c N. R .: not reducible,
hydrous vanadic oxide quantitatively precipitated.

differences are probably not significant. There­
fore, according to our earlier interpretation of this 
same double wave, the wave at —1.0 v. must be 
due to reduction of V(OH)++ and the wave at 
— 1.2 v. to the reduction of VO+. As would be 
predicted from this, the relative height of the first 
wave decreases with increasing pH  and increasing 
hydrolysis, and the effect of pH on the half-wave 
potential of the second wave is about twice as 
great as on that of the first wave. Then the 
second wave at pH 1.8 must also be due to reduc­
tion of V(OH)++, while the first, since it is at the 
same potential as the wave given by + 3  vanadium 
in 1 A  acid solutions, must be due to reduction of 
the simple vanadic ion. The wave at —0.71 v., 
which appears only when the pH is close to 2.5, is 
difficult to explain. I t  may be due either to a 
hydroxy-iodo complex of vanadic ion or to a com­
pound such as HV(S04)2,10 but there is no definite 
evidence to confirm either supposition.

Ed.e. vs. S.C.E., volts.
Fig. 6 .—Polarograms of (a) 0, (b) 1.83, and (c) 3.44 

millimolar + 3  vanadium in 1 Af potassium iodide, pH (I) 
1.8 (0.02 N  sulfuric acid), (II) 4.0, and (III) 5.5. The 
solutions of (II) and (III) contained acetic acid-sodium  
acetate buffers (1 M  total acetate). The height of the 
arrow corresponds to twenty microamperes.

Summary
1. Acidic solutions of + 3  vanadium are shown 

to contain, in addition to simple vanadic ion,
(10) H. T. S. Britton and G. Welford, J. Chem. Soc., 761 (1940).
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V+++, its hydrolysis products V(OH)++and V 0+.
2. Data are presented on the ionic states and 

polarographic characteristics of + 2  and + 3  vana­

dium in solutions of dilute acids and alkalies, 
acetate buffers, and of the various halide ions. 
Cambridge, M ass. R eceived  January  23, 1948
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Free Radical-initiated Reaction of Ethylene with Carbon Tetrachloride
B y  R . M . J o y c e , W . E . H anfo r d1 a n d  J . H arm on

This paper describes the free radical-initiated 
polymerization of ethylene in the presence of the 
chain transfer agent, carbon tetrachloride. Be­
cause of the simplicity of the products formed 
from ethylene as a polymerizing monomer, and 
because carbon tetrachloride is a very efficient 
chain transfer agent for ethylene, it has been pos­
sible to isolate and establish the structures of the 
products of this chain transfer polymerization re­
action. In addition, a qualitative study of the 
variation of chain length of the products with re­
action conditions has been made.

The presence of chlorine in polystyrene pre­
pared in carbon tetrachloride has been observed 
by several investigators,2 and Price3 has advanced 
the hypothesis that these polymers contained Cl 
and CCI3 end-groups. Kharasch4 has reported 
the addition of carbon tetrachloride to octene-1 to 
produce 1,1,1,3-tetrachlorononane, initiated by 
free radicals from diacyl peroxides. More re­
cently, Kharasch5 has described the addition of 
Carbon tetrachloride to ethylene at low pressures 
to obtain a compound believed to be 1,1,1,3-te- 
trachloropropane. Evidence presented in this 
paper establishes that this structure is correct.

We have investigated the benzoyl peroxide- 
initiated reaction of ethylene with carbon tetra­
chloride over the pressure range 50-15000 lb./ 
sq. in., and have shown that the reaction gives a 
series of compounds of the formula C1(CH2CH2)W- 
CCI3. When this reaction is carried out at an

T able  I
Properties of Cl(CH2CH2)reCCl3 

b . p.,
n °c. Mm. W25 D d  ̂4
1 159 760“ 1.4794“ 1.4463

59 24
2 112 24 1.4859 1.3416
3 143 24 1.4824 1.2535
4 168 20 1.4804 1.1943

a Kharasch5 reported b. p. 155°, n 20d 1.4825.
(1) Present address: M. W. Kellogg Company, 225 Broadway, 

New York 7, New York.
(2) (a) Suess, Pilch and Rudorfer, Z. physik. Chem., A179, 361 

(1937); A181, 81 (1937); (b) Breitenbach, Springer and Abraham- 
czik, Oesterr. Chem. Ztg., 41, 182 (1938); (c) Springer, Kautschuk, 14, 
212 (1938); (d) Breitenbach and Maschin, Z. physik. Chem., A187, 
175 (1940).

(3) Price, Ann. N. Y. Acad. Sci., 44, 351 (cf. p. 366) (1943).
(4) Kharasch, Jensen and Urry, Science, 102, 128 (1945).
(5) Kharasch, Jensen and Urry, T h is  J o u r n a l , 69, 1100 (1947).

ethylene pressure of 1500 lb./sq. in., the major 
portion of the product comprises the first four 
members of this series. These compounds have 
been separated by fractional distillation, and 
their properties are given in Table I.

The structures of the first three compounds 
were established by the reactions shown in Chart 
I, beginning with the hydrolysis of the CC13 group 
to a carboxylic acid with sulfuric acid and water.6

C hart I
h 2o

C1CH2 —CH 2 — CC13 ------->  C1 CH2 CH2— c o 2h
H 2 SO4

I II
H20  NaOH

C1(CH2 )4CC13 -------- ^  C1 (CH 2 )4 C0 2H --------
h 2 s o 4

III IV
O

r(C H 2)4- C = 0  -
L

N 2H 4

-O-
V

H O (CH2) 4— C— N H — N H 2

VI
H20  NaCN

Cl(CH 2 ) 6 CCl3 -------- >  C1(CH2 ) 6 C 02H ---------->
H 2SO4

VII VIII
H 20

NC(CH 2 ) 6 C 02H ---------->  H 0 2 C(CH 2 ) 6 C 0 2H

IX
[OH]-

X

Under these conditions the tetrachloropropane 
(I) gave /3-chloropropionic acid (II) melting at 
40-42°. The tetrachloropentane (III) gave 5- 
chlorovaleric acid (IV). This was readily con­
verted to 5-valerolactone (V), b. p. 124° (30 mm.), 
by treatment with aqueous or alcoholic alkali. 
Reaction of the lactone with hydrazine gave the 
known hydrazide of 5-hydroxy valeric acid (VI) 
melting at 105-107°. The tetrachloroheptane 
(VII) gave 7-chloroheptanoic acid (VIII). The 
structure of this acid was proved by reaction with 
sodium cyanide followed by hydrolysis to suberic 
acid (X). Similar hydrolysis of the tetrachloro- 
nonane gave a chlorononanoic acid which is be­
lieved to be the 9-chloro compound. The proper­
ties of these chloro acids are shown in Table II.

The reaction of ethylene with carbon tetrachlo­
ride has been run at pressures ranging from 50 to 
15000 lb./sq. in. The reaction rate increases

(6) Joyce, U. S. Patent 2,298.430.
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T able II T able III
P ro per ties  of Cl(CH 2 )mC02H
B. p.

m °C. Mm. w25d d28 4
4 122-124 8 1.4525 1.1667
6 136-137 5 1.4550 1.0916
8 164—166 7 .5 -t A r”or> /c\fr r ONl.tü ö ö  {Ai .O )

markedly with pressure and, unless careful con­
trol is maintained, particularly with respect to 
dissipation of the heat of reaction, violently ex­
plosive reactions may occur.7

In this connection it is important to provide ef­
ficient agitation. The use of a diluent is desirable 
if the reaction is to be carried out on a scale greater 
than 500-1000 ml. reactor volume, except at pres­
sures below about 150 lb./sq. in. A diluent is 
definitely advisable on any scale when the re­
action is run above about 1000 lb./sq. in. The 
most effective diluent for moderating the reaction 
is water, presumably because of its inertness under 
reaction conditions and its high specific heat. We 
have carried out the reaction with a charge com­
prising 100 g. each of water and carbon tetrachlo­
ride and 0.23 g. of benzoyl peroxide in a 400-ml. 
reactor a t  12000 lb./sq. in. I t  should not be in­
ferred, however, that these conditions are neces­
sarily safe, particularly if the agitation is ineffi­
cient. An explosion is a definite possibility 
should this reaction be attempted on a larger 
scale, or with a higher ratio of benzoyl peroxide 
to carbon tetrachloride.

When benzoyl peroxide is employed as initiator, 
the reaction proceeds smoothly in the temperature 
range 90-120°. A small amount of benzoyl per­
oxide suffices to initiate the reaction and it has 
been our practice not to employ more than 0.003 
molecular equivalent of this peroxide based on 
carbon tetrachloride. As little as 0.0007 molecu­
lar equivalent has been used successfully. Within 
these ranges of benzoyl peroxide concentration, 
and employing a charge comprising 210 g. of car­
bon tetrachloride and 35 g. of water at 1400 lb./ 
sq. in. ethylene pressure, we have obtained yields 
of 300-370 g. of reaction product per gram of ben­
zoyl peroxide. The yields are somewhat lower at 
lower pressures. The exclusion of oxygen from 
the reaction mixture is desirable.

The proportions of the individual tetrachloro- 
alkanes in the reaction product depend on the 
concentration of ethylene relative to that of car­
bon tetrachloride. This concentration can be 
changed by varying the ethylene pressure. More­
over, at a given pressure, dilution of the carbon 
tetrachloride with a solvent for ethylene which is 
relatively inert as a chain transfer agent, such as 
an aliphatic hydrocarbon, also serves to increase 
the concentration of ethylene relative to carbon 
tetrachloride. The variations in chain length of 
the products formed under various reaction con­
ditions are shown in Table III.

(7) (a) Bolt, Chem. Eng. News, 25, 1866 (1947); (b) Joyce, ibid., 
25, 1866 (1947),

Variation  in  Chain  L ength  of Cl(CH 2 CH2 )nCCl3 w ith  
R eaction C onditions

Ethylene Cl(CH2CH2)wCCl3
pressure, Wt. per cent, of total product
lb./sq. in. n — 1 n — 2 n =  3 n = 4 n > 5
50 77 2 3
8 0 -  150 6 2 .6 3 2 .0 5 .4

1200-1400 9 .5 5 9 .4 2 2 .6 6 .5 2 .0
1500-1700 3 .7 4 6 .7 2 8 .1 13.1 8 .4
4000 1.0 2 4 .1 2 4 .5 2 1 .8 2 8 .6
1200-1400“ 5 .7 4 6 .4 2 8 .1 15 .3 4 .5
1200-1400'’ 1 .8 2 4 .0 2 5 .9 2 1 .7 2 6 .6

° Organic phase comprised 96 g. of carbon tetrachloride 
and 59.5 g. of 2,2,4-trimethylpentane. b Organic phase 
comprised 54 g. of carbon tetrachloride and 87.5 g. of 
2,2,4-trimethylpentane.

The concept of chain transfer in a free radical 
polymerization was first proposed by Flory.8 The 
following mechanism, by which the tetrachloro- 
alkanes are believed to be formed from ethylene 
and carbon tetrachloride, has been proposed by 
others3-5 for this type of reaction. The establish­
ment of the structures of these tetrachloroalkanes 
and our failure to isolate compounds of other struc-
■4-* M 4-1» + rt rt rt4«i rt •*-* rt-l -4 -*~v rt 4 rt rt rtt» rt m rt-4-v-»IU1CO AAVAAAA CAAAO A LAVA A A OVljjJjKJX C ULAAÖ AAACCAACtiAADAAA.

R* +  CC14  — >  RC 1 +  -CCls (1)
•CCI3 +  C2 H 4  — ^  C13 CCH2 CH2- (2)

CI3 CCH 2 CH 2 - +  rcC2 H 4  — Cl3 C(CH 2 CH2 )-n+i (3)
C1 3 C(CH 2 CH2) •» +! +  CC14  >

C1 3 C(CH 2 CH2 ) „ + 1 Cl -F -CCla (4) 
2-CCl3  CI3 CCCI3 (5)

The initiating radical R- is derived from benzoyl 
peroxide. I t would be expected to be the phenyl 
radical, since the decomposition of benzoyl per­
oxide in carbon tetrachloride has been shown to 
produce chlorobenzene in considerable quantity.9 
However, chlorobenzene has not been isolated as a 
by-product in this reaction, benzoic acid being the 
only aromatic compound obtained.

Definite evidence that the -CCb radical propa­
gates the chain cycle is provided by the isolation 
of hexachloroethane from the reaction mixture. 
During the fractional distillation of the product 
from a run involving 5.5 kg. of carbon tetrachlo­
ride, several grams of hexachloroethane distilled 
between the C3 and C5 cuts.

The above mechanism appears to be the only 
one operating in this reaction. Careful fractional 
distillation of the products has failed to reveal the 
presence of any other types of compounds, such as 
C1(CH2CH2)WC1 or C13C(CH2CH2)WCC13. The 
formation of the former type would require a 
mechanism in which an initiating free radical re­
acted with carbon tetrachloride as follows

R- +  CC14  — ^  RCCI3 -F Cl (6 )
This type of free radical reaction is much less prob­
able than reaction 1.10 Compounds of the type

(8) Flory, T h is  J o u r n a l , 59, 241 (1937).
(9) Böeseken and Gelissen, Rec. trav. chim., 43, 869 (1924).
(10) Waters, “Chemistry of Free Radicals,” Clarendon Press, 

Oxford. 1946. p. 130.
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C13C(CH2CH2)WCC13 could be formed by a chain 
termination reaction involving the combination 
of two growing radicals such as those produced in 
equations (2) and (3). However, the termination 
reaction (4) evidently predominates so that these 
compounds are not formed to any significant ex­
tent.

Experimental
Small-Scale Reaction of Ethylene with Carbon Tetra­

chloride.—A stainless steel-lined tubular pressure reactor 
having an internal volume of about 350 ml. and equipped 
with a thermocouple well and gas inlet was charged with 
210 g. (1.36 moles) of freshly distilled carbon tetrachloride, 
35 g. of water, and 0.47 g. (0.00194 mole) of benzoyl 
peroxide ( “Lucidor*). The reactor was evacuated, pres­
sured to 500 lb ./sq . in. with ethylene, and placed hori­
zontally in a shaking box equipped with a heater. When 
the temperature of the reaction mixture had been raised 
to 70°, the pressure was increased to 1400 lb ./sq . in. by 
injection of ethylene, and the heating was continued. 
The reaction mixture was maintained at 95°, and the 
pressure in the range 1200-1400 lb ./sq . in. by injection 
of additional ethylene as required, for five hours. The 
reaction product was then removed from the cooled re­
actor, separated from the water, and dried over anhydrous 
magnesium sulfate. After removal of the unreacted 
carbon tetrachloride by distillation, a preliminary frac­
tional distillation gave the following results

Cut
B. p.,

°c. Mm.
Weight,

g.
Weight 

per cent.
c3 < 90 1 2 11.7 7 .2
c5 90-115 1 1 97.0 59.7
c7 115-145 1 1 36.0 2 2 . 2

C9 145-175 1 1 12.5 7 .7
>c9 Residue 5 .0 3 .2

The pure compounds can be obtained from these cuts by 
redistillation (cf. Table I).

Large-Scale Reaction of Ethylene with Carbon Tetra­
chloride.—A horizontal stainless steel autoclave having a 
capacity of 12.5 1., equipped with a horizontal agitator, 
a thermocouple well, gas inlet, and rupture disc assembly, 
was charged with 4420 g. of carbon tetrachloride (28.7 
moles), 4420 g. of water, and 10 g. (0.0414 mole) of 
benzoyl peroxide. The reactor was purged twice by pres­
suring with ethylene to 300 lb ./sq . in. and venting. The 
reactor was then pressured to 510 lb ./sq . in. with ethylene 
and heated with stirring. When the temperature reached 
85° the pressure was increased to 1500 lb ./sq . in. by in­
jection of additional ethylene from a storage vessel. A 
rapid reaction set in when the temperature reached 95° 
and the temperature rose to 139° in about five minutes, 
the pressure remaining constant at 1600 lb ./sq . in. during 
this period. The reactor was cooled slowly to 100°, 
maintaining the pressure in the range 1500-1700 lb ./sq . 
in. by injection of additional ethylene as required. The 
lack of further pressure drop when the temperature was 
maintained at 1 0 0 ° indicated that the reaction had ceased 
and the mixture was cooled and discharged.

The water was separated from the organic phase and 
the latter was washed with 1 0 % sodium carbonate solu­
tion and twice with water. It was then dried over an­
hydrous magnesium sulfate. The carbon tetrachloride 
was removed from the product in a stripping still and 
careful fractional distillation of the residue gave the 
following results:

Molecular
equivalents

Cut
Weight,

g.®
Weight % 

of total
of carbon 

tetrachloride
c3 126 3 .7 0 .69
c5 1580 46 .6 7.53
C7 951 28.1 4 .00

C9 444 13.1 1 .67
> C 9 285 8 .5 0.95"

Total 3386 1 0 0 . 0 14.84
0  These figures do not include small amounts of inter-

mediate cuts and a few grams of hexachloroethane dis­
tilling between the C3  and C5  cuts. 6  Analysis of the 
residue indicated the composition C1 (CH 2 ) io.5 CC1 3.

Of the carbon tetrachloride charged, 1565 g. was re­
covered, leaving 2855 g., 18.54 moles, to  account for. 
The yield of isolated compounds based on carbon tetra­
chloride was (14.84/18.54) X 100 =  80.0 per cent.

Structure of 1, 1 , 1,3 -Tetrachloropropane.—A mixture 
of 25 g. of 1 , 1 ,1 ,3 -tetrachloropropane, 100 g. of 96% sul­
furic acid, and 1  g. of water was stirred vigorously while 
heating on a steam-bath for one and one-half hours. At 
the end of this tim e, the evolution of hydrogen chloride 
had ceased and a dark, homogeneous solution resulted. 
The solution was cooled, poured onto 300 g. of ice, and 
extracted continuously with ether overnight. The ether 
solution was dried over magnesium sulfate, filtered, and 
distilled to obtain 9 g. (55% of the theoretical) of beta- 
chloropropionic acid boiling at 1 1 0 ° ( 2 0  mm .) and melting 
at 40-42°.

Structure of 1 , 1 , 1 ,5-Tetrachloropentane.—A mixture 
of 1260 g. of 1,1,1,5-tetrachloropentane and 1500 g. of 
96% sulfuric acid was stirred vigorously and heated to  
90-95° on a steam-bath. A vigorous evolution of hydro­
gen chloride set in. A solution of 180 g. of water and 330 
g. of concentrated sulfuric acid was then added under the 
surface of the reaction mixture over a period of one hour. 
After maintaining the heating and stirring for an additional 
hour, the reaction mixture was cooled and poured onto 
2500 g. of cracked ice. The crude separated acid was 
extracted with three 500-cc. portions of carbon tetra­
chloride. The combined carbon tetrachloride solutions 
were washed well with water and the carbon tetrachloride 
was then removed in a stripping still. The resulting 
product was purified by distillation through a precision 
still, and there was obtained 639 g. (78% of theoretical) 
of 5-chlorovaleric acid boiling at 128-131° (11 m m .).

A solution of sodium hydroxide in methanol (406 m l., 
2.0 N) was placed in a 1-liter 3-necked flask equipped with 
a stirrer, thermometer and dropping funnel. The solution 
was cooled to 10-15° and a solution of 111 g. of 5-chloro­
valeric acid in 150 ml. of methanol was added, maintain­
ing the temperature below 15°. The resulting solution 
was made neutral to phenolphthalein by adding methanolic 
sodium hydroxide solution, and was refluxed with stirring 
for two hours. It was then cooled and filtered. The 
methanol was removed from the filtrate in a stripping still 
and the residue distilled through a precision column, 
yielding 63 g. (77.5% of the theoretical) of 5-valerolactone 
boiling at 92° ( 8  m m .), n25p 1.4550.

One-half gram of the lactone was heated on a steam- 
bath with 2 ml. of 85% aqueous hydrazine for one hour 
and then evaporated under reduced pressure. The result­
ing hydrazide of 5-hydroxyvaleric acid solidified and was 
recrystallized from ethanol, melting point 105-107°.

Structure of 1,1,1,7-Tetrachloroheptane.— One gram 
of 1 , 1 , 1 ,7-tetrachlorohep tan e was stirred vigorously with 
1 0  ml. of concentrated sulfuric acid on a steam-bath for 
one and one-half hours. The mixture was cooled, poured 
on ice, extracted with ether, and the ether solution dried 
over magnesium sulfate. Half of the solution was evapo­
rated, the residue neutralized with sodium hydroxide and 
treated with p -phenylphenacyl bromide. There was ob­
tained the ^-phenylphenacyl ester of 7-chloroheptanoic 
acid, melting at 73-75°.

Anal. Calcd. for C2 oH 2 3 0 2 C1 : Cl, 10.72. Found: Cl, 
10.83.

The second portion of the ether solution was evaporated 
and the residue neutralized with N /3  sodium hydroxide. 
Two-tenths gram of sodium cyanide was added to the solu­
tion and the mixture was refluxed for five hours. One 
and one-half grams of potassium hydroxide was then
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added and the solution refluxed for six hours; ammonia 
was evolved during this operation. The resulting solu­
tion was cooled and acidified to congo red with hydro­
chloric acid. The precipitated suberic acid was collected 
on a filter and recrystallized from water, m .p . 138-140°; 
neut. eq., 86.4. There was no depression of the melting 
point when mixed with an authentic sample of suberic 
acid .

Hydrolysis of 1,1,1,9-Tetrachlorononane.—A mixture 
of 500 g. of concentrated sulfuric acid and 15 g. of water 
was heated to 95° with stirring on a steam-bath, and 133 
g. (0 . 5  mole) of 1 , 1 , 1 , 9 -tetrachlorononane was dropped 
in over a period of one hour. Stirring and heating were 
continued for three hours. The solution was then cooled, 
poured on 1 2 0 0  g. of cracked ice, and extracted with two 
100-ml. portions of carbon tetrachloride. The extract 
was dried over magnesium sulfate and distilled to obtain 
55 g. (57% of the theoretical) of a chloro acid, presumably

9 -chlorononanoic acid, boiling at 163.5-167° (7.5 m m .); 
w36d 1.4540; calcd. for C9H 17O2CI: neut. eq., 192.5;
found: neut. eq., 192.8.

Summary
The benzoyl peroxide-initiated reaction of ethyl­

ene with carbon tetrachloride gives a series of 
compounds having the general formula C1(CH2- 
CH2)WCC13. When the reaction is carried out at 
1500 lb./sq. in. the product is comprised principally 
of these compounds in which n has the values 1—4. 
The effect of reaction conditions on the proportions 
of individual members of this series in the reaction 
product is described.
W il m in g t o n , D e l . R e c e iv e d  S e p t e m b e r  25, 1947

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n i v e r s i t y  o f  D e l a w a r e ]

I. The Peroxide-Catalyzed Chlorination of Trimethylchlorosilane and f-Butyl
Chloride1

By J. J. M cB r id e , Jr., a n d  H. C. B e a c h e l l

Trimethylchlorosilane has been chlorinated di­
rectly by Krieble and Elliot, a mixture of chlorina­
tion products being obtained.2 Chlorination by 
sulfuryl chloride in the presence of benzoyl perox­
ide has been applied to various aliphatic hydro­
carbons3 and to certain organosilicon com­
pounds.4-5 This method of chlorination, however, 
has not been applied to trimethylchlorosilane, nor 
to its carbon analog, /-butyl chloride, previous to 
this work. The results are of interest in furnish­
ing further information on the deactivation effect 
of the — SiCl group on an alpha methyl group. 
(Sommer and Whitmore report that, like methyl- 
chloroform, methyltrichlorosilane cannot be chlo­
rinated in this way.4) The chlorination of /-butyl 
chloride by the same method affords a means of 
comparing the relative effect of a silicon atom and 
a carbon atom in this reaction

Trimethylchlorosilane.—Refluxing an equi­
molar mixture of trimethylchlorosilane and 
sulfuryl chloride in the presence of benzoyl 
peroxide for several hours gave no detectable 
amount of chlorination product. When the exper­
iment was repeated, however, using chlorobenzene 
as an inert diluent to increase the reflux tempera­
ture, a 38% yield of chloromethyldimethylchloro- 
silane was obtained after four hours. The yield 
of product was increased to 52% by adding the 
sulfuryl chloride dropwise to the refluxing mixture 
of trimethylchlorosilane and chlorobenzene. Dens­
ity and refractive index have been determined for

(1) Abstracted from a thesis by J. J. McBride, Jr., submitted to 
the faculty of the University of Delaware in partial fulfillment of the 
requirements for the degree of Master of Science.

(2) Krieble and Elliot, T h is  J o u r n a l , 67, 1810 (1945).
(3) Kharasch and Brown, ibid., 62, 925 (1940).
(4) Sommer and Whitmore, ibid., 68, 485-487 (1946).
(5) Sommer, Dorfman, Goldberg and Whitmore, ibid., 68, 488- 

489 (1946).

chloromethyldimethylchlorosilane. These are new 
physical constants for this compound.

In the majority of cases of fractionation of the 
reaction mixture, it was found that when almost 
all the chloromethyldimethylchlorosilane had 
been distilled off and there was a high concentra­
tion of higher boiling material left, i. e., chloroben­
zene and residue, the temperature dropped 
abruptly from 116° to about 71° where equilib­
rium was attained. The boiling point of dimethyl- 
dichlorosilane is given as 70° .6 The identity of the 
material was established by determination of 
density, which is given in the literature6 and by 
analysis for hydrolyzable chlorine. The presence 
of dimethyldichlorosilane may be due to dispro­
portionation of chloromethyldimethylchlorosilane 
at a temperature above its boiling point or to the 
pyrolysis of unidentified polymeric by-products. 
No evidence for the presence of higher chlorinated 
products has been found, and other experimental 
evidence indicates that the reaction is limited to 
the introduction of a single chlorine under the 
conditions of the experiments.

The molar refraction for chloromethyldimethyl- 
chlorosilane was calculated by the Lorentz and 
Lorenz formula using the values obtained for dens­
ity and refractive index. A value of 34.41 was 
obtained. This is in excellent agreement with the 
value of 34.70 obtained by addition of the atomic 
refraction equivalents. (The value used for silicon 
is that given by Whitmore for silicon in trimethyl­
chlorosilane.7)

/-Butyl Chloride.—The chlorination of /-butyl 
chloride was carried out under the same condi­
tions as that of trimethylchlorosilane. When an

(6) Rochow, “Chemistry of the Silicones,” John Wiley and Sons, 
New York, N. Y., 1946.

(7) Whitmore, et al.. T h is  J o u r n a l , 68, 475 (1946).
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equimolar mixture of /-butyl chloride and 
sulfuryl chloride in the presence of benzoyl perox­
ide was refluxed with chlorobenzene, a 46% yield 
of l,2-dichloro-2-methylpropane (b. p. 107—108°) 
was obtained after three hours. When the sulfuryl 
chloride was added dropwise to the refluxing mix­
ture, a 59% yield of the chlorination product was 
obtained after three and one-quarter hours.

Experimental
Trimethylchlorosilane.—The trimethylchlorosilane used 

in this work was purchased from the Dow-Corning Cor­
poration and redistilled, taking the fraction boiling at 57- 
58° at 760 mm. The boiling point is given as 57.6 ° . 5

Chloromethyldimethylchlorosilane.— (a) 1 0 0  g. (0.92 
mole) of trimethylchlorosilane, 124.2 g. (0.92 mole) 
of sulfuryl chloride, 0.5 g. of benzoyl peroxide and 200 ml. 
(220 g.) of chlorobenzene were placed in a 500-ml. round- 
bottomed flask fitted with a 30-inch reflux condenser sur­
mounted with a cold finger, the inside dimensions of 
which were 3.5 X 25 cm. This was filled with a salt- 
ice mixture. Ground glass joints were used throughout. 
The evolved gases were passed through a drying tube of 
indicating Drierite into two 1-liter Florence flasks, the 
first a trap, and the second containing water so that the 
flow of gas could be observed. The flask was heated with 
a Glas-Col mantle. The mixture was refluxed vigorously. 
Gas was evolved at a fairly rapid rate and a gentle reflux 
was maintained from the cold finger. After three hours 
the evolution of gas had nearly stopped. The reaction 
mixture was fractionated in a Whitmore-Fenske total 
condensation, partial take-off column of about twenty 
theoretical plates. Twenty-eight grams of unreacted 
trimethylchlorosilane was recovered and 36 g. of chloro- 
methyldimethylchlorosilane (b. p. 115-117°) obtained 
before the temperature dropped to 70°. Four grams was 
obtained between 70 and 131°. Two hundred and seven­
teen grams of chlorobenzene was recovered and 34 g. of 
a dark viscous liquid remained in the still pot. The 
yield based on unrecovered starting material was 38%.

(b) A 500-ml. 3 -necked flask was fitted with a 250-ml. 
dropping funnel, a mercury-sealed stirrer and the reflux 
system described above. Fifty-four grams (0.5 mole) 
of trimethylchlorosilane, 0.5 g. of benzoyl peroxide and 
108 ml. (119 g.) of chlorobenzene were placed in the 
reaction flask. The flask was heated as before. When 
the mixture was refluxing vigorously, sulfuryl chloride 
was added slowly with stirring over a period of four hours. 
The mixture was refluxed for two hours more until gas 
was no longer evolved. Fractionation of the product 
gave 22 g. of unreacted trimethylchlorosilane, 2 2  g. of 
chloromethyldimethylchlorosilane and 107 g. of chloro­
benzene. Seventeen grams of tarry residue remained. 
The yield in this case was 52%.

(c) The chloromethyldimethylchlorosilane obtained
in these experiments was redistilled and the middle cut, 
b. p. 115.2-116° at 762 mm. taken for analysis and de­
termination of physical constants; w20d 1.4360; < / 2 0 4

1.0865; Md calcd. 34.70; Md obs. 34.41. Anal. Calcd.

for (CH 3 ) 2 Si(Cl)C H 2 Cl: hydrolyzable Cl, 24.79.
Found: Cl, 24.42.

Dimethyldichlorosilane.—A 2.5-g. 71-73° fraction col­
lected in one of the distillations was examined. The 
following constants were found: <Z2 0 4  1.0637; n28d 1.4002; 
M d  calcd. 29.42; M d  obs. 30.09, Rochow gives the 
density as 1.062 at 2 0 ° . 6

1 , 2 -Dichloro - 2  -methyl-propane.—Fifty grams (0.39 
mole) of /-butyl chloride (b. p. 51 .0-51 .5°), 53.1 g. (0.39 
mole) of sulfuryl chloride, 0.5 g. of benzoyl peroxide, 
and 1 0 0  ml. ( 1 1 0  g.) of chlorobenzene were refluxed as in 
(a). Reaction was practically complete in three hours. 
The product was fractionated in a W hitmore-Fenske 
column of about twenty theoretical plates. There was 
obtained 10.3 g. of unreacted /-butyl chloride, 25.2 g. 
of l,2-dichloro-2-methylpropane (b. p. 107.1-108.0°, 
n28d 1.4316), 101 g. of chlorobenzene and 13 g. of dark, 
oily residue. This is a yield of 46.3%,

The reaction was repeated as in (b) using 100 g. (0.79 
mole) of /-butyl chloride, 106.2 g. (0.79 mole) of sulfuryl 
chloride, 0.5 g. of benzoyl peroxide and 200 ml. (220 g.) 
of chlorobenzene. Evolution of gas was rapid from the 
start. Reaction was complete in three hours. Fraction­
ation of the product gave 28.5 g. of unreacted t-butyl 
chloride and 58.5 g. of 1 ,2 -dichloro-2 -methylpropane, 
b. p. 107-108°, n25d 1.4323. This is a yield of 59%.

Discussion
I t  appears that /-butyl chloride is chlorinated 

more readily by sulfuryl chloride than is trimethyl­
chlorosilane. This is in accord with the action of 
the silicon atom as an electron sink.8 9

The deactivating effect on an ^-methyl group of 
a chlorine attached to carbon is evident since the 
yields of monochlorinated product from /-butyl 
chloride are not nearly so high as those obtained 
with other types of hydrocarbons and chlorinated 
hydrocarbons.39

Summary
Trimethylchlorosilane has been chlorinated by 

the use of sulfuryl chloride and benzoyl peroxide 
in the presence of chlorobenzene (as an inert dilu­
ent to increase the reaction temperature), to give 
chloromethyldimethylchlorosilane.

Two new physical constants, density and re­
fractive index, have been determined for chloro- 
methyldimethylchlorosilane. These are: d20 4
1.0865; n20o 1.4360.

/-Butyl chloride has been chlorinated under the 
same conditions to give 1,2-dichloro-2-methylpro­
pane.
N ew a rk , D elaw are R eceived  F ebruary  26, 1948

(8) W hitmore and Sommer, T h is  J o u r n a l , 61, 481 (1939).
(9) Kharasch and Brown, ibid., 61, 2142 (1939).
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[From the D epartment of Chemistry, C olumbia U niversity]

Further Studies of the Action of Pancreatic Amylase: Extent of Hydrolysis of Starch1
B y  R oslyn B. Al f in 2 3 * 5 and M . L. C aldw ell

Although pancreatic amylase has been known 
and studied for many years, remarkably little 
quantitative information is available concerning 
its action. A  survey of the literature shows con­
tradictory statements about the extent of the hy­
drolysis of starches by this am ylase3-10 and uncer­
tainty about the products formed or the order of 
their appearance. M .10 11 12 13 14 15 - 16

The present report is a summary of part of a 
detailed study of the action of highly purified pan­
creatic am ylase17 carried out under conditions 
which have been found to favor its activity and to 
protect it from inactivation.18 Information of this 
kind is important to a better understanding both 
of the amylase and of the chemical nature of 
starch.

Experimental
Preparations of highly purified pancreatic amylase were 

obtained from pancreatin19 by a modification of the 
method of Sherman, Caldwell and Adams.17 They showed 
no evidence of maltase activity in the concentrations used 
in this work.

The hydrolyses of starch were carried out at 40° and 
the reaction mixtures were adjusted to pH 7.2 in the 
presence of 0.01 M phosphate (sodium) and 0.02 M chlo­
ride (sodium), conditions which had been shown to pro­
tect this amylase from inactivation and to favor its ac­
tivity.16 The amylase preparations, also, were dissolved 
in 0.01 M phosphate, 0.02 M chloride at pH 7.2 at 0° 
and used as promptly as possible.18

The substrates included whole potato starch, a straight 
chain component of corn starch20 and Lintner’s soluble

(1) The authors wish to thank the Corn Industries Research 
Foundation for generous grants in aid of this investigation.

(2) The data reported here are taken from a dissertation sub­
mitted by Roslyn B. Alfin in partial fulfillment of the requirements 
for the degree Doctor of Philosophy in Chemistry under the Faculty 
of Pure Science of Columbia University.

(3) Kuhn, A nn., 443, 1 (1925).
(4.) Freeman and I-Iopkins, Biochem. J., 30, 442 (1936).
(5) Freeman and Hopkins, ibid., 30, 451 (1936).
(6) Willstatter, Waldschmidt-Leitz and Hesse, Z. physiol. Chem., 

126, 143 (1923).
(7) Blom, Bak and Braae, ibid., 250, 104 (1937).
(8) von Euler and Svanberg, Ber., 56, 1749 (1923).
(9) Pringsheim and Liebowitz, ibid., 59, 991 (1926).
(10) Hopkins, Adv. in Enz., 6, 389 (1946).
(11) Freeman and Hopkins, Biochem. J ., 30, 446 (1936).
(12) Myrback, Örtenblad and Ahlborg, Biochem. Z., 307, 49

(1940).
(13) Örtenblad and Myrback, ibid., 307, 123 (1941).
(14) Myrback, ibid., 307, 132 (1941).
(15) Myrback, ibid., 307, 140 (1941).
(16) Sherman and Punnett, T h is  J o u r n a l , 38, 1877 (1916).
(17) Sherman, Caldwell and Adams, J. Biol. Chem., 88, 295 

(1930).
(18) Sherman, Caldwell and Adams, T h is  J o u r n a l , 50, 2529, 

2535, 2538 (1928).
(19) Parke Davis and Company, pancreatin from swine.
(20) The linear fraction from corn starch was kindly furnished by 

Dr. T. J. Schoch. It was hydrolyzed completely to fermentable 
sugar by beta amylase and corresponded to 94% crystalline “amy­
lose'’21 by potentiometric titration.22

(21) Kerr and Severson, T h is  J o u r n a l , 65, 193 (1943).
(22) Bates, French and Rundle, ibid., 65, 142 (1943).

potato starch. The latter was included for comparative 
purposes as it has been the most widely used substrate 
for the laboratory study of amylase action. The starches 
were washed repeatedly with distilled and with redistilled 
water and air dried.

In experiments designed to study the extent of the 
hydrolysis of starch, concentrations of the amylase were 
chibsen so that the reactions would proceed rapidly and be 
practically complete before contamination by yeasts and 
bacteria might be expected appreciably to influence the 
results. Phemerol2 3  and toluene were added to hydrolysis 
mixtures which were allowed to react for more than five 
hours. Neither of these reagents was found to influence 
the activity of the amylase nor the reducing values of the 
reaction mixtures in the concentrations used.

The reducing values of the reaction mixtures were con­
verted to their equivalents of maltose and usually are 
given in terms of the percentage yield of the maltose 
which could be obtained theoretically from the substrate. 
Usually, the reducing values were determined by iodo- 
metric titration 2 4  although a ferricyanide ceric sulfate 
method2 5  also was u’sed.

Results
Extent of Hydrolysis of Starch.—The average 

data given in Fig. 1 are typical of the results 
obtained when different concentrations of pancre­
atic amylase reacted with soluble potato starch, 
whole potato starch or with the linear fraction 
from corn starch.26*27 They show that the extent 
of the hydrolysis of these substrates by pancreatic 
amylase depends in each case within wide limits 
upon the concentration of amylase used. Similar 
results have since been obtained with corn starch28 
and with waxy maize starch.29 With each sub­
strate the hydrolysis curves show a change from 
a rapid to a slow phase of the reaction, typical of 
many other enzyme reactions but, here, the reac­
tion curves tend to flatten at higher values as the 
concentration of amylase is increased. With dif­
ferent concentrations of pancreatic amylase, there 
was no evidence of a common limit in the extent 
of the hydrolysis of any of these substrates such 
as has been reported for this amylase6*7-8 9*10 or as is 
observed when different concentrations of beta 
amylase act on starch or on its branched-chain 
components.30 These results illustrate an impor­
tant difference between the action of pancreatic 
amylase and that of beta-amylase. They also 
cast doubt upon the rather common practice6*7*8 
of assuming a limit in the hydrolysis of starch by

(23) Phemerol is p-t-octyl-phenoxy-ethoxy-ethyl-dim ethyl-benzyl- 
ammonium chloride.

(24) Caldwell, Doebbeling and Manian, Ind. Eng. Chem., Anal. 
Ed., 8, 181 (1936).

(25) Hassid, ibid., 8, 138 (1936).
(26) Meyer, Brentano and Bernfeld, Helv. Chim. Acta, 23, 845 

(1940).
(27) Schoch, This J o u r n a l , 64, 2957 (1942).
(28) Caldwell and Daly, unpublished.
(29) Caldwell and Mindell, unpublished.
(30) Caldwell and Adatos, “Am. Assoc. Cer. Chem., Monograph 

Series,” Vol. I, Chapter II (1946).
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pancreatic amylase at 75% theoretical maltose 
when solutions of unknown amylase concentra­
tions are being compared and evaluated.

Time, minutes.
Fig. 1 .—Influence of amylase concentration upon the ex­

tent of the hydrolysis of Lintner soluble potato starch by 
purified maltase-free pancreatic am ylase: amylase prepara­
tion, mg. per 1000 mg. starch: Curve 1, 1 mg.; Curve 2 , 
8  mg.; Curve 3, 32 m g.; optimal conditions . 18

Study of Hydrolysis Mixtures at Stages of 
Very Slow Action.—It was found repeatedly 
that the introduction of additional amylase 
into reaction mixtures which had reached stages 
of very slow rates of change resulted in further 
increases in their reducing values and, as would be 
expected, that larger increases in reducing value 
followed the use of larger additions of amylase. 
I t  is evident that products capable of further hy­
drolysis by the enzyme remained in reaction mix­
tures which had reached stages of very slow rates 
of change.

Fig. 2.—Extent of hydrolysis by additional pancreatic 
amylase of hydrolysis mixtures which had reached stages 
of very slow rates of change: Curve 1 , 1  mg. amylase
preparation per 1 0 0 0  mg. starch; Curve 2 , 8  m g.; Curve 3 , 
32 m g.; Curve la , addition of amylase to reaction 1 to bring 
amylase concentration equal to that in reaction 2; Curve 
2 a, addition of amylase to reaction 2  to bring amylase 
concentration equal to that in reaction mixture, 3 ; optimal 
conditions . 1 8

Moreover, the data summarized in Fig. 2 show 
that the extent of hydrolysis attained was prac­
tically the same, as judged by the theoretical mal­
tose calculated from the reducing values, whether 
a given concentration of amylase was added at 
the start of the reaction or in part after the reac­
tion had reached the stage of slow action. The 
data given in Fig. 2 are strictly comparable as the 
reaction mixtures which had reached stages of 
very slow action were divided and one portion 
was treated with additional amylase while the 
other was continued at 40° as before.

Similarly, the data summarized in Fig. 3 show 
that the amylase had not been inactivated irre­
versibly to any appreciable extent in reaction 
mixtures which had reached stages of very slow 
rates of change. Additional substrate, introduced 
into such reaction mixtures, was hydrolyzed to an 
extent which was very similar to that attained in 
comparable reaction mixtures which had contained 
initially an equivalent concentration of amylase 
and ratio of amylase to substrate. I t  should be 
pointed out that the conditions of these experi­
ments were chosen to protect the amylase from 
inactivation.18

Fig. 3.—Hydrolysis of additional substrate by pancreatic 
amylase in starch hydrolyzates which had reached stages 
of very slow rates of change: Curve 1, 1 mg. amylase 
preparation per 1 0 0 0  mg. starch; Curve 2 , 8  m g .; Curve 3, 
32 m g.; Curve 2a, part of reaction mixture of Curve 2  

diluted with substrate to give amylase concentration equal 
to that in reaction mixture of Curve 1 ; Curve 3a, part of 
reaction mixture of Curve 3 diluted with substrate to bring 
amylase concentration equal to that in reaction mixture of 
Curve 2 ; optimal conditions . 1 8

These findings, that the per cent, of theoretical 
maltose, calculated from the reducing values of 
the reaction mixtures, is practically the same un­
der a number of different conditions, does not 
mean necessarily that the same products are 
formed from the starch in these different reaction 
mixtures. This point will be considered more 
fully elsewhere.31

Removal of Products by Dialysis.—The re­
sults so far reported suggested the possibility 
that under favorable conditions the hydrolysis 
of starch by pancreatic amylase continues until

(31) Alfin and Caldwell, unpublished.



2536 R oslyn B. Alfin and M. L. Caldwell Vol. 70

equilibrium is established and that this equi­
librium is upset by the addition either of more 
amylase or of more substrate. The slowing down 
of enzyme reactions has often been attributed to 
reaction with or equilibrium between the enzyme 
and its substrate or between the enzyme and the 
products of its action.

These possibilities were studied by the use of 
efficient dialysis to remove the readily dialyzable 
products during the hydrolyses. Starch—amylase 
mixtures were prepared and divided into two por­
tions. One of these was allowed to react as usual 
in a flask held at 40° and was examined at inter­
vals for reducing value. The other portion was 
placed in small dialyzing bags32 and dialyzed at 40° 
against a buffer solution of the same electrolyte 
concentration and pH value as the substrate. The 
bags held approximately 5-ml. portions. They 
were kept in rapid motion during the dialysis and 
the outside solution, which was used in portions 
equal to four times the total volume of the hydrol­
ysis mixture being dialyzed, was replaced ten to 
twenty times during a five-hour dialysis. At inter­
vals during the reaction, one or two of the dialy­
sis bags were removed and the contents measured 
for volume and examined for reducing value and 
for total solids. At intervals, the outside solution, 
also, was concentrated and examined for reducing 
value. Typical data for comparable hydrolyses 
conducted with and without dialysis are summa­
rized in Tables I and II.

T able  I

In flu en ce  of D ialysis during H ydrolysis upon the 
E x ten t  of the H ydrolysis of L in tn er ’s Soluble 

P otato Starch by  Pancreatic  A mylase
,------ — ----- -----Theoretical maltose-------------------- s

Hydroly-
Reac- sis
tion® without
tim e, H ydrolysis accompanied by d ialysis,& % dialysis,
min. Inside Outside Total %

A 300 12.4 56.3 68 .7 6 8 . 8

1 1 . 0 57 .8 6 8 . 8

B 300 N ot measurable 70 .8 70 .8 71.7
C 300 N ot measurable 66 .4 66 .4 69.7
D 360 Not measurable 74.3 74.3 72.6
E 360 6 .5 75 .8 82.3 82.9
F 600 2 . 8 82 .2 85 .0 83.5

* Lintner’s Soluble Potato Starch: 1%; 0.01 M  phos­
phate; 0.02 M  chloride; pH  7.2. Hydrolyses at 40°; 
amylase preparation, 1 mg. per 1000 mg. starch. & D i­
alyzed during the hydrolysis against 0.01 M  phosphate; 
0.02 M  chloride at pH 7.2.

The data summarized in Table I show remark­
ably good agreement between the per cent, of theo­
retical maltose calculated from the reducing val­
ues of comparable dialyzed and undialyzed hy­
drolysis mixtures of soluble potato starch and 
pancreatic amylase. These data lead to the con­
clusion that the slowing down of the reaction in 
the hydrolysis of starch by pancreatic amylase 
cannot be explained by assuming reaction with or

(32) Cellophane tubing purchased from the Visking Corporation 
was used to make the bags.

T able  II
I nfluence  of D ialysis during Hydrolysis upon the 
E xtent of the H ydrolysis of Potato Starch by  

P urified  Pancreatic A mylase
'—------------------ Theoretical maltose1--------------------- -

Reac­
tion®
time,

minutes

Hydrolysis accompanied 
dialysis, & % 

Inside Outside

hy
Total

Hydroly­
siswithout

dialysis,
%

Diff.,
%

A 60 31.1 37 .4 68.5 70.9 2 .4
B 180 6.9' 65.2 72.1 75.5 3 .4
C 360 Not measurable 66.7 66.7 73.7 7 .0
D 360 1.24 70 .7 71.9 78.5 6.6
E 360 1.04 70 .7 71.7 79.8 8.1
F 360 1 .08 75.1 76.2 85.8 9 .6
G 600 0 .4 69.1 69.5 79.9 10.4
H 600 0 .4 72 .5 72.9 86.4 13.5
I 600 0 .4 74 .5 74.9 8 8 . 1 13.2

® Potato starch, 1 %; 0.01 M phosphate; 13.02 M
chloride; pH  7.2; hydrolyses at 40°. Amylase prepara­
tion, 1 mg. per 1000 mg. of starch. h Dialyzed during 
hydrolysis against 0 . 0 1  M  phosphate; 0 . 0 2  M  chloride 
at pH 7.2.

equilibrium between the amylase and maltose or 
glucose or other readily dialyzable products of the 
reaction. If this were the case, the removal of 
such products would be expected to increase the 
extent of the hydrolysis of the dialyzed reaction 
mixtures.

When whole potato starch was used as the sub­
strate (Table II) instead of Lintner soluble starch 
(Table I), there was not such good agreement in 
the per cent, of theoretical maltose calculated from 
the reducing values of comparable dialyzed and 
undialyzed hydrolysis mixtures. However, as the 
values for the undialyzed hydrolysis mixtures 
were consistently higher than those for the dia­
lyzed hydrolysis mixtures, these data, also, lead to 
the conclusion that inter-reaction with or equilib­
rium between readily dialyzable products and am­
ylase does not explain the slowing down of the re­
action between pancreatic amylase and starch.

The reducing products formed from Lintner 
soluble potato starch hydrolyzed with and with­
out dialysis were differentiated into fermentable 
sugars (maltose and glucose) and non-fermentable 
reducing products by a modification of the method 
of Somogyi.33 The data summarized in Table III 
show that when the hydrolysis was accompanied 
by dialysis, reducing products capable of further 
hydrolysis by the amylase escaped hydrolysis, 
presumably by being dialyzed away. In this com­
parison again, the total reducing values of dialyzed 
and of undialyzed hydrolysis mixtures were very 
similar even though the products responsible for 
that total reducing action were quite different.

When the initial concentrations of amylase were 
not too large, the addition of amylase to dialyzed 
hydrolysis mixtures which had reached stages of 
very slow rates of change resulted in small but 
measurable increases in their reducing values. 
These results showed the presence in the dialyzed

(33) Somogyi, J. Biol. Chem., 119, 741 (1937).
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T able III
I nfluence of D ialysis during the H ydrolysis upon the Products F ormed from L in tn er ’s Soluble  P otato

Starch by  P urified M altase- F ree  Pancreatic  A mylase

'------------------------— Reducing values calculated as per cent, theoretical maltose------------- ----------- —*
Time, ✓----------------Total--------------- . ----- reducing dextrins*»---- —> *----- maltose and glucose*»----- *

Hydrolyses® hours Inside Outside Total Inside Outside Total Inside Outside Total
Dialyzed 6  1 .4  8 0 .0  81.4  1.4 3 2 .8  3 4 .2  0 47 .2  4 7 .2
Undialyzed 6  82.9 24 .3  58.6

° Lintner Soluble Potato Starch, 1%; 0.01 M  phosphate, 0.02 M  chloride, pH  7.2; amylase preparation, 1  mg. per 
1000 mg. starch. One-half of reaction mixture was dialyzed during the hydrolysis against 0.01 M  phosphate, 0.02 M  
chloride, pH 7.2. Hydrolysis and dialysis at 40°. 6  Determined by selective fermentation with washed baker’s yeast;
dextrins by difference.

hydrolysis mixtures of products capable of further 
hydrolysis by the amylase.

Similarly, the addition of substrate to dialyzed 
hydrolysis mixtures which had reached stages of 
very slow action resulted in extensive hydrolysis 
of the added substrate. The typical data given 
in Table IV show that a second portion of sub­
strate was hydrolyzed in five hours to a similar 
extent (66.2% theoretical maltose) as the original 
portion of the substrate (69.7% theoretical mal­
tose) . It is evident that there had been no signifi­
cant irreversible loss or inactivation of pancreatic 
amylase in the dialyzing hydrolysis mixtures un­
der the conditions of these experiments.

T able  IV
E vidence for the Presence  of Pancreatic A mylase 
after  Hydrolysis of L in t n er ’s Soluble Starch 

A ccompanied b y  D ialysis

Reaction0 time, minutes Theoretical maltose, %
A. Original Hydrolysis with Dialysis 

300 69 .7
B. Hydrolysis of Fresh Substrate by Amylase Remaining 

in an Equal Volume of A (above)
15 49 .8
30 56 .8
60 60 .8

. 1 2 0 65.6
300 6 6 . 2

1 2 0 0 6 8 . 6

“ Lintner Soluble Potato Starch: 1%; 0.01 M  phos­
phate; 0 . 0 2  Af chloride; pH 7.2; 40°. Amylase prepara­
tion, 1  mg. per 1 0 0 0  mg. starch.

On the other hand, marked inactivation of the 
amylase (86 to 87%) occurred when portions of 
the same solutions of purified pancreatic amylase 
were dialyzed for five hours at 40° under the same 
conditions, but in the absence of substrate, against 
a buffer solution of the same electrolyte concen­
tration and pH  value. These results give experi­
mental evidence for the suggestion often advanced 
that the amylase unites with its substrate, in this 
case with the larger less readily dialyzable prod­
ucts of the hydrolysis of starch, and thus is pro­
tected from appreciable irreversible inactivation 
or from appreciable loss due to dialysis.

The loss of pancreatic amylase activity which 
occurs during dialysis of its aqueous solutions has 
not yet been reversed17*34 by uniting the dialyzed

(34) Meyer, Fischer and Bernfeld, Helv. Chim. Acta, 30, 64 (1947); 
Arch. Biochem., 14, 149 (1947).

solution with its dialyzate as has been possible 
under suitable conditions with certain enzymes 
which contain dialyzable prosthetic groups.

The data reported here indicate that the slowing 
down of the reaction in the hydrolysis of starch 
by pancreatic amylase is due to the replacement 
of the original substrate by products for which the 
amylase has less affinity. These dextrins are hy­
drolyzed only slowly by pancreatic amylase and 
are present in relatively low concentrations. Un­
der the conditions of these experiments, the slow­
ing down of the reactions is not due to irreversible 
inactivation of the amylase nor, as is often re­
ported,10 to action with or equilibrium between the 
more readily dialyzable products of the hydrolysis 
and the amylase. However, there is evidence of 
union between the amylase and the less readily 
dialyzable products of the hydrolysis of starch. 
These products are being investigated.

Examination of Preparations of Purified 
Pancreatic Amylase for Traces of Maltase, 
Phosphorylase and Phosphatase Activities.— 
No evidence of maltase activity was found in 
composite samples of the preparations of puri­
fied pancreatic amylase even when the highest 
concentrations used in this work were held for 
twenty-four hours with 1% maltose under the con­
ditions used for the hydrolysis of starch. This 
failure to find maltase activity furnishes con­
clusive evidence that the results reported here 
were not influenced to any significant extent by 
traces of maltase activity.

Similarly, no evidence of phosphorylase35*36 or of 
phosphatase37 activity was found in relatively high 
concentrations of the preparations of purified 
pancreatic amylase.

Examination of Preparations of Purified 
Pancreatic Amylase for Traces of Other Carbo- 
hydrases.—The preparations of purified pan­
creatic amylase were also examined for traces 
of carbohydrases other than amylase by a t­
tempts to cause the selective inactivation of 
amylase activity, on the one hand, and of other 
carbohydrase (glucosidase, or dextrinase) activi­
ties on the other. Amylase activity refers here to 
the increase in the reducing value (mg. maltose) 
per unit weight of amylase preparation in the 
early stages of hydrolysis of 1% starch or to the

(35) Green and Stumpf, J. Biol. Chem., 142, 355 (1942).
(36) Allen, Biochem. J., 34, 858 (1940).
(37) Prebluda and McCollum. J. Biol. Chem. 127. 495 (1939).
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disappearance of starch38 per unit weight of amy­
lase preparation when these measurements were 
made in thirty minutes at 40° under specified

T able  V

A  Summary of A ttem pts to C ause  the Selective In­
activation  of A m ylase and  of “ G lucosidase” A ctivi­
ties  of P urified  Pancreatic  A mylase Preparations

Amylase activities “Gluco- 
Treatment of Saccharo- Amylo- sidase”

amylase solution genic® clastic*» activity0
A. Amylase Solution Held at 50° for Five Minutes

Unheatedd 1 0 0 1 0 0 1 0 0

Heated 6 17 17 1 0

Unheated 7 1 0 0 1 0 0 1 0 0

Heated 0 54 50 50

B. Amylase Solution Held at Unfavorably High Hydro-
gen- Ion Activities

Untreated4 1 0 0 1 0 0 1 0 0

Acid-treated ' 1 61 59 67

C. Influence of calcium ions at 50°
Heated with Ca + +l 1 0 0 1 0 0 1 0 0

Heated without Ca + -H 36 40 29

D. Influence of calcium ions at unfavorable hydrogen-ion
activities

Held with 08++* 1 0 0 1 0 0 1 0 0

Held without C a++! 69 71 57

E. Influence of H N 0 2

Held at pH 4.8 and 0 om 1 0 0 1 0 0 1 0 0

The same plus nitrite” 55 59 47
° Saccharogenic activity: mg. of * ‘maltose* * formed in 

thirty minutes at 40° per mg. amylase preparation acting 
on 1 % soluble potato starch under specified conditions . 1 8  

6  Amyloclastic activ ity : mg. of soluble potato starch
hydrolyzed per mg. amylase preparation in thirty minutes 
at 40 ° under specified conditions to products which give 
a clear red color with iodine. c “ Glucosidase” activity: 
increase in mg. * ‘maltose* * per mg. added amylase prep­
aration when amylase is added at stage of very slow rate 
of action to a potato starch-amylase reaction mixture and 
allowed to react for two hours. d Amylase solution: 
25 mg. of amylase preparation in 1 0 0  ml. solution (0 . 0 2  M  
sodium chloride, 0.01 M  phosphate, at pH  7.2). Held 
at 0° until examined for activity. e A portion of amylase 
solution of d held at 50° for five minutes before being 
examined for activity. 7  and g Same as d and e but the 
dry purified amylase preparation had been stored in 
the refrigerator for several weeks. h Same as d but held 
at pH  4.5 or at pH  4.6 or at pH  .5.0 at 0° for five, ten or 
fifteen minutes before being adjusted to pH 7.2 and 
measured for amylase activity (average values). * Amyl­
ase solution: 25 mg. of amylase preparation in 100 ml. 
solution (0.02 M  sodium chloride, 0.02 M  calcium chlo­
ride, at pH 7.2) held at 50° for five minutes. j Same 
as i but without calcium chloride. k Amylase solution: 
25 mg. of amylase preparation in 100 ml. solution (0.02 
M  sodium chloride, 0.02 M  calcium chloride), held at 
0 ° at pH  4.0, pH  4.5, or at pH  5.0 for five or ten minutes 
before being adjusted to pH  7.2 and measured for amylase 
activity. 1 The same as k but containing no calcium 
chloride. m Amylase preparation dissolved in 0.25 M  
sodium acetate, 0.01 M  sodium phosphate and 0.02 M  
sodium chloride at pH  4.8 held at 0° for fifteen minutes 
before being adjusted to pH  7.2 and measured for amylase 
activity. n Same as m but with addition of 1.0 il l sodium 
nitrite. All data are averages of several determinations.

(38) Hydrolysis of starch to products which give a clear red color
with iodine.

conditions.18 “Glucosidase” activity refers to the 
increase in the reducing value (calculated as mg. 
maltose) per unit weight of amylase preparation in 
two hours when the substrates were hydrolysis 
mixtures of starch and pancreatic amylase which 
had reached stages of very slow change but which 
still contained products capable of further hy­
drolysis by additional amylase preparation.

All determinations of amylase and of “glucosi- 
dase” activities in any given series of measure­
ments were kept strictly comparable. Amylase 
solutions were prepared and divided into two por­
tions. After one had been treated to cause partial 
inactivation of the amylase, both portions were ex­
amined side by side, with portions of each of the 
two substrates, for amylase and for “glucosidase” 
activities.

The conditions chosen for the partial inactiva­
tion of the amylase were based upon the results of 
much previous work in this laboratory with simi­
lar purified preparations17 *39 f* and on preliminary 
experiments.

The data summarized in Table V (A and B) 
show that there was appreciable loss of “glucosi- 
dase” as well as of amylase activity when aqueous 
solutions of purified pancreatic amylase were 
partially inactivated at 50° or at unfavorably 
high hydrogen-ion activities.

Kneen41 has shown that calcium ions protect 
malt a-amylase from inactivation when its aque­
ous solutions are held at unfavorable temperatures 
or at unfavorably high hydrogen-ion activities. 
The data summarized in Table V (C and D) show 
that both the amylase and the “glucosidase” activ­
ities of purified pancreatic amylase were protected 
by calcium ions from inactivation in aqueous solu­
tions held at 50° or at unfavorably high hydrogen- 
ion activities.

In 1942, Little and Caldwell39*40 showed that 
the amylase activity of pancreatic amylase de­
pends upon the presence of free primary amino 
groups in the protein molecule. Any treatment 
which caused the loss of primary amino nitrogen 
caused a corresponding loss of amylase activity. 
The data summarized in Table V (E) show that 
‘ ‘glucosidase' ’ as well as amylase activity was de­
creased when solutions of purified pancreatic 
amylase were treated with nitrous acid under con­
ditions which caused the rapid loss of primary 
amino groups. In these experiments the influence 
of the unfavorably high hydrogen-ion activities 
was taken into consideration. Aliquots of the 
amylase solution adjusted to pH 4.8, and 0.25 M  
acetate, 0.01 M  phosphate and 0.02 M  chloride 
were held at 0° for the specified length of time in 
the absence of and in the presence of 1.0 M  nitrite. 
The solutions were then adjusted to pH 7.2 with 
phosphate and compared with an untreated con­
trol solution for amylase and for ‘ ‘glucosidase” ac-

(39) Little and Caldwell, J. Biol. Chem., 142, 585 (1942).
(40) Little and Caldwell, ibid., 147, 229 (1943).
(41) Keen, Sandstedt and Hollenbeck, Cereal Chem., 20, 399

(1943).
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tivities. The excess nitrite was removed by treat­
ment with sulfamic acid before reducing values 
were determined.

The data summarized in Table V fail to give any 
evidence by selective inactivation for the presence 
of a second carbohydrase in addition to amylase 
in the preparations of purified pancreatic amylase 
used here. The differences obtained in the inac­
tivation studies of “glucosidase” activities were 
small and undue emphasis cannot be placed on 
comparisons of inactivation percentages when dif­
ferent activities, obtained by different types of 
measurements, are involved. However, the re­
sults as a whole give the same trend for the inac­
tivation of “glucosidase” and of amylase activities 
and appear to justify the conclusion that the 
properties of pancreatic amylase observed in this 
investigation are not influenced to any important 
extent by the presence of contaminating carbohy- 
drases.

Summary and Conclusions
A study of the action of highly purified pancre­

atic amylase shows that the extent of the hydroly­
sis of unfractionated potato starch, Lintner soluble 
starch and of the linear fraction from corn starch

depends in each case upon the concentration of 
amylase. Relatively very high concentrations of 
the amylase gave no evidence of a limit in the 
hydrolysis of starch by pancreatic amylase such as 
is observed with /3-amylase.

The reaction curves showed a rapid phase of 
reaction followed by a phase of very slow rate of 
change but the extent of the hydrolysis attained 
was dependent within wide limits upon the con­
centration of amylase. Under the conditions of 
these experiments the slowing down of the reac­
tions was not due to any appreciable inactivation 
of the amylase nor to inter-reaction with or equi­
librium between amylase and maltose, glucose or 
other readily dialyzable products of hydrolysis.

Evidence is presented which shows that the 
slowing down of the hydrolysis is due to relatively 
low concentrations of products which the amylase 
hydrolyzes slowly, for which it has low affinity.

Data are presented which show that the results 
obtained here are not influenced to any appreci­
able extent by the presence of maltase or of other 
carbohydrases.
N e w  Y o r k  2 7 ,  N .  Y .  R e c e i v e d 42 A p r i l  2 1 ,  1 9 4 8

(42) Original manuscript received May 7, 1947.

[Contribution  from Phillips Petroleum C ompany, R esearch  D epartm ent]

Butylation of Benzene during Propylation in the Presence of Isobutane. Ratio of
Reactivities of Benzene and Isobutane

B y F rancis E. C ondon and M aryan  P . M atuszak

In an experiment originally designed to deter­
mine the ratio of the rates of alkylation of bënzene 
and isobutane, a mixture of these two hydrocar­
bons was subjected to alkylation with propylene 
in the presence of hydrofluoric acid as catalyst. 
It was found that, besides isopropylation of ben­
zene, considerable /-butylation occurred. The 
formation of /-butylbenzene may be taken as an 
indication of the intermediate formation of Z- 
butyl carbonium ions, which must have been de­
rived from isobutane in accordance with the fol­
lowing considerations.

According to the ionic mechanism of catalytic 
alkylation of a hydrocarbon, the initial step is 
formation of a carbonium ion1; for example

H + + C 3H6--- >*-C3H7 + (1)
When the alkylatable hydrocarbon is an iso­
paraffin like isobutane, the various subsequent 
steps may be generalized as reactions in which a 
carbonium ion, however formed, produces another 
carbonium ion, either by acquiring hydrogen with 
its bonding electrons from isobutane, thereby pro­
ducing also a paraffin

k
i- C3H7 + +  i-C4H10------>  /-C4H9+ +  C3H8 (2 )

(1) Price and Ciskowski, T h is J ournal, 60, 2499 (1938).

or by uniting with an olefin, which may have been 
introduced as such, or may have been formed by 
the reverse of a reaction like 1

*-C8 H 7 + -J- ;-C 4 H 8  — ^  C7H 15+ (3)
The new carbonium ions formed by such reactions 
undergo similar reactions; in addition, some of 
them undergo preliminary rearrangement, thereby 
accounting for the multiplicity of products from 
isoparaffin alkylation.2

In the aforementioned experiment, substantially 
no alkylation of isobutane occurred, in spite of a 
50-fold molecular excess of isobutane over ben­
zene. Consequently, it was not possible to de­
duce, from the composition of the alkylation prod­
uct, a numerical value for the ratio of the rate of 
alkylation of benzene to the rate of alkylation of 
isobutane. There was deduced, however, an ap­
proximate numerical value for the ratio of the re­
activity of benzene with isopropyl carbonium ion 
to the reactivity of isobutane with this ion. This 
deduction was possible because the isopropylation 
of benzene

k'
;-C 3 H 7+ +  C6H 6 ---- >  ;-C 3H 7 C6H 5  +  H + (4)

(2) (a) Bartlett, Condon and Schneider, ibid., 66, 1531 (1944); 
(b) see also Schmerling, ibid., 68, 275 (1946); Ciapetta, Ind. Eng. 
Chem , 37. 1210 (1945).
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was competitive with reaction 2, which must have 
been substantially the only precursor to the /- 
butylation of benzene, inasmuch as the benzene 
was reacting with all carbonium ions so rapidly 
that reaction 3 was negligible, On the assump­
tion that all /-butyl carbonium ions reacted with 
benzene immediately after formation by reaction 
2, the ratio of the rate of reaction 4 to the rate of 
reaction 2 must have equalled the ratio of the 
number of isopropyl groups, a, to the number of 
/-butyl groups, b; tha t is
Rate 4 /R ate  2 =  ^'(/-C3H 7 +)(C 6H 6 )/^ (/-C 3H 7 +)(^C 4 H10) =  

a/b
Consequently

k'/k = a^HxoVKCeHe)
The value of a/b, obtained from the composition 

of the product, was 7.1. The value of (i-C4Hi0) / 
(CeHö) was taken as 49, the mol ratio of isobutane 
to benzene in the feed, on the approximation that 
alkylated benzene is alkylated at the same rate as 
benzene. These values gave k '/k  = 350. That 
is, benzene was approximately 350 times as re­
active as isobutane.

T able  I

B utylation  of B enzene  during H ydrofluoric A cid- 
catalyzed  A lkylation  of 2 M ole Per  C ent. Benzene

IN ISOBUTANE WITH PROPYLENE
Part 1 Part 2

Temperature, °C. 35-38 35-38
Average contact time, min. 8 . 0 9 .3
H F initially charged, kg. 1 .4
H F added during run, kg. 0 .3 0 .3
Initial acidity, wt. % H Fa 98.4 93.0
Final acidity, wt. % H Fa 93.0 93.3
Feed Propane 0 .5 0 .5  ( 0 .6)

compo­ Isobutane 95.17 93.48 (93.4)
sition, < w-Butane 1 .7 1 .7  ( 1.7)
wt. % 1Benzene 2 .63 2 .58  ( 1.9)
(mole %) [ Propylene 1.74 ( 2 .4)

Hydrocarbon charged, kg. 23 .7 23.8
Hydrocarbon effluent, kg. 22 .4 2 1 . 6

Effluent Propane 0 .4 0 . 6

compo­ Isobutane 96.6 95.0
sition, w-Butane 0 .9 0 .9
wt. % Alkylate6 2 . 1 0 3.50

Alkylate0  composition, wt, % (mole %)
1 .4 (  1,7)

20.1 (31.7) 
29 .3 (29 .9 )

6 .3  (5.8) 
14 .8(11 .2) 
12.5 ( 9 .5)
3 . 6  ( 2 .5)
3 .4  ( 2 .4)
8 . 6  (5.3)

° By titration of 1 g. with 1 N  potassium hydroxide 
(phenolphthalein). & Including unreacted benzene. c In 
view of recently reported findings of Melpolder, Wood- 
bridge and Headington, T his Journal, 70, 935 (1948), 
the m -diisopropylbenzene (b. p. 203.18°) may have in­
cluded some o- (b. p. 203.75°). d B. p. above 270°.

Paraffins 0 .4
Benzene 96,. 6

Isopropylbenzene. 0 ,■ Q
/-Butylbenzene 0 ,. 0

m-Diisopropylbenzenec 0 ,. 0

^-Diisopropylbenzene 0 ,, 0

w-/-Butylisopropylbenzene 0 ., 0

^-/-Butylisopropylbenzene 0 ,, 0

Residue 3,,0d

Experimental Part
Materials.—The isobutane and the propylene were 

products of Phillips Petroleum Company. They were 
analyzed by fractionation in a Podbielniak Heligrid low- 
temperature column. C. p . benzene was used.

Anhydrous hydrofluoric acid from the Harshaw Chemi­
cal Company was used.

Equipment and Procedure.— The experiment was of the 
continuous type, with recycling of the acid. The hydro­
carbon feed was blended in a 94-liter (25-gal.) steel 
cylinder, from which it was displaced by pumping water 
in through a tube which led to the bottom. From the 
cylinder the feed passed through a silica-gel drier into 
the reactor. Surging of the feed was minimized by an 
electrically heated surge tank attached to the feed line 
after the drier. The reactor3  was a 1470-ml. steel vessel 
having a 6 .3-cm. (2.5-in.) turbo-mixer, turning about 
1725 r. p. m. The reactor was surrounded by a stirred 
water-bath. Temperature in the reactor was measured 
by a thermocouple. Acid-to-hydrocarbon volume ratio 
in the reactor was maintained near unity by occasional 
additions of fresh acid. This ratio was determined by 
withdrawing several ml. of the mixture through an 
eduction tube into a graduated test-tube immersed in a 
Dry Ice-bath and measuring the volumes of the hydro­
carbon and acid layers. From the reactor the mixture 
passed to a 1440-ml. inclined separator, from which the 
acid layer was recycled to the reactor by gravity through 
a U-shaped trap which prevented passage of the reaction 
mixture into the acid-return line. The pressure in the 
system was maintained at 10 atm. by a Hanlon-Waters 
air-operated motor valve, controlled by a Taylor ” Ful- 
scope” controller, located on the effluent line from the 
settler. The hydrocarbon effluent was collected in tared 
5 7 -liter (15-gal.) steel cylinders.

The data for the experiment are in Table I. In part 1, 
half of an isobutane-benzene mixture was used, without 
propylene, to equilibrate the silica-gel drier and the 
catalyst and to test the isobutane for any possible presence

T able  II

Properties of F ractions of Product from H ydro­
fluoric A cid-catalyzed  A lkylation  of 2 M ole Per 
C en t, of B enzene  in  I sobutane with Propylene

Frac­
tion

wt.,
g.

Boiling range, 
°C. (740 mm.) U20D

Mol.
wt.®

11 79.8
Part 1 

8 0 .0 -  80 .0 0.875 1.4977
12 360.1 8 0 .0 -  80 .0 0.880 1.5006 . . .
13 5 .4 80.0-270
Res. 13.3 Above 270

21 80.9
Part 2 

7 3 .3 -  79 .7 0.859 1.4874
22 78.7 7 9 .7 -  80 .0 .881 1.4997
23 19.4 8 0 .0 -152 .2 .8599 1.4882
24 195.3 152 .2-152 .9 .8616 1.4902 118
25 19.6 152 .9-166 .7 .8621 1.4905 121
26 42.4 166.7-176.3 .8662 1.4920 142
27 90.7 176.3-203.3 .8580 1.4890 159
28 42.1 203 .3 -210 .5 .8580 1.4894 151
29 63.0 2 1 0 . 5 - 2 1 2 . 2 .8573 1.4890 158
30 19.3 212 .2-214 .1 .8581 1.4888 159
31 17.1 214 .1-220 .3 .8594 1.4891 171
32 25 .8 220.3-230 .1 .8618 1.4910 169
33 29 .4 230 .1 -237 .9 .8578 1.4890 198
34 35.3 Residue
By lowering of the freezing point of benzene.

(3) See “ Hydrofluoric Acid A lkylation,” Phillips Petroleum Co.,
Bartlesville, Oklahoma, 1946, p. 2, Fig. 1.
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Fig. 1,—Fractionation of product from HF alkylation of 2 mole % benzene in isobutane with propylene (numbers
designate fractions).

of isobutylene as an impurity. In part 2, the other half 
of the isobutane-benzene mixture, after being mixed with 
the propylene, was used; the first 0.5 kg. of hydrocarbon 
effluent was discarded, inasmuch as it represented flushing 
of the system.

The hydrocarbon effluent was partly debutanized in a 
3-m. (10-ft.) Monel column, 3.17 cm. (1.25 in.) in di­
ameter, packed with 6.35-mm. (0.25-in.) carbon Raschig 
rings. The debutanization was completed in a 1.5-m. 
(5-ft.) vacuum-jacketed glass column, 12.7 mm. (0.5

Preparation of Derivatives (Table III).—p-t- Butyl- 
acetanilide was prepared according to Ipatieff and Sch- 
merling.4 Benzoic acid and m- and p-t-butylbenzoic 
acids were obtained by oxidizing 1-cc. (0.85-g.) samples 
with 8.5 g. of chromium trioxide in 30 cc. of boiling glacial 
acetic acid- for one hour. Iso- and terephthalic acids 
were obtained from fractions 27 and 29 by oxidizing 3-cc. 
(2.5-g.) samples with 200 cc. of boiling dilute nitric acid 
(1:3). They were esterified with methanol, in the 
presence of a little sulfuric acid.

T a b l e  III
D e r i v a t iv e s  o f  F r a c t io n s  o f  P r o d u c t  f r o m  H y d r o f l u o r ic  A c id - c a t a l y z e d  A l k y l a t io n  of 2  M o l e  P e r  C e n t .

B e n z e n e  i n  I s o b u t a n e  w it h  P r o p y l e n e

Fraction Derivative
Yield,

%
Neut.
equiv.

- - -----------M. p., °C .-
Obsd. (uncorr.) Beilstein

Beilstein
reference

26 ^-/-Butylacetanilide 20 168.5-170 170 XII, 1167
24 Benzoic acid 30 121 -123 121 IX , 96
27 Dimethyl isophthalate 25 62 -  64 67-68 IX, 834
29 Dimethyl terephthalate 25 138 -139 .5 140 IX, 843
30 m-/-Butylbenzoic acid 3 184 125 -128 127 , IX, 560
31 ra-/-Butylbenzoic acid 5 183 117 -123 127 IX, 560
32 ^-^-Butylbenzoic acid 2 186 161.5-164 164 IX, 560

in.) in diameter, packed with 2.4-mm. (3/ 32-in.) wire 
helices. All overhead material was combined and was 
analyzed by low-temperature Podbielniak fractionation.

Product boiling above 25° was fractionated in a Podbiel­
niak Heligrid vacuum-jacketed column. To a 20-g. 
residue from fractionation of the product from part 1, 
18 g. of cetane (b. p. 290°) was added as a ‘ ‘chaser/31 
and distillation was continued from an ordinary distilling 
flask.

From the fractionation curves shown in Fig. 1, from the 
properties of the fractions in Table II, and from the 
results of preparation of solid derivatives described in 
Table III, the product compositions reported in Table I 
were computed.

Acknowledgments.—Mr. G. T. Leatherman 
assisted with the experiment; Miss Alicia Perez 
determined molecular weights; and Phillips 
Petroleum Company kindly granted permission 
to publish the data.

Summary
A 2 mole per cent, mixture of benzene in iso- 

butane was subjected to hydrofluoric acid-cata­
lyzed alkylation with propylene. The principal

(4) Ip a tie ff and  Sch m erlin g , T h is  J o u r n a l , 59, 1056 (1937 ).
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reaction was isopropylation of benzene. Sub­
stantially no alkylation of isobutane occurred; 
however, isobutane reacted, yielding /-butylben- 
zene and m- and ̂ -/-butylisopropylbenzenes. The

composition of the product showed that benzene 
reacted approximately 350 times as readily as iso­
butane.
B a r t l e s v i l l e , O k l a . R e c e iv e d  J u l y  19, 1947

[C o n t r i b u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  H a r v a r d  U n i v e r s i t y ]

Condensation of Phenylcycloalkenes with Maleic Anhydride. I. Synthesis of
7-Methoxy-3,4-benzphenanthr ene

By Jacob Szmuszkovicz1 and Edward J. Modest

Additions to diene systems in which one double 
bond is in a benzene ring and the second in an ali- 
cyclic ring have not hitherto been reported.2 The
1,2-double bond in naphthalene in conjugation 
with the double bond of an olefinic system,3 with 
that in cyclopentene4 or in cyclohexene,5 is suf­
ficiently reactive to participate in the Diels-Alder 
condensation. Styrene itself forms copolymers 
with dienophiles, but some derivatives of styrene 
form normal adducts.6*7

We now have found that 1 -phenylcyclohexene-1 
(I) adds maleic anhydride at 220° with formation 
of an amorphous adduct, which can be dehydro­
genated to phenanthrene-9,10-dicarboxylic acid 
anhydride (II); the over-all yield is 25%. Other 
investigators have prepared this aromatic anhy­
dride from bicyclohexenyl (17% yield)8; from 
phenanthrene, sodium, and carbon dioxide (25.7% 
yield)9; and from diphenyl-2-carboxylic acid 
(42% yield).10

1-Pheny Icy cloöctene-1 (III) reacts with maleic 
anhydride at steam-bath temperature. The prod­
uct, obtained in quantitative yield, is the bis- 
adduct (IV), which upon dehydrogenation with 
sulfur yields l,2-cycloöctanonaphthalene-3,4-di- 
carboxylic acid anhydride (V).

(1) On leave of absence from the Weizmann Institute of Science, 
Rehovoth, Palestine.

(2) Kloetzel, “ Organic Reactions,” Vol. IV, John Wiley and Sons, 
New York, N. Y., in press.

(3) Cohen and Warren, J. Chem. Soc., 1315 (1937).
(4) Bachmann and Kloetzel, T h is  J o u r n a l , 60, 2204 (1938).
(5) F. Bergmann and Szmuszkovicz, ibid., 69, 1367 (1947),
(6) Hudson and Robinson, J . Chem. Soc., 715 (1941).
(7) Wagner-Jauregg, Ann., 491, 1 (1931).
(8) C. Weizmann, E. Bergmann and Berlin, This J o u r n a l , 60, 

1331 (1938).
(9) Jeanes and Adams, ibid., 59, 2608 (1937); U. S. Patent 2,231,- 

787 [C. A., 35, 3268 (1941)].
(10) Schönberg and Warren, J. Chem. Soc., 1838 (1939); compare 

Geissman and Tess, T h is  J o u r n a l , 62, 514 (1940).

2C4H20 3 ---------- >

o
c — o

CO
—c4h 2o 3 ------------2*

—4H ' w \

\ ___ /

IV V

l-Phenyl-3,4-dihydronaphthalene (Via) and 1- 
phenyl-6-methoxy-3,4-dihydronaphthalene (VIb) 
react with maleic anhydride; the bis-adducts 
V ila and VHb are formed. The yields vary with 
the reaction temperature employed, from moder­
ate at 95° to quantitative at 160°.
R>

2C4H20 3 
---------- >

VI a, R = H
b, R = OCH3

VII a, R = H
b. R = OCHa

VIII a, R = H
b, R -  OCH3
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Upon treatment with sulfur V ila and VHb are 
aromatized to the anhydrides V illa  and VHIb in 
100 and 68.5% yields, respectively.

Decarboxylation of V illa  with barium hy­
droxide and copper bronze affords 3,4-benzphen- 
anthrene in 70% yield (compare ref. 5). Decar­
boxylation of VHIb gives the hitherto unknown
7-methoxy-3,4-benzphenanthrene (63.7% yield).

These reactions thus constitute an efficient syn­
thesis of 3,4-benzphenanthrene in three steps and 
provide a route to various substituted benzphen- 
anthrenes. Comparable additions to systems con­
taining the thiophene ring will be reported shortly.

Acknowledgment.—The authors wish to ex­
press their thanks to Prof. L. F. Fieser for his 
generous support of this investigation and to Mrs. 
Mary Fieser for her advice and assistance in pre­
paring the manuscript.

Experimental11
Phenanthrene-9,10-dicarboxylic Acid Anhydride, II.—1-

Phenylcyclohexene-112 (1 g.) was heated with maleic 
anhydride (2 g.) at 220° for three hours. The brown vis­
cous mass was cooled, dissolved in warm acetic acid, and 
precipitated with water. The light brown substance, 
obtained in quantitative yield, softens at 105° and melts 
completely at 160°. This crude material (1.7 g.) was 
heated with 850 mg. of sulfur for twenty minutes at 230- 
250°. The anhydride II was sublimed at 240-270° 
(0.005 mm.), 390 mg., 25%. On crystallization from 
acetic anhydride it forms yellow rods melting at 316-317°.

Anal. Calcd. for Ci6H80 3: C, 77.42; H, 3.25.
Found: C, 77.00; H, 3.25.

l,2-Cycloöctanonaphthalene-3,4-dicarboxylic Acid An­
hydride, V.—1-Phenylcycloöctene-l13 (1 g.) was heated 
with maleic anhydride (2 g.) on the steam-bath for twenty - 
four hours. The brown oil was decanted from the well- 
formed prisms, which were washed with acetic acid and 
methanol; m .p . 249-250°.

Anal. Calcd. for C22H2206: C, 69.09; H, 5.80.
Found: C, 68.74; H, 5.43.

The oil was dissolved in acetic acid and precipitated with 
water. This crude material could be purified by crystal­
lization from dilute dioxane. The over-all yield was 
quantitative.

Dehydrogenation of the adduct (284 mg.) was carried 
out with sulfur (70 mg.) at 220-240° for fifteen minutes. 
The crude product sublimed at 220-240° (0.001 mm.); 
the yellow sublimate (150 mg., 53.5%), after crystalliza­
tion from acetic acid, was obtained as yellow plates, m .p . 
175-176°.

Anal. Calcd. for Ci8Hi60 3: C, 77.12; H, 5.75.
Found: C, 77.08; H, 5.63.

3,4-Benzphenanthrene.—A mixture of 1-phenyl-3,4- 
dihydronaphthalene14 (1 g.) and maleic anhydride (2.5 g.) 
was heated on the steam-bath for twenty hours. The 
brown oil was dissolved in acetic acid; scratching induced 
crystallization. The white precipitate was filtered and 
washed with methanol (300 mg., 14.8%), m. p. 315-316°. 
Crystallized from acetic acid, it forms clusters of leaflets, 
m. p. 315-316° (dec.). The analysis conforms to that of 
the tetracarboxylic acid monoanhydride of V ila.

(11) All melting points are corrected.
(12) Auwers and Trepmann, Ber., 48, 1216 (1915).
(13) Fieser and Szmuszkovicz, T h is  J o u r n a l , submitted for pub­

lication.
(14) Weiss and Woidich, Monatsh., 46, 453 (1925).

Anal. Calcd. for C24H2o07: C, 68.56; H, 4.80.
Found: C, 68.43; H, 5.05.

If the mixture of starting materials was heated for 
twenty hours at 150-160°, 1.5 g. of the bis-adduct was 
obtained, m .p . 315-316 °. An additional 500 mg. of white 
material melting at 160-170 ° (probably the tetracarboxylic 
acid) resulted from addition of water to the filtrate. The 
yield was quantitative.

Dehydrogenation of the adduct (200 mg.) was conducted 
with large excess of sulfur (75 mg.) at 270-290° for nine 
minutes. The excess sulfur is necessary in this case to 
lower the initial temperature and to prevent carbonization; 
The product (V illa ) sublimed at 230-245° (0.001 m m.), 
m .p . 249-251°. It crystallized from acetic anhydride in 
the form of elongated yellow needles melting at 257-258°.5 
The yield was quantitative.

Anal. Calcd. for C2oH100 3: C, 80.53; H, 3.38.
Found: C, 80.53; H, 3.38.

The same aromatic anhydride resulted from the dehy­
drogenation of the tetracarboxylic acid mentioned above.

The aromatic anhydride (V illa ) (0.7 g.) was finely 
ground with 4 g. of crystalline barium hydroxide and 1.4 g. 
of copper bronze and the mixture was heated in a tube. 
The reaction started at 300°; water-pump suction was 
applied and heating was continued to 350 °. The oily dis­
tillate solidified on treatment with methanol (375 mg., 
70%). This material, crystallized from ethanol, m. p. 
68°, was identical with 3,4-benzphenanthrene (mixed m. p. 
determination).

7 -M ethoxy-3,4 -b enzphenanthr ene.—The addition of 
maleic anhydride to 1-phenyl-6-methoxy-3,4-dihydro- 
naphthalene15 was carried out as in the preceding case. 
The bis-adduct (VHb) was obtained in 49% yield at 95° 
and in quantitative yield at 150-160°. It crystallized 
from the reaction mixture in the form of white prisms, m. 
p. 348-349° (dec.).

Anal. Calcd. for C25H20O7: C, 69.44; H, 4.66.
Found: C, 69.39; H, 4.81.

A mixture of VHb (1.75 g.) and sulfur (0.49 g.) was 
heated to 307°. A violent reaction ensued and heating 
was continued at 270-280° for twenty minutes. Sublima­
tion at 230-300° (0.001 mm.) yielded 0.91 g. (68.5%) of 
yellow material VIHb, m .p . 220-225°, which crystallized 
from acetic anhydride as yellow needles, m .p . 233-234°.

Anal. Calcd. for C2iH120 4: C, 76.82; H , 3.69.
Found: C, 76.90; FI, 3.50.

Decarboxylation, carried out as before, led to a yellow 
oil (63.7% yield), which solidified on treatment with 
methanol and which crystallized from the same solvent in 
the form of colorless plates, m. p. 90-91°. The analysis 
conforms to that of 7-methoxy-3,4-benzphenanthrene.

Anal. Calcd. for C19H140 : C, 88.34; H, 5.46.
Found: C, 88.28; H, 5.59.

The picrate formed in ethanol and crystallized from the 
same solvent as elongated red needles, m .p . 120-121°.

Anal. Calcd. for C25Hi70 8N3: C, 61.60; H, 3.52.
Found: C, 61.39; H, 3.27.

Summary
1. Four compounds of the phenylcycloalkene 

series have been successfully condensed with ma­
leic anhydride.

2. An efficient synthesis of 3,4-benzphenan­
threne has been developed.

3. Preparation of 7-methoxy-3,4-benzphenan- 
threne is described.
Cambridge, M assachusetts R eceived  M arch  9, 1948

(15) F . B ergm ann  an d  S zm u szk ov icz , T h is  J o u r n a l , 69 , 1773
(1947).
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[Contribution  from the  School of Chemistry and P hysics of T he P ennsylvania  State College and  the 
D epartment of Chemistry of U niversity  of D elaw are]

Anomalous Oxidation of Some Secondary Alcohols Containing an a~Neo Carbon1
By W illiam A. M osher and F rank C. W hitmore

The oxidation of secondary alcohols with such 
reagents as chromic anhydride in acetic acid solu­
tion generally gives good yields of the correspond­
ing ketones. In connection with the preparation 
of methyl /-amyl ketone for use in the synthesis of
2,3,4-trimethylhexane2 an unexpected product 
was isolated. The oxidation of methyl-/-amylcar- 
binol with chromic anhydride in acetic acid, con­
taining about 20% water, gave 7% /-amyl alco­
hol in addition to the desired ketone. The same 
reaction with methyl-/-butylcarbinol gave 6% /- 
butyl alcohol, and isopropyl-/-amylcarbinol gave 
7% /-amyl alcohol.

Although this preliminary work is not suffi­
ciently comprehensive to permit any generaliza­
tion as to this type of reaction, the indications are 
that complete substitution on the carbon a lp h a  
to the hydroxyl-bearing carbon leads to unusual 
behavior on oxidation with chromic anhydride, 
srobably other alcohols with a lower degree of 
Pubstitution behave in a similar manner, but 
greater susceptibility of the alcohols which might 
be formed to oxidative attack prevents their isola­
tion. I t  is believed that the complete elucidation 
of the formation of the tertiary alcohols in this 
unexpected oxidation may well be the key to all 
oxidative carbon-to-carbon single bond ruptures 
in oxygenated organic compounds in polar sol­
vents. Related studies are now under way.

From the standpoint of mechanism, the first 
question is whether the tertiary alcohols are 
formed from the carbinol or from the ketone 
formed in the oxidation. The oxidation of pina­
colone with dichromate and acid has been studied 
by Friedel and Silva3 and by Butlerow4 who found 
that trimethylacetic acid was formed. We have 
repeated this oxidation using chromic anhydride 
as employed in the above alcohol oxidations. 
While the oxidation of the alcohols is rapid at 30° 
no oxidation of the pinacolone is apparent until 
temperatures close to 100° are reached. Only 
trimethylacetic acid could be isolated although 
any /-butyl alcohol which might have been formed 
would probably have been further oxidized. The 
great difference in ease of oxidation of ketones and 
carbinols, which is well known, points to a differ­
ent mechanism and favors the belief that the fis­
sion to the tertiary alcohols occurs in the carbinol 
rather than in the ketone.

The following tentative mechanism for the
(1) Presented in part before the Organic Division, American 

Chemical Society, New York, N. Y., September, 1944.
(2) Whitmore, Organic Division, American Chemical Society, 

Cleveland, April, 1944.
(3) Friedel and Silva, C o m p t .  r e n d . ,  76, 230 (1873); Ber .,  6, 146, 

826 (1873); B u l l .  S oc .  C h im . ,  [2] 19, 193 (1873).
(4) Butlerow, A n n . ,  170,, 1.68 (1873).

cleavage exemplified with pinacolone, is sug­
gested. The oxidizing agent abstracts a hydrogen 
with an electron pair (a hydride ion) from the hy­
droxyl group. Certainly the hydrogen of the hy­
droxyl is the most polar hydrogen in the molecule 
so that the energetics would favor approach of 
the oxidizing agent. The great difficulty with 
which ethers are oxidized by reagents, other than 
oxygen, is also in harmony.

H
c1 :Oi TT C : O:1
■c :C : C

— H :
-------- >  C— C :C :

1c H c ii
I I I

The intermediate ion II, which would be ex­
pected to show many carbonium ion type reac­
tions, can be stabilized intramolecularly in two 
ways. First, a proton may be expelled followed 
by rearrangement of an electron pair to create a 
carbonyl group. This process is apparently the 
chief one because of the high yields of ketone ob­
tained. The second possibility depends on the 
fact that the electronically deficient oxygen atom 
exerts a powerful attraction for the electron pair 
joining the /-butyl group to the oxygenated carbon 
atom, while the /-butyl has a low attraction for 
these same electrons.5 The configuration here, 
R3C-C-O+, is analogous to that found by Whit­
more and Stahly to be critical for the acid cata­
lyzed depolymerization of branched olefins,6 
R3C-C-C+. If this electron pair is appropriated 
by the oxygen, rupture of the molecule occurs to 
form a tertiary carbonium ion and a molecule of 
aldehyde. Both stabilization processes are sum­
marized in Fig. 1. We have made the assump­
tion that the normal product of the reaction, the 
ketone, and the abnormal product, the tertiary 
alcohol, have come from a common intermediate. 
There is no direct evidence for this, and later work 
may possibly show that two independent mecha­
nisms are involved.

The carbonium ion formed in the cleavage may 
react with water: (CH3)3C+ +  HOH <=± (CH3)3-
COH +  H +. Reaction with acetic acid to give 
/-butyl acetate might also take place, but such es­
ters are hydrolyzed very readily in acidic solu­
tions.7 At higher temperatures olefin would be ex­
pected through the expulsion of a proton from the 
tertiary carbonium ion and this has been found to 
be the case.8 The experimental conditions used in

(5) Whitmore and Bernstein, T his J ournal, 60, 2626 (1938).
(6) Whitmore and Stahly, ibid., 55, 4153 (1933); 68,281 (1946).
(7) Cohen and Schneider, ibid., 63, 3382 (1941).
(8) N. C. Cook, The Pennsylvania State College, private com­

munication.
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this work would oxidize any alde­
hyde which might be formed. 
Aldehydes have been isolated 
under modified conditions, how­
ever, and the description of that 
work will be published later.

This work has been supported 
in part by a Frederick Gardner 
Cottrell grant from the Research 
Corporation, which is gratefully 
acknowledged.
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Experimental
Materials.—M ethyl-t -amy lcarbin ol 

was prepared from /-amylmagnesium 
chloride and acetaldehyde, methyl-Z- 
butylcarbinol from t-butylmagnesium 
chloride and acetaldehyde and iso­
propyl-/-amylcarbinol from isopropyl­
magnesium bromide and dimethylethylacetyl chloride, 
employing the usual procedures. All products were 
fractionated through columns of 12-15 theoretical plates. 
One sample of methyl-/-butylcarbinol was prepared by the 
catalytic reduction of pinacolone prepared from acetone. 
Further details will be published with the original in­
vestigation.2

Oxidation of Alcohols.—All oxidations were carried out 
in the following manner, exemplified with methyl-/- 
amylcarbinol. In a 3-necked 3-liter flask 336 g. of methyl- 
/-amylcarbinol (2.9 moles, n20D 1.4300) was dissolved in 
150 ml. of glacial acetic acid. The flask was equipped 
with a stirrer, dropping funnel, and thermometer. Two 
moles (200 g.) of chromic anhydride was dissolved in 100 
ml. of water and 250 ml. of glacial acetic added when 
solution in the water was complete. The chromic anhy­
dride solution was added dropwise to the carbinol over a 
period of eight hours with the temperature below 30° at 
all times. The product was diluted with 2 liters of water 
and the ketone layer separated and washed with bicar­
bonate solution and then water. The water layer from 
the reaction was steam-distilled after the addition of 20 
ml. of ethyl alcohol to react with any unused oxidant. 
The oil layer from the steam distillate was combined with 
the main portion after washing as before. The crude 
ketone was dried over potassium carbonate which also 
served to remove any acids present. The dry product 
was fractionated through a column equivalent to 15 theo­
retical plates.

Identification of Products.—From each oxidation early 
distillation cuts were obtained with physical properties 
corresponding to /-amyl or /-butyl alcohol. It was the 
characteristic odor of these cuts which prompted further 
study. These suspected cuts were treated with concen­
trated hydrochloric acid and the chlorides obtained, after 
checking density and index of refraction, were converted 
to the Grignard reagents, and these reacted with phenyl 
isocyanate to give, respectively, /-amylacetanilide, m. p. 
and mixed m. p. 105-106°, and /-butylacetanilide, m. p. 
and mixed m. p. 132°. The tertiary alcohol cuts from 
methyl-/-butyl-, methyl-/-amyl-, and isopropyl-/-amyl- 
carbinols were, respectively, 6, 7 and 7%. The yields of 
ketone obtained were 70-75%. Three separate oxidations

C

Fig. 1.

were made with methyl-/-amylcarbinol and two with 
methyl-/-butylcarbinol; the results were identical. The 
yield of /-butyl alcohol from methyl-/-butylcarbinol pre­
pared from pinacolone was the same as the yield from the 
product made through the Grignard reaction.

Oxidation of Pinacolone.—Pinacolone was prepared 
according to “Organic Syntheses.”9 Oxidation was car­
ried out as in the case of methyl-/-amylcarbinol above. 
Oxidation did not take place at 5 0  or 8 0  °, but did proceed 
at 1 0 0  °. After five hours the reaction mixture was diluted 
and steam distilled. Basic reagents were avoided. Frac­
tionation gave 7 5 %  trimethylacetic acid (b. p. 1 6 4 °  
( 7 6 0  mm.), anilide m. p. and mixed m. p. 1 2 9 ° )  and 1 8 %  
unreacted ketone. No tertiary butyl alcohol was detected.

Summary
1. Oxidation of methyl-/-amylcarbinol and 

isopropyl-/-amylcarbinol with chromic anhydride 
in acetic acid gives in both cases 7% /-amyl alco­
hol. Similarly methyl-/-butylcarbinol gives 6% 
/-butyl alcohol.

2. These tertiary alcohols are formed from the 
carbinols as the oxidation of pinacolone does not 
take place under similar conditions and under 
more drastic conditions yields trimethylacetic 
acid.

3. A mechanism involving the removal of a 
hydride ion from the hydroxyl group to give an 
intermediate ion with an electronically deficient 
oxygen is proposed. The tertiary alcohols are ob­
tained by rearrangement of an electron pair with­
out the attached group, while ketones, the princi­
pal products, are obtained by expulsion of proton 
from the intermediate.
N e w a r k , D e l a w a r e  R e c e i v e d  J a n u a r y  5 ,  1 9 4 8

(9) “Organic Syntheses,” Coll. Vol. I, John Wiley and Sons, Inc., 
New York, N. Y., pp. 459, 462.
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[C o n t r i b u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  H o f f m a n n - L a  R o c h e , I n c .]

The Synthesis and Biological Activity of 4-Methyl-5-(€-sulfoamyl)-2-imidazolidone,
* a Sulfonic Acid Analog of Desthiobiotin

By R obert Duschinsky and Saul H. R ubin

Replacement of carbonyl by sulfonyl groups in 
metabolites sometimes results in substances of 
antagonistic biological behavior.1 In this respect 
the study of a sulfonic acid analog (I, R = SO3H)

HN NH
I IHsC—CH--- CH(CH2)aR

I

of desthiobiotin (I, R = C 02H) appeared of in­
terest. The substance was therefore synthesized 
and tested microbiologically.2

The general methods involved in the synthesis 
have been described previously.3 4-Methyl-2- 
imidazolone and 5-bromovaleryl chloride were sub­
mitted to a Friedel-Crafts condensation. The 
bromoketone obtained (II, R = Br) was converted

HN NH
I I

H3C—C = C —CO(CH2)4R 
II

into the sodium sulfonate (II, R = S03Na) which 
was reduced catalytically to give the sodium salt 
of 4-methyl-5-(5-sulfoamyl)-2-imidazolidone (I, 
R = S03Na). As in the completely analogous 
step in the synthesis of desthiobiotin,3 two moles 
of hydrogen corresponding to the reduction of the 
keto group were absorbed rapidly, while the third 
mole corresponding to the hydrogenation of the 
double bond was taken up much more slowly. In 
view of the similarities of method and behavior, it 
is assumed that, as in the desthiobiotin synthesis, 
c/s-addition at the double bond takes place.

The growth-promoting or growth-inhibiting 
properties of the compound for Saccharomyces 
cerevisiae 139 and Lactobacillus casei were tested 
by methods which have been previously reported.4

The sulfo compound did not support growth in 
biotin-free media. For S . cerevisiae it proved to 
be an antibiotin at a molar inhibition ratio of 
about 300,000. When d,Z-0-heterobiotin was sub­
stituted for biotin in the medium, the ratio was 
found to be 17,000. This result presents addi­
tional evidence for the reported greater resistance 
of biotin toward inhibitors as compared to its

oxygen analog.5 When d }/-desthiobiotin was sub­
stituted for biotin, the growth of S. cerevisiae was 
inhibited at a molar ratio of 40,000. With L . 
casei no inhibition of growth was noticed at a mo­
lar ratio of more than 5,000,000 in media supple­
mented with d-biotin or d ,/-O-heterobiotin.

Experimental6
4-Methyl-5 - (5-bromovaleryl) -2 -imidazolone (II, R =

Br).—5-Bromovaleric acid was prepared in good yield by 
the procedure of Hunsdiecker and Hunsdiecker7 by the re­
action of methyl silver adipate with bromine and saponifi­
cation of the resulting ester with a mixture of acetic and hy­
drobromic acids. The product was converted into the 
acid chloride8 by means of thionyl chloride. The 8- 
bromovaleryl chloride (26.7 g.) was added to a suspension 
of 13.1 g. of 4-methyl-2-imidazolone3 in 130 cc. of nitro­
benzene. Aluminum chloride(44 g.) was added gradually 
with continuous stirring and occasional cooling. After 
heating the mixture for four and one-half hours in a bath 
at 60°, the evolved hydrochloric gas being driven off with 
a slow stream of nitrogen, it was poured on 200 g. of ice. 
Stirring and addition of 200 cc. of ether produced crystals, 
which were washed well with water and ether. The yield 
was 16.2 g. (43%), m. p. 199-201° (dec.). Recrystal­
lization from 95% ethanol gave rectangular plates melting 
at 206-207° (dec.).

Anal. Calcd. for C9H130 2N2Br: C, 41.39; H, 5.02; 
Br, 30.61. Found: C, 41.92; H, 5.20; Br, 30.33.

Sodium Salt of 4 -M ethyl-5 - (<5-sulf ovaleryl) -2 -imidazol­
one (II, R == S 03N a).—A mixture of 2.61 g. of the bromo­
ketone, 1.38 g. (1.1 moles) of sodium sulfite and 8.5 cc. 
of water was refluxed for two hours. The solution was 
evaporated to dryness and the residue boiled with 22 cc. 
of water and 140 cc. of ethanol; some insoluble material 
was separated by filtration. Upon cooling, crystals de­
posited which were washed bromine-free with ethanol. 
The yield was 2.1 g. (74%) of prismatic needles which, 
after recrystallization from aqueous 80% ethanol, melted 
in an evacuated capillary tube at 332-334° (dec.).

Anal. Calcd. for C9H130 5N2SNa: C, 38.02; H, 4.61; 
Na, 8.09. Found: C, 38.17; H, 4.45; Na, 8.29.

Sodium Salt of 4-Methyl-5-(e-sulfoamyl)-2-imidazoli- 
done (I, R = S 03Na).—The foregoing imidazolone (1.68 
g.) was hydrogenated at room temperature and atmos­
pheric pressure with 1 g. of prehydrogenated Adams 
platinum catalyst in 15 cc. of acetic acid. Two moles of 
hydrogen were taken up in one hour, a third mole over­
night, whereby the material, initially in suspension, 
passed into solution. After separation of the catalyst, 
the solution was evaporated to a sirup, which was rendered 
free of acetic acid by evaporation with methanol. The 
final residue was dissolved in 25 cc. of hot methanol. 
Addition of 25 cc. of dry ether and cooling produced 1.09 
g. of crystals (68%). The substance was recrystallized 
for analysis by dissolving in methanol and adding ether. 
It did not show a distinct melting point.

Anal. Calcd. for C9H170 4N2SNa: C, 39.64; H, 6.29;
(1) Roblin, C h em . R e v ., 38, 377 (1946).
(2) We had accomplished the present work when Hofmann, Bridg­

water and Axelrod, T his Journal, 69, 1550 (1947), reported the syn­
thesis of a sulfonic acid analog of oxybiotin.

(3) Duschinsky and Dolan, i b i d . ,  67, 2079 (1945).
(4) Rubin, Drekter and M oyer, P r o c . S o c . E x p .  B io l. M e d . ,  58, 

352 (1945); Rubin, Flower, Rosen and Drekter, A rc h . B io c h e m ., 8, 
79 (1945).

(5) Axelrod, D e W oody and Hofmann, J .  B io l . C h em ., 163, 771 
(1946); Hofm ann, Chen, Bridgwater and Axelrod, T his Journal, 
69, 191 (1947).

(6) M elting points were determined with an uncalibrated set of 
Anschütz thermometers.

(7) Hunsdiecker and Hunsdiecker, B e r ., 75, 296 (1942).
(8) Merchant, W ickert and M arvel, This J o u r n a l , 49, 1830 

(1927).
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S, 11.78; Na, 8.45. Found: C, 39.06, 39.30; H, 6.06, 
5.74; S, 11.38; Na, 8.22. .

Acknowledgment.—The authors are indebted to Dr. 
Al Steyermark for the microanalyses and to Mr. Jacob 
Scheiner for the microbiological assays.

. Summary
A sulfonic acid analog of desthiobiotin was syn­

thesized. The compound showed inhibitory ac­
tivity toward S. cerevisiae, which was more pro­
nounced against d,/-O-heterobiotin and d>/-des­
thiobiotin than d-biotin. The compound had no 
effect on L. casei.
Nutley, New Jersey Received March 1, 1948

[Contribution from the Department of Biochemistry, Cornell University Medical College]

The Reaction of Some Radioactive Mustard-type Vesicants with Purified Proteins1
B y  J o h n  L. W o o d . 2 J u l ia n  R . R a c h e l e , C a r l  M . S t e v e n s , 3 F r e d e r ic k  H. C a r p e n t e r  a n d

V in c e n t  d u  V ig n e a u d

In a collaborative attack on the problem of the 
mechanism of action of mustard-type vesicants, 
we had undertaken to study the reaction of vesi­
cants with proteins. A study of the reactions of a 
large number of amino acids with vesicants has 
already been described.4 The second phase of our 
work was the study of the interaction of vesicants 
with certain well characterized, highly purified 
proteins. Preliminary experiments indicated that 
treatment of certain proteins with relatively 
large amounts of vesicant resulted in a chemical 
reaction. The reaction products differed from the 
original proteins in physical properties and had a 
higher sulfur content. These observations sup­
plemented earlier evidence5 of chemical reactions 
between vesicants and proteins and indicated the 
desirability of a detailed study.

Kistiakowsky, Moritz, Henriques and co-work­
ers6 had already demonstrated that an extremely 
small amount of mustard gas (H) is bound in the 
tissue at the site of a burn produced by a mini­
mum amount of H. At the same time, all indica­
tions were that the vesicants were capable of react­
ing with a large number of different types of 
groups presumably present in proteins. Reac tions 
at the site of the burn must involve only a small 
percentage of these groups and possibly only cer­
tain types. I t  was, therefore, of particular interest 
to study the reaction of H-type vesicants with 
proteins in vitro a t correspondingly low ratios of 
vesicant to protein in an effort to determine the 
most reactive groups under these conditions. It 
was decided to utilize the radioactive tracer tech­
nique in approaching this question.

(1) The work described in this paper was carried out under Con­
tract OEMsr-144 between the Office of Scientific Research and De­
velopment and Cornell University Medical College, and is described 
in Progress Reports to the National Defense Research Committee, 
January, 1942, to November, 1943.

(2) Present address: School of Biological Sciences, The Univer­
sity of Tennessee, Memphis, Tenn.

(3) Present address: Department of Chemistry, State College of 
Washington, Pullman, Wash.

(4) du Vigneaud, Stevens, McDuffie, Wood and McKennis, T his 
Journal, 70, 1620 (1948).

(5) (a) Berenblum and Wormall, Biochem. J., 33, 75 (1939); 
(b) unpublished British Reports: Berenblum (1940), Pirie (1941), 
Peters (1941).

(6) Progress Reports to NDRC Section B4C (1942).

Benzyl /Tchloroethyl sulfide (benzyl-H*) and 
72-butyl /3-chloroethyl sulfide (butyl-H*), contain­
ing S35 of 87-day half-life,7 were synthesized from 
benzyl mercaptan* and butyl mercaptan*, re­
spectively. The general scheme for the synthesis 
of the vesicants is shown

S* HOH NaOH
RMgX — ^  RS*M gX------>  R S*H ---------------------

H+ ClCH2CH2OH
HCl

RS*CH2CH2O H -------^  RS*CH2CH2C1

A number of syntheses of these compounds con­
taining isotopic sulfur have already been de­
scribed.8 The procedure employed by us in this 
investigation contains technical features which fa­
cilitated the handling of the small amounts of ma­
terials involved, and is, therefore, presented in 
some of its details.

The estimations of radioactivity were carried 
out essentially by the method of Henriques and co­
workers.9 The radioactivity of the sulfur in the 
vesicants used to treat the proteins was sufficient 
to allow the detection of as little as 5 X 10~6 mg. 
of benzyl-H* or butyl-H* residues per milligram 
of protein sulfur in the protein derivative or its 
hydrolysis products.

The proteins utilized were crystalline insulin, 
crystalline pepsin and crystalline tobacco mosaic 
virus.

Insulin.—Insulin was selected for study par­
ticularly because of its unique physiological 
activity, and because a large amount of chemical 
data on the molecule is available. Furthermore, 
it has no known organic constituents other than 
amino acids.

Insulin was treated with benzyl-H* or butyl-H* 
in amounts ranging from 0.25 to 4.0 mg. of vesi­
cant per 100 mg. of protein. This resulted in insu­
lin-vesicant* preparations containing from 0.3 to

(7) An asterisk (*) is used to indicate the presence of radiosulfur in 
a compound.

(8) Tarver and Schmidt, J. Biol. Chem., 146, 69 (1942); Selig­
man, Rutenburg and Banks, J. Clin. Investigation, 22, 275 (1943); 
Kilmer and du Vigneaud, J. Biol. Chem., 154, 247 (1944).

(9) Henriques, Kistiakowsky, Margnetti and Schneider, Ind. 
Eng. Chem., Anal. Ed., 18, 349 (1946).
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5.3 vesicant residues10 per molecule of insulin, as 
shown by the data of Table I (Preparations 1-9). 
I t  may be pointed out that the amount of vesicant 
which combined with the protein depended upon 
the amount of vesicant applied. In fact, despite 
the sixteenfold variation in the amount of vesicant 
applied, the per cent, of the applied vesicant which 
combined with the insulin was approximately 
constant (ca. 50%).

Using a method which is essentially that em­
ployed by Scott11 for the crystallization of insulin, 
it was possible to obtain from an insulin-benzyl-H* 
preparation crystals of the alkylated protein. 
After recrystallization, this product contained an 
average of 1.1 vesicant residues per molecule of 
protein. I t is of interest that the product, when 
tested in rabbits, displayed considerable hypogly­
cemic activity.

Pepsin.—Crystalline pepsin was dissolved in 
0.05 M  borate buffer (pH 7.4) at a concentration 
of 20 mg./cc. and treated with benzyl-H*. From 
the data of Table I (Preparation 10), it can be 
seen that, pepsin combined with approximately 
35% of the vesicant.

Tobacco Mosaic Virus Protein.—The early 
reports of Berenblum55 on the susceptibility of nu- 
cleoproteins to precipitation by mustard gas indi­
cated the desirability of studying the nature of 
the reaction of vesicants with nucleoproteins.12 
As a protein for study, we selected tobacco mosaic 
virus (TMV). This material contains 6% of nu­
cleic acid. The protein has a unique amino acid 
composition, being devoid of histidine as well as 
methionine, and possessing a small content of cys­
teine, which, however, is not detectable chemically 
except after denaturation.13 Furthermore, the 
intact protein has a unique and readily measurable 
biological activity which might be of help in char­
acterizing the changes brought about by vesicant 
treatment.

Treatment of TMV with various amounts of 
benzyl-H* or butyl-H* (Table I, Preparations
11—14) resulted in the attachment of 25-40% of 
the applied vesicant to the TMV. Because of 
the enormous molecular weight of the virus, even 
the lowest level of vesicant applied (0.25 m g./100 
mg. of TMV) resulted in the substitution of ap­
proximately 260 vesicant residues per virus mole­
cule.

Through the kindness of Dr. W. M. Stanley and 
Dr. L. O. Kunkel, we were able to obtain tests of 
the biological activity of Preparations 11 and 13.

The determination of the virus activity was
(10) These values represent a statistical average of the number of 

vesicant residues per molecule in the particular preparation, and are 
not intended to indicate that every molecule contains this number of 
residues.

(11) Scott, Biochem. J., 28, 1592 (1934).
(12) For other studies of reactions of vesicants with nucleopro­

teins, see Banks, Boursnell, Francis, Hopwood and Wormall, Bio­
chem. J., 40, 745 (1946); Young and Campbell, Can. J. Research, 
25B, 37 (1947).

(13) Stanley and Laufïer, Science, 89, 345 (1939); Ross, J. Biol. 
Chem., 136, 119 (1940).

carried out on 34 half-leaves of N. glutinosa, and 
the samples were inoculated at a concentration 
of 10~5 g./cc. As a control, buffered solutions of a 
sample of virus and a sample of benzyl-H* were 
stirred separately and then combined and dia­
lyzed. This control sample was found to be as 
active as the original virus and was used as the 
standard. Preparation 11 possessed 93% of the 
activity of the control sample, while Preparation 
13 showed 52% of the activity of the control.

From these results, it may be concluded that 
Preparation 11 was not appreciably inactivated, 
while Preparation 13 had only about half of the 
activity of the control. These samples contained, 
respectively, 1500 and 3200 vesicant residues per 
virus molecule. Apparently, then, treatment 
leading to the addition of approximately 1500 
vesicant residues to reactive groups of the protein 
caused no appreciable inactivation, while treat­
ment resulting in the substitution of an additional 
1700 groups caused 50% inactivation.

Preparation 11 was also tested for the produc­
tion of mutants. Each of 225 plants was inocu­
lated with material from a different lesion pro­
duced in N. glutinosa by the control sample of 
virus, and each of 225 more plants with material 
from a different lesion produced by benzyl-H *- 
treated virus. Of the plants inoculated with the 
control virus, 196 became diseased, and 4 of these 
were atypical, resulting apparently from mutants. 
Of the plants inoculated with the vesicant-treated 
virus, 174 became diseased, and 5 of these ap­
peared atypical. Thus, the vesicant treatment 
which resulted in the substitution of approxi­
mately 1500 vesicant residues caused neither in­
activation nor mutation of the virus to an extent 
detectable by the tests employed.

Experimental
Benzyl /3-Chloro ethyl Sulfide (Benzyl-H*) Containing 

Radiosulfur.—Barium sulfate*14 was reduced to barium 
sulfide* by a procedure similar to those which have al­
ready been described.15 Dried barium sulfate* (116 mg.) 
was spread in a thin layer on a platinum boat and placed 
in a Vycor tube. The air was expelled by a stream of 
hydrogen and the Vycor tube was heated at 900-1000° 
for two hours and then allowed to cool, a slow stream of 
hydrogen being maintained throughout the reduction. 
The issuing gases were bubbled through an absorption 
train consisting of 6 cc. of 0.5 N  sodium hydroxide in a 
small test-tube and 1 cc. in a second tube.

The boat containing the barium sulfide* was placed 
along with 5 mg, of zinc dust in a 125-cc. T  24/40 Erlen­
meyer flask equipped with a separatory - funnel and a 
delivery tube. The delivery tube was attached to the 
sodium hydroxide absorption train used with the reduction 
of the barium sulfate* and the apparatus was swept with 
oxygen-free nitrogen. Twenty cubic centimeters of 6 N  
phosphoric acid, which had been boiled with about 5 mg. 
of zinc dust to expel air and cooled somewhat, was placed 
in the separatory funnel. This acid was dropped onto the 
barium sulfide* at such a rate as to produce a slow evolu­
tion of hydrogen sulfide*, which was absorbed in the

(14) Samples of barium sulfate containing radiosulfur were kindly 
supplied by Dr. M. Kamen and Dr. F. C. Henriques, Jr.

(15) Cooley, Yost and McMillan, T h is  J o u r n a l , 61, 2970 (1939); 
Boursnell, Francis and Wormall, Biochem. J., 40, 743 (1946); Hen­
riques and Margnetti, Ind. Eng. Chem., Anal. Ed., 18: 476 (1946).



July, 1948 R a d io a c t iv e  M u s t a r d -t y p e  V e s i c a n t s  w i t h  P u r i f i e d  P r o t e i n s 2549

sodium hydroxide scrubbers. When all the acid had been 
added, the reaction mixture was warmed slowly to its 
boiling point, allowed to cool in a stream of nitrogen and 
swept with nitrogen for one hour.

Fifteen cubic centimeters of 0.1 N  iodine in potassium 
iodide and 1 cc. of concentrated hydrochloric acid were 
placed in a 50-cc. centrifuge cone. The 6 cc. of sodium 
sulfide* solution from the first scrubber was introduced at 
the bottom of the solution by means of a long slender 
pipet. The 1 cc. of solution from the second scrubber 
was used to wash the first and the washings were added to 
the iodine solution. The scrubbers were washed further 
with small portions of water until a nitroprusside or lead 
acetate test for the sulfhydryl group on the washings was 
negative. The portion of the transfer pipet coated with 
sulfur* was then broken off and placed in the iodine solu­
tion. After fifteen minutes the excess iodine was de­
stroyed with a iew drops of a freshly prepared solution of 
stannous chloride in 5 N  hydrochloric acid. When the 
resulting suspension was allowed to stand overnight, 
the free sulfur* coagulated and was then collected by cen­
trifugation. The precipitate was washed with water by 
centrifugation and decantation.

Ten cubic centimeters of purified m-xylene was added 
and the sulfur* was dissolved by boiling the mixture cau­
tiously. The xylene solution was transferred to a 15-cc. 
centrifuge cone, washed first with a few cc. of the acid 
stannous chloride solution to remove traces of iodine 
and then with water. The traces of water in the xylene 
solution were removed by azeotropic distillation. The 
xylene solution was transferred to a 50-cc. centrifuge cone 
with xylene, evaporated to a volume of 5 cc. and cooled 
to room temperature under nitrogen. Five cubic centi­
meters of a 0.4 N  solution of benzylmagnesium bromide in 
benzene was added. The tube was stoppered and allowed 
to stand overnight at room temperature.

The resulting suspension of benzylmercaptomagnesium 
bromide* was centrifuged and the excess Grignard solution 
was decanted. The solid was washed 3 times with 5-cc. 
portions of petroleum ether (b. p. 35°) by centrifugation 
and decantation. It was then suspended in petroleum 
ether (5 cc.) and cooled in an ice-bath under nitrogen. 
(A nitrogen atmosphere was maintained as long as benzyl 
mercaptan* was present.) One cubic centimeter of 5 N  
hydrochloric acid was added and the mixture was shaken 
until free of solids. The acid layer was separated by 
means of a pipet. The petroleum ether layer containing 
the benzyl mercaptan* was washed with two 1-cc. portions 
of water and the washings were added to the acid layer. 
The combined aqueous layers were extracted with 1-cc. 
portions of peroxide-free ether until the nitroprusside test 
for the sulfhydryl group was negative. The combined 
ether extracts were added to the petroleum ether layer. 
Then 1 cc. of an ether solution containing 36 mg. of ethyl­
ene chlorohydrin and 1 cc. of 1 N  sodium hydroxide were 
added. The two layers were thoroughly mixed by bub­
bling the alkali through the organic layer with the aid of 
a pipet. The mixture was heated gently in a hot water- 
bath until the organic solvents had evaporated. If the 
aqueous solution was not alkaline or not free of mercaptan, 
additional alkali or additional ethylene chlorohydrin or 
both were added and warming was continued until all the 
mercaptan had reacted .

The benzyl /3-hydroxyethyl sulfide* was extracted with 
one 5-cc., one 3-cc. and three 1-cc. portions of ether. In 
a 15-cc. centrifuge tube, the combined ether extracts 
were washed with 1 cc. of water. The ether solution was 
transferred to a Carius tube which was heated on a water- 
bath to remove the ether. The last traces of ether were 
removed by attachment to a water pump. Two cubic 
centimeters of petroleum ether and 3 cc. of concentrated 
hydrochloric acid were added to the residue. The tube 
was cooled, sealed and shaken at 65-70° for twenty-four 
hours; 2 cc. of petroleum ether was added and the petro­
leum ether layer was separated. The acid layer was 
extracted with three 2-cc. portions of petroleum ether. 
The combined petroleum ether solutions were concen­
trated at —40° and 10“ 3 mm. Toward the end of the

concentration, crystals generally appeared. The last 
traces of petroleum ether were removed at 0° (10~3 
mm.). If the product on melting was not perfectly color­
less, it was distilled at 10“3 mm. and 40 ° onto a cold finger 
which was cooled to ca. —70° with a Dry Ice-cellosolve 
mixture. The apparatus was so arranged that after com­
pletion of the distillation the colorless product dropped 
into a cup. The product adhering to the cold finger was 
rinsed into a cup with 2 cc. of petroleum ether and this 
solution was transferred to a small weighing tube. The 
tube was connected to a distilling apparatus and cooled 
to —70°. The benzyl ft--chloroethy 1 sulfide* crystallized 
and the petroleum ether was removed in vacuo at gradually 
rising temperatures up to 10°. The yield was 70-72 mg. 
(75-77%).

Anal. Calcd. for C9HUC1S: Cl, 19.0. Found: Cl,
18.9.

Butyl /3-Chloroethyl Sulfide (Butyl-H*) Containing
Radiosulfur.—Barium sulfate* (116 mg.) was converted 
to sulfur* and the sulfur* was dissolved in xylene in the 
manner described previously. To the dried, cooled solu­
tion in a 50-cc. centrifuge cone was added 40 cc. of a 0.6 N  
solution of n -butylmagnesium bromide in benzene. 
After three to four hours the tube was filled with petroleum 
ether (b. p. 50-60°) and the mixture was centrifuged. 
The supernatant liquid was decanted into a 100-cc. centri­
fuge tube. The residue of butylmercaptomagnesium 
bromide* was stirred with 25 cc. of petroleum ether and 
centrifuged. This supernatant liquid was added to the 
solution in the 100-cc. centrifuge tube and the volume was 
increased to 100 cc. with petroleum ether, whereupon an 
additional amount of precipitate was obtained. This was 
collected and added to the main residue. The combined 
precipitates were washed with 25 cc. of petroleum ether 
by centrifugation.

The butylmercaptomagnesium bromide* was suspended 
in a few cc. of petroleum ether, cooled in an ice-bath under 
nitrogen and treated with 2 cc. of 5 N  hydrochloric acid. 
The mixture was transferred to a 30-cc. glass-stoppered 
flask with a little petroleum ether. The flask was shaken 
violently until the magnesium salts had dissolved. The 
hydrochloric acid was separated and the petroleum ether 
layer was washed with 2 cc. of water. The combined 
aqueous solutions were extracted with small portions of 
petroleum ether until a test for the sulfhydryl group was 
negative. To the combined petroleum ether layers in the 
30-cc. flask were added 1 cc. of water containing 40 mg. of 
ethylene chlorohydrin and 1 cc. of 1 N  sodium hydroxide.

The flask was shaken at room temperature for three to 
four hours until all the mercaptan had reacted. The 
aqueous layer was separated and the organic layer was 
washed with 2 cc. of water. The combined aqueous layers 
were extracted repeatedly with 1-cc. portions of petroleum 
ether. The combined petroleum ether layers were cen­
trifuged and then were passed through an 8 X 50 mm. 
column of Permutit (Permutit according to Prof. Otto 
Folin, Eimer and Amend No. 901194). The product 
was then eluted with 25 cc. of dry benzene. The benzene 
solution was concentrated at room temperature under 
reduced pressure (water pump). The residue was dis­
tilled at 0° and 10“ 3 mm. onto a cold finger at —70°. 
The butyl ft-hydroxyethyl sulfide* was transferred to a 
Carius tube with 2 cc. of petroleum ether, and 3 cc. of 
concentrated hydrochloric acid was added. The tube 
was sealed and shaken for twenty-four hours at 65°. 
The butyl ft--chloroethyl sulfide* was then isolated in the 
manner described for the benzyl analog except that in this 
case the temperature was not raised above —40° (10“ 3 
mm.) for removal of the last traces of petroleum ether. 
The product was usually analytically pure without dis­
tillation. The yield of butyl ft-chloroethyl sulfide* was 
33-46 mg. (44-62%).

Anal. Calcd. for C6HWC1S: Cl, 23.2. Found: Cl,
23.1.

Treatment of Insulin with Vesicants*.—Crystalline zinc 
insulin (500 mg.) was dissolved in 10 cc. of water by the 
slow addition of 4.5 cc. of 0.1 N  hydrochloric acid. Five
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cubic centimeters of 0.25 M  borate buffer (pH 7.4) was 
added, followed by the dropwise addition with stirring of
5.5 cc. of 0.1 N  sodium hydroxide. The final solution had 
a pH of 7.4.

Procedure A.—Samples (0.25-4.0 mg.) of benzyl-H* 
or butyl-H* were added to 5-cc. aliquots of the protein 
solution and the mixtures were stirred gently for twelve 
to twenty-four hours. The stirring was carried out in 
such a way as to disperse the vesicaiiL iii fine droplets 
throughout the protein solutions with minimal disturb­
ance of the surface of the solutions. The reaction mixtures 
were then extracted with peroxide-free ether or were 
dialyzed against running water. Either treatment was 
found to remove practically all of the radiosulfur-contain­
ing material not precipitated by trichloroacetic acid. This 
procedure was used for Preparations 1-7 (Table I).

T able  I
V esicant  *-treated  Proteins

Mg. 
ves. 

applied 
100 mg.

% Ap­
plied 
vesi­

cant at­
tached 
to pro- M Vesicant

Prepn. Protein Vesicant* protein tein M Protein®

1 Insulin Benzyl-H* 0.25 55 0.3
2 Insulin Benzyl-H* 2.0 55 2.4
3 Insulin Benzyl-H* 4.0 50 4.3
4 Insulin Benzyl-H* 4.0 50 4.3
5 Insulin Benzyl-H* 2.0 55 2.4
6 Insulin Butyl-H* 4.0 50 5.3
7 Insulin Butyl-H* 0.25 55 0.4
8 Insulin Butyl-H* 2 .1 40 2.2
9 Insulin Butyl-H* 1.6 50 2 .1

10 Pepsin Benzyl-H* 2.0 35 1.3
11 TMV Benzyl-H* 2.0 35 1500
12 TMV Butyl-H* 0.256 40 260
13 TMV Benzyl-H* 6.0 25 3200
14 TMV Benzyl-H* 2.0 40 1700
a These ratios are calculated on the basis of the following

molecular weights: insulin, 40,000 ; pepsin, 35,000; tobacco 
mosaic virus, 40,000,000. b In this experiment, the con­
centration of the protein solution was 40 mg./cc.; in all 
other experiments it was approximately 20 mg./cc.

Procedure B.—In this procedure, dilute, ethanolic 
solutions of the vesicant* (1.6-2.1 mg.) were added por­
tion wise with stirring over a period of several hours to
5-cc. aliquots of the protein solution. The solutions 
wTere then dialyzed. Preparations 8 and 9 (Table I) 
were obtained in this manner.

Crystallization of Benzyl-H *-treated Insulin .—Prepara­
tion 5, after dialysis against running water for twenty- 
four hours, was transferred to a 25-cc. volumetric flask; 
1 cc. of 0.1 N  hydrochloric acid was added and the volume 
was adjusted to 25 cc. by addition of water. A 6-cc. 
aliquot of this solution (containing 24 mg. of vesicant *- 
treated insulin) was added to a solution consisting of 10.5 
cc. of 0.67 M  phosphate buffer (pH 7.15), 5 cc. of water 
and 0.84 cc. of 1 N  hydrochloric acid. One cubic centi­
meter of zinc acetate solution (2.5 mg. of zinc), 2.1 cc.

of acetone and 0.6 cc. of 1 N  ammonium hydroxide were 
added. The pH of the solution was then adjusted to 6.2 
with 0.1 IV hydrochloric acid, and it was allowed to stand 
at 5° for twelve hours and at room temperature for 
twenty-four hours. The yield of crystalline material 
was 12 mg.; from a control experiment with untreated 
insulin, 16 mg. of crystals was obtained. The recoveries 
were thus 50 and 66%, respectively, of the total protein. 
The radioactivity of the vesicant*-treated protein in­
dicated that it contained 1.5 benzyl-H* residues per mole­
cule of insulin.

For recrystallization, 9 mg. of the crystals was dissolved 
in 1 cc. of 0.05 N  hydrochloric acid. A small residue was 
removed by centrifugation. To the solution was added 
a slightly warmed mixture of 7.5 cc. of water, 7.5 cc. of 
phosphate buffer (pH 7.15) and 1.5 cc. of acetone. The 
mixture was centrifuged and the supernatant liquid was 
decanted. The pH  of the supernatant was lowered from
7.1 to 6.1 by addition of 1 N  hydrochloric acid and the 
solution was allowed to stand overnight at room tempera­
ture. A small amount of crystalline precipitate formed. 
This was collected, washed with water and then with 
absolute alcohol, and dried. The yield was approximately 
2 mg. The radioactivity of this recrystallized sample 
indicated the presence of 1.1 benzyl-H* residues per mole­
cule of insulin. The specific activity was thus 73% of 
that of the once-recrystallized material.

Treatment of Tobacco Mosaic Virus (TMV) with Vesi­
cants*.—Preparations 11, 13 and 14 (Table I) were ob­
tained by treatment of solutions of TMV (20 mg./cc.) in 
0.05 M  borate buffer (pH 7.5) with benzyl-H* (0.4-1.2 
mg./cc. of protein solution) under conditions similar to 
Procedure A for insulin.

For Preparation 12, 1 g. of TMV was dissolved in 25 cc. 
of 0.25 M  borate buffer (pH 7.5). To this solution, 1 
cc. of an ethanolic solution of butyl-H* (2.5 mg.) was 
added in ten portions over a period of six hours with 
continuous stirring. The solution was then dialyzed 
against running water for twenty-four hours.
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Summary
A method is described for the synthesis of the 

mustard-type vesicants, benzyl /3-chloroethyl sul­
fide (benzyl-H) and 72-butyl /3-chloroethyl sulfide 
(butyl-H), containing radiosulfur. Studies were 
made of the reaction of these radioactive vesi­
cants with three highly purified proteins: insulin, 
pepsin and tobacco mosaic virus.
N ew  Y ork, N. Y . R eceived  F ebruary 9, 1948
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Chemical Studies on Vesicant-treated Proteins1

By Frederick H. Carpenter, John L. Wood,2 Carl M. Stevens3 and Vincent du Vigneaud

In a preceding paper4 we have described the 
treatment of certain crystalline proteins (insulin, 
pepsin and tobacco mosaic virus (TMV)) with 
benzyl /3-chloroethyl sulfide (benzyl-H*) and 72- 
butyl /3-chloroethyl sulfide (butyl-H*) containing 
radiosulfur.5 The present report describes stud­
ies made on these vesicant*-treated proteins with 
the object of determining the nature of the at­
tachment of some of the substituting groups.

The work of other investigators6 on the nature 
of the linkages formed by the action in vivo of 
mustard gas on tissues had shown that a large 
percentage of the vesicant residues could be split 
from these tissues by alkali or heat. There was 
also evidence from the work of another Labora­
tory7 that a large proportion of the vesicant resi­
dues bound to certain proteins by vesicant treat­
ment in vitro could be removed by the action of al­
kali.

It was of interest to study in more detail the 
alkali lability of the linkages formed by the treat­
ment of proteins with vesicant. For this purpose 
we used the vesicant*-treated protein prepara­
tions described previously,4 which contained rela­
tively minute amounts of vesicant* residues and 
were in this respect comparable to the tissue prep­
arations.

A study was made of the effect of pH and tem­
perature upon the rate of liberation of vesicant 
residues from two preparations of butyl-H*- 
treated insulin. These preparations contained 2.2 
and 2.1 vesicant* residues8 per mole of protein. 
The results are summarized in Table I and Fig. 1. 
Treatment with relatively strong alkali (Table I) 
liberated in a few minutes about 65% of the radio­
sulfur-containing residues in a form soluble in tri­
chloroacetic acid; continued treatment up to fifty-

(1) The work described in this paper was carried out under Con" 
tract OEMsr-144 between the Office of Scientific Research and De­
velopment and Cornell University Medical College and is described 
in Progress Reports to the National Defense Research Committee, 
December, 1942, to January, 1944.

(2) Present address: School of Biological Sciences, The Univer­
sity of Tennessee, Memphis, Tenn.

(3) Present address: Department of Chemistry, State College of 
Washington, Pullman, Wash.

(4) Wood, Rachele, Stevens, Carpenter and du Vigneaud, T h is  
J o u r n a l , 70, 2547 (1948).

(5) An asterisk (*) is used to indicate the presence of radiosulfur 
(S35 of 87-day half-life) in a compound.

(6) Ball, et a l. ,  Informal Progress Report to NDRC Section B4C, 
August 19, 1942; Moritz, Henriques, et al., Informal Progress Report 
to Division 9:5:1, NDRC, November 10, 1943.

(7) Northrop, et a l . , Informal Progress Reports to NDRC Sec­
tion B4C, June, 1942, to September, 1942; for the published results 
of this work, see Herriott, Anson and Northrop, J. Gen. Physiol., 30, 
185 (1946).

(8) These values represent a statistical average of the number of 
vesicant residues per molecule in the particular preparation, and are 
not intended to indicate that every molecule contains this number of 
residues.

two hours liberated very little more radiosulfur- 
containing material. Treatment with alkali under 
milder conditions (Fig. 1) demonstrated that the 
rate of liberation of radiosulfur-containing resi­
dues from butyl-H *-treated insulin was a function 
of both the pH  and the temperature. At pH  9.5 
(30°) and 11 (0°, 30°), the radioactive material 
was liberated initially at a rapid rate which de­
creased to a fairly constant value.

T able  I

E ffect of A lkali on B u tyl-H*--TREATED INSULIN
---------- Radiosulfur liberated, %---------

Time, hr. 1.2 N NaOH at 0° 0.1 N NaOH at 27(

0.25 65 57
0.75 64 67
3.00 67 71
5.00 68 71

52.00 75 75

The nature of the radiosulfur-containing resi­
dues split from vesicant*-treated insulin by alkali 
was also investigated. When the trichloroacetic 
acid solutions of the alkali-labile vesicant* residues 
from the above experiments were extracted with 
petroleum ether, the major portion of the radio- 
sulfur-containing material was found to be in the 
organic solvent. These experiments were not 
carried further, but in similar experiments on ben­
zyl-H *-treated insulin it was shown that, after 
treatment of the protein preparation with alkali, 
the portion of the radioactive material which could 
be extracted into ether consisted almost entirely 
of benzyl /3-hy droxy ethyl sulfide*. Identification 
of the compound* was accomplished through ap­
plication of the “washing-out” technique. A 
known amount of non-radioactive benzyl /3-hy- 
droxyethyl sulfide was added to the ether extract 
as a carrier and the solution was treated with a- 
naphthyl isocyanate. The resulting urethan de­
rivative was purified by successive recrystalliza- 
Fons to constant radioactivity. From the amount 
of radioactivity in this purified derivative, the 
amount of benzyl /3-hydroxyethyl sulfide* present 
in the ether extract could be calculated.

A considerable proportion (30—50%) of the 
radiosulfur-containing residues could be split in 
an ether-extractable form from vesicant *-treated 
insulin by heating at 150° in neutral solution. 
Here again evidence was obtained that the residues 
consisted almost entirely of the hydroxy com­
pounds (RS*CH2CH2OH, R = C4H9— or C6H,- 
CH2—).

With benz3d-H*-treated pepsin (Preparation 
104), 95% of the radiosulfur-containing material 
could be extracted into ether after autoclaving the 
pepsin preparation at 150° for five hours, while
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Fig. 1.—The liberation of radiosulfur-containing material, in a form not precipitated by trichloroacetic acid, from 
butyl-H ̂ -treated insulin at various temperatures and pH  levels.

70% of the vesicant* residues was liberated by 
treatment at pH 11 for three days.

We were interested in investigating vesicant *- 
treated TMV to determine what proportion, if 
any, of the vesicant residues was attached to the 
nucleic acid moiety. The nucleic acid which was 
separated from butyl-H *-treated TMV (Prepara­
tion 124) was found to contain 5% of the radioac­
tivity of the original TMV preparation. When it 
is recalled that TMV contains only 6% nucleic 
acid, it can be seen that the nucleic acid has “com­
peted” quite effectively with the protein for the 
vesicant. In addition, it was noted that in the 
case of the nucleic acid moiety a smaller propor­
tion of the vesicant* residues was attached through 
alkali-labile linkages than in the case of the pro­
tein moiety. Alkali treatment of the nucleic acid 
moiety liberated about 33% of the vesicant* resi­
dues, while similar treatment of the protein moiety 
resulted in the liberation of 86% of the vesicant* 
residues.

Experimental
Cleavage of Vesicant* Residues from Butyl-H *- 

treated Insulin Preparations by Treatment with Alkali.—
In the general procedure employed, 1 volume of the ap­
propriate buffer was mixed with 1 or in some cases 2 
volumes of a dialyzed solution of a butyl-H *-treated in­
sulin preparation.4 The final concentration of insulin 
varied from 4 to 12 mg, per cc. The buffer and insulin 
solutions were brought to the same temperature before 
being mixed, and this temperature was maintained 
throughout the reaction. At noted time intervals after 
mixing, 1 cc. of the reaction mixture was withdrawn and 
delivered into 1 cc. of a 10% solution of trichloroacetic 
acid in 0.06 N  hydrochloric acid. This served to stop

the reaction and to precipitate the protein. (Control 
experiments had shown that treatment with trichloro­
acetic acid precipitated all the radiosulfur-containing ma­
terial from the original vesicant*-treated insulin prepara­
tions.) The major portion of the protein precipitate was 
removed by centrifugation and the remainder by passing 
the supernatant liquid through a gravity micro filter. 
Analyses for radiosulfur9 were carried out on the filtrate.

The rate of liberation of radiosulfur-containing ma­
terial from Preparation 84 by treatment with alkali was 
determined under the following conditions: 1.2 N  sodium 
hydroxide at 0° (Table I); 0.1 N  sodium hydroxide at 
27° (Table I ) ; and 0.1 M  borate buffer (pH 9.5) at 30° 
(Fig. 1). Similar studies were made on Preparation 94 
in 0.1 M  phosphate buffer (pH 12) at 0° and 30°, and in 
0.1 M  borate buffer (pH 11) at 0° and 30° (Fig. 1). The 
final pH of the reaction mixture was slightly lower than 
that of the buffer in some cases. The greatest decrease 
noted was that of 0.4 pH unit in the case of the pH 11 
buffer.

Identification of Vesicant* Residues Liberated from 
Vesicant*-treated Insulin.—A solution of benzyl-H *- 
treated insulin (Preparation 44; 18 mg.) in 1.8 cc. of 0.1 
N  sodium hydroxide was allowed to stand for seventy- 
two hours and was then extracted with ether. The ether 
layer contained 57 % of the total radioactivity of the 
original benzyl-H*-treated insulin. To the ether ex­
tract were added 370 mg. of non-radioactive benzyl (3- 
hydroxyethyl sulfide and 0.2 cc. of «-naphthyl isocyanate. 
The solution was evaporated to dryness and the residue 
was heated on a water-bath for five minutes. The result­
ing urethan derivative (/3-(benzylmercap to) -ethyl 1-naph- 
thalenecarbamate*) was recrystallized from hexane to 
constant radioactivity and melting point (86°).10

Anal. Calcd. for C20H19NO2S: S, 9.50. Found:
S, 9.96.

(9) The radioactivity estimations were carried out essentially by 
the method described by Henriques, Kistiakowsky, Margnetti and 
Schneider [Ind. Eng. Chem., Anal. Ed., 18, 349 (1946)].

(10) All melting points are corrected capillary melting points.



July, 1948 C h e m ic a l  S t u d i e s  o n  V e s i c a n t -t r e a t e d  P r o t e i n s 2553

Radioactivity determinations on the purified derivative 
indicated that at least 90% of the ether-extractable radio­
active material split from benzyl-H*-treated insulin by 
alkali was benzyl ft -hydroxyethyl sulfide*.

Preparation 44 of benzyl-H *-treated insulin was treated 
with alkali under milder conditions (borate buffer; pH 
9) for twenty-four hours. After extraction with ether, 
17% of the initial radioactivity was found in the ether 
layer, and 95% of the radioactivity in the ether layer was 
shown to be due to the presence of benzyl ft-hydroxyethyl 
sulfide*.

An aqueous solution of butyl-H*-treated insulin (Prep­
aration 64; 10 mg.) was heated at pH 6.5 in a sealed tube 
at 150° for five hours. The resulting solution was ex­
tracted with ether. The ether extract contained 30% 
of the radioactivity of the original protein solution. Non- 
radioactive w-butyl ft-hydroxyethyl sulfide (92 mg.) 
and «-naphthyl isocyanate (0.1 cc.) were added to the 
ether solution. The mixture was evaporated to a sirup, 
heated on a steam-bath for a few minutes and extracted 
with hot hexane. When the hexane solution was cooled, 
the jS-(w-butylmercapto) -ethyl 1-naphthalenecarbamate* 
crystallized. It was recrystallized to constant radio­
activity. The product had a melting point of 74.5- 
75.5°; there was no depression in melting point upon 
admixture with a sample of the urethan prepared from au­
thentic w-butyl ft-hydroxyethyl sulfide.

Anal. Calcd. for Ci7H2iN 0 2S: S, 10.57. Found: S, 
11.05.

The results of the radioactivity determinations indicated 
that 85% of the ether-extractable radioactive material 
split from butyl-H*-treated insulin by heat was w-butyl 
ft -hydroxyethyl sulfide*.

Heating of benzyl-H*-treated insulin (Preparation 44) 
under the same conditions resulted in the liberation of 
53% of the radiosulfur-containing material in an ether- 
extractable form. In this case, 70% of the radioactivity 
in the ether extract could be accounted for as benzyl ft- 
hydroxyethyl sulfide*.

Separation of Protein and Nucleic Acid Moieties from 
Vesicant*-treated Tobacco Mosaic Virus.—The procedure 
of Cohen and Stanley11 was used to cleave the virus into 
nucleic acid and protein. An aliquot of a solution of 
benzyl-H*-treated TMV (Preparation l l 4), which con­
tained 1.25 mg. of virus per cc., was adjusted to pH 5.5 
and made 0.1 M  with respect to sodium chloride by the 
addition of salt. The solution was boiled for two minutes 
and cooled overnight. The precipitate of protein was 
collected, washed and analyzed for radiosulfur. It con­
tained 84% of the radioactivity of the original benzyl-H *- 
treated TMV preparation. Control experiments indicated 
that protein separated in this manner contained less than 
0.25% nucleic acid.

A cleavage experiment was also carried out using butyl- 
H*-treated TMV (Preparation 124). The protein moiety 
was separated as a precipitate by the heat treatment de­
scribed above. The supernatant liquid was made acid 
to congo red paper and the nucleic acid was precipitated 
by the addition of an equal volume of ethanol. The pro­
tein precipitate contained approximately 75% of the radio­
activity originally present in the butyl-H *-treated TMV 
preparation, while the nucleic acid contained approxi­
mately 5% of the radioactivity of the original TMV prep­

(11) Cohen and Stanley, J. Biol. Chem,., 144, 589 (1942).

aration. The nucleic acid was dissolved as the am­
monium salt, the solution was acidified, and the nucleic 
acid was reprecipitated with ethanol. The specific radio­
activity of the nucleic acid was unchanged by this process.

The reprecipitated nucleic acid was treated with 5% 
sodium hydroxide for two hours at 0°, the solution was 
acidified and the nucleic acid was again precipitated with 
ethanol. The alkali-treated nucleic acid had a specific 
radioactivity equivalent to two-thirds that of the original 
nucleic acid, thus indicating that 33% of the vesicant* 
residues was attached to the nucleic acid moiety through 
alkali-labile linkages. The protein moiety was treated 
with 5% sodium hydroxide for two hours at 0° and then 
precipitated with trichloroacetic acid. Analyses for 
radiosulfur on the precipitate and the supernatant liquid 
indicated that 86% of the vesicant* residues attached to 
the protein moiety had been liberated by the action of 
alkali.

Acknowledgment.—-The authors wish to thank 
Dr. Julian R. Rachele who supervised the 
radioactivity measurements and Mr. Roscoe C. 
Funk, Jr., who carried out the microanalytical 
procedures. They would also like to take this 
opportunity to express their appreciation to Dr. 
Mary Elizabeth Wright for invaluable aid in 
the preparation of this manuscript.

Summary
A study was made of the cleavage by alkali of 

the linkages between protein and vesicant residues 
in. preparations obtained by the treatment of in­
sulin, pepsin and tobacco mosaic virus with benzyl 
/3-chloroethyl sulfide (benzyl-H) or 72-butyl 0- 
chloroethyl sulfide (butyl-H) containing radiosul­
fur. The extent of liberation of vesicant residues 
varied with the different proteins; in all cases, a 
certain fraction of the vesicant residues was not 
cleaved by the alkali under the conditions studied.

A more detailed investigation of the action of 
alkali on vesicant-treated insulin showed that the 
rate of liberation of vesicant residues was depend­
ent upon the temperature and p H  of treatment. 
Heating of vesicant-treated insulin at 150° in 
neutral solution also resulted in the liberation of 
vesicant residues.

By application of the “washing-out” technique 
to the radiosulfur-containing material cleaved 
from butyl-H- or benzyl-H-treated insulin, the 
cleavage product was demonstrated to consist 
mainly of the corresponding alkyl /3-hydroxyethyl 
sulfide.

Studies on vesicant-treated tobacco mosaic 
virus indicated that vesicant residues were a t­
tached to both the nucleic acid and protein moie­
ties of the virus.
New York, N. Y. R e c e iv e d  F e b r u a r y  9, 1948
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Studies on Acid Hydrolysates of Vesicant-treated Insulin1
By Carl M. Stevens,2 John L. Wood,8 Julian R. Rachele and Vincent du Vigneaud

The treatment of insulin with benzyl /3-chloro- 
elhyi sulfide (benzyl-H*) and 72-butyl /3-chloro­
ethyl sulfide (butyl-H*) containing radiosulfur4 
has already been described.6 Studies on these 
vesicant*-treated insulin preparations, containing 
an amount of vesicant* residues comparable to 
that found in tissues at the site of a burn, have 
shown that approximately 30% of the vesicant* 
residues was bound to the protein through linkages 
that were relatively stable to alkali.6

The experiments discussed in the present com­
munication were designed to determine whether 
the vesicant* had reacted with the free amino 
groups in the insulin molecule. If such a reaction 
had occurred, the resultant linkages would be 
expected to be not only relatively stable to alkali 
but also stable to acid. The presence of such link­
ages in the protein might then be detected by the 
isolation of N-substituted vesicant* derivatives of 
amino acids from the acid hydrolysates of vesi­
cant *-treated insulin.

A preparation of butyl-H *-treated insulin which 
contained approximately 5 vesicant* residues7 per 
molecule of insulin was hydrolyzed with acid under 
various conditions. The ‘‘washing-out'' technique 
was used to test for the presence of vesicant* de­
rivatives of amino acids in the hydrolysates. The 
non-radioactive vesicant derivative of a given 
amino acid8 was added to the hydrolysate to serve 
as a “carrier.” The reference compound was then 
isolated from the mixture and examined for radio­
sulfur. The absence of radiosulfur in the isolated 
material indicated that the compound in question 
was not present in detectable amounts in the orig­
inal hydrolysate. The presence of radiosulfur 
in the isolated material was not in itself regarded 
as sufficient evidence for the existence of the radio­
active form of the reference compound in the hy­
drolysate. However, if the specific radioactivity 
of the isolated derivative reached a value which

(1) The work described in this paper was carried out under Con­
tract OEMsr-144 between the Office of Scientific Research and De­
velopment and Cornell University Medical College, and is described 
in Progress Reports to the National Defense Research Committee, 
August, 1943, to January, 1944.

(2) Present address: Department of Chemistry, State College of 
Washington, Pullman, Wash.

(3) Present address: School of Biological Sciences, The Uni­
versity of Tennessee, Memphis, Tenn.

(4) An asterisk (*) indicates the presence of radiosulfur (S35 of 87- 
day half-life) in a compound.

(5) Wood, Rachele, Stevens, Carpenter and du Vigneaud, T his 
Journal, 70, 2547 (1948).

(6) Carpenter, Wood, Stevens and du Vigneaud, ibid., 70, 2551 
(1948).

(7) This value represents a statistical average of the number of 
vesicant residues per molecule in the particular preparation, and is 
not intended to indicate that every molecule contains this number of 
residues.

(8) du Vigneaud, Stevens, McDuffie, Wood and McKennis, ibid., 
70, 1620 (1948).

remained constant through successive recrystalli­
zations and through chemical conversion of the 
compound to a suitable derivative, it was con­
cluded that the hydrolysate contained the vesi­
cant* derivative of the amino acid in question.

Since Jensen and Evans9 had obtained evidence 
that the amino group of some of the phenylalanine 
moieties in insulin was chemically reactive,10 we 
examined a sulfuric acid hydrolysate of butyl-H *- 
treated insulin for the presence of N-(0-butylmer- 
capto)-ethyl-phenylalanine* (I). The non-radio­
active form of I was dissolved in the hydrolysate 
and the N-(/3-butylmercapto)-ethylphenylalanine 
was isolated from the mixture and recrystallized. 
I t was found to contain radiosulfur; the content 
of radiosulfur did not change through several ad­
ditional recrystallizations or through conversion 
to the sulfoxide (II).
C6H5CH2— CH— COOH

I
NH ---- >
I

CH2— CH2—S—R  
I (R =  C4H9)
Ia (R =  CH2C6H5)

C6H 5CH2— CH— COOH

CH2—CH2—S—R
J
o

II (R = C4H9)
Ila (R == CH2C6H5)

The amount of radiosulfur in the amino acid de­
rivative was equivalent to 5% of the total radio­
sulfur of the original butyl-H*-treated insulin. 
When the same preparation of butyl-H *-treated 
insulin was hydrolyzed with a mixture of hydro­
chloric and formic acids, the radiosulfur content 
of the isolated and purified compound I was equiv­
alent to 3% of the total radiosulfur of the original 
protein preparation. This observed discrepancy 
in values from the two types of hydrolyses casts 
doubt upon the quantitative aspects of the results. 
Accordingly they are interpreted only in a quali­
tative manner to indicate the presence of N-(/3-bu- 
tylmercapto)-ethyl-phenylalanine* (I) in the acid 
hydrolysate of butyl-H*-treated insulin.

I t  is conceivable that the phenylalanine deriva­
tive I was formed during the hydrolysis procedure 
and was not actually present in the original vesi- 
cant*-treated insulin. If this were the case, one 
would expect to be able to detect in these insulin 
hydrolysates vesicant* derivatives of other amino 
acids known to be present in insulin. Accordingly,

(9) Jensen and Evans, J. Biol. Chem., 108, 1 (1935).
(10) Sanger [Biochem. J., 39, 507 (1945)] has since reported data 

indicating that there are free amino groups of both phenylalanine 
and glycine in the insulin molecule.
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a hydrolysate of benzyl-H *-treated insulin was 
tested for the presence of N- (/3-benzylmercapto) - 
ethyl-leucine* (III) by the “washing-out” tech-

CH3v
>CHCH2CH—COOH

c h /  I
NH
I

c h 2—c h 2—s—c h 2c 6h 5
III

nique. Despite the fact that insulin contains ap­
proximately 30% leucine, none of the leucine de­
rivative III could be detected in the hydrolysate.

The possibility of the formation of new vesi­
cant* molecules and their reaction with released 
amino acids or protein fragments during the hy­
drolysis of the insulin preparation was also inves­
tigated. When mixtures of benzyl-H* and phen­
ylalanine or N-benzoyl-phenylalanine were treated 
with acid under conditions used for protein hy­
drolysis, no detectable amount of N-(/3-benzyl- 
mercapto)-ethyl-phenylalanine* (Ia) was formed. 
Moreover, after a mixture of insulin and butyl-H* 
had been hydrolyzed together, the radioactive 
phenylalanine derivative I could not be detected 
in the hydrolysate.

I t was also conceivable that there might be 
some transfer of the radiosulfur onto the “carrier” 
compound from vesicant* decomposition products 
in the hydrolysate of vesicant*-treated insulin. A
mixture of non-radioactive N-(/3-benzylmercapto)- 
ethyl-DL-phenylalanine (Ia) and benzyl-H* was 
treated with acid under the conditions of protein 
hydrolysis. The phenylalanine derivative Ia was 
isolated from the mixture and was found to con­
tain radiosulfur. However, the radiosulfur was 
lost upon conversion to the sulfoxide (Ila).

Because of the interruption of this work by 
more pressing wartime studies, the investigations 
were not carried further. However, the data ob­
tained strongly indicate that when a vesicant* 
derivative of an amino acid is found in a hydroly­
sate of vesicant*-treated insulin, the derivative 
was originally present in the protein preparation 
before hydrolysis and was not formed by subse­
quent reactions during the hydrolysis procedure. 
On this basis it may be concluded that when insu­
lin was treated with a minute amount of vesicant 
at p H  7.4, a fraction of the vesicant became at­
tached to the amino group of phenylalanine.

Experimental
Detection of N-( /3-Butylmercapto) -ethyl-phenylalanine * 

(I) in Hydrolysates of Butyl-H *-treated Insulin.—One 
hundred milligrams of crystalline insulin was dissolved 
in 5 cc. of pH 7.4 borate buffer and the solution was stirred 
gently for twenty-four hours with approximately 4 mg. 
of butyl-H*.5 The solution was extracted three times 
with ether, and the protein was precipitated by the addi­
tion of 2 volumes of 0.3 N  trichloroacetic acid, ground 
with several portions of dry ether and dried in vacuo. A 
determination of radiosulfur11 on this material showed it

(11) The analyses for radiosulfur were carried out essentially by
the method of Henriques, K istiakowsky, M argnetti and vSchneider
[Ind. Eng. Chem., Anal. Ed., 18, 349 (1946)].

to contain 5.3 vesicant* residues per molecule of insulin 
(on the basis of a molecular weight of 40,000 for insulin).

In one experiment, 9.5 mg. of the butyl-H*-treated 
insulin was hydrolyzed by heating it in a sealed tube with 
1 cc. of concentrated sulfuric acid and 4 cc. of water at 
95-105° for four days. The hydrolysate was diluted to
5.3 cc. To 2 cc. of the hydrolysate was added 54 mg. of 
N-( /3-butylmercapto) -ethyl-DL-phenylalanine8 (I) and 
enough acetic acid to give a clear solution. Addition of 
50 cc. of water caused the derivative to separate from 
the solution. The material was recrystallized and then 
analysed for radiosulfur. On successive recrystalliza­
tions of the material the radiosulfur content remained 
constant and was equivalent to 5% of the total radiosulfur 
originally attached to the insulin. Repetition of the ex­
periment using 3 cc. of the hydrolysate and 96 mg. of the 
phenylalanine derivative I gave a similar result. A 
sample of the isolated radiosulfur-containing derivative 
I was then converted to the sulfoxide II by the procedure 
described below. The radiosulfur content of the sulfoxide 
was equivalent to that of the starting derivative I.

A second sample of the same butyl-H-treated insulin 
preparation (5 mg.) was heated with 1 cc. of a 1:1 mixture 
of hydrochloric and formic acids at 100° for six days. 
The solution was evaporated to dryness to remove the 
acids. The residue was dissolved in 5 cc. of water and 100 
mg. of the phenylalanine derivative I was added. The 
solution was made 30% in acetic acid and was heated to 
boiling. After centrifugation to remove a small amount 
of insoluble material, the supernatant liquid was diluted 
with water. The derivative was recovered and recrystal­
lized from dilute acetic acid. The radiosulfur content of 
the derivative was equivalent to 3% of the original radio­
sulfur in the protein preparation. The value did not 
change after four recrystallizations.

Test for N-(/3-Benzylmercapto)-ethyl-leucine* (III) in 
a Hydrolysate of Benzyl-H*-treated Insulin.—One hun­
dred milligrams of crystalline insulin was treated with 4 
mg. of benzyl-H*5 and then precipitated with trichloro­
acetic acid under conditions similar to those described 
above for the preparation of butyl-H *-treated insulin. 
Analysis for radiosulfur showed that 4.1 vesicant* mole­
cules had combined with 1 molecule of insulin.

A portion of this preparation (20.4 mg.) was allowed.to 
stand in 2 cc. of 0.1 N  sodium hydroxide for thirty-six 
hours. The vesicant* residues that had been cleaved by 
the alkali were extracted into ether. Analyses for radio- 
sulfur on the aqueous layer indicated that 1.4 vesicant* 
residues were attached to 1 molecule of insulin through 
linkages stable to this alkali treatment. Ten cubic centi­
meters of a 1:1 mixture of hydrochloric and formic acids 
was added to the aqueous layer and the resulting solution 
was heated at 100-110° for fifty hours. Aliquots of this 
hydrolysate were used for the experiments below.

To 1 cc. of the hydrolysate were added 79.5 mg. of N- 
( j8-benzylmercapto)-ethyl-DL-leucine8 (III), 1 cc. of 
glacial acetic acid, 1 cc. of hydrochloric acid and 3 cc. of 
water. The resulting solution was heated on the steam- 
bath for one and one-half hours, and then concentrated 
to dryness. The residue was recrystallized twice from 
33% aqueous acetic acid. The resulting product did not 
contain a detectable amount of radiosulfur. From the 
sensitivity of the measurement, it was calculated that the 
hydrolysate contained less than 0.5% of its radiosulfur in 
the form of the leucine derivative III.

On the other hand, when 82 mg. of the N-( /3-benzylmer- 
capto)-ethyl-DL-phenylalanine8 (Ia) was added in place 
of the leucine derivative III and the mixture was treated 
in exactly the same manner as that described above for 
the leucine derivative III, the purified phenylalanine 
derivative la contained an amount of radiosulfur equiva­
lent to approximately 5% of that originally present in the 
hydrolysate.

Preparation of Sulfoxides.— N-( /3-Butylmercapto) -eth­
yl-DL-phenylalanine (I) (100 mg.) was dissolved in 5 
cc. of glacial acetic acid. Then 0.4 cc. of a 3% solution 
of hydrogen peroxide in acetic acid was added and the 
flask was warmed on the water-bath for one hour. The
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solution was then concentrated to dryness. The resulting 
solid crystallized from 10 cc. of hot water in the form of 
needles, m. p. 208-210°.12

Anal. Calcd. for 'CwHmNC^S: C, 60.6; H, 7.80.
Found: C, 61.3; H, 7.97.

The sulfoxide of N-( /?-benzylrnercapto) -ethyl-DL-phen­
ylalanine was prepared in exactly the same way except 
that the recrystallization in this case was from a large 
volume of aqueous acetone. The product melted at 219- 
220°.

Anal. Calcd. for Ci8H2iN 0 3S: C, 65.2; H, 6.39.
Found: C, 64.9; H, 6.45.

Control Experiments. A.—In a series of experiments, 
DL-phenylalanine (68 mg.) was dissolved in 15 cc. of either 
5 N  hydrochloric acid, 30% (by weight) sulfuric acid, or a 
1:1 mixture of 5 N  hydrochloric acid and glacial acetic 
acid. Benzyl-H* (0.2-0.5 mg.) was added and the mix­
tures were heated at 100-110° for twelve to fifty-four 
hours. To each reaction mixture was added non-radio­
active N -( /3-benzylmercapto)-ethyl-DL-phenylalanine (la ). 
The derivative Ia was isolated from the mixture, recrystal­
lized, and analysed for radiosulfur. In no case did the 
isolated compound contain as much as 0.1% of the 
radiosulfur added as benzyl-H*.

B. -—A mixture of N-benzoyl-DL-phenylalanine and 
benzyl-H* was heated in a 1:1 mixture of 5 N  hydro­
chloric acid and glacial acetic acid. The phenylalanine 
derivative Ia was added, isolated from the mixture, and 
then analysed for radiosulfur. It contained less than 
0.1% of the radiosulfur added as benzyl-H*.

C. —A mixture of 50 mg. of crystalline insulin and 1 mg. 
of butyl-H* was heated at 100° in 10 cc. of 5 N  hydro­
chloric acid for forty-four hours. The mixture was diluted 
to 25 cc., and to an aliquot (2.5 cc.) were added 100 mg. 
of the phenylalanine derivative I and 2 cc. of 50% aqueous 
acetic acid. The derivative I was isolated from the mix­
ture, purified, and analysed for radiosulfur. It contained 
no measurable amount of radiosulfur.

D . —The phenylalanine derivative Ia (0.53 g.) and 
benzyl-H* (0.38 g.) were heated under reflux for nineteen 
hours in 5 cc. of 5 N  hydrochloric acid and 10 cc. of glacial 
acetic acid. When the reaction mixture was diluted with

(12) All melting points are corrected micro melting points.

water to a volume of 100 cc. and cooled, the product 
separated. It was recrystallized from 45 cc. of 30% 
aqueous acetic acid to give 0.36 g. of product which con­
tained 7.1 % of the radiosulfur added to the reaction mix­
ture as benzyl-H*.

A portion of this product (105 mg.) was converted to 
the sulfoxide by the procedure described above. After 
the sulfoxide had been recrystallized twice from hot water 
and once from 50% acet one. it had a melting point of 218— 
220°, and did not contain a detectable amount of radio­
sulfur.
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Summary
Insulin which had been treated with a minute 

amount of 72-butyl /3-chloroethyl sulfide (butyl-H) 
containing radiosulfur was subjected to acid hy­
drolysis. By application of the “washing-out” 
technique, evidence was obtained for the presence 
of radiosulfur-containing N-(/3-butylmercapto)- 
ethyl-phenylalanine in the hydrolysate. Various 
control experiments provided no evidence for the 
attachment of vesicant residues to the amino 
group of phenylalanine during the hydrolysis pro­
cedure. Therefore it was concluded that in the 
vesicant-treated insulin, a fraction of the vesicant 
had been attached to the free amino group of some 
of the phenylalanine moieties in the intact protein 
molecule.
N e w  Y o r k , N .  Y .  R e c e iv e d  F e b r u a r y  9, 1948

[C o n t r i b u t io n  f r o m  t h e  D e p a r t m e n t  o f  B io c h e m is t r y , C o r n e l l  U n i v e r s i t y  M e d ic a l  C o l l e g e ]

Studies of the Effect of Mustard-type Vesicants on the Phenol Color Reaction of
Proteins1

B y  C arl  M . S t e v e n s ,2 H erbert  M cK e n n is , Jr .,3 a n d  V in c e n t  d u  V ig n ea u d

In the course of the wartime studies on the re­
action of H (bis- (/3-chloroethyl) sulfide) and H- 
type vesicants (RSCH2CH2C1) with proteins, the 
action of Folin's phenol reagent4 on vesicant- 
treated proteins was investigated. Herriott, 
Anson and Northrop5 found that proteins which

(1) The work described in this paper was carried out under Con­
tract OEMsr-144 between the Office of Scientific Research and De­
velopment and Cornell University Medical College and is described 
in Progress Reports to the National Defense Research Committee, 
December, 1942, to September, 1943.

(2) Present address: Department of Chemistry, State College of 
Washington, Pullman, Wash.

(3) Present address: Department of Physiological Chemistry,
The Johns Hopkins University School of Medicine, Baltimore, Md.

(4) Olcott and Fraenkel-Conrat [Chem. Rev., 41, 151 (1947)] have 
presented a synoptic critique of the Folin phenol method, including 
references to the literature regarding its use in studies on proteins.

(5) Northrop, et al., Informal Progress Reports to NDRC Section

had been treated with vesicant at pH  6 gave less 
color with the phenol reagent at pH  8 than the 
corresponding untreated proteins. These investi­
gators also noted that in most instances the chro­
mogenic power of the vesicant-treated proteins 
toward the phenol reagent returned to normal af­
ter treatment with alkali for various lengths of 
time.

One possible interpretation of this phenomenon 
was that a chemical reaction had occurred be­
tween the vesicant and the tyrosine or trypto­
phan groups in the intact proteins, the subse­
quent action of the alkali being to cleave the link­
ages thus formed and to free the phenolic or in- 
dolyl groups for reaction with the phenol reagent,
B4C (1942); for the published results of this work, see Herriott,
Anson and Northrop, J .  G en . P h y s i o l . ,  30, 185 (1946).
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During the course of our wartime researches on 
the reaction of H-type vesicants with proteins,6 
we had prepared numerous derivatives of amino 
acids by their reaction with the one-handed vesi­
cants, 72-butyl /3-chloroethyl sulfide (butyl-H) and 
benzyl /3-chloroethyl sulfide (benzy 1-H).6b In 
these studies we had found no evidence for a 
reaction of the vesicants with the indolyl group of 
tryptophan or with the phenolic group of tyrosine 
when the pH of the reaction mixture was in the 
range 6-8. However, in strongly basic solution 
the vesicants did react appreciably with the phe­
nolic group of tyrosine to yield phenolic ethers of 
the type
RSCH2CH2CI +  HO—< — >■

RSCH2CH20-

Phenolic ethers are in general very stable.7 
The stability of the 0,N-disubstituted benzyl-H 
derivative of tyrosine to alkali was tested. After 
this tyrosine derivative was boiled for ten min­
utes in 0.5 N  sodium hydroxide, the reaction mix­
ture produced no color upon treatment with the 
phenol reagent. This result indicated that the 
linkage between the vesicant and the phenolic 
group of tyrosine was stable to alkali. In view of 
this stability, it was difficult to attribute the re­
covery of chromogenic power which followed alkali 
treatment of vesicant-treated proteins to cleavage 
of phenol-vesicant linkages.

In exploring other possible explanations for the 
behavior of the vesicant-treated proteins toward 
the phenol reagent, it occurred to us that the 
methods used by Miller8 in studying the loss of 
chromogenic power toward the phenol reagent of 
tobacco mosaic virus upon treatment with various 
acylating agents might be applied to the study 
of the vesicant-treated proteins. Miller found 
that following treatment of the virus derivatives 
with sodium dodecyl sulfate in acid solution there 
was partial recovery of the chromogenic power 
toward the phenol reagent at pH  8 without any 
significant cleavage of acyl groups from the pro­
tein. He concluded that the amount of color pro­
duced by tobacco mosaic virus or its derivatives 
on treatment with the phenol reagent at pH  8 de­
pended to a large extent on the degree of denatura- 
tion of the virus protein.

In the present publication, experiments are 
described which applied this concept to the vesi­
cant-treated proteins. Pepsin and tobacco mo­
saic virus which had been treated with butyl-H 
gave a much smaller amount of color with the 
phenol reagent at pH 8 than did the untreated 
proteins. However, if the vesicant-treated or

(6) (a) du Vigneaud and Stevens, T his J o u r n a l , 69, 1808 (1947);
(b) du Vigneaud, Stevens, McDuffie, Wood and McKennis, ibid., 
10, 1620 (1948); (c) Wood, Rachele, Stevens, Carpenter and du
Vigneaud, ibid., 10, 2547 (1948); (d) Carpenter, Y/ood, Stevens and 
du Vigneaud, ibid., 10, 2551 (1948); (e) Stevens, Wood, Rachele and 
du Vigneaud, ibid., 70, 2554 (1948).

(7) Lüttringhaus and Saaf, Angew. Chem., 51, 915 (1938).
(8) Miller, J, Biol. Chem., 146, 339, 345 (1942).

untreated proteins were first submitted to the 
action of Duponol C (sodium dodecyl sulfate) in 
acid solution and then subjected to the phenol re­
agent at pH 8, the same amount of color was pro­
duced from both the vesicant-treated and un­
treated proteins. Furthermore, it was possible 
to show that no significant amount of vesicant 
residues was liberated from vesicant-treated pro­
teins by the action of Duponol C. These results 
demonstrate that the increase in the amount of 
phenol color from vesicant-treated proteins after 
the action of Duponol C is in all probability not 
due to the cleavage of vesicant residues from the 
tyrosine or tryptophan groups of the proteins. 
Thus it appears that the decreased chromogenic 
power of vesicant-treated proteins toward the 
phenol reagent at pH  8 is not due to the reaction 
of the vesicant with tyrosine or tryptophan 
groups in the protein molecule.9

This conclusion is in harmony with the results 
of the studies of Herriott, Anson and Northrop5 
on the nature of the alkali-labile linkages between 
vesicants and proteins. They were able to show 
that the number of free carboxyl groups lost from 
the protein upon treatment with H equalled, in 
several cases, the number of alkali-labile H resi­
dues bound to the vesicant-treated protein. Thus, 
not enough alkali-labile H residues were attached 
to the vesicant-treated protein to have combined 
both with the free carboxyl groups and the tyro­
sine phenolic groups of the protein.

Rydon,10 in considering the decreased determin­
able phenolic groups of a vesicant-treated protein 
and the reversibility of this effect by alkali, sug­
gested the possibility of the formation of sulfo­
nium compounds11 of the type I and their subse­
quent cleavage with release of tyrosine phenolic 
groups.

R—S—CH2CH20 —< /~  % —R"
I

c h 2
I

c h 2
Is
IL R

We have prepared such a compound (I, R = CH3, 
R ' = C4H9, R" = H) by the reaction of butyl-H 
with methyl /3-phenoxyethyl sulfide and isolated 
it as the diliturate. This compound gave almost 
no color with the phenol reagent at pH 8 either 
before or after treatment with Duponol C.

(9) In a report from this Laboratory (Informal Progress Report to 
NDRC Section B4C, December 21, 1942) to the cooperating groups 
it was suggested that ". . . a decrease in phenol color value of a pro­
tein resulting from treatment with [H] or related vesicants may not 
involve any reaction directly with the tyrosine or tryptophan groups, 
but may be due rather to an effect of substitution on the stability of 
the molecule to denaturation. ”

(10) Rydon, unpublished British Report, Febmar3r 19, 1943.
(11) For studies involving other sulfonium compounds of the S~ 

mustards, see: Stahmann, Fruton and Bergmann, J. Org. Chem., Ii, 
704 (1946); Stein and Moore, ibid., 11, 681 (1946).

X -
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T able  I

Phenol C olor V alu es®

Sample

Method A 
(Duponol 
+ acid)

Method B 
(no treat­

ment)
Method C 
(Duponol)

Method D 
(acid)

Method E 
(alkali- 

200)

Method F 
(alkali- 

50°)
Tobacco mosaic virus 132 70 78 70 12 5P 135"
Butyl-H-treated tobacco mosaic virus 132 30p 52p 30p 38p 113*’
Pepsin 191 190 195 200 204
Butyl-H-treated pepsin 188 106 179 199 102*'
Dimethyl /3-phenoxyethyl sulfonium iodide6 
Methyl /3-phenoxyethyl /3-butylmercaptoethyl sul­

24 20p 335

fonium diliturate6 21 20p 293
° The figures given are the actual colorimeter readings. Under these conditions, a sample containing 0.02 mg. of tyro­

sine gave a reading of 75. 6 One cubic centimeter of an 0.001 M  aqueous solution was used. p Samples thus marked
indicate that a precipitate formed. In order that colorimetric determinations could be made, the precipitates were 
removed as completely as possible by centrifugation. It seems possible that precipitation may in some cases involve loss 
of reactive groups.

Experimental
Stability of the Benzyl-H Derivative of Tyrosine.—

0,N -D i-( /3-benzylmercaptoethyl) -L-tyrosine6b gave a nega­
tive test with Folin’s phenol reagent12 in alkaline solution. 
After the derivative had been allowed to stand in 0.5 N  
sodium hydroxide for one week at room temperature, or 
had been heated in the alkali for ten minutes at 100°, 
it still gave no color with the phenol reagent.

Reaction of Tobacco Mosaic Virus with Butyl-H.—A 
dialyzed solution of tobacco mosaic virus13 (7.5 cc.) 
containing 300 mg. of virus was added to 7.5 cc. of 0.5 M  
sodium bicarbonate. To this solution was added 0.4 cc. 
of butyl-H and the mixture was stirred gently for seven 
hours. The resulting solution was shaken with ether 
and the aqueous layer was dialyzed against running water. 
This solution was diluted with 3 volumes of water; 0.2- 
cc. aliquots were removed and diluted to 1 cc. for use in 
the phenol color determinations.

Reaction of Pepsin with Butyl-H.—To 10 cc. of an 
aqueous solution of pepsin (1.2 mg. N /cc .)14 was added 
0.2 cc. of butyl-H. The mixture was stirred for one and 
one-half hours, the pH being kept at approximately 7 
by the dropwise addition of 1 cc. of 0.5 M  sodium bicar­
bonate. The aqueous layer was decanted and stirred 
gently with an equal volume of ether. The aqueous layer 
was then dialyzed, diluted to 20 cc., and 0.2-cc. aliquots 
were removed and diluted to 1 cc. for use in the phenol 
color determinations.

Determination of “Phenol Color Values.”—The modi­
fied procedures utilized for the phenol color determinations 
were developed from the methods of Miller,8 who used 
sodium dodecyl sulfate as a denaturing agent.

Method A.—One cubic centimeter of the unknown (con­
taining a suitable amount of the protein or other material) 
was placed in a test-tube containing 0.2 cc. of a 10% 
solution of Duponol C.15 One-tenth cubic centimeter 
of 0.2 N  hydrochloric acid was added and the mixture was 
allowed to stand for fifteen minutes. Then 0.1 cc. of 0.2 
N  sodium hydroxide was added, followed by 0.6 cc. of 
water, 1 ce. of diluted phenol reagent and 2 cc. of phos­
phate buffer. The buffer was prepared by adding 10 cc. 
of 10% sodium hydroxide to 90 cc. of 0.5 M  disodium 
hydrogen phosphate. The phenol reagent12 was diluted 
so that 1 cc. mixed with 2 cc. of phosphate buffer and 1 cc. 
of water had a pH of 7.7 at the end of thirty minutes.

Method B.—The same as Method A except that 0.2 cc. 
of water was added in place of the Duponol C solution, 
and 0.2 cc. of 0.1 M  sodium chloride was added in place 
of the acid and alkali.

(12) Folin and Ciocalteu, J. Biol. Chem., 73, 627 (1927).
(13) This sample of virus was kindly supplied by Dr. W. M. 

Stanley.
(14) The pepsin was kindly supplied by Dr. R. M. Herriott.
(15) This Duponol C (du Pont) was stated to be 92% sodium 

dodecyl sulfate and 8% sodium sulfate. The suspension obtained
upon dissolving the Duponol C in water was allowed to settle, and 
the clear liquid was decanted for use.

Method C.—The same as Method A except that 0.2 
cc. of 0.1 M  sodium chloride replaced the acid and alkali.

Method D.—The same as Method A except that 0.2 
cc. of distilled water was used in place of the Duponol C 
solution.

Method E.—One cubic centimeter of the unknown was 
added to 0.1 cc. of 0.2 N  sodium hydroxide, and the mix­
ture was allowed to stand for fifteen minutes at 20°. 
Then 0.1 cc. of 0.2 N  hydrochloric acid, 0.8 cc. of water, 
1 cc. of diluted phenol reagent, and 2 cc. of phosphate 
buffer were added in this order.

Method F.—Identical with ATcthod E except that the 
treatment with alkali was at 50° rather than 20°.

In all cases the color was allowed to develop for thirty 
minutes at room temperature and then was estimated 
in a Klett-Summerson photoelectric colorimeter using the 
No. 54 (green) filter. The data are recorded in Table I.

Stability of Protein-Vesicant Linkages to Sodium 
Dodecyl Sulfate.—If vesicant residues were split from 
butyl-H-treated proteins by the action of Duponol C, 
the expected hydrolysis product6*1 would be w-butyl ft- 
hydroxyethyl sulfide (C4H9SCH2CH2OH) (IV). Pre­
liminary experiments showed that this compound could 
be extracted almost quantitatively from water by an equal 
volume of ether; after removal of the ether the amount 
of IV could be determined by Northrop5 s procedure16 for 
the determination of mustard gas and related compounds. 
Since, in the case of the vesicant-treated proteins, no other 
ether-soluble compounds were likely to be present in the 
system, this method was considered to be quite specific 
for vesicant residues.

Samples (2 cc.) of the solutions of the vesicant-treated 
and untreated pepsin were added to 0.4 cc. of 10% Du­
ponol C and 0.2 cc. of 0.2 N  hydrochloric acid, and the 
resulting solutions were allowed to stand for twenty 
minutes. At the end of this period the liberated butyl-H 
residues were determined. The solutions were shaken 
for one minute with 2 volumes of peroxide-free ether; 1- 
cc. aliquots of the ether solutions were added to 2 cc. of 
water, and the ether was evaporated in vacuo at room 
temperature. One cubic centimeter of 2 M  sulfuric acid 
and 2 cc. of water were added, and the solution was ti­
trated by the procedure described by Northrop.16 The 
untreated pepsin gave a titration value which was equiv­
alent to approximately 0.01 mg. of butyl-H residues per 7 
mg. of protein; this value was used as a blank. The 
vesicant-treated pepsin gave a corrected titration value 
equivalent to less than 0.02 mg. of vesicant residues per 
7 mg. of vesicant-treated pepsin. If the increase in the 
phenol color value of the vesicant-treated pepsin after 
treatment with Duponol C were due to cleavage of the 
linkages between tyrosine and vesicant residues, it would 
require the liberation of approximately 0.2 mg. of butyl-H 
residues per 7 mg. of protein, a value ten times that 
actually found.

(16) N orth rop , Inform al Progress R eport to  N D R C  Section  B 4C ,
Ju ly  23 , 1942; for p ublished  m eth od , see R ef. 5.
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Identical experiments with solutions of vesicant-treated 
and untreated tobacco mosaic virus gave similar results. 
After the action of Duponol C on the vesicant-treated 
virus, a value of 0.01 mg. of vesicant residues per 7 mg. of 
virus was obtained.

These results demonstrate that the restoration of 
phenol color value in vesicant-treated pepsin and tobacco 
mosaic virus by the action of Duponol C is not accom­
panied by any appreciable degree of cleavage of vesicant 
residues from the proteins.

Dimethyl /3-Phenoxyethyl Sulfonium Iodide.—This salt 
was prepared by treatment of methyl ft -phenoxyethyl 
sulfide with methyl iodide under the conditions described 
by Crane and Rydon.10*17

Methyl /3-Phenoxyethyl /3-Butylmercaptoethyl Sulfo­
nium Diliturate.—-Methyl ft -phenoxy ethyl sulfide (1.68 
g.) and butyl-H (3.0 g.) were dissolved in 20 cc. of 95% 
ethanol. After four days, the mixture was diluted with 
3 volumes of water and centrifuged. The upper layer 
was removed and treated with 3 volumes of a saturated 
aqueous solution of dilituric acid (5-nitrobarbituric acid). 
The light yellow prisms which separated were collected 
and washed with cold methanol and cold acetone. The 
product (1.5 g.) was purified by one recrystallization from 
acetone and two recrystallizations from methanoL The 
recrystallizations were carried out at a maximum tempera­
ture of 25° on account of the instability of the compound. 
The purified sulfonium salt melted on the hot stage with 
decomposition and evolution of gas at 120-130°.

Anal. Calcd. for Ci5H25OS2*C4H2O5N3: N, 9.18; S,
14.01. Found: N, 9.18; S, 13.85.

Phenol Color Reactions of the Sulf onium Compounds.— 
The phenol color reactions of the sulfonium compounds 
are summarized in Table I. A very small amount of color 
was produced by the action of the phenol reagent at pH 
8 on the sulfonium compounds; the amount of color pro­
duced remained unchanged after preliminary treatment

(17) Crane and Rydon, J. Chem. Soc., 766 (1947).

with Duponol C. However, considerable color was pro­
duced with the phenol reagent after the compounds had 
been treated with alkali.

Acknowledgment.—-The authors would like 
to take this opportunity to express their appreci­
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able aid in the preparation of this manuscript.

Summary
A study has been made of the decreased chro­

mogenic power toward Folin's phenol reagent at 
pH 8 displayed by pepsin and tobacco mosaic 
virus which had been treated with 77-butyl 0- 
chloroethyl sulfide (butyl-H). After treatment 
with sodium dodecyl sulfate (Duponol C), the 
vesicant-treated and untreated proteins give the 
same amount of color with the phenol reagent. 
Moreover, no significant amount of vesicant resi­
dues is liberated by the action of Duponol C on 
the vesicant-treated proteins.

It is concluded that the increase in the amount 
of phenol color from these vesicant-treated pro­
teins after the action of Duponol C is not due to 
the cleavage of vesicant residues from the tyro­
sine or tryptophan groups of the proteins. I t  is 
further concluded that the decreased chromogenic 
power of vesicant-treated proteins toward the 
phenol reagent at pH 8 is not due to reaction of the 
vesicant with the tyrosine or tryptophan groups 
in the proteins.
N ew  Y ork, N. Y. R eceived  F ebruary  9, 1948

[Contribution N o. 78 from the General L aboratories of the U nited  States R ubber  C ompany]

The Reaction of a-Methylstyrenes with Thioglycolic Acid
B y  C h e v e s  W a l l in g , D e x t e r  S e y m o u r  a n d  K a t h e r in e  E . W o l f s t ir n

Studies of the relative reactivities of meta- and 
para-substituted styrenes1 and a-methylstyrenes2 
with free radicals derived from copolymerizing 
monomers have been useful in determining the na­
ture of the “alternating effect” in copolymeriza­
tion. An entirely similar approach may be made 
to the study of the nature of the attack of solvent 
radical on monomer in the chain transfer re­
action.3 This paper presents an investigation of 
the relative reactivities of six meta and para sub­
stituted a-methylstyrenes toward the radical 
•SCH2COOH derived from thioglycolic acid.

Since the transfer constant for an a-methylsty­
rene with thioglycolic acid is very large,4 when 
two «-methylstyrenes are heated with thioglycolic

(1) Walling, Briggs, Wolfstirn and Mayo, T h is  J o u r n a l , 70, 1537 
(1948).

(2) Walling, Seymour and Wolfstirn, ibid., 70, 1544 (1948).
(3) Mayo, ibid., 65, 2324 (1943).
(4) The styrene radical reacts with ethyl thioglycolate 58 times as 

readily as with styrene. Cf. Gregg, Alderman and Mayo, ibid., in 
press. Since or-methylstyrene shows relatively little tendency to 
polymerize with itself, its transfer constant with thioglycolic acid is 
presumably even larger.

acid in the presence of a free-radical catalyst, vir­
tually the only reaction by which styrenes will be 
consumed will be by reaction with the SCH2CO- 
OH radical (to give, eventually, /3-phenylpropy 1 - 
mercaptoacetic acid), and the kinetic equations 
will be identical with those for the system of two 
«-methylstyrenes and maleic anhydride.2 I.e ., 
d[Mi]/d[M2] = &i [M i]/&2[M 2] where M i and M2 
represent the two styrenes and ki and k2 the rate 
constants for their reaction with the mercaptide 
radical.5 Calculations of relative reactivities in­
cluding the determination of experimental errors 
were, accordingly, carried out as described previ­
ously.2

Experimental
Materials.—Thioglycolic acid was obtained by fraction­

ating commercial material. Its physical constants were 
b. p. 79-80 (1 mm.), m. p. -1 7 .5  to -1 5 .5 ° . The «-

(5) It is of interest that the equation describing chain transfer, in 
general, is a special case of the copolymerization equation in which 
the “monomer reactivity ratio’’ for the solvent is zero, and' the 
“transfer constant” is the reciprocal qf “monomer feaq îvlty 
ratio” for the monomer considered.
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methylstyrenes were portions of the same samples used in 
the maleic anhydride work.2*6

Technique.—Experiments were carried out using 0.1 
mole of mixed styrenes, 0.05-0.1 mole of thioglycolic acid, 
and 0.14-0.18 millimole of benzoyl peroxide. Techniques 
of polymerisation, isolation of unreacted monomers, and 
analysis were identical with those used with the maleic, 
anhydride systems.2 Results are listed in Table I.

T able  I

R eaction  of M ixed  Substituted  « -M ethylstyrenes 
(Mi and M2) with T hioglycolic A cid (S) at 60°. (All 

Quantities in  M illim oles)
Time,

[Mi]o [M*]o [S)o hr. [Mi] [M2]
«-Methylstyrene (Mi) -«,^>-dimethylstyrene (M2)

49.2 ■ 49.8 49.8 31.8 39.7 33.9
32.3 65.7 98.4 31.8 17.74 13.01
64.9 32.6 98.5 31.8 37.7 8.05

«,/>-Dimethylstyrene (Mi)--£-fluoro-«-methylstyrene (M2)
49.0 46.0 49.0 14.0 36.0 42.6
32.0 59.0 98.0 10.2 15.31 50.0
66.0 27.0 98.0 10.2 37.3 24.1
28.0 46.0 97.0 15.5 1.33 30.3
«,£-Dimethylstyrene (Mi)—p-hromo-a[-methylstyrene
49.0 49.0 49.7 6.75 30.4 36.6
33.0 63.0 99.3 6.75 9.80 47.4
66.0 32.0 98.5 6.75 40.3 23.9
ol, p-Dimethylstyr ene (Mi)—m-bromo-«-methylstyrene

(M2)
33.0 66.0 98.0 6.75 11.50 49.3
65.0 38.0 98.0 8.5 33.50 24.0
25.8 42.6 49.0 15.5 8.63 24.8

«,£-Dimethylstyrene (Mi)—̂ -methoxy- «-methylstyrene
(M2)

56.0 42.0 49.0 3.25 47.2 5.12
34.0 44.5 101 0.50 32.4 14.30
68.0 21.5 101 0.25 65.2 2.87

Discussion
Relative reactivities of the six «-methylstyrenes 

toward the mercaptide radical from thioglycolic 
acid are listed in Table II, together with relative 
reactivities toward the maleic anhydride type radi­
cal, included for comparison. In each case, re­
activities have been referred to «-methylstyrene 
as unity even though the actual comparison was

T able  I I
R elative  R eactivities  of «-M ethylstyrene  toward

T hioglycolic A cid and M aleic  
R adicals

A nhydride-T ype

Reactivities toward
Maleic

Thioglycolic acid anhydride
Substituent radical radical2

p-OCH 3 215 =*= 100 18.5
p-CHs 2.28 ±  0.54 1.72
None 1.00 1.00
p -F 0.51 ±  0.13 0.72
p-Br 0.90 ±  0.56 0.73
m-Br 0,96 ±  0.56 0.96

(6) Seymour and Wolfstirn, ibid., 70, 1177 (1948).

with «,/?-dimethylstyrene. Experimental errors 
have been taken as the standard deviation of sepa­
rate experiments and are somewhat greater than 
those reported for the maleic anhydride study.2 
While they could doubtless be reduced by further 
refinement of technique, accuracy is ample for the 
discussion which follows.

Copolymerization studies1-2 have shown that 
the reactivity of styrene toward carbonyl conju­
gated radicals is increased by substituents in the 
order p-CH3 <  £-OCH3 <  N(CH3)2, and that the 
effect of each substituent increases with the ten­
dency of the monomer from which the attacking 
radical was derived to alternate in copolymeriza­
tion with styrene. Table II indicates a similar 
effect of substitution on reactivity toward the 
•SCH2COOH radical, but even greater than that 
encountered toward maleic anhydride, the most 
powerfully “alternating” radical studied.7 In 
the copolymerization experiments, the effect was 
suggested as arising from the presence of special 
(chiefly non-bonded) resonance forms in the tran­
sition state in which an electron had been donated 
from the styrene to the carbonyl-conjugated mole­
cule. Similar structures such as (I) can be postu­

"" c h 3—C—CH2 
1

“S—CH2COOH

Au  _
lated here and stabilization anticipated both from 
the many structures available to the styrene car- 
bonium-ion radical and the electronegativity of 
sulfur (the mercaptide ion is an even weaker base 
than the enolate ion postulated as stabilizing the 
transition state in the copolymerization re­
action1-2).

Heretofore, discussions of radical addition re­
actions have been directed entirely toward a con­
sideration of the resonance stability of the radicals 
produced.8 '

However, in view of our knowledge of copoly­
merization phenomena,9 important contributions 
of polar resonance forms to the transition state in 
the attack of other free radicals on double bonds 
should probably be anticipated whenever the radi­
cal may gain stability by electron donation or ac­
ceptance. Thus, for example, in the attack of a 
bromine atom on a double bond, contributions in­
volving the bromide ion should be important, and 
relative reactivities of olefins in the free radical 
chain additions of both bromine and hydrogen 
bromide should parallel those observed toward the 
radicals from mercaptans and carbonyl conju-

(7) In this paper no competitive experiments using -̂dimethyl- 
amino-a-methylstyrene were attempted as it was presumed that the 
ratio of reactivities would be too great to measure.

(8) See, for example, Wheland, “The Theory of Resonance,” 
John Wiley and Sons, Inc., New York, N. Y., 1944; Mayo and 
Walling, Chem. Rev., 27, 351 (1940).

(9) For recent summaries, see Mayo, Lewis and Walling, This 
J o u r n a l , 70, 1529 (1948); Trans. Faraday Soc., in press.
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gated monomers, rather than an order based solely 
on radical stabilization.9

Summary
1. Relative reactivities of six «-methylstyrenes 

toward the -SCH2COOH radical derived from thio­
glycolic acid have been determined.

2. Reactivities lie in the order ^-OCH3 > 
p-CH3 > p-H ^ ^-halogen and closely parallel

those toward the maleic anhydride type radical 
observed in copolymerization. Results are inter­
preted in terms of contributions of non-bonded res­
onance forms to the transition state.

3. The possibility that contributions of polar 
(probably non-bonded) forms to the transition 
state may be important in a variety of free radical 
reactions is discussed.
P a s s a ic , N e w  J e r s e y  R e c e iv e d  F e b r u a r y  1 8 , 1 9 4 8

[C o n t r i b u t io n  N o . 7 9  f r o m  t h e  G e n e r a l  L a b o r a t o r ie s  o f  t h e  U n i t e d  S t a t e s  R u b b e r  C o m p a n y ]

The Use of S35 in the Measurement of Transfer Constants
B y  Ch eves  W alling

The use of radioactive tracer elements as a 
method of end-group analysis should provide an 
elegant means of following chain transfer with sol­
vents in polymerizing systems. This paper de­
scribes the measurement of the transfer constant 
of n-butyl mercaptan containing S35 with styrene, 
methyl methacrylate, methyl acrylate and vinyl 
acetate. While the work was undertaken pri­
marily to gain experience in the use of radioiso­
topes in polymer chemistry, the results, taken with 
recent measurements of the absolute rate of the 
chain-growth step in polymerization of vinyl ace­
tate,1 styrene,2 and methyl methacrylate,2 give 
further evidence of the importance of ionic forms 
in the transition state of free radical reactions.

Method.—The fundamental measurement em­
ployed in this work has been the comparison of 
the radioactivity of samples of polymer carried 
to different degrees of conversion in the presence 
of the same amount of S35-containing mercaptan. 
Since the maximum penetration of the soft ir­
radiation from S35 in ordinary polymers is under 
0.2 mm., for thicker films of identical area (as ob­
tained by the technique described below) meas­
ured activity is proportional to the concentration 
of— SR groups in the polymer and independent of 
film thickness.3 Mathematically, this may be ex­
pressed in the form

[S]p -  [Six /  [S]o -  [S], =  p m  
[M]0 -  [ M ] /  [M]0 -  [M]2 K )

where R  is the ratio of measured activities of poly­
mer from two experiments and [M] and [S] are 
concentrations of monomer and solvent (mercap­
tan), respectively, present initially (subscript 
zero) and at the end of the two experiments (sub­
scripts one and two). Recalling that the usual 
integrated form of the transfer equation is given by 
_ _ _ _ _  log [S]/[S]0 = C log [M ]/[M ]0 (2)

(1) (a) Swain and Bartlett, i b i d . ,  68, 2381 (1946); (b) Burnett 
and Melville, P r o c .  R o y .  S oc .  ( L o n d o n ) ,  A189, 456 (1947); (c) Bam­
ford and Dewar, i b i d . ,  192A, 309 (1948).

(2) Matheson, Bevilacqua, Aver and Hart, unpublished work from 
this laboratory.

(3) See, for example, Henriques, Kistiakowsky, Margnetti and 
Schneider, I n d .  E n g .  Chem,. , Anal. E d . ,  18, 349 (1946).

where C is the “transfer constant,”4*5 (1) may be 
rewritten as

1 -  [Mh/jMjo 1 -  ([Mh/tMoD* .
1 -  [M]2/[M ]o 1 -  ([M]2/[M ]o)c W

Using data giving R  and yields from two experi­
ments, C may, in principle, be obtained by graphi­
cal solution of (3). However, in cases where the 
transfer constant of the system is greater than 
unity,6 the calculation can be greatly simplified 
by choosing as one of the samples for the deter­
mination of R  a polymer which has been carried 
to complete conversion. Here, equation (3) re­
duces to

C =  log (1 — R  +  R[M ]/[M ]0)/log [M ]/[M 0] (4)
Since the only quantities needed for the deter­

mination of transfer constants by the tracer tech­
nique are yields and relative activities, measure­
ments of absolute amounts of transfer agent or 
molecular weights are unnecessary. The chief 
requirement is the use of enough mercaptan for 
measurement of its activity yet little enough so 
that material is produced which can be handled as 
polymer (rather than the simple addition prod­
uct). Some judgment is required, also, in the 
selection of the extent of reaction to which mono­
mer-solvent mixtures are carried before polymer 
isolation, particularly when a high transfer con­
stant is anticipated. In Fig. 1 is plotted the varia­
tion of R  with per cent, reaction for various values 
of Cy and it will be seen that the rapid consump­
tion of active solvents with large transfer con­
stants makes high conversion experiments useless 
for evaluating C. This phenomenon, of course, 
applies to any method of measuring transfer con­
stants and a useful generalization is that experi-

(4) M ayo, T his J o u r n a l , 65, 2324 (1943).
(5) Walling, Seymour and Wolfstirn, ib i d . ,  70, 2559 (1948).
(6) Even in cases where the transfer constant is less than unity 

(so that complete inclusion of the mercaptan in the polymer is not 
assured, even when polymerization is carried to completion) equation 
(4) may be employed by using a reference sample of a different mono­
mer carried to complete reaction. Also, it is frequently advan­
tageous (when the transfer constant differs widely from unity) to 
employ a reference sample prepared in the presence of a different 
(but known relative) mercaptan concentration.
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Fig. 1.—Variation of R, the relative activity of polymer 
samples, with % reaction for differing values of Ct the 
transfer constant.

ments should not be carried to extents of reaction 
greater than the reciprocal of the anticipated 
transfer constant of the system. As a technique, 
the tracer method enjoys its greatest advantage in 
systems having a high transfer constant and in 
which the radioactive solvent is readily prepared, 
and should even compare favorably with titra­
tion of unreacted solvent7*8 when the latter is pos­
sible. On the other hand in systems having low 
transfer constants (under ~  0.1) measurement 
by molecular weight determination is certainly to 
be preferred.4*9

Results and Discussion.—Experimental re­
sults and calculated transfer constants are listed 
in Table I. Experimental errors given are, in 
general, standard deviations of the separate ex­
periments. For methacrylate, however, agree­
ment seems fortuitously good and the error is 
taken as 5% of the measured value. Transfer 
constants for styrene and methyl methacrylate 
are in good agreement with the values reported 
for w-amyl mercaptan with these monomers (20 
and 0.8, respectively) by W. V. Smith7 and for 
other straight-chain mercaptans by Gregg, Alder-

(7) Smith, ibid., 68, 2059 (1946).
(8) Gregg, Alderman and Mayo, ibid., in press.
(9) Gregg and Mayo, ibid., 70, 2373 (1948).

T able  I
T ransfer  C onstants of n-B utyl M ercaptan  Systems

AT 60°
Yield,

% R
Styrene®

c

8.25 9.58 18.1
1.25 21.5 24.9 >22 ^  310.62 8.70 23.0
8.68 9.93 21.8

Methyl methacrylate®
7.48 0.653 0.667'

16.8 .702 .675 ► 0.67 o.0323.8 .706 .679
39.5 .713 .658

Methyl acrylate6
27.3 1.45 1.58 ]
43.0 1.51 1.86 1.69 =t 0.17
21.2 1.59 1.71 j

6.6 1.49 1.52 ]
16.2 1.51 1.58 [ 1.53 0.04c
12.2 1.45 1.49 j

Vinyl acetate4
3.80 23.5 58 1 48 ±  144.12 19.6 39 J

a 1 ml. mercaptan solution to 10 ml. monomer. 6 1 ml. 
mercaptan solution to 10 ml. monomer, 10 ml. ethyl ace­
tate. cAt 30°. d 1 ml. mercaptan solution to 40 ml. 
monomer.

man and Mayo.8 Measurements at two tem­
peratures with the methyl acrylate system indi­
cate that the reaction of chain growth has a lower 
activation energy than chain transfer (by 600 
calories), but, since it has a smaller PZ  factor, pro­
ceeds more slowly. Although this is the reverse 
of the situation observed with styrene and mercap­
tans,8 differences are too small to have much real 
significance.

In an earlier paper5 it was shown that a factor 
analogous to the “a1ternating effect” in copoly­
merization may be important in determining re­
activity of olefins in simple free radical addition 
reactions. The data of this paper, taken with re­
cent measurements of the absolute rates of the 
chain-growth reaction in vinyl polymerizations,1’2 
gives strong indication that similar forms are im­
portant in the conjugate reaction of chain transfer 
in which the radical from the olefin attacks the 
solvent, breaking a single bond. In Table II are 
listed rate constants for chain growth, transfer 
constants, and rate constants for reaction with 
n-butyl mercaptan for polymerizing styrene, 
methyl methacrylate, and vinyl acetate. Al­
though in the general series of reactivities ob­
tained from copolymerization studies methacryl­
ate lies between styrene and vinyl acetate,10 to­
ward n-butyl mercaptan it has the lowest re­
activity. In copolymerization11 and addition of

(10) Mayo, Lewis and Walling, ibid., 70, 1529 (1948).
(11) Walling, Briggs, Wolfstirn and Mayo, ibid., 70, 1537 (1948).



July, 1948 T h e  U s e  o f  S 35 i n  t h e  M e a s u r e m e n t  o f  T r a n s f e r  C o n s t a n t s 2563

T able  II

R ate  C onstant for C hain  G rowth (k9) and R eaction  
with w-Butyl M ercaptan  (&t) for T hree M onomers

Monomer k9a C kt
Styrene 207 22 4,550
Methyl methacrylate 367 0.67 246
Vinyl acetate 3700 48 178,000
a From Matheson, et a l.,2 in reasonable agreement with 

Bamford and Dewarlc (styrene) and Swain and Bartlett10 
(vinyl acetate).

simple radicals to olefins5 such anomalies have 
been explained on the basis of additional ionic 
forms in the transition state arising from electron 
transfer from radical to olefin or vice versa. In the 
present case, the analogous phenomenon would be 
contributions from non-bonded resonance struc­
tures such as

R+H--S—R, R +H—S - R, R+H—S-~R, etc.
I II III

if an electron were transferred from the attacking 
radical, and

R“H-S+—R, R-H+-S—R, etc.
IV V

if transfer were in the opposite direction. The 
heightened reactivity of styrene and vinyl acetate 
radicals (which are electron donors, rather than 
acceptors10’11) compared with methacrylate indi­
cate that forms involving donation to the mercap­
tan are preferred, as might be expected from the 
relative electronegativities of sulfur and carbon. 
In short, in the case of a chain transfer reaction, 
as we have seen previously in copolymerization, 
certain structures increase the rates of both of 
two conjugate free radical reactions and give each 
more of an “ ionic” character. Further con­
firmation is thus obtained for the suggestion made 
in previous papers from this laboratory that polar 
contributions to the transition state may be of im­
portance in determining the effects of structure on 
reactivity in a great number of free radical re­
actions.

Experimental
Active w-Butyl Mercaptan.—This compound was pre­

pared from active ZnS* by the sequence of reactions
HCl H2N—CN C4H9Br

ZnS*------ ^  H2S * -------------- NH2CS*NH2-------------
/N H 2+ NaOH

C4H9—S*—c f  B r - --------- C4H9S*H
N nTH2 HCl

Thiourea.—S35, received originally as a trace con­
stituent of potassium chloride supplied by the Clinton 
Laboratories of the Monsanto Chemical Company and 
subsequently diluted with inactive sulfur, was obtained 
from Dr. W. V. Smith of these Laboratories as a slurry of 
zinc sulfide in water containing some ammonia and zinc 
sulfate. Fifteen cc. of this suspension (containing ap­
proximately 2 mg. of sulfide sulfur and 30 microcuries of 
activity per cc.), 10 millimoles of inactive zinc sulfide, 
and 75 cc. of water were placed in a 500-cc. round-bot­
tomed flask equipped with gas inlet tube, dropping funnel 
and reflux condenser. The gas inlet tube was attached to 
a hydrogen cylinder through a system consisting of a wash 
bottle containing sulfuric acid to act as a bubble counter

and a side tube dipping into mercury serving as a safety 
valve. The exit tube of the condenser was connected to 
a Y-shaped reactor with a bottom limb of 10-cc. capacity 
containing a solution of 0.42 g. (10 millimoles) cyanamide 
(prepared from thiourea and mercuric oxide in ether, and 
purified by sublimation) in 5 cc. of 95% ethanol. The 
exit tube of the reactor led, in turn, to two wash-bottles 
in series each containing 10% zinc sulfate in 1:1 coned, 
ammonium hydroxide-water diluted five-fold.

After the entire system had been flushed with hydrogen, 
the reactor was cooled in liquid nitrogen and 60 cc. of 
6 N  hydrochloric acid added to the zinc sulfide slurry 
through the dropping funnel. Gradual heating of the 
slurry to boiling resulted in the smooth evolution of hydro­
gen sulfide and remaining traces were swept into the re­
actor by gently refluxing the mixture while slowly passing 
hydrogen through the system. Complete absorption 
was achieved, since no precipitate appeared in the wash- 
bottles . The reactor was next sealed off, warmed to — 80 °, 
shaken to insure solution of the hydrogen sulfide, and 
heated for twenty-four hours on the steam-bath. After 
cooling in liquid nitrogen, the reactor was opened and con­
nected to a hydrogen source and two wash-bottles contain­
ing ammoniacal zinc sulfate. The reactor was then al­
lowed to warm to room temperature, its contents refluxed 
for fifteen minutes, and finally swept slowly with hydrogen 
for an additional hour. Practically complete reaction 
was indicated since only a trace of precipitate appeared 
in the wash-bottles (pilot experiments in which the 
reactor was heated for three days at 60° gave a 67% 
yield of crystalline material), and, on cooling, beautiful 
needles of thiourea separated from the alcohol. For 
storage the thiourea was washed with additional alcohol 
into a 50-cc. volumetric flask.

Butyl Mercaptan.—In a 200-cc. flask equipped with 
dropping funnel and condenser which could be swiveled 
for either reflux or distillation was placed 10 cc. of the 
radioactive thiourea solution (i. e., ~ 2  millimoles of 
thiourea), 0.76 g. (10 millimoles) of inactive thiourea and 
3 cc. of butyl bromide, and the mixture refluxed for two 
and one-half hours under a hydrogen atmosphere. After 
cooling, the volatile material was distilled into a liquid 
nitrogen cooled trap under vacuum. With the condenser 
still in reflux position, hydrogen was readmitted and 10 cc. 
of N  sodium hydroxide solution run in through the drop­
ping funnel. The solution was then boiled for forty-five 
minutes to destroy the isothiourea. Next, the apparatus 
was arranged for distillation into a receiver consisting of 
a separatory funnel containing 10 cc. of chlorobenzene 
(chosen as an inert solvent with density greater than 
water), and 25 cc. of 0.5 N  hydrochloric acid introduced 
through the dropping funnel.

Approximately half of the contents of the flask was 
now distilled, the receiver disconnected and shaken 
gently and the chlorobenzene layer run off into a small 
glass-stoppered bottle. The water layer was then ex­
tracted with the balance of 25 cc. of chlorobenzene and the 
chlorobenzene extracts all combined. Since experiments 
using inactive thiourea gave almost quantitative yields 
by this procedure, the chlorobenzene contained ~ 0 .4  
millimole mercaptan and 2 microcuries activity/cc. In 
the transfer experiments described in the next section the 
chlorobenzene solution was used directly without isolation 
or titration of the mercaptan since exact concentrations 
were not necessary. The absence of any contaminants 
which might interfere with the determination of transfer 
constants was shown by the good agreement of the con­
stants for styrene and methyl methacrylate with those 
for n-amyl mercaptan and other normal mercaptans 
reported previously.

Transfer Experiments
Mixtures of freshly distilled monomer and mercaptan 

solution in mole ratios of 10 to 50:1, depending upon the 
expected transfer constant of the monomer, were placed 
in reaction tubes, degassed on a high vacuum line, sealed 
in absence of air, and heated for varying lengths of time 
in a 60° (or 30°) thermostat. In general, no catalyst
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was added. With styrene the thermal polymerization 
proceeded at a convenient rate, while methyl acrylate and 
methacrylate apparently contained enough adventitious 
catalyst to effect reaction. Vinyl acetate samples were 
polymerized by irradiating with a mercury vapor lamp. 
Samples and heating times were chosen to yield 100-300 
mg. of polymer. Methyl methacrylate and acrylate poly­
mers were worked up by  precipitating three times from 
ethyl acetate with petroleum ether in a 50-ml. centrifuge 
tube. The polymers were then redissolved in approxi­
mately 5 cc. of ethyl acetate and transferred in portions to 
tared aluminum dishes 26 mm. in diameter and 3 mm. 
deep and the solvent evaporated under an infrared lamp. 
The centrifuge tubes were washed with additional ben­
zene and the dishes dried under the lamp overnight 
(approx. 8 in. from a 250-watt bulb was found to yield 
a smooth bubble-free film). Blank experiments showed 
that this treatment was adequate to remove all solvent, 
and yields were determined by weighing the dishes. 
Relative polymer activities were then measured by placing 
the dishes covered by a mask with a hole approximately 
20 mm. in diameter under the thin mica window of a 
Radiation Counter Laboratories Mark I Model 2 Geiger- 
Mueller counter attached to an Instrument Development 
Laboratories Scaling Circuit. For the styrene and vinyl 
acetate experiments, the polymer isolation procedure 
was modified in that the partially polymerized samples 
were transferred to a large side-arm test-tube and un­
reacted monomer distilled off in vacuo at room tempera­
ture. The polymer was redissolved (in chlorobenzene or 
toluene, respectively) and the solvent again distilled off. 
This procedure was repeated twice more and the residual 
polymer transferred to an aluminum dish for counting.

Actually, for the determination of the relative activity, 
R, theoretical activities of completely polymerized samples 
were calculated from a completely polymerized poly­
styrene sample, correcting for differences in mercaptan

concentration in the reaction mixtures and polymer den­
sities. Thus the measured activity of the styrene sample 
was multiplied by 1.06/1.19 for comparison with meth­
acrylate since, because polymethacrylate has a greater 
density, the measured ft--radiation is coming from a thinner 
layer of the polymer surface. Counts of relative activities 
were always extended to several thousand impulses to 
avoid significant random variations and comparisons of 
any set of polymers with the standard were always carried 
out consecutively since background count and sensitivity 
of the instruments varied from day to day.

Acknowledgment.—The writer wishes to 
thank Dr. Herbert N. Campbell for aid in operat­
ing the electronic apparatus.

Summary
1. A convenient method for the synthesis of 

radioactive mercaptans from zinc sulfide contain­
ing S35 has been worked out.

2. The transfer constants of ?z-butyl mercap­
tan with styrene, methyl methacrylate, methyl 
acrylate and vinyl acetate have been measured 
using radioactive mercaptan, and the advantages 
of tracer methods in polymer chemistry are dis­
cussed.

3. The results are shown to indicate that ionic 
forms in the transition state, similar to those in­
volved in radical addition reactions, may be im­
portant in determining reactivity in radical dis­
placement reactions as well.
Passaic, N ew  Jersey  R eceived  F ebruary  18, 1948
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The Chlorination of Thiophene. II. Substitution Products; Physical Properties 
of the Chlorothiophenes; the Mechanism of the Reaction

By Harry L. Coonradt, Howard D. Hartough and George C. Johnson

The preceding paper1 in this series reported the 
isolation and identification of chlorine addition 
products formed by the chlorination of thiophene. 
This paper describes the chlorine substitution 
products, reports their physical properties, and 
presents a mechanism for the reaction.

The substitution products formed by the chlori­
nation of thiophene have been reported to be 2- 
chloro-,2’3 2,5-dichloro-,2’3 2,3,5-trichloro-,2 and
2,3,4,5-tetrachlorothiophene.2 In contrast with 
these results we have isolated and identified eight 
chlorine substitution products. The ninth and 
remaining possible substitution product, 3-chloro- 
thiophene, was identified by infrared absorption 
spectrograms as present in small amounts.

The pure substitution products were separated 
by fractionation after the chlorine addition prod­
ucts had been removed. This prior removal or de­
struction of addition products generally was neces-

(1) Coonradt and Hartough, T h is  J o u r n a l , 70, 1158 (1948).
(2) Steinkopf and Kohler, Ann., 532, 250 (1937).
c3) Weitz, Ber., 17, 792 (1884).

sary because they decomposed into chlorothio­
phenes and hydrogen chloride during the course of 
the distillation and interfered with the fractiona­
tion. The method previously used2 3’4 to destroy 
the addition products consisted of prolonged heat­
ing of the chlorination products with alcoholic po­
tassium hydroxide. The preceding paper1 de­
scribed how addition products could be isolated 
from the reaction mixture. This had a pro­
nounced effect on the ratio of the different sub­
stitution products.

The chlorine addition products were destroyed 
when chlorinated thiophene, like brominated thio­
phene,5 was heated with solid sodium hydroxide or 
with potassium hydroxide. Calcium oxide was 
not effective. Other satisfactory procedures were 
prolonged pyrolysis or steam distillation of the re­
action mixture from aqueous alkali or from a sus­
pension of zinc or iron powder in water. Different

(4) Steinkopf, “Die Chemie des Thiophens,” Theodor Steinkopff, 
Dresden, 1941, p. 35.

(5) Blicke and Burckhalter, T h is  J o u r n a l , 64, 477 (1942).
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yields and ratios of substitution products resulted 
when different methods of converting the addition 
products were used.

The monochlorosubstitution product produced 
by the chlorination of thiophene (I) at 50° was 
99.7% 2-chlorothiophene (II) and 0.3% 3-chloro- 
thiophene (III). The latter was indicated to be 
present in the higher boiling monochlorothiophene 
fractions by infrared absorption at wave lengths 
characteristic of ^^-substituted thiophenes. 
Chlorination of II gave a dichloro thiophene frac­
tion of 99% 2,5-dichlorothiophene (IV) and 1%
2.3- dichlorothiophene (V). The far faster rate of 
substitution of «-hydrogen as contrasted with 0- 
hydrogen was indicated by these two reactions. 
Substitution reactions occur less readily after both 
«-hydrogens have been replaced.

While the only dichlorothiophene previously re­
ported from chlorinated thiophene was 2,5-di­
chloro thiophene (IV), fractionation of the re­
action mixture revealed the other three possible 
dichloro thiophenes: 2,3-dichloro thiophene (V),
2.4- dichlorothiophene (VI), and 3,4-dichlorothio- 
phene (VII). Direct and random substitution of 
thiophene cannot be the source of all of these iso­
mers in view of the strong directive influence of the 
sulfur atom shown above. Further, if direct sub­
stitution were the only source of VII the yield 
would be limited by the intermediate III; but a 
much higher proportion of VII than of III was ob­
tained.

The origin of these isomers was clarified by the 
study of the dehydrohalogenation of the chlorine 
addition products.1 Pyrolysis of the «-isomer of
2,3,4,5-tetrachlorothiolane (XI) gave a dichloro­
thiophene fraction composed of about 50% V, 
50% VI with a trace of IV and no VII. The same 
compound with ethanolic potassium hydroxide 
formed a dichlorothiophene fraction composed of 
approximately 54% VII, 44% VI, 2% IV and no
V. Since XI consisted of at least two geometrical 
isomers, the composition of X I would also in­
fluence the ratio of isomeric dichloro thiophenes. 
The principal source of V, VI and VII is, therefore, 
the dehydrohalogenation of tetrachlorothiolane.

The structure of 2,5-dichloro thiophene (IV) has 
been established.4 The general method of prepa­
ration of 2,3-dichlorothiophene reported2 in the 
literature was used to prepare the compound for 
comparison with V. The structure of VII was 
established when further chlorination yielded a tri- 
chlorothiophene fraction consisting of 2,3,4- 
trichlotothiophene (VIII), rather than 2,3,5-tri- 
chlorothiophene (IX) which would be the ex­
pected isomer from the other dichlorothiophenes. 
The properties of VII also were in satisfactory 
agreement with those previously reported for 3,4- 
dichlorothiophene prepared by a different pro­
cedure.2 VI, by elimination, must be 2,4-di­
chlorothiophene.

The proof of structure of the two isomeric tri- 
chlorothiophenes, VIII and IX, was necessary

since their properties differed from those previ­
ously reported. Steinkopf and Köhler stated2 
that two substances which they believed to be 2,3,-
4-trichlorothiophene and 2,3,5-trichlorothiophene 
possessed amazingly similar physical properties, 
formed numerous derivatives with similar melting 
points, and gave no depression of the melting 
point when corresponding derivatives of the two 
compounds were mixed. Our results indicate 
that the two materials they studied were probably 
samples of the same isomer, VIII, of slightly 
different degree of purity. The structure of the 
two isomers obtained in the present study was in­
dicated when chlorination of IV yielded a tri- 
chlorothiophene fraction composed solely of IX, 
thus indicating IX  was 2,3,5-trichlorothiophene 
and VIII, by elimination, was 2,3,4-trichlorothio­
phene. Further evidence was that VIII reacted 
and IX did not react with mercuric chloride. 
This reaction is characteristic of thiophene com­
pounds with an «-hydrogen atom.4 6

Since the principal dichlorothiophene formed in 
the reaction of thiophene with chlorine was 2,5-di­
chloro thiophene, it might be expected that the 
principal trichloro thiophene formed would be
2.3.5- trichlorothiophene. However, when the 
chlorination was conducted near room tempera­
ture and the product treated with solid alkali, the 
trichlorothiophene fraction was 98% 2,3,4-tri- 
chlorothiophene and 2% IX. The principal 
source of VIII cannot be a substitution reaction 
because the direct formation of its intermediate, 
VII, under these conditions is indicated to be 
small. In view of the dehydrohalogenation of
2.2.3.4.5- pentachlorothiolane (XII) to 65% VIII 
and 35% IX  with ethanolic potassium hydroxide 
and the effect of the method of dehydrohalogena­
tion upon the ratio of isomers,1 the mechanism 
accounting for the formation of most of V III is the 
conversion of the reaction intermediate I I  to X I I  and 
subsequent alkaline dehydrohalogenation of the 
latter.

When chlorination at or near reflux tempera­
tures and subsequent or concomitant pyrolysis 
was employed, however, the principal isomer ob­
tained was IX, not VIII. This is in accord with 
the observation that pyrolysis of X II gave 92% 
IX and only 8% VIII. I t  was also found that the 
reaction intermediate IV could be converted to 
IX, preferably at elevated temperatures. The 
source of I X  in the chlorination of thiophene is thus 
both the dehydrohalogenation of X I I  and the direct 
substitution of IV . Both of these reactions are 
favored by elevated temperatures.

The statement has been made2’4 that trichloro­
thiophene was the most difficult of the substitution 
products to prepare since it was readily chlorin­
ated further to 2,3,4,5-tetrachlorothiophene (X). 
However, it was found that IX was substituted by 
chlorine only with difficulty. For example, after 
a ten mole excess of chlorine was passed through

(6) Volhard, Ann., 267, 172 (1892).
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T able  I

E stablished Chlorination R eactions of T hiophene

X III IX  VIII
—HCl |  CI2

O  / S\  a

C1-J---- 1 —c i
X

IX  at 180°, 42% of IX  was recovered unchanged. 
Furthermore, the other trichlorothiophene, VIII, 
arises mainly in the alkaline dehydrohalogenation 
reaction and forms only in minor amounts in the 
chlorination reaction itself.

The }deld and ratio of tetrachloro thiophene (X) 
and 2,2,3,4,5,5-hexachlorothiolane (XIII) is 
dependent upon the extent of chlorination and 
dehydrohalogenation. Extensive chlorination 
with concomitant pyrolysis gave a product con­
taining 80% X and 14% IX. Extensive chlori­
nation at lower temperatures, however, yielded 
primarily X III. In the latter case substitution of 
IV was negligible and addition of chlorine to form 
X III occurred. Dehydrohalogenation of X III by 
pyrolysis or alkali yielded X.

A compound isolated in small yields from the 
still residues of products obtained by the action of 
excess chlorine on thiophene at elevated tempera­
tures was identified as hexachlorodithienyl.7

(7) Eberhard, Ber., 28, 2385, 3302 (1895), reported the action of 
sulfuryl chloride on 2,2'--dithienyl gave 3,4,5,3',4',5'-hexachloro-2,2'- 
dithienyl, orange crystals, m. p. 189.5-190° (cor.).

Table I outlines the established parts of the 
course of the reaction of chlorine with thiophene in 
the absence of a catalyst.

Mechanisms have been postulated for the chlo­
rination, alkaline dehydrohalogenation and py­
rolysis. I adds first a positive chlorine ion to form 
a positive chlorothiolene ion (XIV) which either 
loses a positive hydrogen ion to give II or adds a 
negative chlorine ion to give a dichlorothiolene
(XV) which then adds chlorine to form XI.
/Sv  H

>  C1+ Cl

H -

c i -
-H  ------ — >  XV

— H +
-H  — ----> II

XIV
H\ / S\  C l-V  >-

H -
CV

-H  ci+ c r  
-H

X I

XV
Similar ionic reactions account for the conversion 
of II to both IV and XII, and the conversion of
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T able II

T he Physical Properties of E ight C hlorothiophenes
Vis- Surf.
cos- tens., Mol. Mol.

Chloro- ity, dynes/ vol., vol.,
thio- B. p., F. p., c. p. cm., ml. at ml. at

Cpd. phenes °C. °C. n 20 d W20e W20g n so o d2°i d*o 4 30° 30° R20d R30d 20° 30°
II 2 -a 128.32 -71.9 1 1.5487 1.5530 1.5726 1.5430 1.2863 1.2737 0.803 34 29.32 29.34 92.19 93.10
IV 2,5-® 162.08 -40.466 1.5626 1.5672 1.5880 1.5572 1.4422 1.4288 0.997 35.5 34.44 34.49 106.11 107.14
VI 2,4-c 167.58 -37.2 1.5660 1.4553 1.091 34.30 105.15
V 2,3-® 172.70 -37.3 1.5651 1.4605 34.14 104.78
VII 3,4-® 182.01 -0.54 1.5762 1.4867 1.465 34.07 102.93
IX 2,3,5-d 198.66 -16.06 1.5791 1.5837 1.6046 1.5741 1.5856 1.5724 1.464 38 39.30 39.35 118.24 119.23
VIII 2,3,4-® 209.60 -2.76 1.5861 1.6125 2.181 39.02 116.27
X 2,3,4,5-®’e 23-3.39 +29.09/ 1.5915 1.7036 3.318 40 44.05 130.27

® Infrared analysis did not disclose the presence of any impurities in the specimen. b A  second form freezes at — 50.92°. 
c The properties are for a material containing 96 mole % 2,4-dichlorothicphene, 3% 2,5-dichlorothiophene and 1% 3,4- 
dichlorothiophene. d Infrared analysis showed a trace of 3,4-dichlorothiophene as impurity. Anal. Calcd. for C4HC13S: 
Cl, 56.8; S, 17.0. Found: Cl, 57.0; S, 17.3. * Anal. Calcd. for C4C14S: Cl, 63.9; S, 14.5. Found: Cl, 64.2; S, 14.8. 
f Refs. 2 and 3 list m. p. 36°; ref. 14 lists 38°. These products were obtained by chlorination of 2,5-dibromothiophene. 
Repetition of this method using a large excess of chlorine gave a product, m. p. 51-52.5°, containing Br, 39.7%, Cl, 30.6%. 
The X froze sharply with a time—temperature cooling curve typical of highly purified materials.

IV to both IX  and X III. Ethanolic potassium 
hydroxide acts on the «-isomer of XI to effect the 
initial preferential elimination of the more nega­
tive «-chlorine ion and a /J-hydrogen ion. This 
leads to the intermediate 3,4,5-trichloro-2-thio- 
lene (XVI). XVI then loses «-chlorine and 0-

XVI XVII
hydrogen to give VII, or now since the chlorine on 
carbon atom four is allylic and more easily ex­
pelled, XVI also dehydrohalogenates in a different 
manner to give the other principal product VI. 
The mechanism of the pyrolytic dehydrohalogena­
tion of the «-isomer of XI must differ from that of 
the ethanolic potassium hydroxide dehydrohalo­
genation in view of the greatly different products. 
The formation of the two isomers is cbnsistent 
with the formation of 2,3,5-trichloro-3-thiolene 
(XVII) as an intermediate which dehydrohalo­
genates to V and VI.

Physical Properties.—The physical property 
data which have been obtained are collected in 
Table II. The methods used for the measure­
ments of the physical properties have been 
described previously.8 Some of the densities were 
determined with a 2-ml. pycnometer of the type 
described by Lipkin and co-workers9 rather than 
by the suspended sinker method used before. The 
boiling points determined by measurements made 
relative to the freezing point of water and to the 
freezing point of tin were extensively checked by 
direct intercomparisons.

The chlorothiophenes dissolved at 25° in equal 
volume mixtures with ^-heptane, diisobutene, 
cyclohexane, decalin, tetralin, benzene, thiophene, 
acetic acid, nitromethane, carbon tetrachloride, 
carbon disulfide, acetone, ethyl acetate, dioxane

(8) Johnson, T h is  J o u r n a l , 69, 150 (1947).
(9) Lipkin, Davison, Harvey and Kurtz, Ind. Eng. Chem., Anal. 

Ed., 16, 56 (1944).

and w-propanol. The chlorothiophenes were not 
miscible with water, ethylene glycol or propylene 
glycol at 25°. The critical solubility tempera­
tures of the chlorothiophenes lay close to 25° and 
varied from compound to compound in glycerol- 
«-mono-chlorohydrin, diethylene glycol, triethyl­
ene glycol, methanol and ethanol.

The chlorothiophenes changed from colorless to 
light yellow when stored for several months in par­
tially filled bottles in diffuse light a t room tempera­
ture. On boiling in air for a few hours a similar 
color change was noted. In both cases the change 
in refractive index did not exceed 0.0001.

Calculations from Table II show that sub­
stitution of a chlorine atom for a hydrogen atom 
at an «-position increases the molecular volume 
more than substitution at a /5-position. This ob­
servation, together with arithmetic estimations, 
indicated that the molecular volume of 3-chloro- 
thiophene at 20° is 91.73 ml. and d 204 1.292. 
Interpolations of the present data indicate that the 
previously reported values2 are substantially cor­
rect for the b.p., 136—137°, and for the refractive 
index, n20d 1.5543 (calcd. from 22°).

I t  is believed that the values determined in this 
study supersede previously published determina­
tions.2’3’10-14 Most of the earlier preparations 
were made with very small quantities of materials 
with attendant difficulty.

Experimental
Chlorinations.—The conditions and results of nine 

chlorinations are given in Table III. Identification of 
products was made by the boiling points and by infrared 
absorption spectra.

Specimens for Physical Property Measurements.—The 
2-chlorothiophene and 2,5-dichlorothiophene. were first 
redistilled in a 10-theoretical plate column and then 
in a 90-95 theoretical plate column at a reflux ratio above 
120:1. The 2,3-dichlorothiophene was made by chlorin-

(10) Rosenberg, Ber., 19, 650 (1886).
(11) Steinkopf and Otto, Ann., 424, 61 (1921).
(12) Auwers and Kohlhaas, J. prakt. Chem., [2J 108, 321 (1924).
(13) Bonino and Manzoni-Ansidei, Z. physik. Chem., B25, 327 

(.1934).
(14) Perkin and Haddock, J. Chem. Soc., 541 (1938).
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T able III

C hlorination  of T hiophene and C hlorothiophenes

Chlorination

Reactant

Moles 
Cl2: moles 
reactant

Temp.,
°C.

Time,
hr.

Dehydrohalogenation
Temp.,

Method °C.
Time,

hr. Composition of product, g.

I 25:25 50 3 KOH, NaOH 80-100 36 11,1088°; I.V, 519; V, 63; VI, 64; VII, 113;

I 3 .2 :3 .2 25—35 4 10% Na2C 03c 100
trichlorothiophene,6 123 

. . I, 52; II, 181; IV, 64; residue, 19
I 3 .2 :3 .2 25-35 4 Znd 100 I, 62; II, 182; IV, 66; residue, 10
i r 6 .8 :6 .8 50 1.5 KOH, NaOH 125 22 II, 201; IV, 507; V, 5; VIII, 116; IX, 65
i 140:35 45-190ff 14.5 Pyrolysis 190 2 .5  IV, 1227; other dichlorothiophenes, 316;

i 75:10 40—205*7 5.5 10% Na2C03" 120
VIII, 496; IX, 2283; X, 1503; residue, 88 

3 IX, 275; b. p. 95-118° (26 mm.), 11; X,

IVe 1:1 150 2 KOH, NaOH 125

1548; b. p. 125-135° (26 mm.), 79; resi­
due/ 32

24 IV, 55; VIII, 0; IX, 8; X, 43
VII 0.1:0 .15 90-100 3 KOH, NaOH 125 24 VII, 64%; VIII, 27%; X, 9%
IX 5.3:0.53 180 2 Pyrolysis 180 2 IX, 42; X, 47; residue, 8
a Contained 99.7% II, 0.3% III concentrated in higher boiling monochlorothiophene fractions in 90-95 theoretical 

plate distillation. b VIII, 98%; IX, 2%. c 28 g. of solid «-XI first separated by cooling in Dry Ice-acetone bath and 
was filtered off. d 0.4 g. lead sulfide was formed in a lead acetate trap. e Purified by fractionation in a 90-95 theoretical 
plate column. f Residue washed with petroleum ether, recrystallized several times from chloroform, to give yellow-white 
hexachlorodithienyl, m: p. 188.5-90°. Anal. Calcd. for CsC^^: Cl, 57.0; S, 17.2; mol. wt., 372.9. Found: Cl, 
56.9; S, 17.3; mol. wt. 350 (ebullioscopic method). 3 Mixture kept below reflux temperature until about one-third of 
chlorine added, then kept at reflux temperature. h Pyrolysis occurs at chlorination temperature; 300 ml. of sodium car­
bonate was used.

ating 2-thiophenecarboxylic acid to 4,5-dichloro-2-thio­
phenecarboxylic acid and then decarboxylating the latter by 
the method of Steinkopf and Köhler.2 The crude prod­
uct, containing ether, acetic acid and 2,3-dichlorothio­
phene was distilled in a 28-theoretical plate column. The
2,3-dichlorothiophene fraction was shaken with sodium hy­
droxide solution to remove possible traces of acetic acid. 
The 2,4-dichlorothiophene and 3,4-dichlorothiophene were 
prepared from alpha-2,3,4,5-tetrachlorothiolane by dehy­
drohalogenation with ethanolic potassium hydroxide. 
After a preliminary fractionation in a 28-theoretical plate 
column at a 30-35:1 reflux ratio, each was redistilled in the 
same column. The 2,3,4-trichlorothiophene was redistilled 
in a 28-theoretical plate column. The 2,3,5-trichloro­
thiophene and 2,3,4,5-tetrachlorothiophene were each 
redistilled in a 25-theoretical plate column.
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Summary
The substitution products formed by the reac­

tion of chlorine with thiophene were investigated. 
Eight of the nine possible isomers were isolated. 
The remaining isomer, 3-chlorothiophene, was 
identified by infrared absorption spectrograms as 
present in small amounts.

Pronounced orientation during substitution in

the thiophene nucleus was indicated by a mono­
chlorothiophene fraction consisting of 99.7% 2- 
chloro thiophene and 0.3% 3-chlorothiophene. 
Similarly, chlorination of 2-chlorothiophene 
yielded a dichlorothiophene fraction composed of 
99% 2,5-dichlorothiophene, 1% 2,3-dichlorothio­
phene and no 2,4-dichlorothiophene.

2,3-, 2,4- and 3,4-dichlorothiophenes were 
formed largely by the dehydrohalogenation of
2.3.4.5- tetrachlorothiolane and not by substitu­
tion. 2,5-Dichlorothiophene was formed by sub­
stitution.

2,3,4-Trichlorothiophene was prepared by low 
temperature chlorination and was formed largely 
after the chlorination by the action of alkali on
2.2.3.4.5- pentachlorothiolane. 2,3,5-Trichloro-
thiophene was prepared by high temperature chlo­
rination and was formed both by the substitution 
of 2,5-dichlorothiophene and by the pyrolysis of 
pentachlorothiolane.

Tetrachlorothiophene was formed both by sub­
stitution of 2,3,5-trichlorothiophene and by pyro­
lytic or alkaline dehydrohalogenation of 2,2,3,4,-
5.5- hexachlorothiolane.

Physical properties were determined on eight 
chlorothiophenes.

R eceived15 A pril 20, 1948
(15) Original manuscript received July 28, 1947.



July, 1948 R e v e r s i b l e  D is s o c i a t i o n  o f  / - B u t y l  E s t e r s 2569

[Contribution  from the Chemistry Laboratory of Sarah  Law rence College]

The Reversible Dissociation of /-Butyl Esters. Structural Effects and Reactions
Mechanism

B y  R olf A ltschul

The conversions of three carboxylic acids to the 
corresponding /-butyl esters by means of i-butene 
have been described in a previous paper.1 Quan­
titative measurements defined this esterification 
as a reversible reaction, with its drive to the equi­
librium state supported by catalytic amounts of 
sulfuric acid under anhydrous conditions in di­
oxane.

k2
RCOOC(CH3)3 RCOOH +  CH2=C (C H 3)2 (1) 

kl
The dissociation equilibrium constants Ad repre­
sent the relationship between the three compo­
nents.

Kd — (acid) (isobutene)/(ester) (2)
A d = k1/k2 (3)

The quantitative measurements in this present 
publication have been carried out on a larger series 
of esters to supplement the original exploratory 
data. This study has the dual objective com­
monly served by kinetics: its results permit a 
more accurate interpretation of the reaction mech­
anism, and they afford additional insight into the 
general problem of structure and reactivity in a 
manner to reveal a rigid law for some cases while 
facilitating at least semiquantitative predictions 
for all. In the outline below the experimental 
results will be tabulated first; their significance 
to the relationship between structure and reactiv­
ity will be discussed next, along with some conclu­
sions about the elementary reaction steps.

Results
In Table I the Kd constants for seven esters are 

summarized. They were determined, as previ­
ously, by acidimetric and bromometric titrations 
of samples at equilibrium.1 The pKa values in the

T able  I
Constants for the E sterification  of Carboxylic 
Acids with /-B u ten e  in  D ioxane  Containing 0.835 

m . / l . of H2SO4, at 25°

Kd
ki

1-/(hr.
Ester m./l. X m.) pK&

/-Butyl benzoate, I 0.68® 0.496 4 .203
/-Butyl p-nitrobenzoate, II .28® .24 3 .425
/-Butyl acetate, III .70® .99 4 .757
/-Butyl anisate, IV . .72 .82 4 .47
/-Butyl ^-chlorobenzoate, V .35 .57 3 .979
/-Butyl m-nitrobenzoate, VI .44 .19 3 .494
/-Butyl 3,5 dinitrobenzoate, VII .11 .22 2,.80

a These constants have been reported previously, cf. 
ref. 1. b This constant has been checked experimentally 
as reported below.

table refer to the known parent acid ionization 
constants.2 These quantities as well as the k2 
data in the third column are included here for the 
subsequent discussion. The specific esterification 
rates (kf) were computed by means of equation 3 
from the experimental results for Ad and for k\, 
the latter being summarized in Table II below. 
The Ad values above were substantiated later by 
readings on the equilibrated kinetic runs.

T able II
D issociation R ates of /-B utyl  E sters  in  D io x an e  

Containing  0.835 m . / l . of S ulfuric  A cid at 25°
kia

Ester Run Method (hr.) “I pk 1

I Acidim., \  
Manometr. ƒ 0 .336 0.48

II 8 Manometr. .067 1.18
III 6HC . Acidim. .69 0.16
IV 5 Manometr. .59 0.23
V 10 Manometr. .20 0.70
VI 6 Manometr. .082 1.09
VII 11 Acidim. .024 1.62
a These recorded k\ constants are corrected values, the 

catalyst concentration varying within 1.5% of the indi­
cated average value (0.835 m ./l .) . The corrections were 
easily applicable since ki has been previously determined 
as a function of sulfuric acid molarity (cf. ref. 1). The 
consequent shifts from the experimental values are small 
and insignificant even in the most extreme case. b This 
constant has been reported before, see ref. 3. c This run 
was carried out by Miss Joanne Herbert.

Manometric studies, based on the vapor pres­
sure of ^-butene, greatly facilitated the determina­
tions of the ki rate constants in Table II. This 
method utilized a thermostated Van Slyke instru­
ment; it has been described in detail before.3 I t  
could not be applied to the volatile ester III.

The preceding papers have described the mathe­
matical analysis of the data to yield the rate con­
stants.1-3 All graphs were linear over the entire 
reaction course, thus precluding autocatalysis. 
The initial ester concentrations were selected ac­
cording to considerations of maximum accuracy 
compatible with solubility requirements. The 
primary readings of typical runs are included in 
the experimental part.

An additional check on our formulations was 
afforded through the experimental constant k2 for 
Compound I, for which the values of Ad and k\ are 
most accurately known.13 The calculated quan­
tity (Table I) and the manometric measurement 
matched perfectly, better than the experimental 
accuracy would promise. Since this is our first 
experimentation with an esterification rate, the

(2) Dippy, Chem. Rev., 25, 151 (1939).
(3) Altschul and Herbert, T h is  J o u r n a l , 70, 351 (1948).(1) Altschul, T his J o u r n a l , 6.8, 2605 (1946).
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- 0 .5  0 0.5 1 1.5
Substituent constant <r.

Fig. 1.—Evaluation of Hammett reaction constant for 
the dissociation rates of /-butyl esters in dioxane, contain­
ing 0.835 m ./l. of sulfuric acid, at 25°: from left to right, 
compounds III, IV, I, V, VI, II, VII.

— — 4- ---- g j l , 4-t
I C I C V c t l i L  L C c tL c l <X I C  1 U l l J  I C p U l l C U  111 C l l l d  p U U U C c t "

tion (Table V). Over at least 80% of its course 
the addition reaction observes the linear relation­
ship postulated by the mathematical function for 
a reversible bimolecular process.4 The resulting 
rate constant is k2 = 0.49 liter (moles X hours)-1.

Interpretation.—The previously exposed 
nearly constant (kiAa) product5 appears to prevail 
for all aromatic esters, over a forty-seven-fold

p h  +  pK a =  4.61 =»= 0.07 (4)
range of Aa constants within the indicated limits. 
This is perhaps relevant to the reaction mecha­
nism,1’6 for which the initiating step was written as 
a reversible conversion of the ester to its conjugate 
acid, necessary for the subsequent slow and rate­
controlling dissociation.7 The inverse function 
represented by Equation (4) above can be inter­
preted as progressively further displacements of 
the precursor equilibria to the left for the stronger 
carboxylic acids.

A more quantitative formulation is possible for 
the functional relationship between Structure and 
Reactivity. An apparent simple correlation,
widely recognized between series of equilibrium 
or rate constants pertaining to reactions of para- 
or meta-substituted benzoic acid derivatives, has 
found its expression in the “Reaction Constants 
p” and “Substituent Constants a.”8 Such rigid 
parallelism of reactivity is credited to identical en­
tropy differences between reactants and products, 
thus reducing changes of chemical activity to ele-

(4) Conant and Bartlett, ibid,., 54, 2881 (1932).
(5) Reference 1, footnote 16.
(6) Cohen and Schneider, T his Jo u r n a l , 63, 3382 (1941).
(7) Reference 1, Equation 3.
(8) Hammett, “Physical Organic Chemistry,” McGraw-Hill Book 

Co.. New York, N. Y., 1940, Chapter VII.

mentary physical concepts, welcome and amen­
able in their simplicity,9

In line with the Hammett definition
<r =  log A a -  log K l (5)

our substituent constants were computed either 
from the known A a values (Table I), or were 
taken directly from the literature,5 to be plotted 
against the logarithm of the ki constants. Our 
case exemplifies the fundamental relationship par­
ticularly well, as is evident from Fig. 1. The re­
sulting reaction constant, derived graphically 
from the slope, p = —0.841. I t is clearly relevant 
only to the aromatic esters, while the aliphatic 
compound III does not fall within the limitations 
of the rigid law*10 The negative value of the reac­
tion constant indicates least reactivity for the de­
rivative of the strongest acid, in distinct contrast to 
other reaction of esters.8

Although all three series of constants (ki, k2y and 
Ad) rise with falling Aa values, this dependence is 
sensitive only for the k\ data (Table I). For the 
others a ninety-fold depression of acidity effects 
only a 6.4-fold increase of A d  and a 4.5-fold in­
crease of k2 (compare III and VII). These dif­
ferences are so small that a precise interpretation 
according to the Hammett formulation is incom­
patible with the relatively large experimental er­
ror.1

From a synthetic point of view, the Ad and k2 
constants are of course most essential, defining, as 
they do, the speed and extent of esterification with 
Abutene. Qualitatively speaking, the trend prom­
ises slightly faster yet less complete conversions for 
the weaker carboxylic acids.

Activation Energies.—In combination with 
preceding measurements at 35° the data provide 
for an estimate of the energies of activation for the 
dissociation of three esters in the presence of 0.835 
m./l. of sulfuric acid.1 Ester I, AE  = 17 kcal./ 
mole3; Ester II, AE — 16 kcal./mole; Ester 
III, AE  = 20 kcal./mole.

Experimental
Materials.—The previous batches of dioxane, 100% 

sulfuric acid and benzoic acid were used.3 The esters 
were generally synthesized either by direct esterification 
of the carboxylic acids with /-butene,1 or by the pyridine- 
acid chloride method.6’11 Much of the relevant informa­
tion is listed in Table III.

The solid esters were purified by crystallization, while 
distillations through all-glass distilling assemblies was 
applied to the liquids. Samples of esters prepared through 
the acid chloride were tested with alcoholic silver nitrate; 
the results were uniformly negative, with the exception 
of compound V which gave a very slow positive reaction,

(9) (a) Ref. 5, Chapters III, IV, VII; (b) Remick, “Electronic 
Interpretation of Organic Chemistry,” John Wiley & Sons, Inc., 
New York, N. Y., 1943, Chapter VII; (c) Wheland, “The Theory of 
Resonance,” John Wiley & Sons, Inc., New York, N. Y., 1944, Chap­
ters VII, VIII.

(10) For Compound III, the substituent constant obviously has 
no physical meaning. It was obtained through Equation (5) only in 
order to be presented in the graph along with the related benzoate 
esters.

(11) Norris and Rigby, T h is  J o u r n a l , 54, 2088 (1932).
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T able  III
Preparation and Physical C onstants of /-Butyl 

E sters

Ester Method Physical constants
Ref­

erence
I Pyr. +  RCOC1 B. p. (2-3 nun.) 75-79°; 6,11

Acid +  C4H8 n2Zd 1.4893; d2i 0.993 1
i r Acid +  C4H8 M. p. 115-116° 1,12
n r Acid +  C4H8 B. p. (755 mm.) 95.5-

A c20  +  C4H9OH
96.5°

w27d 1.3827; d2t 0.855
1

11
IV Pyr. +  RCOC1 B. p. (2.5-3 mm.) 162-

162.5° ; w25d 1.5370; d2b 1.0424
V6 Pyr. +  RCOC1 B. p. (3 mm.) 158.5°;

VI Pyr. +  RCOC1
w25d 1.5041; d2b 1.1011 
M, p. 31°; 2̂5 1.1513;

VII4 Pyr. +  RCOC1
n25 d 1.51 1c 
M. p.. 141-142° 13

Acid +  C4H8 M. p. 141-142°
° This preparation was carried out by Miss Lucille J.

T a b le  IV
D i s s o c i a t i o n  o f  / - B u t y l  E s t e r s  i n  D i o x a n e  S o l u t i o n s , 
C o n t a i n i n g  S u l f u r i c  A c i d , a t  2 5  =*= 0 . 1 °  ( M a n o m e t r i c  

M e a s u r e m e n t s )

Holljes. 6 This preparation was carried out by Mrs. 
Cynthia H. Yoder. c Density and refractive index were 
determined for the supercooled liquid. d This preparation 
was carried out by Mr. Jon J . Sugrue.
presumably due to solvolysis of the nuclear-substituted 
halogen.

For more complete details as to synthetic procedures the 
previous publications should be consulted.1

Combustion analyses of the previously unrecorded 
esters IV, V and VI, were carried out by Dr. Carl Tiedcke: 
Calcd. for IV: C, 69.22; H, 7.75. Found: C, 69.71; H,
8.01. Calcd. for V: C, 62.11; H, 6.16. Found: C, 
61.90; H, 6.10. Calcd. for VI: C, 59.21; H, 5.87.
Found: C, 59.63; H, 5.96.

Quantitative Measurements. Ad Constants.—
The previous technique was applied in all de­
tails. Samples of known initial molarities were 
stored in sealed ampoules in a thermostatic bath 
at 25 =*= 0.1° until equilibrium was attained within 
a few days. They were then analyzed for the con­
centration of acid and of Abutene by means of 
acidimetric and by means of bromometric titra­
tions, respectively.1’3 The results are summarized 
in Table I in the text.

ki Constants.—Both the manometric and the 
volumetric methods have been outlined in detail 
before13 and were followed throughout with only 
one minor change for the acidimetry involving 
compound VII, as follows: Aliquot samples were 
added to a slight excess of warm standard aqueous 
alkali. This prevented temporary precipitation 
of the organic acid, which, without this modifica­
tion, tended to separate along with the ester and 
was slow to redissolve. After immediate rapid 
cooling, back-titration with standard hydrochloric 
acid followed as usual. Blank tests revealed ab­
sence of saponification under these conditions. 
The experimental results of two representative 
runs are tabulated below in the customary manner.

The terminology in the column heads of Table 
IV has been chosen in accord with the preceding 
publications1’3: px signifies the partial pressure of

(12) Hueckel, Nerdel and Reimer, J. prakt. Chem., 149, 311 (1937).
(13) Huntress and Mulliken, “Identification of Pure Organic Com­

pounds,” John Wiley & Sons, Inc., New York, N. Y., 1941, p. 430.

Hours pi, cm . Q Hours Pi, cm . Q
Run 5; (IV)„ = 0.481 Run 10; (V)0 =  0.277

m ./l. m ./l.
(H2S 04)o =  0.818 m ./l. (H2S 04)o =  0.847 m ./l.

0.28 0.45 2.53 0.58 0.08 3.72
.40 1.46 2.78 0.77 0.49 4.03
.57 3.15 3.32 1.58 1.89 5.49
.72 4.75 3.96 2.07 2 .55 6.48
.94 6.52 4.98 2.42 2.95 7.29

1.06 7.54 5.76 3.00 3.67 9.21
1.30 8.84 7.13 3.45 4.06 10.62
1.55 10.19 9.30 3.87 4.39 12.26
1.75 11.11 11.58 4.53 4.94 16.23
1.92 11.69 13.62 5.10 5.27 20.02
2.47 13.22 24.42 5.78 5.67 27.30
2.90 14.02 40.90 7.12 6.27 62
3.67 14.92 148 7.60 6.37 78
4.12 15.07 8.03 6.49 112
4.59 15.27 9.35 6.77
4.90 15.27 9.62 6.77

Abutene, while Q stands for the variable term in 
the integrated rate equation.

k2 Constant.—For the manometric determina­
tion of the esterification rate, 5 cc. of 1.695 
molar sulfuric acid and 1 cc. of dioxane was intro­
duced into the van Slyke chamber and degassed, 
followed by admission of 4 cc. of a dioxane solu­
tion containing 1.572 m,/l. of benzoic acid and 
roughly 1.72 m./l. of Abutene. Readings were 
taken as usual, and, at equilibrium, samples were 
titrated in the customary manner indicating an 
equilibrium concentration of 0.372 m./l. of benzoic 
acid (calcd., 0.37 m./l.). Table V contains the 
experimental data which were substituted into the 
relevant equation after transformation from pres­
sure into concentration.3

T able  V

E sterification  of /-Bu ten e  with  B enzoic A cid in  
D io x an e , C ontaining  0 .8 4 7  m./l . of Su lfu ric  A cid at

2 5  ±  0 .1 °
Hours Pi, cm . ( /-b u ten e ), m . / l . Q
0 . 0 9 3 2 . 7 7 0 . 6 4 3 7 . 6 9

.20 3 1 . 1 4 .6 1 1 8 . 7 4

. 4 2 2 9 . 7 5 .5 8 3 10.2

. 7 0 2 8 . 4 2 .5 5 7 1 1 . 5

. 8 5 2 7 . 4 0 . 5 3 6 1 3 . 4
1 . 1 3 2 6 . 4 2 .5 1 8 1 5 . 7
1 . 4 0 2 5 . 5 4 .5 0 0 1 9 . 4
1 . 7 7 2 4 . 4 7 .4 8 0 2 5 . 5
2 . 6 3 2 2 . 8 5 .4 5 9 3 8
3 . 0 0 22.20 . 4 3 5 9 9
— 2 1 . 5

- Q term stands for

e - £ ± -
( A e +  c -j- K a )

(6 )sv sv e
to be substituted into the rate equation.^
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Summary
The equilibrium and dissociation rate constants 

are reported for the acid-catalyzed reversible dis­
sociation of seven Abutyl esters into the respective 
carboxylic acids and Abutene, in dioxane solution 
a t 25°. The reverse esterification rate constant, 
d eterm in ed  experimentally in one case, matches 
the value calculated from the preceding data.

The relationship between these results and the 
known parent acid ionization constants, viewed 
in terms of the general problem of structure and

reactivity, indicates faster yet less complete 
esterification for the weaker carboxylic acids. 
The dissociation rate constants yield to quanti­
tative treatment, and the Hammett reaction 
constant is calculated graphically for the aro­
matic esters.

Additional clues for more intimate analysis of 
the reaction mechanism are interpreted.

Physical constants for three new /-butyl esters 
are presented.
Bronxville 8, N. Y. R eceived  F ebruary 24, 1948

[Contribution  from the  Research Laboratories of M erck  and C o ., Inc.]

Substituted Sulfaquinoxalines. II. Some Derivatives and Isomers of
2-Sulf anilamidoquinoxaline1

B y  F. J. W olf, R. H. B eutel  and  J. R. S t e v e n s2

In view of the promising chemotherapeutic ac­
tion of sulfaquinoxaline3’4 as well as its unique 
pharmacological properties,5 the preparation of 
isomers and derivatives was undertaken.

The preparation of 6,7-dimethyl-2-aminoquin- 
oxaline, 6 (or 7)-chloro-2-aminoquinoxaline and a 
mixture of 2(and 3)-amino-5,6-benzoquinoxaline 
was carried out by degradative cleavage of the 
corresponding alloxazine under essentially the 
same conditions as those described in the litera­
ture for the cleavage of alloxazine3 and substituted 
alloxazines.6

Only one of the two possible isomers was ob­
tained when 7(or 8)-chloroalloxazine was cleaved; 
whereas, cleavage of benzalloxazine yielded 2- and 
3-amino-5,6-benzoquinoxaline.

As the above method is not applicable to the 
preparation of 2-amino-3-alkylquinoxaline com­
pounds, 2-amino-3-methylquinoxaline was pre­
pared from 2-hydroxy-3-methylquinoxaline7 by 
chlorination and amination of the resulting chloro 
compound.

Attempts to convert 2-hydroxy-3-methylquin- 
oxaline into the amine by modifications of the

(1) For the previous paper in this series see Stevens, Pfister and 
Wolf, T h is  J o u r n a l , 68, 1035 (1946).

(2) Present address, J. T. Baker Co., Phillipsburg, N. J.
(3) Weijlard, Tishler and Erickson, T h is  Journal, 66, 1957 

(1944).
(4) Smith and Robinson, Proc. Exptl. Biol. Med., 57, 292 (1944).
(5) Seeler, Mushett, Graessle and Silber, J . Pharm., 82, 357

(1944).
(6) Weijlard and Tishler, T h is  Jo u r n a l , 67, 1231 (1945).
(7) Hinsberg, Ann., 292, 249 (1896).

Bücherer reaction were unsuccessful. However, 
when more rigorous conditions were applied to 2- 
hydroxyquinoxaline8 the desired 2-aminoquin- 
oxaline was obtained9 in low yield.

In addition, the isomeric 5-aminoquinoxaline 
and 6-aminoquinoxaline10 were prepared. The 
former was obtained from the reaction of 2,3-di- 
aminoacetanilide with sodium glyoxal bisulfite fol­
lowed by hydrolysis of the resulting 5-acetamino- 
quinoxaline to the desired product.

The amines were converted into the desired 
sulfonamides by the usual procedures and in addi­
tion the p-aminobenzoate of 2-aminoquinoxaline 
was prepared.

Acknowledgment.—The authors are indebted 
to Dr. R. T. Major and Dr. M. Tishler for their 
kind encouragement and advice.

Experimental
Alloxazines.—Thé preparation of 7(or 8 )-chloroalloxa- 

zine is typical of the method.
7 (or 8)-Chloroalloxazine.—A mixture of 60 g. of 4- 

chloro-2-nitroaniline and 200 g. of iron powder in 300 
ml. of ethanol was stirred and refluxed and 12 ml. of 
6 N  hydrochloric acid was added dropwise during the 
first three hours. After eighteen hours the reaction 
mixture was filtered and concentrated in vacuo. The 
residue was dissolved in 135 ml. of 2.5 N  hydrochloric 
acid and 400 ml. of water, heated to 85° and added to a 
solution of 50 g. of alloxan monohydrate in 400 ml. of water 
at 85°. The mixture was stirred for one hour at 85-90° 
(a yellow precipitate appeared almost instantly) and 
filtered. The precipitate, after washing with water and 
ethanol and drying, weighed 75.4 g. (88% yield based on 
the nitro compound). The product was sufficiently pure 
for degradation purposes and did not melt when heated 
at 360°.

2-Amino-6,7-dimethylquinoxaline.—7,8-Dimethyl- 
alloxazine11 (lumichrome) is not attacked by prolonged 
boiling with 30% sodium hydroxide. It was cleaved to 
2-amino-3-carboxy-6,7-dimethylquinoxaline by heating 
at 170-175° with concentrated aqueous ammonia.

(8) Gowenlock, Newbold and Spring, J. C h em . S o c . ,  622 (1945).
(9) This work was carried out by Mr. Weijlard in this Laboratory.
(10) Hinsberg, Ann., 237, 345 (1887).
(11) Kuhn and Rudy, Ber., 67, 1826 (1934).
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T a b l e  I
SULF ANILAMIDOQUINOX ALINES

July, 1948 D erivatives and Isomers of 2-Sulfanilamidoquinoxaline

Yield,
%

M. p.,
°C. C

Calcd.
H

Analyses, %•----

N C
Found

H N

65 239-240 58.36 4.90 57.98 4.90
65 266-268 50.99 3.48 51.04 3.51
95 155-205 61.21 4.11 61.35 4.33
65 244-245 57.30 4.53 57.39 4.97
94 234 56.13 4.12 56.13 4.22

279 56.13 4.12 16.36 56.08 4.31 16.1
85 246-247 58.52 4.91 17.05 58.44 5.15 16.81
45 241-242 50.27 3.32 16.75 50.20 3.63 16.62
78 205-208 15.98 16.11
54 211-212 57.31 4.47 17.82 57.62 4.63 17.98
92 169-170 55.98 4.03 18.66 56.36 4.15 18.2
93.5® 230-231 55.98 4.03 18.66 56.10 3.99 18.8

Compound

2- [N4-Acetylsulfanilamido] -6,7-dimethylquinoxaline 
2- [N4-Acetylsulfanilamido]-6-(or 7)-chloroquinoxaline 
2-(and 3-) [N4-Acetylsulfanilamido]-5,6-benzoquinoxaline 
2- [N4-Acetylsulfanilamido] -3-methylquinoxaline
5- [N 4-Acetylsulf anilamido] -quinoxaline
6- [N4-Acetylsulfanilamido]-quinoxaline 
2-Sulfanilamido-6,7-dimethylquinoxaline 
2-Sulfanilamido-6-(or 7)-chloroquinoxaline
2-(and 3-)-Sulfanilamido-5,6-benzoquinoxaline 
2-Sulfanilamido-3-methylquinoxaline
5- Sulfanilamidoquinoxaline
6- Sulfanilamidoquinoxaline

a Based on 6-aminoquinoxaline.

A suspension of 28 g. of lumichrome in 150 ml. of 28% 
ammonia water was heated in bomb tubes a t 170-175° for 
thirteen hours. The mixture was diluted with 10 volumes 
of water, heated to 90° and filtered. The amorphous 
orange precipitate was extracted with 300 ml. of hot 2 N  
ammonium hydroxide; the combined filtrates were acidi­
fied with acetic acid and the flocculent orange precipitate 
was filtered and dried. The product, 14.4 g. (60% yield), 
decomposed with evolution of gas a t 215-220°.12 13

A mixture of 5.0 g. of crude 2-amino-3-carboxy-6,7- 
dimethylquinoxaline and 50 ml. of nitrobenzene was 
slowly heated to boiling. The elimination of carbon 
dioxide was rapid a t first and was almost complete by the 
time the mixture had reached boiling temperature. The 
solution was refluxed for ten minutes, and the dark solu­
tion was allowed to stand for eighteen hours. The reaction 
mixture was filtered and the precipitate washed well with 
benzene. The combined filtrates were extracted three 
times with 25-ml. portions of 2.5 N  hydrochloric acid. 
The aqueous extracts were combined, washed twice with 
benzene and made alkaline with sodium hydroxide. The 
crude product was filtered, taken up in 100 ml. of warm 2.5 
N  hydrochloric acid, treated with Darco G-60 and pre­
cipitated by the addition of 2.5 N  sodium hydroxide. The 
yellow amorphous product, 2.97 g. (93% yield) melted at 
270-273°. I t was suitable for conversion into the sulfon­
amide compound. An analytical sample prepared by re­
crystallization from ethyl acetate melts at 275-278°.

A n a l .  Calcd. for C iJ ïuN318: C, 69.35; H, 6.40.
Found: C, 69.12; H, 6.67.

2 (and 3)-Amino-5,6-benzoquinoxaline.—“ Benzallox- 
azine,” 14 * 60 g., was heated with 450 ml. of 28% aqueous 
ammonia at 175° for twelve hours. The reaction mixture 
was diluted with 2 1. of water, heated to 90°, treated with 
Norit and filtered. The filtrate was cooled and acidified 
with acetic acid, and the orange gelatinous precipitate 
was filtered and dried. The crude product, 15.5 g. 
(28.6% yield), melting with evolution of gas at 212-215°, 
was used in the next step.

The crude amino acid, 15.5 g., was decarboxylated as 
described for the 6,7-dimethyl derivative. The crude 
product, 8.0 g. (63.5% yield), was dissolved in 250 ml. 
of hot benzene. On cooling 5.4 g. of bright yellow ma­
terial, m. p. 190-195°, was obtained. The mother liquor 
on concentration yielded solids 2.0 g., m. p. 140-180°. 
By fractional crystallization of the first crop, it was pos­
sible to obtain a low yield of analytically pure material, 
melting a t 215-217°.

A n a l .  Calcd. for C12H 9N3: C, 73.89; H, 4.65; N, 
21.52. Found: C, 73.79; H, 5.07; N, 21.64.

(12) All melting points are uncorrected.
(13) Microanalyses were kindly performed by R. N. Boos, W. K.

Humphry, E. H. Thornton and E. Meiss.
(.14) Kuhn and Cook, Ber.. 70, 761 (1937).

When the residue, obtained by evaporating the mother 
liquor from recrystallization of the second crop from 
benzene, was again recrystallized, evaporation of the 
mother liquor yielded a bright yellow analytically pure 
material, m. p. 150-152°.

A n a l .  Calcd. for C12H 9N3: C, 73.89; H , 4.65. Found: 
C, 73.91; H , 4.52.

The intermediate fractions contained most of -the 
product and melted over wide ranges. Since preparation 
of either isomer in a pure state involved a large loss of 
material, the mixture was converted to the sulfonamides.

2-Amino-6(or 7 ) -chloroquinoxaline.—A mixture of 7.0 
g. of 7(or 8 )-chloroalloxazine and 30 ml. of 28% am ­
monia water was heated in a bomb a t 165° for ten hours. 
The mixture was diluted with 10 volumes of water, heated 
to 90° and filtered. The filtrate was acidified with hydro­
chloric acid, and the gelatinous precipitate was filtered 
and dried. The crude product, 5.1 g. (81.5% yield), 
was difficult to purify and was used without purification 
in the next step. The compound melted with evolution 
of gas a t 188-190°.

The amine was obtained when 4 g. of the crude amino 
acid was refluxed with 40 ml. of nitrobenzene for fifteen 
minutes. The product was extracted with dilute hydro­
chloric acid and precipitated with sodium hydroxide. 
The crude amine, 1.2 g. (37% yield) melted a t 192-196° 
(skeleton unmelted a t 225°). When 0.5 g. of the product 
was heated with 20 ml. of ethanol, 0.15 g. of insoluble 
material th a t did not melt a t 400° was obtained. The 
ethanol filtrate when concentrated to 5 ml. and cooled 
yielded material, m. p. 193-195° (0.2 g.). An analytical 
sample, m. p. 197-200°, was obtained by sublimation a t 
150 ° in high, vacuum.

A n a l .  Calcd. for C8H 6N3C1: C, 53.50; H, 3.37; N, 
23.39. Found: C, 53.36; H, 3.70; N, 23.19.

The amine was obtained more readily by cleaving 
7(or 8 )-chloroalloxazine with approximately 75% sulfuric 
acid. 7 (or 8 )-Chloroalloxazine was added to the solution 
obtained by mixing 50 ml. of water and 200 ml. of concen­
trated sulfuric acid. The mixture was heated to 200° 
as rapidly as foaming would allow and held a t this tem ­
perature for twenty minutes and then poured on ice, and 
the solution was made strongly alkaline with sodium 
hydroxide. The precipitate, 7.0 g. (23% yield), was pu ri­
fied by dissolving in hot 1.3 N  hydrochloric acid, treating 
with Darco G-60, and precipitating with sodium hydrox­
ide. The product, 5.0 g. (16% over-all yield) m elt­
ing a t 198-199°, was used without further purification 
for the preparation of the sulfonamide derivative.

2-Chloro-3-methylquinoxaline.—200 ml. of phosphorus 
oxychloride was added to a refluxing mixture of 57.5 g. 
of 2-hydroxy 3-methylquinoxaline7 and 300 ml. of ben­
zene. After refluxing for two hours, most of the m aterial 
had dissolved to give a dark purplish solution. The re-
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action mixture was added to a stirred mixture of 2 kg. of 
ice and water. The benzene layer was separated, and the 
water layer was extracted with six 250-ml. portions of 
benzene. The benzene extracts were combined, heated 
with 10 g. of Norit, and concentrated to dryness in  vacu o . 
Recrystallization of the residue from ethanol gave the 
product (37.5 g.) in 52% yield, m .p .  84-86°.

A n a l .  Calcd. for C9H7N2C1: C, 60.50; H, 3.95.
Found- C, 60.97; H, 4.61.

2-Amino-3-methylquinoxaline.—A mixture of 40 g. 
of 2-chloro-3-methylquinoxaline, 30 ml. of liquid ammonia 
and 250 ml. of absolute ethanol was heated for eight 
hours a t 120°. The reaction mixture was evaporated to 
dryness in  v a c u o , and the residue was extracted with 200 
ml. of warm 1.2 A  hydrochloric acid. The insoluble non- 
reacted chloro compound weighed 8.0 g. The acid solu­
tion was filtered, heated with Norit for five minutes, fil­
tered again and the crude amine precipitated with sodium 
hydroxide. The crude product was purified by recrystal­
lization from 200 ml. of benzene, and the mother liquor 
was used for two extractions of the insoluble material, 
to tal yield 20.4 g. (70% of theoretical based on the 
chloro compound used), m .p .  163-165°.

A n a l .  Calcd. for C9H 9N3: C, 67.89; H , 5.70. Found: 
C, 68.20; H, 5.95.

5-Acetylaminoquinoxaline.—A solution of 6.0 g. of
2,3-dinitroacetanilide15 in 150 ml. of methanol was shaken 
with hydrogen in the presence of Raney nickel catalyst 
until the reduction was complete. The reaction mixture 
was quickly filtered from the catalyst into a solution of 
8.0 g. of sodium glyoxal bisulfite in 150 ml. of water. 
After removing the methanol and heating at 100° for one 
hour, the reaction mixture was cooled and made alkaline 
with 25 ml. of 2.5 N  hydroxide. After cooling to 5° 
the product, 2.76 g. (55% }deld), m .p . 131°, was obtained 
by filtration. Without further purification the product 
was converted into the amine.

5-Aminoquinoxaline.—A mixture of 2.5 g. of 5-acetyl- 
aminoquinoxaline and 25 ml. of 2 N  sulfuric acid was 
heated one hour on the steam -bath, cooled and neutralized 
with sodium bicarbonate. After cooling to 5° the product 
was filtered and washed with ice-water, yielding 1.9 g. 
(87.5% yield) of bright yellow crystals, m. p. 92°.

A n a l .  Calcd. for C8H7N3: C, 66.17; H, 4.86; N,
28.94. Found: C, 66.24; H, 4.78; N, 28.4.

2-/>-Aminobenzamidoquinoxaline.—A mixture of 11.0 
g. of />-nitrobenzoyl chloride and 8.5 g. of 2-aminoquin­
oxaline in 15 ml. of pyridine was heated on the steam- 
bath for one hour and poured into 170 ml. of water. The 
crude product, 13.6 g., was recrystallized from ethyl 
acetate. The purified material, m. p. 211 °, weighed 7.8 g.

A suspension of 10 g. of the />-nitrobenzoate in 300 ml. 
of methanol was shaken with hydrogen in the presence of

(15) Kaufmann and Hussy, Ber., 41, 1740 (1908).

2 g. of Raney nickel catalyst. The hydrogenation was 
stopped when 3.1 moles of hydrogen had been absorbed. 
After adding an equal volume of acetone the solution was 
filtered from the catalyst and concentrated to dryness in  
vacu o . The residue was dissolved in 50 ml. of 2.5 N  
hydrochloric acid, filtered from a small amount of in­
soluble material and precipitated by adding 1 N  sodium 
hydroxide. The crude product, 7.9 g., was recrystallized 
from a mixture of equal parts of ethanol and ethyl acetate. 
The pure material, 5.5 g. (62% yield), melts a t 229- 
230°

A n a l .  Calcd. for Ci5Hi3ON4: C, 67.90; H, 4.58; N, 
21.19. Found: C, 68.07; H ,4 .73; N ,21.6.

Sulfonamides.—The amines were treated with p -  acetyl- 
aminobenzenesulfonyl chloride in pyridine solution. The 
acetyl compounds were obtained in yields of 70-95%. 
The preparation of 2 (and 3)-sulfanilamido-5,6-benzo­
quinoxaline is typical.

2(and 3 )-[N 4-Acetylsulfanilamido]-5,6-benzoquinoxal­
ine).—At room temperature 5.6 g. of p - acetylaminoben- 
zenesulfonyl chloride was added to a solution of 4.5 g. of 
2(and 3)-amino-5,6-benzoquinoxaline in 25 ml. of pyri­
dine. The mixture was stirred for one and one-half 
hours and then poured into 500 ml. of water. Heating 
and stirring the mixture made the gum tha t first separated 
solidify. The precipitate was filtered and dissolved in 200 
ml. of 2 N  sodium hydroxide and filtered from the insoluble 
material (0.2 g.). After being stirred for ten minutes 
with 1 g. of Norit, the solution was filtered and made 
acidic. The dried yellow product weighed 8.6 g. (95% 
yield). The acetyl derivatives were hydrolyzed with 
ethanolic hydrogen chloride.

2 (and 3) -Suitaniiamido-5,6-benzoquinoxaline.—A mix - 
ture of 8.6 g. of the acetyl compound, 50 ml. of absolute 
ethanol and 25 ml. of concentrated hydrochloric acid was 
stirred and refluxed one and one-half hours. The solution 
darkened, and a reddish precipitate appeared. The mix­
ture was poured into 300 ml. of water and 30% sodium 
hydroxide added until the solution was alkaline. After 
2 g. of Norit was added the solution was heated to boiling, 
filtered, and the product precipitated by acidification with 
acetic acid. The light yellow powder weighed 6.0 g. 
(78% yield).

Summary
Isomers and nuclear substituted derivatives of

2-sulfanilamidoquinoxaline were prepared. The 
degradation of 7,8-dimethylalloxazine, 7 (or 8)- 
chloroalloxazine and “benzalloxazine” to the cor­
responding 2-aminoquinoxaline has been carried 
out. The preparation of 2-amino-3-methylquin- 
oxaline by another method has been described.
R ahway, N . J. R eceived F ebruary 28, 1948
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Some Physical Properties of 2-Picoline
By Henry Freiser1 and William L. Glowacki2

July, 1948 Some Physical Properties of 2-Picoline

Most of the work reported here was done as a 
part of an extensive program sponsored by the 
Koppers Company for the determination of phys­
ical constants of coal tar bases. A number of fac­
tors pointed to the need for this program. Inter­
est in 2-picoline and other tar bases has mounted 
in recent years. Much of the physical constant 
data necessary for their full exploitation are either 
lacking or old. With large amounts of materials 
available it seemed desirable to purify 2-picoline 
carefully and redetermine its physical properties.

Purification of 2-Picoline.—Over two liters of 
commercial 2-picoline (Koppers Company 2° 
alpha picoline) was subjected to a careful frac­
tional distillation at atmospheric pressure by 
means of a 40-in rectifying column of one-inch 
inner diameter, packed with 3/32 in. Fenske 
stainless steel helices. The temperature of the 
distilling picoline was measured with a single-junc­
tion copper—constantan thermocouple and a port­
able potentiometer. The product was collected at 
a rate of 30 ml./hr. Thirty-seven fractions of 50 
ml. each, boiling within 0.1°, were collected. The 
distillate was protected from atmospheric moisture 
and carbon dioxide by a stream of dry nitrogen 
and was later stored in a dry box. The cuts were 
examined preparatory to further purification by 
the determination of the freezing points of se­
lected fractions.3 The freezing points of cuts 7-36 
(ca. 1500 ml.) were substantially constant at 
— 66.63° and of a purity estimated from the melt­
ing point slope of 99.76 mole %.

Distillation cuts 6—39 were further purified by 
crystallization and centrifugation. The recrystal­
lized 2-picoline was dehydrated by distillation in 
the one-inch laboratory column, most of the ma­
terial distilling over a 0.05° range. The purity of 
this material, which was used in the determination 
of the physical properties, was estimated from its 
melting point curve slope to be 99.85 mole %. It 
is of interest to note that the dehydration distilla­
tion data of the recrystallized picoline indicated 
that the total moisture picked up during the entire 
series of manipulations involved in the recrystalli­
zation was somewhat less than 0.5 weight % (the 
mother liquor fraction may have more than this 
amount). The literature repor ts about the extreme 
hygroscopicity of 2-picoline and perhaps those 
about the other tar bases may be somewhat in error.

Experimental
Determination of Properties

Freezing Point.—The apparatus and procedure was 
essentially a modification of th a t in use at the National

(1) Chemistry D epartm ent, University of Pittsburgh.
(2) Present address: Eastern Gas and Fuel Associates, Boston,

Mass.
(3) A. J. Streiff, E. T. M urphy, V. A. Sedlak, C. B. Willingham

and F. D. Rossini, J . Research N . B. S., 37, 331 (1946).

Bureau of Standards.4 4 5 6 7 8 9 10 11 12 The single-junction copper- 
constantan thermocouple was calibrated a t the sublima­
tion point of carbon dioxide. The potentiom eter used 
was sensitive to 0.1 microvolt (0.003°) and reproducible 
from day to day to 1 microvolt (0.03 °). Two modifica­
tions of crystalline 2-picoline were observed, needle-like 
prisms and white opaque platelets, the former being more 
stable a t the freezing point. Due to excessive supercool­
ing, melting curves instead of freezing curves were used 
to determine the freezing point for zero im purity. The 
freezing point of pure 2-picoline (saturated with nitrogen) 
was found to  be —66.55 =•= 0.08° at 730-740 mm. pres­
sure, and the purity of the sample was estim ated, from the 
slope of its melting curve, to be 99.85 mole % , assuming 
its cryoscopic constant to  have the same value as th a t of 
3-picoline.5 This assumption is approximately confirmed 
by an experiment in which approximately 0.71 mole % 
water was found to depress the freezing point of 2- 
picoline by 0.31°. Previously reported values of the 
freezing point are — 69.9 °6 and —64°.7

Density, and Expansion Coefficient.—Two 20-ml. 
flask-type pycnometers having graduated 1-mm. capillary 
necks were used. The capillaries were calibrated by 
measuring lengths of weighed mercury threads by means 
of a traveling microscope. The volumes of the pycnom­
eters were determined at 20, 40, 60 and 80° in a water- 
bath maintained to =*=0.005°. The bath  temperatures 
were measured by thermometers which had been compared 
with those certified by the Bureau of Standards and used 
at the points tested, with a probable accuracy of =±=0.03°. 
When no further change occurred in the level of the 
liquid in the pycnometer, the level was read with the aid 
of a telescope, and suitable calculations made to  relate 
the volume to a certain mark. Fillings with 2-picoline 
were made in the dry box using a filling tube constructed 
of stainless steel and nickel tubing. The picoline was 
protected from the atmosphere by a device which kept dry 
nitrogen flowing over it a t all times, including th a t of 
level adjusting. The densities were determined in dupli­
cate a t 20, 40, 60, and 80 ° on the same sample of picoline, 
and pycnometers being refilled for the series a t 30, 50, and 
70°. Weighings were made using as tares identical 
pycnometers which received the same external treatm ent 
as the ones in which the measurements were made. The 
weights employed were certified by the Bureau of S tand­
ards. „ All weights were corrected to values i n  v a c u o . The 
respective density values obtained a t 10° intervals from 
20 to 80° are 0.944320, 0.934913 , 0.925565, 0.916072, 
0.90665g, 0.897060 and 0.887222 g./m l. w ith an average 
deviation of duplicate measurements of 0.000027 g./m l. 
The following equation, obtained by the application of 
least squares to the data, d t (g./m l.) =  0.962809 — 
9.0569 X 10~H  -  1.369 X IO"6/2 +  2.45 X 10~8/3 -
1.7 X 10-10/4, reproduces the experimental results with an 
average departure of 0.000017 g./m l. The density of 2- 
picoline a t 25 ° calculated from the above equation is 0.93963 
g./m l. The values previously reported in the literature 
are 0.9395,8 0 .9400,9 0.9401,10 0.9494,11 and 0.94099.12

(4) A. R. Glasgow, Jr., A. J. Streiff and F. D. Rossini, ibid., 35, 
355 (1945).

(5) W. L. Glowacki, unpublished work.
(6) J. Timmermans, Bull. soc. chim. B e l g 30, 62 (1921).
(7) F. M. Jaeger, Z. anorg. allgem. Chem., 101, 1 (1917).
(8) M. A. G. R au and B. N. Narayanaswam y, Z. physik. Chem., 

26B, 23 (1934).
(9) T . Eguchi, Bull. Chem. Soc. Japan, 2, 176 (1927).
(10) A. L. Wilkie and B. D. Shaw, J . Soc. Chem. Ind ., 46, 469 (1927).
(11) J. G. Heap, W. J. Jones and J. B. Speakman, T h is  Jo urnal , 

43, 1936 (1921).
(12) A. E. D unstan, F. B. Thole and J. S. H un t, J . Chem. Soc., 91, 

1728 (1907).
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The expansion coefficients of 2-picoline at various 
temperatures were calculated simply by dividing the in­
stantaneous rate of change of density with temperature 
by the density at that temperature employing the density 
equation and its temperature derivative. The values thus 
obtained varied from 0.000992 at 20° to 0.001127 at 80° 
and are consistently from 2-7% lower than those calcu­
lated from the only other reported data.13 This earlier 
work was done before any distinction bet ween the isomeric 
picolines was recognized and probably was carried out on 
impure material.

Viscosity.—A Cannon-Fenske viscometer (size 50), 
having an efflux time for water at 20° of 265.22 seconds, 
was used for the determination of viscosities from 0-80° 
in 10 ° intervals. Efflux times were measured in triplicate 
with an electrical timer having an average reproducibility 
of 0.05 second. The viscometer, placed in a bath held 
constant to 0.01 ° was calibrated at each temperature with 
distilled water. Efflux times obtained from two separate 
fillings checked to within better than 0.1 second. The 
identical procedure was employed with 2-picoline with 
additional precautions taken to prevent contamination 
with atmospheric moisture. The viscometer was charged 
in the dry box and while in the bath was protected by 
means of devices which kept dry nitrogen in contact with 
the picoline. Results from two fillings checked to =*=0.04 
second.

Since the viscosity determinations were made at tem­
peratures other than that at which the viscometer was 
charged, a correction for the change in the average driving 
head due to thermal changes in volume was applied to 
the observed efflux time. For water, this correction was 
always less than 0.3 second, while with the picoline, 
whose expansion coefficient is greater than that of water, 
the maximum correction amounted to 0.8 second.

Another correction applied to the efflux time was that 
needed to compensate for the change in driving head with 
surface tension of the liquid under test. This correction 
enters because of the difference of capillary action in the 
upper and lower reservoirs which are of different diameter. 
For the convenient calculation of this correction, water 
at 40° was used as a standard. The correction for the 
other water runs was always less than 0.4 second, but for 
the picoline, whose surface tension is about half that of 
water, the correction varied from 0.7 to 1.3 seconds. 
A graphical interpolation of Jaeger’s data7 for the surface 
tension of 2-picoline was employed for these calculations.

The corrected efflux times of the water deter­
minations, in conjunction with the viscosity and 
density data for water in the “ International 
Critical Tables,” were used for the calculations of 
the viscometer constant. In an analogous manner, 
the observed efflux times for 2-picoline were cor­
rected and employed along with the density data 
herein obtained to calculate the viscosities pre­
sented in Table I.

Table I
V iscosity of 2-P icoline

Tem p., °C. Viscosity, cp. Temp., °C. Viscosity, cp.
0 1.0970 50 0.5621

10 0.9351 60 .5054
20 0.8102 70 .4585
30 0.7096 80 .4165
40 0.6296

The results presented here have a probable ac­
curacy of somewhat better than 1% . The value 
of the viscosity at 25° interpolated from a graphi­
cal representation of the data of Table I is 0.757 
cp., as compared to the value of 0.7918 cp. re-

(13) T. E. Thorpe, J . Chem. Soc., 37, 222 (1880).

ported in 1907.12 The difference of 4.7% is prob­
ably due in large part to the use of insufficiently 
pure picoline by these early workers.

The relation between the viscosity and the 
temperature may also be expressed by the follow­
ing equation obtained graphically from the data

1 n cr,vw _  n r  a a / n r  1 o n
n  ' — eye x.-x/ x j. .<_j j_ j.

where T  is the absolute temperature and which 
reproduced the data to an average of 5 p. p. m. 
with an extreme of 14 p. p. m. The activation 
energy of viscous flow, E viS., may be found from 
the above equation to be 2308 cal./mole.

Boiling Point.— A simple Swietoslawski ebul- 
liometer, suitably modified to protect its con­
tents from atmospheric moisture, was dried and 
charged with 2-picoline in the dry box. The 
condensation temperature was measured with a 
single-junction copper—constantan thermocouple 
that was calibrated with an accuracy of 0.02° at 
the melting point of a Bureau of Standards sample 
of benzoic acid. Barometric pressure readings 
were made simultaneously with boiling tempera­
ture measurements. The observed boiling tem­
peratures were corrected to 760 mm. by means of 
the d T / d p  value of 0.046° C./mm. calculated 
from the vapor pressure datat of Riley and Bailey.14

The boiling point so obtained, 129.44°, remained 
constant even after several portions of the liquid 
were distilled away. The probable accuracy of 
the value is somewhat better than 0.1°. Previ­
ously reported values are 129.21,15 129.27-129.32,9 
128.9,14 and 129.1°.8

Refractive Index.— The refractive indices of 2- 
picoline at 20 and 30° in a Bausch & Lomb Preci­
sion Refractometer at three wave lengths, 5893 A, 
(Nan line), 5461 A., and 4358 A. (Hg green and 
blue lines). Circulating water from a constant 
temperature bath maintained the prisms to 
=*=0.02° during the measurement. The refrac­
tometer was calibrated by means of highly pure 
benzene and chlorobenzene. These results, along 
with the molar refractions, are presented in Table 
II.

Table II
R efractive I n d ex  a nd  M olar R efraction of 2-P ico-

LINE
Wave length,

A.
Temp.,

°C. n R m.
5893 20 1.50105 29.056

30 1.49592 29.093
5461 20 1.50493 29.246

30 1.49982 29.286
4358 20 1.52170 30.062

30 1.51667' 30.118

Other values of the ? /20d  are 1.5012214 (corrected 
from the value reported at 18° by means of the 
temperature dependence of n u  found in this work) 
and 1.501.16

(14) F. T. Riley and K. C. Bailey, Proc. Roy. Irish Acad., 38B, 450 
(1929).

(15) E. J. Constam and J. White, Am. Chem.. J ., 29, 2 (1903).
(16) “ International Critical Tables,” Vol. I.
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Wave numbers in cm.-1 .

Wave length in microns.
Fig. 1.—Infrared spectra of 2-picoline: «-picoline (2-methylpyridine), 99.8%, liquid at 27°; cell length, (a) 0.08mm.,

(b) 0.04 mm., (c) 0.02 mm.

The n 39 and corresponding M R „ were calcu­
lated for use in the dipole moment work by means 
of a simple Sellmeier expression, n — 1 =  &X2/X2 — 
5, using the refractive indices of two of the three 
reported above. In order to estimate the validity 
of this expression, the value of n 89 was calcu­
lated by using two pairs of n\. In this manner 
n\5? was found to have an average value of 
1.4729 =±= 0.00016 with a corresponding M R m = 
27.9j ml.

Dipole Moment.— The dipole moment of 2- 
picoline in benzene solution at 30.00 =*= 0.03° was 
measured by means of a heterodyne beat method. 
The apparatus used for the dielectric constant 
measurements will be described in a future pub­
lication. The densities of the solutions were 
measured in pycnometers of 100 ml. capacity 
similar to the ones described in the section on den­
sity.

The dielectric constants e and d  of the solutions 
containing mole fraction/2 of the polar solute and

T a b l e  I I I

D ie l e c t r ic  C o n s t a n t s , D e n s it i e s  a n d  P o l a r iz a t io n

h € d P 2
0.042803 2.4860 0.871443 103.5

.053407 2.5421 .872239 102.8

.074254 2.6588 .873802 102.5

the polarization of polar solute P 2 are given in 
Table III.

A  value of 104.7 =»= 0.4 ml. was obtained for P m 
by extrapolating the P 2-/2 curve to infinite dilu-

Fig. 2.—Ultraviolet spectra of 2-picoline: purity, 99.8 
mole %; solvent, cyclohexane.
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tion. The electronic polarization P e was ob­
tained from the molar refraction at infinite wave 
length, 27.9 ml. Assuming P a to be 10% of P e , 
the dipole moment of 2-picoline is calculated to 
be 1.92 D  with a probable accuracy of =*=0.01°. 
This value is not in good agreement with that of 
1.72 D  (the only previously reported work) ob­
tained by Ran and Narayanaswany7 because 
these workers employing the temperature solution 
method obtained a falsely high value, 23.2 ml. 
for P a .17 The value obtained by Rau and Nara­
yanaswany for the total polarization at infinite 
dilution P 302oo is 111.36 ml., in fair agreement with 
the value obtained here.

Absorption Spectra.— In Figs. 1 and 2 are pre­
sented the infrared and ultraviolet absorption 
curves, respectively, for 2-picoline. The main 
infrared absorption maxima are presented in Table
IV. The main ultraviolet absorption maxima are 
located at 252, 256.5, 262, and 268 millimicrons. 
The data were kindly determined by the Koppers 
Spectrographical Research Laboratory under the 
direction of Dr. J. J. McGovern.

Summary
i  cy t > :  _  „  1 : .  1--------i ---------------------------- : _ c  „  j  - u —  r ________ _____________11 .  Zi-X lU O llllC  11ÜLÖ UCCii p U IlllC U . Uy H ctU tlU llclI

(17) “ The tem perature solution method gives only the dipole 
moment qualitatively and seriously misleads investigators regarding 
the magnitude of the atomic polarization,” H. O. Jenkins, Trans. 
Faraday Soc., 30, 741 (1934).

T a b l e  IV

M a in  I n f r a r e d  A b s o r p t io n  M a x im a  o f  2 -P ic o l in e
X in n I a X in fi ia

1.70 w 7.74 m
2.20 w 8.09 m
2.34 w 8.70 m
2.47 w 9.09 m
2.93 w 9.53 m-i
3.33 m 10.03 m-i
3.66 w 10.24 m
3.82 w 10.65 w
6.29 m-i 11.29 w
6.80 m-i 12.55 w
6.99 m 13.28 i
7.28 w 13.69 m

° Approximate intensity: w = weak, m = moderate,

distillation and recrystallization to an estimated 
99.85 mole %  purity.

2. The following properties have been deter­
mined for the purified material: freezing point, 
boiling point, density at 10° intervals from 20 to 
80°, the expansion coefficients in the same tem­
perature range, the viscosity at 10° intervals from 
0 to 80°, refractive indices at 20 and 30° at 5893, 
5461 and 4358 A., the dipole moment, and the in­
frared and ultraviolet absorption spectra. 
P ittsburgh , P ennsy lva n ia  R eceived M arch 2, 1948

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t s  o f  C h e m ic a l  E n g in e e r in g  a n d  o f  C h e m is t r y , M a s s a c h u s e t t s  I n s t it u t e
o f  T e c h n o l o g y ]

The Density of Aqueous Hydrogen Peroxide Solutions1
B y C ha rles  E. H uckaba and F red erick  G. K ey es

Introduction
A relatively small amount of exact density data 

exists for aqueous solutions of hydrogen peroxide, 
due to the decomposition caused by the catalytic 
activity of glass surfaces which introduces error 
in the density determination because of combined 
gas formation and loss of peroxide. A  solution of 
this major problem was found in the preconstruc­
tion treatment of the interior surface of the glass 
from which the vessels were blown, combined with 
the employment of certain precautions during 
their use.

The literature reveals that the determinations 
of Maass and Hatcher2 reported at both 0 and 18° 
are the most accurate data available. Independ­
ent verification of the data, however, has not ap­
peared, and independent values in the region of 
high peroxide concentration are particularly de­
sirable in view of the surface activity of the glass 
unless very special precautions are taken.

In this investigation a technique has been de-
(1) The authors express their acknowledgment to the Naval 

Bureau of Ordnance for the support and release of this work.
(2) O. M aass and W. H. H atcher, T his Journal, 42, 2548 (1920).

veloped for preparing vessels whose interior sur­
faces are insensitive toward the decomposition of 
peroxide, determining with precision the densities 
of aqueous solutions of hydrogen peroxide at 0°. 
The mean coefficient of change of density with 
temperature to 20° has also been measured.

Treatment to Render Glassware Inactive to Hydrogen 
Peroxide.—The following procedure was found to produce 
inactive container Pyrex glass surfaces.

All glassware was constructed of Pyrex tubing, selected 
for freedom from visible surface imperfections. Prior 
to the glassblowing the tubing was cleaned with hot 
fuming sulfuric acid (150-175°), rinsed with conductivity 
water, and allowed to drain until dry in a dust-free case. 
This treatment is important in that it removes foreign 
matter which might otherwise decompose or “ash” and 
become embedded in the surface of the glass during the 
glassblowing operation. The air required in the glass- 
blowing was passed through a filter of fresh medicinal cot­
ton to prevent contamination through air-borne dust or 
decomposition of organic vapors from the breath.

After the vessels had been constructed, they were filled 
with hot fuming sulfuric acid and allowed to stand over­
night. Following thorough rinsing with conductivity 
water, the vessels were tested with 90-95% peroxide. If 
no bubbles of oxygen appeared, the vessels were ready for 
use.

In the few instances where decomposition was detectedf
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the peroxide was removed and the vessels re-rinsed with 
conductivity water. Then the vessels were treated with 
10% hydrofluoric acid for three or four minutes. If, 
after this treatment had been repeated several times, the 
vessel still decomposed the peroxide, it was concluded that 
some foreign matter was deeply embedded in the surface 
of the vessel and the vessel was discarded.

Although precautions were taken to keep the vessels 
in a dust-free place, occasionally a vessel would become 
contaminated between times of use. This contamination, 
however, was always successfully removed by repeating 
the cleaning procedure with fuming sulfuric acid, hydro­
fluoric acid, and conductivity water. It was also found 
that the tendency of the vessels to become contaminated 
was reduced by keeping them filled with concentrated 
peroxide when not in use.

It has been found that cleaning a vessel with chromate- 
sulfuric acid cleaning solution usually increased rather 
than decreased the catalytic action of the vessel toward 
the decomposition of the peroxide.

Density Determinations at 0°
Experimental Procedure for Measuring Densities.—

The densitometers consisted of Erlenmeyer-type glass 
bulbs of about 20 cc. capacity, to which was attached 
a short section of 2 mm. capillary tubing, and to which in 
turn was attached a ground glass cap. At a point at 
mid-distance along the capillary, a small scratch or level 
mark was made on the capillary tubing.

Calibration of the volume at 0° of the densitometers 
was carried out with conductivity water at 0 °. The densi­
tometer was filled with water to a level somewhat above 
the mark and placed in an ice-bath for approximately forty- 
five minutes. Tests showed that this time was more than 
sufficient to reduce the temperature of the water in the 
densitometer to 0°. The liquid level was finally adjusted 
to the mark by removing the excess liquid with a fine 
capillary. Any small drops of liquid clinging to the walls 
of thé capillary above the mark were removed by using a 
fine capillary tube connected to a water aspirator.

The densitometer was transferred from the ice-bath to 
a water-bath at room temperature to warm the densitom­
eter and contents quickly to room temperature in prep­
aration for weighing. The densitometer was removed 
from the water-bath, dried and weighed. The precision 
of the calibrations was in round numbers a part in 10,000.

In making density determinations, the densitometers 
were filled with peroxide which had been twice distilled 
to ensure purity. The same manipulations were employed 
as were followed in the calibrations. Thus having deter­
mined the weight of a known volume of the peroxide solu­
tion at 0°, the density at 0° could be calculated easily. 
The precision of the density measurements was close to a 
part in 10,000.

Analytical Procedure
After density weighing, samples of peroxide for analysis 

were withdrawn by means of a capillary pipet constructed 
and treated according to previous indications relative to 
the densitometers. In a previous investigation,3 it has 
been shown that the analysis of aqueous solutions of 
hydrogen peroxide can be carried out with great accuracy 
by titration with potassium permanganate provided a 
definite procedure is followed. To achieve the maximum 
possible accuracy, both the standardization of the per­
manganate and the titration of the peroxide were carried 
out according to the recommendations given in the refer­
ence cited.

To analyze concentrated peroxide solutions by titra­
tion with permanganate, a dilution step is necessary. All 
quantities of material involved in the dilutions were de­
termined by weighing rather than by the less accurate 
volumetric method. Weight burets were also used for the 
titrations. The precision of the analyses was not inferior 
to a part in 5000.

(3) C. E. Huckaba and F. G. Keyes, T his Journal, 70, 1640
(1948).

An attempt was made to determine directly the amount 
of impurities in the best obtainable grade of sodium oxa­
late4 used to obtain the titer of the potassium permanganate 
by comparing the oxalate with purified anhydrous oxalic 
acid. Although the oxalic acid was sublimed in high vac­
uum eight times, for some undetermined reason the results 
showed a lack of uniformity to a part in 800.

The same oxalate as used in the comparison of the per­
manganate titration with the decomposition method was 
also used in the density determinations. The results of 
the earlier comparisons2 by direct peroxide decomposition 
indicated that the oxalate purity is not inferior to a part 
in 3500. It is believed that the concentration determina­
tions are reliable to a part in 5000.

Experimental Results
The experimental results of the density deter­

minations at 0° are given in Table I.

T a b l e  I

D e n s it i e s  o f  A q u e o u s  S o l u t io n s  o f  H y d r o g e n  P e r - 
o x id e  a t  0 °

eight fraction Density a t 0°, W eight fraction Density a t 0°,
of water g. per cubic cm. of water g. per cubic cm.
0.90343 1.0379 0.10621 1.4100

.80021 1.0803 .04013 1.4483

.59991 1.1660 .03772 1.4493

.40829 1.2539 .03718 1.4499

.28646 1.3139 .00521 1.4681

.19977 1.3590 .00395 1.4685

An attempt to express the data algebraically 
showed that no simple function would represent 
the densities as a function of weight fraction or 
mole fraction with sufficient precision. An equa­
tion of the following form was found to be the 
best approximation representation.

log vm = log Z/H202 +  log (flBfco/VHaOs)* (1)
where

vm represents specific volume of H20 2 solution cc./g.
ĥ202 represents the specific volume of 100% H20 2 cc./g.

z*h2o represents the specific volume of H20  cc./g.
x represents the weight fraction of water

or
log [(vm)(10)] =  0.83241 +  0.16767x (la)

The deviation of the data from this curve exhib­
its a maximum with a value of about a part in 
400. Since representing the data algebraically to 
a part in 5000 appeared impractical, a table of 
densities for each 0.01 interval of weight fraction 
was prepared with the aid of a deviation chart. 
The density values are given in Table II, and the 
specific volumes in Table H R .

Linear interpolation between the values given 
in Table II is accurate to at least a part in 5000 
as illustrated in Table III.

The interpolated densities were obtained by 
linear interpolation using the tabulated values of 
Table II. The calculated densities were obtained 
from Equation (la) corrected by the use of the 
deviation plot.

The comparison of the results of this investiga­
tion with those reported by Maass and Hatcher1 
is shown in Table IV.

(4) A portion of this oxalate is being preserved and is available 
for further investigation.
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T able  II
D e n sit ie s  in  V acuum , G. P e r  Cc., of A queous Solutions of H ydrogen P eroxide  at 0 ° , as a F unction of the

W eight
_̂ ------ Fractioni of water-----

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0 .0 1 .4 7 0 9 1 .4651 1.4593 1 .4535 1 .4478 1.4421 1 .4364 1 .4 3 0 7 1.4250 1.4193
.1 1 .4 1 3 6 1 .4080 1 .4024 1 .3968 1.3913 1 .3858 1 .3804 1 .3 7 5 0 1 2696 1 =3642
.2 1 .3 5 8 9 1 .3536 1.3483 1.3430 1 .3378 1.3326 1 .3275 1.3223 1.3172 1.3121
.3 1 .3071 1 .3022 1.2971 1.2921 1.2871 1.2822 1 .2773 1 .2 7 2 4 1.2676 1.2627
.4 1 .2 5 7 9 1.2531 1.2483 1.2436 1 .2389 1 .2342 1 .2295 1 .2248 1 .2202 1.2156
.5 1 .2 1 1 0 1 .2 0 6 4 1 .2 0 1 8 1.1973 1 .1928 1.1883 1 .1838 1 .1 7 9 3 1 .1749 1.1705
.6 1 .1661 1 .1617 1 .1573 1 .1529 1 .1485 1.1441 1 .1398 1 .1 3 5 5 1.1312 1.1269
.7 1 .1 2 2 6 1 .1183 1 .1140 1.1098 1.1056 1.1014 1 .0972 1 .0930 1.0888 1.0846
.8 1 .0 8 0 4 1.0763 1 .0722 1.0680 1 .0639 1.0598 1.0557 1 .0516 1.0475 1.0434
.9

1 .0
1 .0393
0 .9 9 9 8

1.0353 1.0313 1.0273 1.0233 1.0193 1.0154 1 .0115 1.0076 1.0037

T able IIR
Specific  V olumes G. P er  Cc. of A queous S olutions of H ydrogen P eroxide  at 0 °, a s  a  F unction of the W eight

F raction of W ater
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0 .0 0 .6 7 9 8 6 0 .6 8255 0 .68526 0.68799 0.69070 0.69343 0 .6 9 6 1 8 0 .6 9 8 9 6 0 .70175 0.70457
.1 .70741 .71023 .71306 .71592 .71875 .72160 .72443 .72727 .73014 .73303
.2 .73589 .73877 .74167 .74460 .74750 .75041 .75330 .75626 .75919 .76214
.3 .76505 .76793 .77095 .77393 .77694 .77991 .78290 .78592 .78889 .79195
.4 .79498 .79802 .80109 .80412 .80717 .81024 .81334 .81646 .81954 .82264
.5 .82576 .82891 .83209 .83521 .83836 .84154 .84474 .84796 .85114 .85434
.6 .85756 .86081 .86408 .86738 .87070 .87405 .87735 .88067 .88402 .88739
.7 .89079 .89421 .89767 .90106 .90449 .90794 .91141 .91491 .91844 .92200
.8 .92558 .92911 ,93266 .93633 .93994 .94357 .94724 .95093 .95465 .95841
.9 .96219 .96590 .96965 .97343 .97723 .98107 .98483 .98863 .99246 .99631

1.0 1.00020

T a ble  III occurs during a density measurement, the value
A ccuracy of L in ea r  I nterpolation  in  T able II
Wt. fraction 

of water
Interpolated

density
Calculated

density
0 .1 0 5

.505

.905

1 .4 1 0 8
1 .2087
1 .0373

1.4106
1.2087
1.0374

T a ble  IV
Com parison  of D e n sit ie s  Obtained  by  M aass and

H atcher  w it h  T hose in  T h is  I nvestigation
Density at 0° Weight fraction water

Maass and Hatcher Maass and Hatcher Huckaba and Keyes
1 .0 4 1 9
1 .0 8 9 4
1 .1 6 5 5
1 .2 4 0 4
1 .2 6 1 0
1 .3 2 3 5
1 .3839
1 .4 1 4 4
1 .4 5 9 6
1 .4 6 4 9

0 .8 9 4 3
.7767
.5986
.4330
.3880
.2656
.1514
.0958
.0111
.0000

0 .8938
.7783
.6014
.4368
.3935
.2677
.1535
.0984
.0202
.0105

The densities reported by Maass and Hatcher 
are lower than the ones reported here. These in­
vestigators reported great difficulty in eliminating 
decomposition of the peroxide during the density 
measurements. However during the measure­
ments here reported no visible decomposition oc­
curred. It will be perceived that if decomposition

obtained will be lower than the true value.
The Change of Density with Temperature.—

The effect of temperature on the densities of 
peroxide solutions was found by using a dilatom­
eter constructed to permit the observation of 
expansions of volume of solutions from 0 to 20°. 
The dilatometer differed from the densitometer 
only in that the capillary section was much longer 
(9.5 cm.) and accurately divided into millimeters 
and calibrated. The diameter of the capillary 
section was obtained by determining the amount 
of mercury at a known temperature that filled the 
space between successive portions of the millime­
ter division marks. The first mark above the 
bulb of the dilatometer was taken to be the zero 
mark, and the total volume of the dilatometer 
from this mark was determined with conductivity 
water in the same manner as with the simpler 
densitometers. The following procedure was used 
in making a dilatometer measurement.

The density of the peroxide solution was deter­
mined at 0° by adjusting the liquid level to the 
zero mark following the same procedure used ear­
lier. From the density at 0°, the concentration 
was established from Table II. The dilatometer 
was then placed in a 20° bath, and after equilib­
rium had been attained, the new liquid level was 
read. To ensure that the reading was made at 
equilibrium the level was observed twice by ap-
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proaching the 2005 from both a lower and a higher 
temperature. From the level reading and the di­
ameter of the capillary tube, the volume of liquid 
at 20° above the zero mark was calculated. The 
volume of liquid below the zero mark was cor­
rected from 0 to 20° using the coefficient of cubical 
expansion of Pyrex glass. Thus, the total volume 
at 20° of a known weight of peroxide and also the 
density at 20° are determined.

Since an adequate correlation of the volumetric 
coefficients with weight fractions of hydrogen per-

T a b l e  V

A v e r a g e  C o e f f i c ie n t s  o f  C h a n g e i n  S p e c if ic  V o l u m e

o f  H y d r o g e n  P e r o x i d e  S o l u t io n s  b e t w e e n  0 a n d  20°
Weight fraction water OL

0.03123 0.0007759
.21471 .0007344
.40917 .0006656
.60841 .0005846
.78475 .0004326

1.00000 .0001206

T a b l e  V I

C o m p a r is o n  o f  C o m p u t e d  a n d  E x p e r i m e n t a l  S p e c if ic

V o l u m e s

Weight fraction v exptl. v calcd.
water a t 20° at 20°

0.78475 0.92818 0.92826
.60841 .87037 .87006
.40917 .80836 .80836
.21471 .75103 .75101
.03123 .69888 .69918

where
v  represents specific volume cc./g.
A/represents change in temperature (/2 — 0°)

o l represents average coefficient of expansion between 0° 
and t2

The experimental results are given in Table V.
The relationship between a and weight fraction 

is adequately represented by the expression 
log [(1.10344 -  x)(10)] +  0.16908 

* “ ------------- : 1523“ "  “ (3)
where

x  =  weight fraction water
ol = average coefficient of change in specific volume be­

tween 0 and 20°
A comparison of the specific volumes at 20° 

computed from the coefficients using Equation
(3) with the direct experimental specific volumes 
is shown in Table VI. The differences are negli­
gible in each case, demonstrating the adequacy of 
Equation (3).

For convenience, the coefficients have been cal­
culated using Equation (3) for each 0.01 interval 
of weight fraction, and appear in Table VII. 
Linear interpolation in this table is satisfactory.

To determine the specific volume at some tem­
perature, t2, intermediate 0 and 20° of a hydrogen 
peroxide solution, subject to the assumption of 
temperature independence of a, the specific vol­
ume at 0° is obtained from Table II; a is then 
either obtained from Table VII or calculated by 
Equation (3); and finally the specific volume at 
t2 obtained by the use of Equation (2).

T a b l e  VII
A v e r a g e  C o e f f i c i e n t s  o f  S p e c if ic  V o l u m e  C h a n g e ® f r o m  0 - 2 0 °  o f  A q u e o u s  S o l u t io n s  o f  H y d r o g e n  P e r o x i d e  a s  a

F u n c t io n  o f  t h e  W e ig h t  F r a c t io n  o f  W a t e r  
The entries of the table are to be multiplied by 10-4.

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 7.957 7.931 7.905 7.878 7.852 7.825 7.797 7.770 7.742 7.714
.1 7.685 7.657 7.629 7.599 7.570 7.540 7.510 7.480 7.449 7.418
.2 7.387 7.355 7.323 7.290 7.258 7.224 7.191 7.157 7.122 7.087
.3 7.052 7.016 6.980 6.944 6.906 6.869 6.831 6.792 6.753 6.713
.4 6.673 6.632 6.591 6.549 6.506 6.463 6.419 6.374 6.329 6.283
.5 6.236 6.188 6.140 6.090 6.040 5.989 5.937 5.884 5.830 5.775
.6 5.719 5.662 5.604 5.544 5.483 5.421 5.357 5.292 5.226 5.158
.7 5.088 5.016 4.943 4.867 4.790 4.710 4.629 4.544 4.457 4.368
.8 4.275 4.180 4.081 3.979 3.872 3.762 3.647 3.528 3.403 3.272
.9 3.135 ,2.992 2.840 

1.0 1.206
This coefficient, designated herein as ol,

2.680 2.511 2.331 

is defined by Equation (2).

2.139 1.933 1.711 1.470

Summary
The densities of aqueous solutions of hydrogen 

peroxide at 0° have been determined with a pre­
cision of a part in 5000. The coefficients of change 
with temperature in these densities have been de­
termined from 0 to 20° with a precision such that 
densities calculated using the coefficients also have 
a precision of a part in 5000.
Ca m b r id g e , M a s s . R e c e iv e d  M a r c h  20, 1948

oxide is possible, the coefficients of change are 
presented on a specific volume rather than density 
basis. The average coefficients of expansion be­
tween 0 and 20° to be listed were obtained by us­
ing the data to determine the constant a of Equa­
tion (2).
____________  vtn =  Vo°c (1 T  olAt) (2)

(5) The mercury thermometer used in the 20° tem perature bath 
could be estimated to 0.01°, and was checked against a platinum  re­
sistance thermometer.
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The Vapor Pressure of Eleven Organic Compounds1
B y  C . E r n s t  R e d e m a n n ,2 S a u l  W . C h a ik in  a n d  R a lph  B . F e a r in g 3
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In order to complete other work in progress in 
this Laboratory, it was necessary to have accurate 
data over the temperature range 0 to 60° for the 
volatility of the compounds reported in this study. 
The volatility is readily computed from the vapor 
pressure but a search of the literature revealed 
that trichloronitromethane (chloropicrin)4 was 
the only compound in the group for which data 
were available. For the remaining compounds 
data were so scarce as to make it difficult even to 
estimate their volatility. The volatility was 
therefore measured for these compounds by the 
method described in earlier reports.5 The vapor 
pressure has been computed from the experi­
mentally measured volatility and is here reported 
since it is more generally useful than the volatility.

were repeated until a constant reproducible volatility 
was obtained. If m any series of measurements there 
was a  trend from high values to lower ones this series was 
continued until the results varied only in a random man­
ner.

All the compounds here reported were prepared in 
laboratories other than the authors*. The source of each 
compound is given in a footnote to Table I. The com­
pounds were submitted to our laboratory as pure com­
pounds; however, whenever the sample was large enough 
to allow further purification it was carefully fractionally 
distilled in all-glass equipment containing a short Vigreux 
column before making any measurements upon it. In a 
few cases the sample submitted was too small to allow 
any further purification before use. The boiling point 
(or range), refractive index, and density reported in 
Table I were those observed for the sample just prior to 
use. The identity of each compound was assumed to 
be that stated by the submitter.

Nitrogen was used as the inert carrier gas as in previous

T a b l e  I

C o n s t a n t s  o f  t h e  C o m p o u n d s  S t u d i e d

Refractive
Boiling point index Densi ty Constants

Compound Formula 0 C. *Mm. n o 0 C. G ./m l. 0 c. A A ' B
Trichlor onitromethan ea CI3CNO2 109.5-110 755 1.4611* 20 1 .6558* 20 8.27526 11.69636 2054.3
Dimethyl acetylenedicar-

boxylate6 (CCOOCH3)2 9.20815 12.56598 2941.4
Methyl cyanoformate0 CHsOCO(CN) 97 751 1.072* 20 8.4433 11.5782 2053.6

CC1=C| c i

Vinyl mucochlorated CH2= C H — O— CH 1 115 15 1 .5028 25 9.8293 13.3245 3340.3

0 ----c: = o
Phenylcarbylamine

chloride0 C6H5N =CC 12 104-105 28 1.5673 25 1.2530fc 25 8.907 12.353 2820
3-Bromopentanone-2/ CH3COCH(Br)C2H 5 56 21 1.4579 20 1.3406 25 8.4256 11.84841 2359.4

63-64 32
l-Chloro-2-triazoethane-* N 3CH 2CH2C1 38-38.5 22 1.4658 20 1.2216* 20 8.7112 11.9397 2287.3
2- N itrobutene-10 CH 2= C ( N 0 2)C2H 5 61 50 1.4373 20 1.0188 20 8.6073 11.8172 2298.7
1 - Ni tropr opened n o 2c h = c h c h 3 59-60 34 1.4539m 20 1.0650w 20 8.4592 11.6041 2306.3
2-Nitropropeneff CH2= C H (N 0 2)C H 3 54 74 1 .0660n 20 7.9272 11.0721 1993.1
1 - Hydroxy-2-pentyne-4-one^ HOCH2C = C C O C H j 88.5-89.5 5 1.4571 20 1.0765 20 10.1725 13.3691 3362.6

a Eastman Kodak Co. White Label. h From Dr. M. S. Kharasch, University of Chicago. The sample was too small 
to permit further purification before use. c From Dr. C. D. Hurd, Northwestern University. d From Dr. C. A. Thomas, 
Monsanto Chemical Co. e From Dr. Henry Gilman, Iowa State College. f  From Dr. G. H. Coleman, University of 
Iowa. 0 From Dr. Marvin Gold, Visking Corp. * Brfihl, Z . p h y s ik . C h em ., 16, 214 (1895), gave n 22-8D 1.46075 and d204 
1.6539. * Karvonen, C. A . ,  18, 1981—1982, gives d 20 1.0719. k Dyson and Harrington, J .  C h em . S o c ., 193 (1940), report 
a density of 1.285 a t 15°. 1 Foster and Newman, ib id . , 97, 2576 (1910), give the density as 1.2885 a t 24°. m Schmidt 
and Rutz, B e r ., 6 1, 2146 (1928), give n 20d  1.4527 and d 204 1.0661. n Blomquist, Tapp and Johnson, T h i s  J o u r n a l , 67, 
1519 (1945), give a density, which corrected to d204 is 1.0509, appreciably less than we found. Their boiling range of 
48-49° (59.5 mm.) agrees moderately well with the temperature calculated from our equation a t which the pressure is 
59.5 mm.

Experimental
A description of the apparatus used and details of the 

measurements were reported in an earlier paper.sb For 
each compound at each temperature studied determinations

(1) This work was carried out under contract w ith the National 
Defense Research Committee of the Office of Scientific Research and 
Development.

(2) Present address: 770 S. Arroyo Parkway, Pasadena 2, Calif.
(3) Present address: 622 N. E ast Ave., Oak Park, 111.
(4) (a) Baxter, Bezzenberger and Wilson, This Journal, 42,

1388 (1920); (b) Herbst, Kolloid Beihefte, 23, 330 (1927); (c)
Blaszkowska-Zakrzewska, Roczniki Chem., 8, 210 (1928); 8, 219
(1928); (d) Stull, Ind. Eng. Chem., 39, 517 (1947).

(5) (a) Bent and Francel, This Journal, 70, 634 (1948); (b)
Redemann, Chaikin and Fearing, ibid., 70, 631 (1948).

studies.5 No evidence of polymerization or oxidation 
during any of the studies was observed.

Results
In Table I are recorded, in addition to the phys­

ical constants of the compounds, the three con­
stants A , A ' and B for the two equations

log p  =  A  -  B / T  (1)
log W T  =  A '  -  B / T  (2)

computed by the method of least squares from the 
experimental points. These constants apply 
when the pressure is expressed in millimeters of 
mercury, the temperature, Ty is the absolute tern-
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perature and the volatility, Wt is expressed in 
milligrams of agent per liter of nitrogen (or air). 
From these equations it is possible to calculate 
the vapor pressure, volatility, mean molar heat of 
vaporization, etc.

In Table II are recorded data pertaining to the 
precision of measurements for each compound de­
scribed in this report. While these data would

T a b l e  II
P r e c is io n  o f  E x p e r im e n t a l  D a ta

Percentage deviation from 
smoothed curve of

Points calcu­
lated from

Experimental least squares 
points equation

Compound
Maxi­
mum Mean

Maxi­
mum Mean

Trichloronitromethane 0.99 0.46 0.36 0.24
Dimethyl acetylenediearboxyl- 

ate 1.7 .57 .52 .23
Methyl cyanoformate 0.89 .53 .47 .33
Vinyl mucochlorate 1.8 .98 .68 .27
Phenylcarbylamine chloride 2.43 1.24 .63 .38
3-Bromopentanone-2 1.34 0.54 .24 .18
l-Chloro-2-triazoethane 1.05 .66 .22 .21
2-Nitrobutene-l 1.84 .99 .12 .07
1-Nitropropene 1.60 .80 .18 .09
2-Nitropropene 1.07 .67 .49 .33
l-Hydroxy-2-pentyne-4~one 0.35 .18 .17 .11
indicate a precision of about 1% for most of the
measurements, the vapor pressure, as computed 
by the equations given, may have an error some­
what larger than this amount since the vapor pres­
sures calculated from the volatility in an inert gas 
stream are too large according to Gerry and 
Gillespie.6 The values from which the constants 
given in Table I were determined were not cor­
rected for this factor since the volatility in an inert 
gas was the quantity desired at the time the experi­
mental work was done and consequently no addi­
tional measurements were made by which these 
corrections could be made.

Discussion
Since considerable data4 were available for tri- 

chloronitromethane, redetermination of its vapor
(6) Gerry and Gillespie, Phys. Rev., 40, 269 (1932).

pressure was primarily for comparison of results. 
In Table III the results of several workers are 
compared at four temperatures. Blaszkowska-

T a b l e  I II
C o m p a r is o n  o f  V a p o r  P r e s s u r e s  C o m p u t e d  f o r  

C h l o r o p ic r in  f r o m  V a r io u s  E q u a t io n s

Equation
Our
Hertz40
Baxter40
Blaszkowska-Zakrzewska40

Pressure in millimeters a t  ° C. 
0 20 40 100

5.70 18.57 52.02 590
5.68 18.56 51.31 530 
5.64 18.30 51.32 579
6.88 20.75 54.40 527

Zakrzewska4c also give two different values for the 
vapor pressure at 100° from direct measurements 
by two different methods, 532.0 and 524.3 mm. 
From the above Table and these data, the Hertz 
equation would appear best for the entire tem­
perature range. Both Baxter's equation and ours 
are satisfactory at lower temperatures where the 
measurements were made, but give values which 
are too large at elevated temperatures by 9-11%. 
In the range 0 to 40° the first three equations give 
values agreeing within 2%.

The generalizations for chloropicrin probably 
are also approximately true for all the compounds 
reported here, namely: within the temperature 
range 0 to 60° the results are good to 1 to 2%, but 
outside this range the error may become much 
larger.

Acknowledgment.—We wish to acknowledge 
the assistance of Miss Drusilla Van Hoesen for 
her helpful work in making some of the measure­
ments.

Summary
1. The volatility of eleven organic compounds 

has been measured by a dynamic method.
2. The corresponding vapor pressures have 

been computed from the volatilities, and the con­
stants for logarithmic equations for both the vola­
tility and vapor pressure have been calculated.

3. The vapor pressure found for trichloro- 
nitromethane has been compared with measure­
ments made by previous workers.
C h ic a g o , I l l in o is  R e c e iv e d  M a r c h  15, 1948



2584

[C o n t r ib u t io n  f r o m  t h e  L a b o r a t o r ie s  o f  U n iv e r s a l  O il  P r o d u c t s  C o m p a n y ]

Isomerization of Certain Olefins by Silica Gel at Room Temperature
B y  W. S. G alla w ay  and  M. J. M u r r a y

W. S. Gallaway and M. J. M urray Vol. 70

Silica gel adsorption techniques for the analysis 
and separation of hydrocarbon types have, in re­
cent years, found wide application.1 There has, 
however, been little published on the effect of the 
gel upon olefins although difficulty with this type 
of hydrocarbon has been mentioned by Mair.2

The present authors have made use of silica gel 
techniques together with infrared spectroscopy in 
a study of the composition of the various fractions 
of thermally cracked gasolines. The compari­
sons of the infrared spectra of these hydrocarbon 
mixtures before and after contact with the silica 
gel showed, in general, that the intensities of the 
absorption bands characteristic of olefin types 
were as expected. There were, however, two very 
striking exceptions. The strength of the 890 
cm.-1 band (normally associated with the struc­
ture RR'C=GH2) in the spectrum of the starting 
material was always much greater than that found 
by summation over the cuts from the silica ad­
sorption column. At the same time, the bands 
near 825 cm.-1 (usually found in the spectra of 
tri-alkylethylenes) became stronger in the cuts 
than was anticipated. Such a change in double 
bond position might be caused either by poly­
merization or by isomerization.

The effect of silica gel upon two olefins of the 
type RR'C=CH 2 and one of the type R C H =  
CR'R" was then investigated. All these olefins 
were found to isomerize rapidly at room tempera­
ture. 2-Ethyl-1-hexene isomerizes almost com­
pletely (90%) when passed through a silica gel 
column at 25° whereas 20% of 2,4,4-trimethyl- 
1-pentene is converted to the -2 isomer. The lat­
ter case was shown to have closely approached 
thermodynamic equilibrium by an experiment 
wherein 2,4,4-trimethyl-2-pentene was passed 
through the silica tower. A conversion of 80% 
was realized yielding an effluent found, by infra­
red, to be almost identical with that obtained on 
charging the 2,4,4-trimethyl-1-pentene. It ap­
pears probable that the composition of the effluent 
when 2-ethyl-1-hexene was charged also approxi­
mates the eq uilibrium mixture. 1 -Hexene was not
detectably isomerized under similar conditions.

The isomerization of the tertiary olefins which 
were studied occurs so readily at room tempera­
ture by contact with silica that the reaction was 
easily followed by an infrared examination of 
samples decanted from a vial containing the hy­
drocarbon and the gel. The results of this semi- 
quantitative study are given in Fig. la and lb 
wherein the intensity of a characteristic band of

(1) A number of references on the use of silica gel may be found in a 
recent article by M air, G aboriault and Rossini, Ind. Eng. Chem., 39, 
1072 (1947).

(2) B. J. M air, J . Research, Natl. Bur. Standards, 34, 435 (1945).

each of the 2.4.4-trimethylpentene isomers is 
shown as a function of contact time.

As is to be expected, the rate of isomerization is 
dependent upon the ratio of gel to olefin. In the 
experiment just cited, in which there was a low gel 
to olefin ratio, only 29% of the 2,4,4-trimethyl-2- 
pentene was found to isomerize in two hours. 
However, in a silica gel adsorption column where 
the ratio was many times larger, the equilibrium 
composition was approached in a comparable time.

An infrared analysis of the effluent from the 
silica gel runs with the two diisobutylenes showed 
that, for these olefins, polymerization exerts a 
very minor effect compared to isomerization. As 
may be seen from Fig. 2, only 2,4,4-trimethylpen- 
tenes are present in measurable amounts in the 
main portion of the effluent. The last portion of 
the effluent was found to contain minor amounts 
of other materials, either polymers or oxidation 
products, which can account for no more than 3 
or 4% of the total. A similar conclusion was 
reached in the case of 2-ethyl-1-hexene wherein 
by infrared study and by distillation of the effluent 
from the gel column, only minor amounts of higher 
boiling material were shown to be present.

The effect of temperature upon the degree of 
isomerization is very striking. When a C7 frac­
tion of a thermally cracked gasoline was passed 
through a silica gel adsorption column at room 
temperature, only 20 to 25% of the material hav­
ing an 890 cm.-1 infrared absorption band was re­
covered in the effluent. However, when the col­
umn was cooled to —20°, there was, within ex­
perimental error, no loss of this type of olefin.

In another test of the temperature effect, 2- 
ethyl-1-hexene was added to an excess of gel in 
each of two tubes which were held at —24° and 
+24°, respectively, for one hour. Infrared analy­
ses of the recovered hydrocarbons showed that 
only 5% of this olefin isomerized at the lower tem­
perature while 65% was converted at the higher 
temperature. The product recovered from the 
low temperature test had an odor similar to the 
charge, whereas the product obtained from the 
room temperature experiment had an odor sug­
gesting contamination with oxygenated com­
pounds. The infrared spectrum, however, showed 
only weak OH bands at 3300 cm.-1 and no C = 0  
absorption at 1725 cm.""1.

The authors feel that the above-reported results 
though somewhat qualitative in nature, emphasize 
the necessity of carrying out the adsorption at 
low temperatures when certain types of olefinic 
hydrocarbons are present.

Experimental
The silica gel used in these experiments was from the
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11.111.2 11.3 11.111.2 11.3 11.1 11.2 11.3 11.1 11.2 11.3 11.1 11-2 11.3 11.1 11.2 11.3
Wave length in microns.

Fig. la .—The isomerization of 2,4,4-trimethyl-2-pentene to 2,4,4-trimethyl-l-pentene upon contact with silica gel a t room 
temperature as evidenced by the increase in intensity of the 11.2 n absorption band of 2,4,4-trimethyl-l-pentene.

9.2 9.3 9.4 9.2 9.3 9.4

After 15 min. After 2 hrs. •v After 68 hrs.
’ A  / Pure 2,4,4-tri-:V methylpent®he-l

\V - V1 1 1 J__ J_ t l 1

9.2 9.3 9.4 9.2 9.3 9.4 9.2 9.3 9.4 9.2 9.3 9.4
Wave length in microns.

Fig. lb .—The isomerization of 2,4,4-trimethyl-2-pentene to 2,4,4-trimethyl-l-pentene upon contact with silica gel a t 
room temperature as evidenced by the decrease in intensity of the 9.3 m absorption band of 2,4,4-trimethyl-2-pentene.

Davison Chemical Corporation. I t  had a mesh size of 
28-200.

The two isomeric 2,4,4-trimethylpentenes were obtained 
by painstaking fractionation of the product from sulfuric 
acid polymerization of isobutylene. The infrared ab­
sorption spectra of the fractions selected for use followed 
closely those published by API Project 44. The spectra 
also showed tha t the samples of each isomer contained 
less than 0.5% of the other isomer.

The 2-ethyl-1-hexene was obtained by fractionation of 
the crude product supplied by the Connecticut Hard 
Rubber Co. using a Podbielniak Hyper-Cal column. 
Only the heart cut was used. From the intensity of the 
characteristic olefin band at 890 cm .-1, the spectra of the 
distillation fractions, and the absence of bands characteris­
tic of other types of olefins, the purity of the sample used 
is estimated to be of the order of 95%.

The 1-hexene used contained a small amount of other 
hexenes, both straight chain and of the tri-alkylethylene 
type. The conclusion drawn as to the non-isomerizing 
tendency of 1-hexene was based on spectroscopic data 
which showed no measurable increase in the total amounts 
of these other olefins.

The technique followed in the silica gel adsorption tests 
was essentially that described by M air.2 The desorbing 
agent was methanol which was removed from the final 
fraction of the effluent by water washing. For the low 
temperature runs, brine a t —20° was circulated through 
the jacket surrounding the adsorption tower.

The semiquantitative experiment involving the rate of 
isomerization of 2,4,4-trimethyl-2-pentene was performed 
by shaking intermittently 10 ml. of the olefin with 5 ml.

of the gel. At specified times, samples of the hydrocarbon 
were pipetted out for infrared examination.

In order to study the effect of temperature upon the rate 
of isomerization of 2-ethyl-1-hexene,, two tubes, each con­
taining 15 ml. of silica gel, were cooled to —80°. To 
each was added 5 ml. of the olefin cooled to  nearly the 
same temperature to minimize the effect of the heat of 
adsorption. One tube was then placed in iced hydro­
chloric acid a t —24° while the other was immersed in 
water a t + 24°. After one hour, ethanol cooled to about 
—80° was added to each sample. Following the addition 
of water, the upper layer was removed, dried and examined 
by infrared.

The infrared spectra were obtained on a large Gaertner 
spectrometer equipped with automatic recording. The 
samples were examined in a rock-salt cell which provided 
a 0.10-mm. liquid film and allowed no contact with sealing 
compounds or waxes. The compositions of the mixtures 
of the 2,4,4-trimethylpentenes were calculated by standard 
methods3 since all the components present were identified 
and reliable spectra of the pure hydrocarbons were a t 
hand. However, in the case of the 2-ethyl-1-hexene 
samples, wherein the spectra of the other isomers were 
not available, it was not possible to allow for the in te r­
ference of the other components. The results reported 
were calculated by direct comparison of the absorption 
intensities for the original material and the products, and 
therefore represent maximum amounts of 2-ethyl-1-hexene 
present,

(3) G. M, Webb and W. S. Gallaway, Petroleum Procssing, % 36-5 
(1947),
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100

Wave length in microns.
Fig. 2.—Comparison of the spectra of the 2,4,4-trimethylpentenes with the spectrum of the major portion of the effluent 

from a silica gel adsorption column to which the 2-isomer was charged.

Acknowledgment.—The authors wish to thank 
Mr. M. J. Stross for his cooperation in running 
the silica gel adsorption tests and Drs. Louis 
Schmerling and C. B. Linn for supplying the 
pure 2,4,4-trimethylpentenes.

Summary
1. At room temperature, each of the 2,4,4-tri­

methylpentenes is isomerized approximately to 
the equilibrium mixture of these olefins during 
passage through a silica gel adsorption column.

Under the same conditions, 2-ethyl-1-hexene is 
almost completely isomerized, probably also to the 
equilibrium concentration.

2. Olefins of the RR'C=CH2 type which are 
present in thermally cracked gasoline are also iso­
merized. The isomerization of hexene-1 is not 
appreciable.

3. Reduction of the temperature of the ad­
sorption column to about —20° nearly halts the 
isomerization of the olefins studied.
R iv e r s id e , I l l in o is  R e c e iv e d  February 26, 1948
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Dihydropyrogallol, A New Ene-diol and its Oxidation Product. 1,2,3-Cyclohexane- 
trione Dihydrate—A Ketonic Isomer of Pyrogallol

B y  B. P e c h e r e r , L. M. J a m po lsk y  a n d  H. M. W u e s t 1

The ene-diols, compounds containing the group 
—COH=COH— , may be divided into two classes. 
The first class comprises about a dozen highly hin­
dered stilbene diols which were studied by Fuson 
and his students2 3 while the second class embraces 
those ene-diols containing a carbonyl group adja­
cent to the double bond. In the second group 
there are similarly a few well-defined members, 
which include ascorbic acid and its analogs,8 reduc- 
tone,4 reductinic acid,5 dihydroxymaleic acid, its 
salts and esters,6 and hydroxytetronic acid.7 To 
the second group may be added a miscellany of 
compounds such as 2,3-dihydroxy-l,4-benzoqui- 
none, the corresponding naphthalene analog,8 rho- 
dizonic acid9’10 and croconic acid.9’10 A few other 
compounds containing the carbonyl group conju­
gated with the ene-diol group are mentioned in the 
literature, but if the further proviso is added that 
an ene-diol must react stoichiometrically with one 
molecule of iodine, then the rigid classification of 
these latter compounds is better deferred until this 
property has been demonstrated.

This paper describes a new ene-diol, dihydro­
pyrogallol (I), prepared by the catalytic hydro­
genation of pyrogallol in the presence of one mole

O

|—OH 
1—OH

+  NaCl

I
(1) Present address: William R. W arner & Co., New  York, 

N. Y.
(2) Fuson, et a*., T his Journal, 61, 975, 2010 (1939); 62, 600, 

2091, 2962 (1940); 63, 1500, 1679, 2645, 2648 (1941); 64, 2152, 
2891 (1942).

(3) Cf. the excellent review by Haworth and Hirst in "Ergebnisse 
der Vitamin und Hormonforschung,” Vol. I I , Akademische Verlag., 
Leipzig, 1939, p. 160-191.

(4) v. Euler and M artius, A nn., 505, 73 (1933); Svensk Kent. 
Tidskr., 45, 73 (1933).

(5) Reichstein and Oppenauer, Helv. Chim. Acta, 16, 988 (1933).
(6) Fenton, et al., J . Chem. Soc., 69, 561 (1896); 73, 71 (1898); 

87, 804 (1905); 101, 1571 (1912); Fox, J . Org. Chem., 12, 535 
(1947).

(7) Micheel and Jung, Ber., 66, 1291 (1933); Micheel and Haar» 
hoff, Ann., 545, 28 (1941).

(8) This substance has been found to react quantitatively with one 
mole of iodine and therefore may be classed as a true ene-diol.

(9) Nietzki and Benckiser, Ber., 19, 293 (1886); Carpéni, J. chim. 
phys., 35, 193 (1938).

(10) Spripson and Chargaff, J . Biol. Chem., 164, 433 (1946).

of alkali. Previous workersn’12’13’14’15 who 
studied the hydrogenation of pyrogallol obtained 
complex mixtures ranging from hexahydropyro- 
gallols to cyclohexane, but the product after up­
take of one mole of hydrogen has not been de­
scribed previously. This method of reducing 1,3- 
dihydroxybenzenes, first used by Klingenfuss16 
for the preparation of dihydroresoreinol, works 
successfully for pyrogallol, but not for 4-substi- 
tuted pyrogallols.17 The success of this method is 
probably due to the formation of the resonating 
system

O o-

where X = H for resorcinol and X  = OH for 
dihydropyrogallol.

Dihydropyrogallol is a typical ene-diol; it be­
haves as a monobasic acid and consumes two equiv­
alents of iodine. With ferric chloride it gives a 
deep blue color which gradually fades. It has 
been further characterized by the preparation of a 
monoacetate and the bis- and tris-(phenylhydra­
zones) of 1,2,3-cyclohexanetrione.

Since dihydropyrogallol was originally prepared 
as a stabilizer for edible fats it was desirable to 
determine the nature of its oxidation products. 
Observations, recorded below, indicated that 
pyrogallol was not the primary oxidation product. 
On oxidation with iodine, using the method of 
Reichstein and Oppenauer18 for reductinic acid, a 
white crystalline product melting at 106°, having 
the composition CöHioOg, was obtained. This 
product was a neutral substance that did not de­
colorize iodine solution, slowly reduced silver ni­
trate, immediately reduced ammoniacal silver ni­
trate and gave a bis-(phenylhydrazone) identical 
with that obtained from dihydropyrogallol. 
Treatment with hydrogen sulfide gave dihydro­
pyrogallol in high yield. These properties indi­
cated the structure of a dihydrated 1,2,3-cyclo­
hexanetrione (Ila or lib ).

(11) Senderens and Aboulenc, Compt. rend., 174, 616 (1922); 
Senderens and Maillie, ibid., 146, 1193 (1908).

(12) Somlo, Z. E le k tro ch em 35, 769 (1929).
(13) Lindemann and de Lange, A nn., 483, 31 (1930).
(14) Packendorff, Ber., 68, 1251 (1935).
(15) Thiele and Jaeger, Ber., 34, 2842 (1901).
(16) U. S. P aten t 1,965,499, C. A ., 28, 5476 (1934); Bareli F est­

schrift, Fredrick R einhardt, Basel, 1936, p. 217.
(17) Unpublished work in this laboratory. Klingenfuss16 states 

tha t 4-substituted resorcinols can be hydrogenated to  dihydro de­
rivatives.

(18) Reichstein and Oppenauer, Helv. Chim. Acta, 17, 290 
(1934).
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Attempts to dehydrate or isomerize II yielded 
impure pyrogallol. Treatment with acetic anhy­
dride gave pyrogallol triacetate in further support 
of structure II. Borsche19 attempted to prepare 
a ketonic isomer of pyrogallol20 from 1,3-diox- 
iminocyclohexanone without success.

The absence of color in II is explained by the 
hydration which destroys the conjugation of the 
carbonyl groups. Although other 1,2,3-triones, 
such as tetramethyl-1,2,3-cyclopentanetrione21 
and 2,3,4-pentanetrione22*23 form colorless hy­
drates which can be converted to colored anhy­
drous forms, it is unlikely that II can be dehy­
drated without isomerization to pyrogallol in 
view of the stabilization afforded by formation of 
the resonating benzene ring.

Reichstein and Oppenauer18 oxidized reductinic 
acid, the next lower homolog of dihydropyrogallol 
to 1,2,3-cyclopentanetrione but failed to isolate 
a crystalline product. These workers noted the 
appearance of crystals during the isolation but on 
continued distillation, the crystals were converted 
to a sirup which yielded only the tris-(phenyl­
hydrazone) of 1,2,3 - cy clopentanetrione. 
Whether their failure to isolate the crystalline 
trione is due to a lower stability is difficult to 
judge; however, in the present case, strict adher­
ence to the procedure described below is necessary 
to obtain any crystalline product.

Attempts to use hydrogen peroxide for the oxi­
dation of dihydropyrogallol showed that a trace 
of ferric ion was necessary for reaction to occur. 
From this reaction, an unexpected product, m. p. 
169-170°, having the composition C6H703 was iso­
lated. This product was not reduced by hydrogen 
sulfide and gave no color with ferric chloride, but 
on the steam-bath yielded the same tris-(phenyl­
hydrazone) obtained from I and II. Molecular 
weight determinations in acetone solution gave 
values corresponding to a monomer, but since the 
simple formula C6H7O3 is unlikely, further work is 
necessary to elucidate the structure of this sub­
stance.24

Experimental25 26
Dihydropyrogallol ( I ) .—This was prepared by the 

method of Klingenfuss16,26 taking precautions to protect
(19) W allach Festschrift, 301 (1909); C. A ., 5, 883 (1911).
(20) Phenylhydrazine does not react w ith pyrogallol under the 

conditions described in the Experim ental Section.
(21) Shoppee, J . Chem. Soc., 269 (1936).
(22) Sachs and Barschall, Ber., 34, 2047 (1901).
(23) Calvin and Wood, This Journal, 62, 3152 (1940).
(24) This will form the subject of a la ter communication.
(25) All melting points are uncorrected.
(26) One of the Referees has pointed ou t th a t a detailed procedure

for the preparation of dihydroresoreinol has been published by

the alkaline pyrogallol solution from atmospheric oxygen 
with nitrogen.

One kg. of pyrogallol (E. K . Practical) (7.95 moles on 
a 100% basis) was dissolved in 2 liters of water containing 
320 g. of sodium hydroxide (8 moles) and reduced a t 60° 
under 1000 lb. hydrogen pressure using 50 g. of Raney 
nickel. The reduction was complete in about five hours. 
When cool, the catalyst was filtered off, and the filtrate 
acidified a t —5° with 675 ml. of concentrated hydrochloric 
acid whereupon a light tan solid precipitated. After 
thirty  minutes a t —5°, the mixture was filtered and yielded 
816 g. (80%) of material melting at 89-93°. Another 
87 g. of product of the same m .p . was isolated after taking 
to dryness under nitrogen and extracting with benzene.

For purification, the dried material was recrystallized 
from dry benzene (550 ml. for 100 g.) using iron-free 
charcoal27 to decolorize the solution. Dihydropyrogallol 
crystallizes from benzene in clusters of needles which are 
transformed to  plates of m. p. 109-112° on drying. A 
sample after repeated recrystallization melted a t 114°.

A n a l .  Calcd. for C6H 80 3: C, 56.22; H, 6.28. Found: 
C, 56.20; H, 6.16.

The substance behaves as a monobasic acid on titration 
with standard alkali. Fifty mg. of dihydropyrogallol 
consumed 0.782 milliequivalent of iodine; theory 0.780.

At room temperature, 100 ml. of benzene, ethanol, 
glycerol and ether dissolve 1.2, 20, 3 and 0.33 g., re­
spectively.

The substance is stable in dry air for a few days after 
which decomposition sets in a t an accelerated rate. In an 
inert atmosphere dihydropyrogallol has been stored for 
two years without deterioration.

Ferric chloride gives a blue color which fades in a short 
time. This “ vanishing blue’5 color test can be repeated 
until all of the dihydropyrogallol has been consumed, but 
further additions give only the color of dilute ferric chloride 
solution. This observation indicated th a t an abnormal 
oxidation product was present.

Monoacetate of Dihydropyrogallol .—This derivative 
was prepared from 5 ml. of acetic anhydride and 4.0 g. 
of dihydropyrogallol in 10 ml. of pyridine. After two 
recrystallizations from ethyl acetate 3.05 g. of long pris­
matic crystals were obtained, m. p. 154-155.5°. The 
position of the acetyl group is uncertain; a red-purple 
color is obtained with ferric chloride.

A n a l .  Calcd. for C8H10O4: C, 56.46; H, 5.92. Found: 
C, 56.78; H , 6.15. Calcd. for one CH3CO: 25.3. Found:
26.1, 26.4.

1,3-bis-(Phenylhydrazone) of 1,2,3 -Cyclohexanetrione. 
—This was prepared by treating dihydropyrogallol in 
dilute acetic acid solution with an excess of phenylhy­
drazine a t 100°. Recrystallization from methanol gave 
bronze-red crystals, m. p. 131-132.5°. The position of 
the phenylhydrazone groups is inferred from the work of 
Henle and Schupp28 who found tha t the reaction of mes- 
oxalic aldehyde with phenylhydrazine gave a 1,3-bis- 
(phenylhydrazone).

A n a l .  Calcd. for Ci8H i8ON4: C, 70.56; H, 5.92.
Found: C, 70.09; H, 5.63.

tris-(Phenylhydrazone) of 1,2,3-Cyclohexanetrione.— 
After heating the above bis-(phenylhydrazone) with 
phenylhydrazine a t 130 ° for two hours, the cooled mixture 
deposited a dark oil on dilution with water. The aqueous 
layer was decanted and the oil dissolved in a minimum 
of hot ethanol. On cooling, yellow crystals were obtained 
which were filtered and washed with a little ether. After 
three recrystallizations from ethanol the m. p. was con-
Thompson, “ Organic Syntheses,” 27, 21 (1947). This volume was 
received on January  20, 1947; this paper subm itted on January  9.

(27) Charcoal containing iron im parts a blue color to  the product.
(28) Henle and Schupp, Ber., 38, 1372 (1905), gave the first rigor­

ous proof for structure of the reaction product of phenylhydrazine 
with a 1,2,3-tricarbonyl compound. A few years earlier Sachs and 
Rohmer, ibid., 35, 3308 (1902), assigned a 1,3 structure for the bis- 
(phenylhydrazone) of 2,3,4-triketopentanetrione, bu t their evidence 
is not convincing.
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stant a t 186°. Borsche,22 who prepared this substance 
in another way, reported 182-183°.

Preparation and Properties of 1,2,3-Cyclohexanetrione 
Dihydrate (II).—To a stirred solution of 32 g. of dihydro­
pyrogallol (0.25 mole) in 250 ml. of water a t 3-5°, 63.1 
g. of finely powdered iodine was added in portions of 1 or 
2 g. over a period of one and one-half hours.29 After 45.2 
g. of iodine had been added the solution was brown but 
a test for free iodine was negative; the brown color 
disappeared however on dilution. Freshly precipitated 
and washed silver chloride (0.75 mole) was then added to 
convert the hydriodic acid to hydrochloric acid. As the 
conversion took place the dark brown color faded. Next 
the bulk of the hydrochloric acid was neutralized with 
silver carbonate (0.385 m ole); removal of more acid will 
result in reduction of the silver carbonate to metallic 
silver. After the evolution of carbon dioxide became 
very slow (twenty to  th irty  minutes), the silver salts 
were filtered off and washed with several portions of cold 
water. The clear yellow filtrate was then evaporated 
in  vacu o  below 35° until the volume was 20-30 ml. where­
upon the contents set to  a mass of white crystals. At 
this point evaporation should be stopped or the crystals 
will disappear and be converted to a red sirup from which 
no crystalline material can be isolated.

The crystals were filtered and copious amounts of ether 
used to rinse out the flask and wash the precipitate. The 
product was then stored for a day or two in  vacuo  over 
calcium chloride and sodium hydroxide to remove traces of 
adherent acid. If traces of acid remain, indicated by the 
formation of a pink color, the product should be ground 
under ether which dissolves only the colored material.

The yield of dry material, m. p. 104-105°, averages 
about 20 g. Repeated recrystallization from dry ethyl 
acetate, which results in considerable loss, raises the m .p . 
to 106°.

A n a l .  Calcd. for C6Hio05: C, 44.44; H, 6.22. Found: 
C, 44.28; H, 6.32.

The substance has the formula of a dihydrated pyro­
gallol, C6H60 3 -2 H20 , and has the following properties: 
I t is very soluble in water and alcohol, but insoluble in 
ether and benzene. Silver nitrate solution gives no tu r­
bidity but is slowly reduced. Ammoniacal silver nitrate 
is reduced immediately. A five per cent, aqueous solu­
tion has a p H  of 5 and gives no color with ferric chloride.

From 100 mg. of II  and phenylhydrazine, 95 mg. of a 
red crystalline compound was obtained, m. p. 134-135°; 
mixed m. p. with a sample of the 1,3-bis-(phenylhy­
drazone) of 1,2,3-cyclohexanetrione, 131-133°.

A stream of hydrogen sulfide was passed into a solution 
of 0.5 g. of the substance in 10 ml. of water. Free sulfur 
was precipitated, and from the filtrate 0.44 g. of dihydro­
pyrogallol, m .p . 108-110°, was recovered.

Attempts to dehydrate the substance by azeotropic dis­
tillation were unsuccessful but indicated tha t dehydration 
was accomplished by isomerization to pyrogallol.

A few mg. of II in pyridine gave a purple gray flash 
when heated to about 80° and after evaporation of the 
solvent a little impure pyrogallol, m, p. 125-130°, could 
be sublimed from the residue. Control experiments with

(29) Addition of a few ml. of carbon tetrachloride, or any other 
indifferent organic solvent, accelerates the reaction. This is prob­
ably due to the better solubility of iodine in the organic solvent.

pyrogallol gave about 50% recovery of impure pyrogallol 
of m. p. 132-135°.

Preparation of Pyrogallol Triacetate from II.—One
and eighteen-hundredths g. of II  was suspended in 5 ml. 
of acetic anhydride a t 0 °, and a drop of sulfuric acid 
added. The solution assumed a momentary pink color 
and warmed to  about 35°. After standing overnight, 
the mixture was diluted with water whereupon a mass of 
fine white needles separated. The crystals were filtered 
off, washed with water and recrystallized from ethanol. 
The crystalline product, m. p. 160.5-162°, weighed 0.5 g.

One gram of pyrogallol treated similarly gave 1.49 g. of 
the triacetate, m. p. 162-163°.30 The mixed melting 
point was 160.5-162°.

The Preparation of (C 6H 7O3)».—Sixty-four grams of 
dihydropyrogallol (0.5 mole) was dissolved in 1 liter of 
water containing 2  drops of ferric chloride solution ( 1 0 % ). 
To the stirred solution 54 ml. of “ 30% hydrogen peroxide”  
(0.3164 g. of hydrogen peroxide per ml.) was added drop- 
wise, whereupon the color of the dihydropyrogallol- 
ferric ion-complex reappeared. Considerable heat was 
evolved, bu t the rate of addition was so adjusted th a t the 
internal temperature was 45°. The pale yellow solution 
(p H  2) was concentrated i n  vacu o  a t 30° to  about 75 ml. 
whereupon the residue set to a crystalline mass, which 
was filtered off and dried in  va cu o . Twenty-six g. of 
slightly yellow product, m. p. 85-88°, was obtained. 
Recrystallization from ethyl acetate-ether gave 10 g. of 
white crystals, m. p. 169-170°, dec.

A n a l .  Calcd. for C6H 7O3 : C, 56.68; H , 5.51. Found: 
C, 56.55, 56.62; H , 5.57, 5.61. Molecular weight, 
calcd.: 127. Found: 120 (by isothermal distillation
against azobenzene in acetone).

Treatm ent of this product with phenylhydrazine and a 
few drops of acetic acid gave a red precipitate im m e d i ­
a te ly . The mixture was warmed overnight on the steam - 
bath and worked up in the usual manner. On recrystal­
lizing from ethanol orange crystals, m. p. 187°, were 
obtained th a t gave no depression with the tris-(phenyl­
hydrazone) of 1,2,3-cyclohexanetrione.

The new product does not react with iodine nor hydrogen 
sulfide, but has not been investigated further.

Acknowledgment.—We are indebted to Dr. Al 
Steyermark and his staff for the microanalyses 
and molecular weight determination reported in 
this paper.

Summary
The preparation of a new ene-diol, dihydro­

pyrogallol, is described.
Oxidation of dihydropyrogallol with iodine 

yields 1,2,3-cyclohexanetrione dihydrate, a ke­
tonic isomer of pyrogallol; while oxidation with hy­
drogen peroxide in the presence of a trace of ferric 
ion yields a product (C6H703) of unknown con­
stitution.
N u t l e y , N . J .  R e c e iv e d  J a n u a r y  12, 1948

(30) The literature records melting points of 162-163, 165, and 
172-173° for pyrogallol triacetate.
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Preparation and Reactions of Methylenecyclohexane
B y  R ic h a r d  T .  A r n o ld  a n d  J o h n  F . D o w d a l l1

It has been shown repeatedly during the past 
few years that many monoölefins will react with 
maleic anhydride,2,3 sulfur trioxide,4 formalde­
hyde5 and azodicarboxylic ester2 to form 1-1 ad­
ducts in which the original olefinic double bond has 
migrated to an adjacent position.

0-Pinene, for example, undergoes a thermal re­
action with formaldehyde at 180° to form “nopol” 
(I) in excellent yields.5

Location pf the sulfonic acid residue in III was 
established by catalytic reduction to cyclohexyl- 
methane sulfonic acid (V). This in turn was pre­
pared independently from hexahydrobenzyl bro­
mide.

Careful oxidation of compounds III and IV gave 
no identifiable cyclohexanone, thus indicating 
that the carbon-carbon double bond in these mole­
cules does not occupy the exocyclic position.

During the course of this study, it was shown 
that highly reactive aldehydes other than formal­
dehyde will form 1-1 adducts with certain mono­
olefins. The product resulting from methylene­
cyclohexane and phenylglyoxal is tentatively re­
garded as having the structure VII.

We regard the formation of these adducts as 
occurring via a transient cyclic complex which is 
formed by a simultaneous attack of the reagent 
at an a-methylenic group and a carbon atom of 
the double bond which is furthest removed from

CH2-

Assignment of the double bond position in (I) 
rests upon the fact that nopinone is 
not obtained on ozonolysis.

Our investigation was initiated in 
the hope that independent syntheses 
could be found for these 1-1 adducts 
if a symmetrical olefin of the “iso­
butylene type” were used as one of 
the starting materials. Consequently, 
we have examined the products formed 
when methylenecyclohexane is allowed 
to react (separately) with paraformal­
dehyde, maleic anhydride and sulfur 
trioxide. It appears that in each of 
these cases, the reaction is accompanied 
by a shift of the exocyclic double bond 
into the six-membered ring. A sum­
mary of the observed transformation 
is shown on the chart.

2- ( A^Cyclohexenyl) -ethanol (II) 
obtained from the reaction between 
methylenecyclohexane and formalde­
hyde was synthesized independently 
from ethyl A^cyclohexenylacetate by 
reduction with sodium and alcohol.6 
Samples prepared by each of these 
two routes formed identical 3,5-di- 
nitrobenzoates (m. p. 80-81°).

this methylene group. A shift of the double bond
O

c h 2— c o 2— c 2h 5

(1) Du Pont Post-doctorate Fellow, 1946-1947.
(2) Alder, Posher and Schmitz, Ber., 76, 27 

(1943).
(3) Ross, G ebhart and Gerecht, T h is  Journal, 

68, 1373 (1946).
(4) Bordwell, Suter and Webber, ibid., 67, 827

(1945).
(5) Bain, ibid., 68, 638 (1946). See also R itter, 

U. S. P at. 2,335,027 (1943).
(6) Cook and Dansi, J .  Chem. Soc., 500 (1935).

C 02CH3
|575° 
CH2—OAc

CH •—CH—C—iC6H&

OH

(VII)

c=o

0 = 0

steps
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is a necessary consequence of this mechanism.7
The unusual reactivity shown by isobutylene 

type olefins is probably due, in large part, to hy­
perconjugation ( i .  e., no bond resonance).

R—CH2\  R—CH2v ©
> C = C H 2 >C—CH2

R—C H / R— C H ^
H ©

A study of the reactivity of methylenecyclo- 
pentane with formaldehyde, maleic anhydride, 
sulfur trioxide and azodicarboxylic ester is now in 
progress in this laboratory.

Experimental
Hexahydrobenzyl Acetate.—Three hundred grams of 

freshly distilled methyl benzoate was reduced to ethyl
hexahydrobenzoate employing Raney nickel (10 g.)
with hydrogen (2500 lb ./sq . in.) a t 125°. Reduction 
was complete in th irty  minutes. After removing the 
catalyst, by filtration, the filtrate was reduced with 
hydrogen (4000 lb ./sq . in.) and copper-chromite catalyst 
(15 g.) a t a temperature of 250°. Direct acetylation of 
the product (after removing the catalyst) gave hexa­
hydrobenzyl acetate; yield 275 g. (80% ); b. p. 195- 
196° (745 mm.).

A n a l .  Calcd. for C9Hi60 2: C, 69.20; H, 10.36.
Found: C, 69.65; H, 10.10.

Methylenecyclohexane.—Hexahydrobenzyl acetate was 
passed continuously at the rate of 25 m l./hr. through a 
one-inch stainless steel pipe having a four-inch hot zone 
held a t 570-575 °. Dry nitrogen was passed slowly through 
the apparatus during the entire reaction. Removal of the 
acetic acid formed was effected by thorough extraction 
of the total liquid product with aqueous sodium carbon­
ate (10%). Careful distillation of the neutral fraction 
gave pure methylenecyclohexane (72-88%) and unreacted 
hexahydrobenzyl acetate (8-22% ). The olefin distilled 
sharply at 101-102° (738 mm.) and was identical with a 
sample prepared using the Tschugaeff8 method following 
the directions of Faworski and Bergmann.9

2-(A^Cyclohexenyl) -ethanol.—To methylenecyclohex­
ane (100 g.) contained in four Carius tubes was added 
paraformaldehyde (22.4 g., 95% ). These tubes were 
cooled, flushed with nitrogen, sealed and heated at 200- 
205° for four hours. Direct fractional distillation of 
the combined products gave unused methylenecyclo­
hexane (50 g.) and the 1-1 unsaturated alcohol; yield 
50 g. (77%); b .p .  66-68° (1.8 m m.).

This alcohol gave a 3,5-dinitrobenzoate (m. p. 80- 
81 °) identical with tha t formed from an authentic sample 
of 2-(A1-cyclohexenyl)-ethanol.6

(7) I t  does not appear possible a t  present to  exclude an alternate 
mechanism involving a short-lived ionic interm ediate (A) as illus­
tra ted  below.
R—CH2n H\>C=C H 2 -j- ) AOIIÜ

R—C H / 
R—CH2n

h /

© (A) 
>C— (CH2V

R—CH2v
— >- > C — (CH2)2v 

R — C H ^  > 0R—C H /
© h /

The rate  of decomposition of (A) may be so rapid th a t its detection 
experimentally will be difficult or even impossible.

(8) Tschugaeff* Ber., 32, 3335 (1899).
(9) Faworski and Bergmann, Ber., 40, 4865 (1907).

A n a l .  Calcd. for CsHhO: C, 76.14; H , 11.18. Found: 
C, 76.20; H, 11.10.

Reaction of Methylenecyclohexane with Phenylglyoxal.
—A mixture containing phenylglyoxal (67 g.) and m ethyl­
enecyclohexane (38.4 g.) was sealed under nitrogen and 
heated a t 200° for twelve hours. Direct distillation gave 
a pale yellow oil; yield 80 g. (70% ); b. p . 130-133° 
(0.4 m m .).

A n a l .  Calcd. for Ci5H i80 2: C, 78.23; H , 7.88.
Found: C, 77.89; H , 7.92.

A 1-Cyclohexenylmethylsuccinic Acid.—A solution com­
posed of methylenecyclohexane (40 g.) maleic anhydride 
(19.6 g.), and dry benzene was heated (under nitrogen) 
at 220-225° for eight hours. Distillation gave a viscous 
oil; b. p. 176-178° (12 m m .). This material failed to 
crystallize and was dissolved in warm potassium carbon­
ate solution (10%). Careful acidification gave an oil 
which crystallized and, when pure, melted a t 121°. I t  
depressed the melting point of maleic acid 20 °.

A n a l . Calcd. for CnHi60 4: C, 62.25; H, 7.59; N. E.
106.1. Found: C, 62.37; H , 7.75; N . E. 105.8.

Oxidation of this sample a t 30° with aqueous perm an­
ganate was rapid but no cyclohexanone could be detected.

A1-Cyclohexenylmethane Sulfonic Acid.—Sulfur tri- 
oxide (22 g.) was distilled slowly into a  mixture of dioxane 
(37 ml.) and ethylene chloride (20 ml.) maintained at 
—5°. To this was added over a period of one hour m eth­
ylenecyclohexane (26.4 g.) dissolved in ethylene chloride 
(20 m l.). The solution, after standing overnight in an 
ice chest, was poured into ice water (800 m l.). When 
the aqueous phase was treated with barium carbonate 
(55 g.), reduced in volume (by evaporation on a steam - 
bath) to  200 ml. and chilled, there was obtained barium 
A'-cyclohexenylmethanesulfonate (20 g .). An additional 
35 g. was produced on further evaporation. Treatm ent 
with one equivalent of sodium sulfate gave the sodium 
salt which in turn was converted into an S-benzyl thiouron- 
ium salt10; m. p. 173-173.5°.

A n a l .  Calcd. for Ci5 H 2 2 0 3 S2 N2: C, 52.60; H , 6.48. 
Found: C, 52.75; H , 6.61.

Cyclohexylmethanesulfonic Acid.— (a) Hexahydroben­
zyl bromide (20 g.) was heated for th irty  hours under 
reflux with sodium sulfite (10% excess) dissolved in water 
(100 m l.). When the solution cooled, a large quantity  
of sodium cyclohexylmethanesulfonate precipitated. Two 
recrystallizations from water gave a material which was 
free from bromide ion. An S-benzylthiouronium salt 
melted a t 182-183°.

(b) Catalytic hydrogenation of an aqueous solution 
of sodium A1-cyclohexenylmethanesulfonate was effected 
slowly with hydrogen (45 lb ./sq . in.) and palladium - 
charcoal (10%) catalyst. Conversion to  an S-benzyl­
thiouronium salt in the usual m anner10 gave a product 
(m .p . 182-183°) which did not depress the melting point 
of the authentic sample described above.

Summary
1. It has been shown that methylenecyclo­

hexane reacts with formaldehyde, phenylglyoxal, 
maleic anhydride and sulfur trioxide to form 1-1 
adducts.

2. A mechanism which necessitates a shift of 
the double bond to an adjacent position is sug­
gested.
M in n e a p o l is  14, M i n n . R e c e iv e d  J a n u a r y  10, 1948

(10) Chambers and W att, J . Org. Chem., 6, 376 (1941).
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Studies on the Mechanism of the Cannizzaro Reaction. II. Hydroxy and Amino
Aldehyde Derivatives
B y  E l l io t  R . A l e x a n d e r

In an earlier communication1 it was shown that 
the Cannizzaro reaction of benzaldehyde in a 
homogeneous system does not involve a chain re­
action of the kind which is usually greatly in­
fluenced by the presence of peroxides or peroxide 
inhibitors. There are, then, two ionic mecha­
nisms based upon the transfer of a hydrogen atom 
with its pair of electrons (i. e., a hydride ion), which 
are in accord with much of the data. In one of 
the mechanisms which has been proposed by 
Geissman,2,1 the essential feature of the reaction 
involves the displacement of a hydroxyl group from 
a saturated carbon atom (equation 1).

\  ©
O H  0 7
I w

Ar—  C —  O— C — Ar

H 'LL

O

O H ©  +  Ar— C — O— C— Ar
/ \

H  H  (1)

Thus a saturated, non-hydroxylated acid should 
be a by-product in the transformation provided 
that the intramolecular reaction proceeded at a 
rate comparable to the normal Cannizzaro reaction 
or reverse aldolization. The normal reaction, of 
course, would be expected to give a molecule of a 
/3-hydroxy acid and a molecule of a /3-glycol.

A particularly favorable situation for such an 
intramolecular displacement is a quaternary 
aminoaldehyde. In this case the approach of the 
hydride ion to the carbon atom is favored by the 
positively charged nitrogen atom and subsequent 
bond-breaking would involve the separation of a 
neutral molecule.5

N R 3 R

R — C -

©

V
- C — OH  • N R 3 +  R — C -

R  O
/  ^

-C—C—OH

In the other mechanism, which is a slight modi­
fication of one originally proposed by Hammett3,1 
the addition of a hydride ion to a carbonyl group 
is postulated (equation 2).

© ©

V O* o
P  II

0 -
1

Ar— C + C—Ar ---->  Ar—C +  H— C—Ar

H \  R  H H  H  R
(4)

Accordingly it was the object of this work to iso­
late unsubstituted saturated acids from the Can­
nizzaro reaction of hydroxy and amino aldehyde 
derivatives.

Experimental6
H O  H H OH H

f l

O
ii

OH
II

Ar— C

|
+  H — C— Ar 1

©
-o 1

H

With respect to the first mechanism it appears 
that the direct chemical displacement of a hy­
droxyl group from a saturated carbon atom is un­
known in alkaline solution.4 If, however, such a 
displacement does occur over the carbon-oxygen- 
carbon system shown in equation 1, a similar dis­
placement might be expected over the carbon- 
carbon-carbon system of a /3-hydroxy aldehyde 
(equation3).

V ©
O H
1

R
1 V  *

R  O
l ii

~ C —
1

- C ----- -C — O H  — O H ©  +  R C ----- -C— C— OH

1 \ \ 1 / \ \
H  \ R H H  H R

(3)

(1) Alexander, This Journal, 69, 289 (1947).
(2) Geissman, “ Organic Reactions,” Vol. II, John Wiley and Sons, 

Inc., New York, N. Y., 1944, p. 96.
(3) H am m ett, “ Physical Organic Chemistry,” McGraw-Hill Book 

Company, Inc., New York, N . Y., 1940, p. 350.
(4) T he Strecker and Bücherer reactions may involve such a dis­

placem ent, however.

Preparation of Starting Materials—With the exception 
of the methiodide of a-dimethylaminoisobutyraldehyde 
which is described below, all of the starting materials 
were known and were prepared by the procedures given 
in the footnotes of Table I. The physical properties of 
these compounds agreed with those which were recorded 
in the literature.

a-Bromoisobutyraldehyde and a-Bromoisobutyralde- 
hyde Diethylacetal.—In a one-liter, three-necked round- 
bottomed flask fitted with a stirrer, a dropping funnel, 
and a reflux condenser were placed isobutyraldehyde 
diethylacetal (146 g., 1.0 mole), calcium carbonate (150 
g., 1.5 moles) and 300 ml. of carbon tetrachloride. The 
flask was immersed in an ice-salt mixture, stirring was 
commenced, and bromine (51 ml., 1.0 mole) was added 
dropwise over the course of an hour. The reaction mix­
ture was then filtered, the filter cake was washed with 
two 50-ml. portions of carbon tetrachloride and the 
filtrate was fractionally distilled through an eight inch 
column packed with glass helices. The distillation gave 
23 g. (15%) of a-bromoisobutyraldehyde, b. p. 110-113°, 
and 108 g. (48%) of a.-bromoisobutyraldehyde diethyl­
acetal, b. p. 99-100° (40 mm.).

Additional quantities of a-bromoisobutyr aldehyde were 
prepared by the hydrolysis of the acetal. The optimum 
conditions were found to be the following: a-bromoiso- 
butyraldehyde diethylacetal (50.0 g., 0.22 mole), dioxane 
(100 m l.), water (50 ml.) and concentrated hydrochloric 
acid (10 ml.) were refluxed for about one minute a t which 
time the cloudy solution abruptly became clear. The 
reaction mixture was then cooled rapidly in an ice-bath, 
poured into 300 ml. of cold water and extracted with

(5) The author is indebted to  Dr. T. A. Geissman for this sugges­
tion.

(6) All melting points and boiling points are uncoirected.
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ether. The ether solution was dried over anhydrous mag­
nesium sulfate and distilled. The fraction boiling a t 108- 
113 ° amounted to 15.6 g. (47% ).

a-Dimethylaminoisobutyr aldehyde and « -Dimethyl- 
aminoisobutyraldehyde M ethiodide.—a -B r omoisobutyr al - 
dehyde (40.0 g., 0.265 mole) was added dropwise to a 
cooled solution of aqueous 35% dimethylamine (300 g., 
2.33 moles) a t such a rate th a t the temperature did not rise 
above 10 °. The resulting homogeneous solution was then 
allowed to come to room temperature and to stand over­
night. After extracting the solution thoroughly with 
ether and drying over anhydrous magnesium sulfate, 
the ether extracts were distilled through a small six inch 
column packed with glass helices. The yield of »-di- 
methylaminoisobutyraldehyde was 9.9 g. (32%), b. p. 
126-129°.

Since this material appeared to absorb carbon dioxide 
from the air, it was quickly rinsed into a 300-ml. round- 
bottomed flask with 100 ml. of dry benzene and refluxed 
on a hot water-bath with excess methyl iodide for two 
hours. The white amorphous solid which formed was 
filtered with suction, washed with benzene and dried in 
a vacuum desiccator. The yield of «-dimethylaminoiso- 
butyraldehyde methiodide was 20.3 g. (92%); m .p . 119- 
121° (dec.).

No suitable solvent was found for the large scale re­
crystallization of this quaternary salt. I t  was almost 
insoluble in hot acetone, absolute alcohol, and methanol. 
In methanol-water or ethanol-water mixtures the recovery 
was very poor and the material appeared to decompose 
with the evolution of methyl iodide. I t  was sparingly 
soluble in nitroethane and nitromethane from which it 
crystallized in the form of clear compact crystals, m. p. 
119-121° (dec.).

A n a l .  Calcd. for C7H 16O N I: C, 32.75; H, 6.28.
Found: C, 32.88; H , 6.37.

The Cannizzaro Reaction.—The reaction itself was 
carried out with the amounts of material indicated in 
Table I. The aldehyde was added portion-wise to 5 
molar equivalents of potassium hydroxide solution,7 
(50% in a mixture of equal parts of water and methanol) 
a t such a rate th a t the temperature did not rise above 20°. 
The reaction mixture (which was sometimes non-homo­
geneous) was then stirred overnight a t room temperature 
and finally refluxed one hour to  complete the reaction.

The reactions were worked up in the usual way.8 With 
the more water soluble products a continuous ether 
extractor was used to separate them from the aqueous 
solution of inorganic salts. The properties of the products 
which were obtained agreed well with those recorded in 
the literature with the exception of o -ethoxymethyl 
benzoic acid. Repeated recrystallization of this material 
gave a melting point of 83-84° rather than the reported 
85-86 °.9

The runs with the quaternary salts were acidified with 
concentrated hydrogen iodide, extracted thoroughly with 
ether and evaporated to dryness in  vacu o  on a steam-bath. 
Evaporation of the ether extracts left no higher boiling 
material showing th a t no unsubstituted acid was formed. 
The residue was then broken up with a spatula and taken 
to dryness twice with a mixture of 50 ml. of benzene and 
50 ml. of absolute alcohol. This residue was then ex­
tracted three times with 50 ml. portions of absolute 
alcohol and these extracts fractionally crystallized. A 
similar procedure was used for the isolation of the hydro­
chloride of dimethylaminopivalic acid.

In the run with the methiodide of dimethylaminopiv- 
aldehyde only the methiodide of (3-dimethylamino-ce, a  -  
dimethyl propyl alcohol was isolated. When the meth­
iodide of Q'-dimethylaminoisobutyraldehyde was employed 
both the quaternary aminoalcohol and the hydrate of the 
quaternary aminoacid were isolated.

The methiodide of a  -dimethylaminoisobuty 1 alcohol
(7) In one run with o-ethoxymethyl benzaldehyde, sodium eth­

oxide in absolute ethanol was employed (see Table I)9
(8) See ref. 2, p. 111-113.
(9) Footnote qt Table I,

crystallized from absolute alcohol in which it was spar­
ingly soluble in the form of clear compact crystals melting 
at 233-235° (dec.).

A n a l .  Calcd. for C7H 18ONI: C, 32.50; H , 7.05.
Found: C, 32.52; H, 7.15.

The hydrate of o'-dimethylaminoisobutyric acid m eth­
iodide crystallized from hot absolute alcohol in which it 
was fairly soluble in the form of sponge-like microcrystal­
line clusters melting a t 188-189° (dec.).

A n a l .  Calcd. for C7H i80 3N I: C, 28.90; H , 6.24.
Found: C, 29.11; H , 6.50.

T a b l e  I
C a n n iz z a r o  R e a c t io n  w it h  H y d r o x y  a n d  A m in o  

A l d e h y d e  D e r iv a t iv e s

%  Yield of the 
corresponding

Aldehyde
Moles
used Acid®

Alco­
hol®

Aldol 1.00 b b

PropionaldoP 0.30 b l

Isobutyraldold .27 93* (isobutyric 
acid only)

7 5

Hydroxypivaldehyde0 .60 77» 84*
Dimethylaminopivalde-

hyde* .70 59? 87*
Dimethylaminopivaldehyde

methiodide* .10 1 37*
a'-Hydroxy-a-ethyl-phenyl-

acetaldehyde”* .15 60” 61°
ö-Ethoxymethyl-benzalde-

hydep .13 18° 56r
tf-Ethoxymethyl-benzalde-

hyde* .24 27® 53r
o'-Dimethylaminoisobutyr-

aldehyde methiodide* .05 32* 21*
® The physical properties of the compounds listed in this 

table agreed with the values given in the references unless 
it is indicated otherwise. h An aldehyde resin only was 
obtained. • Grignard and Abelmann, B u l l ,  so c .c  h i m ., [4] 
7, 639 (1910). d Saunders, et a l ., T h is  J o urnal , 6 5 , 1715 
(1943). e Calculated on the basis tha t from one mole of 
aldol 0.5 moles of acid would be expected. * Krestinski 
and Perssianzewa, B e r . ,  63, 182 (1930). 9 Stiller, Harris, 
Finkelstein, Keresztesy and Folkers, T h is  J o u r na l , 62, 
1787 (1942). h Wesseley, M o n a ts h ., 22, 66 (1901). 
This author also carried out the Cannizzaro reaction on 
hydroxypivaldehyde. He reported yields of 90 and 
100% for the hydroxy acid and glycol, respectively. 
* Mannich, Lesser and Stilton, B e r . ,  65, 378 (1932). 
3' Isolated as the hydrochloride. * Fourneau, Benoit and 
Firmenich, B u l l .  so c . c h im ., [4] 47, 880 (1930). 1 Any 
quaternary aminoacid which may have been present could 
not be separated from the potassium iodide formed by 
neutralizing the reaction mixture with hydrogen iodide. 
m Freon, A n n .  c h im ., 11, 501 (1939). "G rignard,
C o m p t. r e n d . , 135, 629 (1902). ° Stoerner, B e r . ,  39, 2300 
(1906). p Arditti, C o m p t. r e n d . , 223, 635 (1946).
« Noyes and Coss, T h is  J ournal , 42, 1283 (1920). R e­
peated recrystallization of this material gave a melting 
point of 83-84 ° rather than the reported 85-86 °. r Braun 
and Zobel, B e r . ,  56, 2148 (1923). * This run was carried 
out with 1.2 moles of sodium ethoxide instead of potas­
sium hydroxide. 6 See the experimental part.

Discussion
In Table I are summarized the results which 

were obtained by carrying out the Cannizzaro re» 
action on several a, 0 and 7-hydbroxy and amino



2594 N otes Vol. 70

aldehyde derivatives. Aldol and propionaldol 
formed aldehyde resins and isobutyraldol ap­
parently underwent a simultaneous dealdolization 
and Cannizzaro reaction since the glycol was iso­
lated but only isobutyric acid could be found in the 
acid fraction. In the other examples the normal 
Cannizzaro reaction occurred.

Obviously it cannot be concluded from this work 
that a displacement reaction such as the one 
shown in equation 1 does not occur, but it is quite 
clear that even in what appears to be the most 
favorable case (the quaternary amino aldehydes) 
the displacement shown in equations 3 and 4 does 
not proceed at a rate comparable to the Canniz­
zaro reaction.

Summary
A study of the products obtained by carrying 

out a Cannizzaro reaction on a number of hydroxy 
and amino aldehyde derivatives revealed that 
aldol and propionaldol formed aldehyde resins. 
Isobutyraldol gave the corresponding glycol and 
isobutyric acid, but in the other cases which were 
investigated the Cannizzaro reaction proceeded 
normally. These reactions are of interest since 
the occurrence of an intramolecular hydride ion 
displacement similar to one postulated for the 
Cannizzaro reaction would be expected to result in 
the formation of unsubstituted acids of the same 
carbon skeleton.
U r b a n a , I l l in o is  R e c e iv e d  M a r c h  29, 1948

N O T E S

Catalytic Oxidation of Alcohols at Low Tempera­
tures

B y  R o b e r t  H. B a k e r  a n d  D a v id  S t a n o n is

By making use of the ease of oxidation of 
anthrahydroquinone by air, it has been possible 
to modify the usual Oppenauer reaction1 and to 
demonstrate a catalytic oxidation of the alcohols. 
Thus, instead of anthraquinone being used as the 
oxidant in the reversible reaction,2 RCH(OH)R +  
quinone ^  RCOR +  hydroquinone, it is used 
only in catalytic amounts, and the progress of the 
reaction is followed manometrically. The con­
ventional catalyst, aluminum /-butoxide, must be 
used in sufficient quantity to react with the water 
produced in the reaction, but this amount is no 
larger than that which is generally used.1 The 
catalytic oxidation fails with aluminum £-butoxide 
made from certain batches of metal, but this is

Cholesterol was found to take up more than two 
atoms of oxygen while 4-cholesten-3~one with the 
same catalyst took up none. This is in agreement 
with the observations of Bergstrom and Winter- 
steiner3 on the emulsion oxidation of steroid de­
rivatives, in which those containing the 5,6 double 
bond are oxidized more extensively than those 
with 4,5 unsaturation.

Experimental
Apparatus.—The reactions were carried out in flasks 

shaken by a motor-driven eccentric and connected to a 
100-ml. buret by means of a spiral of copper tubing 
bearing standard taper brass connections. Rubber con­
nections were found to  be unsatisfactory because of the 
rapid uptake of oxygen.

Oxidations.—The conditions of typical runs are shown 
in Table I. The amount of solvent used was 5 ml. per 
millimole of alcohol. Unpurified aluminum £-butoxide 
was used and the cupric salt was added only when neces­
sary. The oxygen pressure was maintained at one a t­
mosphere by means of a leveling bulb containing mercury.

T a b l e  I

Run Compound
Milli­
moles

Al-
(O-Z-Bu)s,

milli­
moles

Cupric
oleate,

mg.

1 Benzohydrol 50 30
2 Same 3 4 50
3 Fluorenol 3 4 50
4 Same 3 4
5 Cholesterol 15 20
6 Cholestenone 3 4

remedied by the addition of anhydrous cupric 
sulfate, or better cupric oleate, to the reaction 
mixtures.

(1) Oppenauer, Rec. trav. chim., 56, 137 (1937); Org. Syn., 21, 18 
(1941).

(2) Baker and Adkins, T his J ournal, 62, 3306 (1940).

02,
Quinone,

millimoles Solvent o p

atoms/mole 
compound

Time,
hr.

5 w-Xylene 60 56
0.3 Toluene 35 0.3 71
0.3 Benzene 30 0.5 65
0.3 Benzene 25 0.78 114

15 Benzene 30 2.0 407
15 Benzene 30 0.04 144

In numerous experiments fluorenol was found to take 
up oxygen more rapidly than benzohydrol, but duplicate 
rates on either compound could not be obtained. The 
yield of benzophenone from Run 1 was 56% (determined 
polarographically2) . Fluorenone was isolated by steam

(3) Bergstrom and W interstemer, J , Biol, Chem,, 146, 827 (1942)*
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distillation of the reaction mixtures. From Run 4 its 
yield was 78%, corresponding to  the oxygen uptake. In 
other experiments yields as high as 85% were encountered. 
Attempts to obtain crystalline products from the choles­
terol oxidation products which had taken up from 0 .7-2.0 
atoms of oxygen were unsuccessful. The total oxygen 
uptake of cholesterol was not measured, the rate in Run 
5  having diminished only slightly when the reaction was 
stopped.
N o r t h w e s t e r n  U n iv e r s it y
E v a n s t o n , I l l in o is  R e c e iv e d  F e b r u a r y  2, 1948

The Synthesis of /3-Oxoesters from Acyl Pyru­
vates

By A l ic e  M. D e s s e r t  a n d  I. F. H a l v e r s t a d t 1

/3-Oxoesters were prepared by several methods 
for intermediates in the synthesis of thiouracils.2 
Another method used in this investigation was the 
decarbonylation of methyl acyl pyruvates. The 
procedure involved pyrolyzing the pyruvates by 
heating with powdered soft glass. In the case of 
the compounds which readily decomposed, a flash 
distillation procedure was used instead of batch 
heating.

The mechanism of this decarbonylation is not 
known but it is presumably similar to that by 
which ethyl pyruvate is pyrolyzed to ethyl acetate. 
In this latter case Calvin and Lemmon3 found, by 
using C14, that the carbon monoxide was evolved 
from the carbethoxy group.

Experimental
Pyruvates: The methyl acyl pyruvates were all pre­

pared from methyl ketones by the method of Royals . 4  

His method was slightly modified in th a t the alcohol was 
removed before working up the sodium salt. The methyl 
pyruvates prepared were: pivalo, b .p .  1 1 1 - 1 1 2 ° ( 1 1  mm.) 
(76% yield)5; butyl, b. p. 107-108° (5-6 mm.) (55%); 
propiono, b. p. 86-87° (2-3 mm.) (35% ); and myristyl, 
a new compound, m. p. 52-53° (cor.).

A n a l . Calcd. for CisHaC^: C, 69.19. Found: C, 
68.91.

/3 -Oxoesters: Methyl ft -oxo -y-dimethylvaler ate6 was
prepared by heating a mixture of 18.62 g. (0 . 1  mole) of 
methyl pivalopyruvate and 2  g. of ground soft glass a t 
175°. In five hours approximately 95% of the theoretical 
volume of carbon monoxide was collected, so heating was 
discontinued and the residual liquid distilled. An 80% 
yield of the /3 -oxoester, b. p. 91-96°, chiefly 91-93°, at 
20 mm. was obtained. A run using 950 g. (5.1 moles) 
of methyl pivalopyruvate yielded 80.1% of j3-oxoester.

Methyl /3 -oxopalmitate was prepared by heating a mix­
ture of 3 . 2  g. (0 . 0 1  mole) of methyl myristylpyruvate and 
0.3 g. of ground soft glass a t 185°. After twenty minutes 
heating was discontinued when more than the theoretical 
amount of gas had been collected. Most of the residue 
dissolved in alcohol. The alcoholic solution was evapo­
rated and the residue distilled a t 155-165° a t 1 mm. The 
distillate solidified in the condenser. After recrystalliza­
tion from dilute alcohol, the solid melted a t 34-35°.

(1) Present address: C utter Laboratories, Berkeley, Calif.
(2) (a) Anderson, H alverstadt, Miller and Roblin, T his Journal, 

67, 2197 (1945); (b) Miller, Dessert and Anderson, ibid., 70, 500 
(1948).

(3) Calvin and Lemmon, ibid., 69, 1232 (1947).
(4) Royals, ibid., 67, 1508 (1945).
(5) A 67.5% yield was obtained from a run  using 9 moles of 

pinacolone.
(6) Banmgarten, Levine and Hauser, ibid., 66, 864 (1944),

The copper salt was made and recrystallized from petro­
leum ether, m .p .  78-81°.

A n a l .  Calcd. for C3 4H 6 4CUO6 : Cu, 10.1. Found: Cu,
10.3.

In a typical m n for the preparation of methyl f t -o x o -  
caproate , 7 17.2 g. (0.1 mole) of methyl butyropyruvate 
was flash distilled over 2 g. of ground soft glass. The 
flask containing the glass was heated in a m etal-bath kept 
at 365°. The pyruvate was forced over the hot glass in 
0.5-cc. portions and distilled as rapidly as possible a t 
240° to  prevent side reactions. On fractional distillation 
of the mixture, 4.46 g. (31% yield) of the /3-oxoester, 
b. p. 85-95° a t 14 mm. and 9.09 g. of methyl butyro­
pyruvate, b. p. 110-112° a t 7 mm., were collected. The 
yield corrected for recovered pyruvate was 65%.

Methyl f t-o x o valerate6 was prepared by flash distillation 
as was the methyl /3-oxopaproate. On fractional dis­
tillation, in the most successful run, 4.44 g. (31% yield) 
of /3-oxoester, b. p. 60-65° a t 14 mm. and 6.52 g. of 
pyruvate were obtained. The yield corrected for recovered 
pyruvate was 50%. The crude copper salt, m. p. 155- 
157°, checked the melting point of the crude salt given in 
the literature . 6

(7) Levine and Hauser, ibid., 66, 1768 (1944).

C h e m o t h e r a p y  D iv is io n  
S ta m fo r d  R e s e a r c h  L a b o r a t o r ie s  
A m e r ic a n  C y a n a m id  C o m p a n y
S t a m f o r d , C o n n e c t ic u t  R e c e iv e d  A p r i l  29, 1948

The Removal of Aluminum Chloride from 
Friedel-Crafts Mixtures Containing Water- 

Labile Phosphorus Halides
B y  W il l ia m  T .  D y e , J r .1

The most useful of three methods developed by 
Michaelis for the synthesis of aromatic phosphine 
halides is the Friedel-Crafts reaction of aromatic 
hydrocarbons and phosphorus trichloride.2,3 This 
method has one serious drawback, its incomplete 
and malodorous method of product isolation by 
extraction. Two new methods of separating the 
product have been developed. One is an adapta­
tion of Robinson's method4 to the recovery of 
phosphine halides. The other depends upon the 
precipitation of the complex Al2Cl6*2POCl3.3 Al­
though both of these methods have been success­
fully used in the preparation of several aromatic 
phosphine halides, only the application to phenyl- 
dichlorophosphine is presented in detail.

Experimental
Reagents.—The aluminum chloride, benzene (dried 

over phosphorus pentoxide) and phosphorus trichloride 
were J . T . Baker C. P . quality.

Preliminary Procedure.—In all experiments, various 
molar proportions of aluminum chloride, benzene and 
phosphorus trichloride were refluxed in three-neck flasks 
fitted with a rubber-sealed glass stirrer, thermometer, 
reflux condenser, hydrogen chloride trap , and mantle 
heater. Reaction times, usually one to  four hours, were 
only long enough for practical cessation of hydrogen 
chloride evolution. The catalyst was then removed by 
either of the following methods.

(1) Present address: Central Research Laboratories, M onsanto 
Chemical Co.

(2) Michaelis, Ber., 12, 1009 (1879).
(3) Michaelis, Ann., 293, 198-200 (1896).
(4) Robinson, U, S. P atent 2,211,704; C* A,-, 66* 468 (1941)*
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With Water.—The reaction mixture was cooled to room 
tem perature and diluted with benzene or low-boiling 
petroleum ether. An optimum quantity of 3 moles of 
water per mole of catalyst was stirred in as rapidly as 
foam control would allow. (Water was added either 
pure or as concentrated hydrochloric acid.) About 50 cc. 
more of solvent was then added. During the following 
brief period in which hydrogen chloride evolution ceased, 
the supernatant liquid was decanted. The solvent was 
then removed and the product vacuum-distilled.

Table I shows the effect of stirring different quantities 
of water, as concentrated hydrochloric acid, into 
0 .1 :0 .4 :0.4-mole reaction mixtures of aluminum chloride, 
benzene and phosphorus trichloride.

T a b l e  I
Y ie l d  o f  P h e n y l d ic h l o r o p h o s p h in e  a f t e r  R em o v a l  o f  

C a t a l y s t  w it h  W a t e r
Moles water added

0.25
.275
.30
.325
.35
.40

Yield CaHePCh, g.
10.7 
15.3 
20.6 
20.9 
20.2
16.8

The yield of phenyldichlorophosphine rose rapidly as 
the critical point of 3 moles water per mole aluminum 
chloride was approached, and as much as a 1 0 % excess 
of water did no harm. When sufficient water was added, 
the hydrated catalyst separated as soft slightly coherent 
granules, free of product and easily filtered or decanted.

W ith Phosphorus Oxychloride.—One mole of phos­
phorus oxychloride per mole of aluminum chloride was 
added to the hot reaction mixture (with a temperature rise 
of about 5°), excess phosphorus trichloride and benzene 
were recovered by vacuum-stripping, the residue was 
cooled to 40 ° or below, the catalyst complex was com­
pletely precipitated by dilution with about three volumes 
of light petroleum, and the liquid layer was decanted and 
distilled. (Caution: In a few instances, involving large 
excess of phosphorus trichloride and benzene, the mixture 
separated into two layers when the oxychloride had been 
partly  added, with consequent vigorous boiling of the 
more volatile layer. This can be prevented by stripping 
the excess of reactants before addition of phosphorus 
oxychloride.)

The utility of the latter procedure in Friedel-Crafts 
reactions in general seems limited only by the provision 
th a t the phosphorus oxychloride-aluminum chloride com­
plex must be the most stable one possible in any given 
reaction mixture. The method has the advantage over 
the foregoing hydration process th a t there is no evolution 
of hydrogen chloride and consequently no tendency for the 
precipitate to float. Both of these methods appear suit­
able for isolating other Friedel-Crafts products decom­
posed by the conventional catalyst quenching process.
C h e m is t r y  D iv is io n  
N a v a l  R e s e a r c h  L a b o r a t o r y
W a s h in g t o n , D. C. R e c e iv e d 5 M ay  6 , 1948

(5) Original m anuscript received M ay 26, 1947.

A Synthesis of a,/3-Unsaturated Amides
B y  A l e x a n d e r  G a l a t

In a previous communication1 we have reported 
a synthesis of a, /3-unsaturated esters which in­
volved the condensation of an aldehyde with a 
monoester of malonic acid. It appeared that a 
similar direct synthesis of a, /3-unsaturated amides

(1) Galat, This Juumnal, 6S, 376 (1946)*

could be accomplished by condensing an aldehyde 
with the mono-amide of malonic acid

R—CHO +  CH2<^
CONHa

COOH

- H 20

-  C 0 2

R—C H =C H —CONH 2

It was found that malon-monoamide did, in ef­
fect, readily condense with several representative 
aldehydes (benzaldehyde, />-dimetliylaminobenz- 
aldehyde, naphthaldehyde and furfural) to give 
satisfactory yields of the expected unsaturated 
amides.

The monoamide of malonic acid was prepared 
by treating diethyl malonate with one mole of 
potassium hydroxide in methanol, followed by 
ammonolysis of the monoester thus formed. The 
amide is a white, crystalline solid which melts at 
110-115° with evolution of carbon dioxide and 
quantitative formation of acetamide. Its solution 
in water is strongly acid and can be accurately ti­
trated. Heated with salts of primary amines, 
malon-monoamide reacts as an acetylating agent

y CONH 2  - C 0 2

R—NH 2 *HC1 +  CH2< ------------>  R—NHCOCHs
\C O O H  - N H 4 CI

Experimental
Malon-monoamide.—To a solution of 160 g. (1 mole) 

of diethyl malonate in 450 ml. of methanol was added 
slowly with stirring 280 ml. ( 1  mole) of 2 0 % methanolic 
potassium hydroxide. After the addition was completed 
the mixture was stirred until the reaction became neutral. 
The crystalline precipitate was filtered off and the filtrate 
evaporated to dryness i n  v a c u o . The combined solids 
weighed 132 g. (85%). The product is the potassium salt 
of mono-methyl malonate (ester interchange takes place 
when working in m ethanol).

The potassium salt was dissolved in 500 ml. of concen­
trated ammonium hydroxide and the solution kept a t room 
temperature for one week. I t  was then evaporated to dry­
ness i n  va c u o , treated with 76 ml. of concentrated hydro­
chloric acid and stirred until homogeneous. To the 
mixture was added 275 ml. of isopropanol, the precipitated 
potassium chloride filtered off, washed with isopropanol 
and the filtrate evaporated to dryness in  v a c u o , To the 
resulting sirup was added 150 ml. of hot isopropanol and 
an additional amount of potassium chloride removed by 
filtration. Malonmonoamide crystallized upon cooling 
and was filtered off, washed with isopropanol and dried at 
room temperature; yield, 52 g. (61%), m. p. 110-115° 
(dec.).

A n a l .  Calcd.: N , 13.59; neut. equiv., 103. Found:
N, 13.4.; neut. equiv., 103.5.

Cinnamamide.—One gram of benzaldehyde (ca . 0.01 
mole), 2  g. (c a . 0 . 0 2  mole) of malon-monoamide, 2  drops 
of piperidine and 5 ml. of pyridine were heated on a water- 
bath until the evolution of gas ceased. To the mixture 
was added 25 ml. of boiling water, the solution cooled and 
the precipitated amide recovered by filtration; yield, 0 . 8  g. 
(57%), m. p. 146-147° (cor.), lit. 142°.
61 So. B r o a d w a y
Y o n k e r s , N . Y. R e c e iv e d  A p r il  30, 1948

Preparation of Aliphatic Fluorides
B y  F r ie d r ic h  W. H o f f m a n n

The exchange of halogen in aliphatic —CHX— 
and ~*CHgX groups (X «  Cl, Br) by means of an­
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hydrous potassium fluoride has been described 
recently.1,2-3 Since this reaction takes place only 
at higher temperatures, the use of pressure equip­
ment is required and much trouble is due to coat­
ing of potassium fluoride with potassium chloride or 
potassium bromide, respectively. Only in the 
special case of the preparation of fluoroacetamide 
from chloroacetamide the use of xylene as reaction 
medium allows the reaction to be carried out at 
atmospheric pressure.3

By using suitable organic solvents for anhydrous 
potassium fluoride, it is possible to exchange the 
halogens in —CHX— and —CH2X  groups (X = 
Cl, Br, I) in a one-step reaction at atmospheric 
pressure in ordinary glass equipment. In order to 
obtain reasonably fast reaction rates, the method 
requires a temperature of about 140° and over, so 
that low-boiling solvents for potassium fluoride, 
such as methanol and ethanol cannot be used. 
Satisfactory solvents are aliphatic di- and poly­
hydroxy compounds such as ethylene glycol, glyc­
erol, diethylene glycol, polyethylene glycol, etc., 
either singly or mixed.

In this procedure the yields are fair and fre­
quently considerably higher than those obtained 
by the pressure method. ?z-Hexyl fluoride can 
thus be obtained from n-hexy\ chloride in 54% 
yield, whereas the halogen exchange under pres­
sure without solvent for the potassium fluoride 
gives only a 20% yield.1 2 2-Fluoroethanol, which 
could not be obtained by heating of ethylene chlo­
rohydrin with potassium fluoride under pressure 
by Gryszkiewicz-Trochimowski4, was, however* 
prepared by McCombie and Saunders1 by the 
same method at 135-140° (no yield indicated). 
The subject method permits the preparation of 
this compound in 42.5% yield by using potassium 
fluoride in a glycol solvent at atmospheric pres­
sure. Another advantage of the use of a solvent 
for the halogen exchange is the fact that the pres­
ence of small amounts of moisture in one of the re­
actants can lead to serious hazards by enormous 
pressure increase in the conventional method,2 
whereas in the described method only the yield of 
fluorinated product is correspondingly decreased.

Although the subject method is in some respects 
inferior to conventional methods using fluorides of 
mercury, etc., the ready availability of the inex­
pensive potassium fluoride makes it another con­
venient means for the preparation of aliphatic 
fluorides, especially since some fluorides such as 2- 
fluoroethanol, /3-difluoroethyl ether, etc., which 
cannot be obtained by fluorination with silver or 
mercuric fluoride, are accessible from the corre­
sponding chlorine compounds by fluorination with 
potassium fluoride.

A large number of new aliphatic fluorine com­
pounds was synthesized by this method by the

(1) McCombie and Saunders, Nature, 158, 382 (1946).
(2) Gryszkiewicz-Trochimowski, Sporzyhski and Wnuk, Rec. 

trav. chim., 66, 413-418 (1947).
(3) Bradley, V. S. P aten t 2,403,576 (July 9, 1946).
(4) Gryazkiewicz-TrochimQWftfci» Rgc. trav, chim,, 66, 427 (.1947),

writer in collaboration with R. Geier in the labora­
tories of W. Bockemiiller in Würzburg, Germany.

The syntheses of 2-fluoroethanol and w-hexyl 
fluoride from the corresponding chlorine com­
pounds by halogen exchange with anhydrous 
potassium fluoride in glycol solution are described 
in detail in the following.

Preparation of F C H 2C H 2O H .—A mixture of dry, pow­
dered potassium fluoride (350 g., 6 moles), ethylene glycol 
(320 g .) , and diethylene glycol (130 g.) was heated to 170 ° 
in a 3-neck, 1-liter, round-bottom flask fitted with a 
stirrer, dropping funnel, and a 30-cm., 3-step Vigreux 
column with attached condenser and receiver. Ethylene 
chlorohydrin (322 g., 4 moles) was added dropwise in the 
course of three hours to the reaction mixture maintained a t 
170-180 ° with constant stirring a t such a rate  th a t the dis­
tillate a t the still head showed a temperature of 95-105°. 
After addition of ethylene chlorohydrin was complete, a 
slow stream of air was sucked through the apparatus for 
one hour in order to distil off the fluoroethanol completely. 
In the receiver, 152.5 g. of crude reaction product was 
obtained as a colorless liquid. After standing with 10 g. of 
sodium fluoride for two days to remove traces of hydrogen 
fluoride, distillation of the reaction product yielded 109 g. 
(42.5%) of fluoroethanol (b. p. 101V  100-102°2) between 
97° and 104°.

Preparation of C H 3( C H 2)4C H 2F .—A mixture of dry, 
powdered potassium fluoride (116 g., 2 moles), ethylene 
glycol (200 g .), and diethylene glycol (50 g.) was heated to  
180° in a 3-neck, 1-liter, round-bottom flask fitted with a 
stirrer, dropping funnel and a 30-cm., 3-step Vigreux 
column with attached condenser and receiver, w-Hexyl 
chloride (120.6 g., 1 mole) was added dropwise in the 
course of eight hours to the reaction mixture maintained a t 
175-185 ° with constant stirring. Since the reaction prod­
uct boils a t 93.2°, it distils out of the reaction mixture a t 
about the same rate a t which the reagent is added. After 
addition of hexyl chloride was complete, the reaction mix­
ture was allowed to cool to 110°. A slow stream of air 
was sucked through the apparatus in order to distil off the 
remaining reaction product from the mixture. In the re ­
ceiver, 79.6 g. of distillate was collected. This consisted of 
» -hexyl fluoride with some hexene and some unreacted 
hexyl chloride. Fractionation yielded 56.3 g. (54.1%) of 
w-hexyl fluoride, boiling a t 91-93.5°.
C h e m ic a l  C o r p s  T e c h n ic a l  C o m m a n d  
A r m y  C h e m ic a l  C e n t e r , M a r y l a n d

R e c e iv e d  F e b r u a r y  24, 1948

The Terpenes of Oil Sweet Goldenrod
B y  B r y a n t  R .  H o l l a n d

In a study of the production of essential oils, 
oil of Sweet Goldenrod (Solidago odor a)1 has been 
investigated. Miller and Moseley2 examined this 
oil fairly extensively, but did not identify the ter­
penes. They identified methyl chavicol as the 
main constituent, and showed borneol to be 
present. To extend the findings of Miller and 
Moseley, the oil has been partially fractionated 
and the terpenes determined.

Experimental
A 600-ml. sample of fresh oil was fractionated using a 

Stedman column (24 inch packing, 1 inch diameter) a t a 
pressure of 5 mm. with a reflux ratio of 0.5 (50% of the 
condensate returned to the column). The starch-glycerol

(1) The complete investigation is to  be reported in a  Texas Engi­
neering Experim ent Station Bulletin.

(2) Miller and  Moseley, T his J ournal, 87, 1285» (-J9X6)*
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stopcock lubricant described by Herrington and Starr3 was 
a satisfactory lubricant for the stopcocks and ground joints 
used in the distillation apparatus. The following fractions
were obtained:

Volume, Temp.,
a»DFraction ml. °C. w29D

1 20 30 1.4677 +84 .17
2 60 31 1.4683 + 96.67
3 10 32 1.4690 +92 .00

Residue 510 1.5173 -  0.50

Fractions 1, 2 and 3 account for 15% of the oil. The 
physical properties of fraction 2 are similar to those of d -  
limonene. The presence of d-limonene was confirmed by 
preparing the /3-nitrol anilide, m .p .  153°, and the tetra- 
bromide, m. p. 103.5°, [a ]30d + 72 .0°  (0.1785 g. of d -  
limonene tetrabromide in 5 ml. of carbon tetrachloride 
solution).

A 1500-ml. portion of the fresh oil was subsequently 
fractionated, as above, a t a pressure of 22 mm., with a 
reflux ratio of 0.9 (90% of the condensate returned to the 
column). The first fraction, 3.1 ml., boiling a t 55®, had a 
refractive index of 1.462825, and a rotation of—37.67°. 
Calculated for l - a -pinene this would be a specific rotation 
of —43.70°, which is near the reported —48.63°.4 The 
presence of l - a -pinene was confirmed by the preparation of 
a-pinene nitrolpiperidine, m. p. 118.5°. The quantity 
found by distillation represents 0.2% of the oil.

The specific rotation of d -limonene as calculated from 
the rotation of fraction 2 would be + 114°, as compared to 
a specific rotation for pure ^-limonene of +126°.5 This 
plus the refractive index of fraction 2 indicates the probable 
presence of dipentene. No direct evidence for the pres­
ence of dipentene or other terpenes was obtained. The 
negative rotation of the terpeneless residue indicates that 
the borneol is probably /-borneol. Methylchavicol, an 
isomer of anethol, is responsible for the anise-like odor and 
flavor. The odor and flavor of the oil are decidedly im­
proved by the removal of the terpenes.

(3) Herrington and Starr, Ind. Eng. Chem., Anal. Ed., 14, 62 
(1942).

(4) Gildemeister and Hoffmann, “ The Volatile Oils,” second 
edition, John Wiley and Sons, Inc., New York, N. Y., 1913, Vol. I, 
p. 293.

(5) Huntress and Mulliken, “ Identification of Pure Organic 
Compounds,” John Wiley and Sons, Inc., New York, N. Y., 1941, 
p. 575.
T e x a s  E n g in e e r in g  E x p e r im e n t  S t a t io n  
A g r ic u l t u r a l  a n d  M e c h a n ic a l  C o l l e g e  o f  T e x a s  
C o l l e g e  St a t io n , T e x a s  R e c e iv e d  F e b r u a r y  20, 1948

Preparation of Tetraacetyl-a-D-glucopyranosyl 
Bromide

B y  C. G. J e r e m ia s , G. B. L u c a s  a n d  C. A. M a c k e n z ie

There are many references in the literature per­
taining to the preparation of tetraacetyl- a-D-glu- 
copyranosyl bromide. Most authors recommend 
the use of an acetic acid solution of hydrogen bro­
mide with pentaacetyl-jS-D-glucose. They differ 
in their experimental details, particularly with re­
spect to the use of vacuum distillations, solvents 
and purifications methods. The description given 
below eliminates vacuum distillations, simplifies 
the purification process and gives a pure product 
in good yield with a minimum of effort.

Experimental
A mixture of 20 g. of pentaacetyl-ft-d-glucose and 20 

ml. of hydrobromic acid-acetic acid solution (Eastman
Kodak Co* 30-32% hydrobromic acid-acetic acid) is

stirred a t room temperature for two hours in a flask pro­
tected from moisture. The clear, yellow solution is 
poured, in a thin stream, into 400 ml. of vigorously stirred 
ice water. A finely divided, crystalline material is ob­
tained. If the addition is made too rapidly the product 
solidifies in the form of large lumps. The crude aceto­
bromoglucose is filtered with suction and then transferred 
to a small separatory funnel. Fifty ml. of carbon te tra ­
chloride is added to p u t the solid into solution. The water 
layer formed is drawn off with a suction pipet and the 
product remaining is washed once with 20 ml. of ice water 
and then with a few ml. of cold, saturated sodium bicarbon­
ate solution until all free acid has been removed. The 
solution is finally washed with two 20-ml. portions of ice 
water. The carbon tetrachloride layer is filtered through 
glass wool into an erlenmeyer flask and dried over calcium 
chloride. The dry solution is poured slowly, with stir­
ring, into 200 ml. of petroleum ether (35-75° boiling range 
was used; a good quality reagent is necessary or a yellow­
ing of the product may occur a t this point). When 
crystallization a t room temperature is complete, an ice- 
salt-bath is placed around the container and an additional 
crop of crystals form. The crystals are filtered with 
suction and air-dried or dried in a vacuum desiccator. 
The product a t this point has a m. p. 88-89°; yield, about 
18 g. (80-85%).
R ic h a r d s o n  C h e m is t r y  L a b o r a t o r ie s
D e p a r t m e n t  o f  C h e m is t r y
T h e  T u l a n e  U n iv e r s it y  o f  L o u is ia n a
N e w  O r l e a n s , L o u is ia n a  R e c e iv e d  A p r il  9, 1948

Heats of Mixing of Some Fluorinated Ethers 
with Chloroform

B y  J. R. L a c h e r ,  J. J. M c K i n l e y  a n d  J. D. P a r k

It is well known that chloroform and mono- 
fluorodichloromethane will form hydrogen bonds 
with solvents containing donor atoms such as ni­
trogen and oxygen.1 Diethyl ether2 and polyeth­
ylene glycol ethers3 show a considerable heat evo­
lution when mixed with chloroform or mono- 
fluorodichloromethane. The substitution of chlo­
rine in an aliphatic ether4 or the replacing of an 
alkyl by an aryl group5 reduces considerably the 
tendency for bonding. Recently6 a number of 
polyfluoro alkyl ethers have been prepared in this 
Laboratory. If one interprets hydrogen bonds 
as the result of an interaction between dipoles,7*8'9 
one might expect that these fluorinated ethers 
would also show only a slight tendency for hydro­
gen bonding. The moments are not known for 
these molecules. However, one can calculate,

(1) C. S. M arvel, M . J . Copley and E. Ginsberg, T h is  J ournal , 
62, 3263 (1940). This paper gives references to earlier work by 
these and other authors.

(2) D. B. McLeod and F. J. Wilson, Trans. Faraday Soc., 31, 598
(1935).

(3) G. F . Zellhoefer an d  M . J . Copley, T h is  J ournal , 60, 1343
(1938).

(4) G. F. Zellhoefer, M. J. Copley and C. S. Marvel, ibid., 60, 
1337 (1938).

(5) C. S. Marvel, M. J. Copley and E. Ginsberg, ibid., 62, 3109 
(1940).

(6) J. D. Park, D. K. Vail, K . R. Lea and J. R. Lacher, T his 
Journal, 70, 1550 (1948).

(7) G. Briegleb, Z. Elektrochem., 60, 35 (1944).
(8) L. Pauling, “ The N ature of the Chemical Bond,” Cornell 

University Press, Ithaca, N. Y., 1944.
(9) G. W. Wheland, “ The Theory of Resonance,” John Wiley 

and Sons, Inc», New York, N. Y., 1944,
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using bond moments,10 the dipoles for similar 
compounds. Dimethyl ether has a moment of 
1.32 debye units and the negative end may be re­
garded as being on the oxygen atom. Hexafluoro- 
dimethyl ether, on the other hand, has a calcu­
lated dipole moment of 0.40 debye unit and the 
direction of the moment is reversed. Methyl tri­
fluoromethyl ether has a calculated moment of 
1.31 and it makes an angle of 37° with the methyl- 
oxygen bond. Its negative end lies between the 
oxygen and the trifluoromethyl group. As a result 
the negative charge is spread out between the two. 
A similar situation will obtain for the ethers dealt 
with here. Experiments were undertaken to 
measure their hydrogen bonding tendencies and 
the method chosen involves measuring their heats 
of mixing with chloroform a10°.

The mixing calorimeter was modified after 
those described by McLeod and Wilson,2 Void,11 
Von Steinwehr,12 and Zellhoefer and Copley.4 
The mixing chamber consisted of a 170-cc. Pyrex 
dewar which could be evacuated by means of a 
diffusion pump. A tight fitting lid contained holes 
to receive two pipets and a long Pyrex tube. The 
latter contained a 12-junction copper-constantan 
thermocouple, nichrome heater, and also served as 
a stirrer. The lower end of the tube was fitted 
with a glass disk and stirring was accomplished by 
means of a reciprocating motor. The whole as­
sembly was contained in a gallon dewar and main­
tained at 0° with ice. The output from the ther- 
mel was fed into a Leeds-Northrup “Speedomax” 
recorder. In making a run, the temperature 
change produced on mixing two liquids was com­
pared with that produced by electrical heating in 
the usual way.

The preparation of the fluoroalkyl ethers has 
been previously described.6 Diethyl ether was 
dried over sodium and distilled. Acetone was 
purified by the method of Shipsey and Werner13 
using sodium iodide. Monofluorodichlorometh- 
ane, furnished us through the courtesy of Mr. A. 
F. Benning of the du Pont Company, was dis­
tilled in a twenty-plate column.

Discussion.—In order to check the reliability 
of the apparatus and develop the necessary tech­
nique, the heats of mixing of chloroform with 
diethyl ether and with acetone were measured. 
The former system has been studied by McLeod 
and Wilson2 at 0° and the latter by Hirobe14 at 
25°. The data obtained are shown in Figs. 1 and
2. The heat evolved in calories per mole of solu­
tion may be represented by a parabolic curve of 
the type: — AH =  (N  — N 2)A. N  represents the 
mole fraction of the halogenated hydrocarbon and 
A is an adjustable constant. These curves, also 
shown in the figures, give heats of mixing of —670

(10) C. P. Price, Chem. Revs., 29, 37 (1941).
(11) R. D. Void, This Journal, 59, 1515 (1937).
(12) H. Von Steinwehr, Z. physik. Chem., 38, 139 (1901).
(13) K. Shipsey and E. A. Werner, J . Chem. Soc., 103, 1255 

(1913).
(14) H. J. Hirobe, Fac. Sci. Im p. Univ., Tokyo, 1, 155 (1925).

Mole fraction CHX3.
Fig. 1,—Heats of mixing in calories per mole of solu­

tion -system s: diethyl ether-chloroform, O, and diethyl 
ether-CHFCh, X.

Fig. 2,—Heats of mixing in calories per mole of solu­
tion for the systems : O, acetone-chloroform; X, acetone- 
CHFCh.

and —470 cal./mole for diethyl ether and acetone, 
respectively, at N  =  0.5. This compares with 
— 714 and —460 cal./mole determined, by Mc­
Leod and Wilson and by Hirobe, respectively.

A few runs using monofluorodichloromethane 
in place of chloroform were made. The results, 
shown in Figs. 1 and 2, suggest that less heat is 
liberated when the monofluorinated compound is 
used. The effect, however, is of the same order 
of magnitude as the experimental error. Zell­
hoefer and Copley3 using polyethylene glycol 
ethers found a similar situation. The solubility1 
of chloroform in the dimethyl ether of tetraethyl- 
ene glycol is, however, measurably greater than 
that of the monofluorinated derivative. This may 
be interpreted to mean that some C—H <— F bonds 
were present in CHFCb. It may also be explained 
by the fact that, whereas in chloroform the dipole 
moment is along the carbon-hydrogen bond, in 
CHFCb it is askew. Consequently, a larger de­
crease in entropy will result when the latter forms 
a hydrogen bond with the ether. This will ac­
count for the larger difference shown between 
chloroform and CHFC12 in solubility measure­
ments (which involve a free energy change) than 
is given in a measurement of AH.
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Fig. 3.—Heats of mixing in calories per mole of solution 
for the systems: chloroform with polyfluoro alkyl ethers.

The results obtained on mixing chloroform with 
the methyl, ethyl and ^-propyl derivatives of 1,1,- 
2-trifluoro-2-chloroethyl alkyl ethers are shown in 
Fig. 3 and Table I gives the heats of mixing per 
mole of solution at a mole fraction of 0.5.

T a b l e  I

H ea ts  of M ix in g  o f  1,1,2-T rifluoro-2-chloroethyl 
A l k y l  E th er s  w it h  Chloroform a t  0°

Ether AH, cal./mole
M ethyl 93 =*= 3
Ethyl 62 =*= 4
w-Propyl 52 =*= 3

The isopropyl derivative gave heat effects of the 
same magnitude as the normal compound. Suf­
ficient material was not on hand for quantitative 
study. In contrast to the behavior shown by di­
ethyl ether and acetone, the heats of mixing were 
small and positive. The slight cooling effect pro­
duced indicates the lack of formation of hydrogen 
bonds, at least in large numbers.

Attempted Reaction of I with Aqueous Potassium Iodide 
Solution.—To a solution of 1.0 g. of potassium iodide in 
20 ml. of water was added 0.5 g. of I. No iodine was 
liberated on heating a t 60° for twenty-four hours.

Reaction of I with Magnesium-Magnesium Iodide 
Reagent.—In a two necked flask fitted with a mercury- 
sealed stirrer and a side-arm connected to a condenser 
arranged for downward distillation were placed 10 g. of 
magnesium turnings and 75 ml. of anhydrous butyl ether. 
To this was added slowly 4 g. of iodine. The solution was 
heated until distillation started and to it was added drop- 
wise a solution of 10 g. (0.04 mole) of I in 50 ml. of butyl 
ether. A total of 100 ml. of distillate was collected during 
this addition. Redistillation through a 10-cm. Vigreux 
column gave 3.4 g. (97%) of dioxadiene, b. p. 74-75°, 
»*°d 1.4351.

The Reaction of I with Phenylmagnesium Bromide.—
To a solution of phenylmagnesium bromide prepared from 
2.64 g. (0.11 atom) of magnesium and 17.3 g. (0.11 mole) 
of bromobenzene in 100 ml. of dry ether was slowly added 
a solution of 12.3 g. (0.05 mole) of I in 75 ml. of dry ether. 
After the moderately vigorous reaction subsided the 
mixture was allowed to  stand for twelve hours and was 
then hydrolyzed by pouring into ice and ammonium 
chloride solution. The ether solution was separated and 
dried over magnesium sulfate. Distillation gave 5.9 g., 
b. p. 75-80°, and a sirupy residue. The distillate was 
dissolved in 50 ml. of carbon tetrachloride and to it was 
added dropwise a solution of bromine in carbon te tra ­
chloride a t 0° until a faint permanent color remained. 
Removal of the solvent i n  vacu o  gave 9.6 g. of crystalline 
residue identified as I by mixture melting point. Assum­
ing an average yield of 90% on the addition of bromine to 
dioxadiene this represents an 87% conversion to dioxa­
diene.
C h e m ic a l  L a b o r a t o r y  
N o r t h w e s t e r n  U n iv e r s it y
E v a n s t o n , I l l in o is  R e c e iv e d  A p r il  12, 1948

The Solubility of Aluminum Bromide in Cyclo­
hexane1

U n iv e r s it y  o f  C o l o r a d o
B o u l d e r , C o l o r a d o  R e c e iv e d  F e b r u a r y  9, 1948

The Structure of Dioxadiene Dibromide
B y  G e r a l d  R. L a p p i n 1 a n d  R. K . S u m m e r b e l l

Some time ago dioxadiene was found to react 
with only one molar equivalent of bromine to give 
a crystalline compound, dioxadiene dibromide, of 
unknown structure.2 This was presumed to be
5,6-dibromo-^-dioxene. However, the possibili­
ties that it had an oxonium bromide structure or 
that the dioxadiene ring had been ruptured were 
not excluded.

We have now found that I does not react with 
aqueous potassium iodide solution, a characteris­
tic reaction of oxonium bromides.3 Furthermore, 
I reacts with the magnesium-magnesium iodide 
dehalogenating reagent2 and with phenylmagne­
sium bromide to regenerate dioxadiene in high 
yield. Thus the structure of I must be 5,6-dibro- 
mo-^-dioxene.

(1) Present address, Chemistry Departm ent, Antioch College, 
Yellow Springs, Ohio.

(2) Summerbell and Umhoeffer, This Journal, 61, 3020 (1939).
(3) M cIntosh, ibid., 32, 1330 (1910).

B y  P h i l i p  A. L e ig h t o n  a n d  J o h n  B . W il k e s

During the course of a study of the isomerization 
of cyclohexane with aluminum bromide catalyst, 
the solubility of aluminum bromide in cyclohexane 
has been determined.

Materials.—Aluminum bromide was prepared and 
distilled into glass ampoules in the manner described by 
Leighton and Heldman.2

The cyclohexane was the gift of the Shell Oil Company. 
The stated analysis as received was 99.7 vol. % cyclo­
hexane (by correlation of freezing point and mass spectro­
graph analysis), 0.0003 wt. % sulfur, less than 0.0005 
vol. % benzene and less than 0.001 vol. % phenols. The 
freezing point was 6.0°. This material was further puri­
fied by “ freezing out”  cyclohexane crystals, followed by 
percolation of the remelted crystals through silica gel. 
The “ freezing out” was performed as follows: About 300 
ml. of cyclohexane contained in a 500-ml. Erlenmeyer 
flask was placed in a cooling bath of ice and water, and, 
with frequent hand stirring and scraping, a thick slurry 
of cyclohexane crystals was produced. The crystals 
were filtered off, melted, and the process repeated. The 
resultant cyclohexane was percolated through a column 
of silica gel to remove water and any trace of olefins. The 
product was stored over sodium in brown glass bottles. 
Physical properties of the purified cyclohexane were: 
m .p . 6.5°, w25d  1.4235.

(1) This work was supported by a grant from the Research 
Corporation.

(2) Leighton and Heldman, This Journal, 65, 2276 (1943).
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Determination of Solubility.—The purified cyclohexane 
was placed in a flask attached to the vacuum system by 
a ground glass joint, thoroughly degassed, and distilled 
into the ampoules containing aluminum bromide. Each 
ampoule was sealed off from the vacuum line when it was 
estimated tha t it would be nearly full of solution upon 
reaching the solution temperature. Solution tempera­
tures were determined as described by Heldman and 
Thurmond . 3 All the solutions were clear and colorless. 
Samples were analyzed as follows: The aluminum bromide 
was precipitated in finely divided form 2 and the ampoule 
placed tip down in a long narrow flask equipped with 
standard taper joint and glass stopper. The flask and 
contents were weighed, and the flask shaken to break open 
the ampoule. The flask was then connected to  a trap by 
all-glass connections using unlubricated standard taper 
joints. The trap  was in turn connected to a vacuum 
pump. The vacuum pump was turned on and the flask 
cooled by immersion in a slurry of dry ice, chloroform, 
and carbon tetrachloride. After the system was evacu­
ated, the dry ice slurry was removed and pumping con­
tinued until some time after the flask had reached room 
temperature. The cyclohexane was condensed in the 
trap. The aluminum bromide remained behind as a 
finely divided, white powder. The flask and contents 
were weighed and the cyclohexane calculated by difference. 
The aluminum bromide was removed by washing succes­
sively with nitrobenzene, water, and acetone. The flask 
and glass parts were weighed and the aluminum bromide 
calculated by difference.

T a b l e  I

S o l u t io n  T e m p e r a t u r e s  o f  A l u m in u m  B r o m id e -  
C y c l o h e x a n e  M ix t u r e s

,--------AhBre —' *--------- AhBre-

t.
°c .

Mole
fract.

w t. % 
liq. 

phase
t,°c. Mole

fract.
w t. % 

liq.
phase

6.2 0 .0503 2 5 .1 3 8 .7 0 .1 7 8 5 7 .9
8.8 .0568 2 7 .6 3 9 .8 .183 5 9 .4

1 7 .2 .0788 3 5 .2 4 4 .5 .220 6 4 .2
2 6 .4 .115 4 5 .1 5 7 .0 .333 7 6 .0
2 8 .5 .124 4 7 .4 6 0 .3 .380 7 9 .5
3 6 .0 .162 5 5 .0 6 1 .7 .393 8 0 .4
3 7 .6 .169 5 6 .4 9 7 .5 1 .0 0 0 100.0

Results
The solution temperatures and compositions of 

the solutions examined are given in Table I. The 
moles of aluminum bromide are calculated on the 
basis of the formula Al2Br6. No correction was 
made for the cyclohexane in the vapor phase be­
cause of the comparatively low vapor pressure of 
cyclohexane and the small vapor volume present 
in the ampoules. The results show that alumi­
num bromide is appreciably more soluble in cyclo­
hexane than in ^-butane2 or n-hexane4 1 2 3 4 when calcu­
lated on a mole fraction basis. On a weight basis 
aluminum bromide is more soluble in cyclohexane 
than in ^-hexane throughout the temperature 
range for which data are available and is more 
soluble in cyclohexane than in ^-butane through­
out much of the lower temperature range.
D e p a r t m e n t  o f  C h e m is t r y  
St a n f o r d  U n iv e r s it y
Stanford, California  R eceived  M arch 2, 1948

(3) Heldman and Thurm ond, ibid., 66, 427 (1944).
(4) Boedeker and Oblad, ibid., 69, 2036 (1947).

The Preparation of 2-Heptenal and 2-Nonenal
B y  C . J .  M a r t in , A . I .  S c h e p a r t z  a n d  B . F .  D a u b e r t 1

Recent work in this Laboratory on the isolation 
and identification of flavor components in “re­
verted" soybean oil has necessitated the prepara­
tion of a number of ol, /3-unsaturated aldehydes of a 
high degree of purity. The recent availability of 
lithium aluminum hydride as a reducing agent2 
led to the development of a suitable method for 
the preparation of such aldehydes free of their 
saturated isomers.

The general scheme of reaction may be outlined 
as follows

O

C—OH
I

R—CH2CHO +  CH 2

Ic=o

Pyridine------------- >
Piperidine

OC2H 5

LiAlH4
R —CH 2 C H = C H —COOC2 H 5 --------->

H 2 S 0 4
LiAl (OC2H 5 ) 2  (OCH2 C H = C H —CH 2R) 2 --------

H20
K 2 Cr2 0 7

R —CH 2 C H = C H —CH2O H ---------->
H 2 S 0 4

R —CH 2—CH—CH—CHO 
Experimental

Preparation of 2-Heptenal.—Ethyl hydrogen malonate 
(256 g.) was condensed with w-valeraldehyde (83.3 g.) 
in pyridine (469 g.) with piperidine (1.2 ml.) as a  catalyst, 
according to the method of G alat . 3 After removal of the 
pyridine and piperidine, the ethyl 2 -heptenoate was dis­
tilled in  vacu o  under nitrogen: yield, 118 g. (78.2% ),
b. p. 58-58.8° (3 m m .), n™D 1.4355.

To a solution of lithium aluminum hydride (10.9 g., 
14% excess) in absolute ether (450 ml.) there was added 
ethyl 2 -heptenoate (78 g.) according to  the method of 
Nystrom and Brown . 2 Although the crude yield of 2- 
heptenol was 45 g. (79% ), distillation, under nitrogen, 
through a Vigreux column, resulted in a loss of approxi­
mately 50% because of partial polymerization of the 
alcohol. The 2-heptenol had a boiling point of 75-75.5° 
at 15 mm.

The 2 -heptenol (21,7 g.) was oxidized by the low- 
temperature oxidation procedure of Delaby and Guillot- 
Allègre, 4  yielding 2-heptenal, 15.9 g. (74.6%).

The product was stabilized with hydroquinone and dis­
tilled in a glass helix-packed column; b .  p. 80-85° a t 
14 mm., w20d  1.4314. The aldehyde was identified b y  
preparation of the following derivatives: semicarbazone, 
m. p. 168-168.4° (Delaby, e t a l . , 4  169°); ^-nitrophenyl- 
hydrazone, m. p. 115.5-116° (Delaby, e t a t .  A  110-112°);
2,4-dinitrophenylhydrazone, m. p. 131.5-132°.

A n a l .  Calcd. for C13H 1 6N4 O4 : C, 53.41; H , 5.52; N, 
19.17. Found: C, 53.17; H, 5.23; N, 19.03.

Preparation of 2-Nonenal.—Ethyl hydrogen malonate 
(143.6 g.) was condensed with heptaldehyde (63 g.) in 
the manner described above: yield of ethyl 2 -nonenoate,
79.4 g. (78.2% ); b. p. 104° a t 8  mm.

The ethyl 2-nonenoate (79.4 g.) was reduced with
(1) The financial assistance of the N ational Association of M ar­

garine M anufacturers is gratefully acknowledged.
(2) Nystrom  and Brown, This Journal, 69, 1197 (1947).
(3) G alat, ibid., 68, 376 (1946).
(4) Delaby and Guillot-Allègre, Bull, soc. chim., 53, 301 (1933).
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lithium aluminum hydride (7.4 g., 14% excess) to yield 
60 g. (97.7%) of 2-nonenol. The product, after low- 
temperature oxidation, was fractionally distilled by the 
same procedure as for 2-heptanal. The fraction (12.2 
g.) boiling a t 119.5-126.5° a t 21 mm. and w20» 1.4426 
was stabilized with hydroquinone and identified by prep­
aration of the following derivatives: semicarbazone,
m. p . 164-165° (Delaby, e t a h ,4 160-161°; von Braun 
and Rudolph,6 163°); ^-nitrophenylhydrazone, m. p.
109.6-110.3° (Delaby, e t a l .,4 113°; von Braun and 
Rudolph,5 109°); 2,4-dinitrophenylhydrazone, m. p.
124.4-125°.

A n a l . Calcd. for C15H 2 0N 4O4 : C, 56.24; H, 6.30; N, 
17.49. Found: C, 56.08; H , 6.03; N, 17,62.

(5) von Braun and Rudolph, Ber., 67, 269 (1934),

C o n t r ib u t io n  N o . 671 
D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  P it t s b u r g h
P it t s b u r g h , P e n n s y l v a n ia  R e c e iv e d  A p r il  2, 1948

The Vapor Phase Fluorination of Acetyl Fluoride1
B y  W i l l i a m  T .  M i l l e r ,  J r . ,  a n d  M a u r i c e  P r o b e r 2

In the direct fluorination of aliphatic acids and 
their derivatives, Bockemtiller3 observed 0- and 7 - 
but no «-substitution. It was of interest to de­
termine if hydrogen substitution occurred in the 
direct fluorination of acetyl fluoride, where only 
«-replacement was possible.

Equivalent quantities of fluorine and acetyl 
fluoride, both diluted with nitrogen, were passed 
into a steam-jacketed copper reactor, which was 
packed with copper gauze.4 The products were 
condensed, caused to react with ethyl alcohol, and 
the resulting esters fractionally distilled. The 
fluorinated esters comprised approximately 50% 
by weight of the total esters plus some unreacted 
aicohol. The isolation of appreciable unreacted 
ethyl acetate was consistent with Bockemüller's 
observation on the low reactivity of the «-hydro­
gen. All of the possible substitution products 
were formed. Ethyl fluoroacetate and ethyl di- 
fluoroacetate were isolated in approximately 6 :1  
ratio. Only trace amounts of ethyl trifluoroace- 
tate were isolated.

Experimental
Acetyl fluoride was prepared according to  the procedures 

of Calloway5 and Nesmejanov and Kahn.6 Fractional 
distillation from antimony trifluoride and treatment with 
sodium fluoride yielded a product free of acetyl chloride 
and hydrogen fluoride, b. p. 18.0-18.2° a t 734 mm.

The reaction was carried out in a steam-jacketed copper 
tube, 75 X 3.5 cm., packed with a roll of 40-mesh copper 
wire gauze. Fluorine diluted with dry, oxygen-free nitro­
gen, and acetyl fluoride carried by a stream of nitrogen, * 198

(1) Taken from the thesis presented by Maurice Prober to the 
G raduate School of Cornell University in partial fulfillment of the 
requirements for the degree of M aster of Science, January, 1943. 
Work on th is problem was interrupted  in 1941 because of the war re­
search program.

(2) Present address: General Electric Co., Schenectady, N. Y.
(3) Bockemiiller, A nn., 506, 20 (1933).
(4) Compare: Miller, Calfee and Bigelow, T his Journal, 59,

198 (1937); Calfee and Bigelow, ibid., 59, 2072 (1937), and following 
papers by Bigelow, et al.

(5) Calloway, T h is  Journal, 59, 1476 (1937).
(6) Nesmejanov and K ahn, Ber., 67, 370 (1934).

were passed into the reactor in an equal molar ratio. The 
molar ratio of nitrogen to  fluorine varied from 2:1 to 3:1. 
The reactants were condensed in ice, Dry Ice, and liquid 
air traps, arranged in series. The hydrogen fluoride was 
removed by sodium fluoride which preceded the Dry Ice 
trap . The condensates were combined and the theoretical 
amount of absolute ethyl alcohol added a t Dry Ice tem ­
perature. The reaction product was allowed to warm up 
to room temperature, kept a t room temperature for a day, 
and refluxed for three hours. I t  was diluted with ether, 
and washed with cold, saturated solutions of potassium 
fluoride, potassium carbonate and calcium chloride. The 
reaction mixture was fractionally distilled a t an atmos­
pheric pressure of 740 mm.

In a typical run, 500 g. (0.804 mole) of acetyl fluoride 
was passed into the reactor, and 48.0 g. of organic products 
were condensed in the traps, with a 16.5 g. weight increase 
of the sodium fluoride. After distilling off the ether, the 
following fractions were obtained: 0.2 g., b. p. 37-68°;
15.4 g., b. p. 68-78° (ethyl acetate and ethyl alcohol-ethyl 
acetate azeotrope); 1.0 g., b. p. 78-96°; 0.5 g., b. p. 96- 
103°; 3.4 g., b .p .  103-114°; 6.4 g., b. p. 114-115°; 2.2 
g. residue. Fluorinated compounds were present in all 
but the 68-78° b. p. fraction.

In order to obtain sufficient product to permit isolation 
of pure reaction products, six runs were made, and the 
appropriate fractions combined and distilled. A fraction 
boiling fairly sharply a t 115-116° reacted with excess 
liquid ammonia a t room temperature to form an amide, 
m , p . 107.5-108.0 °. The earlier reported boiling points of 
ethyl fluoroacetate, 121.6 0 7  and 126 °6 are higher than the 
value observed in the present work, but the m .p .  of the 
amide is in excellent agreement with the literature value of 
108°.9 Recently a boiling point of 117-118° has been re­
ported10 which is in better agreement with our value. A 
second fraction, ethyl difluoroacetate, boiled a t 98.2- 
99.2°, reported11 99.2°, and gave an amide m. p. 51.0- 
51.9°,9 reported9 51.8°. A small amount of a low-boiling 
fraction gave a plateau a t 53°, and yielded a fluorine con­
taining amide, m. p. 72.7-74.0°. An azeotrope of ethyl 
alcohol and ethyl trifluoroacetate was reported to boil a t 
56 °12 and the melting point of trifluoroacetamide was re­
ported to be 74.8°.13 A trace amount of high boiling ester 
was obtained in one run, and it was hydrolyzed with 10% 
hydrochloric acid to yield an impure fluorine containing 
acid (or mixture) of m. p. 187-205°. All of the fluoro- 
acetic acids are liquids, and the isolation of a solid acid 
indicated th a t coupling reactions had occurred during 
fluorination.

(7) Swarts, J . chim. phys., 28, 634 (1931).
(8) R ay and Ray, J . Ind. Chem. Soc., 13, 427 (1936).
(9) Swarts, Bull, classe sci., Acad. roy. Belg., 28 (1909).
(10) Gryszkiewicz-Trochimowaki, Sporzyfiski and Wnuk, Rec. 

trav. chim., 66, 413-418 (1947).
(11) Swarts, Bull, classe sci., Acad. roy. Belg., 41, 628 (1903).
(12) Bigelow and Fukuhara, This Journal, 63, 788 (1941).
(13) Swarts, Bull, classe sci., Acad. roy. Belg., 8, 343 (1922).

R e c e iv e d  M a r c h  4, 1948

1 - (/3-Carboxyethyl)-3,4,7- 
trimethoxydib enzofuran

B y  P a u l  E . F a n t a

The attempted preparation of acid IV by a 
crossed Ullmann reaction1 of methyl /3-(2-iodo-3,-
4,5-trimethoxyphenyl)-propionate and methyl 2- 
iodo-5-methoxybenzoate was described in an ear­
lier paper.2 This note concerns an alternative 
synthetic approach which was also unsuccessful.

(1) For a survey of the Ullmann reaction see Fanta, Chem. Rev., 
38, 139 (1946).

(2) Frank, F an ta  and Tarbell, This Journal, 70, (1948).
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I ,  R  =  N 0 2 I I ,  R  =  N H 2 
I I I ,  R  =  C N  I V ,  R  =  C O O H

C H 2C H 2C O O H

0 ~f)C H a O ^ Q / K J o C H ,
CH30

V
A crossed Ullmann reaction of methyl @-(2- 

iodo-3,4,5-trimethoxyphenyl)-propionate and ex­
cess 4-bromo-3-nitroanisole yielded /3-[2-(4,5- 
6,4'-tetramethoxy-2'-nitro) -biphenyl]- propionic 
acid (I), which was readily reduced to the corre­
sponding amino compound (II). When II was 
diazotized and treated with cuprous cyanide un­
der conditions calculated to yield the nitrile III, 
only 1- (/Tcarboxyethyl) -3,4,7-trimethoxydibenzo- 
furan (V) was obtained. The formation of diben- 
zofuran from 2-amino-2 '-methoxybiphenyl3 and 
of 3,4,7-trimethoxydibenzofuran from 2,3,4,4'- 
tetramethoxy-2 '-aminophenyl4 under similar con­
ditions has been reported.

The structure assigned to V is supported by a 
comparison of its absorption spectrum with that 
of 3,4,7-trimethoxydibenzofuran and compounds 
I and II as shown in Fig. 1. The spectrum of each 
dibenzofuran derivative exhibits a maximum near 
300 m/x which has the same extinction coefficient 
as the corresponding maximum at 260 m/x. In the 
case of the biphenyl derivatives I and II, the ex­
tinction coefficients of the higher and lower wave 
length maxima differ greatly.

Experimental5
j8-[2-(4,5,6,4 '-Tetramethoxy-2 '-nitro) -biphenyl] -pro­

pionic Acid ( I ) .—A mixture of 7.60 g. (0.02 mole) of 
methyl /?-(2-iodo-3,4,5-trimethoxyphenyl) -propionate and
27.8 g. (0.12 mole) of 4-bromo-3-nitroanisole was heated 
a t 220-2550  while 20 g. of electrolytic copper dust was 
added in small portions with stirring. The product was 
extracted with six 25-cc. portions of benzene. Evapora­
tion of the benzene gave a red-brown tar which was re­
fluxed for an hour with 25 cc. of Claisen alkali. Fifty cc. 
of water was added and the mixture was centrifuged to 
remove 4,4 '-dimethoxy-2,2 '-dinitrobiphenyl. Acidifica­
tion of the aqueous solution with hydrochloric acid gave a 
dark oil which was purified by refluxing with Darco and 
Celite in aqueous methanol. Cooling and scratching gave 
a fine, yellow solid which was recrystallized from benzene 
with the addition of ligroin, when it formed granular, 
yellow crystals, yield 2.20 g. (28%), m. p. 100-102°.

A n a l .  Calcd. for Ci9H210 8M: C, 58.30; H, 5.41,
Found: C, 58.31; H , 5.54.

/3-[2~(2 '-Amino-4,5,6,4' ~t etr am ethoxy) -biphenyl] -pro­
pionic Acid ( II )  „—A portion of the nitro compound in

(3) Mascarelli and Pirona, Gazz. chim. ital., 68, 117 (1938); C. A ., 
32, 6235 (1938).

(4) Tarbell, F rank and F anta, T his J ournal, 68, 502 (1946),
(b) All melting points are corrected and were taken on the heated 

stage. The microanalyses are by C. W. Beazley, S. M. Nagy and 
Mrs. O. C. Sail vage. Absorption curves were determined with a 
Beckmann Spectrophotometer.

Fig. 1.—Molar extinction curves in ethanol: (1) 3,4,7- 
trimethoxydibenzofuran4; (2) dibenzofuran derivative, V ; 
(3) nitrobipheny! derivative, I ; (4) aminobiphenyl deriva­
tive, II.

ethanol was shaken for one-half hour with Raney nickel 
and hydrogen a t 1000 lb. and 155°. Evaporation of the 
solvent and crystallization of the residue from benzene- 
ligroin gave a light tan  crystalline powder, yield 42%, 
m. p. 125.5-126°.

A n a l .  Calcd. for C19H2,06N : C, 63.15; H , 6.41.
Found: C, 64,95; H , 6.61.
l-(/3-Carboxyethyl)-3,4 ,7-trimethoxydibenzofuran (V).—

A 360-mg. (0.001 mole) portion of the amino acid II  was 
dissolved in a mixture of 10 cc. of water and 10 drops of 
sulfuric acid and diazotized a t —5° by the addition of 
74 mg. of solid sodium nitrite. Upon standing for an hour 
at room temperature gas was evolved and a flocculent 
orange precipitate separated. The yield of crude product 
melting a t 132-145° was 76%. Crystallization from 
dilute methanol gave 191 mg. (58%) of tan  needles, m .p .
146-148°. An analytical sample, m. p. 148°, was ob­
tained by .successive recrystallization from dilute methanol 
(Darco) and benzene.

A n a l .  Calcd. for Ci8H180 6: C, 65.45; H , 5.49.
Found: C, 65.16; H , 5.29.

The same product was obtained in lower yield when the 
diazonium solution was poured into a solution of cuprous 
cyanide in aqueous sodium cyanide.
C o n v e r s e  M e m o r ia l  L a b o r a t o r y
H arvard U niv er sity  R ec eiv ed  A pr il  2, 1948
Cambridge 38, M assach usetts

The Fluorination of Periodic Acid
B y  G il s o n  H. R o h r b a c k  a n d  G e o r g e  H. C a d y

As part of the research now under way to pro­
duce compounds in which the hydrogen atoms of 
acids have been replaced by fluorine, the study of 
the reaction of fluorine with periodic acid was un­
dertaken, Fluorination of both solid H I04 * 2H20  
and K I04 as well as an aqueous or sulfuric acid 
solution of the acid were carried out, but the de­
sired compound fluorine periodate was not ob­
tained. The reaction of fluorine with HIO4 * 2H20
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was studied in Some detail, however, and the com­
plete reaction was found to take place in three 
stages. As the change commenced, water of hy­
dration was removed from the acid without a 
change in the valence of iodine according to the 
equations

H I0 4-2H20  +  2Fa ---->  0 2 +  4HF +  H I0 4 (1)
H I0 4-2H20  +  4F2 ---->  20F 2 +  4HF +  HIO, (2)

In three experiments performed, the percentage of 
OF2 in the gaseous product of 0 2 and OF2 varied 
from about 3 to 27%, the higher percentage being 
favored by a shorter reaction time. In the second 
stage, the continued action of fluorine caused the 
formation of iodine pentoxide, probably as the 
result of the dehydration of H I04, and in the final 
step iodine pentafluoride was formed by a reac­
tion which became rapid only at temperatures 
above 250°.

F2
H I0 4-2H20 ------- HIO, —------------------->

1st stage 2nd stage
Room temp. Room temp.

F2
I2O5 IF5

3rd stage 
Heat

To. investigate the first phase of the reaction a 
copper chamber with a volume of about one-half 
liter was employed. This was -fitted with a brass 
groufid-joint union which had been blanked off 
and polished to make a tight seal. Acid samples 
were placed in the reaction chamber which was 
then evacuated. A known volume of undiluted 
F2 gas, freed of HF, was admitted and the course 
of the subsequent reaction was followed by ob­
serving an attached manometer. At the desired 
time the gas mixture within the reaction vessel 
was sampled by admitting a portion to an evacu­
ated sample bottle.

Preliminary experiments showed that H I04* 
2H20  could be caused to lose weight upon fluorina­
tion without a loss in total oxidizing capacity. 
However, it was found difficult during the steady 
fluorination of small samples to prevent some loss 
in oxidizing capacity before a weight loss had oc­
curred which would correspond to the removal of 
all the water of hydration. Therefore to study 
the reaction of fluorine with the water of hydration 
alone, the described copper chamber was employed 
and relatively large samples of acid were used. 
Thus three samples of 3.083, 3.467 and 3.510 g. of 
the acid were successively fluorinated at room tem­
perature in the apparatus for periods of one and 
one-third, five and twenty-four hours, respec­
tively. After fluorination under these conditions 
the total oxidizing capacities were found by iodo- 
rnetric titrations to have been substantially un­
changed, indicating that within experimental error 
there was no reduction in the valence of the iodine.

Gaseous reaction products of the above runs 
were determined by analysis of samples collected 
in glass bulbs. It was shown qualitatively that 
the gases produced were oxygen, oxygen difluoride,

and hydrogen fluoride. They may be considered 
to have been formed from the water of hydration 
of the acid by the reactions (1) and (2). Since the 
hydrogen fluoride was removed from the gas by ab­
sorption on sodium fluoride held in a boat near the 
periodic acid, the observed drop in pressure during 
the reaction was equal to one-half of the decrease 
in the partial pressure of the fluorine. The 
amount of OF2 was determined by analysis by al­
lowing a sample of the gas to react with a solution 
of potassium iodide containing an excess of stand­
ard hydrochloric acid solution. One-half the 
equivalent weight of hydrogen ion consumed, as 
determined by back-titration with sodium hy­
droxide solution, was taken as equal to the moles 
of OF2 in the sample. The following equation for 
the reaction of OF2 indicates that this relationship 
should be correct.

OF2 +  41“ +  2H+ =  2I2 +  2F“ +  H20  (3)
Using the two equations for the reaction of 

fluorine with water of hydration of the acid, the 
number of moles of oxygen formed was calcu­
lated to equal one-half the moles of fluorine con­
sumed minus the number of moles of OF2 pro­
duced. Likewise the number of moles of HF pro­
duced should be equal to 2 times (number of moles 
of F2 consumed — number of moles of OF2 
formed). The values so calculated for the moles 
of HF produced should be equal to those obtained 
by determining the increase in weight of the so­
dium fluoride held in the reaction vessel.

Data for the three runs, Which are given in Ta­
ble I, show that the total effect of reactions (1) 
and (2) is to produce more oxygen than oxygen 
fluoride and that the latter substance appears to 
be consumed slowly with the consequent produc­
tion of oxygen. There is good agreement between 
the calculated and observed hydrogen fluoride 
values.

Table I
R e a c t io n  o f  F l u o r in e  w it h  E x c e s s  P e r io d ic  A cid

Sample 1 II i n
Weight of acid, g. 3.08 3.47 3.51
Time of reaction, hr. lVs 5 24
Temp., °C. 24.3 23.0 25.2
Vol. of reaction vessel, liters 0.411 0.411 0.411
Initial pressure, em. 42.0 41.0 40.0
FinUl pressure, cm. 38.3 28.6 21.8
Millimoles gas entering 9.32 9.10 8 .8 8
Millimoles F2 consumed 1.64 5.50 8.08
Millimoles OF2 by analysis 0.22 0.72 0.13
Millimoles 0 2 produced 0.60 2 .0 3.9
Millimoles H F calculated 2 .8 9.6 16
Millimoles H F observed, ab­

sorbed by NaF 2.7 9.6 16
% OF2 by volume, in 0 2- 0 F 2, 

total 27 26 3.2

Although no attempt was made to show the 
presence of the acid H I04 in the product, its exist­
ence may be reasonably inferred in the light of
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Lamb’s1 work, which showed that the dihydrate 
was decomposed by dehydration directly to HIO4  

without intermediate compounds. He also found 
that stronger dehydrating conditions in no in­
stance gave the seven valent anhydride, but 
rather resulted in decomposition to I2O5 .

The second stage in the fluorination was studied 
by allowing samples of the acid to react in a con­
tinuous stream of fluorine at room temperature. 
The remaining white solid was shown to be iodine 
pentoxide. I t was a non-hygroscopic substance 
which failed to oxidize manganous ion to perman­
ganate in solution containing sulfuric acid, and its 
water solution gave a white precipitate with 
silver ion. During the fluorination of a 2.310-g. 
sample of H I0 4 • 2H2 0, the loss in weight was 0.613
g. This may be compared with the theoretical loss 
of 0.619 g. according to the equation

2 H I0 4*2H20  -— ^  I20 5 +  5H20  +  0 2 
Likewise this sample should yield a product with a 
total oxidation equivalent of 0.0608; the equiva­
lency found iodometrically was 0.0607. Such a 
change to give iodine pentoxide is in accord with 
the findings of Lamb . 1

The final stage of the fluorination was accom­
plished by an increase in temperature to about 
250°. On so doing, the iodine pentoxide disap­
peared while a white solid condensed in a product 
receiving trap cooled by Dry Ice. This solid was 
determined to melt at —8 ° to a colorless liquid 
which fumed in air. When a weighed sample of 
this liquid was treated with an acidified solution of 
potassium iodide and the liberated iodine titrated 
with standard sodium thiosulfate, an equivalent 
weight of 36.8 was found. This is in good agree­
ment with the theoretical value of 36.9 for IF 5  

(m. p. —8 °, b. p. +97°).
The boiling point of the iodine pentafluoride 

was not determined as the reaction with the glass 
container was found to be too rapid above 30°. 
Such a behavior was also reported for IF 5 by Ruff 
and Braida . 2

Acknowledgment.—This work was performed 
under contract with the Office of Naval Research,
U. S. Navy Department.

(1) Arthur B. Lamb, Am . Chem. J ., 27, 134 (1902).
(2) O tto Ruff and A. Braida, Z. anorg. allgem. Chem., 220, 43-48 

(1934).
D e p a r t m e n t  o f  C h e m is t r y  a n d

C h e m ic a l  E n g in e e r in g  
U n iv e r s it y  o f  W a s h in g t o n
S e a t t l e , W a s h in g t o n  R e c e iv e d  D e c e m b e r  17, 1947

The Esterification of Acylated «-Amino Acids
B y  H e in r ic h  R in d e r k n e c h t  a n d  C a r l  N ie m a n n

Fsters of the acylated «-amino acids or peptides 
are ordinarily prepared by the acylation of the «- 
amino acid or peptide ester or by the traditional 
acid catalyzed esterification of the acylated «- 
amino acid or peptide . 1 In seeking a more attrac-

(1) E. Fischer, “ Untersuchungen über Aminosauren, Polypeptide 
und Protein,” Julius Springer, Berlin (1906, 1923).

tive procedure than either of the above it has been 
found that as with other carboxylic acids2*3 certain 
of the acylated «-amino acids may be readily es­
terified by simply heating an alcoholic solution of 
the acid at approximately 180° in the absence of 
added catalyst. While this procedure appears to 
be useful for the esterification of many acylated «- 
amino acids it is to be anticipated that a number 
of acids will form products other than esters. For 
example with benzoyl-L-arginine the principal re­
action product proved to be racemic 5-benzamido- 
piperidone-2.

Aside from convenience of the above method 
for the preparation of esters of acylated «- 
amino acids and carboxylic acids in general3 it is 
one of the few procedures that can be used for the 
esterification of ketals of polyhydroxy acids such 
as 1 ;2,3 ;4-diisopropylidene-D-galacturonic acid.4

Experimental
Methyl Hippurate.—A solution of 18.0 g. of hippuric 

acid in 200 ml. of methanol under an initial pressure, a t 
25°, of 1000 lb ./sq . in. of hydrogen was heated a t 180-185 ° 
for ten hours. The reaction mixture was evaporated to 
dryness, the residue extracted with ether, the ethereal ex­
tract evaporated to dryness and the residue recrystallized 
from benzene to give 15.9 g. (82.5%) of methyl hippurate, 
m .p . 81-82°, uncor.

Benzoyl-DL-alanine Methyl Ester.—Benzoyl-DL-alanine 
(19.3 g.) in 200 ml. of methanol was heated a t 180° for 
twelve hours. The reaction mixture was fractionally dis­
tilled and the distillate, b .p .  129-131 ° (0.15 mm.) was re ­
crystallized from benzene to give 16.9 g. (91%) of benzoyl - 
DL-alanine methyl ester, m .p .  80-82°, uncor.

Carbobenzoxy-DL-alanine Methyl Ester.—-A solution of
22.3 g. of carbobenzoxy-DL-alanine in 200 ml. of methanol 
heated at 180° for twelve hours was fractionally distilled 
and the fraction, b. p. 129-131° (0.2 m m .), recrystallized 
from ligroin to give 13.3 g. (59%) of carbobenzoxy-DL- 
alanine methyl ester, m . p .  49-50 °, uncor.

A n a l .  Calcd. for Ci2H l50 4N: C, 60.8; H , 6.3; N, 
5.9. Found: C, 61.0; H, 6.5; N, 5.6.

Attempted Esterification of « -Benzoyl-L-arginine.— 
Benzoyl-L-arginine (27.6 g.) in 200 ml. of methanol was 
heated a t 170° for fifteen hours, the reaction mixture fil­
tered (ppt. 7.0 g .), the filtrate evaporated to dryness and 
the residue recrystallized from hot water to give 8.5 g. 
(39%) of 5-benzamido-piperidone-2, m. p. 183-184°, in ­
soluble in aqueous acid and alkali, soluble in hot water and 
ethanol.

A n a l .  Calcd. for C12H140 2N2: C, 66.1; H , 6.4; N,
12.8. Found: C, 66.4; H , 6.7; N, 12.5. The benz- 
amidopiperidone was hydrolyzed with 20% hydrochloric 
acid and the dipicrate of DL-ornithine, m. p. 198-199°, 
isolated from the hydrolysate. A solution of a-benzoyl-L- 
nitroarginine in methanol heated a t 170° for seventeen 
hours gave 68% of 5-benzamido-piperidone-2, m. p. 183- 
184°.

Methyl Benzoate—Fractional distillation of a solution 
of 12.2 g. of benzoic acid in 200 ml. of methanol previously 
heated a t 185° for fifteen hours gave 12.2 g. (90%) of 
methyl benzoate, b. p. 83° (12 m m .).

Methyl Lactate.—A solution of 12.0 g. of freshly dis­
tilled lactic acid, b. p. 78° (0.1 mm.), in 250 ml. of m eth­
anol heated a t 170 ° for fourteen hours upon fractional dis­
tillation gave 9.6 g. (69%) of methyl lactate, b. p. 143- 
145°.

(2) W. J. H ickinbottom, “ Reactions of Organic Com pounds,” 
2nd ed., Longmans, London, 1948, p. 100.

(3) Private communication from Prof. Homer Adkins, U niversity 
of Wisconsin, Madison.

(4) C. Niemann, unpublished data.
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Attempted Esterification of Gallic Acid.—Gallic acid 
monohydrate (9.4 g.) in 250 ml. of methanol was heated a t 
200 ° for fourteen hours, the solution evaporated to dryness 
and the residue recrystallized from benzene to give 6.2 g. 
(98%) of pyrogallol, m. p. 129-130°, uncor.
C o n t r ib u t io n  N o . 1192
G a t e s  ant> C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y
C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y
P a s a d e n a  4, C a l i f . R e c e iv e d  A p r il  6, 1948

An Approximate Method for the Determination 
of Active Halogens

B y  J o h n  R. S a m p e y , A n n e  B. K in g  a n d  Ba r b a r a  C.
B l it c h

The observation of Wanscheidt1 that sodium 
bromide precipitates when 9-bromofluorene is dis­
solved in an acetone solution of sodium iodide has 
been made the basis for an approximate deter­
mination, within one or two per cent., of this active 
halogen in a mixture of bromofluorenes. Data 
are given to show that the method is applicable to 
two other compounds containing active halogen, 
namely, phenacyl bromide and benzyl bromide.

Analyses of 9-Bromoduorene, Phenacyl Bromide and
Benzyl Bromide.—Samples (1.0000 g.) of the halogen 
compounds are dissolved in 20.00 ml. of a saturated solu­
tion of sodium iodide in acetone, and are filtered after 
standing several hours a t 25°. Sodium bromide starts 
separating immediately upon solution of the halogen com­
pounds, but in the case of 9-bromofluorene, if the sample 
stands too long, large amounts of difluorenyl precipitate; 
if this does occur, the difluorenyl and sodium bromide 
may be weighed together, and then the latter may be 
washed out with water; another weighing gives the 
amount of sodium bromide present before washing. The 
sodium iodide adhering to  the sodium bromide after the 
filtration is readily washed out with 60 ml. of acetone; 
tests are made on the last washings for iodide ion (nitrous 
acid te s t) . A correction is made for the solubility of the 
sodium bromide in the acetone. The sodium bromide is 
filtered and dried a t 110°.

T a b l e  I
A n a l y s e s  o f  9 -B r o m o f l u o r e n e , P h e n a c y l  B r o m id e  a n d  

B e n z y l  B r o m id e

Compound
Sample,

g.
N aB r
ppt.,
g.

N aB r
dis­

solved,
g.

Sum,
g. %

9-Bromofluorene 1.000 0.407 0.003 0.410 97
9-Bromofluorene 1.000 .406 .003 .409 97
Phenacyl bromide 1.000 .501 .003 .504 97
Phenacyl bromide 1.000 .508 .003 .511 99
Benzyl bromide 0.907 .540 .003 .543 99
Benzyl bromide 1.285 .774 .003 .777 100

Solubility of Sodium Bromide in Acetone.—A correction 
must be applied for the solubility of sodium bromide in 
the acetone used. Column 4 of Table I gives the solubility 
of sodium bromide in the particular sample of acetone 
used in these analyses; other samples of reagent grade 
acetone dissolved as much as 0.119 g. of the salt; agita­
tion of this moist sample of acetone with anhydrous cal­
cium chloride reduced the amount of sodium bromide to 
less than 10 mg. on a second solubility determination. 
The solubility of sodium bromide in any sample of re­
agent grade acetone is determined by suspending 1.000-g. 
samples of the salt in 20.00-ml. portions of the acetone

(1) A. Wanscheidt, B er., 59, 2092-2100 (1926).

saturated with sodium iodide; to  ensure solution, the 
flasks are placed on a shaking machine for several hours; 
the solutions are run through Gooch filters, and the adher­
ing sodium iodide is washed out with 60 ml. of the same 
acetone used in making the solution.

The solubility of sodium bromide in acetone changes 
little with change in temperature. When the tempera­
ture is raised from 25 to 41 °, the solubility decreased only 
two or three milligrams over tha t recorded in Column 4 
of Table I. Sodium iodide shows a more marked decrease 
in solubility a t elevated temperatures, for when a satu­
rated solution of this salt in acetone is refluxed, large 
amounts of sodium iodide separate, and then on cooling 
redissolve.

The effect of changes in relative humidity on the solu­
bility of sodium bromide in acetone has been noted. The 
acetone solutions were cooled to 0° and the samples were 
filtered slowly in an atmosphere in which the relative 
humidity was 95; under these conditions the solubility 
of sodium bromide increased five to six milligrams over 
tha t found by rapid filtration on a day in which the 
relative humidity was 40. The same quantities of salt 
and acetone were used as in previous runs. These effects 
of wide changes in humidity do not alter the usefulness of 
this approximate method for the determination of active 
halogens in the three classes of compounds analyzed in 
Table I.

This research was supported by a grant from the Office 
of Naval Research. The authors acknowledge the inter­
est of Dr. E. Emmet Reid.
D e p a r t m e n t  o f  C h e m is t r y  
F u r m a n  U n iv e r s it y
G r e e n v il l e , S. C. R e c e iv e d  J u l y  3, 1947

The Exaggerated Effect of Iodine as Carrier in 
the Bromination of Fluorene

B y  J o h n  R. S a m p e y  a n d  A n n e  B . K in g

Discovery of the Exaggerated Effect of Io­
dine.—In an attempt to relate the rate of bro­
mination to the intensity of the irradiation in the 
photobromination of fluorene the observation 
was made that a considerable amount of bromine 
disappeared regardless of the illumination. This; 
led to experiments in the dark in which 1 0  cc. of a 
1  molar solution of bromine in carbon disulfide was. 
added to 0 . 0 1  mole of fluorene in 2 0  cc. of the same 
solvent. The reaction was stopped by adding po­
tassium iodide solution after which the liberated 
iodine was titrated. The results were surprising. 
In 5 runs the bromination was 8  to 10% in one- 
half minute, in 3 runs, 8  to 11% in three minutes; 
and in 2 runs, only 11 to 13% in ten minutes. 
Tests showed that none of the bromine had entered 
the side chain. The first supposition was that the 
fluorene contained an easily brominated impurity. 
To test this, samples of fluorene from three differ­
ent sources were recrystallized repeatedly, vacuum 
distilled and sublimed. All three showed 8  to 
1 1 % bromination in one-half and three minute 
periods. This surprising result was finally traced 
to the effect of the iodine that was liberated on the 
addition of the potassium iodide solution. For a 
part of the time during the shaking, fluorene, bro­
mine and iodine were present in the carbon disul­
fide solution. This led to a study of the effect of 
iodine on the bromination of fluorene.
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Iodine as a Carrier in the Bromination of 
Fluorene in the Dark.—A saturated solution of 
iodine in carbon tetrachloride was found to con­
tain 0.29 g. in 10 cc. Dilutions of this, 1 to 10, 
and 1 to 100 were made. Fluorene, 0.01 mole, 
was added to 1 0  cc. of the carbon tetrachloride 
solution and then 1 0  cc. of a 1  molar solution of 
bromine in the same solvent was added quickly. 
The reaction was stopped by the addition of po­
tassium iodide solution as usual. The results are 
in Table I.

T a b l e  I

B r o m in a t io n  o f  F l u o r e n e  in  t h e  D a r k  w it h  I o d in e  a s  
C a r r ie r

Time, min. 0.29 g. 0.029 g. 0.0029 g.
0.5 79% 8
0.5 80
3.0 89 20
3.0 89 19

For comparison the same concentration of tolu­
ene and bromine in the same solvent were tried 
with 0.29 g. of iodine. There was no bromination 
in three minutes.

The bromine used was freed from traces of 
iodine by prolonged shaking with concentrated 
sulfuric acid, washing with water, drying over 
phosphorus pentoxide and fractionally distilling.

The authors acknowledge the interest of Dr. E. 
Emmet Reid in this research.
D e p a r t m e n t  o f  C h e m is t r y  
F u r m a n  U n iv e r s it y
G r e e n v il l e , S. C. R e c e iv e d  O c t o b e r  15, 1947

The Optical Rotatory Power of e p i-Ergostanol
B y  K a r l  J .  S a x , L o u is  D o r f m a n 1 a n d  S ey m o u r  

B e r n s t e in

In their development of a theory on the relation­
ship between optical rotatory power and constitu­
tion of the steroids, Bernstein, Kauzmann and 
Wallis2 noted a number of compounds for which 
large discrepancies existed between observed and 
calculated values of the optical rotation. For epi- 
ergostanol it was stated that the observed value 
for this compound was in error by at least 1 0 ° . 3  

Also it has been pointed out4 that the C$-diastereo- 
mers, ergostanol and ep i-ergostanol, do not con­
form to the rule that the C3 «-form of any steroid 
will have a higher positive rotatory power than the 
corresponding /5-form.

Accordingly it was of interest to redetermine 
the optical rotations of ergostanol and epi-ergo- 
stanol for evaluating the above discrepancies. 
The rotation of ergostanol was found to be +15.3° 
which is in excellent agreement with the recorded

(1) Present address, William R. W arner and Company, Inc., New 
York.

(2) Bernstein, Kauzm ann and Wallis, J . Org. Chem., 6, 319
(1941).

(3) All rotations are for sodium D light and chloroform solution.
(4) Bernstein, Hicks, Clark and Wallis, J. Org. Chem., 11, 646

(1946),

values of +  15.3°5 and +15.9°.6 However, for 
ep i-ergostan o l we have found the rotation to be 
+16.9° which is higher than the recorded values of 
+  13.5°7 and +14.60.8

These results show that the diastereomers, ergo­
stanol and e^i-ergostanol, do not constitute an ex­
ception to the above stated rule. Also it may be 
assumed that the value (+2300) for the constant, 
E/2, derived from ^i-cholestanol, and used in the 
calculation of the rotation of e£i-ergostanol, is in­
correct. Use of ^i-stigmastanol, [ « ] d  +  25,9 as 
the standard substance, gave a E t value of 0. Re­
calculation of the rotation of g£i-ergostanol with 
this revised value gave +19.1°, which is in good 
agreement with the observed rotation of +16.9°.

(5) W indaus and Brunken, A nn., 460, 225 (1928).
(6) Reindel, W alter and Rauch, A nn., 452, 34 (1927).
(7) Reindel and Detzel, A nn., 475, 78 (1929).
(8) Windaus, et al., A nn ., 477, 268 (1930).
(9) Dalmer, et al., Ber., 68, 1814 (1935).

L e d e r l e  L a b o r a t o r ie s  D iv is io n  
A m e r ic a n  C y a n a m id  C o m p a n y
P e a r l  R iver, N e w  Y o r k  R eceived April 9, 1948

Antihistamine Agents. II. Furan Derivatives
B y  J. R. V a u g h a n , J r ., a n d  G. W. A n d e r s o n

In a continuation of our investigation on the 
effect of substituting various heterocyclic systems 
into compounds of known antihistamine activity , 1  

we have prepared and tested N,N-dimethy 1-N 
(2-pyridyl)-N'-furfurylethylenediamine (I, X  = 
H) and N,N-dimethyl-N(2-pyridyl) -N '- (5-
bromofurfuryl)-ethylenediamine (I, X  = Br). 
The first of these (I, X  = H) has been reported 
by Viaud to be an active antihistaminic . 2 The 
compounds may be considered as oxygen ana­
logs of the thiophene substituted ethylenediamines 
previously reported in which the furan nucleus 
replaces the thiophene group.

They were synthesized by an initial reaction of 
furfuryl alcohol, or 5-bromofurfuryl alcohol, with 
thionyl chloride in toluene solution a t —30 to 
—40°. The intermediate furfuryl chlorides ob­
tained are extremely unstable3 and were not iso­
lated but were treated directly with the sodium 
salt of N,N-dimethyl-N'- (2-pyridyl) -ethylene­
diamine, also in toluene solution, a t low tempera-

(1) Clapp, Clark, Vaughan, English and Anderson, T his J ournal , 
69, 1549 (1947).

(2) Viaud, Technologie Produits Pharmaceutiques, 2, 53 (1947); 
Drug Trade News, 22 [9], 63 (1947). We have been unable to obtain 
the original article but have been advised th a t the name “ m ethyl- 
furfuryl” used by the Drug Trade News is intended to mean “furyJU- 
methyl” or furfuryl.

(3) Gilman and Vernon, T ara J ournal, 46, 2576 (1924).
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ture. Two molar equivalents excess of the sodium 
salt were used to neutralize the acidic by-products 
present from the chlorination reaction. After 
hydrolysis of the reaction mixture, the desired 
products were obtained by distillation of the tolu­
ene layer in  vacuo as light yellow, unstable oils 
which decompose rapidly at room temperature and 
slowly even at —80°. In the presence of mineral 
acids, the compounds are destroyed within a few 
seconds to yield blue-violet solutions or tars. 
They are stable, however, to alkali and to organic 
acids and were isolated crystalline as their color­
less, non-hygroscopic dihydrogen citrate salts.

When tested in guinea pigs by the histamine 
aerosol technique or by intravenous injection 
of histamine , 4 the furfuryl derivative (I, X = H) 
was found to be equally as effective as N,N-di- 
methyl - N ' - (2 - pyridyl) - N' - benzylethylene- 
diamine (Pyribenzamine) 5 in protecting against 
death while the bromofurfuryl derivative (I, X — 
Br) was only slightly less effective. The results 
on the furfuryl derivative are in agreement with 
those reported by Viaud . 2 When tested for acute, 
twenty-four-hour toxicity by intraperitoneal in­
jection in white mice, the furfuryl derivative had 
the same toxicity as Pyribenzamine, whereas the 
bromofurfuryl derivative was approximately 50% 
less toxic.

We are indebted to Dr. J. T. Litchfield, Jr., and 
to the Misses Maxine R. Adams and Marion S. 
Jaeger of these Laboratories for the pharmacologi­
cal data reported here.

Experimental6
N,N -Dimethyl-N' - (2 -pyridyl) -N '-furfurylethylenedi- 

amine.—To a suspension of 36 g. (1.5 moles) of sodium 
hydride in 1500 cc. of dry toluene was added 248 g. (1.5 
moles) of N, N - dimethyl - N ' - (2 - pyridyl) - ethylenedi­
amine5'7 and the mixture heated a t reflux for one and one-half 
hours, or until the evolution of hydrogen ceased, and then 
cooled to  15° in an ice-bath. In a separate flask, 49 g. 
(0.5 mole) of redistilled furfuryl alcohol was placed in 300 
cc. of dry toluene and the solution cooled with stirring 
to  —30° in a Dry Ice-acetone-bath. A solution of 59.5 
g. (0.5 mole) of thionyl chloride in 50 cc. of toluene was 
then added dropwise a t this temperature over a twenty 
to th irty  minute period while passing a steady stream of 
nitrogen through the apparatus. A large amount of 
ta r  and resin was formed toward the end of the addition. 
The clear, dark green toluene solution was decanted 
from the resin and added over a five- to ten-minute period 
to  the previously prepared suspension of the sodium salt 
of N, N -dim ethyl-N '-(2 -pyridyl) -ethylenediamine also ̂ in 
toluene. The resulting exothermic reaction was main­
tained a t 15° for forty-five minutes. The reaction mix­
ture was then allowed to  warm to room temperature and 
hydrolyzed cautiously with 750 cc. of water. The toluene 
layer was separated, concentrated, and the residue dis­
tilled i n  vacu o  to yield 30.2 g. (25%) of impure product 
as a light yellow oil, b. p . 100-140° (0.4 mm.). Also

(4) Litchfield, Adams, Goddard, Jaeger and Alonso, Bull. Johns 
Hopkins Hosp., 81, 55 (1947).

(5) H u ttre r ,  Djerassi, Beears, M ayer and  Scholz, T h is  J ournal, 
68, 1999 (1946).

(6) All melting points are corrected. The microanalyses were 
carried out in these Laboratories under the direction of Dr. J. A. 
K uck, to  whom we are indebted for these data.

(7) W hitmore, Mosher, Goldsmith mud Rytina, T his J ournal, $7,
393 (1946),

obtained was 137.5 g. (83% of theoretical recovery) of the 
excess starting ethylenediamine, b. p. 70-85° (0.5 mm.). 
The crude material was refractionated to yield 18.6 g. 
(15%) of pure product, b. p. 136-137° (0.7 mm.); n80d 
1.5486. This is obtained in 95% yield as a stable, non- 
hygroscopic dihydrogen citrate by precipitation of the 
salt from alcohol solution with ether and recrystallization 
from methyl ethyl ketone, in. p. 95-97°.

Anal. Calcd. for CuH^NaOCeHsOy: C, 54.91; H, 
6.22; N, 9.61. Found: C, 54.96, 55.22; H, 5.98,
6.06; N, 9.34, 9.49.

N , N -Dimethyl -N ' - (2 -pyridyl) -N ' - (5 -bromofurfuryl) - 
ethylenediamine.—The sodium salt of N,N-dimethyl-N'- 
(2-pyridyl)-ethylenediamine was prepared as in the 
previous example from 13 g. (0.54 mole) of sodium hy­
dride and 89 g. (0.54 mole) of the diamine in 200 cc. of 
toluene. In a separate flask 32 g. (0.18 mole) of 5- 
bromofurfuryl alcohol8 dissolved in 150 cc. of toluene was 
treated with 21.5 g. (0.18 mole) of thionyl chloride in 50 
cc. of toluene at —30°, as described above, and the re­
action mixture was added to the previously prepared sus­
pension of the sodium salt of N,N-dimethyl-N'-(2- 
pyridyl) -ethylenediamine. After reaction and hydrolysis 
were complete, the product was isolated as before and dis­
tilled in vacuo to yield 26.5 g. (44% of the theoretical 
recovery) of the excess ethylenediamine used, and 16 g. 
(28%) of impure product, b. p. 140-175° (1 mm.). This 
material was refractionated to yield 10 g. (17%) of pure 
product as a greenish yellow oil, b. p. 156-158° (0.5 
m m .); n30d 1.5603. Treatment of this with one equiva­
lent of alcoholic citric acid and precipitation w i th  ether 
gave the stable dihydrogen citrate salt in 97% yield. 
After recrystallization from methyl ethyl ketone, the color­
less crystals melt at 105-107°.

Anal. Calcd. for Ci-tHigBrNaO’CeHsOy: C, 46.52;
H, 5.08; Br, 15.48; N, 8.14. Found:9 C ,46.88,46.91; 
H, 5.12, 5.28; Br, 15.41, 15.31; N, 8.14, 8.24.

(8) Prepared from 5-bromofurfural [Gilman and Wright, T h is  
J ournal , 52, 1170 (1930)] by  the crossed Cannizzaro reaction 
method of Davidson and Bogert, ibid., 57, 905 (1935); cf. Chute, 
Orchard and W right, J . Org. Chem., 6, 157 (1941).

(9) Carbon values were obtained using silver pumice mixed with 
copper oxide as a substitute for the copper oxide-lead chromate 
layer in the Pregl microcombustion tube. Unsatisfactory high values 
were consistently obtained when the conventional tube filling was 
used.
C h e m o t h e r a p y  D iv is io n  
S ta m fo r d  R e s e a r c h  L a b o r a t o r ie s  
A m e r ic a n  C y a n a m id  C o m p a n y
St a m f o r d , C o n n e c t ic u t  R e c e iv e d  M a r c h  24, 1948

Concerning the Acylation of Kojic Acid at Ele­
vated Temperatures

B y  L . L . W o o d s

The acylation of kojic acid at elevated tempera­
tures with acetic anhydride in a modified Nencki1 
reaction is anomalous. The reaction described 
produces a ketone, I, having an empirical formula 
C10H 1 3O7 . Under hydrolytic conditions the latter 
compound loses an acetyl group (compound II). 
Data are lacking for assignment of structures to 
these two compounds, although some pertinent 
observations should be noted. The compounds do 
not have the phenolic character of the parent 
compound and do contain one aceto group as evi­
denced by their reactivity toward carbonyl re­
agents.

(1) B latt, “ Organic Syntheses,” Coll. Vol. 2, John Wiley and 
Sons, New York, N . 394.
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Experimental
Acylation of Kojic Acid (I).—Twenty grams (0.142 

mole) of kojic acid was mixed with 125 g, (1.22 moles) of 
acetie anhydride and 10 g. of zinc chloride. The mixture 
was heated over a water-bath under reflux and protected 
from moisture with a calcium chloride tube until the first 
vigorous reaction had subsided. The water-bath was 
then removed and replaced with an oil-bath. The heating 
was continued by gradually increasing the temperature 
to 145°, and then maintaining the temperature between 
135-145° for one and one-half hours. Upon completion 
of the heating of the mixture, the excess acetic anhydride 
and acetic acid were removed under reduced pressure.

The residue was then treated with 200 ml. of boiling 
water and set aside to cool. After cooling, the crystals 
were filtered off. The filtrate was extracted with three 
successive 100-ml. portions of benzene. The combined 
benzene fractions were added to the crystals, which im­
mediately dissolved. The mixture was washed once with 
cold water, dried with anhydrous magnesium sulfate, and 
decolorized with Norite.

The benzene was allowed to evaporate and 24.8 g. 
of a pale yellow compound were obtained. The substance 
was recrystallized by dissolving it in the smallest quantity 
of boiling water necessary to obtain complete solution 
(500-600 ml.). The white compound thus obtained was

The compound was very soluble in water and in alcohol, 
but insoluble in acetone and ether. The material was not 
acidic and did not give any color with dilute ferric chloride 
solution.

Anal. Calcd. for C8H n06: C, 47.29; H, 5.41. Found: 
C, 47.50; H, 5.84.
Sa in t  A u g u s t i n e ’s C o l l e g e
R a l e ig h , N . C. R e c e iv e d  F e b r u a r y  24, 1948

NEW COMPOUNDS

Esters of Mucic Acid
The new compounds1 listed in Table I were prepared by 

refluxing and stirring mechanically a mixture of 50 g. of 
mucic acid and 500 g. of the corresponding alcohol in the 
presence of 2 g. of p-toluenesulfonic acid. The esters all 
crystallized directly from the cooled reaction mixtures, 
after removal of unreacted mucic acid by filtration, and 
were recrystallized from 95% ethanol.

T a b l e  I

E s t e r s  o f  M u c ic  A c id

Di-esters M. p., °C.
Yield,

% Formula
Carbon,

Calcd.
%
Found

----------- Analyses---------
Hydrogen, % 

Calcd. Found
Sapon. equiv. 

Calcd. Found
«-Propyl 149-150 48 C12H22O8 48.98 48.9 7.54 7.64 147.1 146.8
«-Butyl 142.5-143.5 93 C ^ H ^ O s 52.16 52.2 8.13 8.17 161.2 160
«-Amyl 147-147.5 74 Cl6H3o08 54.84 54.9 8.63 8.68 175.2 174.2
«-Hexyl 143-144 55 C18H3408 57.12 57.0 9.06 8.94 189.2 189.1
Allyl 156.5-158 78 Ci2Hi80 8 49.65 49.6 6.25 6.35 145.1 145.6

air dried. The analytical sample was dried in the vacuum 
desiccator over sulfuric acid for three weeks, m. p. 106°. 
The compound was quite soluble in ether, alcohol, benzene 
and ethyl acetate as well as hot water.

Anal. Calcd. for CioH130 7: C, 48.98; H, 5.30;
mol. wt., 245. Found: C, 49.06, 49.28, 49.10; H,
5.39, 5.72, 5.62; mol. wt, 248. (Each of the three 
carbon-hydrogen analyses was on a sample from a different 
run.2)

Impure samples of the compound always gave a faint 
red color with dilute ferric chloride solutions; however, 
the pure samples failed to give the test. The compound 
did not react with dilute sodium bicarbonate solution. 
When 1.6137 g. of the ketone was heated ten hours in 
the electric drying oven at a temperature of 100-102° it 
lost 0.0376 g. (2.31%) of its weight, one molecule of water 
would require a loss of 7.34%. This loss of weight, per­
haps, cannot be entirely attributed to the loss of moisture 
because the material developed a faint odor at this tem­
perature.

The 2,4-dinitrophenylhydrazine derivative of com­
pound (I) had a melting point of 114°.

Anal. Calcd. for Ci0Hi3O3 (C6H4N40 4)4: N, 23.21.
Found: N, 23.18, 23.40. .

Hydrolysis of Compound (I) to Form Compound (II).— 
A small portion (1 g.) of purified compound (I) dissolved 
in 50 ml. of hot water was refluxed for fifteen hours. 
The solution was cooled, decolorized with a little Norite, 
and filtered. After the water was evaporated and the 
solid dissolved in absolute ethanol, the solvent was re­
moved under reduced pressure; and the compound was 
completely dried in the vacuum desiccator. The com­
pound was a colorless glassy material which had a m. p. 
of 55-57°. Its semicarbazide had a m, p, of 247°.

(2) Analyses by Dr, C ad Tiedekeu

The «-propyl and «-butyl mucates were prepared by 
refluxing the reaction mixtures for thirty and ten hours, 
respectively. The «-amyl and «-hexyl esters were pre­
pared in essentially the same manner except that 200 g. 
of xylene was added to the mixture, which was refluxed 
under a Bidwell-Sterling water trap for twenty and forty 
hours, respectively. In the preparation of allyl mucate, 
250 g. of benzene was added, and refluxing and stirring 
continued for thirty hours, after which benzene, allyl 
alcohol and water were slowly distilled through a fractionat­
ing column until the final reaction solution was approxi­
mately 150 ml.

(1) D im ethyl and diethyl mucates were prepared by Fischer and 
Speir (Ber., 28, 3252 (1895)), the former by reaction of mucic acid 
and methanol-hydrochloric acid in a sealed tube a t 100° and the 
diethyl ester by refluxing mucic acid with ethanol and hydrochloric 
acid.

W e s t e r n  R e g io n a l  R e s e a r c h  L a b o r a t o r y  
B u r e a u  o f  A g r ic u l t u r a l  a n d  

I n d u s t r ia l  C h e m is t r y  
U . S . D e p a r t m e n t  o f  A g r ic u l t u r e  
Al b a n y , C a l if o r n ia  J .  F .  C a r s o n

R e c e iv e d  F e b r u a r y  16, 1948

N - (Acetylsalicyloyl) -piperidine
Fifty grams of acetylsalicylic acid and 250 ml. of thionyl 

chloride were refluxed for two hours. Excess thionyl 
chloride was removed on a steam-bath and with vacuum. 
The residue was taken up in dry benzene and a solution 
of 55 ml. (100% excess) of piperidine in dry benzene was 
added cautiously and with cooling. After filtering off 
the piperidine hydrochloride, the combined liquors and
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w ash ings were boiled dow n to  a  th ic k  o il. T h is  produ ct  
w as recrystallized  from  ligroin , th e  separation  of unreacted, 
ligroin-insoluble a ce ty lsa licy lic  a c id  b e in g  conven ien tly  
carried o u t in th e sam e operation. F u r th e r  recrystalliza­
tio n  from  d io x a n e -w a te r  a n d  p y rid in e -w a te r  gave 24.5  
g. (3 6 % ) of N -(a c e ty lsa lic y lo y l)-p ip e r id in e  in th e form

of w h ite needles, m . p . 1 4 5 -1 4 6 °.  A n a l .  C a lc d . for 
C 14H 17N O 3 : N ,  5.6 6 . F o u n d : N , 5 .5 1 .

N u t r it io n  R e s e a r c h  L a b o r a t o r ie s  
C h ic a g o  30, I l l in o is  A r t h u r  J. T o m is e k

R e c e iv e d  XvI a y  10. 1948

COMMUNICATIONS TO THE EDITOR

D E S T H I O B E N Z Y L P E N I C I L L I N

S i r :
“From the standpoint of organic chemistry, 

the most convincing evidence”—for the lactam 
formula of benzylpenicillin—“was secured by a 
study carried out in the Merck laboratories of the 
action of Raney nickel catalyst upon sodium ben- 
zylpenicillinate.” A monocarboxylic acid Ci6H2o- 
O4N 2 benzyldesthiopenicillin and phenylacetyl- 
L-alanyl-D-valine were obtained.1 Through the 
kindness of Dr. Ellis V, Brown and Mr, John L. 
Smith of Chas. Pfizer and Co., Inc., we were 
given an ample supply of sodium benzylpenicil- 
linate and have studied its desulfurization with the 
active W-6 Raney nickel catalyst.2

It proved possible to remove the sulfur from 
sodium benzylpenicillin in alcohol a t about 15° 
under 5000 p. s. i. of hydrogen, within one or two 
hours. However, under these conditions the 
phenyl group is hydrogenated to cyclohexyl, to 
some extent. The preferred procedure has been 
to carry out the desulfurization in 96% alcohol 
under about 45 p. s. i. of hydrogen for a period of 
four hours at 10-20°. The reaction appears to 
be complete after an hour or two.

Eleven desulfurizations, each on 500 mg. of 
sodium benzylpenicillinate with 16 g. of W-6 
Raney nickel, have been carried out under the 
preferred conditions. A crude product was ob­
tained by extracting with chloroform the reaction 
mixtures, made acid to p H  2, after the removal 
of the catalyst and alcohol. Chloroform soluble 
neutral products were then removed by converting 
the desthiobenzylpenicillin to its salt and extract­
ing the alkaline solution with chloroform. The 
desired acid was then obtained by extraction of the 
acidified solution with chloroform. The average 
weight of crude desthiobenzylpenicillin obtained 
was 220 mg. This product is free of basic or 
neutral compounds and of those containing sulfur. 
After crystallization from an alcohol-water mix­
ture, the average yield of product, m. p. above 
100°, was 150 mg. from seven desulfurizations. 
In four cases where the product so obtained was 
recrystallized, there was obtained 120-130 mg. of 
desthiobenzylpenicillin, m. p. 106-109°, 1Q8-*

(1) Science, 3105, 657 (1947).
(2) Adkhtó ftfld dtttteai T ms® J ournal, 70, 695 (1945),

110°, 108.5-110.5° and 110-113°. The product 
shows a neutral equivalent and analyses corre­
sponding to the molecular formula given above.

These results, obtained under so mild conditions 
of reaction, support the conclusion of Kaczka, 
Mozingo and Folkers of the Merck laboratories 
that an intramolecular rearrangement is not in­
volved in the formation of desthiobenzylpenicillin.
L a b o r a t o r y  o f  O r g a n ic  C h e m is t r y  H o m e r  A d k in s  
U n iv e r s it y  o f  W is c o n s in  F r e d  J .  B r u t s c h y 3
M a d is o n , W is c o n s in  M a r g a r e t  M cW h ir t e r

R e c e iv e d  F e b r u a r y  16, 1948

(3) Du Pont Post-doctorate Fellow 1946-1947.

T H E  E N Z Y M A T I C  S Y N T H E S I S  O F  N -C A R B O -  
B E N Z O X Y -D  A N D  L -o -F L U O R O P H E N Y L -  

A L A N Y L P H E N Y L H Y D R A Z I D E S

S ir:
Previous studies on the resolution of acylated 

DL-amino acids by the asymmetric enzymatic syn­
thesis of the anilide or phenylhydrazide of the 
acylated L-amino acid1 have given no indication 
that appreciable quantities of the anilide or 
phenylhydrazide of the acylated D-amino acid 
may also be formed. We wish to report a ease 
where substantial quantities of the D-phenyl- 
hydrazide have been synthesized despite the fact 
that the amount of amine present was insufficient 
to permit quantitative conversion of both the d- 
and L-acids.

25.0 g. (0.079 mole) of N-carbobenzoxy-DL-o- 
fluorophenylalanine was incubated with 20 g. of 
activated papain, 36.0 g. of L-cysteine hydro­
chloride, and 4.3 g. (0.040 mole) of redistilled 
phenylhydrazine at 40° for five days. The pre­
cipitated N-carbobenzoxy ~0-fluorophenylalanyl-
phenylhydrazide was recovered and recrystallized 
from toluene to give 11.0 g. of N-carbobenzoxy-0- 
fluorophenylalanylphenylhydrazide (I); m. p . 
152-160°; 5.0 g. of additional papain, 12.0 g. of 
cysteine hydrochloride and 1.00 g. of phenyl­
hydrazine was added to the filtrate from (I), the 
solution was incubated for five days at 40°, and 
the precipitate recrystallized from toluene to give
3.0 g. of N-carbobenzoxy-DL-0-fluorophenylalanyl-

(1) M. Befgmatm and H. Fraenkd-Gonrat, / ;  Biol. Chem., 119,
707
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phenylhydrazide (II); m. p. 153.5-155.7° (cor.); 
[ « ] 25d  0.0° (3% in acetone). (I) was fractionally 
recrystallized from toluene to give 4.0 g. of 
N-carbobenzoxy-L-0 -fluorophenylalanylphenyl-hy- 
drazide (III); m. p. 171.0-172.0° (cor.); [ « ] 25d  
— 31.0° (3% in acetone). A n a l. Calcd. for 
C23H2 2O3N3F : C, 67.8; H, 5.4; N, 10.3. Found: 
C, 67.9; H, 5.7; N, 10.3; and 4.0 g. of (II); 
m. p. 155.5-156.5° (cor.); [ « ] 25d  0.0° (3% in 
acetone). A n a l. Calcd. for C2 3H2 2O3N3F : C,
67.8; H, 5.4; N, 10.3. Found: C, 67.9; H, 
5.6; N, 10.3. The filtrate from (II) was concen­
trated under reduced pressure, acidified, and the 
oily solid recrystallized from toluene to give 5.6 g. 
of an approximately equimolar mixture of N- 
carbobenzoxy-D-tf-fluorophenylalanine and N-car- 
bobenzoxy-DL-tf-fluorophenylalanine. Fractional 
recrystallization from toluene gave 1.0 g. of N- 
carbobenzoxy-D-0 -fluorophenylalanine (IV); m. 
p. 103-105° (cor.); [ « ] 25d  +15.7° (5% in ace­
tone). A n al. Calcd. for Ci7Hi6 0 4 NF: C, 64.3; 
H, 5.1; N, 4.4. Found: C, 64.4; H, 5.1; N, 
4.2; and l.9 g. of N-carbobenzoxy-DL-0 -fluoro- 
phenylalanine (V); m. p. 108.5-110.0° (cor.); 
[«]25d 0.2° (5% in acetone). A n al. Calcd. for 
Ci7H 160 4NF: C, 64.3; H, 5.1; N, 4.4. Found: 
C, 64.5; H, 5.3; N, 4.5.

A simultaneous enzymatic resolution of N- 
carbobenzoxy-DL-alanine using an aliquot of the 
same enzyme preparation gave N-carbobenzoxy- 
L-alanylphenylhydrazide in 75% yield after one 
recrystallization; m. p. 154.5-155.5° (cor.);
[ « ] 25d  —27.2° (5% in acetone).

Other experiments not reported here indicate 
that the behavior noted with 0 -fluorophenylala- 
nine is not unique and it is clear that further study 
on the effect of the nature of the side chain, of the 
base, and of the acyl group on the course of the 
enzymatic synthesis is required. Such investiga­
tions are now in progress.
G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y
C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y
P a s a d e n a , C a l if o r n ia  E d w a r d  L . B e n n e t t

C a r l  N ie m a n n

R e c e iv e d  J u l y  6 , 1948

T H E  S Y N T H E S I S  O F  /3 -3 -T H IE N Y L A L A N IN E

S ir:
Due to the current interest in metabolite- 

antimetabolite relations, and in particular to the 
discovery by du Vigneaud and associates1 »2 that 
/5-2-thienylalanine functioned as a phenylalanine 
anti-metabolite with yeast, we are prompted to 
describe an isomer of this compound, /5-3-thienyl- 
alanine, which we have prepared for testing as a 
phenylalanine antagonist.

The synthesis involves the reaction of 3-thienyl 
bromide with sodioacetamidomalonic ester to form

(1) du Vigneaud, McKennis, Simonds, D ittm er and Brown, J . 
Biol. Chem., 169, 385 (1945).

(2) D ittmer, Ellis, M cKennis and du Vigneaud, ibid», 164, 761
m m ,

3 -thenylacetamidomalonic ester (I). The 3- 
thenyl bromide was prepared by the peroxide- 
catalyzed reaction of N-bromosuccinimide with
3-methylthiophene, as previously described. 3 I 
melted at 90-91° after recrystallization from 
water.

A n a l .  Calcd. for C1 4H 1 9O5NS: S, 10.20.
Found: S, 9.92. Alkaline hydrolysis of I, followed

C O O C 2H 5

- C H 2— C—C O O C 2H 5 -j------ CH2— C H — C O O H

NHCOCHs I J NHCOCH3

I II

by acidification and heating, yielded N-acetyl- 
/5-3-thienylalanine (II), m. p. 148-149°. A n a l . 
Calcd. for C9H 1 1O3NS: S, 15.03; N, 6.57. Found: 
S, 15.14; N, 6.82.

jÖ-3-Thienylalanine was prepared by complete 
hydrolysis of I in barium hydroxide, acidification 
with sulfuric acid, decarboxjdation, and neutrali­
zation with barium carbonate. The water solu­
tion thus obtained was concentrated to dryness, 
and the residue recrystallized from water. 0-3- 
Thienylalanine precipitated as fine white crystals, 
which browned at 260° and melted with decom­
position from 265-267°. A n a l .  Calcd. for C7 H 9- 
0 2NS: S, 18.71; N, 8.19. Found: S, 18.43; 
N, 8.10.

Complete details on the synthesis and biological 
testing of this compound will be published a t a 
later date.

(3) Campaigne and LeSuer, T h is  J o u r n a l , 70, 1555 (1948).

E .  C a m p a ig n e  
R . C l i f f o r d  B o u r g e o is  

R o g e r  G a r s t  
W a l t e r  C . M cC a r t h y  

R o b e r t  L . P a t r ic k  
H a r r y  G . D a y

R e c e iv e d  M a r c h  13, 1948

C h e m is t r y  L a b o r a t o r y  
I n d ia n a  U n iv e r s it y  
B l o o m in g t o n , I n d ia n a

T H E  P R E P A R A T I O N  A N D  P O L Y M E R I Z A T I O N  O F  
M O N O M E R I C  C Y C L I C  D I S U L F I D E S

S ir:
Carothers extensively described the reversible 

polymerization relationships existing between 
monomeric cyclic anhydrides , 1 esters , 2 and for- 
mals. 3 Patnode and Wilcock4 recently described 
the reversible conversion of methyl polysiloxanes 
to cyclic compounds. We have found that a simi­
lar reversible polymerization is possible between 
high-molecular weight disulfide polymers and the 
corresponding monomeric disulfide ring.

Steam distillation of aqueous dispersions of di­
sulfide polymers yields very small amounts of

(1) J. W. H ill and W. H. Carothers, T h is  J o u r n a l , 55, 5023  
(1933).

(2) W. H. Carothers, G. L. Dorough and F . J . V an N a tta , ibid*, 54, 
761 (1932).

(3) J. W. Hill and W. H. Carothers, ibid., 57, 925 (1935).
(4) W» Patnode and D, F, Wtioeck, ibid., 59, 868 (1946).
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low-molecular weight organic compounds in the 
distillate. The rate of production of monomer is 
extremely slow but has not diminished with time, 
indicating that actually depolymerization is oc­
curring. Addition of small amounts of sodium 
hydroxide to the polymeric dispersion signifi­
cantly increases the rate of depolymerization.

The polymer resulting from the condensation 
of bis- (2 -chloroethyl) ether and sodium disulfide5  

yields a pale yellow oil of characteristic odor. 
Attempts to distil it have resulted in decomposi­
tion. The compound is stable indefinitely if 
completely dry but water converts it slowly 
back to the original polymer. Aqueous sodium 
sulfide or polysulfide converts the oil rapidly to 
the polymeric form.

(— CH2CH2OCH2CH2SS—)
I I I 

c h 2 c h 2
^ s s /

II

The physical properties of the oil were determined 
and compared with those calculated for structure 
II.

Found Calculated
Index of refraction « 20d 
Molecular refraction 
Specific gravity 
Molecular weight 
Sulfur, %

1.5823
36.7 36.3

1.2737
137 136
46.3 47.1

Cyclic compounds containing one or more 
heterocyclic sulfur atoms are well represented in 
the literature but heterocyclics with a disulfide 
group are not well known. Fromm and Joerg6 

reported on the ring
CH2—S—CH2

c h 2 c h 2

s ----------- s
which they obtained by the reaction of C1C2H4- 
SSC2H 4 CI with Na2S or CIC2H 4SC2H4CI with 
Na2S2 - They reported a melting point of 74 to 
75° for the product obtained by either method.

The production of polymer would appear more 
probable from this method of preparation than 
would the formation of a cyclic monomer. By 
substantially the same procedure, we have pre­
pared polymeric products.

Cyclic compounds similar to that resulting from 
the ether disulfide have been obtained from di­
sulfide polymers of different structures, but the 
products have yet to be characterized. A com­
plete account of this work, together with theo­
retical considerations, will appear at a later date.
C o m m u n ic a t io n  f r o m  F . O . D a v is
T h e  T h io k o l  C o r p o r a t io n  E. M. F e t t e s
T r e n t o n , N. J .

R e c e iv e d  A p r il  20, 1948
(5) J. C. Patrick, T ra n s. F araday Soc., 32, 347 (1946).
(6) Fromm and J^erg, B er., 68, 304 (1925).

BIS-DEHYDRODOISYNOLIC ACID
S ir:

The substance I (R = H) has recently attracted 
considerable attention because it is one of the 
most potent estrogens known. In a series of 
brilliant studies Miescher, Heer and Billeter ob­
tained I (R = H) both as a degradation product

CH3 
COOH

RO

C2H5

of natural equilenin and by total synthesis. 1 

More recently Anner and Miescher2 announced an 
improved synthesis involving about ten steps from
l-aminonaphthalene-6 -sulfonic acid (Cleve’s acid) 
to the methyl ether I (R = CH3). We wish to 
disclose herewith a facile total synthesis of this 
substance utilizing the Stobbe condensation of 
diethyl succinate with 2 -propionyl-6 -methoxy- 
naphthaleiie (readily available by Friedel-Crafts 
acylation of /3-naphthyl methyl ether3). Cata­
lytic hydrogenation of the resulting condensation 
product over platinum oxide gave /3 -carboxy-7 -(6 - 
methoxy-2 -naphthyl)-caproic acid (m. p. 157- 
158°, dec. A n a l . Calcd. for Ci8H2 0O5 : C, 68.34; 
H, 6.37. Found: C, 68.30; H, 6.30) which on 
cyclization v ia  the anhydride with aluminum 
chloride in nitrobenzene produced l-ethyl-4- 
keto - 7  - methoxy - 1 ,2 ,3,4 - tetrahydrophenan- 
threne-2 -carboxylic acid, m. p. 215.5-216.5° 
(A nal. Calcd. for Ci8H i8 0 4: C, 72.47; H, 6.08. 
Found: C, 72.31; H, 6.03). Hydrogenation of 
the keto acid over palladium-on-charcoal catalyst 
in the presence of a trace of perchloric acid gave 
1  - ethyl - 7 - methoxy - 1,2,3,4 - tetrahydrophe- 
nanthrene-2-carboxylic acid, m. p. 203.5-206°. 
(A nal. Calcd. for Ci8H 2o03: C, 76.03; H, 7.09. 
Found: C, 76.36; H, 7.07), which on treatment 
in ether solution with diazomethane followed by 
sodium triphenylmethyl and methyl iodide af­
forded upon hydrolysis normal bis-dehydrodoisyn- 
olic acid methyl ether I (R = CH3), m. p. 230- 
231° alone or when mixed with an authentic 
specimen of the same melting point which was 
kindly supplied by Dr. C. R. Scholz of Ciba 
Pharmaceutical Products. The methyl ester of I 
(R = CH3) melted at 74.5-76.5° and gave no melt­
ing point depression on admixture with the ester 
(m. p. 75-76.5°) prepared from authentic I (R = 
CH3).

Bioassays kindly performed by F)rs. R. K. 
Meyer and E. G. Shipley of the University of 
Wisconsin Zoology Department showed our acid

(1) Miescher, Helv. Chim. Acta , 27, 1727 (1944); Heer, Billeter 
and Miescher, ibid., 28, 991, 1342 (1945).

(2) Anner and Miescher, Helv. Chim. Acta, 29, 586 (1946).
(3) Haworth and Sheldrick, J .  Chem. Soc,, 864 (1934).
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to be of the same order of activity as the authen­
tic material.
L a b o r a t o r y  o f  O r g a n ic  C h e m is t r y  
U n iv e r s it y  o f  W is c o n s in  W il l ia m  S. J o h n so n
M a d is o n , W is c o n s in  R o b e r t  P . G r a b e r

R e c e iv e d  J u n e  14, 1948

STREPTOMYCES ANTIBIOTICS. XIX. DIHYDRO- 
STREPTOSONIC ACID LACTONE AND CONFIGURA­

TION OF STREPTOSE AND STREPTOBIOSAMINE
S ir:

2-Methyl pentaacetyldihydrostreptobiosamin- 
ide1 was allowed to react stepwise with ethyl mer­
captan-hydrogen chloride, acetic anhydride, and 
mercuric chloride for the preparation of amor­
phous pentaacetyldihydrostreptobiosamine . 2 Ace­
tylation of this compound gave hexaacetyldihydro- 
streptobiosamine. 2 Oxidation by bromine and 
hydrolysis by hydrochloric acid of pentaacetyldi- 
hydrostreptobiosamine gave the known N-methyl- 
L-glucosamine and the new dihydrostreptosonic 
acid lactone, m. p. 143-144°, [a ]d —32° (cf 0.40 
in water). Reaction of the lactone with hydra­
zine gave dihydrostreptosonic acid hydrazide, 
m. p. 137-139°, [«]D +23° (0 , 0 . 9  in water).

Application of Hudson’s rules of rotation to 
streptosonic acid diamide3 and dihydrostrepto­
sonic acid hydrazide shows that the hydroxyl 
group at C2 of streptose lies on the right. Since 
it has already been shown4 that the hydroxyl 
groups at C2 and Cj of streptose are cis, and that 
the configuration about C4 is levo,6 the configura­
tion of L-streptose is represented by structure I. 
On the basis of these data, and the calculations 
of the glycosidic linkage between streptose and N-

-------------CHOH

O
HCOH

I
OHC— COH

I
---------- CH

CH,

-CHOH

CH,NHCH 

HCOH 

HOCTE

:H2OH

(1) Brink, Kuehl, F lynn and Folkers, T h is  J o u r n a l , 68, 2557 
(1946).

(2) Stavely, W intersteiner, Fried, W hite and Moore, ibid., 69, 
2742 (1947).

(3) Kuehl, Flynn, Brink and Folkers, ibid., 68, 2679 (1946),
(4) Brink, Kuehl, F lynn and Folkers, ibid., 68, 2405 (1945).,
(5) Fried, Walz, and W intersteinef, ibid., 68, 2746 (1946).

methyl-L-glucosamine to be «-L , 6 the configura­
tion of streptobiosamine is represented by struc­
ture II. The levorotations of streptosonic acid 
lactone3 and dihydrostreptosonic acid lactone 
support the applicability of Hudson’s rules to 
these streptose derivatives, since it is established 
conclusively that the configuration about C4 of 
these lactones is L. That the lactone of dihydro­
streptosonic acid lactone involves the secondary 
hydroxyl group at C4  is shown by the liberation of 
formaldehyde when the lactone reacts with two 
equivalents of periodic acid.

(6) Lemieux, DeW alt and Wolfrom, ibid., 69, 1838 (1947).

F rederick  A. K u e h l , Jr . 
R esearch  D epartm ent  M ary  N eale  B ish op
M erck  a n d  Co ., I n c . E d w in  H. F ly n n
R ahw ay , N . J. K arl F olkers

R eceived  M ay 27, 1948

CHARACTERISTICS OF THE DROPPING MERCU 
ELECTRODE IN FUSED SALTS

S ir:
In a preliminary investigation of the applicabil­

ity of polarographic techniques to fused salt media 
we have obtained typical polarographic reduction 
waves for the cations of a number of salts dis­
solved in a fused salt solvent. The results indi­
cate that the Ilkovic equation1 »2 is applicable to 
the melt employed, a ternary eutectic consisting 
of 66.65 mole % ammonium nitrate, 25.76% 
lithium nitrate, ahd 7.59% ammonium chloride 
( m .  p .  8 6 . 2 ° ) . 3

Mercury was used for the dropping electrode 
and the stationary unpolarized anode pool in a 
cell maintained at 125 =±= 0.5° in an oil-bath. 
Drops were collected in a Pyrex spoon, washed, 
dried, and weighed for tests of the Ilkovic equa­
tion.

Characteristic reduction waves were obtained 
with nickel(II), copper (II), and bismuth (III), 
the latter two exhibiting maxima. A trace of 
potassium iodide eliminated the maximum in the 
case of copper. Varying degrees of success have 
been had with other solute salts, prime difficulties 
being limited solubility in or reaction with the sol­
vent electrolyte.

T a b l e  I

T e s t  o f  t h e  I l k o v ic  E q u a t io n

No.
C,

m m ol./l.
id,

ft amp.
m

mg./sec.
/max.)
sec. CmV./Vex

1 1 .9 5 3 .7 4 1 .41 4 .0 1 .2 1
2 4 .9 8 1 0 .0 1 .4 5 4 .5 1 .2 2
3 6 .7 7 1 2 .8 1 .3 7 3 .9 1 .2 2
4 9 .9 7 1 7 .2 1 .4 5 3 .4 1 .1 0
5 1 2 .8 2 1 .6 1 .4 0 3 .5 1 .0 9
6 1 2 .8 1 6 .6 0 .6 5 8 7 .6 1 .2 2

(1) D. Ilkovic, Coll. Czechoslov. Chem. Commun., 6, 498 (1934).
(2) I. M . Kolthoff and J. J . Lingane, “ Polarography,” In tersci­

ence Publishers, Inc., New York, N. Y., 1941, p. 38.
(3) E. P. Perman and R. H. Wilson, J . Chem. Soc., X25, 1769 

(1934).
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The results obtained by varying the concentra­
tion of nickelous nitrate in the ternary solvent are 
presented in Table I.

Test no. 6  was made on same solution as no. 5 
but with a different capillary. With a value of
13.29 g./cc. for the denshy of mercury at 125°, 
the Ilkovic equation becomes

id  =  614 n D 1/ 2

with the symbols having the usual meaning given 
by Kolthoff and Lingane. 2 The agreement of the 
experimental data with the Ilkovic equation can 
be seen from the essential constancy of the ratio 
id/ in the last column of the table. 
The average deviation in the ratio is =*=4.3%, 
Substitution of the average ratio, 1.18, into the 
Ilkovic equation gives a diffusion coefficient equal 
to 9 . 2  X 10~ 7 cm.2/sec. for the nickel bearing ion.

Work is in progress to eliminate the solubility 
and solvent instability difficulties by employing 
more stable solvent electrolytes, e. g .f alkali 
halides, at higher temperatures. This will also 
allow investigation of a number of metals for the 
dropping electrode.
I n s t it u t e  f o r  t h e  S t u d y  o f  M e t a l s  
U n iv e r s it y  o f  C h ic a g o  N . H . N a c h t r ie b
C h ic a g o , I I I .  M . S t e in b e r g

R e c e iv e d  M a y  7, 1948

EXCHANGE REACTIONS BETWEEN IODINE ATOMS 
AND ORGANIC IODIDES

S ir:
Several workers have reported exchange reac­

tions between organic iodine compounds and inor­
ganic iodides, but there are very few known ex­
amples of exchanges with neutral iodine atoms or 
molecules. Methyl iodide1 and several diiodo- 
phenols2 have been shown to exchange with ele­
mentary iodine in polar solvents, but the mecha­
nisms of these reactions were not elucidated. 
Noyes, Dickinson and Schomaker3 demonstrated 
that neutral atoms were involved in the exchange 
of 1 ,2 -diiodoethylene with elementary iodine in 
saturated hydrocarbon solvents.

We have now observed atomic exchange reac­
tions with some other representative organic 
iodides. The experiments were conducted with 
iodine-131 supplied by the Oak Ridge National 
Laboratory and obtained on allocation from the 
United States Atomic Energy Commission. Hex­
ane solutions 0.002 molar (0.004 normal) in radio­
active iodine and 0.04 molar in organically com­
bined iodine were illuminated with a tungsten 
lamp at about 30°. The iodine in each solution 
was then extracted by shaking it with an acidic 
aqueous solution of sodium sulfite, and the activi­
ties in one or both of the separated solutions were

(1) H . A. C. M cKay, Nature, 139, 283 (1937).
(2) W. H. Miller, G. W. Anderson, R. K. Madison and D. J. 

Salley, Science, 100, 340 (1944).
(3) R. M. Noyes, R, G, Dickinson and V  Schomaker, T his 

J o u rnal , «7, 1319 (1945),

measured with a jacketed counter. Compara­
tive approximate rate constants based on trans- 
diiodoethylene as unity were as follows:

Allyl iodide much greater than 200
T ra«s-diiodoethylene 1.0
Iodobenzene 0.002
Ethyl iodide less than 0.001

The rate constant for allyl iodide could not be 
obtained with any precision, for exchange was 
60% complete in twenty seconds under the normal 
illumination of the laboratory desk. This amount 
of exchange corresponds to a rate approximately 
2 0 0  times as fast as the rate of exchange of trans- 
diiodoethylene under the much more intense il­
lumination employed in the other experiments. 
When the laboratory was darkened to an extent 
such that the necessary operations could barely 
be carried out, exchange of allyl iodide was 25% 
complete in twenty seconds. Therefore, at least a 
large fraction of the exchange appears to involve 
free atoms, but the possibility of an accompany­
ing dark reaction is not excluded. Studies 
bf the separation procedure demonstrated that 
allyl iodide underwent no more than 1 % of 
exchange with iodide ion under the conditions 
employed in the reduction of the iodine.

A solution of ethyl iodide which was illuminated 
for one week underwent a significant amount of 
exchange, but the data did not permit the calcu­
lation of a reliable rate constant.

That exchange in the last three compounds in 
the table requires free atoms is indicated by the 
fact that duplicate solutions stored in the dark 
for as much as one week underwent no more than 
1 % of exchange.

We are undertaking a more thorough investiga­
tion of the kinetics of these.reactions.
C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r ie s  
o f  C o l u m b ia  U n iv e r s it y
N e w  Y o r k  27, N . Y . R ic h a r d  M . N o y e s

R e c e iv e d  J u n e  7, 1948

AN INTERRELATIONSHIP OF THYMIDINE AND 
VITAMIN B1 2

S ir:
In a series of studies on factors functionally re­

lated to folic acid and p -aminobenzoic acid, thymi­
dine was isolated from liver as a factor prevent­
ing the toxicity of a competitive antagonist of 
folic acid . 1 The recently reported isolation of 
vitamin Bi 2  as a growth factor for Lactobacillus 
lactis Dorner2 -3 necessitated a study of the func­
tion of the vitamin to determine whether or not 
it is identical with a factor found in this Labora­
tory to be concerned with the biosynthesis of 
thymidine. As vitamin BX2 has been isolated us­
ing an assay with Lactobacillus lactis Dorner, this 
organism was utilized in the present investigation.

A medium suitable for assay techniques has not
(1) Shive, et al.t T h is  J ou r n a l , in  press.
(2) R ickes, et at., Science, 107, 396 (1948),
(3) Shorb, ibid., 107, 397 (1948).
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been adequately described for this organism; 
however, a previously described medium4 in 
which the phosphate buffer was replaced by 
sodium acetate and which was supplemented with 
an oleic acid source, “Tween 80,” 10 mg. per 10 
cc., enzymatic digest of casein, 5 1 0  mg. per 1 0  cc., 
and Wilson’s liver fraction LR, IOO7  per 10 cc., 
supports good growth of the organism in the pres­
ence of liver extracts containing anti-pernicious 
anemia principles and can be used successfully 
as an assay medium. The enzymatic digest of 
casein replaces clarified tomato juice. 3 Tests 
were incubated for twenty-four hours at 37-38°.

W ith  the above medium or one containing 
clarified tomato juice (0 . 5  cc. per 1 0  cc.) in place 
of the enzymatic digest of casein, thymidine ade­
quately replaced the liver extracts containing anti- 
pernicious anemia principles. Half-maximum 
stimulation of growth was obtained at a concen­
tration of 1-3 7  of thymidine per 10 cc. Thymine 
was inactive at concentrations as high as 1 0 0  7  per 
1 0  cc.

When the medium containing tomato juice was 
utilized, as little as 1  cc. of sterile, aerated dis­
tilled water added aseptically to 1 0  cc. of medium 
replaced the liver extract, and this effect was en­
hanced by aseptic addition of ascorbic acid. 
However, when the enzymatic digest of casein 
was used in place of tomato juice, the aerated 
water was inactive, but ascorbic acid ( 1  mg. in 1  

cc. of sterile, aerated water per 1 0  cc. of medium) 
added aseptically still adequately replaced the 
liver extracts containing anti-pernicious anemia 
principles for the nutrition of this organism. The 
function of ascorbic acid in replacing the liver 
extract will be reported separately.

Since thymidine adequately replaces vitamin 
B12 in the nutrition of Lactobacillus lactis Dorner, 
it appears probable that vitamin BX2 functions in 
the biosynthesis of thymidine.

(4) Guirard, et al., Arch. Biochem., 9, 361 (1946).
(5) Roberts and Snell, J . Biol. Chem., 163, 499 (1946).

T h e  B io c h e m ic a l  I n s t it u t e  a n d  
t h e  D e p a r t m e n t  o f  C h e m is t r y  W il l ia m  S h iv e

T h e  U n iv e r s it y  o f  T e x a s  a n d  J o a n n e  M a c o w  R a v e l  
t h e  C l a y t o n  F o u n d a t io n  f o r  R o b e r t  E . E a k in  
R e s e a r c h , A u s t in , T e x a s

R e c e iv e d  J u n e  1, 1948

A NEW COLOR TEST FOR TRYPTOPHAN
S ir :

I t  has been observed that a t room temperature

perchloric acid converts trytophan to a fluorescent 
yellowish green compound. Fluorescence is par­
ticularly strong in ultraviolet light. Tryptophan 
may readily be identified in untreated proteins by 
this test. This reaction is not given by other 
amino acids and biologic substances with which it 
is usually associated, Indol acetic acid, however, 
gives a slight pink color and slight fluorescence 
under the conditions of the test.

The Test.—One-half of 1  cc. of water containing
0.5 mg. of tryptophan, or about 10 mg. of albumen 
(egg powder) or any other tryptophan-containing 
protein, is placed in a test-tube. The protein does 
not have to be in solution. Three cc. of per­
chloric acid (C. p. 70-72%) is added and the con­
tents of the tube are well mixed. A quite stable, 
intense greenish-yellow color develops within a 
few minutes attaining maximum intensity in 
about ten minutes. Upon the addition of 0.1 cc. 
of a 1 % ferric chloride solution, the greenish- 
yellow color becomes reddish-orange. If the 
ferric chloride solution is added to the tryptophan- 
containing solution before the perchloric acid, the 
reddish-orange color is formed instantaneously. 
For the detection of minute amounts of trypto­
phan, ultraviolet light and perchloric acid without 
ferric chloride should be employed.

The following tryptophan-containing materials 
gave the reaction: casein, albumen (egg powder), 
human blood serum, pepsin and crystalline soy­
bean trypsin inhibitor.

The following amino acids did not give the reac­
tion: glycine, alanine, leucine, isoleucine, valine, 
phenylalanine, tyrosine, cysteine, cystine, meth­
ionine, threonine, proline, hydroxyproline, histi­
dine, arginine, lysine, serine, aspartic acid, glu­
tamic acid, and ^-aminobenzoic acid.

vS. S. Cohen (J . B io l. Chem., 156, 691 (1944)) 
made the interesting observation that when car­
bohydrates and tryptophan were heated for ten 
minutes at 100° in 30% perchloric acid colored 
condensation products form. In Cohen’s reaction 
boiling is an essential factor. The green fluor­
escent compound described in the present com­
munication, however, forms readily at room tem­
perature, carbohydrates do not interact and this 
reaction does not take place in 30% perchloric 
acid.
V e n e r e a l  D is e a s e  R e s e a r c h  L a b o r a t o r y  
U . S . P u b l ic  H e a l t h  S e r v ic e
U . S . M a r in e  H o s p it a l  H e n r y  T a u b e r
S t a t e n  I sl a n d  4, N , Y.

R e c e iv e d  J u n e  7, 1948
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NEW BOOKS

T h e  S y s te m a tic  Id en tificatio n  of O rg a n ic  Com pounds.
By R a l p h  L. S h r in e r , Professor of Chemistry, The 
S tate University of Iowa, and R e y n o l d  C. F u s o n , Pro­
fessor of Chemistry, The University of Illinois. Third 
Edition, John Wiley and Sons, Inc., 440 Fourth Avenue, 
New York 16, N. Y., 1948. viii +  370 pp. 15 X 22 cm. 
Price $4.00.
The first edition of this laboratory manual appeared in 

1935 as 195 pages; for reviews of this edition, see T h is  
J o u r n a l , 58, 536 (1936), and J .  C h em . E d u c a tio n  12, 596- 
597 (1935). Five years later a second edition had grown to 
312 pages; for reviews of it, see T h i s  J o u r n a l , 62, 2569 
(1940), and J .  C h em . E d u c a tio n , 17, 501 (1940). The 
present th ird  edition requires 370 pages.

Although the approach to  its subject is broadly re­
tained, the  material has been substantially amplified and 
the new incorporated with the old in a different sequence. 
By inclusion of new methods the chapter on the prepara­
tion of derivatives has been increased from 51 to  65 pages; 
th a t comprising tables of derivatives occupies the same 
space, but many new constants have been inserted in what 
were formerly gaps in the tables. The two chapters on 
separation of mixtures and interpretation of experimental 
data appear to  be unchanged, but the  eleven pages of 
problems have by new additions been expanded to  twenty.

The utility  of the index has been increased and ease of 
location of a given tabular entry facilitated by the in­
clusion of the melting or boiling point of the compound in 
the index itself.

In  recent years increasing attention is being given to  the 
special values of adequate training in the field to which this 
treatm ent comprises a valuable introduction; the new 
edition is, therefore, tim ely and welcome.

E r n e s t  H. H u n t r e s s

Répertoire des Composés organiques polymorphes. (En­
cyclopedia of Polymorphic Organic Compounds.) By 
L ouis D e f f e t , Assistant è. TUniversite de Bruxelles. 
Editions Desoer, 21 Rue Sainte-Véronique, Liège, 1942. 
155 pp.
This book is a compilation of therm al and crystallo­

graphic data on organic compounds which exhibit poly­
morphism. After a very brief explanatory introduction, 
it  lists, in its first section, 1188 organic compounds found 
to  be polymorphic a t atmospheric pressure, in its second 
section, 32 substances polymorphic under high pressure, in 
a  th ird  section, a bibliography of 994 references, and, in a 
fourth section, an alphabetical list of the substances, re­
ferring by number to those in the first two sections, which 
are arranged according to  the system used by Richter. 
After the formula and name of each compound in the first 
two sections, abbreviations indicate the number of modifi­
cations, the occurrence of enantiotropy or monotropy, and 
the crystal forms, when known, and occasionally other 
information. Also listed are the melting and transition 
temperatures, and the heats of fusion and of transition, 
when available. The lists appear to have been prepared 
with the care th a t one would expect from a pupil of Pro­
fessor Timmermans. On looking up a few familiar poly­
morphic substances, the reviewer has found no omissions of 
data published prior to December, 1941. The book should 
be very useful to investigators of polymorphism, and gen­
erally valuable as a reference work for data on the^subject.

C h a r l e s  P . S m y t h

BOOKS RECEIVED
M ay 10, 1948—June 10, 1948

H a r r y  B a r r o n . “Modern Rubber Chem istry/’ D. 
Van Nostrand Company, Inc., 250 Fourth Avenue, 
New York, N.Y., 1948. 502 pp. $7.50.

J. E. B e l c h e r  and J. C. C o l b e r t . “Properties and 
Numerical Relationships of the Common Elements and 
Compounds.” Fourth Edition. Appleton-Century- 
Crofts, Inc., 35 West 32d Street, New York 1, N.Y., 
1948. 374 pp. $3.00.

E r n s t  D a v id  B e r g m a n n . “The Chemistry of Acetylene 
and Related Compounds.” Interscience Publishers, 
Inc., 215 Fourth Avenue, New York 3, N.Y., 1948. 108 
pp. $3.00.

E r n s t  D a v id  B e r g m a n n . “Isomerism and Isomerization 
of Organic Compounds.” Interscience Publishers, Inc., 
215 Fourth Avenue, New York 3, N.Y., 1948. 138 pp.
$3.50.

J o h n  B u r c h a r d . “M .I.T . in World War II. Q .E.D.” 
John Wiley and Sons, Inc., 440 Fourth Ave., New York 
16, N.Y., 1948. 354 pp. $3.50.

T e n n e y  L. D a v is , Editor-in-Chief. “ Chymia. Annual 
Studies in the History of Chemistry.” Vol. I. Uni­
versity of Pennsylvania Press, 1948. Lancaster Press, 
Inc., Pa. 189 pp. $3.50.

R e n é  D u b r is a y . “Propriétés des Corps et Constitution 
chimique.” Presses Univérsitaires de France, 108 
Boulevard Saint-Germain, Paris, France, 1948. 151 pp. 
200 fr.

T. P. H il d it c h . “The Chemical Constitution of Natural 
Fats.” Second Edition. John Wiley and Sons, Inc., 440 
Fourth Avenue, New York, N.Y., 1947. 554 pp. $9.00.

C. A. J a c o b s o n . “ Encyclopedia of Chemical Reactions.” 
Vol. II. Reinhold Publishing Corporation, 330 West 
42d Street, New York 18, N.Y., 1948. 917 pp. $12.00.

R ic h a r d  K u h n . “ Biochemistry. Part I .” Published by 
Office of M ilitary Government for Germany, Field In­
formation Agencies Technical, Economics Division, Re­
search Control Branch, Berlin, Germany. 218 pp.

J. S. L o n g  and H . V . A n d e r s o n . “ Chemical Calcula­
tions.” Fifth Edition. International Chemical Series. 
McGraw-Hill Book Company, 330 West 42nd Street, 
New York 18, N.Y., 1948. 401 pp. $3.75.

W. C. P ie r c e  and E. L. H a e n is c h . “Quantitative 
A n a l y s is .”  Third Edition. John Wiley and Sons, Inc., 
440 Fourth Avenue, New York 16, N.Y., 1948. 520 pp. 
$3.75.

W. W. P ig m a n  and M. L. W o l f r o m . “Advances in Carbo­
hydrate Chemistry.” Vol. III. Academic Press, Inc., 
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W. T h e i l h e i m e r . “Synthetic Methods of Organic 
Chemistry.” Vol. I. Interscience Publishers, Inc., 215 
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E. J. W. V e r w e y  and J .  T h . G. O v e r b e e k . “Theory of the 
Stability of Lyophobic Colloids. The Interaction of Sol 
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Publishing Company, 215 Fourth Avenue, New York, 
N.Y., 1948. 205 pp. $4.50.

“A Symposium on the Use of Isotopes in Biology and 
Medicine.” Contributors: Drs. C l a r k e , U r e y ,
S e a b o r g , A e b e r s o l d , N i e r , C o r y e l l , K a m e n , M e l ­
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P r e p a r a t i o n  o f  c i s -  a n d  f r a n ^ - D e c a h y d r o i s o q u i n o l i n e s  a n d  o f  B z -
T e t r a h y d r o i s o q u i n o l i n e

By Bernhard Witkop1

Of the possible hydrogenated derivatives of iso­
quinoline, the cis- and tran s-decah ydro  compounds, 
py-tetrahydroisoquinoline, and very recently bz- 
tetrahydroisoquinoline, have been prepared 
mainly by ring-synthetic methods . 2 ’ 3 The latter 
has lately gained importance as an intermediate 
in the synthesis of morphane . 4

In this communication a simple method for the 
preparation of 5,6,7,8-tetrahydroisoquinoline (bz- 
tetrahydroisoquinoline), and of the pure cis- and 
^ra^-decahydroisoquinolines directly from quino­
line is reported.

Skita obtained by catalytic hydrogenation of 
isoquinoline in glacial acetic acid with colloidal 
platinum a substance which was very probably 
largely cw-decahydroisoquinoline; the physical 
properties of his substance, however, suggest the 
presence of a certain amount of the trans-isomer. 5 

We have found that the hydrogenation of iso­
quinoline in glacial acetic acid with a trace of sul­
furic acid gives a mixture of decahydroisoquinoline 
which contains 70-80% of the cis-isomer and 
20% of the /m^-compound . 6 The aV-compound 
was readily isolated from the crude mixture 
of isomers as the pure picrate (m. p. 150°). On 
the other hand, if the mixture of isomers was sub­
jected to dehydrogenation over palladium at 
2 1 0 °, a mixture of bases was formed, from which 
10% of /ra«s-decahydroisoquinoline, 10-25% of 
5,6,7,8-tetrahydroisoquinoline and isoquinoline 
were isolated by fractional extraction with 0.1 N

(1) Fellow of the M athew T. Mellon Foundation.
(2) Heifer, Helv. C h i m .  A c t a ,  9, 814 (1926).
(3) Schlittler and M erian, i b i d . ,  30, 1339 (1947).
(4) Cf .  Grewe, N a t u r w i s s . ,  33, 333 (1946).
(5) Skita, Ber., 57, 1977 (1924).
(6) In analogy with the catalytic hydrogenation of quinoline: 

both decahydroquinolines are formed in ratios dependent on the 
acidity of the solvent, Hückel and Stepf, A n n . ,  453, 163 (1934).

hydrochloric acid . 7 These relationships are sum­
marized in the chart. The 5,6,7,8-tetrahydro­
isoquinoline alternately was prepared by boiling 
aVdeeahydroisoquinoline in tetralin with sele­
nium for forty eight hours.

These experiments demonstrate the striking 
fact that m-decahydroisoquinoline is much more 
readily dehydrogenated than the corresponding 
trans-isomer, a behavior which parallels tha t of 
the decahydroquinolines, and, to a lesser extent, 
that of the decalins (Ehrenstein7). Model con­
siderations suggest that the determining factor 
may lie in the relatively easier approach of the 
aVcompound to the catalyst in a configuration 
favorable to the removal of hydrogen atoms in 
pairs. 8

Experimental9
« .s-D e c ahy dr oiso quinoline.—The catalytic perhydro- 

genation of isoquinoline7 was effected a t room temperature 
and normal pressure as follows: isoquinoline (reagent, 1 
g.) was dissolved in glacial acetic acid (10 cc.) and live 
drops of concentrated sulfuric acid was added.10 In 
the presence of 1 g. of platinum oxide the tetrahydro 
stage was reached after about forty minutes, and the deca­
hydro state after about four to eight hours. Omission 
of the concentrated sulfuric acid or use of less catalyst 
blocked the hydrogenation at the tetrahydro stage. The 
catalyst was removed by filtration, the diluted solution 
was made strongly alkaline and extracted with ether. 
After evaporation of the ether the base was neutralized 
with hydrochloric acid and evaporated to dryness. The 
crystallized hydrochloride (1.24 g., over 90%) showed 
an unsharp melting point, 165°. I t was converted into 
the picrate. The dry picrate (2.5 g.) was treated five

(7) All these reactions were observed in the quinoline series by 
Ehrenstein who developed the method of partial dehydrogenation 
and the procedure for the separation of the dehydrogenation prod­
ucts [ B e r . ,  67, 1715 (1934)].

(8) Cf. Linstead, T h is  J o u r n a l , 64, 1985 (1942), on the stereo­
chemistry of catalytic hydrogenation.

(9) All melting points corrected.
(10) K indler and Kwok, A n n . ,  554, 9 (1942).
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Isoquinoline 

Pt/H* (glacial acetic 
acid-HoSCh)

Partial de­
hydrogenation with

H 2C H c h 2
CH. __ 

NH
x /

H j C H C H j  
M ixture of c is - 

and /raws-isomers

H 2Cl /

Pd

H2C H c h 2

H ad,
CH2 

(10-25%) 
bz -T etrahydroiso- 
quinoline 
picrate m. p. 144°

H2C;

H ad

|CH2 
NH .

mother
liquors H2Q

fractional
crystallization

h 2c  h

X /» N  
H2C h  CH2

(10%)
/raw.v-Decahydro- 
isoquinoline 
picrate m .p . 177°

♦
h 2c  h  c h 2

v t v
H2C H-CHa

N-Methyl-/ra»s- 
decahydroisoquinoline 
picrate m. p. 237°

times with 1-2 cc. of cold methanol, which chiefly removed 
/raws-decahydroisoquinoline. The residue was dissolved 
in hot methanol and filtered after an hour from the 
crystals which separated. The final solution yielded uni­
form crystals which were recrystallized twice from meth­
anol; melting point 150° (1.91 g., 73% ). The picrate 
was converted into the hydrochloride by adding hydro­
chloric acid to the methanolic solution and extracting the 
picric acid with ether. The dry hydrochloride was treated 
with 1 cc. of absolute alcohol and the residue was crystal­
lized from alcohol-ether. The beautifully crystallized 
hydrochloride melted sharply a t 183° (0.41 g.).

N -M e th yl-cM -d e ca h yd ro iso q u in o lin e P icra te .—The 
above hydrochloride (100 mg.) was boiled under reflux 
with 2 cc. of 95% formic acid and 2 cc. of 40% aqueous 
formaldehyde for two hours. The solution was evapo­
rated to  dryness and converted into the picrate. The pic­
rate of the N-methyl base is much less soluble in methanol 
than th a t of the original base. I t  crystallizes from meth­
anol in tufts of small needles, m. p. 210°, yield over 90%.

A n a l .  Calcd. for Ci0H i9N C6H3O7N3: C, 50.26; H,
5.7. Found: C, 50.52; H , 5.45.

/rafM -D ecahydroisoquinoline. A . B y  Fractional C r y s ­
tallization.— The combined cold methanol extracts of the 
c i s -picrate contained mainly t r a n s -compound. I t could 
be obtained by careful slow fractional crystallization. 
The t r a n s -picrate formed large prisms possessing a full 
yellow color and was separated mechanically from smaller 
light yellow aggregates of crystals th a t consisted chiefly 
of cm-p icrate. The recrystallized t r a n s -picrate melted 
a t 175-178°.

B . B y  D e h yd ro gen ation  of th e  Accom panying c is -  
Com pound .—The mixture of the c i s -  and /raws-bases 
(1 g.), as obtained directly by hydrogenation, was heated 
under reflux with 0.2 g. of palladium black. The reaction 
was carried out in an apparatus similar to  the one designed 
by H. Heymann.11 After about four hours 650 cc. of

(11) L. F. Fieser, “ Experiments in Organic Chem.,” 1941, p. 462.

hydrogen was evolved. The major 
part of the reaction mixture was 
distilled a t 210° (760 mm.). The 
distillate was taken up in 20 cc. of 
ether and extracted with consec­
utive portions of 2 cc. of 0.1 N  
hydrochloric acid. Every fraction 
was converted separately into the 
picrate. The fractions 1-4 (Table 
I) were recrystallized from abso­
lute methanol. The accompanying 
small amount of isoquinoline pic­
rate could be easily separated owing 
to its much smaller solubility. The 
pure /raws-decahydröisoquinoline 
picrate melted a t 177°. On ad­
mixture with the c i s -picrate (m. p. 
150°) the melting point was de­
pressed to 143°.
• A n a l .  Galcd. for C^nN-CeHa- 
0 7N3: C, 48.91; H, 5.44. Found: 
C, 49.07; H, 5.38.

H yd roch lorid e.—The picrate was 
dissolved in methanol, treated with 
hydrochloric acid and ether; the 
aqueous solution after evaporation 
left the hydrochloride which crys­
tallized from alcohol in needles, 
m. p. 224°. The salt is not very 
hygroscopic.

A n a l .  Calcd. for C9H17NHC1: 
C, 61.5; H, 9.8. Found: C ,61.1; 
H, 10.2.

D eh yd ro gen ation .—Treatment of 
30 mg. of the above chloride with 
30 mg. palladium at 210 ° for one- 
half hour failed to have any dehy­
drogenating effect (the CM-chloride 

was easily converted into isoquinoline under these condi­
tions) . When 30 mg. of t r a n s -base was heated with 90 mg. 
of palladium for three hours under reflux, one obtained a 
reaction product which was no longer miscible with water, 
picrate 223 °, identical with isoquinoline picrate.

T a b l e  I
The melting points (cor.) were carried out on a micro hot 

stage; the figures in parentheses are sintering points.

Compound

T  rans-decahydro 
isoquinoline 
(isoquinoline)

CH2 
|CH2

»VK/m
h 2c  h  c h 2

(70-80%)
oU-Decahydro- 
isoquinoline 
picrate m. p. 150°

h 2c  h  c h 2

H2G
N/

h 2c

n c h 3
/

H CH2
N-Methyl-cM-decahydro-
isoquinoline
picrate tn. p. 210°

Picrate
frac­
tion W eight, Appear­ M. p.,
no. mg. ance °C.

1 lemon- 170 (160)
2 1 260 yellow, 167 (160)

3 1 crystalline 169
4 J 168
5 67 amorphous 130

6 ] glistening 158 (rest 168)
270 needles, 155 (rest 175)

8
\ pale- 155 (rest 180)

9J yellow 155 (rest 180)
10 65 m ixture 190 (158)

11 ' 70 small crys­ 200 (185)
tals

12 67 dull, 215 (190)
13 68 bright yel­ 220

low
14 65 221
15 etc. 65 223

intermediate frac­
tion

Bz-tetrahydroiso-

( quinoline 
quinoline)

interm ediate
tion

j* isoquinoline

(iso-

frac-

N - M  ethyl-/raw s-decahydroisoquinoline P ic r a te .—The
compound was prepared in exactly the same way as de­
scribed for the corresponding cm-compound. The picrate 
crystallized from methanol in thin needles which under­
went crystalline transformation at 215° and melted at 
237°.
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A n a l . Calcd. for C 1QH 19N ‘C e H ,0 7^ i  C, 50.26; H, 
5.7. Found: C, 50.57; H , 5.75.

Bz-Tetrahydroisoquinoline. A. By Partial Dehydro­
genation with Palladium Black.—The picrate fractions
6-9 (Table I) were combined (270 mg.) and freed from 
the much less soluble isoquinoline picrate by sufficient 
recrystallizations from acetone. The pure product finally 
crystallized in golden-yellow needles of uniform ap­
pearance, m. p. 144°.

A n a l .  Caicd. for CgHuN-CeHsOT^: C, 49.73; H,
3.87. Found: C, 50.25; H , 3.87.

In another experiment, starting with the same amount 
(1 g.) of decahydro bases, dehydrogenation was stopped 
after the evolution of 310 cc. of hydrogen (calcd. for 5 
moles of hydrogen, 781 cc.). In this case the medium 
fractions yielded 690 mg. of picrate, corresponding to about 
25% yield of Bz-tetrahydroisoquinoline.

Picrolonate.—The free base, prepared from the above 
picrate, had a smell reminiscent of substituted pyridines 
(e . g . y collidine). Aqueous picrolonic acid precipitated 
from the solution of the hydrochloride the picrolonate 
which, recrystallized from methanol, melted at 214°.

A n a l . Calcd. for C19H190 5N5: C, 57.43; H, 4.78.
Found: C, 57.94; H, 5.03.

B. By Partial Dehydrogenation with Selenium in 
Tetralin.—CM-Decahydroisoquinoline (0.8 g.) was boiled

under reflux in 15 cc. of freshly distilled tetralin with 0.5 
g. of black selenium dust for forty-eight hours. The 
reaction mixture was filtered from the selenium, diluted 
with ether and extracted with 2-cc. portions of 0.1 N  
hydrochloric acid. The fractions were converted into 
the picrates, which had the properties: 1-3, CM-deca-
hydroisoquinoline picrate (0.19 g.), m. p. 150°; 4,
mixture, not crystallized, sticky; 5, Bz-tetrahydroiso­
quinoline picrate, m .p . (after removal of little accompany­
ing isoquinoline picrate) 144°; 6, isoquinoline picrate,
m .,p . 223°. After evaporation of the ether and tetralin 
a small amount of naphthalene was obtained.

Summary
Catalytic hydrogenation of isoquinoline in gla­

cial acetic acid with sulfuric acid leads to a mix­
ture containing 70-80% cis- and a t least 10% 
trans-isomer. The cis-isomer is more readily de­
hydrogenated with Pd than the tran s  isomer. By 
controlled dehydrogenation of the m-isomer bz- 
tetrahydroisoquinoline was obtained.
C o n v e r s e  M e m o r ia l  L a b o r a t o r y
C a m b r id g e , M a s s . R e c e iv e d  S e p t e m b e r  1 5 , 1 9 4 7

[C o n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  I o w a  S t a t e  C o l l e g e ]

S o m e  B a s i c a l l y  S u b s t i t u t e d  Q u i n o x a l i n e s

B y  H e n r y  G ilm a n  and  H . S m it h  B r o a d b e n t

Of the many thousands of compounds synthe­
sized and tested for antimalarial activity, those 
which have shown by far the greater promise, in 
general, are the derivatives of nitrogen-containing 
heterocycles bearing basic side chains, in particu­
lar the derivatives of quinoline. At the inception 
of this investigation very few basically substi­
tuted quinoxalines had been described in the 
chemical literature and even fewer had been 
tested for an tim a laria l activity . 1 Since quinoxa­
line differs from quinoline only in having a tertiary 
nitrogen substituted for the carbon in the 4-posi­
tion of the ring, derivatives of quinoxaline ap­
peared to have some interest as antimalarials.

In order to explore this possibility, a series of 
substituted aminoquinoxalines and their 2 ,5-di- 
methyl-1 -pyrryl derivatives was prepared and 
subjected to pharmacological testing. In addition 
the rather high tuberculocidal activity of some re­
lated types of compounds prompted the synthe­
sis of 2,3-bis-(£-aminophenyl) -quinoxaline, 2 ,3 -bis- 
(^-hydroxyphenyl)-quinoxaline and 2 ,3 -bis-(^-hy­
droxy phenyl) -6 -aminoquinoxaline.

(1) While this investigation was in progress and since its comple­
tion three years ago, several papers have appeared dealing with the 
synthesis of quinoxaline derivatives for pharmacological purposes, 
viz., (a) Gowenlock, Newbold and Spring, J . Chem. Soc., 622 (1945); 
(b) Hall and Turner, ibid., 699 (1945); (c) King and Beer, ibid., 
792 (1945); (d) Gawron and Spoerri, T h is  J o u r n a l , 67, 514 (1945); 
(e) Mizzoni and Spoerri, ibid., 67, 1652 (1945); (f) Cavagnol and 
Wiselogle, ibid., 69, 795 (1947); (g) Stevens, Pfister and Wolf,
ibid., 68, 1035 (1946); (h) W eijlard, Tishler and Erickson, ibid., 
66, 1957 (1944); (i) Linsker and Evans, ibid.,.68, 874 (1946); and 
(j) Wiedling, A d a  Path. Microbiol. Scand., 22, 379 (1945), as well 
as a few notes.

The quinoxaline nuclei of the compounds syn­
thesized in the course of this work were prepared 
by condensing appropriately substituted «-dike- 
tones with either o-phenylenediamine or 1,2,4- 
triaminobenzene dihydrochloride in acetic acid or 
aqueous ethanol solutions, respectively. In all 
cases the yields were satisfactory, although in the 
latter case, the removal of resinous by-products 
was troublesome.

The 1,2,4-triaminobenzene required was pre­
pared and used in the form of its dihydrochloride. 
The original method of Hinsberg2 for its prepara­
tion did not prove to be satisfactory. The com­
plex formed between the amine and chlorostan- 
nous(ic) acids was often difficult to decompose 
completely and a tin-containing product was se­
cured only difficultly purified by recrystallization. 
In addition, the frequent exposure to the air en­
tailed in this process was deleterious to the very 
easily oxidized polyamine. In order to circum­
vent these difficulties, it was found that the cata­
lytic reduction of 2,4-dinitroaniline in ethanol over 
Raney nickel was more rapid, convenient, and 
less expensive than the former method, and it 
yielded the product desired in greater yields of at 
least equal purity.

In the preparation of substituted benzoins, the 
experimental conditions necessary in order to get 
good yields of crystalline products are often quite 
rigid. 3 Rather than isolate the intermediate ben­
zoins, anisoin and tf jo'-chclfiorobenzoin, in the prep-

(2) Hinsberg, Ber., 19, 1253 (1886).
(3) Dewar and Read, J . Soc. Chem. Ind., 55T, 347T (1936).
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aration of the corresponding benzils, it was found 
that the crude nitrogenous mixtures containing 
less than 50% of the benzoin obtained from the po­
tassium cyanide-aldehyde reaction could be oxi­
dized directly with copper sulfate in pyridine. 4  

This method converted the contained benzoin to 
the pure crystalline benzil in nearly quantitative 
yields.

The reported preparation of 4,4'-dihydroxyben- 
zil by the demethylation of anisil5 requires hydro­
bromic acid of 1.78 density, which is not conveni­
ently available. Neither aqueous hydrobromic 
acid (d. 1.48, 48%) nor 33% hydrogen bromide in 
acetic acid was found to be efficacious alone; how­
ever, the use of equal parts of the two acid solu­
tions was found to cleave smoothly the methyl 
groups from anisil resulting in a good yield of pure 
4,4'-dihydroxybenzil.

The preparation of 2,3-bis-(^-aminophenyl)- 
quinoxaline was conveniently effected by Raney 
nickel reduction of the corresponding nitro com­
pound (cf. ref. Id and If) without reduction of the 
heterocyclic nucleus. 6

The 2,5-dimethyl- 1-pyrrylquinoxalines were 
synthesized from the corresponding amines by 
condensation with 2,5-hexanedione. In the case of 
2 -aminoquinoxaline we were not able to isolate 
any pure product other than starting material.

Solutions of 2,3-bis- (^-hydroxyphenyl)-6 -amino- 
quinoxaline in strong acids are a bright, cherry-red 
color and in bases a brilliant yellow. On adding 
small amounts of the indicator dissolved in a dilute 
sodium hydroxide solution to a series of Clark and 
Lubs buffers, the transition point was found to lie 
between p H  3.4 and 3.6 indicating an approxi­
mate p K i n of 3.5 assuming the color intensities of 
the acidic and basic forms to be equal.

The 6 -aminoquinoxalines and their pyrryl de­
rivatives all have an intense yellowish-green fluor­
escence observable even in extremely dilute solu­
tions, being red by transmitted light. An interest­
ing observation on the effect of molecular structure 
on solubility is afforded by the 2,3-diphenyl-, 2,3 
bis-(^-methoxyphenyl)-, and 2,3-bis- (0 -chloro- 
phenyl)-6 -aminoquinoxalines and their pyrryl 
derivatives. The amino compounds are very sol­
uble in ethanol and only moderately soluble in ben­
zene whereas the corresponding pyrryl compounds 
are almost completely insoluble in hot ethanol and 
exceedingly soluble in hot benzene.

The results of the pharmacological tests on these 
compounds will be published elsewhere, and the 
authors are grateful to Parke, Davis and Company 
for arranging for the tests.

Experimental
1,2 ,4 -T ria m in o b e n ze n e  D ih yd roch lo rid e.— (A) T in  

an d  H yd roch lo ric A cid  M e th o d .—Following the general
(4) Clarke and Dreger, “ Organic Syntheses,” Coll. Vol. I, 1941, 

p. 87.
(5) Schönberg and Kraemer, Ber., 65, 1188 (1922).
(6) Since the work was completed, a Similar reduction has been re­

ported (see ref. lb).

procedure of Hinsberg,2 0.5 mole of 2,4-dinitroaniline 
yielded 40 g. (41%) of 1,2,4-triaminobenzene dihydro­
chloride. A second 0.25-mole run gave a 35-g. (71.5%) 
yield.

(B) Catalytic Reduction Method.—In 300 ml. of
absolute ethanol 61 g. (0.33 mole) of 2,4-dinitroaniline 
and 4-5 g. of 4 V e t” Raney nickel catalyst were suspended 
and shaken under 1-3 atm . of hydrogen until the required 
amount for complete reduction of the nitro groups had 
been absorbed (c a . twelve hours). The violet solution 
was filtered free of catalyst and treated with an excess of 
concentrated hydrochloric acid with cooling in an ice- 
bath. A fine, purple, crystalline solid separated, which 
was filtered off, washed with ethanol and ethyl acetate, 
and finally dried in  va cu o . The yields of dry, purplish 
solid in six successive runs were 81, 86, 93, 86, 98 and 85%, 
respectively, of a purity superior to that obtained by the 
Hinsberg procedure.

Anisil.—Anisoin was prepared from purified anisalde- 
hyde according to the directions of Dewar and Read3 
in yields of 40% and 43% (m. p. 113°). A run made 
according to the procedure of Boesler7 gave only a 22% 
yield.

Eleven grams (0.0405 mole) of anisoin, 45 g. (0.18 
mole) of copper sulfate, 20 ml. of water, and 60 g. of 
pyridine were heated on a steam-bath with stirring for 
four hours. On filtering and washing with water, 10.5 g. 
(96%), of fine, pale yellow crystals melting sharply at 
131-132° was obtained without crystallization (re­
ported,7 133° by another technique). Two successive 
runs gave yields of 96% and 100%.

2 ,2 '-D ich lo r o b e n zil.—2,2'-Dichlorobenzoin was pre­
pared from 100 g. (0.712 mole) of t?-chlorobenzaldehyde 
following the procedure of Hodgson and Rosenberg8; 
however, the product was an oil which w ould not crystal­
lize (reported,8 m. p. 56-57° in 40% yield).

The crude mixture consisting of approximately 40% 
aryloin from the above reaction was stirred and heated 
at 100° for four hours with 180 g. copper sulfate, 80 ml. 
water, and 240 ml. pyridine. This crude product ob­
tained on diluting with water was crystallized from ben­
zene as beautiful, yellow needles melting a t 128-129° 
(reported,8 128° by another method). The over-all 
yield was 38.5 g. (39%), nearly 100% based upon the 
contained aryloin.

4 ,4 '-D ih y d r o x y b e n zil.—Ten grams (0.037 mole) of 
anisil, 50 ml. of aqueous hydrobromic acid (d. 1.48), 
and 50 ml. of 33% hydrogen bromide in glacial acetic 
acid were refluxed with vigorous stirring for six hours 
while a slow current of dry carbon dioxide was passed 
over the mixture. The solution was poured into water 
precipitating a fine gray powder, which was dissolved in a 
small volume of 15% sodium hydroxide, filtered, and then 
precipitated with hydrochloric acid. A light, gray powder 
melting a t 245-247° was obtained. The melting point 
was unchanged on crystallizing from a large volume of 
boiling water. The yield was 8 g. (89%) (reported,5 
m. p. 235°).

6 -A m in o -2 ,3 -b is - (/>-m ethoxyphenyl) -q u in o xa iin e: P r o ­
ced ure A .—A suspension of 10 g. (0.037 mole) of anisil 
and 7.5 g. (0.038 mole) of 1,2,4-triaminobenzene dihydro­
chloride in 100 ml. of ethanol and water (1:1) was re­
fluxed with stirring for four hours on the steam-bath. 
Sodium hydroxide solution was added in slight excess, 
and the mixture was- cooled. The hard cake of crude 
product was pulverized, taken up in hot ethanol, char­
coaled and cooled. The dark purplish crystals separating 
out were then recrystallized to  constant melting point 
from benzene giving a yield of 8.1 g. (61%) of light brown 
crystals melting a t 194-196°.

2 ,3 -b is-(^ -A m in o p h e n yl) -q u in o xa lin e: P roced u re B . ~  
4,4 '-Dinitrobenzil was prepared by the nitration of 4,5- 
diphenylglyoxalone according to  the method of Chattaway 
and Coulson.9 The yield of 2 ,3 -bis-(£-nitrophenyl) -

(7) Boesler, Ber., 14, 327 (1881).
(8) Hodgson and Rosenberg, J . Chem. Soc., 16 (1930).
(9) Chattaw ay and Coulson, J . Chem. Soc., 1361 (1928).



T a b l e  I  

Q u in o x a l in e s

Aug., 1948 Some Basically Substituted Quinoxalines 2621

Quinoxaline derivative
Proce-
dure“

M. p.,
°C.b

Yield,
%

Recrystallized
from Formula

N Analyses, % 
Calcd. Found

6-A m in o-2,3-d im eth yl A 18 6 -18 7 1 0 0 B e n zen e-e th an o l C.oHuN, 2 4 .2 2 3 .9

6-A m ino-2,3-diphenylc A 1 7 2 -1 7 3 5 7 Benzene C 20H I5N 3

6 -A m m o-2 ,3 -b is-(£ -m eth o xyp h en yl) A 19 4 -19 6 6 1 . 5 Benzene C 22H 1 9 0 2 N 3 1 1 . 7 6 1 1 . 7 1

6-A m ino-2,3-bis-(ö-chlorophenyl) A 1 7 8 -1 7 9 54 B  enzene-ligroin C 20H 13N 3O 2 1 1 . 4 7 1 1 .4 8

6- A m ino-2,3-bis- (£ -h yd ro xyp h e n y 1) A 338-340 E th a n o l-w a te r C 20H 15O 2N 3 1 2 .7 7 12 .8 4

2,3-bis- (^ -A m in o p h en yiy B 260-262 18 A ce to n e -e th a n o l C 20H 16N 4 1 7 .9 4 1 7 .9 5

2,3-bis- (£ -N itro p h en yl)d B 203-204 100 A c e tic  acid C 20H 12O 4N 4

2,3-bis- U > -H ydroxyphenyl) C 326-328 94 E th a n o l C 20H 14O 2N 2 8 .9 1 9 .0 2

6- (2,5 -D im e th y l-l-p y r r y l)-2 ,3 -d im e th y l D 1 6 1 -16 3 74 E th a n o l C 16H 17N 3 1 6 .7 2 1 6 .7 5

6- (2,5-D im e th y l-1 -p y r r y l)-2,3-d iph enyl D 1 5 1 -1 5 3 44 B e n zen e-e th a n o l C 26H 21N 3 1 1 . 1 9 1 1 . 1 2

6 -(2 ,5 -D im e th y l-1 -p yrryl)-2 ,3-b is-(^ -m e th o x y-  

phenjd) D 18 9-190 59 B  en zene-e thanol C28H230 2N 3 9 .6 5 9 .7 0

6 -(2 ,5 -D im e th y l-l-p y rr y l)  2,3-bis-(o-chloro- 

phenyl) D 2 1 1 -2 1 2 29 B e n zen e-e th an o l C 26H19N 3C12 9 .4 6 9 .6 7

a A n  exam ple represen tative of each procedure is described in th e  experim ental p art. T h e  others w ere prepared in  
analogous fashion. b A ll m eltin g  points are uncorrected. T h e  tw o  a b o v e  300° were ta k e n  w ith  a  Berl—K u h lm a n n  ty p e  
block, th e others b y  ca p illa ry  or h o t-sta ge m ethods. c T h is  com pound has been prepared b y  H insberg, A n n . ,  292, 254  
(1896), and Bertels, B er.,  3 7, 2 2 77 (1904), m. p. 17 5 °. d See ref. 1 1 .  e See ref. 12.

quinoxaline, ob tained  from  th e ben zil and 0 -p h en ylen e- 
diam ine, on recrystalliza tio n  from  a cetic  acid was 2.45 g. 
(10 0 % ) of large, ta n  crysta ls  m eltin g a t 20 3-20 4° (re­
ported,7 201 ° ) .

T w o  and th ree-te n th s gram s (0.0062 mole) of th e  
nitrophenylquinoxaline w a s suspended in 60 m l. of a b ­
solute ethanol w ith  1 - 2  g . R a n e y  n ickel and shaken under  
3 atm . pressure of h yd ro gen  u n til th e required am ount 
was absorbed. T h e  insoluble deposit was dissolved in 
m eth yl cellosolve, an d  th e  solution filtered free of c a ta ly s t.  
On evaporation of m o st of th e  solven t and d ilu ting w ith  
w ater, b row n ish -yellow  c r y sta ls  m eltin g  a t  2 5 5 -2 5 8 ° were 
obtained . T h e  p ro d u ct w as recrystallized  successively  
from  acetone and w a te r, an d  then  acetone and ethanol 
u n til th e  m eltin g p o in t w a s raised to  2 6 0 -2 6 2 °.10 T h e  
final yield  of shining ye llo w  p la te s of p ro d u ct w as 0.350 
g. ( 1 8 % ) .

2 ,3 -b is-(^ -H y d ro x y p h e n y l) -q u in o x a lin e : Procedure C .
— In 7 5  m l. of g lacia l a c e tic  a cid , 1 .1  g . (0.01 mole) of o- 
phenylenediam ine an d  2 .4  g . (0.01 m ole) of 4 ,4 '-d ih y ­
d roxyben zil were refluxed for three hours. O n cooling, 
glistening, yellow  cry sta ls  of p ro d u ct separated. T h e y  
were recrystallized from  eth an o l to  a  m eltin g  point of 3 2 6 -  
3 2 8 °. T h e  yield  w as 2 .9  g. ( 9 4 % ) . T h e  com pound is 
easily soluble in sodium  h yd ro xid e, b u t v e r y  difficultly  
soluble in hyd rochloric a cid .

2,3 -D im e th y l-6 -(2 ,5 -d im e th y l-l-p y r r y l)  -q u in o xalin e: 
P rocedure D .— T h re e  gram s (0 .0 17 m ole) of 2 ,3 -d i­
m e th y l-6 -am inoquinoxaline in 12 m l. of absolute ethanol 
w as refluxed for four hours w ith  2 .18  g. (0.0191 mole) 
of 2,5-h exanedione an d 1 m l. of glacial acetic acid. T h e  
m ixture w as poured w ith  rap id  stirring in to  50 m l. of 
w ater, cooled an d filtered. T h e  granular product after

(10) Previously prepared by another method by Kuhn, Moller 
and Wendt, Ber., 76, 412 (1943), who give its melting point as 267- 
268°.

treatm en t w ith  N o rit w as crystallize d  from  eth anol as  
long, straw -colored  needles m eltin g  a t  1 6 1 - 1 6 3 ° .  T h e  
yield w as 3 .2  g . ( 7 4 % ) .

A ttem p te d  P reparation o f 2 - ( 2 ,5 -D im e th y l-l-p y r r y l) -  
quinoxaline.— 2 -A m in oquin oxalin e w as prepared from  
alloxazine in 6 7 %  o ve r-all y ie ld .11 F ro m  3 .5  g . (0.0242  
mole) of 2 -am inoquinoxaline refluxed for tw o  hours in 15  
m l. o f ab so lu te eth anol w ith  3 m l. o f 2 ,5-h exa n e d io n e ,  
and 1 m l. of glacia l acetic  acid , a  d ark b row n  gu m , an d 2  
g. of crysta llin e m aterial w as isolated on d row ning in  
w ater. T h e  gum  could n o t b e re a d ily  purified . T h e  
crystallin e portion after several recrystallizatio n s from  
e th a n o l-w a te r  ( 1 :3 )  follow ed b y  su b lim atio n  m elted  
a t 1 5 6 - 1 5 7 ° .  I t  w as show n b y  m ixed m e ltin g  p o in t to  
be recovered 2-am in oqu inoxaline.

On a second a tte m p t o n ly  a d ark  u n m an age ab le  gu m  
was o b ta in e d .

Summary
Several quinoxaline derivatives have been syn­

thesized for testing for antimalarial activity and 
some of them, as noted, for tuberculostatic activ­
ity also.

They are strongly fluorescent in benzene solu­
tion and one of them, 6-amino-2,3-bis-(^-hydroxy- 
phenyl)-quinoxaline has the properties of an acid- 
base indicator at p H  3 to 4.

The results of the pharmacological tests will be 
published elsewhere.
A m e s , I o w a  R e c e iv e d  M a r c h  17 , 1948

(11) W eijlard, Tishler and Erickson, T h is  J o u r n a l , 66, 1957 
(1944).
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[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , T h e  U n iv e r s it y  o f  T e x a s ]

S y n t h e s i s  o f  2 , 3 - D i s u b  s t i t u t e d  C i n c h o n i n i c  A c i d s  f r o m  P r o p o x y m e t h y l  A lk y l  ( o r  
P h e n y l )  K e t o n e s  b y  M e a n s  o f  t h e  P f i t z i n g e r  R e a c t i o n 1

B y  H e n r y  R . H e n z e , J oe  W . M e l t o n 2 a n d  E u g e n e  Cl F orm an

In 1925 Dilthey and Thelen3 reported the initial 
utilization of an alkoxy ketone according to the 
Pfitzinger method4 in preparing 3 -methoxy-2 - 
phenylcinchoninic acid. More recently, Cross 
and Henze5 used this method to convert ethoxy- 
acetone and ethoxymethyl ethyl ketone into the 
corresponding 2 -alkyl-3 -ethoxycinchoninic acids. 
Later, Lesesne and Henze6 extended this reaction 
to include the utilization of alkoxy ketones in the 
synthesis of 2-alkoxyalkyl and 2-alkoxyalkyl-3- 
alkylcinchoninic acids. Thus, 1-alkoxyethyl me­
thyl ketones appeared to yield cinchoninic acids 
having the 1 -alkoxyethyl grouping attached to the
2 - position.

In an attempt to extend the study to a higher 
homolog of the 1 -alkoxyethyl alkyl ketone series, 
isoamyl 1 -methoxyethyl ketone was warmed with 
isatin under the usual conditions without evidence 
of reaction. When the attempt was repeated, but 
using enough alcohol to make the reaction mixture 
homogeneous, only unsubstituted cinchoninic acid 
was isolated. Utilization of a 40% aqueous solu­
tion of alkali resulted in the formation of a molecu­
lar compound of anthranilic acid and 2 -(1 -meth­
oxyethyl) -3-(2-methylpropyl) -cinchoninic acid . 7

The availability of certain alkyl (or phenyl) 
propoxymethyl ketones8 made it possible to study 
their behavior with isatinic acid in hot alkaline 
solution. By this procedure, twelve propoxy­
methyl ketones were converted into disubstituted 
cinchoninic acids. The structure of the two het­
erocyclic compounds derived from the phenyl 
propoxymethyl ketones was scarcely in doubt. 
However, their structure was completely estab­
lished through conversion (by means of decarbox­
ylation and ether group cleavage) into the known
3 - hydr oxy-2 -phenylquinoline. 3

Confirmation of the structure of this phenylcin-
choninic acid did not establish that of the quino­
line acids derived from the aliphatic keto ethers, 
since the latter contain the RCH2COCH2OR' 
grouping which might permit formation of either 
or both of two isomeric disubstituted cinchoninic 
acids depending upon which methylene group was 
involved in the ring closure. I t is possible to dis­
tinguish between these two isomers by a study of

(1) From  the M. A. theses of J. W. M. (Aug., 1940) and E. O. F. 
(June, 1941).

(2) Present address: D epartm ent of Chemistry, Northwestern
S tate  College, Alva, Oklahoma.

(3) Dilthey and Thelen, Ber., 68, 1588 (1925).
(4) Pfitzinger, J . prakt. Chem., 33, 100 (1886); 38, 582 (1888); 

56, 283 (1897).
(5) Cross with Henze, T h is  J o u r n a l , 61, 2730 (1939).
(6) Lesesne with Henze, ibid., 64, 1897 (1942).
(7) Isbell with Henze, ibid., 66, 2096 (1944).
(8) Henze, Duff, M atthews, Melton and Forman, ibid., 64, 1222

(1942).

the products of decarboxylation, of cleavage of the 
ether linkage, or of both. The cinchoninic acids 
derived from ethyl isopropoxymethyl ketone and 
^-propoxymethyl n-propyl ketone, respectively, 
could be converted into alkali-soluble quinolines, 
such as the known 2-ethyl-3-hydroxyquinoline. 9 

Thus it was established that the hydrogens of the 
methylene group to which are attached both the 
ether and carbonyl groupings, are the more re­
active in condensation with isatinic acid to form 
the heterocyclic nucleus

COOH

CO

NH2

+
H2C /

I
OC\

/OC3H7

XR 
COOH

\ A nT r O T
Experimental

The 2,3-disubstituted cinchoninic acids were prepared 
according to Pfitzinger *s procedure by placing 25-50 
cc. of 33% potassium hydroxide solution in a small flask 
and adding equivalent weights of isatin and an alkyl (or 
phenyl) propoxymethyl ketone. In most cases involving 
the isopropoxy ketones, enough alcohol was added to 
render the mixture homogeneous. The mixture was 
heated for forty-eight hours a t about 100°, then was 
treated (hot) with Norite and filtered. After dilution with 
water, the filtrate was acidified with 50% acetic acid, 
usually causing immediate formation of a creamy precipi­
tate. If necessary the acid solution was chilled before 
separation of the crystalline product. Each acid was 
purified by recrystallization to constant melting point from 
diluted alcohol or acetone. Only the purified products 
could be dried without decomposition in an oven. Data 
for the melting points and analyses of these acids are listed 
in Table I.

Proof of Structure of 2-Phenyl-3-propoxycinchoninic 
Acid.—This product, obtained through interaction of 
isatin and phenyl n -propoxymethyl ketone, was placed 
together with 15 cc. of concentrated hydrochloric acid in 
a sealed tube and heated a t 175° for twelve.hours. After 
opening the tube, the mixture was neutralized with 
sodium bicarbonate, and the substituted quinoline re­
moved by filtration and recrystallized from an acetone- 
water solution. The melting point of the alkali soluble 
3-hydroxy-2-phenylquinoline (228° (cor.)) is somewhat 
higher than tha t (218-220°) reported by Dilthey and 
Thelen3 for this product.

A n a l .  Calcd. for C15HnNO: C, 81.43; H, 5.01; N, 
6.33. Found: C, 81.31; H ,4 .89; N, 6.49.

One-half gram of the hydroxyquinoline derivative was 
dissolved in 75 cc. of alcohol and treated with 40 cc. of 
saturated aqueous picric acid solution. A picrate soon

(9) Cross with Henze, see ref. 5, p. 2731.
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T a b l e  I
COOH

P h y s ic a l  a n d  A n a l y t ic a l  D a ta  f o r  2 ,3 -D is u b s t it u t e d  C in c h o n in ic  A c id s

O—c 3h 7

N ^ \ R

C3H7- R
Yield,

%
M. p.,°c. Carbon, % 

Calcd. Found
Hydrogen, % 

Calcd. Found
N itrogen, % 

Calcd. Found
n —CH2CH3 64 187.0 69.48 69.66 6.61 6.48 5.40 5.40
iso - —CH2GH8 20 197.0 69.48 69.33 6.61 6.63 5.40 5.50
n - — (CH2)2CHs 56 157.0 70.31 70.39 7.01 6.81 5.13 5.32
iso - — (CH2)2CHs 42 120.5 70.31 70.07 7.01 7.16 5.13 5,20
n - — (CH2)3CH3 55 123.0 71.05 71.63 7.37 7.28 4.88 5.25
iso - — (CH2)3CHs 41 104.6 71.05 70.74 7.37 7.25 4.88 4.75
iso - — CH2CH(CHs)2 50 163.7 71.05 70.64 7.37 7.52 4.88 4.98
iso - — (CH2)4CHs 32 68.3 71.73 71.55 7.69 7.89 4.65 4.74
n - — (CH2)2CH(CH3)2 53 129.0 71.73 71.73 7.69 7.61 4.65 4.66
is o - — (CH2)2CH(CH3)2 43 110.0 71.73 70.13 7.69 7.88 4.65 4.63
n - — CeHs 48 216.0 74.25 74.27 5.58 5.45 4.56 4.78
iso - —C8H5 59 2i0 .0 74.25 74.07 5.58 5.49 4.56 4.596

separated and was recrystallized from alcohol; it melted10 11 
with decomposition a t 245° (cor.).

A n a l .  Calcd. for C2iHi4N40 8: N, 12.44. Found:
N, 12.59.

P roof of Stru ctu re of 3 -(« -P r o p o x y ) -2-(w -propyl) -  
cinchoninic A c id .—One gram of the product from inter» 
action of isatin and n -propyl n -propoxymethyl ketone was 
dissolved in 15 cc. of concentrated hydrochloric acid, 
sealed in a tube and heated a t 165° for twelve hours. 
When cooled, solid material separated from solution and, 
after drying in the oven at 110°, melted a t 223° (cor.). 
This proved to be the hydrochloride of a substituted 
quinoline. I t  was dissolved in water and decomposed 
by addition of sodium bicarbonate; the liberated quinoline 
was recrystallized from an acetone-water mixture. The 
product, 3 -h y d ro x y -2 -n -propylquinoline, melts a t 256° 
(cor.), and is readily soluble in alkaline solution.

A n a l .  Calcd. for Ci2H 13NO: N, 7.48. Found: N,
7.91.

A small amount of this disubstituted quinoline was dis­
solved in 95% alcohol, and mixed with 10 cc. of saturated 
aqueous solution of picric acid. After chilling the p ic r a te  
separated as long crystals melting with decomposition 
at 158° (cor.).

A n a l .  Calcd. for Ci8H 16N40 8: N, 13.46. Found: N, 
13.73.

P roof of S tru ctu re of 2 -E th y l-3 -isopropoxycinchoninic  
A cid .—Three methods were used in the conversion of 
this acid into 2-ethyl-3-hydroxyquinoline.

A. A mixture of 1.5 g. of 2-ethyl-3-isopropoxycin- 
choninic acid and 15 cc. of concentrated hydrochloric acid 
was sealed in a tube and heated a t 175° for twelve hours. 
Upon dilution of the resulting solution with water, a 
white precipitate formed and was purified by solution in 
dilute sodium hydroxide solution with subsequent re- 
precipitation with dilute acetic acid solution. After 
recrystallization from acetone, the solid melted with de­
composition a t 205.5-208.0 0  (cor.) .n

B. A sample of 2-ethyl-3-isopropoxycinchoninic acid
was decarboxylated by heating to  its melting point of 
197°. The dark oil thus formed was distilled at 209- 
214° (42 m m .): 78% yield of 2-ethyl-3-isopropoxy-
quinoline. This material was sealed in a tube with coned, 
hydrochloric acid and heated to  200° for five hours. 
After diluting the solution with water, creamy white 
crystals separated and were purified as above; m. p. 
205-208°.

(10) Bargellini and Berlingozzi, Gazz. chim. ital., 53, 3 (1923), re­
ported m. p. 235-238° (dec.)»

(11) Cross with Henze, ref. 5, reported m. p. 206-208° (cor.) (dec.).

A n a l .  Calcd. for CnHnNO: N, 8.07. Found: N,
8.22.

C. A mixture of 2 g. of 2-ethyl-3-isopropoxycincho- 
ninic acid, 15 cc. of hydriodic acid and 1.25 g. of red 
phosphorus was refluxed for twenty-four hours. The hot 
mixture was filtered through asbestos and cooled to yield 
a yellow precipitate. The latter was filtered off, dissolved 
in sodium hydroxide solution and precipitated by addition 
of acetic acid. The solid was recrystallized to a constant 
m. p. of 206-207° (cor.) from alcohol and water.

A n a l .  Calcd. for CnHnNO: N, 8 .0 7 . Found: N,
8 .2 7 .

The yellow acidic filtrate from above was steam distilled 
and the residual solution concentrated by evaporation to 
25 cc. I t  was neutralized with dilute sodium hydroxide 
solution; the yellow precipitate which first formed
was redissolved in excess alkaline solution and reprecipi­
tated with dilute acetic acid. The purified material 
melted a t 179-182° with evolution of a gas and re-fused 
at 206-208° (cor.).12

P rep aration  of P ic r a te s .—Certain of the cinchoninic 
acids were decarboxylated by being heated a t a tempera­
ture approximately 40° above their melting points. After 
decarboxylation seemed complete, the resin was sub­
jected to distillation under diminished pressure; about 
90% of the theoretical yield of quinoline could be obtained. 
The quinoline was dissolved in alcohol and treated with a 
saturated solution of picric acid, which usually resulted 
in the immediate separation of the solid picrate. Re-

T a b l e  II
Picrates o f  Certain 2-Sub stituted-3-tz-Propoxy-

q u in o l in e s

M. p., Carbon, % Hydrogen, % Nitrogen, %
Alkyl- °C. Calcd. Found Calcd. Found Calcd. Found

Ethyl 203 54.05 53.81 4.54 4.34 12.64 12.73
«-Propyl 191 55.02 54.83 4.84 4.67 12.22 12.41
«-Butyl 175 55.93 55.79 5.12 5.11 11.86 11.84
Isoamyl 198 56.78 56.66 5.36 5.21 11.52 11.67
Phenyl 206 58.53 58.24 4.09 3.97 11.38 11.65
Phenyl0 210 58.53 58.35 4.09 4.24 11.38 11.53

a Represents the picrate of 2-phenyl-3-isopropoxy- 
quinoline.

(12) Cross with Henze, ref. 5, page 2732, reported m. p. of 2-ethyl- 
3-hydroxycinchoninic acid as 208-209° (dec.); the m. p. was noted 
after introducing the sample into the bath  heated to  about 200°. 
When warmed from room tem perature a t the usual rate, this ma^ 
terial softens with evolution of gas a t  179-181° (cor.) and melts a t 
206-208° (cor.).
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crystallization was effected from alcohol. The melting 
points of the picrates were sharp with decomposition 
occurring only after fusion was complete. Data for the 
picrates are collected in Table II.

Summary
Twelve new 2 ,3 -disubstituted cinchoninic acids 

have been prepared from alkyl (or phenyl) pro­

poxymethyl ketones. Certain of these derivatives 
have been decarboxylated and their ether group­
ing cleaved to produce 2 -alkyl (or 2-phenyl)-3- 
hydroxyquinolines, thus establishing the struc­
tures as 2 -alkyl (or 2 -phenyl)-3 -propoxycincho- 
ninic acids.
A u s t i n ,  T e x a s  R e c e i v e d  A p r i l  20, 1948

[ C o n t r i b u t i o n  f r o m  t h e  R e s e a r c h  L a b o r a t o r y  o f  t h e  A. E. S t a l e y  M a n u f a c t u r i n g  C o m p a n y ]

P s e u d o  E s t e r s  o f  L e v u l i n i c  A c id

B y D a v id  P . L a n g lo is  and  H a n s  W o l f f

The dehydration of levulinic acid to «-angelica 
lactone is a reversible reaction. In the presence 
of traces of mineral acids water can be added to 
«-angelica lactone re-forming levulinic acid. 1 The 
enolic form of levulinic acid may be an intermedi­
ate in the reaction
c h 3c c h 2c h 2c o o h  u z ?:

II
o

/ c h 3c = c h c h 2c o o h \  ^
I ] + h 2o

\  OH J

h 2o
— >. CHS—C~ -CHi

/C H 2

o
If instead of water an alcohol is added to «- 

angelica lactone, the corresponding ester of levu­
linic acid would be expected as the reaction prod­
uct. With the intention of preparing levulinic 
esters by this method, methanol and ethanol were 
added to «-angelica lactone in the presence of hy­
drogen chloride. The corresponding methyl and 
ethyl esters were obtained in quantitative yields.

Attempts to prepare cyclohexyl levulinate by 
this same method led to an unexpected result; an 
ester was obtained in 95% yield, but its physical 
and chemical properties differed from cyclohexyl 
levulinate prepared from levulinic acid and cyclo­
hexanol by conventional methods. A further ex-

c h 3 -c=
I

Ov

=CH c h 3—c= =CH HCl ----- >.
y CH2

- c /
Ov /yCH -f ROH

■XX ° \  /
II

o
|

ÓH
II
0

I II III
R = cyclohexyl

animation of the product revealed that it consisted 
predominately of the pseudo cyclohexyl ester of 
levulinic acid (III), which could result either from 
the addition of cyclohexanol to the double bond of 
«-angelica lactone (I) or from a 1-4 addition of the 
alcohol to the enol form of angelica lactone (II) 
followed by rearrangement to structure (III).

(1) Wolff, A nn., 2 2 9 ,  249 (1885).

The presence of an enol form of «-angelica lac­
tone is indicated by a Zerewitinoff determination 
in which approximately one third of a mole of 
methane is liberated from one mole of «-angelica 
lactone. Additional evidence for an enol form is 
given by a comparison of the ultraviolet absorp­
tion spectra of furfuryl alcohol and «-angelica lac­
tone (Fig. 1). Furfuryl alcohol was chosen for 
comparison because it possesses the same molecu­
lar weight as angelica lactone and has a structure 
quite similar to the enol form of «-angelica lactone. 
The maximum of absorption at 2170 A., indicative 
of two double bonds in conjugation, is common to 
both compounds; the cbnsiderably lower absorp­
tion of the lactone would indicate that only a par­
tial enolization occurs.

Pseudo esters of aromatic keto acids have been 
described. Meyer2 prepared pseudo methyl 2 - 
benzoylbenzoate; Lutz3 reported the pseudo esters 
of substituted benzoylacrylic acid and Newman4  

discussed the synthesis of pseudo esters of the 
benzoylbenzoic acid type. I t appears that the 
pseudo esters of levulinic acid described in this 
paper are the first examples of pseudo esters in the 
purely aliphatic series.

In studying the various alcohols it was observed 
that secondary alcohols form pseudo esters quite 
readily. This is also true in the case of reactive 
primary alcohols such as allyl and benzyl alcohols.

On the other hand, normal primary 
alcohols, especially the lower mem­
bers, give only the normal esters of 
levulinic acid unless special precau­
tions are taken. The pseudo ester 
of methanol can be obtained, how­
ever, if ether is used as a solvent and 
the quantity of hydrogen chloride 
is regulated carefully.

The rate of reaction for each alco­
hol is controlled by the amount of catalyst used. 
The reaction is exceedingly violent if a large excess 
of hydrogen chloride is added at the start, and

(2) Meyer, Monatsh, 25, 475 (1904).
(3) Lutz and Winne, T h is  J o u r n a l , 56, 445 (1934); Lutz, i b i d . ,

56, 1378 (1934); Lutz, et al., J . Org. Chem., 4, 95 (1939); 6, 77 and
91 (1941).

(4) Newman and McClearly, T h is  J o u r n a l , 63, 1537 (1941); 
N e w m a n  and Lord, i b i d . ,  66, 731 (1944).

OR

c h 3c -CH,
i

CH.
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the resulting product is largely, if not entirely, the 
normal ester. A pure pseudo ester can be rear­
ranged quantitatively to the normal ester by the 
catalytic action of hydrogen chloride. Thus, hy­
drogen chlpride appears to cataly ze both the addi­
tion of an alcohol to the lactone and the rearrange­
ment of the adduct to a normal ester. By care­
fully adjusting the amount of Iwdrogen chloride, 
it is possible to control the addition reaction with­
out effecting an appreciable rearrangement of the 
pseudo ester to the normal ester.

Pseudo esters of levulinic acid can also be pre­
pared from the alcohols and levulinyl chloride. 
This method of pseudo ester preparation's similar 
to the one employed by Meyer. 2 Levulinyl chlo­
ride has been shown to exist in the form of 7 - 
chlorovalerolactone, 5 which may be regarded as a 
pseudo acid chloride.

The boiling points of the pseudo and normal 
esters (Table I) of any given alcohol are identical 
or differ only slightly. Therefore, it is not pos­
sible to separate a mixture of pseudo and normal 
ester by fractional distillation. However, a means 
for isolating some of the pseudo esters in pure form 
has been developed; it is based on the observation 
that pseudo esters do not react with carbonyl re­
agents whereas the normal esters give crystalline 
semicarbazones or 2,4-dinitrophenylhydrazones, 
which can be separated from the liquid pseudo 
esters. This procedure was successful for the 
preparation of pure pseudo methyl and allyl levu­
linate. The other pseudo esters listed in Table I 
contained small amounts of the normal ester which 
could not be separated by a carbonyl reagent on 
account of the slight solubility of these reagents in 
the reaction mixture.

T a b l e  I

P h y s ic a l  C o n s t a n t s  of N o r m a l  (N )  a n d  P se u d o  (P )  
E s t e r s  of L e v u l in ic  A cid

B. p.
Molecular
refraction

Ob-
°C. Mm. « 20d d™ 4 served Calcd.

M ethyl (N) 89-91 15 1.4225 1.0495 31.52 31.57
M ethyl (P) 90-92 15 1.4390 1.1071 30.90 30.93
Isopropyl (N) 103-105 15 1.4220 0.9842 40.80 40.81
Isopropyl (P)° 103-105 15 1.4300 1.0151 40.22 40.16
Allyl (N) 106-108 10 1.4413 1.0277 40.03 40.34
Allyl (P)
Methyl isobutyl

106-108 10 1.4525 1.0677 39.46 39.70

(P)° 107-108 2 1.4384 0.9828 53.56 54.02
Cyclohexyl (N) 108-110 1 1.4595 1.0308 52.43 52.46
Cyclohexj/l (P)a 112-113 

a Above 9 0 %  pseudo.
1 1.4668 1.0632 51.66 51.82

I t will be noted in Table I that the densities and 
refractive indices of the pseudo esters are higher 
than those of the corresponding normal esters. 
The molecular refractions are accordingly lower. 
The close agreement of the observed values with 
the ones calculated from the Fisenlohr constants6 

furnishes a good evidence for the proposed struc­
tures of the pseudo esters. In the case of the

(5) Helberger, Ann., 522, 269 (1936).
(6) Gilman, "Organic Chemistry,” Vol. II, 1938, p. 1737.

Fig. 1.—Absorption spectra of «-angelica lactone in 
neohexane and of furfuryl alcohol in water. Beckman 
Model D. V. used.

pseudo esters an exaltation of —0.16 was intro­
duced for the lactone ring.

Chemically, the pseudo esters are distinguished 
from the normal esters of levulinic acid by their 
sensitivity to hydrolysis. The pseudo esters are 
saponified by treatment with cold 0 . 1  N  sodium 
hydroxide. Advantage is taken of this reaction to 
determine the percentage of pseudo and normal 
esters in a reaction mixture. Total esters were 
determined by saponification at boiling tempera­
ture and pseudo esters by titration at room tem­
perature. From the difference the percentage of 
normal esters can be determined.

Experimental
P rep aration  of N orm al E ste r s  of L evu lin ic A c id .— The

method described in “ Organic Syntheses’5 (Coll. Vol. I, 
p. 256) was used for the preparation of the esters. The 
esters were fractionated a t reduced pressure, and the 
fractions boiling within a 2° range were collected. The 
foreruns and residues were small, and the esters were 
obtained in high yields.

Zerewitinoff Determination on «-Angelica Lactone: a
sample of 0.2149 g. (0.00219 mole) of «-angelica lactone 
which had been standing a t room temperature for several 
months gave 0.000777 mole of methane, corresponding 
to 28% of enol. A freshly distilled sample of 0.2079 g. 
(0.002122 mole) lactone yielded 0.000465 mole of m eth­
ane; corresponding to 46% of enol.

P rep aration  of P se u d o  E ste r s  of L e v u lin ic  A c id .—  
Pseudo M ethyl Levulinate: (a) From «-angelica lactone 
and methanol.—To a solution of 25 ml. of a-angelica 
lactone in 50 ml. of diethyl ether was added 25 ml. of 
methanol containing 0.1 g. of hydrogen chloride. The 
temperature of the mixture rose until the ether started 
to reflux. The mixture was kept at reflux in a water-bath 
for three hours. The ether and excess methanol were then 
removed under vacuum, and the residue was distilled, 
yielding 29 g. of a distillate, b. p. 88-92° (15 m m.).

D eterm in atio n  of P s e u d o  E ste r  in  th e  D is tilla te .—A 
0.187-g. sample was swirled in 50 ml. of water at 50° 
for a few minutes, then cooled and titrated with 0.1000 N  
sodium hydroxide; the cold titer found was 6.5 ml. of 
the 0.1 A  sodium hydroxide. A saponification equivalent 
taken on the same sample required 14.4 ml. of alkali, thus
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P s e u d o ,
%

e s t e r

Alcohol used
Mg.
H Cl

Yield 
of • 

ester

in
mix­
ture

Sapn. equiv. 
Calcd. Found

Calcd.
for

Analyses, %
Carbon Hydrogen 

Calcd. Found Calcd. Found
Isopropyl 6 90 92 158 156 CsHuOg 60.7 60.7 8.9 8.8
Methylisobutylcarbinol 300 93 96 200 200 C11H2UO3 66.0 85.5 1.0 9.7
Cyclohexyl 38 95 90 198 197 C11H18O3 66.7 66.7 9.1 9.3
Benzyl 25 92 93 206 206 C12H14U3 70.0 69.8 6.8 6.7

indicating the presence of 45% of pseudo ester in the 
mixture.

Separation  of th e P s e u d o  E s te r  from  th e  N orm al E ste r.
—To 28 g. of the ester was added 80 ml. of methanol,
14.4 g. of semicarbazide hydrochloride, and 12.8 g. of 
potassium acetate. After shaking the mixture for 
twenty-four hours, 50 ml. of ether was added, and the 
mixture was filtered. The residue was washed with 
ether, and the ether added to  the filtrate. The ether and 
methanol were evaporated a t reduced pressure, and the 
pseudo methyl levulinate distilled b. p. 90-92° (15 mm.). 
Cold titer gave a neutral equivalent of 129 (calcd. 130). 
A n a l .  Calcd. for CeHioOg: C, 55.4; H , 7.7. Found:
C, 55.0; H , 8.0.

(b) Fro m  L e v u lin y l C h lo rid e an d  M eth a n o l.—To
50 g. of levulinic acid 60 g. of thionyl chloride was added 
dropwise with stirring; the reaction temperature was not 
allowed to exceed 50 °. The mixture was then maintained 
a t 50 ° under reduced pressure in order to remove hydrogen 
chloride, sulfur dioxide and excess thionyl chloride. The 
levulinyl chloride was then added under vigorous stirring 
to a mixture of 125 ml. of methanol and 50 g. of sodium 
carbonate. The addition rate  was carefully controlled 
in order to keep the pH . of the reaction mixture above 6 
and avoid warming of the mixture above 30°. The mix­
ture was stirred for th irty  minutes after all levulinyl 
chloride had been added. Approximately 200 ml. of 
ether was then added, and the mixture was filtered. After 
evaporating the ether and excess methanol in  vacuo,, the 
ester b. p. 90-92° (15 mm.) was obtained in 62% yield; 
it titrated  for 92% of the pseudo ester.

Pseudo Allyl Levulinate: To 25 ml. of «-angelica lactone 
25 ml. of allyl alcohol containing 0.4 g. of hydrogen 
chloride was added. The temperature of the reaction 
mixture rose gradually to 60°. After allowing to stand 
for three hours the mixture was distilled yielding 36.5 
g .  of ester. Cold titer and saponification equivalent in­
dicated the presence of 10% of normal ester in the dis­
tillate. Addition of 70 ml. of allyl alcohol, 5 g. of 2,4- 
dinitrophenylhydrazine and one drop of glacial acetic

acid, shaking the mixture for twelve hours followed by fil­
tration removed the normal ester. On distillation 25 g. of 
pseudo allyl levulinate was obtained b. p. 93° (3 m m .); 
sapn. equiv. calcd. 156, found 153 (cold titer 98% of 
sapn. equiv.). A n a l .  Calcd. for C 8H 12O3 : C, 61.5; H, 
7.7. Found: C, 61.4; H , 7.5.

Pseudo Isopropyl, 4-Methyl-2-pentyl,; Benzyl, and 
Cyclohexyl Levulinate: These esters were prepared from 
25 ml. of «-angelica lactone and 35 ml. of the corresponding 
alcohol. The amount of hydrogen chloride used, yields 
obtained, and analytical data found are given in the 
table.

R earran gem en t of P s e u d o  E ste r s  to N orm al E s te r s .—
The pseudo ester was diluted with the corresponding al­
cohol containing a small amount of a mineral acid. As 
little as 0.3% hydrogen chloride was sufficient. The mix­
ture was heated to boiling until the cold titer became con­
stant and equal to the mineral acid present. The pure 
normal ester was obtained in a quantitative yield.

Summary
1. Alcohols add to «-angelica lactone to form 

pseudo esters of levulinic acid.
2. The pseudo esters of levulinic acid are 

quantitatively converted to the normal esters by 
heating in the presence of a mineral acid.

3. Pseudo esters do not form carbonyl deriva­
tives and may thus be separated from the normal 
esters.

4. Pseudo esters of levulinic acid are readily 
hydrolyzed by cold water.

5 . Several pseudo esters of levulinic acid have 
been prepared, and their properties are tabulated.

R e c e i v e d 7 M a y  13, 1948
(7) Original manuscript received January 15, 1947.

[ C o n t r i b u t i o n  f r o m  S t a m f o r d  R e s e a r c h  L a b o r a t o r i e s ,  A m e r i c a n  C y a n a m i d  C o m p a n y ]

T h e  D i p o l e  M o m e n t s  o f  T h i o u r a c i l  a n d  S o m e  D e r i v a t i v e s

B y  W. C. S c h n e i d e r  a n d  I. F. H a l v e r s t a d t 1

In certain molecules where oxygen or sulfur 
atoms are attached to carbon atoms adjacent to 
heterocyclic ring nitrogens, the amide-iminoalco- 

O OH

hol, —C—NH— +± —C = N — type of tautomerism 
may exist. The relative contributions of these 
tautomeric forms will be affected by changes in 
substituents, solvents, temperature, state, etc.

The thiouracil molecule contains two such 
groups, both of which are usually shown in the 
amide form. Classical structural formulas can 
be assigned to those derivatives in which the labile

(1) Associated with C utter Laboratories, Berkeley, California.

hydrogens of the amide groups have been re­
placed by alkyl, aralkyl, etc., substituents, but 
occasionally these formulas may not adequately 
represent the properties of the compound. In 
some of these cases the assumption of tautomeric 
forms having a separation of charge has proved 
helpful.

The structure of 2-thiouraeil was of interest to 
us because of its marked antithyroid activity. 
Certain dipole moment and infrared absorption 
data on thiouracil and a large number of deriva­
tives are reported in this paper. On this basis a 
tentative classification of the compounds accord­
ing to classical structure is made.
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Experimental
A heterodyne beat apparatus similar to tha t described 

by Hudson and Hobbsla was used to make the electrical 
measurements. A cathode ray oscilloscope was used for 
a detector. The standard capacitor was a General 
Radio type 722-D variable condenser. By using the low 
capacity section of this condenser, it was possible to obtain 
a precision of about =*=0.002 w ï  in the capacity measure­
ments.

The dielectric constant cell was of the design used by 
Sayce and Briscoe as described in Le Fèvre.2 The par­
ticular cell used had a replaceable capacity of approxi­
mately 30 /x/if and a fixed capacity of about 4 w x i.

Densities were determined with a U-shaped pycnometer 
having calibrated capillaries in each arm. The 10-ml. 
pycnometer used allowed a precision of =*=0.00002 in the 
density.

All measurements were a t 35°. This temperature was 
chosen to eliminate the need for cooling the bath during 
the summer months and to take advantage of any in­
creased solubility a t this temperature. An oil-bath 
was used to therm ostat the dielectric constant cell and the 
pycnometer was thermostated in a water-bath. Both 
baths were regulated to ±0.005°.

1,4-Dioxane, used as solvent, was purified by partial 
freezing, discarding the unfrozen liquid. After remelting, 
the partially purified material was dried by refluxing over 
sodium, and any remaining impurities were removed by

T a b l e  I
Compound M. p. (cor.), °C.

2-Thiouracil 245
4-Thiouracil 294-295
2,4-Dithiouracil 280
3-Ethyl-2-thiouracil 165-165.5
5-Ethyl-2-thiouracil“ 190-192
6-Ethyl-2-thiouracil 228-229
5-Cyano-2-thiouracil5 281-282
6-Trifluoromethyl-2-thiouracil& 247-249
2-Methylthio-pyrimidone-4 205.5-203
2-Methylthio-5-ethylpyrimidone-4° 187-189
2-Methylthio-4-thiouracil 192-193
2-Ethylthio-3-methylpyrimidone-4 76.5-77.5
2-Ethylthio-3-ethylpyrimidpne-4 29-30
2-Ethy lthio-4-ethoxypyr imidine B. p. 123-124.5 at

10 mm.
2-Benzylthiopyrimidone-4 193.5-194.5
2-Benzylthio-3-methylpyrimidone-4 119.5-120.0
l-Ethyl-2-thiouracil 241-241.5
l-Methyl-2-ethylthiopyrimidone-4 133.5-134.0
l-Methyl-2-benzylthiopyrimidone-4 146-146.5
1 -Ethy l-2-benzylthiopyrimidone-4 107-108
1,3-Diethyl-2-thiouracil 67-68

“ Furnished by Dr. G. W. Anderson, Chemotherapy 
Division, Stamford Research Laboratories, American 
Cyanamid Company, Stamford, Conn. & Furnished by 
Dr. W. H. Miller, same laboratories.

T a b l e  II
w e d w e d

2--Thiouracil 3-Ethyl-2-thiouracil
.0 (2.1870)“ 1.01685 0 .0 2.2126 1.01488
.0005409 2.1983 1.01713 0.0006835 2.2210 1.01508
.0007236 2.1990 1.01713 .001004 2.2249 1.01514
.0009306 2.2056 .001328 2.2287 1.01520
.001218
.001547

2.2081
2.2131

1.01722
1.01740

.001572 2.2311 1.01528

(la) B. E. Hudson and M. E. Hobbs, Rev. Sci. Inst., 13, 140 (1942). 
(2) R. J. W. Le Fèvre, "Dipole M om ents,” Chemical Publishing 

Co., New York, 1938, p. 32.

4-Thiouracil ö-E thyl-2-thiouracil
0 .0 2.1834 1.01685

0 .0 (2.2050) (1.01658) 0.0004191 2.1910 1.01694
0.9002923 2.2106 1.01667 .0006755 1.01710

.0005090 2.2148 1.01675 .0008580 2.1996 1.01704

.0006591 2.2179 1.01677 .001139 2.2052

.0008120 2.2205 1.10685 .001421 2.2112

2,4-Dithiouracil 6-Ethyl-2-thiouracil
0 .0 (2.1922) (1.01629) 0 .0 2.1884 1.01685
0.0003293 2.1961 1.01646 0.0005190 2.1971 1,01694

.0004332 2.2004 1.01648 .0006041 2.1983

.0008025 2.2033 1.01655 .0008874 2.2033 1.01698

.0008202 2.2076 1.10660 .001172 2.2079 1.01713
.001444 2.2141 1.01718

2-Ethylthio-3-
5-Cyano-2-thiouracil ethylpyrim idone-4

0 .0 2.1806 1.01692 0 .0 (2.1882) 1.01650
0.0002360 2.1855 1.01703 0.0003961 2.1902 1.01655

.0004669 2.1907 1.01717 .0007236 2.1930

.0006617 2.1944 1.01719 .001270 2.1968 1.01666

.0008292 2.1979 1.01724 .001524 2.1987 1.01669

2-Benzylthio-3-
2-M ethyl thio-4-thiouracil m ethylpyrimidone-4

0 .0 2.1940 1.01658 0 .0 2.2122 (1.01499)
0.0004878 2.1987 1.01677 0.0006900 2.2146 1.01504

.0007971 2.2041 1.01696 .001359 1.01518

.001006 2.2073 1.01697 .001907 2.2194 1.01522

.001695 2.2166 1.01716 .002539 2.2239 1.10538

2-Ethylthio-2- 2-M ethylthio-5-
methylpyrimidone-4 ethylpyrimidone-4

0.0 2.1896 (1.01633) 0 .0 2.1876 (1.01670)
0.0006813 2.1952 1.01644 0.0004846 2.1905 1.01679

.0008772 2.1962 1.01646 .001045 2.1948 1.01687

.001095 2.1982 1.01650 .001296 2.1966 1.01694

.001746 2.2057 1.01656 .001829 2.1992 1.01706

2-Ethylthio-4-ethoxypyrimidine l-E thyl-2-thiouracil
0 .0 (2.1904) 1.06159 0.0 (2.1790) (1.01685)
0.0006445 2.1934 1.01666 0.0009439 2.1959 1.01702

.001067 2.1953 1.01669 .001862 2.2112 1.01743

.001382 2.1964 1.01671 .003026 2.2313 1.01758

.001812 2.1992 1.01680 .004178 2.2487 1.01795

l-Methyl-2*
2 - B enzyl thio- pyr imidone-4 ethylthiopyrim idone-4

0.0 (2.2092) 1.01531 0 .0 (2.1950) (1.01632)
0.0006730 2.2125 1.01552 0.0001992 2.2006 1.01637

.0009503 2.2132 1.01554 .0002760 2,2032 1.01642

.001408 2.2160 1.01566 .0003762 2.2059 1.01644

.002030 2.2186 1.10582 .0005387 2.2106 1.01649

l-E thy l-2 - 1-M ethyl-2-
benzylthiopy rimidone-4 benzylthiopyrimidone-4

0 .0 2.2053 1.01531 0 .0 (2.2065) (1.01531)
0.0007093 2.2225 1.01552 0.0003383 2.2153 1.01542

.001518 2.2414 1.01573 .0006090 2.2229 1.01542

.001859 2.2486 .001029 2.322 1.01557

.002316 2.2586 .001341 2.399 1.01566

2-M ethylthiopyrimidone-4 1,3-Diethyl-2-thiouracil
0 .0 2.1978 (1.01582) 0 .0 2.2033 (1.01603)
0.0003144 2.2013 1.01588 0.0005871 2.2101 1.01612

.0006082 2.2032 1.01599 .0007859 2.2129 1.01618

.0007098 2.2048 1.01601 .001098 2.2161 1.01615

.0008789 2.2056 1.01604 .002194 2.2290 1.01640

6-Trifluoromethyl-2-thiouracil
0 .0 2.1987 (1.01582)
0.0002193 1.01591

.0003519 2.1995 1.01596

.0005568 2.2004 1.01604

.0008236 2.2013 1.01610
“ Values in parentheses obtained by extrapolation.
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Table I II

a 0 °°j>T
Mol.
wt. 00/>T P  D P o n X ion

2-Thiouracil 16.94 0 .4240 3.013 128 385.7 30.7 355.0 4.21
4-Thiouracil 19.04 .3202 3.379 128 432.5 33.0 399.5 4.47
2,4-Dithiouracil 18.78 .4145 3.319 144 478.0 40.7 437.3 4.67
1 -Ethyi-2-thiouracil 17.28 .2610 3.128 156 487.7 28.6 459.1 4.73
3-Ethyl-2-thiouracil 10.18 .2481 1.910 156 297.9 39.5 257.4 3.58
1.3 - Di et h y 1 -2-thioura cil 11.71 .1686 2.193 184 403.5 50 1 353.4 4.20
5-Ethyl-2-thiouracil 19.50 .2200 3.506 156 546.9 39.9 507.0 5.03
5-Cyano-2-thiouracil 20.98 .3929 3.71? 153 568.0 36.0 532.0 5.15
6-Ethyl-2-thiouracil 16.64 .2264 3.016 156 470.6 39.9 430.7 4.64
6-Trifluoromethyl-2-thiouracil 3.157 .3764 0.7058 196 138.3 35.4 102.9 2.27
2-Methylthiopyrimidone-4 9.216 .2536 1.755 142 249.2 35.6 213.6 3.26
2 -Methy lthio-4-thiouracil 13.25 .3887 2.396 158 379.0 43.9 326.1 4.04
2-Methylthio-5-ethylpyrimidone-4 6.667 .1917 1.348 170 229.1 44.9 184.2 3.03
2 -E t hy lthio-3 -methylpy rimidone -4 9.221 .1317 1.794 170 305.0 44.8 260.2 3.60
2-Ethy lthio-3-ethylpyrimidone-4 6.908 .1378 1.404 184 259.1 46.8 213.3 3.26
2-Ethylthio-4-ethoxypyrimidine 4.636 .1048 1.030 184 189.5 50.4 139.1 2.64
2-Benzylthiopyrimidone-4 4.680 .2808 0.9852 218 214.8 54.8 160.0 2.83
2-Benzylthio-3-methylpyrimidone-4 4.218 .1858 0.9344 232 216.8 59.4 157.4 2.80
l-Methyl-2-ethylthiopyrimidone-4 29.33 .3156 5.114 170 869.4 44.8 824.6 6.42
l-Methyl-2-benzylthiopyrimidone-4 24.91 . 2535 4.371 232 1014 59.4 954.7 6.90
l-Ethyl-2-benzylthiopyrimidone-4 23.29 .2833 4.095 246 1007 64.0 943.4 6.86

fractionation using an efficient distilling column. The 
best material obtained had the following physical proper­
ties: b. p. (uncor.) 100.5-100.7°, 1.4150, d35 1.01690 / S~ - c % ~

/O R '

>C H S=

/O R '
/ N = C \=C< >CH

and €35 2.1776.
The compounds investigated and their melting points

K U \ - >N—C
r /

are listed in Table I . The experimental results are listed 
in Table II where w  is weight fraction, e is dielectric con­
stan t and d  is density. Dipole moments were calculated 
by a modified Hedestrand method similar to that intro­
duced by Halverstadt and Kumler,3 differing in that den­
sities were used rather than specific volumes. Atomic 
polarization was neglected, and the molecular refractions 
were calculated from the atomic refractions given in the 
Landolt-Börnstein “ Tabellen.”  The values obtained 
from these calculations are listed in Table III  where « 
and ft refer, respectively, to the slopes of the dielectric 
constant and density curves as a function of concentration, 
oo p T is the specific polarization a t infinite dilution and 
copT is the total molar polarization a t infinite dilution. 
P d and Po represent the distortion and orientation polar­
izations, respectively, and n is the dipole moment.

Discussion
Five possible classical structures may be postu­

lated from a consideration of the various tauto­
meric positions of the two acidic hydrogen atoms 
in 2 -thiouracil. These structures may be repre­
sented as

R '

S—C2\

„ 0
>N~

3
-c<

R'^

r /

1 6
■N—CS '

sC—H

>N—C<
'S—C , x/CH

r /  ^ N —CX
H 

II

VH

R '

R \  . „ 0
. N - e /

S— C f  >CH
X N— c f  

XH 
III

(3) I. F. Halverstadt and W. D. Kumler, T his Journal, 64, 2988
(1942).

IV
where R and R ' may be hydrogen, methyl, ethyl 
or benzyl. Examples of all but Type V were 
found among the derivatives investigated.

Due to the complexity of the molecules, it was 
not feasible to assign structures by comparing the 
observed moments with theoretical, calculated 
moments. Instead the following procedure was 
used. Those thiouracils in which the two labile 
hydrogens were replaced h y  alkyl groups offered 
convenient starting points, inasmuch as at least 
their classical formulas were known. Structures 
were then assigned to the other compounds by a 
comparison of dipole moments, assuming that 
similar moments indicate similar structures. To 
illustrate the method, the dipole moment of 2 - 
thiouracil is identical with that of l,3-diethyl-2- 
thiouracil; accordingly, 2-thiouracil has a Type I 
structure. Following this procedure, the other 
derivatives were classified according to type and 
are listed in Table IV together with their moments. 
The classification of 3-ethyl-2-thiouraeil is least 
certain since from dipole evidence alone it could 
have either a Type I or a Type II structure.

However, ultraviolet absorption measurements4  

indicate that the above assignment to a Type I 
structure is correct.

From a consideration of Austin's5 work on the 
ultraviolet absorption spectra of uracils one 
would postulate a Type II structure for 2-thioura-

(4) Presented a t the A tlantic City Meeting, A. C. S., April, 1947, by 
Dr. P. H. Bell, Stamford Research Laboratories, American Cyanamid 
Company, Stamford, Conn.

(5) J. E. Austin, T h is  J ournal , 56, 2143 (1934).
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T able IV
Compound u X lOi*

Type I
1,3-Diethyl-2-thiouracil 4.20
2-Thiouracil 4.20
4-Thiouracil 4.47
2,4-Dithiouracil 4.67
5-Ethyl-2-thiouracil 5.03
5- Cy ano-2-thiouracil 5.15
6-Ethyl-2-thiouraeil 4.64
6-Trifluoromethyl-2-thiouracil 2.27
3-Ethyl-2-thiouracil 3.58
1 -E thyl-2-thiouracil 4.73

Type II
2-Ethylthio-3-ethylpyrimidone-4 3.26
2-Methylthio-pyrimidone-4 . 3.26
2-Ethylthio-3-methylpyrimidone-4 3.60
2-Methylthio-4-thiouracil 4.03
2-Methylthio-5-ethylpyrimidone-4 3.03
2-Benzylthiopyrimidone-4 2.83
2-Benzylthio-3-methylpyrimidone-4 2.80

Type I I I
l-Methyl-2-ethylthiopyrimidone-4 6.42
l-Methyl-2-benzylthiopyrimidone-4 6.90
l-Ethyl-2-benzylthiopyrimidone-4 6.86

Ty pe IV
2-Ethylthio-4-ethoxypyrimidone 2.64

cil. Unfortunately, it was not possible to deter­
mine the dipole moment of uracil because the 
compound proved to be too insoluble in dioxane. 
However, there is no a p r io r i reason why uracil and
2 -thiouracil should have identical structures.

The above structure assignments are not conso­
nant with some recent ultraviolet studies of Elion, 
Ide and Hitchings. 6 These workers concluded 
that uracil, thymine, 2-thiouracil, 4-thiouracil and
2,4-dithiouracil have a Type IV structure.

This conclusion was qualified by the statement 
that more work on substituted thiouracils was nec­
essary to clarify the situation completely. How­
ever, it must be noted that although the present 
work was carried out in dioxane solution whereas 
the above workers employed aqueous solutions, 
the discrepancy between structure assignments 
cannot be simply attributed to a solvent effect, 
because ultraviolet studies in these laboratories, 4  

using both dioxane solutions and aqueous solu­
tions at various />H’s, have indicated that in aque­
ous solution at the proper p H  to assure the molec­
ular form of the compound, the structures in di­
oxane and water are identical.

While most of the thiouracil derivatives are too 
complex for a detailed analysis of their electric 
moments, it is possible to attain fair agreement 
between observed and calculated moments for sev­
eral of the Type I derivatives if certain assump­
tions are made concerning the carbon—oxygen and 
carbon-nitrogen link moments.

(6) G. Elion, W. Ide and G. Hitchings, T his Journal. 68, 2137-
2140 (1946).

The Carbon-Oxygen Moment.—The high 
moment of 2-thiouracil, 4.2D , would seem to in­
dicate tha t the bond moment of the carbon- 
oxygen linkage is increased over its normal value 
of 2 .5 D . In all probability resonance structures 
of the types

S =C < /C —H
XN—

I H 
H

H \ +  / O -

S=C < >C—H and
>N—O ?

H / • XH

H\  / ° ->N—C<
S = C f  + >C H  

I H
H

with negatively charged oxygen are the direct 
cause of the observed high moment. Alkyl groups 
in the five and six positions seem to enhance the 
contributions from the ionic structures as can be 
seen from Table V. This behavior is reasonable 
when one considers that carbon is more negative 
than hydrogen and thus facilitates the transfer of 
negative charge to the oxygen. Although it is 
not possible to calculate the contributions of the 
various resonance structures to the total moment, 
one can estimate a value for the carbon—oxygen 
moment and then check the accuracy of this esti­
mate by comparing the observed moments of a 
series of derivatives with calculated moments ob­
tained using the assumed moment. In the present 
case a moment of 4.QD  was assumed for the car­
bon-oxygen linkage.

This value is not unreasonable in view of the 
fact that Kumler and Fohlen7 have observed a 
moment of 3.96D  for isophorone where resonance 
structures of the type

CH

CH

CHo—C<

CH2—C i

o -

C H

CH3
which are similar to those proposed for 2 -thioura­
cil, are assumed to account for the observed high 
moment. This high moment would indicate a 
carbon-oxygen moment of 3.6Z> in isophorone.

T a b l e  V
Compound X 1013

2-Thiouracil 4.21
6-Ethyl-2-thiouracil 4.64
5-Ethyl-2-thiouracil 5 .03

Afi X 1013

+0.43 .
+ 0 .8 2 '

The Carbon-Nitrogen Moment.—Although! 
the classical structures for heterocyclic ring sys­
tems involving nitrogen are written with both 
single and double bonds between the nitrogen 
atom and adjacent carbon atoms, the situation 
is perhaps better represented by assuming some 
type of hybrid bond between the ring nitrogen and

(7) W. D. Kum ler and G. M. Fohlen, ibid., 67, 437-441. 
(1945).



2630 W. C. Schneider and I. F. H alverstadt Vol. 70

all attached atoms. The ring nitrogen will have a 
definite electronegativity, and the link moment 
between this nitrogen and attached atoms will de­
pend upon the electronegativity difference. Meas­
urements on simple heterocyclic compounds8 indi­
cate a moment of 1.9D for the carbon—nitrogen 
linkage. Further evidence supporting this value 
can be obtained by considering 2 -thiouracil and 
its 1,3-diethyl derivative. These compounds 
have identical moments; accordingly, the carbon- 
nitrogen moment would seem to approximate the 
hydrogen-nitrogen moment which is about 1.3D , 

If, as indicated above, a value of 4.0D  is as­
signed to the carbon—oxygen linkage, a value of 
1 .9 D  to the carbon—nitrogen linkage and a plane 
hexagonal ring assumed, one obtains the calculated 
values listed in Table VI, together with observed 
values. The various bond moments used in these 
calculations are listed in Table VII. The agree­
ment obtained is excellent and in view of the 
number of derivatives considered would seem to 
be more than simply fortuitous. Although the na­
ture of the assumptions used in the above calcu­
lation precludes using the results in Table VI to 
confirm the structural assignments made earlier 
(Table IV), the agreement obtained is certainly 
good enough to indicate that the assumptions 
themselves are reasonably correct.

T a b l e  V I

Compound «calcd.
X low

«obs.X low
2-Thiouracil .4 .1 4.21
1,3-Diethyl-2-thiouracil 4 .0 4.20
1-Ethyl-2-thiouracil 4 .6 4.73
3-Ethyl-2-thiouracil 3 .6 3.58
5-Cyano-2-thiouracil 5 .2 5.15
6-Trifluoromethyl-2-thiouracil 2 .3 2.27

T a b l e  V II
Mc=s 2 • 5D Mc~—C=N 4.0
Mh — n 1 • 3D mc- 
Mh—c 6 .4 D

—F 1.4

When the positions of the oxygen and sulfur 
atoms in 2-thiouracil are interchanged to give 4- 
thiouracil, the moment changes from 4.21 D  to 
4 A 7 D . This increase is probably a consequence 
of the larger size of the sulfur atom, since an addi­
tional increase in the electric moment results when 
the other oxygen is replaced by sulfur to give 2,4- 
dithiouracil with a moment of 4.67D , the average 
increase per sulfur atom being about 0.25J9. 
However, these differences are relatively small and 
may result from solvent effects, atomic polariza­
tion, which was neglected in the moment calcula­
tions, or errors in the molecular refractions which 
were calculated from atomic refractions and not 
measured directly .

Measurements on several Type III compounds 
yielded rather unexpected results ; an exceedingly 
large moment of 6.4-6.92) was obtained. Varying

(8) William C. Schneider, T his Journal, 70, 627-630 (1948).

the substituent groups by measuring 1 -methyl-2 - 
benzylthiopy rimidone-4, 1 -ethy 1-2-benzylthiopy- 
rimidone-4 and l-methyl-2-ethylthiopyrimidone-4 
resulted in no significant change in the order of the 
moment. Accordingly, this increased moment is 
attributed to the presence of forms having a sepa­
ration of charge, which in the case of 2 -ethylthio-1 - 
methylpyrimidone-4 may be represented by

/ N = c < ;  +
C2H5—S—C 4 >CH and C2H5—S=C<

|+ H 
CH3

,N=C <

"N—
I H 

c h 3

/O -

CH

A structure analogous to the first form probably 
exists in 4-oxopyridine according to Leis and Cur­
ran , 9 who report a moment of 6 . 0  in dioxane solu­
tion.

The latter form provides a convenient correla­
tion with the enhanced lability of the 2 -alkyl 
group, which can be much more readily split from 
the sulfur atom by dry hydrogen chloride than it 
can in those isomers in which the N-alkyl group is 
in the 3-position. For the 3-isomer the analogous 
form having the positive charged sulfur

CH3v xO-

C2H 5—S=C< X>CH

H
would involve a shift of the relatively fixed10 5,6 
double bond and therefore might be expected to 
be less likely.

As a matter of general interest the vibration 
frequency of the carbonyl group in the compounds 
investigated was determined from infrared ab­
sorption spectra . 1 1 Since a carbonyl frequency 
was obtained for every compound where it might

T a b l e  V III
Compound « cm ."1

2- Thiouracil (6)a 1700
1,3-Diethy 1-2-thiouracil (14) 1690
1- Ethyl-2-thiouracil (8) 1670
3- Ethyl-2-thiouracil (4) 1670
5-Ethyl-2-thiouracil (10) 1650
5- Cyano-2-thiouracil (9) 1675
6- Ethyl-2-thiouracil (7) 1671
6“Trifluoromethyl-2-thiouracil (15) 1692
2- Methylthiopyrimidone-4 (3) 1649
2-Benzylthiopyrimidone-4 (2) 1664
2-Ethylthio-3-methylpyrimidone-4 (5) 1700
2-Benzylthio-3-methylpyrimidone-4 (1) 1668
l-Methyl-2-ethylthiopyrimidone-4 (11) 1637
l-Methyl-2-benzylthiopyrimidone-4 (13) 1638
l-Ethyl-2-benzylthiopyrimidone-4 (12) 1640
° Numbers refer to points on plots given in Figs. 1 and

2.
(9) D. G. Leis and B. C. Curran, ibid,, 67, 79 (1945).
(10) In  the catalytic hydrogenation of uracil, the first product is 

5,6-dihydrouracil, indicating th a t the double bond acts like an 
isolated double bond rather than  a benzenoid bond.

(11) M easurements carried out by R. C. Gore, Stamford Research 
Labs., American Cyanamid Company, Stamford, Conn.
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be expected, it is reasonably certain that no com­
pound has a Type V structure. The experimental 
values of the vibration frequencies are listed in 
Table VIII. A relatively large number of these 
are considerably lower than the normal vibration 
frequency, 1710-1720 cm ."1, of an isolated car­
bonyl group. Since the lowering of the carbonyl 
frequency can result from conjugation or electrical 
charging effects, the observed lowering can be 
considered as a measure of the relative contribu­
tion of ionic resonance structures. In the com­
pounds studied these ionic forms tend to increase 
the dipole moment; accordingly, there should be 
an increase in dipole moment with decreasing car­
bonyl frequency.

Fig. 1.—Relation between carbonyl vibration frequency 
and dipole moment for several thiouracil derivatives.

In Fig. 1 the vibration frequencies listed in 
Table VIII are plotted as a function of the dipole 
moment. As predicted, there is an increase in 
dipole moment with decreasing carbonyl fre­
quency, and with the Type III compounds the 
lowest observed carbonyl frequency 1640 cm . " 1 is 
associated with the highest dipole moment, 6.9D . 
In the above plot the points are rather widely 
scattered and appear to be divided into two dis­
tinct groups, A and B. This results from neglect­
ing the effects of different types of structures and 
substituent groups upon the dipole moment. 
These effects can be greatly reduced by considering 
a series of compounds having identical structures 
and similar substituent groups. 2-Thiouracil (6 ) 
and its 1,3-diethyl (14), 1-ethyl (8 ), 5-ethyl (10) 
and 6 -ethyl (7) derivatives form such a series, 
which is plotted in Fig. 2. This plot clearly shows 
the nature of the relation between carbonyl fre­
quency and dipole moment.

Acknowledgment.—The authors wish to ex­
press their indebtedness to Dr. P. H. Bell of the 
Chemotherapy Division, Stamford Research 
Laboratories, American Cyanamid Company,

Fig. 2.—Relation between carbonyl vibration frequency 
and dipole moment for a series of thiouracil derivatives 
having similar structures.

Stamford, Connecticut, for much helpful dis­
cussion and criticism and to the American Cyana­
mid Company for permission to publish these 
results.

Summary
It must be emphasized that the following con­

clusions apply only to the form of the compound 
existing in dioxane solution. In aqueous solution 
the particular form present is a function of the p H t 
therefore, it is not permissible to make conclusive 
statements about the behavior of the compounds 
in water.

(1) The dipole moments in dioxane solution at 
35° have been determined for 4-thiouracil, 2,4- 
dithiouracil, 2-methylthio-4-thiouracil and 2-thio­
uracil and seventeen derivatives.

(2) Thiouracil in dioxane solution is best rep­
resented by the formula

H

S=C<

H>

>N;--C

>N—C

/ °
^ C H

(3) Compounds of the type

R ;
'S - -c*

^ n —o

—O'
>CH

I H 
R

have the abnormally high dipole moments of 6 .4 — 
6.9 D .

(4) The carbonyl group in 2-thiouracil seems to» 
be activated in the same manner as in isophorone 
due to conjugation with a double bond.

(5) Alkyl groups substituted in the five or six 
position slightly increase this activation.

R e c e iv e d  A p r il  5, 1948
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T h e  P h e n y l - C a r b o n - P h e n y l  A n g le  i n  1 , 1 - D i p h e n y l c y c l o p r o p a n e 1 2 3 4 5

B y  M . G oldsm ith  an d  G . W . W h e la n d

Several recent theoretical2 - 4  and experi­
mental5 - 7  papers have dealt with the exterior val­
ence angle in cyclopropane. In the experiments 
which are reported in this present paper the value 
of the angle in question is determined from the di­
pole moments of 1 , 1 -bis-(2 >-chlorophenyl)-cyclo­
propane, 1 ,1 -diphenylcyclopropane and chloro­
benzene; the method here employed is, of course, 
the same as the one which has been previously 
used for the measurement of the corresponding 
angles in diphenylmethane8 9  and 1 ,1 -diphenyl­
ethylene . 10 Evidence regarding the direction of 
the cyclopropyl-phenyl bond moment, discussed 
by Rogers, 11 has also been obtained.

Experimental
Materials

Benzene.—Eastman Kodak Co. White Label thiophene- 
free benzene was stored over, and distilled from, sodium 
hydride. The center cut (b. p. 80.0-80.1° at 760 mm., 
n 20d 1.501) was redistilled from sodium hydride immedi­
ately before use.

p - X y lene.—Eastman White Label ^-xylene was purified 
in a manner identical with th a t described for benzene; 
b. p. 137.9-138.0° (751 m m .), w20d 1.496.

Tetrachloroethylene.—Eastman White Label te tra­
chloroethylene was dried over anhydrous calcium sulfate 
and fractionated; b. p. 120.8-121.0° (756 mm.), m23-7 8 9d
l .  503.

Benzophenone.—-Eastman White Label benzophenone 
was recrystallized from ethanol and from petroleum ether;
m. p. 48.0-48.5°.

1,1-Diphenylcyclopropane.—This compound was pre­
pared from 1,1-diphenylethylene and diazomethane by 
the method of Wieland and Probst.12 The crude cyclo­
propane was freed of unreacted olefin by titration with 
bromine in carbon tetrachloride a t 0° and by subsequent 
fractionation; b. p. 117.0—117.5° (2 m m .), n wD 1.590.

A n a l .  Calcd. for CJ5H 14: C, 92.73; H , 7.27; mol- 
w t., 194. Found: C, 92.9; H, 7.3; mol. wt. (f. p.
benzene), 193.

1,1 -bis-(p -Chlorophenyl) -cyclopropane.—This com­
pound was prepared by the reaction of l,l-bis-(£-chloro- 
phenyl)-ethylene with diazomethane. The conditions 
for this reaction are identical with those for the preparation 
of 1,1-diphenylcyclopropane. The compound separates 
from methanol in white needles, m. p. 105.5-106°, and 
reacts a t room temperature neither with bromine in carbon 
tetrachloride nor with neutral 0.2 N  potassium perman­
ganate.

(1) An abstract of the thesis subm itted by M ark Goldsmith in 
partial fulfilment of the requirements for the degree of Doctor of 
Philosophy.

(2) Coulson and Mofitt, J . Chem. Phys., 15, 151 (1947).
(3) Duffey, ibid., 14, 342 (1946).
(4) Kilpatrick and Spitzer, ibid., 14, 463 (1946).
(5) Spinrad, T h is  J o u r n a l , 68, 617 (1946).
(6) O’Gorman and Schomaker, ibid., 68, 1138 (1946).
(7) Hassel and Viervoll, Acta Chem. Scand., 1, 149 (1947).
(8) Bergmann, Engel and Wolff, Z. physik. Chem., B17, 81 (1932).
(9) Hampson, Farm er and Sutton, Proc. Roy. Soc. (London), 

A 14S, 147 (1934).
(10) Coates and Sutton, J . C hem . Soc., 567 (1942).
(11) Rogers, T h is  J o u r n a l , 69, 2544 (1947).
(12) Wieland and Probst, Ann., 530, 274 (1937).

A n a l .  Calcd. for CJ5H 12C12: C, 68.45; H, 4.60; Cl, 
26.95; mol. w t., 263. Found: C, 68.5; H, 4.5; Cl, 
27.0; mol. wt. (f. p. benzene), 260.

l,l-bis-(£-Chlorophenyl)-cyclopropane has not been 
reported previously in the literature. A sample of this 
compound previously prepared by Mr. Joseph R. Sch­
wartz of this Laboratory proved to be identical with our 
preparation.

A pparatus

D ie le ctric  C o n sta n ts.—The circuit diagram of our 
heterodyne beat apparatus is given in Fig. 1. “ Locking 
in” of the oscillators is rendered negligible a t 100 K. C. 
by the use of very light coupling. Any error due to fre­
quency drift may be eliminated by measurement of the 
zero beat capacitance of the variable frequency oscillator 
both with and without the test condenser in the circuit. 
The test cell, which had a volume of 10 cc. and a capacit­
ance of 80 mm L, wras constructed according to  Fairbr other's 
design13 and was calibrated, a t each temperature a t which 
dielectric constants were measured, in the manner de­
scribed13 by him.

T em p era tu re s.— The temperatures at which measure­
ments were made were maintained, with a maximum varia­
tion of 0.03°, in an oil thermostat.

D e n s itie s .—The densities of the solutions were measured 
with a modified Ostwald Sprengel pycnometer which was 
calibrated a t the temperatures below 80° with distilled 
water. The volume of the pycnometer a t 98.6°, and at 
122.0°, was obtained by extrapolation.

R e fra ctiv e  In d ice s .—Measurements were made with a 
refractometer of the Abbé type.

Experimental Results
Optical Determinations.—Values of the mole 

fractions / 2 of the solutes, the dielectric constants 
e of the solutions, the densities d  of the solutions, 
and the total molar polarizations P i and P 2, of the 
solvents and solutes, respectively, are given in 
Table I for some typical measurements. Table 
II contains the values of P ? , the total molar 
polarizations of the solutes at infinite dilution, 
obtained by graphical extrapolation; the values 
of the molecular refractions for the sodium d 
lines M R d  of the solutes; and the values of the di­
pole moments m calculated from the formula

M = 0.0128 V [ P 2® -  1 .0 5 ( M R d ) ] T  D
Temperature Variation Determinations.—

Table III contains values of P 2 measured at a 
series of absolute temperatures T  in tetrachloro­
ethylene and in ^-xylene. Equations of the form

P T  = A +  B / T

were obtained by the method of least squares. 
The respective values of A  and B  are given in 
Table IV.

Discussion of Results
The dipole moment of benzophenone was meas­

ured as a test of our experimental technique. 
Our optical value 2.97 D  agrees well with the value

(13) Fairbrother, Proc. R o y .  Soc .  (L o n d o n ) ,  A142, 173 (1933).
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F ig. 1.-— H eterodyne b eat ap paratu s.

T a b l e  I

D ie l e c t r ic  C o n s t a n t s , D e n s it i e s  a n d  P o l a r iz a t io n s

h € d P2

O 0 in B enzen e (2 3.7°)

0 2 .2 7 5 0 .8 74 2  (P 2 = 26 .6 5)

0.03302 2 .4 8 7 .9010 158

.02224 2 .4 2 1 .8926 160

.01878 2 .3 9 6 .8897 158

.0 14 51 2 .3 7 1 .8863 161

.009852 2 .3 4 2 .8827 . 162

C 15H 14 in ^ -X y le n e  (2 3.7°)

0 2 .2 6 3 0 .8 5 7 5  (Pi = 36.68)

0.02929 2 .2 8 1 .8655 67

.02428 2 .2 8 0 .8642 70

.0 15 5 1 2 .2 7 3 .8 618 68

.01239 2 .2 7 1 .8610 69

.0 12 27 2 .2 7 0 .8609 67

B enzophenone in ^ -X y le n e  (30.6°)

0 2 .2 5 0 0 .8 5 1 7  (P 2 =  3 6 .6 7)

0.02763 2 .4 9 9 .8 612 225

.0 14 12 2 .3 7 8 . 8566 230

.009251 2 .3 3 4 .8548 233

2.98 D  which is the average of twelve optical- 
solution values reported1 4 in the literature.

The temperature variation values of the dipole 
moment of 1 , 1  -bis- (^-chlorophenyl) -cyclopropane 
are in poor agreement with the values (Table II) 
obtained by the optical method. Presumably, 
these discrepancies are due, at least in part, to a 
variation of the solvent effect with temperature . 1 5

(14) T r a n s .  F a r a d a y  S o c . ,  30, Appendix (1934).
(15) Glasstone, A n n .  R e p o r t s  C h e m .  S o c . ,  33, 117 (1936).

T a b l e  I I

O p t ic a l  D e t e r m in a t io n s  o f  D ip o l e  M o m e n t s

Compound p  co M R d * T ,  °K. Solvent

Ci5H12C l2 163 73 2 9 6 .8 2 .0 5 B enzen e

C i5H 12C12 158 73 2 9 6 .8 1 .9 9 T etra ch lo r

eth yle n e

C 15H 12C 12 158 73 3 0 3 .7 2 .0 1 p-~X. ylen e

C jsH h 69 63 2 9 6 .8 0 . 2 - 0 .5 /)-X ylen e

B enzophenone 2 3 7 57* 3 0 3 .7 2 .9 7 p -X y le n e

° T h e se  va lu es of th e m olecular refraction w ere m easured  
in th e  so lven ts sta te d , w ith  f 2, th e  m ole fractio n  of th e  
solute, in th e  ran ge 0 .0 1-0 .0 2 . b A uw ers an d  E isenlo h r, 
J .  p r a k t .  Chem.,  84, 3 7  ( 1 9 1 1 ) .

T a b l e  I I I

V a r ia t io n  o f  P o l a r iz a t io n  w it h  T e m p e r a t u r e

C15H 12CI2 C16H12CI2 Benzophenone
in ^-xylene in C2CI4 in ^-xylene

r  v  1 0 3  p 00 i / T  v  im  P-°° 1 / T v *  m s  p °1 / T  X 103 P f l / T  X 103 PT 1 / T  X 103 p<r
3 .2 9 3 158 3 .3 6 9 158 3 .2 9 3 237

2 .9 9 5 149 3 .1 8 2 154 2 .9 9 5 220

2 .8 3 9 147 2 .9 9 5 149 2 .8 3 9 209

2 .6 9 0 146 2 .8 3 9 145 2 .6 9 0 204

2 .5 3 1 145 2 .6 9 0 145 2 .5 3 1 197

T a b l e  I V

T e m p e r a t u r e  V a r ia t io n  D e t e r m in a t io n s  o f  D ip o l e

M o m e n t s

Compound Solvent A
B  X 
IO"*

Temp, 
range, °C.

C15H12CI2 C2CI4 8 3 . 6 2 .1 8 1 .8 9 2 3 . 7 -  9 8 .6

C 1cH 12C12 ^ -X y le n e 1 0 2 1 .6 8 1 .6 6 3 0 .6 -1 2 2 .0

B enzop h e­

none ^ -X y le n e . 5 2 . 6 5 .5 8 3 .0 2 3 0 .6 -1 2 2 .0
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The possibility that the discrepancies are pri­
marily due instead to unexpectedly large atom 
polarizations seems unlikely for two reasons. 
First, with compounds, such as ^-benzoquinone, 
which do have large atom polarizations, the sum 
A  of the electronic and atom polarizations is essen­
tially independent of solvent16; with l,l-bis-(£- 
chiorophenyl)-cyclopropane, on the other hand, 
A  is 18.4 cc. per mole greater in p -x ylene than it is 
in tetrachloroethylene (Table IV). Second, the 
atom polarizations of several closely analogous 
compounds, such as ^-bromophenyl ether, are evi­
dently small since, with these substances, the 
sums of the atom plus orientation polarizations 
have been found to be of the order of only 1 0  cc. 
per mole. 1 7 For these reasons, the optical values 
will be accepted in preference to the temperature 
variation ones, and the dipole moment of 1 ,1 -bis- 
(^-chlorophenyl) -cyclopropane will be taken as 
2.02 ±  0.03 D .

The phenyl-carbon-phenyl angle, 0, may be 
calculated in the manner previously described9 by 
Sutton and his co-workers. If it is assumed that 
the optical-solution value of the dipole moment 
of chlorobenzene1 4  is 1.57 D , and that the cyclo- 
propylidene-phenyl and phenyl-chlorine bond 
moments are in the same direction, the angle 0 is 
found to be equal to 116 =*= 10°. If it is instead 
assumed that these bond moments are in opposite

(16) Cf. Finn, Hampson and Sutton, J . Chem. Soc., 1254 (1938); 
Hammick, Hampson and Jenkins, ibid., 1263 (1938); Coop and Sut­
ton, ibid., 1269 (1938).

(17) Coop and Sutton, J . Chem. Soc., 1869 (1938).

directions, the angle is found to be 81 =*= 10°. A 
value of 0  which is almost 30° less than the normal 
tetrahedral angle is improbable. I t is therefore 
considered that 0  is equal to 116 ^  1 0 °; this con­
clusion supports the value, 112 =*= 4°, assigned by 
electron diffraction to the Cl-O-Cl angle8 in 1 , 1 - 
dichlorocyclopropane. (The limits of error cited 
above are based merely on the internal consistency 
of the optical measurements reported in this pa­
per. The true limits of error, as in all analogous 
measurements of bond angles, must be somewhat 
greater when allowance is made for the uncertainty 
in the value of the atom polarization and in the 
moment of chlorobenzene, and for the possibility 
of variations in bond angles, in bond moments, 
and in the solvent effect.)

Acknowledgments.—The authors are indebted 
to Messrs. P. R. Bell, J r . , 18 and P. Shevick19 for 
the design and construction of the heterodyne beat 
apparatus, and to Mr. W. Saschek and Mr. D. E. 
Mann of this Laboratory for their aid and sug­
gestions.

Summary
The dipole moments of 1,1 -bis- (^-chlorophenyl) - 

cyclopropane and 1 ,1 -diphenylcyclopropane have 
been measured.

The phenyl-carbon-phenyl angle in 1 ,1 -di­
phenylcyclopropane has been estimated as 116 
=* 10°.

(18) Present address.: Clinton Laboratories, Oak Ridge, Tenn.
(19) Nuclear Physics Institu te , University of Chicago.
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Q u a d r i d e n t a t e  A m i n e s .  I .  S o m e  C o o r d i n a t i o n  C o m p o u n d s  o f  C o b a l t ( I I I )  a n d
T r i e t h y l e n e t e t r  a m i n e 1

B y  F r e d  B asolo

I t  was first shown by Mann2 and later by Mor­
gan and Burstall3 that certain tetramines are cap­
able of behaving as quadridentate donors to form 
complex inorganic compounds of cobalt (III). 
Mann2 used /3,/3̂ /3'r-triamino triethylamitie and ob­
tained cis-[Co tren(SCN)2]SCN. Because of the 
structure of this amine, the corresponding trans- 
salt is sterically too unstable to exist. The amine 
used by Morgan and Burstall3 was 2,2/,2",2///- 
tetrapyridyl and yielded trans- [Co tetrpyCl2]Cl. 
They point out that the pyridine rings of the co­
ordinated tetrapyridyl must remain in the same 
plane, and therefore the chloro groups must be in 
£ftms-positions. In both of these investigations 
the analyses of the resulting compounds agreed

(1) Presented before the Physical and Inorganic Division a t the 
113th meeting of the American Chemical Society, Chicago, 111., April 
19-23, 1948.

(2) M ann, J . Chem. Soc., 409 (1929).
(3) Morgan and Burstall, ibid., 1672 (1938).

with those calculated for the respective com 
pounds, but in neither case was any attempt made 
to establish conclusively the configuration of the 
complex cation.

More recently, Jonassen, Dexter and Douglas4 

have studied the complexes formed between tri- 
ethylenetetramine and copper(II) and nickel(II) 
ions in water solution. They found that triethyl- 
enetetramine behaves as a quadridentate amine. 
The present work was undertaken to determine 
whether coordination compounds of triethylene- 
tetramine and cobalt (III) can be isolated and also 
to study the configuration and stability of these 
compounds.

The dichlorotriethylenetetraminecobalt(III) ion 
can theoretically exist in three stereoisomeric 
forms

(4) Reported by Jonassen, Dexter and Douglas at the 112th meet­
ing of the American Chemical Society.
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cr
I II

The salt, [Co trien C12 ]C1, was prepared by the air 
oxidation of a reaction mixture containing cobalt- 
(II) chloride and triethylenetetramine. This cat­
ion has been assigned a ^-configuration, II or 
III, because the salt obtained is purple, which is a 
characteristic color for cis-dichlorotetrammine 
compounds of cobalt(III) and chromium(III). 
Additional indication that the salt has the cis- 
configuration was obtained by comparing the 
ultraviolet absorption spectrum (Fig. 1) of this

A.
Fig. 1.—Absorption spectra of dichlorotetrammine- 

cobalt(III) chlorides: A, [Co trien C12]C1; B, c is-[Cö en2 
C12]C1; C, t r a n s - [Co en2 C12]C1; D, unidentified mixture.

salt with those for the corresponding ethylene­
diamine salts, cis- and tran s-\Co en2 C12 ]C1. The 
ions II and III are asymmetric and an attempt was 
made to resolve the purple salt by the method5 

used for the corresponding complex, c is-[C o en2  

C12 ]C1, but this was not successful. I t  would be 
extremely difficult to distinguish between II and 
III and, since it does not appear important, this 
was not done.

Although a study of molecular models indicates 
that I may exist, several attempts to prepare the 
tran s-salt were unsuccessful. No rearrangement 
of the cis-salt occurred in concentrated hydro­
chloric acid, as is generally true of similar salts . 6 

The reactions of both cis and tran s-dinitrotetram- 
minecobalt(III) chloride with triethylenetetra­
mine in absolute alcohol gave the cis-salt [Co 
trien (N0 2)2 ]C1 . This ^-configuration of this 
salt was indicated by its reaction with concen­
trated hydrochloric acid and by a comparison of 
its ultraviolet absorption spectrum (Fig. 2) with 
the spectra of the corresponding ethylenediamine 
salts, cis and tran s-[Co en2 (N 0 2 )2 ]C1, and also of 
the salt, [Co trien (N 0 2)2 ]C1, obtained from the re­
action of II or III with sodium nitrite. A third

Fig. 2.—Absorption spectra of dinitrotetramminecobalt 
(III) chlorides: A, [Co trien (N 02)2]C1 obtained from c is  or 
tr a n s  [Go (NH 3 ) 4  (N 02)2]C1; B, [Co trien (N 02)2]C1 ob­
tained from II  or I II ; C, c is - [Co en2 (N 02)2]C1; D, tra n s -  
[Co en2 (N 02)2]C1.

attempt was made by a slight modification of the 
method used by Morgan and Burstall3 and a green 
product was obtained. This material dissolved 
in water to give an orange solution and did not 
have an absorption spectrum (Fig. 1) similar to 
that of the complex, trans-[Q o  en2 C12 ]C1. The 
behavior of this unidentified substance suggests 
it may be a mixture of cobalt(II) chloride (blue)

(5) Bailar, Inorg. Syntheses, 2, 223 (1946).
(6) Jorgensen, Z. anorg. Chem., 14, 415 (1897).
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and tris (triethylenetetramine) dicobalt (III) chlo­
ride (orange).

The fact that many inorganic complex com­
pounds have been resolved is a good indication of 
the firmness with which the donor molecule is 
held or, in other words, of the stability of the co­
ordination compound. The resolution of certain 
asymmetric complexes of cobalt (III) containing 
triethylenetetramine would conclusively show that 
the tetramine behaves as a strong quadridentate 
donor. Compounds similar to tris(ethylenedia- 
mine)cobalt(III) chloride were prepared and the 
method used by Werner7 and also by Jaeger8 for 
the resolution of this type of a cation was studied. 
These hexammine salts are all extremely soluble 
and could not be resolved by the methods em­
ployed. All of these salts, however, are highly 
crystalline and stable at temperatures as high as 
150°.

The ultraviolet absorption spectrum obtained, 
particularly with the dinitrotetrammine series of 
compounds, is of interest. Shibata9 showed that 
in addition to the two absorption bands always ob­
served in the cobalt ammines, certain of these com­
pounds have an additional absorption band in the 
shorter ultraviolet region which he designated as 
the 4‘third band."’ A much more extensive study 
has been made by Tsuchida10 who concludes that 
any two negative ligands, when in 7raws-positions 
to each other, cause a third absorption band at ap­
proximately 2500 A., whereas if they occupy dis­
positions , the third band is absent. Contrary to 
this, however, the ultraviolet absorption spectra 
(Fig. 2) obtained for some dis-dinitrotetrammine 
salts show very definite absorption bands at ap­
proximately 2425 A. Although these results are 
not conclusive, they indicate that some cobalt-
(III) ammines with two negative ligands in the 
dis-positions also have additional absorption bands 
but in the shorter ultraviolet region. A more 
thorough investigation of this phenomenon is 
now in progress.

Experimental11
Reagents.—The cobalt (I I) chloride hexahydrate was 

Merck reagent grade. The triethylenetetramine was 
obtained from Carbide and Carbon Chemicals Corporation. 
This amine was refluxed for six hours in presence of metallic 
sodium and then distilled i n  vacu o  over sodium. The 
fraction collected had a boiling point range of 128-131° 
a t 3 mm.

Spectral M easurem ents.—Ultraviolet absorption spec­
tra  were measured with the Beckman quartz spectropho­
tometer, using 1 cm. silica cells. Extinction coefficients 
were calculated from the familiar equation

e =  1 / c d  logio(Io/I)
where 70 is the intensity of the light passing through the 
solvent, I f the intensity of the light passing through the 
solution, Cy the concentration of solute in moles per liter, 
and d ,  the thickness of the cell in centimeters.

(7) Werner, B e r . ,  45, 121 (1912).
(8) Jaeger, R ec . trav. c h im . ,  38, 185 (1919).
(9) Shibata, J .  C o ll .  S c i .  I m p .  U n i v .  T o k y o ,  37, 1—18 (1915).
(10) Tsuchida, B u l l .  C h e m .  S oc .  J a p a n ,  11, 785 (1936).
(11) Carbon, hydrogen and nitrogen analyses by Miss Patricia

Craig and Miss M argaret Hines.

Aqueous solutions (1.0 X 10-5 molar) of the complex 
salts were used and measurements were made a t room 
temperature as rapidly as possible (total operation time 
less than twenty minutes) to  keep the reaction of the com­
plex with water a t a minimum.

cis-D ich lo rotrieth ylen etetra m in eco ba lt(III) C h lo rid e, 
(II) or (III).12—The procedure described by Bailar6 for 
the preparation of /rawó-dichloro-bis-(ethylenediamine)- 
cobalt(III) chloride was slightly modified. A solution 
of 75 g. (0 .5 0  mole) of triethylenetetramine in 5 2 5  cc. water 
was added, with stirring, to a solution of 160 g. (0.67 mole) 
of cobalt(II) chloride hexahydrate in 500 cc. of water 
contained in a two-liter flask. A vigorous stream of air, 
previously washed with a dilute solution of sodium hy­
droxide, was passed through the solution for approxi­
mately eleven hours. After 350 cc. of concentrated hydro­
chloric acid was added, the solution was concentrated on 
a steam-bath until finely divided crystals began to sepa­
rate (650 cc.). Upon standing overnight a t room tem­
perature the bluish-purple crystalline product was col­
lected on a filter and washed with a small amount of cold 
water followed by alcohol and ether. The salt was dried 
at 110° and 86 g. of material was obtained. Further 
concentration (400 cc.) of the combined filtrate and wash­
ings from this salt gave an additional 40 g. of product. 
This preparation was carried out six times and found to 
progress smoothly to  give an over-all yield of 80% of crude 
dichlorotriethylenetetraminecobalt(III) chloride based on 
triethylenetetramine. The crude salt was recrystallized 
twice from dilute hydrochloric acid and dried a t 110° 
for two days.

A n a l .  Calcd. for [Co trien Cl*]Cl: C, 23.12; H, 5.82; 
N, 18.03; Co, 18.91; Cl, 34.13. Found: C, 23.42; K, 
5.85; N, 18.18; Co, 18.68; Cl, 34.04.

The salt is purple in color, which is characteristic of 
the cA-dichlorotetrammine compounds of cobalt and 
chromium, indicating a c is  configuration represented 
either by II  or I II . Additional indication for a cis, 
structure was obtained from the fact that the ultraviolet 
spectrum (Fig. 1) of this salt closely resembles tha t of 
c i s -dichloro-bis-(ethylenediamine) -cobalt(III) chloride.

The procedure described by Bailar5 for the resolution of 
c i s - [ C o  en2 C12]C1 was followed with cA-[Co trien C12]C1, 
but did not yield any crystals of the complex d e x tr o -a -  
brotnocamphor-7r-sulfonate. The salt was obtained, how­
ever, by adding 15 cc. of a solution containing 9 g. (0.028 
mole) of ammonium de^ro-a:-bromocamphor-7r-sulfonate 
to 25 cc. of a solution containing 5 g. (0.016 mole) of c i s -  
[Co trien C12]C1 and immediately cooling the mixture 
in an ice-salt-bath. The crystals which separated were 
collected on a filter and washed with a very small amount 
of ice-water followed by alcohol and ether. A 0.32% 
solution of the air-dried crystals had a stable optical 
rotation of 0.18°, [ a ]25d +55.6. One gram of the salt 
was ground in an ice-cold m ortar with 10 cc. of an ice- 
cold mixture (1:1:1) of concentrated hydrochloric acid, 
alcohol, and ether. The purple residue was then collected 
on a filter and washed with absolute alcohol and ether. 
A 0.25% solution of this substance was immediately 
prepared and found to have no optical activity at the i> 
line of sodium.

An attem pt was made to effect the rearrangement of 
cA-[Co trien C12]C1 to  the tr a n s  configuration by the 
method which Jorgensen6 used for the preparation of 
t r a n s -[Co (NH3)4 OyHSCh. Five grams of the c i s -  
dichloro complex, II  or I II , was dissolved in 25 cc. of con­
centrated sulfuric acid and the solution was allowed to  
stand six hours a t room temperature. The solution was 
then surrounded by an ice-salt bath and 25 cc. of concen­
trated hydrochloric acid was added dropwise with vigorous 
stirring. After standing for three days the well-defined 
purple crystals, which separated from the dark purple 
solution, were collected on a sintered glass filter and washed 
with dilute sulfuric acid, cold water, alcohol and ether. 
There were no signs of the c is  (purple) salt rearranging to

(12) Preliminary preparation by Miss R uth Slaton.



Aug., 1948 C o o r d in a t io n  C o m p o u n d s  o f  C o b a l t  (III) a n d  T r i e t h y l e n e t e t r a m i n e 2637

the trans (green) configuration. This salt was dried at 
110° overnight.

Anal. Calcd. for [Co trien C12]H S04: C, 19.00.
Found: Cl, 19.21.

The method used by Morgan and Burstall3 for the 
preparation of trans-dichloro-(2,2 ',2",2"'-tetrapyridyl) - 
cobalt (III) chloride was modified in another attempt to 
obtain I. A solution which contained 10 g. (0.042 mole) 
of cobalt(II) chloride hexahydrate and 6 g. (0.041 mole) 
of triethylenetetramine in 10 cc. of water was kept on a 
steam-bath under an atmosphere of nitrogen for four 
hours. At the end of this time an excess of alcohol and 
ether was added and the reddish-brown oil which separated 
was washed three times with absolute alcohol. This oil 
was finally dried in a vacuum over sulfuric acid; analysis 
of the brown residue for chlorine checked favorably with 
that calculated for the cobalt(II) complex, [Co trien 
(H20 ) 2]C12.

Anal. Calcd. for [Co trien (H20 ) 2]C12: Cl, 22.72.
Found: Cl, 22.97.

Three grams of this residue, ground to a fine powder and 
suspended in 50 ec. of absolute ethyl alcohol, was treated 
with an excess of dry chlorine. Almost immediately the 
brown particles became a bright green. This product 
was collected on a filter, washed with absolute alcohol and 
dried at 110° for two days. The green product appeared 
to be a mixture of the hexammine cobalt (III) chloride 
and unchanged cobalt(II) chloride. This was indicated 
by the fact that it dissolved to give an orange colored 
solution and the analysis for chlorine was consistently 
high. The ultraviolet spectrum of the green material 
(Fig. 1) showed no signs of any trans-salt.

Diammine-(triethylenetetramine) -cobalt(III) Chloride. 
—A solution of 3.2 g. (0.022 mole) of triethylenetetramine 
in 25 cc. of absolute ethanol was added to 5 g. (0.017 
mole) of finely ground Jra»s-dichlorotetramminecobalt- 
(III) hydrogen sulfate. The flask was equipped with a 
reflux condenser fitted with a calcium oxide drying tube, 
and the mixture was allowed to reflux on the steam-bath 
for five days. Ammonia was liberated and even after 
refluxing for five days traces of ammonia could still be 
detected. The grayish-orange reaction mixture was col­
lected on a filter and washed with absolute alcohol and 
ether. A portion of this material was added to cold water 
and a small amount of slightly soluble violet-red residue 
was removed on a filter leaving an orange filtrate. An 
excess of alcohol and ether was added to the filtrate, 
causing an orange precipitate to separate. This precipi­
tate was collected on a filter and washed with alcohol and 
ether and then dried at 110°.

Anal. Calcd. for [Co trien (NH3)2]C13: Cl, 30.78.
Found: Cl, 30.93.

cis-Dinitrotriethylenetetraminecobalt(III) Chloride.—
A solution of 2.9 g. (0.020 mole) of triethylenetetramine 
in 25 cc. of absolute ethanol was added to 5 g. (0.020 
mole) of finely ground trans-dinitrotetramminecobalt- 
(III) chloride. The flask was equipped wdth a reflux 
condenser fitted with a calcium oxide drying tube, and the 
mixture was allowed to reflux on the steam-bath for two 
days. A small amount of ammonia was still being liber­
ated at the end of this time and the reaction mixture had 
not changed noticeably in appearance. The orange resi­
due, which gave a qualitative test for ammonia, was purified 
by recrystallization from water. The crystals were washed 
successively with a small amount of cold water, alcohol and 
ether, and dried in a vacuum over sulfuric acid.

Anal. Calcd. for [Co trien (N 0 2)2]C1-H20 : C, 20.60; 
H, 5.76; N, 24.03; Cl, 10.14; Co, 16.85. Found: C, 
20.64; H, 5.79; N, 24.18; Cl, 9.98; Co, 16.93.

The cis configuration of this dinitro salt was suggested 
by the fact that boiling it with concentrated hydrochloric 
acid liberated nitrogen dioxide and formed a red solution 
which quickly turned purple. This is a qualitative test 
commonly used to distinguish between cis- and trans- 
dinitrotetramminecobalt(III) salts, the trans-salt form­
ing a red precipitate of the corresponding chloronitro

complex. No such precipitate separated from the purple 
hydrochloric acid solution even after prolonged standing 
at room temperature. It was likewise found that the 
ultraviolet spectrum (Fig. 2) of this salt is similar to that 
obtained for cA-dinitro-bis-(ethylenediamine)cobalt(III) 
chloride.

The same results were obtained when the experiment 
was repeated starting with the corresponding cA-salt, 
[Co (NH3)4 (N 02)2]C1.

Anal. Found: C, 20.72; H, 5.80; N, 24.21; Cl,
10.05; Co, 16.89.

cA-Dinitrotriethylenetetraminecobalt(III) chloride pre­
pared from II or III was found to have properties similar 
to the salt obtained from the cis- or trans-dinitrotetram­
mine complex. Six grams (0.019 mole) of II or III ŵ as 
mixed with 20 g. (0.218 mole) of sodium nitrite and 40 
cc. of water. This mixture was heated to boiling and 
then cooled in an ice-salt-bath. The orange crystals 
which separated were collected on a filter and washed with 
a small amount of cold water followed by alcohol and ether. 
The ultraviolet absorption spectrum (Fig. 2) of this salt 
and its reaction with concentrated hydrochloric acid in­
dicate the presence of the ion, cA-[Co trien (N 02)2] +.

Carbonatotriethylenetetraminecobalt (III) dextro-Cam- 
phor-7r-sulfonate.—Forty grams (0.129 mole) of II or 
III and 61 g. (0.219 mole) of freshly precipitated moist 
silver carbonate wrere ground in a mortar for twro hours. 
The mixture ŵ as extracted with 200 cc. of distilled water 
and analysis of the filtrate revealed that it was free of 
chloride ion and contained 30 g. (0.051 mole) of the car­
bonate complex. It ŵ as mixed with a solution of 0.051 
mole of barium dextro-camphor-ir-sulfonate and the barium 
carbonate wras removed on a filter. A portion of the fil­
trate was slowly concentrated in a drying oven at 40°. 
Crystals of the complex dextr o-campihor-Tr-sulfonate w ere 
not obtained because the salt is extremely water soluble.

Oxalatotriethylenetetraminecobalt (III) dextro-Cam- 
phor-ir-sulfonate.—The second portion of the carbonato- 
triethylenetetraminecobalt (III) dextro -camphor -ir-sulf on - 
ate solution was allowed to react with 4.6 g. (0.05Umole) 
of oxalic acid. Carbon dioxide ŵ as liberated and the 
resulting solution wras concentrated to 150 cc. This con­
centrate was cooled in an ice-bath and the pink crystals 
which separated were collected, washed with a small 
amount of cold water followed by alcohol and ether and 
the ether was removed at room temperature by a stream 
of air. A 1% solution of air-dried salt was immediately 
prepared and found to have an optical rotation of +0.12°, 
[<*]25d  + 12 . The optical rotation of this solution had 
not changed after one week at 50°.

Two grams of this salt was also immediately ground, in 
an ice-cold mortar, writh 30 cc. of an ice-cold mixture 
of concentrated hydrochloric acid, alcohol, and ether 
(1:1:1). After approximately ten minutes of constant 
grinding, the residue was collected on a filter and washed 
with cold alcohol and ether. A solution of a portion of 
this residue exhibited no optical activity at the d  line of 
sodium. A major portion of the salt was dried in a vacuum 
over sulfuric acid.

Anal. Calcd. for [Co trien C20 4]C1: Cl, 10.79.
Found: Cl, 10.86.

Careful recrystallization of the oxalatotriethylene- 
tetraminecobalt(III) <A:\2re>-caniphor-7r-sulf onate gave no 
indication of any separation of the optically active anti­
podes of the complex cation.

Ethylenediamine (triethylenetetramine) cobalt (III) Chlo­
ride.—Thirty grams (0.096 mole) of finely ground II 
or III, 12.8 g. (0.147 mole) of 69% ethylenediamine, 
and 500 cc. of absolute ethyl alcohol were placed in a 
three-necked round-bottomed flask containing some glass 
beads and equipped with an agitator and reflux condenser. 
The mixture was allowed to reflux with vigorous agitation 
for eight hours. The orange residue which formed was 
freed from any excess amine by washing with alcohol and 
ether. The theoretical yield of crude product was obtained 
and some of it w-as purified for analysis by recrystalliza­
tion from water and drying at 110°.
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Anal. Calcd. for [Co en trien ]C13: C, 25.84; H,
7.05; N, 22.64; Cl, 28.61; Co, 15.85. Found: C,
25.63; H, 6.98; N, 22.42; Cl, 28.57; Co, 15.93.

The salt can be purified more easily by conversion to 
the much less soluble iodide. Five grams (0.013 mole) 
of the salt in 20 cc. of water and 5 g. (0.033 mole) of sodium 
iodide in 10 cc. gave a erys talhne iodide which was washed 
with cold water, recrystallized from 20 cc. of distilled 
water and dried in a vacuum over sulfuric acid.

Anal. Calcd. for [Co en trien] I3: I, 58.92. Found: 
I, 58.67.

Attempts to resolve the ion, [Co en trien] +++, from the 
bromide dextro-tartrate7 and dextro -a. -bromocamphor-7r- 
sulfonate were not successful. The difficulty encountered 
was largely due to the extreme solubility of these salts.

Tetrakis-(ethylenediamine) -triethylenetetraminedi- 
cobalt(III) Chloride.—Thirty grams (0.105 mole) of 
finely ground cis or trans -dichloro -bis - (ethylenediamine) - 
cobalt (III) chloride, 11.5 g. (0.079 mole) of triethylene­
tetramine, and 500 cc. of absolute alcohol were allowed to 
react as described for the preparation of [Co en trien]C13. 
An orange residue was formed, in practically theoretical 
amount. It was recrystallized from water and dried at 
110°.

Anal. Calcd. for [Co2 en4 trien]Cl6: C, 23.43; H,
7.02; N, 23.46; Cl, 29.65; Co, 16.43. Found: C,
23.23; H, 6.89; N, 23.58; Cl, 29.43; Co, 16.35.

Preparation and purification of the much less soluble 
iodide was accomplished by the method outlined for the 
corresponding [Co en trien]I3.

Anal. Calcd. for [Co2 en4 trien]I6: I, 60.14. Found: 
1,59.93.

The resolution of this ion, [Co2 en4 trien] +*, was not 
accomplished using the bromide dextro-tartrate7 and the 

-a-bromocamphor-7T-sulfonate. 
tris-(Triethylenetetramine) -dicobalt(III) Chloride.—

Twenty grams (0.064 mole) of finely ground II or III,
9.6 g. (0.065 mole) of triethylenetetramine, and 300 cc.

of absolute ethyl alcohol were allowed to react as described 
for the preparation of [Co en trien]C13. A portion of 
the orange product was recrystallized from water and 
dried at 110°.

Anal. Calcd. for [Co2 trien3]Cl6: C, 28.09; H, 7.07; 
N, 21.87; Cl, 27.64; Co, 15.32. Found: C, 27.87; H, 
6.97; N, 21.93; Cl, 27.39; Co, 15.47.

The complex iodide was obtained by the addition of a 
small excess of sodium iodide solution to a solution of the 
complex chloride. This slightly soluble iodide was puri­
fied by recrystallization from water and dried in a vacuum 
over sulfuric acid.

Anal. Calcd. for [Co2 trien3]I6: 1, 58.92. Found: I, 
58.67.

Again all efforts to resolve this ion, [Co2 trien3] +e, from 
the bromide dextro-tartrate7 and dextro -a. -br omocamphor - 
x-sulfonate were without avail.

Summary
Salts of the following cations containing tri­

ethylenetetramine and cobalt(III) have been pre­
pared and some of their properties are described: 
[Co trien Cl2]+, [Co trien (N02)2]+, [Co trien 
C03] + [Co trien C20 4]+, [Co trien (NH3)2]+3, 
[Co en trien]+3, [Co2 en4 trien] +6, and [Co2 
trien3]+6.

A ^-configuration seems to be indicated for the 
ions, [Co trien Cl2]+ and [Co trien (N02)2] +.

An absorption band was obtained at approxi­
mately 2425 A. for several cis-dinitrotetrammine- 
cobalt(III) compounds and this same band was 
less clearly shown by the corresponding cis-di­
chloro compounds.
E v a n s t o n , I l l i n o i s  R e c e i v e d  F e b r u a r y  2 0 ,  1 9 4 8

[C o n t r ib u t io n  f r o m  F r ic k  C h e m ic a l  L a b o r a t o r y , P r in c e t o n  U n iv e r s it y ]

Determination of Position of Tracer Atom in a Molecule: Mass Spectra of Some
Deuterated Hydrocarbons1

B y  J ohn  T u r k e v ic h ,2 Le w is  F r ie d m a n ,2 E r n est  S olomon a n d  F r a n c e s  M . W rig h tso n3

The problem of determining the position of a 
tracer atom in a complex molecule arose during the 
study of the mechanism of catalytic reduction of 
acetone to propane with deuterium. Since the 
mass spectrum of a molecule consists of fragment 
ions obtained by rupture of valence bonds it was 
thought that the relative abundance of appro­
priate ions would indicate the position of an iso­
topic atom. Thus C3H 7D -I should give among 
others, ions of mass 16 and 15.

h 3c —c h 2—c h 2d  C2H5 +  CH2D+ +  E
16

C2H4D +  CHS+ +  E 
15

While CsH7D-2 should give no ions of mass 16.
CH3—CH2D—CH3 — >  C2H4D +  CH3+ +  E 

__________ _ ■ 15
(1) Presented a t the meeting of the American Chemical Society 

in A tlantic City, April 15, 1947.
(2) Princeton University.
(3) M. W. Kellogg Co.

The purpose of this study was to establish the 
validity of this approach and to study in general 
the changes in the mass spectrographic pattern of 
hydrocarbons produced by replacing some of the 
hydrogens with deuterium. With this in mind 
monodeuteromethane, tetradeuterome thane,
monodeuteroethane, monodeuteropropane-1 and 
monodeuteropropane-2 were prepared and studied 
on two standard mass spectrographs, that of Nier 
and the one of the Consolidated Engineering Cor­
poration.

A mass spectrometric study of dideuteroethyl- 
ene has been made by Delfosse and Hippie.4 
More recently Evans, Bauer and Beach5 have in­
vestigated the mass spectrum of monodeutero­
methane and Mohler and Dibeler,6 mono- and di- 
deuteroacetylenes. These studies show that the

(4) J. Delfosse and J. A. Hippie, Phys. Rev., 54, 1060 (1938).
(5) M. Evans, N. Bauer and J. Y. Beach, J . Chem. Phys., 14, 701 

(1946).
(6) F. L. Mohler and V. Dibeler, Phys. Rev., 72, 158A (1947).
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carbon—deuterium bond does not break as readily 
as the carbon—hydrogen bond.

Experimental
The mass spectrometer was a Nier type7 instrument. 

The gas analyzed was introduced into the spectrometer 
tube through a capillary leak. The gas pressure in the 
sample system was kept at 10 mm. The bombarding 
electrons responsible for the ionization and dissociation 
processes were accelerated from an incandescent tungsten 
filament through a slit into the ion gun by a potential 
of 67.5 volts.

The mass spectra were also determined in a Consoli­
dated Engineering Corporation instrument.8 In this case 
the electron accelerating voltage was 55 volts and the 
gas analyzed was permitted to leak into the spectrometer 
tube from a sample reservoir at a pressure of approxi­
mately 20 microns.

Materials
The monodeuteromethane was prepared by decomposing 

methylmagnesium iodide with 100% heavy water. The 
Grignard reagent was prepared by adding 14.5 g. of C. p. 
methyl iodide to 20 cc. of dry Eastman Kodak butyl 
ether and 2.8 g. of magnesium turnings in a 250-ml. 
round-bottom flask. The magnesium was carefully drilled 
from a block of pure metal without the aid of any cutting 
oils or fluids. The flask was fitted with a vertical water 
cooled reflux condenser which in turn was fitted at the 
top with a calcium chloride tube. The reaction was 
initiated by gentle heating and then controlled by cooling 
in a water-bath. The flask containing the Grignard 
reagent was attached to a vacuum line by means of a 
standard taper ground glass joint, cooled in Dry Ice and 
evacuated. The reagent was thoroughly out gassed by 
melting, freezing and then evacuating several times. A 
small quantity of heavy water vapor (approximately 10- 
15 cc., N. T. P. estimated from the volume of the products 
formed) was distilled into the flask containing the Grig­
nard reagent. The purity of the methane was determined 
by abundance ratio of masses 16 and 17. The first sample 
gave for this ratio a value of 0.83. The reaction mixture 
was cooled in Dry Ice and this sample of gas pumped off. 
A second batch of heavy water vapor was distilled into 
the Grignard reagent and the ratio of 16 to 17 in the 
deuteromethane formed was found to be 0.73. In the 
third and fourth batches the values were found to be 
0.710 and 0.709. The constant values observed indicate 
that the reagent had been cleaned up of any light water 
contamination and the limit of purity had been reached. 
A larger sample of gas was then generated for final analy- 
sis. •

Monodeuteroethane was prepared in a similar manner 
by the decomposition of ethylmagnesium bromide with 
heavy water. Ethylmagnesium bromide was prepared 
by adding 11 g. of ethyl bromide to 10 cc. of dry butyl 
ether and 2.8 g. of magnesium turnings in a 250-ml. 
round-bottom flask. Mild heating was used to initiate 
the reaction. The Grignard reagent was decomposed by 
using successive batches of heavy water. The ratios of 
the abundances of the ions of masses 30 and 31 were 0.80 
for the first batch and 0.79 for the second, third and final 
batches prepared.

Propane-D - l  and Propane -D -2 were prepared from the 
corresponding normal and isopropylmagnesium bromides 
and heavy water. Both alkyl halides were purified by 
fractional distillation. In the preparation of propane-D-1 
the ratios of the abundances of the ions of mass 44 and 45 
were 1.05, 1.00, 0.895, and finally 0.863 for the following 
four successive batches. In the preparation of propane-D- 
2 the ratios for these ions were 0.83, 0.725, 0.74 and 0.74.

A sample of tetradeuteromethane containing approxi­
mately 7% monoprotium trideuteromethane was given to 
us by Mr. M. W. Wright. This material was prepared by

(7) A. O. Nier, Rev. Sci. Inst., 11, 212 (1940).
(8) W ashburn, Wiley and Rock, Ind. Eng. Chem., Anal. Ed., 15, 

541 (1943).

the decomposition of aluminum carbide with heavy water. 
Excess hydrogen formed was removed by freezing the 
deuteromethane in solid nitrogen and pumping off the 
more volatile components.

It should be pointed out that in the preparation of 
deuterium compounds by the Grignard reagent extreme 
care must be observed to avoid introduction of light 
hydrogen into the molecule. The following precautions 
were observed. In the first place the heavy water was 
added in small successive portions to the Grignard reagent 
and samples were analyzed for the highest masses in the 
mass spectrograph. Two criteria of purity could then 
be applied. Successive samples should show a constant 
low value for the mass one smaller than the maximum, 
as the hydrogen impurity is removed from the sample 
(thtis the relative abundance of mass 30 from C2H5D 
should reach a steady minimal value). Another criterion 
is that the sensitivity coefficient (absolute intensity) 
of the ion of parent mass be the same as that of the cor­
responding light hydrogen compound.

The second method of determining the purity of the 
preparation is to determine the hydrogen-deuterium 
ratio in the product. In this method the hydrocarbon 
was oxidized by copper oxide at 500°. The water formed 
was condensed in a Dry Ice trap and the carbon dioxide 
pumped off. The water was decomposed over zinc at 
330°. The hydrogen so formed was analyzed in a Nier 
type mass spectrometer for the deuterium-hydrogen ratio. 
The instrument was calibrated by measuring the ratio of 
masses three and two of hydrogen from standard heavy 
water samples whose deuterium content was known from 
density determinations. The following two examples 
illustrate the results obtained using some early impure 
compounds. A preparation of monodeuteroethane has 
a sensitivity coefficient for the parent mass of 15 while the 
value of the corresponding light hydrogen ethane was 20.0. 
Assuming that the sensitivity coefficient is independent 
of deuterium content, this result would indicate that the 
preparation of monodeutero compound was 75% pure. 
Combustion and deuterium analysis indicated 12.0% 
deuterium and the monodeuteroethane (theoretical value 
is 16.7 %). Thus deuterium analysis indicates again a 73 % 
purity. Another example is furnished by the experiments 
on monodeuteropropane-2. The sensitivity coefficient 
for the mass of parent ion was 12.0 while that of the light 
hydrogen compound was 24.56. This would indicate 
49% purity. The deuterium analysis showed 6.45% 
deuterium (theoretical value for a monodeuteropropane 
is 12.5%), or a purity of 50%. Thus the purity deter­
minations based on an assumption of equal sensitivity 
coefficients of the ion of parent mass irrespective of deute­
rium substitution lead to the same result as an ultimate 
analysis based on hydrogen deuterium analysis.

Results
The experimental results obtained are expressed 

in terms of the sensitivity coefficients of the ion of 
parent mass and relative ion intensities. The 
sensitivity coefficient of the ion of parent mass is 
the relative value of the ion current of the parent 
mass at an inlet pressure of one micron under iden­
tical operating conditions. The relative ion in­
tensities are expressed in the following way. The 
intensity of ion of parent mass is given the value of 
100 and the intensities of the other ions are pre­
sented relative to the intensity of the ion of parent 
mass. Using the sensitivity coefficient as given 
and the relative ion intensity one can obtain in­
tensities of all other ions at the standard operating 
conditions of the instrument.

The data presented in Tables I, II and III per­
mit a comparison of the results obtained by the 
two standard instruments: that of Nier and that
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T a b l e  I

R e l a t iv e  I o n  I n t e n s i t i e s
✓---------- ----CH*— —CHjD CD3H CDi

M ass a b c a b c a a
20 100.0
19 100.0
18 ? • 82.8
17 100.0 100.0 ioo.o 51.2
16 100.0 100.0 100.0 78.2 76.0 7Ï.3 ? 14.5
15 83.5 83.1 81.2 22.3 22.5 18.7 6.1
14 17.0 17.1 12.5 8 .8 9 .4 6.8 ? 7.9
13 8.3 8.2 5.7 5.0 5.2 3.7 1.5
12 2.6 2 .4 1.8 2.5 2 .4 1.8 2.5 2 .5
Total ions 211.4 216.8 207.7
Sensitivity coefficient of ion parent mass 61.8 65.0 63.3 63.3

“ Consolidated Engineering Corporation Mass Spectrometer (M. W. Kellogg Company, Jersey City, N. J.). 6 Evans
Bauer and Beach. c Nier type mass spectrometer. The values are corrected for C13 isotope.

T a b l e  I I

R e l a t i v e  I o n  I n t e n s i t i e s

C2H6 C2H5DMass c a c a
31 100.0 100.0
30 100.0 100.0 73.1 74.3
29 76.5 78.0 330.4 320.1
28 393.4 394.0 196,3 (177.3)'
27 1 ns rr J.At . O 1 on 0 JLÖU . O 96.1 105.5
26 87.2 92.8 49.9 60.4
25 16.2 15.1 10.8 11.6
Total C2 ions 800.8 810.2 856.6
16 0.2 6.2 8.5
lo 12.5 17.9 9.7 18.2
14 8 .4 12.2 5 .4 (14.3)“
13 3 .1 4 .2 2.3 3 .9
12 1.9 1.9 1.2 5.0
Total Ci ions 25.9 36.4 24.8
Total ions 826.7 846.6 881.4

0 Unreliable.

of the Consolidated Engineering Corporation. 
One should first note in Table I the concordance 
of our results for monodeuteromethane obtained 
on the Consolidated instrument of the M. W. 
Kellogg Company at Jersey City with the results 
obtained by Evans, Bauer and Beach on a similar 
instrument on the West Coast. The values ob­
tained on the Nier instrument at Princeton Uni­
versity are slightly lower.9 An examination of the 
results of Tables II and III shows more marked 
differences in the individual values of the relative 
ion intensities for the various ethanes and pro­
panes as obtained on the two different instru­
ments. One must note, however, that the two in­
struments agree on both the order of abundance of 
the various ions and their magnitude. For that 
reason the results will be discussed for the most 
part in terms of the values obtained on the Nier 
instrument. The values obtained on the Con­
solidated instrument are placed in parentheses in 
the text of the paper.

(9) This m ay be due to differences in the am bient temperatures 
of the ionization chambers in the two instrum ents.

T a b l e  III
R e l a t i v e  I o n  I n t e n s i t i e s
Propane Propane D -l Propane D-2

Mass c a c a c a
45 100.0 100.0 100.0 100.0
44 1 0 0 . 0 100.0 87.6 93.9 74.1 62.5
43 82.2 82.4 34.5 30.3 51.9 48.5

2 1 . 0 2 0 . 1 47.6 53.9 40.2 51.6
41 43.4 46.3 35.7 41.6 56.6 36.0
40 8.7 7.4 36.7 39.9 23.2 31.9
39 55.7 62.9 44.0 57.4 13.1 49.4
38 17.3 18.2 14.6
37 10.5 11.3 8.9
Total C3 ions 321.0 346.9 386.1 446.5 359.1 403.4

31J
30 151.5 179.7 323.1 329.5
29 312.2 350.0 223.2 291.4 218.4 218.4
28 188.6 208.1 143.9 193.5 132.4 (60.0 V
27 113.5 142.3 77.1 122.3 85.2 89.9
26 24.4 30.1 17.5 28.4 2 0 . 2 18.7
Total Ca ions 7638.7 730.5 613.5 815.3 779.3

16 0.3 7.4 11.4 3.3 2.7
15 13.5 22.5 10.3 18.7 12.3 22.9
14 4.1 7.0 3.9 6 . 8 4.1 (1 .0 )*
13 1.5 2 . 1 1 . 2 2.3 1.5 2.3
1 2 0.7 1.0 0.7 0.1 0.7 1.9
Total Cs 19.8 32.9 23.5 39.3 21.9
Total ions'3 979.5 1110.3 1023.1 1301.1 1160.3

d Unreliable. e Total ions includes all peaks recorded.

Methane.—The sensitivity coefficients of the 
ion of parent mass for all three compounds 
CH4, CH3D and CD4 is approximately the same.

The C H 3D  pattern had been previously re­
ported by Evans, Bauer and Beach and our re­
sults using the Consolidated instrument agree with 
those they reported. The results we obtained 
with the Nier instrument are slightly lower. The 
C H 3D  pattern is different from that of C H 4 and 
C D 4. Evans, Bauer and Beach have made a de­
tailed analysis of this difference in terms of sta­
tistics and the relative dissociation probabilities of 
the C-H and C - D  bonds in C H 3D  and of the C H  
bond in CH4 compared to the C - H  bond in C H 3D . 
We shall limit ourselves to a more elementary 
analysis. The number of processes of ionization 
increases from five to six when one goes from C H 4 
to CH3D while the sum total of the ion currents
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remains the same (211.4, 216.8, 207.7). This 
brings of necessity a redistribution of the cracking 
pattern. This kind of redistribution is not sta­
tistical as has been pointed out by Evans, Bauer 
and Beach in the case of CH3D and by Delfosse 
and Hippie for C2H2 D2.

The mass 16 in the spectrum of CH3D results 
from the reihoval of a hydrogen atom and an elec­
tron from the molecule. Statistically this should 
correspond to 3 / 4 the value obtained for the re­
moval of a hydrogen from CH4 or 60.9 (62.6). 
The observed values are 71.3 (78.2) indicating that 
the hydrogen removal is 1.17 (1.25) more probable 
if the carbon atom contains a deuterium atom. 
The mass 15 may arise from two processes. I t  
may arise from a removal of two hydrogens from 
CH3D and should have 3 / 6 the value of the CH2+ 
produced from CH4 or 6.2 (8.5). The second proc­
ess is the removal of a deuterium from CH3 D. 
The statistical value should be one-quarter of the 
removal of a hydrogen from CH4 or 20.3 (20.9). 
The total for the two processes is 26.5 (29.4) and is 
larger than the experimentally observed value
18.7 (22.3). If one assumes that the probability 
of breaking a deuterium-carbon bond is one-half 
that of breaking a hydrogen—carbon bond while 
the breaking of a hydrogen-carbon bond is 1.17 
more probable if the carbon atom contains a deu­
terium atom we get a predicted value of 18.4 
(2 1 .1 ) in better agreement with experimental 
values 18.7 (22.3). The mass 14 arises again from 
two processes. The first produces a CD+ which 
should be one-third of the CH+ from CH4 or 1.9 
(2.8). If we multiply this by 1.17 we get 2.2 
(3.5). The second is due to CH?* which should 
be 3/e of the CH2+ peak of CH4 or 6 . 2  (8.5). If 
we multiply this by (0.5) (1.17) we get 3.8 (5.0). 
The predicted value is thus 6.0 (8.5) where the ex­
perimental value is 6 . 8  (8 .8 ).

A part of the CD3H pattern can be obtained 
from the 7 %  CD3H impurity in CD4 sample by 
considering the relative intensities of the ions of 
odd mass in the spectrum of CD4 (after correcting 
for the 1.1% C 1 3  isotope). One then obtains 100 
for the CD3H+ and 51.2 for the CD2H+. The 
other masses cannot be obtained from the data 
available. For CD 2H +, on purely statistical 
grounds, one would expect three-quarters of 83.5, 
or 62.6. An interpretation of the CD3H spectrum 
must await synthesis of pure CD3H.

The CD4 as prepared contained 7.2% CD3H as 
revealed by ions of odd mass. The spectrum of 
CD4 should consist solely of ions of even mass 
when a correction is made for the contribution 
due to 1.1% C 1 3 isotope. The presence of an im­
purity of 7.2% CD3H affects the spectrum but 
slightly since the currents for even masses from 
this molecule would be small in view of the small 
amount of the impurity present. The only cor­
rection applied was to the mass 18 where it was 
calculated on statistical grounds to be 7 . 2  X 
0.835 X V4 = 1.5. The value in Table I is so

corrected. The process of removing a hydrogen 
from CH 4  to give CH3+ has the value 83.5 while 
the similar process of removal of D from CD 4 has 
the value 82.8.

The removal of two hydrogens from CH4 gives 
the value of 17.0 while the corresponding process 
in CD4 has the value 14.5. The removal of three 
hydrogens from CH 4 gives a value of 8.34 while 
that of three deuteriums from CD4 is 7.85. One 
thus sees that the probability of breaking a car­
bon—deuterium bond in tetradeuterium methane 
is the same as the probability of breaking a car­
bon-hydrogen bond in tetrahydrogen methane. 
The probability of breaking a carbon hydrogen 
bond is greater if there is a carbon—deuterium 
bond present and also the probability of breaking 
a carbon—deuterium bond is less if there is a car­
bon-hydrogen bond present.

Ethanes.—The mass spectra of ethane and 
monodeuteroethane are presented in Table II. 
The sensitivity coefficients of the parent masses 
were found to be approximately the same. The 
total number of ions formed from ethane (827— 
847) is slightly less than the total from monodeu­
teroethane (881). The relative ion intensities are 
different first because new masses 31 (C2H 5D) and 
16 (CH2 D) appear and secondly because alterna­
tive processes involving the removal of either D or 
2H atoms give ions of the same mass. Ninety-five 
per cent, of the ions are in the C2 group indicating 
that it is easier to break C—H bonds than the —C—C 
bonds. The total number of ions in the C2 group 
in deutèroethane 857 i's greater than in ethane 801 
(824). In the C2 group mass 30 arises from the 
loss of a hydrogen and an electron from deutero- 
ethane. Its value should be 5 / 6 X (1.17) of that 
observed for the 29 peak in ethane or 74.6 (81.2). 
The experimental value is 73.1 (74.3). The mass 
29 arises by two processes: (a) the removal of a 
deuterium and an electron which should be equal 
to Ve X (0.5) the value of removing a hydrogen 
from ethane 76.5 (78.0) or 6.5 (6.5); (b) removal of 
two hydrogens and an electron from deuteroethane 
which should be 10/is X (1.17) of a similar process 
in ethane 393 (394) or 307 (328). The predicted 
value is 314 (335) while the observed value is 330 
(320). The mass 28 arises again two processes
(a) the removal of three hydrogens and an electron 
which should be 1 0 / 2 0 X (1.17) of analogous process 
for ethane 127.5 (130.3) or 74.6 (81.4) and (b) the 
removal of a deuterium, hydrogen and electron 
which should be V l5  of the removal of two hydro­
gens from ethane 3 9 3 . 4  (394) or 131 (131). The 
predicted value is 206 (213) while the observed 
value is 196. The agreement with experiment is 
better if one drops the weighing factors (1.17) and 
(0.5) for the simultaneous removal of an H and a
D.

Mass 27 arises from (a) removal of 4 hydrogen 
atoms and an electron from C2H5D and should be 
equal to 5/is of (1.17) 87.2 (92.8) or 34.0 (38.6), (b) 
removal of 3 hydrogen and one deuterium atom
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and an electron. The value for this process 
should be 10 / 2 0 of 127.5 (130.3) or 63.8 (65.2). 
The total is 98 (104). The observed value is 96 
(105.5). The mass 26 arises from (a) removal of 
five hydrogens and an electron from C2H 5D and 
should be equal to Vs X (1.17) X 16.2 (15.1) =
3.8 (3.8) and (b) removal of three hydrogen and 
one deuterium and electron. The value for this 
process should be 10/ 2o X 87.2 (92.8) or 43.6 (46.4). 
The total predicted value is 47.4 (50.2) as con­
trasted with the experimental value of 49 9 (60.4). 
The mass 25 arises from sole process of removal of 
four hydrogens and a deuterium atom and an elec­
tron. This should be equal to 6/e of 16.2 (15.1) =
13.5 (12.6) whereas the experimental value is
10.8 (11 .6).

The Ci group constitutes about 3% of the total 
ions produced from ethane. The values for the 
ethane are 25.9 (36.4) and for the deuteroethane 
24.8. The mass 16 in monodeuteroethane arises 
from a split of the molecule in two and should be 
one-half of the mass 15 from ethane or 6 . 2  (9.0). 
The experimentally observed values are 6 . 2  (8.5). 
The close concordance between the predicted and 
experimentally observed results indicates that the 
presence of the deuterium isotope does not appre­
ciably affect the probability of breaking the C—C 
bond. The mass 15 in monodeuteroethane arises 
from CH3+ and CHD+. The amount of the 
CHs* can be calculated as one-half the 15 peak in 
C2H 6 or 6.2 (8.5). The amount of the CHD+ is 
Vs X Vs X (1.17) of the CH2+ from C2H 6 or 3.3
(5.1) . The total is therefore 9.5 (13.6) while the 
observed value is 9.7 (18.2).

The value of 14 peak in C2H5D is due to contri­
butions of CH 2 and CD+. The CH2+ that comes 
from CH3 is V2 of 8.4 or 4.2 and the amount that 
comes from CH2D is V2 X 1/z  (0.5) X 8.4 or 0.7. 
The CD+ that comes from CDH 2 should be x / 2

(3.1) X Ve = 0.7. The total is 4.2 +  0.7 +  
0.7 = 5.6. The value obtained on the Nier in­
strument is 5.4.

Propanes.—The mass spectra of propane, 
propane D-l and propane D-2 are presented in 
Table III. The presence of only one deuterium 
in the deuterated propanes is established by the 
absence of masses higher than 45. The sensitivity 
coefficients of the three propanes examined were 
the same. The total number of ions was 979.5 
(1110), 1023 (1301) and 1160, respectively, and 
cannot be considered equal within the experi­
mental error. The C3 group contains about one- 
third of the ions. An analysis of the ions formed 
is difficult. The high value of the 44 peak in the 
D-l and the low value in the D-2 compound seems 
to indicate that the primary carbon-hydrogen bond 
is more strongly held than the secondary and it is 
the secondary hydrogen that comes off first. A 
detailed discussion of the C3 ions in the deuterium 
compounds must be postponed until further deu­
terium compounds are synthesized and studied. 
The C2 group contains about two-thirds of the

ions. The mass 30 results from the loss of a 
methyl radical and an electron from the deutero- 
propane. In the case of the D-l compound its 
value should be equal to one-half of the mass 29 
for propane or 156 (175). The observed value
151.5 (180) is in good agreement. In the case of 
the D-2 compound the value of the 30 mass should 
be equal to the value of the 29 mass in propane or 
312 (350). The experimental values are 323 
(330). The explanation for the value of the 29 
mass in propane D -l is satisfactory. I t can arise 
in two ways

c h 3c h 2- - c h d 2 — c h 4 +  c 2 d h 3 +  e

and its value should be one-half times 4/ b the value 
of the 28 peak in propane 75.5 (83). The other 
process is

CH3-CH2-CDH2 — CDH2 +  CH3-CH2+ +  E
which should be one-half the value of the 29 peak 
in propane or 156 (175) . The total is 232 (258) to 
be compared with the experimental 223 (291). 
The value of the 29 mass in propane D-2 can arise 
only from a removal of a CH4 from the molecule 
and should be equal to the 28 peak in propane, or 
189 (208). The value found experimentally is 
218 (218).

The Ci group contains about 2% of the total 
ions. The mass 16 should occur only in the case 
of propane D-l where it should be equal to one- 
half the value for the 15 mass in propane or 6.7 
(11.2). The observed values are 7.4 (11.4) in good 
agreement with prediction. There should be no 
16 mass in propane D-2. The small value ob­
tained for this mass may be due to re-arrangement 
in the preparation of the deuterated propane. 
The mass 15 for propane D-2 should be the same 
as that from propane, i.e<f 13.5 (22.5). The ex­
perimental value is 12.3 (22.9) in good agreement 
with calculation. The value for propane D-l 
arises by two processes

c h 3 -c h 2 c h 2d  — >  c h 3+ +  c h 2-c h d  

or one-half the value for propane 6.7 (1 1 .2 ) and
CH3*CH2CH2D — CHD+ +  CH3-CH3

or two-thirds of the value for mass 14 (2.7, 4.7) 
from propane to give a predicted Value of 9.4 
(15.9). The experimental value is 10.3 (18.7). 
Thus we see that the Ci group provides unequivo­
cal evidence for the disposition of the deuterium 
atoms in the molecule.

In conclusion it may be stated that one can de­
termine the position of the tracer atom in a pro­
pane molecule by examination of the intensities 
of masses 30 and 16. Furthermore, one can re­
construct the fine details of the mass spectrum of 
monodeuteromethane, monodeuteroethane using 
the assumption of equal probability of rupture of 
hydrogen carbon bonds, a 7/6 factor for a carbon- 
hydrogen bond on a carbon atom that has deu- 
terium and a one-half factor for a carbon—deu­
terium bond. One further drops these factors if 
both D and H are removed simultaneously.
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Conclusion
1. Monodeuterome thane, tetradeuterometh- 

ane, monodeuteroethane, monodeuteropropane-1 
and monodeuteropropane-2 have been synthe­
sized and their mass spectra determined on a Nier 
type and a Consolidated mass spectrometer.

2. A method of calculating the mass spectrum

Aug., 1948

of monodeuteromethane and monodeuteroethane 
from the corresponding light hydrogen com­
pounds, has been indicated.

3. A method has been given to indicate the 
position of a deuterium atom in monodeuteropro- 
panes.

R e c e iv e d  J a n u a r y  27, 1948

[C o n t r ib u t io n  f r o m  C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  M is s o u r i]

The Quantum Efficiency of the Mercury Sensitized Photochemical Decomposition of
Hydrogen

By Lloyd B. Thomas and Wm. D. Gwinn* 1*

Introduction
The reaction between mercury atoms excited 

by absorption of light of X 2537 A. and hydrogen 
molecules to produce hydrogen atoms was re­
ported by Cario and Franck1 in 1922. The anal­
ogous reaction between hydrogen molecules and 
mercury atoms excited by streaming electrons of 
controlled energy through the gas mixture has 
been carried out.2 These and more recent studies 
in this laboratory have indicated that the 63Pi 
state of mercury to which the photochemical re­
action is ascribed may play only a slight part, if 
any, in the electron initiated reaction. The im­
mediate occasion for undertaking the present 
study is to obtain the necessary reaction rate data 
to compare the kinetics of the electron and photon 
activated reactions in the hope that the mecha­
nism of the former will be clarified.

Attention has been devoted by a number of in­
vestigators—Stuart, Zemansky, Bates3 and 
Evans4—to the quenching of fluorescent reso­
nance radiation from Hg3Pi atoms by collision of 
the Hg3Pi atoms with added foreign gas molecules. 
An over-all effective cross section for quenching is 
obtained through the method but it is not possible 
to distinguish between processes which may con­
tribute to the quenching. By the method of the 
present paper it appears possible to determine the 
effective cross section for a specific process, i .e .f 
the interaction of Hg3Pi atoms with hydrogen 
molecules to cause their removal from the gas 
phase, presumably through dissociation.

Experimental
The reaction system and light source are shown in Fig. 

1. The reaction cell is a cylinder of fused silica which 
has an internal length of 3.53 cm. and an internal diameter 
of 2.25 cm. The walls of the cell are lined with a thin 
cylinder of oxidized copper. The ends of the cylinder are 
flat polished fused silica windows 2 mm. thick and are

(la) Present address of W. D. G. is Department of Chemistry, 
University of California, Berkeley, Calif.

(1) Cario and Franck, Z . P h y s ik , 11, 155 (1922).
(2) Glockler and Thomas, T h is  J o u r n a l , 57, 2352 (1935).
(3) A. C. G. Mitchell and M. W. Zemansky, “Resonance Radiation 

and Excited Atoms,’* Cambridge University Press, 1934.
(4) Evans, / .  C h em . P h y s . , 2, 445 (1934).

fused on. The cell is attached to the rest of the system, 
which is of Pyrex, by a graded seal. The Pirani gage 
consists of a 0.0025 cm. platinum filament mounted as 
shown and immersed in a kerosene filled thermostat 
which is maintained at 30°. Precaution was taken to 
prevent a film of kerosene, which was found to absorb 
X-2537, from creeping over the entrance window. The 
system in the thermostat was connected through a U- 
tube and mercury cut-off to a conventional high vacuum 
system with mercury condensation pump, McLeod gage, 
mercury cut-offs, and with no stopcocks in the high 
vacuum line. Hydrogen was admitted from a gas flame 
through a palladium tube. The pressure was brought to 
the desired values, as shown by the McLeod gage, through 
manipulation of the flame and cut-offs.

Fig. 1.—Experimental apparatus.

The light source is a monochromatic resonance lamp5 
which operates several degrees above room temperature 
and gives a very narrow line breadth—about 20% greater 
than the Doppler breadth at 30 °. A fused silica photo­
electric cell with a cadmiun coated cathode was mounted 
above the resonance lamp as shown and served as a check 
on the lamp intensity. The intensity of X 2537 in this 
upper position was strictly proportional to that at the 
reaction cell window when the mercury vapor pressure in 
the resonance lamp cylinder was kept constant. The 
procedure in taking data is as follows: The thermostat 
is replaced by an oven. Oxygen is admitted to the 
system to about 10 mm. pressure. When the oven tem­
perature becomes sufficiently high the oxygen pressure 
starts to diminish due to consumption by the copper of

(5) Thomas, R ev . S c i .  I n s t . ,  12, 309 (1941).
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the cylinder. After the oxygen pressure has diminished 
about 1 mm. the oxygen is pumped out and the system 
is baked and flamed while open to the pumps. The ther­
mostat is then replaced, the temperature of a mercury 
droplet introduced to the U-tube is set at the desired 
value, hydrogen is introduced to the desired pressure, and 
the cut-off to the reaction system is closed. After bring­
ing the Pirani gage to balance and bringing the lamp to a 
steady intensityy the foot-operated shutter below the 
resonance lamp is opened for a measured time interval. 
This interval is regulated from four to sixty seconds, de­
pending on the pressures of hydrogen and mercury vapor 
in the system, to give a Pirani galvanometer excursion of 
from 10 to 30 scale divisions (readable to 0.1 division), 
which corresponds to the disappearance of less than 10"10 
gram of hydrogen. After about five such average expo­
sures the baking-out procedure is repeated. This is neces­
sary because it was found that, the observed rates of de­
composition began to decrease measurably with total 
decomposition in excess of this amount. This effect 
seems to be attributable to the inability of the silica 
surface to maintain its full capacity for removal of the 
products of the reaction. All of the data reported in this 
paper were taken in the initial period after baking out and 
forming a fresh oxide surface when the reaction rates at a 
given set of concentration and radiation conditions were 
quite constant and at a maximum.

The lamp intensity was determined by use of two mul­
tiple junction bismuth-silver vacuum thermopiles, one bis­
muth-(bismuth, 5%  tin) vacuum thermopile, two quartz- 
cadmium photocells, the chloroacetic acid actinometer, and 
two N.B.S. calibrated lamps along lines described earlier.6 
T en sets of determinations of the resonance lamp intensity 
gave 25.6 X 1012 quanta entering the reaction vessel per 
second for unit (upper position) photocell galvanometer 
deflection. The absorption (including reflection) of 
light from the resonance lamp and N.B.S. standard lamps 
in thermopile and reaction cell windows was measured 
and the proper corrections were made. As a check on 
the reliability of the lamp standardization the quantum 
yield of the chloroacetic acid hydrolysis was run. A 
quantum yield of 0.29 at 26° was found, which is to be 
compared with the value 0.33 obtained by Smith, Leigh­
ton and Leighton.7 (The value of 0.342 previously 
given by Thomas6 should be revised to 0.29 when correc­
tion is allowed for absorption of the radiation of the 
N.B.S. lamps in the two mm. fused silica ground and 
polished windows of the thermopiles.)

The absorption for the resonance lamp by the mercury 
vapor in the reaction cell was calculated from measure­
ments made in a cell similar to the reaction cell but of 
better optical quality and described with equations used 
in reference 5. The value of co (ref. 5, p. 311) was found

cua  ,

3 .1  X  
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Pressure of mercury vapor (X 104). 
Fig. 2.—Experimental data.

(6) L. B. Thomas, T h is  J o u r n a l , 62, 1879 (1940).
(7) Smith, Leighton and Leighton, ibid., 61, 2299 (1939).

to be approximately 1.2 and the integral expression with 
this value of co and the for the reaction cell of Fig. 1 
was used to calculate the absorption in the reaction cell 
at the various pressures of mercury vapor. This absorp­
tion, multiplied by the number of quanta entering the 
cell per second per unit photocell galvanometer deflection, 
is plotted in Fig. 2, Curve A.

The Experimental Data
The measurements were made at three hydro­

gen pressures, 0.02, 0.05 and 0.11 mm. over a 
range of mercury vapor pressures from 0.3 X 
10~4 to 30 X 10“4 mm. These data, expressed in 
hydrogen molecules disappearing per second per 
unit photocell galvanometer deflection (photocell 
mounted above resonance lamp), are shown plot­
ted against the pressure of mercury vapor in Fig. 
2, Curves B, C, D. Most of the points shown in 
these curves represent an aggregate of several 
points so closely placed that they could not be 
plotted distinctly on a graph of this scale. The 
data considered in determining the curves are 
given below in Table I under the column headings 
I and II, representing, respectively, the mercury 
vapor pressure in mm. X 104 and the rate of re­
moval of hydrogen in molecules per second per 
unit photocell galvanometer current X 10 ~12. 
The number of separate measurements taken to 
obtain the average value given is indicated by the 
numbers in parentheses in case of more than one. 
Column III lists the quanta of X 2537 (X 10-12) 
absorbed in the cell per second per unit photocell 
current over the range of mercury vapor pressures. 
These are plotted in Curve A, Fig. 2.

T a b l e  I
R e a c t io n  R a t e  M e a s u r e m e n t s  a n d  L ig h t  A b s o r p t io n  

i n  t h e  C e l l

I, Pressure of Mercury Vapor (X 104). II, Hydrogen 
molecules removed per second per unit photocell current 
(X 10"12). I l l ,  Quanta of X-2537 absorbed within cell 

per second per unit photocell current (X  10"12).
0.11 mm. Hs 0.05 mm. TÏ2 0.02 mm. H2
I II I II I II I III

0.3 0.277 1.85 0.70 (3) 1.85 0.303 (3) 0.0 0.0
1.85 1.22 (5) 1.85 0.694 (3) 1.85 0.3 (3) 1.0 14.3
2.95 1.53 (2) 5.8 1.42 (2) 6.0 0.83 (3) 2.0 19.5
5.8 2.37 (3) 5.9 1.54 (3) 6.1 0.848 4.0 22.8
5.9 2.415 (2) 7.05 1.65 (3) 7.95 0.945 (3) 8.0 24.5
6.2 2.62 9.9 2.14 13.5 1.44 (2) 16.0 25.1
8.7 2.86 14.05 2.60 (3) 19.8 1.91 (2) 24.0 25.4
8.9 2.97 19.15 3.02 (2) 19.95 1.87 (2)
9.0 3.12 27.7 3.15 (2) 24.6 2.01
9.6 3.10 27.7 3.20

15.1 3.78 (3)
19.15 4.3
28.8 4.65 (3)

Discussion
To express the data in more significant form, 

curves were put through the experimental points 
(Curves B, C, and D of Fig. 2) and the ordinates 
of these curves were divided respectively by the 
ordinates of Curve A, Fig. 2 at corresponding 
abscissas. The resulting values are plotted in 
Fig. 3 for each of the hydrogen pressures investi­
gated. The ordinates of these curves are the 
quantum efficiencies at the various mercury vapor
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pressures. I t  is seen that the quantum efficiency 
rises markedly over the mercury pressure range— 
more than eight-fold at 0.02 mm. hydrogen and 4 
fold at 0.11 mm. hydrogen pressure. At the pres­
sure conditions of these experiments the chance 
that the Hg3Pi atoms will radiate is much greater 
than the chance that they will be quenched. The 
increasing quantum yield with increasing mercury 
pressure is due no doubt to the increasing reab­
sorption of fluorescent X 2537 within the reaction 
cell. One of the problems of this paper is to give 
a quantitative statement of the contribution of 
this reabsorption process to the reaction kinetics.

The curves of Fig. 3 permit quite definite extrap­
olation to the axis of zero mercury vapor pres­
sure. The limiting values of the quantum effi­
ciencies at zero mercury vapor pressure are 
0.0095 at 0.02 mm. of hydrogen; 0.023 at 0.05 
mm. of hydrogen; and 0.045 at 0.11 mm. of hy­
drogen. These extrapolated values should give 
the probabilities that single mercury atoms ex­
cited to the 3Pi state will react with hydrogen 
molecules at the specified pressures to cause dis­
appearance of the hydrogen from the gas phase 
and they should be free from complications result­
ing from reabsorption of the fluorescent quanta. 
They may be used to calculate the effective cross 
section for the process through use of the collision 
frequency expression: Z  = 5.64 X KP̂ Hâ Hg***?-2 
(for hydrogen and mercury at 30°) in which a2 is 
often termed the “effective cross section’' for the 
given process.3 To apply the present case con­
sider the absorption of one quantum per cc. per 
second. Then the number of effective collisions 
per cc. per second, Z, becomes the quantum effi­
ciency, 0, and the wng* becomes the product of r, 
the average life of the Hg3Pi state (1.07 X 10~~7 
sec.), and (1 — 0). Substitution of the appro­
priate values in (1) gives for the intercept with 
0.02 mm. of hydrogen:
0.0095 = 5.64 X 105 X 6.42 X 1014 X 1.07 X IO’ 7 

(1 -  0.0095)o-2
From this, a2 — 2.45 X 10~16 cm.2 at 0.02 mm. of 
hydrogen. Similarly cr2 is found to be 2.43 X 
10~16 and 2.21 X 10~16 at 0.05 mm. and 0.11 mm. 
of hydrogen, respectively. I t  appears likely that 
other quenching processes are competing with that 
resulting in disappearance of hydrogen. The 
over-all cross section for quenching of Hg3Pi 
atoms by hydrogen is variously given from 27 to 
6.01 X 10-16 cm.2 by several investigators.3*4 
The last value of Zemansky,3 confirmed by Evans4 
using the same apparatus and theory, should be 
most reliable. The 0 value used in the r(l — 0) 
term to calculate nng* should refer to total quench­
ing rather than to dissociation of hydrogen. In 
calculating the cr2 values below, the 0 in (1 — 0) 
is multiplied by the ratio of the a2 for quenching 
(<7q 2)  to the o-2 for dissociation of hydrogen (<7d 2) .  

This gives au2 values 2.50, 2.50 and 2.37 X 10“16 
cm.2 for <7q2 = 6.01 X IO-16 cm.2, or 2.53, 2.57 and
2.51 X IO-16 cm.2 for <rQ2 = 8.6 X 10~16 cm.2

given earlier by Zemansky.3 The value 2.5 X 
10~16 cm.2 is selected for a2 for the process result­
ing in disappearance of hydrogen from the inter­
cept measurements.

0 4 8 12 16 20 24 28
Pressure of mercury vapor (X  104).

Fig. 3.—Quantum efficiency.

A series of reactions which constitutes the mech­
anism will be postulated and on the basis of this 
mechanism the rate constants and the contribu­
tion of the reabsorption of fluorescent radiation to 
the reaction rates will be determined. The re­
actions postulated are: 1, absorption of X 2537 
quanta by the mercury atoms in the gas mixture ; 
2, fluorescence of X 2537 quanta followed by partial 
reabsorption to an extent depending on the mer­
cury atom concentration; 3, reaction of Hg3Pi 
atoms resulting in dissociation of hydrogen; 
4, collision of Hg3Pi atoms and hydrogen resulting 
in quenching of the Hg3Pi atoms but not resulting 
in dissociation of hydrogen. These processes may 
be written as

(1) Hg!So +  hv (X 2 5 3 7 )---- >  H g3?!
(2) H g3Pi — ^  H g^o +  hv (X 2537)
(3) H g3Pi +  H 2  ^  HgiSo +  2H +  K. E.
(4) H g3?! +  H 2  >  H g4So +  H 2  +  K. E.

The removal of Hg3Pi atoms by Process (2) 
is greatly modified by reabsorption by the Hg4So 
atoms. I t is desired that Process (2) represent 
the net fluorescence, i.e.y only those quanta that 
leave the reacting mixture should be counted as 
fluorescence. The remainder of the quanta are 
supplied for repetition of Process (1). I t is seen 
from superficial examination of Fig. 3 that the 
number of quanta supplied for Process (1) by 
Process (2) may be of the order of eight times as 
great as that supplied directly from the lamp. 
The velocity constant for Process (2) is simply the 
Einstein “A” coefficient or the reciprocal of the 
mean life, r, of the 63Pi state, and this will be 
modified to represent the net fluorescence by mul­
tiplying by a factor which will be designated F 
(HgxSo). This function of the concentration of 
Hg^o, i.e., F (Hg^o), will have the characteristic 
that it approaches unity as the concentration of 
Hg^o atoms approaches zero, and it tends toward 
zero as (Hg4So) becomes large. FQdg^o) may be 
defined as the mean probability that a quantum
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of fluorescent radiation will escape reabsorption 
within the reaction system. I t  is of course a 
function of the size and shape of the reaction ves­
sel as well as the mercury vapor pressure.

Reaction (3) represents the main feature of the 
Cario and Franck reaction, i.e.y a collision of the 
second kind with utilization of the energy of ex­
citation of mercury atoms to supply the energy of 
dissociation of hydrogen.

I t appears necessary to postulate reaction (4) to 
take into consideration the above-mentioned vari­
ance of 0-q2 and (t d 2, and to develop a proper over­
all kinetic expression to fit the data. Reaction
(4) represents a process unspecified as to detail 
whereby mercury atoms lose their excitational 
energy at a rate proportional to the hydrogen pres­
sure but the process does not result in a pressure 
decrease as would be expected if dissociation oc­
curred. This proposed process would contribute 
to the over-all kinetics in somewhat the same 
manner as would failure of the apparatus to 
achieve complete clean-up of the H atoms by a 
factor proportional to the hydrogen pressure but 
this, as is discussed later, is not thought to be the 
case. Reaction (4) would, superficially at least, 
be considered improbable because of the larger 
(than reaction (3)) amount of kinetic energy de­
veloped. However, if the hydrogen molecule 
comes out of the collision in a high vibrational 
state, this kinetic energy term would not neces­
sarily be much larger than the 0.3 e.v. of reaction
(3).

One can write many other reactions which con­
ceivably could occur under the conditions of this 
experiment. There is no doubt some production 
of Hg3Po metastable atoms from collision of Hg3Pi 
atoms with Hg^o atoms or hydrogen molecules. 
The possibility was considered that the equivalent 
of reaction (4) might occur through conversion of 
Hg3Pi atoms to Hg3Po atoms by collision with 
hydrogen if the Hg3Po atoms were unable to 
react efficiently with hydrogen to give a pressure 
decrease. The results of Meyer8 (which we have 
confirmed with monochromatic X 2537) indicate 
that the Hg3Po atoms can react with hydrogen. 
The effective cross section for the reaction may be 
quite low and still give the observed augmented 
reaction rate with nitrogen added because, with 
the great excess of nitrogen used, the diffusion 
time of the Hg3Po atoms (formed by collision of 
Hg3Pi atoms with nitrogen) to the wall would 
allow a great many collisions with hydrogen. At 
the pressure conditions of the present work the 
Hg3Po atoms would mostly reach the wall (if the 
Hg3Po-H2 cross section were low). However, 
against this mechanism for reaction (4) is the fact 
that the first vibrational quantum of hydrogen is 
approximately 0.5 e.v. which leads one to expect 
low probability of conversion of Hg3Pi to Hg3P0 
atoms which involves only 0.218 e.v.(see ref. (4), 
p. 450, or ref. (3), p. 225).

(8) M eyer, Z .  P h y s i k  37, 639 (1926).

On the basis of Reactions (1) to (4) one obtains 
an expression for the rate R  =  — d(H2)/d/ in 
terms of the constants, concentrations, and Za, 
which is the number of quanta absorbed per (cc. X 
sec.). Noting that the quantum yield, 0 = R /Ia, 
one obtains the expression:

1  ^FCHgiSo) h  +  £ 4

<j> &3 (H 2 ) ‘ kz
If the postulated mechanism fits the reaction, the 
data of Fig. 3 plotted as 1/0 vs. 1/(H2) should 
give straight lines with slopes £2F(Hg1So)/̂ 3 and 
a common intercept of (£3 +  £4)/£3. Figure 4 
shows the data at the three hydrogen pressures 
plotted for seven values of pressure of mercury 
vapor. I t  is seen that the plots do give quite 
closely a family of straight lines with a common 
intercept. The intercepts lie between 4.0 and
5.5 with an average about 4.5 for 1/ 0. Since 
Curve A, Fig. 4, is for (Hg^o) = 0, the value of 
F(Hg1So) is unity and the slope of this curve, 
1.96, is the ratio £2/£3. The value of £2 is the 
Einstein “A” coefficient for the transition 63Pi —» 
6*80 and has the value 1/ r  = 1/1.07 X 10~7, 
hence £3 =  1/1.07 X 10~7 X 1.96 = 4.77 X 106. 
This is the velocity constant for the reaction (3) 
in the postulated mechanism and this work con­
stitutes, so far as we are aware, the only attempt 
at its measurement for this classic reaction. The 
above constant gives the rate at 30° in molecules 
of hydrogen per cc. decomposed per second per 
millimeter of hydrogen pressure per unit concen­
tration of Hg3Pi atoms in atoms/cc. If the hy­
drogen concentration is expressed in molecules 
per cc. instead of millimeters of pressure, £3 be­
comes 4.77 X 1073.20 X 1016 =  1.49 X 10"10. 
I t is of interest to calculate the collision cross sec­
tion from this constant and to compare with the 
result obtained previously. In the collision fre­
quency expression Z may be set equal to £3 when 
nuz =  1 and nng* — 1. The value of cr2 is found 
to be 2.64 X 10-16 cm.2 as against 2.50 X 10"-16 
found from consideration of the intercepts of Fig. 
3 and published values of cq2.

I t has been pointed out that the intercepts of 
the lines on Fig. 4 on the 1/0 axis average about
4.5 which is, according to the postulated mecha­
nism, (£3 +  £4)/£3. The value of £4/£3 is 3.5 and 
£4 =  3.5 X 1.49 X 10“ 10 =  5.22 X 10-10. One 
would expect so far as the extrapolation to in­
finite hydrogen pressure, i.e.f 1/(H2) = 0, is valid 
that the intercept value, 4.5, would agree with the 
cq2/(td2 ratio. I t is larger than the ratios obtained 
using either of the <tq2 values previously mentioned 
(8.6 and 6.01 X 10~16 cm.2) and <td2 (2.64 X 
10-16) which give 3.3 and 2.3, respectively. 
Larger values of <tq2 have been reported but are 
considered less reliable.3 This discrepancy, if 
real, is perhaps explainable on the assumption of a 
collision-induced emission of X 2537 (by hydrogen 
on Hg3Pi atoms) with the line sufficiently broad­
ened to allow these quanta to escape reabsorption. 
These quanta would be quenched from the stand-
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Fig. 4.

point of the present experiment but would show 
up as fluorescence in the quenching studies.

The ratios of the slopes of the lower lines of Fig. 
4 to that of the upper line (A), for which F(Hg1So) 
is unity, are the values for FCHg^o) for the vari­
ous pressures of mercury vapor. These values are 
plotted in Fig. 5, Curve A. The ordinates of this 
curve are the probabilities, for the mercury vapor 
pressures in the particular vessel used, that a 
quantum of X 2537 emitted as fluorescent radiation 
will escape reabsorption within the bounds of the 
vessel. The quantity [1 — FCHg^o)] is then the 
probability that the fluorescent quantum will be 
reabsorbed, and, since the time spent by a quan­
tum of energy as radiation is negligible compared 
to r, the same quantity may be interpreted as the 
fraction of the quanta of energy, present in the 
system with the light source on, which are still 
present at the time, r, after the light source is cut 
off. Also [1 — FCHg^o) ]n is the fraction of 
quanta still in the system after nr. This leads 
to an exponential decay function for the intensity 
of radiation emitted after excitation is cut off and 
we may write approximately It/Zo — [1 — F 
(Hg^o) ]n = e~pt in which t — nr. The values 
of 0 calculated from F(HgxSo) are shown in Fig. 5, 
Curve C. I t is possible to estimate 0 theoretically 
through a series of methods due to Milne, Zeman­
sky, Samson, Kenty, summarized in reference (3), 
p. 228 et seq. I t  is necessary to consider a distance, 
l, through which the radiation must diffuse which 
we have estimated as 1.125 cm., the radius of the 
reaction vessel. The values of 0 so calculated are 
shown in Curve B, Fig. 5. The experimental 
values from F(HgxSo) deviate an average of 10% 
from the calculated values over the range of mer­
cury vapor pressures shown. The agreement is of 
about the same order as that obtained by com­
parison of direct measurements of 0 with the calcu-

Fig. 5.

lated values.3 Such close agreement must be re­
garded as fortuitous but the fact that it was possible 
to arrive, through treatment of the data of this 
paper, a t the F(HgxSo) values which are consist­
ent with existing theory and experiment applied 
to the “imprisonment’ ’ of resonance radiation in 
the strictly physical (not chemically reacting) sys­
tem, mercury vapor, seems to support the essential 
validity of the data and its treatment.

We have carried through an application of 
Milne’s theory of the diffusion of “imprisoned” 
resonance radiation to calculate the number of 
Hg3Pi atoms present in the system and thence the 
rate of disappearance of hydrogen, i. e.f Curve 
B, C, D, Fig. 2. The expression for the rate in­
volves two effective cross sections, one for reac­
tion (3) of this paper and the other for over-all 
quenching of Hg3Pi atoms by H2. I t  is found that 
rate curves of the general characteristics of B, C, 
D, Fig. 2 are obtained and tha t quantitative 
agreement with experiment is much better if the 
(td2 and (tq2 values 2.5 X IO-16 from this work and
8.6 X 10~~16 cm.2 from ref. (3) both are used than 
if either value is used as the sole cross section in­
volved.

The question arose in conversation with J. 
Franck as to the possibility that these experiments 
might be used to distinguish between the two 
proposed mechanisms involving direct dissocia­
tion of hydrogen molecules as against formation 
of mercury hydride in the process. If one as­
sumes that the hydrogen in the mercury hydride 
is not cleaned up and is eventually returned as 
hydrogen to the gas and if one assumes that no 
other quenching processes than one of the two 
proposed are involved, a study of the quenching 
externally and hydrogen removal internally 
should be able to distinguish between the two 
mechanisms. One quantum per hydrogen mole­
cule disappearing would be quenched in the first 
case and two quanta in the second case. Quench­
ing measurements have been made giving an es­
timated quenching, averaged over the surface of a 
sphere concentric with and about the cylinder, of
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3.5 times the quantum yield observed internally. 
This is again a measure of o-q2/(td2 and constitutes 
further confirmation that one or more other 
quenching processes than that resulting in hydro­
gen removal is in preponderance. I t seems 
doubtful then that the two mechanisms can be 
distinguished by this means.

An important assumption upon which the valid­
ity of much of the interpretation of the data of 
this paper rests is that the cleanup of the supposed 
atomic hydrogen produced is complete. This 
would be a very difficult assumption to demon­
strate conclusively by experiment but we have 
little doubt of its validity because of the evidence 
presented below. As mentioned in the Experi­
mental section of this paper, all of the data pre­
sented were taken at the limiting condition of 
maximum rate following reoxidation of the cop­
per and thorough outgassing of the vessel. The 
reproducibility and consistency of the data is in 
itself strong evidence of the essential complete­
ness of the cleanup. I t  would be difficult to imag­
ine a kind of adsorption process at the silicon 
dioxide and cupric oxide surfaces which consist­
ently returned a constant fraction of the reaction 
products as hydrogen to the gas phase. The fol­
lowing experiment substantiates the assumption 
of complete clean-up. The reaction was carried 
out in a fused silica cell without any cupric oxide 
in it. The rate of reaction as observed on the Pi­
rani gage under constant conditions (except for 
the inside walls) falls gradually to zero when the 
walls can no longer remove the products and com­
plete recombination of hydrogen atoms then oc­
curs. The rate becomes practically zero when 
amounts of hydrogen of the order of 100-fold those 
used in taking the data of this paper were con­
sumed. When the reaction cell with its cupric 
oxide lining cylinder is used in a similar attempt 
to exhaust the capacity for removal of the reac­
tion products it is found that the rate falls off less 
rapidly than in the former case and becomes flat 
a t a fraction of the initial rate which agrees to 
within a few per cent, with the fraction of the in­
ternal area of the vessel which consists of cupric 
oxide. (These experiments were carried out with 
the mercury vapor pressure low in order to spread 
the reaction more uniformly through the vessel.) 
(One might be tempted to attribute the sustained 
behavior with cupric oxide to the steady conver­
sion of hydrogen to water, hence due to the 
smaller heat conductivity of water, the Pirani 
gage would show a pressure decrease. However, 
the accommodation coefficients and Cy values of 
hydrogen and water are such that in the “free 
molecule” heat conduction range here applicable, 
water is 40% more effective than hydrogen in heat 
conduction from bright platinum.9) The inter­
pretation then that we place on the above experi-

(9) Thomas and Olmer, T h is  J o u r n a l , 65, 1036 (1943).

ments is that both silicon dioxide and cupric ox­
ide have the same initial efficiencies of removal of 
the reaction products and this is very unlikely un­
less both efficiencies are unity. That cupric oxide 
has sustained, constant efficiency is found in the 
extensive work done in this laboratory with the 
electron initiated mercury sensitized decomposi­
tion of hydrogen in which the reaction region is 
more completely surrounded with oxidized copper 
surface and the initial rates are maintained longer 
than with the silica, copper oxide cell. The elec­
tron work shows constancy of clean-up efficiency 
with varying reaction rate and with varying mer­
cury pressure, complete quantitative reproduci­
bility of data, and is entirely consistent with the 
assumption of complete clean-up efficiency.

Lastly, mentioned in connection with complete­
ness of cleanup and general validity of the quan­
tum yield measurements, an independent check 
was made of four points on Fig. 3. A new vac­
uum and gas handling system, new Pirani gage 
and electrical measuring system with new calibra­
tions, new reaction cell with reaction volume more 
completely surrounded with cupric oxide, and a 
new photocell were used and the uranyl sulfate- 
oxalic acid actinometer, following the specifica­
tions and general procedures of Leighton and 
Forbes, was used to determine the lamp intensity. 
The quantum yields at each hydrogen pressure 
with mercury at 0° and with hydrogen at 0.11 
mm. and mercury at 24° were determined. The 
four new values of 0 averaged 1.5% (of 0) higher 
than the four original values with a maximum dis­
crepancy of 5.5%, i. e.t a 0 of 0.036 became 0.038 
in the new determination.

Summary
The quantum efficiency of the Cario and Franck 

mercury sensitized decomposition of hydrogen 
with X 2537 has been investigated as a function of 
mercury and hydrogen pressures. On the basis 
of the postulated mechanism the velocity con­
stant and the effective cross section are deter­
mined for the interaction of Hg3Pi atoms and 
hydrogen resulting in disappearance of hydrogen 
from the gas phase, presumably through dissocia­
tion and removal of the resulting hydrogen atoms 
on cupric oxide or silicon dioxide walls. The con­
tribution of the reabsorption of fluorescent radia­
tion to the efficiency is singled out and from this 
the time decay constant of X 2537 from pure mer­
cury vapor in the reaction vessel after excitation 
is cut off is calculated and compared with physical 
theory and measurement. The evidence from 
several aspects indicates consistently that other 
quenching processes than that resulting in removal 
of hydrogen are effective and that the rate of 
quenching of Hg3Pi atom is several times as great 
as the rate of removal of hydrogen from the gas.
C o l u m b ia , M is s o u r i  R e c e iv e d  M a r c h  6, 1948
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This work was undertaken as a preliminary in­
vestigation of the system at 300, 350, 400 and 
450°, and is restricted to solutions in equilibrium 
with quartz.

To define completely this system at the liquidus 
it would be necessary to fix three independent 
variables. The usual variables which are experi­
mentally controllable are the temperature and 
two others, such as total pressure, the partial 
pressure of one of the components of the vapor, 
and the liquid or vapor composition. The appara­
tus available did not permit sampling the liquid 
or vapor phases, nor was it possible to get accurate 
pressure measurements. However, while the fol­
lowing data do not define the system completely, 
they provide a valuable preliminary basis for such 
investigations.

Experimental
The runs were made by placing weighed blocks of 

quartz in 18-ml. pressure bombs together with weighed 
amounts of sodium carbonate, pipetting in 10 ml. of dis­
tilled water, sealing the bombs and allowing them to re­
main at a predetermined temperature. The bombs 
were continuously rocked to provide agitation. Further 
details of the equipment are given in a previous paper.2 
After equilibrating for from forty to one hundred and fifty 
hours, the bombs were removed from the furnaces and 
quenched by directing a stream of cold water onto them.

The sodium carbonate was reagent grade, and was 
dried at 120° for several hours. Quartz slabs (2.5 X 
1.5 X 0.5 cm.), cut from piezo-electric grade natural 
quartz were used throughout.

Results and Discussion
It was noted in many runs at 400° and in all 

runs at 450° that considerable pressure was re­
leased upon opening the bombs after quenching. 
Evidently at these temperatures silica displaces 
carbon dioxide from the sodium carbonate, result­
ing in a high partial pressure of carbon dioxide in 
the vapor. This parallels the results of Morey 
and Fleischer3 in the system K20-Si02-H 20 -  
C02, who found that the distribution ratio of car­
bon dioxide between the liquid and vapor in­
creased in the direction of the vapor at 500° and 
K20-S i02 ratios above 1:1.

As a check on the solubility curves many runs 
were equilibrated at 450° and slowly cooled to 
various temperatures from 425 to 300°. They 
were then allowed to equilibrate a t the lower tem­
perature and quenched. In all cases all of the 
excess quartz recrystallized on the remains of the 
original quartz block. This indicated that: (1) 
The curves represent true equilibrium values; 
(2) Quartz can be grown from sodium carbonate 
solutions by slowly cooling a saturated solution of

(1) Present address: D epartm ent of Geology, University of Chi­
cago, Chicago 37, Illinois.

(2) T u ttle  and Friedman, T h is  J o u r n a l , 70, 919 (1948).
(3) Morey and Fleischer, Bid. Geo. Soc. A m ., 51, 1035 (1940).

quartz in sodium carbonate in contact with a 
quartz seed plate.

Figure 1 shows the solubility of silica in sodium 
carbonate solution as a function of sodium car­
bonate concentration a t various temperatures. 
The spread of experimental points, particularly at 
450° can be explained by the high temperature de­
pendence of the solubility at the higher tempera­
tures. The bombs that were used varied slightly 
(5% max.) in the size of the chamber. This varia­
tion in the degree of filling would also contribute 
to the error.

0 1 2 3 4 5
Grams Na2CO3/10 ml. H20 .

Fig. 1.

The leveling off of the solubility curves with in­
creasing sodium carbonate concentration might be 
due to the formation of a solid phase containing 
sodium oxide. Sodium carbonate crystals were 
found in most runs, but it is not clear if the crys­
tals formed during the quench or represent a 
stable solid phase a t the temperature of the runs.

Upon opening the quenched runs a hard water- 
soluble glass was found in most of the bombs in 
addition to the liquid and crystalline phases. 
The glass was not found in runs made at 300° that 
contained less than 1.5 g. of sodium carbonate, nor 
was it observed in runs made at 450° that con­
tained over 3.5 g. of sodium carbonate. These 
glasses are similar in character to the glasses ob­
served in the Na20-S i0 2~H20  system,2 and can be 
assumed to have been liquid at the temperature of 
the runs. I t seems quite probable that the liquid 
immiscibility reported in the Na20-S i0 2—H20  sys­
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tem extends into the Na2O-Si02MT20 -C 0 2 system. 
However the correctness of this assumption will 
have to be checked by a more elaborate investi­
gation of this system.

3 0 0  4 0 0  5 0 0
Temp., °C.

Fig. 2.

As can be seen from Fig. 2, this system would be 
a desirable one from which to grow quartz. The 
steep slope of the Solubility vs. Temperature curve 
would be favorable for growing quartz by the tem­

perature lowering as previously stated, while the 
low solubility of quartz in sodium carbonate solu­
tions as compared to its solubility in sodium hy­
droxide solutions, as shown in Table I, suggests 
that carbon dioxide might be used to displace 
quartz from sodium hydroxide solutions at con­
stant temperature.

T able I

T em p ., N aO H N a 2C03
°C. % Na20 so lu tion s so lu tion s

1 2 0 5
3 0 0 5 1 3 5 2 8

1 5 5 1 4 4 3

1 2 5 13
3 5 0 5 1 5 2 5 0

1 5 5 1 5 6 0

1 3 5 2 2
4 0 0 5 1 5 5 9 0

1 5 5 6 0 1 0 5

1 3 5 2 4
4 5 0 5 1 6 3 1 2 4

1 5 5 6 0 2 8 5

The author again wishes to emphasize the pre­
liminary nature of the present paper. Muck care­
ful experimentation remains to be done before our 
understanding of equilibrium in multicomponent 
systems containing volatile and non-volatile com­
ponents can be extended very far.

The assistance rendered by Mr. Charles Jackson 
was of great aid in carrying out the experimental 
work.
W ashington , D. C. R eceived  F ebruary  24, 1948

[Contribution  from the Stamford R esearch

Heats of Combustion of Some
B y  D . J. S alley

The need for accurate values of heats of combus­
tion for thermodynamic calculations has often 
been emphasized, and the lack of such data seems 
especially noticeable for organic compounds con­
taining nitrogen. We therefore record here heats 
of combustion, determined with relatively high 
accuracy, of eight such compounds: cyanamide, 
dicyandiamide, melamine, 3-cyanopyridine, 
phthalonitrile, dimethylol urea, diisopropyl cyana­
mide, and diisopropyl carbodiimide.

Experimental
Apparatus and Procedure.—The bomb calorimeter 

used was modeled after that of Dickinson,1 2 being a replica 
of that of Huffman and Ellis,3 and of Richardson and 
Parks4; the calorimeter was in fact made in the shops 
of the California Institute of Technology.

(1) Present address: Guymon, Oklahoma.
(2) Dickinson, Bull. Bureau of Standards, 11, 243 (1915).
(3) H. M. Huffman and E. L. Ellis, T h is  J o u r n a l , 57, 41 (1935).
(4) J . W. Richardson and G. S. Parks, ibid,, 61, 3543 (1939).

Laboratories, A merican Cyan  amid Company]

Organic Nitrogen Compounds
and  J. B. G r a y 1

The samples were burned in a Parr bomb (380 ml. 
capacity), containing initially 1 ml. of water and com­
mercial tank oxygen at 30 atm. pressure at about 24°. 
The air was usually flushed out by two fillings with 
oxygen to 15 atm. pressure when solid samples were 
burned, but no flushing was made with liquids. The 
weight of water for the calorimeter, usually 2770 g., was 
measured to 0.05 g. on a high capacity balance.

Pellets of solid samples were weighed in a platinum 
crucible to 0.05 mg. on an analytical balance, after they 
had been kept in a desiccator over phosphorus pentoxide 
for several days. As far as is known, the compounds are 
not hygroscopic (except cyanamide, discussed below), 
and no changes in the heats of combustion with drying 
times of three to ten days were noticed. For liquids, 
thin-walled soft glass ampoules were completely filled 
by means of a fine hypodermic syringe, through a single 
stem, which was then sealed off. The liquids were not 
freed of any dissolved air.

Either of two methods of firing the sample have been 
employed, the platinum wire-string fuse of Richardson 
and Parks,4 or the usual iron wire. In the former, the 
electrical energy (E IT ) introduced was obtained by accur­
ate measurements of voltage, current, and time. These



T a b l e  I

C a l ib r a t io n  o f  C a l o r im e t e r
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Obs. rise, 
°C.

Cor. rise, 
°C.

Benzoic acid, 
wt. in vacuum, 

g-

H eat fr.om 
benzoic acid, 

cal.

H eat from 
E IT  +  

string, cal.
H eat from 
HNOa, cal.

Energy equiv. 
cal. /deg.

Dev. from 
mean 

cal./deg.
1.96923 1.97697 1.00010 6318.2 21.5 1.3 3207.4 + 0 .3
1.97121 1.97886 1.00102 6324.0 22.6 1.3 3207.9 +  .8
1.97270 1.98074 1.00179 6328.9 23.2 1.3 3207.6 +  .5
2.14473 2.15266 1.08907 6880.3 20.2 1.4 3206.2 -  .9
1.97062 1.97856 1.00040 6320.1 23.9 1.3 3207.1 .0
1.86123 1.86878 0.94462 5967.7 24.3 1.3 3207.1 ,0
2.13143 2.13995 1.08183 6834.6 25.8 1.3 3206.4 -  .7

Mean =  3207.1 cal./g. 
Calibration error =  ± 0.016%

were facilitated by an auxiliary circuit so arranged that 
on closing the switch to fire the charge the current reached 
a steady value within a small fraction of the firing time. 
Nearly identical current and time conditions were main­
tained from run to run, and the EIT  introduced was 
checked frequently by direct measurement of the rise in 
temperature of the calorimeter in blank runs. The 
string, conditioned and weighed at 73 ° F. and 50% R. H., 
had a heat of combustion of 3950 calories per gram. The 
energy correction when an iron wire fuse was employed 
was determined by independent measurement of the 
temperature rise produced by the burning fuse alone in 
blank runs.

The temperature rise in the calorimeter was measured 
by a platinum resistance thermometer calibrated by the 
Bureau of Standards, a Mueller resistance bridge, and a 
high sensitivity galvanometer. A change of 0.00003 
ohm (0.0003°) in the resistance of the thermometer caused 
a shift of 1 mm. in the reflection from the galvanometer 
mirror on the scale. The galvanometer was used as a 
null instrument, the time at which a predetermined 
resistance was reached being recorded on a drum-type 
chronograph which was precise to 0.1 sec.

Two methods of determining the corrected temperature 
rise have been employed, that described by Dickinson,5 
and that by Eckman and Rossini.6 When using the 
former method, the jacket was at 25°, and in the latter 
at 26.1°. In either case the initial temperature of the 
run was so arranged that the average temperature of the 
combustion was 25 =*= 0.1°. Jacket temperatures were 
maintained constant to at least 0.001 °.

The nitric acid produced in the combustion was deter­
mined by titration with standardized alkali using brom 
cresol green as the indicator. The thermal correction 
was calculated on the basis of AHu =  —15,070 cal./ 
mole,7 which yields 13,950 cal. evolved for one mole of 
aqueous acid formed in the bomb process. For all the 
nitrogen compounds the nitric acid correction was rela­
tively high, 0.3 to 0.7% of the total heat involved, and a 
change of 1000 cal. in the value of 13,950 cal. for nitric 
acid formation can effect changes of 0.02 to 0.05% in 
the final figures for the heats of combustion.

Units.—The unit of energy used is the defined calorie =  
4.1833 int. joules. The unit of mass is the gram true 
mass derived from the weight in air against brass weights. 
The appropriate buoyancy correction depends on the 
density of the substance and this was obtained from the 
literature or measured independently. 1947 atomic 
weights8 were used in calculating molecular weights.

Calibration.—The calorimeter was calibrated by burn­
ing benzoic acid (Bureau of Standards standard sample

(5) H. C. Dickinson, Bull. Bureau of Standards, 11, 189 (1914).
(6) J. R. Eckman and F. D. Rossini, Bur. Standards J . Research, 3, 

597 (1929); Rossini, ibid., 6, 1 (1931).
(7) Tables of Selected Values of Chemical Thermodynamic Proper­

ties, Series I, Table 8-1 and 18-6, N ational Bureau of Standards, 
M arch 31, 1947.

(8) G. P. Baxter, M . Guichard and R. W hytlaw-Gray, J . Chem.
Soc., 983 (1947).

39f; heat of combustion 26.4284 int. k j./g .) under condi­
tions meeting as closely as possible the standard calori­
metric conditions specified by the Bureau of Standards. 
Deviations from the specifications were so small as to 
require an entirely negligible change (0.003%) in the NBS 
value for the benzoic acid. Table I presents some early 
determinations which were carried out using the platinum 
wire-string fuse for firing, and the Dickinson procedure 
for correcting the temperature rise. The figures recorded 
are the experimental values of the energy equivalent of 
the bomb and contents. These runs give an indication 
of the precision of the experimentation; the calibration 
error shown is calculated according to Rossini.9 Numerous 
calibrations made from time to time have shown an even 
better degree of precision. No marked advantage in pre­
cision has been found between the various procedures 
tested.

Materials.—All of the compounds were purified by 
various members of these Laboratories or of the Calco 
Chemical Division of the American Cyanamid Company, 
and analyses were made by our Analytical Department. 
Nitrogen analysis was obtained in several instances, but 
since it is not a very good criterion of purity with these 
compounds, whenever possible, analytical procedures or 
other means of characterization specific for the compound 
in question were employed.

Cyanamide.—Free cyanamide was recrystallized from 
ether, then vacuum distilled at whatever pressure was ob­
tainable with a mercury pump when the melt was held at 
80° and the distillate was trapped at 0°. Ampoules of 
the material, filled as described in the following, showed 
only a trace of dicyandiamide, the only likely impurity.

The handling of cyanamide deserves special mention. 
This material is a solid melting at about 41 °, but its hy­
groscopic and corrosive nature precludes pelleting. How­
ever, its low melting point allowed it to be handled 
as a liquid. The door of an electric oven was fitted with 
two sleeves ending in rubber gloves. Trays of Drierite 
and Ascarite were placed in the oven to absorb water vapor 
and carbon dioxide. The temperature was kept at 50- 
60°. A hypodermic syringe and glass ampoules were 
placed in the oven several hours before use. The cyan­
amide, in an evacuated flask, was melted rapidly under a 
steam jet, then opened inside the oven. A glass tube 
having a fitted ground joint was substituted for the needle, 
and the molten material quickly drawn into the syringe; 
the needle was then replaced for filling the ampoules. 
Since the rather high viscosity of the melt made the 
expulsion of the liquid through the fine needle difficult, it 
was convenient to clamp the syringe firmly in a small 
stand which also carried a small adjustable platform on 
which the ampoule rested. After filling all the ampoules 
they were removed from the oven one by one and sealed 
off. Since supercooling often took place, each bulb was 
chilled with a piece of ice to induce crystallization. In 
the molten state cyanamide converts slowly to dicyandi­
amide so that all the operations were ̂ carried out as rapidly 
as possible. To insure consistent firing of these samples

(9) F . D. Rossini, Chem. Rev., 18, 235 (1935).
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when using the iron wire method, small weighed disks 
of filter paper (0.011-0.012 g.; heat of combustion, 
3992 cal./g.) were stuck to the ampoule by a tiny smear of 
water glass. This technique of handling hygroscopic 
solids has been used satisfactorily with other such materials 
of sufficiently low melting point.

Dicyandiamide.—Commercial material was twice re­
crystallized from water. Nitrogen analysis showed 
66.54%, indicating a purity of 99.82%.

Melamine. This sample was purified by recrystalliza­
tion from dilute sodium hydroxide. Specific analysis for 
melamine showed it to be 99.7% pure, free of ammeline 
and ammelide, with less than 0.01% ash.

3 -Cyanopyridine.—This compound, prepared from 3- 
bromopyridine by reaction with cuprous cyanide, was 
twice redistilled. The product of the second distillation 
boiled constantly at 98° at 23 mm. and melted at 49-50°. 
The nitrogen analysis was: found 26.66%, theoretical
26.90%.

Phthalonitrile.—A commercial material was purified by 
recrystallization from alcohol; m. p. 138.5-140°. Nitro­
gen analysis was 21.65% versus 21.87% theoretical.

Dimethylol Urea.—This compound was recrystallized 
from 75% alcohol. It showed a m. p. of 137-139° with 
decomposition. Nitrogen analysis was 23.18% found, 
23.33% theoretical.

Diisopropyl Cyanamide and Diisopropyl Carbodiimide. 
—Both of these compounds were purified by several 
fractional distillations. The former boiled at 75° at 5 
mm., the sample being a middle cut. The latter boiled 
at 25 mm., a middle cut being taken; infrared examination 
showed that it conformed to other samples of high purity.

D ata
As a typical example, Table II presents the ex­

perimental data for the heat of combustion runs 
on melamine. The Rossini method of correcting

T a b l e  II
D a t a  o n  H e a t  o f  C o m b u s t io n  o f  M e l a m in e  

Wt. in
vac- AR K , U AR\ A Rn, AR
uum , obs., ohm ohm ohm ohm corr., — AZ7b/ m

g. ohm X 10s X 104 X 104 X 103 ohm cal., g.
1.71222 0.20620 2.545 4 .97 7.00 1.194 0.20126 3735.2
1.70679 .20540 2.472 3.71 7.29 1.215 .20061 3735.0
1.71574 .20700 2.538 9.13 6.94 1.173 .20168 3735.4
1.70903 .20560 2.456 2 .30 7.87 1.150 .20098 3736.9
1.71390 .20620 2.459 3.48 6.64 1.180 .20155 3736.9
1.71530 .20630 2.425 2.02 6.87 1.252 .20173 3737.2

Mean 3736.1
Reaction error =±=0.021%; precision error =>=0.028%. Energy 

equivalent of calorimeter 31777.1 cal./ohm.

trie acid formed. These quantities as well as the 
temperature rise R , are in ohms, while the energy 
equivalent obtained in calibration runs is stated in 
cal. per ohm. The quantity, — A C /s /m , in this and 
the following table, represents the heat evolved 
per gram in the isothermal bomb process at 25°. 
Correction to the isothermal reaction using known 
or estimated specific heats was negligible, being in 
all cases less than 0.01%.

In Table III there are collected the data on the 
eight compounds burned. The headings are self- 
explanatory, except perhaps that of the seventh 
column. This is the “precision error” calculated 
using an assigned error of 0.010% for the heat of 
combustion of benzoic acid, a “calibration error” 
of 0.016%, and the “reaction error” that obtained 
in each case. The Washburn correction10 in­
volved in calculating AZ7r was derived on the 
basis that the ternary mixture of nitrogen, oxy­
gen, and carbon dioxide behaved like the binary 
mixture, oxygen and carbon dioxide; we are in­
debted to Mr. A. B. Bestul for these calculations. 
The heats of formation of the compounds from the 
elements, AHu were calculated using 94,051.8 and
68,317.4 cal./mole for the heats of formation of 
gaseous carbon dioxide and of liquid water,11 re­
spectively.

Discussion
The precision of the calorimetric procedure, as 

indicated by the calibration runs, appears to be 
entirely satisfactory. This is further borne out by 
the fact that equally good results have been ob­
tained with other non-nitrogen compounds (not 
published). However, the results with the nitro­
gen materials have never reached the same preci­
sion. This may have been due to irregularities in 
the course of the combustion process. Some sup­
port for this view is provided by the fact that igni­
tion difficulties were often encountered, and that 
incompleteness of combustion (as evidenced by 
carbon deposition) was rather frequent. I t seems 
evident that to obtain highest precision the com­
bustion process for nitrogen compounds would re-

T a b l e  III
H e a t s  o f  C o m b u st io n  a n d  F o r m a t io n  a t  25°

Substance Formula Mol. wt. Density
No. of 

runs
— AUr / m> 

cal./g.

Prec.
err.,

%
- A U r ,
kcal./
mole

- A H r ,
kcal./
mole

AHt,
kcal./
mole

Cyanamide (s) c h 2n 2 42.042 1.282 6 4206.4 0.069 176.72 177.20 14.65
Dicyandiamide (s) c2h 4n 4 84.084 1.40 4 3943.1 .036 331.29 331.88 7.14
Melamine (s) c 3h 6n 6 126.126 1.573 6 3736.1 . 028 471.22 471.76 -  15.35
3-Cyanopyridine (s) ceH4N2 104.108 1.159 4 7181.4 .027 747.14 747.73 46.78
Phthalonitrile (s) c 8h 4n 2 128.128 1.125 4 7457.3 .025 954.81 955.40 66.35
Dimethylol urea(s) C sH sN 203 120.110 1.49 4 3202.0 .043 384.34 384.64 -1 7 0 .7 8
Diisopropyl cyanamid e (1) c 7h 14n 2 126.198 0.949 7 8899.9 .066 1122.81 1124.88 -  11.70
Diisopropyl carbodiimide (1) c 7h 14n 2 126.198 0.909 5 8958.0 .051 1130.14 1132.21 -  4.37

for the temperature rise was followed in this case, 
K  and U being the heat leak corrections. The 
calorimeter calibration had also been done using 
this method. ARi is the ignition correction (EIT 
and string), and ARn is the correction for the ni-

quire detailed study, and that direct determina­
tion of carbon dioxide and the nitrogen oxides

(10) E. W. W ashburn, Bur. Standards J . Research, 10, 525 (1933).
(11) D. D. Wagman, J. E. Kilpatrick, W. J. Taylor, K. S. Pitzer 

and F. D. Rossini, J . Research Natl. Bur. Standards, 34, 143 (1945).
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would be necessary. In the present work, no di­
rect test for completeness of combustion by meas­
urement of carbon dioxide or carbon monoxide 
formation was made on any of the compounds.

The accuracy of the values reported here is al­
most certainly poorer than the precision of the de­
terminations, since the purity of the samples—in 
spite of the effort to obtain high-grade materials— 
probably is the limiting factor. The compounds 
were all taken as 100% pure even though in some 
instances the analysis throws some doubt on this, 
and in the case of the liquids no attempt was made 
to correct for any dissolved gases. This appears to 
be the best policy to follow, first, because the signi­
ficance of the analysis may be questioned and, 
second, because the kind and amount of impurity 
is indeterminate. The cyanamide, dicyandiamide 
and melamine figures are considered to be the most 
reliable in this respect.

The heats of combustion of cyanamide, dicyan­
diamide and melamine were measured by Le- 
moult,12 his figures being 171.6, 328.7 and 469 
kcal./mole, respectively. These values are nomin­
ally 5.6, 3.2 and 2.8 kcal./mole lower than those

(12) P. Lemoult, Ann. chim. phys., [7] 16, 338 (1898). See also 
F. R. Bichowsky and F. D. Rossini, “ Thermochemistry of Chemical 
Substances,” Reinhold Publishing Corp., New York, N . Y., 1936, p. 
50.

obtained here. Since the corresponding heats of 
formation have rather low absolute values, these 
differences naturally result in large percentage 
differences between the old and new heats of for­
mation. The present values are considered to be 
the more trustworthy. No values have been lo­
cated in the literature for the other substances.

Acknowledgment.—Acknowledgment is made 
to Mr. P. Adams, Dr. P. R. Averell, Dr. I. 
Heckenbleikner, Dr. R. F. Stamm, and mem­
bers of the Analytical Department of these 
Laboratories for the preparation, purification, 
and analysis of the compounds used, and to the 
Directors of these Laboratories for permission to 
publish these results.

Summary
A bomb calorimeter, calibrated with benzoic 

acid, has been used for determining the heats of 
combustion of eight organic nitrogen compounds 
at 25° and constant volume. From these data, the 
corresponding heats of combustion and of forma­
tion at constant pressure have been calculated. 
The substances burned were cyanamide, dicyandi­
amide, melamine, 3-cyanopyridine, phthalonitrile, 
dimethylol urea, diisopropyl cyanamide, and diiso­
propyl carbodiimide.
vS t a m f o r d , C o n n . R e c e iv e d  M a r c h  30, 1948

[C o n t r ib u t io n  f r o m  t h e  Sta m fo r d  L a b o r a t o r ie s  o f  t h e  A m e r ic a n  C y a n a m id  Co.]

Some Amides and Esters of Fluoroacetic Acid
B y  J. C. B a c o n , C. W. B r a d l e y , 1  E. I. H o e g b e r g , P a u l  T a r r a n t 2  a n d  J. T. C a s s a d a y

The toxicity of certain derivatives of fluoroace­
tic acid to insects and rodents was established in 
these Laboratories several years ago and has led to 
the synthesis of additional compounds of this type.

The problem of preparing economically a sim­
ple derivative of o-fluoroacetic acid to be used as 
a starting material for the rest of these syntheses 
was solved by the discovery of a method for con­
verting chloroacetamide into fluoroacetamide by 
reaction with potassium fluoride. This method is 
discussed below. The literature3-5 has subse­
quently indicated that during the course of our in­
vestigations methods were simultaneously in the

(1) Deceased.
(2) Present address: University of Florida, Gainesville, Florida.
(3) H. McCombie and B. C. Saunders, Nature, 158, No. 4011, 382 

(1946).
(4) W. B. Reed for R. L. Jenkins and E. E. Hardy, Office of Tech­

nical Service Report, PB 24903; C. W. Mason and C. B. De La- 
M ater, PB 5484; J. H. Yoe, Jason M. Salsbury and James W. Cole, 
PB 5955, PB 4220, PB 6020, PB 6021; John H. Yoe and Lyle G. 
Overholser, PB 4216; Benjamin W itten, Bernard Gehauf and Mel­
vin M. Falkof, PB 17207; Joseph M. Sanchis, PB 9511; Irving S. 
Goldman, M ary Catherine Flannery, Louis J. Arent, John B. 
Hoag, Arthur M. Buswell, PB 9510; Charles C. Price and William 
G. Jackson, PB 5904; N athan  L. Drake, PB 5863, R. H. Kimball 
and Lewis E. Tufts, PB 52707.

(5) E. Gryszkiewics-Trochimowski, A. Sporzynski and J. Wnuk, 
Rec. trav. chim., 66, 413-418 (1947).

process of development in England, Poland, and 
elsewhere in the United States for the large-scale 
production of methyl, ethyl and sodium fluoroace- 
tates, the latter being known as rodenticide 
“1080.” Analytical methods have been reported4 
for the determination of extremely small traces of 
fluorine in these and similar types of materials and 
reports6*7 have also been published covering the 
effect of “active” fluorine compounds on warm­
blooded animals.

Numerous unsuccessful attempts were made to 
replace the chloro group of chloroacetic acid and 
ethyl chloroacetate using hydrogen fluoride alone 
or in combination with antimony trifluoride.

Fluoroacetamide was finally prepared by the 
reaction of chloroacetamide with potassium 
fluoride. A mixture of the fluoro- and chloro- 
amides was obtained both by dry distillation un­
der reduced pressure and by distillation a t a t­
mospheric pressure using xylene as a carrier. 
The yields of fluoroacetamide based upon the 
chloroacetamide consumed were greater than 
50%. The mixture of amides was converted into a

(6) M aynard B. Chenoweth and Alfred Z. Gilman, PB 9577; 
Sidney P. Colowick, Louis Berger and Milton W. Slein, PB 5873.

(7) M arais and Onderstepoort, J . Vet. Sci. Anim al Ind., 18, 
203 (1943); 20, 67 (1944).
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mixture of ethyl chloro- and fluoroacetates by 
the use of ethanol and hydrogen chloride or sul­
furic acid, and the combined esters were separated 
by fractional distillation. The pure ethyl fluoro­
acetate was then converted by customary meth­
ods into other esters or amides.

A similar conversion of ethyl bromoacetate 
into the corresponding fluoro ester was effected by 
refluxing with potassium fluoride or, in lower yield, 
with thallous fluoride. The use of bismuth tri­
fluoride produced none of the desired ester.

Since potassium fluoride had proved useful in 
the production of fluoroacetamide from chloroace­
tamide as outlined above, other fluorides were 
tested. Sodium fluoride, when tried in the fusion 
method for the production of the amide and in the 
attempted conversion of ethyl bromoacetate to 
the fluoroacetate, gave none of the desired prod­
ucts. When ammonium fluoride was used in the 
fusion method, a small amount of fluoroacetamide 
was isolated.

Another relatively economical material, ammo­
nium glycolamide sulfate, has been converted into 
fluoroacetamide by fusion with potassium fluo­
ride.8

Experimental
The Preparation of Fluoroacetamide from Chloroacetamide

A. Dry Fusion Method.—Chloroacetamide, 187 g. 
(2.0 moles), and anhydrous potassium fluoride, 200 g. 
(3.5 moles), were ground together in a ball mill for two 
hours. The reagents were placed in a one-liter three­
necked flask and heated with a Glas-Col mantle. The 
reaction was carried out at a pressure of about 25 mm. 
produced by a water pump. When the temperature of 
the mixture reached 130 °, distillation began and continued 
until 121 g. of solid condensed in the receiver. This ma­
terial, based on a fluorine analysis, appeared to be 82.2% 
fluoroacetamide, a yield of 64.5%.

B. Inert Carrier Method.—A method for preparing 
fluoroacetamide in xylene has been described by one of 
the authors.9 Although the yield (55%) was somewhat 
lower than that obtained in the dry fusion method, a 
purer product was obtained. The use of tetrachloroethyl­
ene (b. p. 121°) instead of xylene resulted in a slightly 
lower yield of product.

The Preparation of Ethyl Fluoroacetate Using Potas­
sium Fluoride.—Ethyl bromoacetate, 110 g. (0.66 
mole), and 75 g. (1.32 moles) of anhydrous potassium 
fluoride were placed in a 500-ml., round-bottomed flask 
equipped with a 12" Vigreux column and a variable take­
off fractionating head. The column was maintained 
under total reflux until the vapor temperature reached 
120°, whereupon the ethyl fluoroacetate was stripped off. 
Heating was continued for sixteen hours, during which 
time 59 g. of distillate was collected. Refractionation 
gave 32 g. (45% yield) of ethyl fluoroacetate, b. p. 117.5°.

The Preparation of Ethyl Fluoroacetate Using Thallous 
Fluoride.—Ethyl bromoacetate, 60 g. (0.36 mole), thal­
lous fluoride, 72 g. (0.32 mole), and ethanol, 50 ml., 
were placed in a round-bottomed flask with a reflux con­
denser and heated on a steam-bath for twenty-eight and 
one-half hours. At the end of this period the mixture 
was filtered and the liquid distilled under reduced pressure. 
A refractionation gave 5 g. (13% yield) of ethyl fluoro­
acetate, b. p. 115.5-118°.

The Esterification of Crude Fluoroacetamide.—The
esterification of fluoroacetamide was carried out by allow­
ing it to react with ethanol in the presence of enough acid

(8) J. C. Bacon, U. S. P aten t 2,416,607 (1946).
(9) C. W. Bradley, U. S. P aten t 2,403?576 (1946).

to neutralize the ammonia formed. A typical example 
of an experiment using gaseous hydrogen chloride as the 
neutralizing agent follows:

The esterification of the crude amides prepared from a 
mixture of chloroacetamide and potassium fluoride in a 
1:2 ratio was carried out in a two-liter, three-necked flask 
equipped with reflux condenser, stirrer and inlet for hy­
drogen chloride. The hydrogen chloride was passed 
slowly into a mixture of 462 g. of crude amide and 328 g. 
(410 ml.) of absolute ethanol. During the first two 
hours 90 g. of hydrogen chloride was absorbed; 200 g. 
was added during the next hour. The mixture was then 
allowed to stand for about thirty-six hours.

The slurry of ammonium chloride and esters was centri­
fuged and the solid washed with 75 ml. of ethanol. The 
filtrate and wash solutions were treated with about 400 
ml. of saturated calcium chloride solution. The organic 
layer was separated and washed with 400 ml. of a satu­
rated sodium bicarbonate solution and again with a calcium 
chloride solution. The product was dried with anhydrous 
sodium sulfate and distilled at atmospheric pressure 
through a 24" column packed with glass helices, giving 
272 g. of ethyl fluoroacetate boiling at 115.5-120° and 133 
g. of ethyl chloroacetate. Since analysis had shown the 
crude amide to contain 64.7% fluoroacetamide and 32.9% 
chloroacetamide, the conversions of the two amides to 
the corresponding esters were 66 and 67%, respectively.

It was later found that sulfuric acid could be substituted 
for hydrogen chloride without decreasing the yield of ethyl 
fluoroacetate. Although the recovery of ethyl chloro­
acetate was not complete, the ease with which the reaction 
could be carried out offset this disadvantage.

Preparation of Purified Fluoroacetamide.—Fluoroacet- 
amide was prepared from ethyl fluoroacetate and aqueous 
ammonia by a method analogous to one commonly used 
for the preparation of chloroacetamide.10 However, 
presumably because of the more stable fluorine atom in 
the molecule, the yields were usually 90% or better. 
Several small batches were synthesized to give a total of 
457 g. melting at 107-108°.

Ammonium Glycolamide Sulfate.—Anhydrous glycolo- 
nitrile was added gradually with vigorous stirring to an 
equimolecular quantity of 100% sulfuric acid below 60°; 
then the reaction mixture was added to a slight excess of 
aqueous ammonia with cooling.11 Because the reaction 
product of glycolonitrile and sulfuric acid often solidified 
immediately to a hard cake, a modification of this pro­
cedure was also used, whereby anhydrous glycolonitrile 
(114 g., 2 moles) was added gradually at 55-65° to 95.5% 
sulfuric acid (392 g,, 3.8 moles) with mechanical stirring. 
The viscous, liquid reaction mixture was then added with 
ice-bath cooling to a slurry of powdered calcium carbonate 
(200 g., 2 moles) in 28% aqueous ammonia (750 ml., 11 
moles), and the reaction mixture was allowed to stand for 
about twelve hours, followed by warming to 80° for one- 
half hour to insure complete reaction. The calcium 
sulfate was removed by filtration and the filtrate was con­
centrated under water pump vacuum to a small volume, 
cooled and filtered to give 402 g. of ammonium glycol­
amide sulfate contaminated with a little ammonium sul­
fate. Recrystallization of the crude product from hot 
water gave a purified product as colorless crystals melting 
at 183-185° (cor.).

Anal. Calcd. for C2H 8N205S: N, 16.4; S04, 55.8.
Found: N, 16.3; S 04, 56.3.

Conversion of Ammonium Glycolamide Sulfate to 
Fluoroacetamide.—Ammonium glycolamide sulfate (180 
g., 1.05 moles) and potassium fluoride (116 g., 2 moles) 
were mixed in a ball mill for three hours, during which 
time some ammonia was liberated. The resulting pow­
dered mixture was placed in a one-liter, two-necked dis­
tilling flask equipped with a thermometer and air conden-

(10) Gilman and B latt, “ Organic Syntheses,” Coll. Vol. I, 2nd Ed., 
John Wiley and Sons, Inc., New York, N. Y., p. 153.

(11) A ttem pts to  add concentrated sulfuric acid to anhydrous 
glycolonitrile, ra ther than  the reverse procedure, caused violent exo­
thermic decomposition and carbonization,
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T a b l e  I
E s t e r s  o f  F l u o r o a c e t ic  A c id , FCH2COOR

% Sap. equiv. Carbon
R Yield B. p „  °C. w25D Calcd. Found Calcd. Found

2-Ethyl- 79.5® 65-68 (2 1.4173 63.1 62.5
bexyl12 m m .)

1-Dodecyl 59 106-128*’ 1.4317 246 244 68.2 68.9
(1 mm.)

° On the basivS of ethyl fluoroacetate converted. 6 Distilled without fractionation.

-% Analyses-
H yd rogen  

C alcd . F ou n d
F lu o r in e  

C alcd . F o u n d

10.1 10.1 10.0 9 . 9
9 . 9

11.0 11.2 7 . 7 7 . 7
1 1 . 4

T a b l e  II
A m id e s  o f  F l u o r o a c e t ic  A c id , FCH2CONHR

,----------------------------------------- Analyses, %■
Yield, M. p.,c Carbon Hydrogen F luorine0

R % °C. Calcd. Found Calcd, Found Calcd. Found

Cyclohexyl® 61 99-100 60.3 60.3 8.9 9.0
60.3 9 .2

1-Dodecyl® 74 63-66 68.5 6 8 .8 11.5 11.5 7 .7 8 .0
1-Octadecyl® 39 73-75 72.8 72.5 12.2 12.1 5.8 5.9

7 2 . 4  1 2 . 2

4-Tolylb 77d
a Prepared by Procedure A. b Prepared by Procedure B; synthesized by a different method by C. C. Price and W. G. 

Jackson, PB 5904 (1946); T h is  J o u r n a l , 69, 1065 (1947). c Corrected. d Crude yield; m. p. of purified sample checks 
with that of Price and Jackson. « Difficulties were sometimes encountered in obtaining fluorine analyses which checked 
closely.

ser. The flask was heated under reduced pressure with 
the temperature maintained below 200°. Twenty-nine 
grams of solid sublimed from the mixture at a vapor 
temperature of about 140 °. The crude solid was recrystal­
lized from ethanol to give 20 g. (25% of the theoretical) 
of fluoroacetamide, m. p. 104°.

Esters of Fluoroacetic Acid—Esters of greater chain 
length than ethyl were prepared by heating ethyl fluoro­
acetate (usually in about 5% excess) with an equivalent 
amount of the higher alcohol to 100-170 ° in the presence 
of a trace of ^-toluenesulfonic acid as catalyst, and dis­
tilling the liberated ethanol as it was formed, thus driving 
the reaction to completion. Two or three hours were 
normally required. The reaction product was washed 
with saturated sodium bicarbonate solution, dried over 
calcium sulfate, and distilled. Examples of esters pre­
pared by this method are listed in Table I .

Amides of Fluoroacetic Acid.—Either of two procedures 
was used: Procedure A. Ethyl fluoroacetate was heated 
with an equivalent amount of the proper amine to 100- 
160° until approximately the theoretical amount of 
ethanol had been distilled off and measured. The re­
action product was purified by distillation if a liquid, or 
by recrystallization from heptane if a solid. Procedure B. 
Fluoroacetamide and the proper amine were heated in 
equivalent amounts in glacial acetic acid on a steam-bath 
for about three hours, then thrown into excess cold water

(12) J. L. Horsfall, U. S. Patent, 2,409,859r (1946).

and separated. The crude product was recrystallized 
from aqueous ethanol for purification.

Several of the amides prepared are listed in Table II.
Acknowledgment.—We are indebted to the 

Analytical Laboratories for the analyses shown 
above, to the Chemotherapy Division for pre­
liminary toxicological data, and to the Agricul­
tural Chemicals Laboratories for numerous 
insecticidal evaluations as well as to Drs. R. C. 
Swain and J. T. Thurston who offered consider­
able helpful advice during the course of this 
problem.

Summary
1. Some new methods for the preparation of 

fluoroacetamide are described. Two convenient 
methods for the preparation of N-substituted 
fluoroacetamides are also given.

2. Three new amides and one new ester of 
fluoroacetic acid are listed.13
S t a m f o r d , C o n n . R e c e iv e d  M a r c h  2 0 ,  1 9 4 8

(13) The toxicity of these types of compounds to warm-blooded 
animals both orally and by skin absorption is high, and due caution 
should be exercised in handling them.
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Polyalkylbenzenes. XXXIV.1 The Reaction between Polymethyl-p- 
methoxyanilines and Formaldehyde

By L e e  Ir v in  S m ith  a n d  W. M. S c h u b e r t 2

If the reaction between formaldehyde, hydro­
chloric acid, and a polymethyl-^-aminophenol or 
some derivative of it (I, II, III) could be controlled 
in such a way that simple chloromethylation re­
sulted, the products, such as IV, would be of great 
value as starting materials for synthesis of 6-hy- 
droxytetrahydroquinolines, the nitrogen analogs 
of the tocopherols. The reaction between simple

c h 3

i)N H R

I, R' = CH8; R = H 
II, R' = CH3; R = —CHO 

III, R' -  CH3; R = Ac

CH 3

H s C ^ N H R

aromatic amines and formaldehyde, under a vari­
ety of conditions has been rather extensively 
studied3; in general, when the ^-position of the 
aromatic amine is occupied by a substituent, the 
primary products have included 0-aminobenzyl- 
anilines, o^'-diaminodiphenylmethanes, and sub­
stances produced from these by further action of 
formaldehyde: hydroxytetrahydroquinazolines,
dihydroquinazolines, tetrahydroquinazolines, the 
N-methyl derivatives of the original amines, and 
‘ ‘Troeger’s base,” the last type obtained only from 
/>-toluidine, ^-anisidine, and £-phenetidine.

When either 2,3,5-trimethyl-4-methoxyaniline 
(I) or its formyl derivative (II) was subjected to 
the action of formaldehyde and hydrochloric acid 
a t room temperature for some sixty hours, it was 
converted in a yield of 86%, into a basic com­
pound, A. Two other basic compounds, B and C, 
resulted when dilute hydrochloric acid was used 
and the time of the reaction was reduced. No 
compounds corresponding to IV were even ob­
tained.

Base A was isolated from the reaction mixture 
as the hydrochloride, which could not itself be re­
crystallized, for it was insoluble in non-polar sol­
vents, and solvolyzed in polar solvents. The free 
base A, however, was easily purified and the analyt­
ical values and molecular weight of it and of its 
hydrochloride showed that two molecules of 
amine, and two or three molecules of formaldehyde, 
were involved in the formation of A. On the basis

(1) X X X III, T h is  J o u r n a l , 65, 1594 (1943).
(2) A bstracted from a thesis by W. M. Schubert, presented to the 

G raduate Faculty  of the University of M innesota, in partial fulfil­
m ent of the requirements for the Ph.D . degree, August, 1947.

(3) (a) Maffei, Gazz. chim. ital., 58, 261 (1928); 59, 3 (1929);
(b )  W agner, T h is  J o u r n a l , 54, 660, 3698 (1932); 57, 1296 (1935);
(c) W agner and Eisner, ibid., 56, 1938 (1934); 59, 879 (1937);
(d) Simons, ibid., 59, 518 (1937); (e) Spielman, ibid., 57, 583 (1935); 
(f) Miller and Wagner, ibid., 63, 832 (1941).

of the analytical values, and in analogy with 
previous work described in the literature, four 
structures for A had to be considered: the azo- 
methine dimer V; the tetrahydroquinazoline V I; 
the dihydroquinazoline VII; and the “Troeger’s 
base” VIII.

N H  CH 3 

CH 2 / \ 0 C H z

CHs
h 3c/ \ n h 2

H ol^ jlcH s
CHs
IX

CH,0*n

CH;
VIII

V illa , OH in place of OCH 3 

CHs
H sC f/\N H 2

CHs
H sC j/^N H R

CHsO^JlCHs
CHs

XI, R = H 
XII, R = CHs

Base A failed to react with acetic anhydride and 
sulfuric acid at 100°, and was unaffected by the 
action of sodium and alcohol, of stannous chlo­
ride and hydrochloric acid, or of hydrogen in the 
presence of Raney nickel catalyst. Moreover, 
base A was unchanged by boiling alcoholic sodium 
hydroxide, and when boiled in hydrochloric acid 
and acetic acid, the only effect was a partial cleav­
age of the methoxyl groups to hydroxyl groups 
(Villa). These properties showed that no amino 
hydrogen atom was present in A, and that the 
grouping —N = C  was also absent ; the structure 
VIII for A was strongly indicated. Final proof 
that structure VIII was the correct one was ob­
tained when A was reductively cleaved by action 
of hydriodic acid and phosphorus a t 170°; there 
resulted, in 71% yield, 2,3,5,6-tetrame thy 1-4-ami - 
nophenol, IX. On one occasion, the temperature 
during the reductive cleavage of A reached 280°, 
and in this case, the product was the hydrocarbon 
durene, a tetramethylbenzene. Thus, base A is a 
“Troeger’s base”—and is the only example of such
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a base completely substituted in the benzene 
rings.4

When I, formaldehyde and dilute hydrochloric 
acid were allowed to react a t 65-70° for fifteen 
minutes, the yield of A was reduced to 25% and 
there appeared a greater yield of a lower-melting 
(137-138°) base, B; when the reaction was car­
ried out at 50° for eight minutes, the yield of B 
was nearly doubled and no A at all resulted. The 
filtrate, after removal of B, deposited crystals of 
the hydrochloride of a third base, G, melting at 
136-137°, almost the same temperature as B. 
Base B was converted into base C by the action 
of sodium and alcohol. Base B failed to react 
with acetic anhydride, whereas base C was con­
verted to a monoacetyl derivative, soluble in di­
lute hydrochloric acid. These facts showed that 
the group —N = C  was present in B and the group 
—NHCH— as well as a tertiary N atom, were 
present in C. Finally, base B, when reductively 
cleaved by action of hydriodic acid and phos­
phorus at 170°, gave a mixture of 2,3,6-trimethyl-
4-aminophenol and 2,3,5,6-tetramethyl-4-amino- 
phenol (IX) in a yield of 71%. These facts estab­
lish the structure of B as the dihydroquinazoline 
VII, and the structure of C as the tetrahydro- 
quinazoline VI.

The question as to how the three bases VI, VII, 
and VIII are related chemically is difficult to de­
cide. The fact that the yield of VIII increased 
with time at the expense of VI and VII may mean 
that the latter bases are intermediates in the for­
mation of V III; the fact that VI was precipitated 
(as the hydrochloride) from the acidic filtrate 
after removal of VII may mean that VI is formed 
later than, and perhaps by reduction of VII. The 
tetrahydroquinazoline VI was converted into 
VIII by action of formaldehyde and hydrochloric 
acid, or by action of formic acid, alone or in the 
presence of hydrochloric acid. Hence, VI is prob­
ably an intermediate in the formation of VIII, but 
a reduction must have occurred when VI was 
converted into VIII by action of formic acid. 
Some sort of oxidation process must have oc­
curred during the formation of the dihydroquinaz­
oline VII ; it may have resulted from a condensa­
tion of formic acid with an 0-aminobenzylamine, 
formed earlier in the reaction and the evidence, 
though indirect, indicates that VII is a precursor 
of VI. Thus, action of formalin and 4% hydro­
chloric acid upon I for eight minutes at 50° pro­
duced VII in 52% yield, and no VI or VIII was 
isolated; when the temperature was maintained 
at 65-70°, and the reaction time was prolonged to 
fifteen minutes, VII, VI, and VIII were produced 
in yields of 31, 7, and 25%, respectively. How-

(4) The failure of the Troeger’s base A to react with acetic anhy­
dride is noteworthy for all other such bases so far prepared react 
rather readily. The benzene rings of base A, however, are completely 
substituted, and molecular models of this base indicate tha t there 
should be a considerable hindrance to attack  a t the nitrogen atoms. 
Such hindrance is not present in the tetrahydroquinazoline (Base C) 
which readily undergoes acetylation.

ever, VII was not converted into V III by action 
of formaldehyde, formic acid, and hydrochloric 
acid, so VII is certainly not a direct precursor of
VIII.

Many attempts, and under a great variety of 
conditions, were made to condense 2,3,6-trimeth- 
yl-4-aminophenol, its N-formyl, N-acetyl deriva­
tives and their 0-methyl ethers (I, II, III) with 
dienes (isoprene, 2,3-dimethylbutadiene), allylic 
halides (allyl bromide, isoprene hydrobromide, a- 
methallyl bromide), and an allylic alcohol (meth- 
ylvinylcarbinol), but without any success. In 
the great majority of experiments, the starting 
material was recovered unchanged or else the re­
action consisted merely in cleavage of the N-acyl 
group. Likewise, no success attended any of the 
many attempts to introduce an aldehyde group 
into the vacant position of these compounds: 
zinc cyanide and hydrochloric acid, or N-methyl 
formanilide and phosphorus oxychloride, were 
without significant action. No useful product re­
sulted when the free aminophenol or its 0-methyl 
ether were condensed with jö-methoxybutanone-2, 
and finally, the acetanilide III  could not be chloro- 
methylated.

In connection with the work on the structures of 
the bases derived from I, a comparative study was 
made of the action of formaldehyde and hydro­
chloric acid upon 2,3,6-trimethyl-4-methoxyani- 
line, X (a position isomer of I), and upon 2,3,5,6- 
tetramethyl-4-methoxyaniline, XI. Neither of 
these methoxyanilines was affected by the action 
of warm formaldehyde and hydrochloric acid and 
X was recovered unchanged after it was heated 
in a mixture of paraformaldehyde, acetic acid, 
hydrochloric acid and phosphoric acid. The com­
pletely substituted aniline XI, however, under the 
latter conditions, gave a good yield of the methyl­
aniline X II. This is the first case in which a meth­
ylaniline has been obtained as the major product 
of the action of formaldehyde upon an aromatic 
amine.

Experimental Part5 6
2.3.5- Trimethyl-4-aminophenol, m. p., 149-152°, was 

prepared from 2,3,5-trimethylphenol by the method of 
Smith, Hoehn and Whitney.7

Trimethylquinone was prepared from the above amino­
phenol by the procedure of Carlin8 and was converted 
into the 1-^-nitrophenylhydrazone by the procedure of 
Smith and Irwin.9

2.3.5- Trimethylquinone-l-semicarbazone.—A solution 
of trimethylquinone (10 g.) and semicarbazide hydro­
chloride (7.5 g.) in alcohol (40 cc.) and water (60 cc.) 
was allowed to stand at room temperature for a few 
hours. The yellow semicarbazone (12.7 g., 78%) was 
removed and crystallized from alcohol; it then melted 
at 252-253° (dec).

Anal. Calcd. for Ci0H13O2N3: C, 57.97; H, 6.32.
Found: C, 58.09; H, 6.50.

(5) All melting points are corrected.
(6) Microanalyses by Roger Amidon, Jay S. Buckley, W. H. T. 

Hunter and Sherman Sundet.
(7) Smith, Hoehn and Whitney, T his J o u r n a l , 62, 1863 (1940).
(8) R. B. Carlin, Ph.D. Thesis, University of Minnesota, 1940, p. 

80.
(9) Smith and Irwin, T h is  J o u r n a l , 63, 1036 (1941).
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I - (2,3,5-Trimethyl-4-hydroxyphenyl) -semicarbazide.—
Sodium hydrosulfite (5 g.) in water (25 cc.) was added to 
a suspension of the above semicarbazone (1.22 g.) in boil­
ing alcohol (35 cc .). The mixture became homogeneous 
and colorless at once; the white solid (1.12 g.) was re­
moved from the cooled solution. It melted at 194° 
(dec).

Anal. Calcd. for CioHi5Ü2N3: C, 57.40; H, 7.22.
Found: C, 57.65; H, 7.38.

The white semicarbazide, or a solution of it in alcohol, 
slowly became yellow when exposed to air; the oxidation 
was quite rapid when the semicarbazide (0.3 g.) was dis­
solved in aqueous sodium hydroxide (20 cc., 5%) and ex­
posed to air for one hour. The product (0.28 g., 93%) 
was the semicarbazone, m .p .,  and mixed m .p . 250-251° 
(dec).

2.3.5- Trimethylquinone-1-oxime.—Hydroxylamine hy­
drochloride (56 g.) in water (75 cc.) was added to a solu­
tion of crude trimethylquinone (115 g.) in methanol 
(325 cc.). The mixture was warmed (40-45°) to bring 
about complete solution and was then allowed to stand at 
room temperature for two days. The solid was removed 
and washed with water until free from acid. It weighed 
114 g. (91%), melted at 177-179°, and was sufficiently 
pure for use in subsequent operations. The analytical 
sample, crystallized from aqueous ethanol (50%), melted 
at 181-182 °.10

Anal. Calcd. for C9H n02N: C, 65.43; H, 6.71.
Found: C, 65.62; H, 6.63.

N- (2,3,5 -Trimethyl -4 -hy dr oxy ph enyl) -hydroxylamine.
— The above oxime (25 g.) was stirred with sodium 
hydroxide (7.0 g.) in water (300 cc.) while sodium hydro- 
sulfite (40 g.) was added. The temperature rose to 35°, 
and a solid separated. The mixture was cooled to 10°, 
the solid was removed, and washed with water containing 
a little sodium hydrosulfite. The crude solid melted at 
100-103° (dec.), and was very unstable, becoming oxi­
dized to the oxime when attempts were made to recrystal­
lize it. In alkaline solution, the substance was oxidized 
in air rapidly and quantitatively to the oxime, but addition 
of excess sodium hydrosulfite to the alkaline solution con­
verted the hydroxylamine quantitatively into 2,3,6- 
trimethyl -4-aminophenol, m. p. 134-136° (dec.).

2.3.5- Trimethylquinone-1 -oxime-0 -methyl Ether.—A 
solution of the oxime (23 g.) in water (175 cc.) and sodium 
hydroxide (9 g.) was stirred at room temperature as 
methyl sulfate (29 g.) was added dropwise (one hour). 
Stirring was continued for one hour, and then the solid 
was removed, washed with water, and crystallized from 
aqueous ethanol (350 cc., 60%). The product (21.7 g., 
87%) melted at 82-83°; the analytical sample, crystal­
lized again, melted at 83-84°.

Anal. Calcd. for Ci0H13O2N: C, 67.02; H, 7.30.
Found: C, 66.78; H, 7.57.

The oxime ether (2 g.) in methanol (15 cc.) was cata- 
lytically hydrogenated (Raney nickel 1 g.) at 60° in fifteen 
minutes under an initial hydrogen pressure of 1900 lb. to
2,3,6-trimethyl-4-aminophenol, isolated as the N-acetyl 
derivative (93% over-all yield), m. p., 211-212°. The 
oxime ether did not react with sodio malonic ester; 
instead, it underwent self-condensation in the presence of 
alkali to give, in poor yield, an amphoteric substance 
which melted at 213-214 0. This substance gave a positive 
Folin-Denis test for phenols, but a negative vat test. 
It was analyzed, but was not investigated further.

Anal. Found: C, 70.79, 70.40; H, 6.59, 6.81; N, * 
9.27.

2,3,6 -Trimethyl-4 -aminophenol.—The aminophenol 
could be obtained by reductive cleavage of any of the 1- 
carbonyl derivatives of trimethylquinone. From the p- 
nitrophenylhydrazone (1.69 g.) in boiling alcohol (35 
cc.) by action of sodium hydrosulfite (6 g.) in water (35 
cc.) : yield 0.43 g. (48%), m. p. 132-134° (dec.).9 From

(10) K arrer and Leiser, Helv. Chim . Acta, 27, 678 (1944), report
the m. p. as 182°.

the semicarbazone (1.22 g.) by action of stannous chloride 
(3 g.) and hydrochloric acid (3 cc.) in hot water (20 cc.) 
and alcohol (30 c c .) : yield 0.23 g. (33%) of material
of poor quality, m. p., 119-123° (dec.). From the semi­
carbazone (1.5 g.) in alcohol (10 cc.) by catalytic reduc­
tion (Raney nickel catalyst, 1 g.) at 95° under an initial 
hydrogen pressure of 1000 lb .: yield 0.89 g. (65%), m. p.
132- 134° (dec). From the oxime (111 g.) dissolved in 
aqueous sodium hydroxide (110 g. in 1600 cc.) by action 
of sodium hydrosulfite (280 g.) at 20-300 (one hour) : 
yield nearly quantitative; m. p. 135-137° (dec.). It is 
important, in this reduction, that enough alkali be present 
to keep the intermediate hydroxylamine in solution, 
otherwise the reduction stops at the first stage.

From the oxime (18 g.) in methanol (125 cc.) by cata­
lytic reduction (Raney nickel 2 g.) at 40-50 0 under an initial 
hydrogen pressure of 1200 lb.: yield quantitative; m .p .
133- 1360 (dec). The most convenient preparative 
method is that involving reduction of the oxime by action 
of sodium hydrosulfite and alkali.

2,3,6-Trimethyl-4-acetylaminophenol.—Crude tri­
methylquinone oxime (111 g.) was reduced by action of 
sodium hydrosulfite, as described above, and the wet 
cake of crude aminophenol was dissolved in hydrochloric 
acid (70 cc.) and water (1600 cc.) by warming. The solu­
tion was warmed with Norit, filtered, acetic anhydride 
(81.5 cc.) was added to the filtrate at 50°, followed by 
addition of a solution of sodium acetate (113 g.) in water 
(500 cc.). The solid was removed, washed thoroughly 
with water, and dried. It then weighed 95 g. (74% 
based on the oxime) and melted at 212-213 °. The analyt­
ical sample, crystallized from aqueous ethanol (30%), 
melted at 213-214°.

Anal. Calcd. for CnHi50 2N: C, 68.37; H, 7.82.
Found: C, 68.69; H, 7.87.

2,3,6-Trimethyl-4-formylaminophenol, m. p. 189-190° 
(9 g., 69%) was prepared by action of formic acid (40 
cc., 87%) upon the aminophenol (11 g.) essentially ac­
cording to the method of King11 who reported the m. p. 
as 190-191°.

2,3,6-Trimethyl-4-(N,N-diformylamino) -phenol.— 
Phosphorus oxychloride (2 cc.) was added to a solution of 
the aminophenol (0.9 g.) in anhydrous formic acid (5 cc .). 
The solution was allowed to stand overnight, and was then 
poured into ice-water (50 cc.). The solid (0.6 g.) was 
removed and crystallized from aqueous methanol, when it 
melted at 153-154°.

Anal. Calcd. for C11H13O3N: C, 63.76; H, 6.32.
Found: C, 63.60; H, 6.51.

The substance was insoluble in dilute hydrochloric 
acid, but soluble in aqueous sodium hydroxide. The 
Folin-Denis test was positive. When warmed with 
hydrochloric acid (5%) it Was hydrolyzed to the mono­
formyl derivative, m. p. 189-190°, and when refluxed 
for two hours with dilute acid, it was converted into the 
aminophenol, m. p. 133-135°.

2,3,6 -T rimethyl -4 - (N -acetyl -N -formylamino) -phenol— 
Phosphorus oxychloride (5 cc.) was added to a solution of 
the acetylaminophenol (1 g.) in anhydrous formic acid 
(7 cc.), the mixture was allowed to stand overnight, and 
was poured into water. The solid (1 g.) was removed 
and crystallized from aqueous ethanol (40%), when it 
melted at 170-171°.

Anal. Calcd. for C12H150 3N: C, 65.14; H, 6.82.
Found: C, 64.97; H, 6.84.

The substance was insoluble in dilute acid, but soluble 
in dilute alkali, and the Folin-Denis test was positive. 
When warmed with dilute acid, it was hydrolyzed, first 
to the acetylaminophenol (m. p. 210-211°), and finally 
to the aminophenol (m .p. 132-134 °).

2,3,5 -Trimethyl-4 -acetoxyformanilide.—This compound 
was obtained as the result of an attempt to bring about a 
condensation between the formylaminophenol and iso-

(11) J. A. King, Ph .D . Thesis, University of M innesota, 1942. p. 
134.
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prene hydrobromide. The formylaminophenol (1 g.), 
isoprene hydrobromide (2.5 g.), and stannic chloride 
were allowed to stand in acetic acid (10 cc.) at room tem­
perature for a week, and then the mixture was poured into 
water. The solid was removed and washed with ether. 
There remained 0.9 g. of material (m. p. 154-160°) 
which, after two crystallizations from aqueous ethanol, 
melted at 171-172°. The material was insoluble in both 
dilute hydrochloric acid and dilute sodium hydroxide; 
the Folin-Denis test was negative.

Anal. Calcd. for Ci2H150 3N: C, 65.12; H, 6.83; N, 
6.33. Found: C, 65.02; H, 6.84; N, 6.15.

2.3.5- Trimethyl-4-methoxyacetanilide III.—The crude 
acetylaminophenol (90 g.) was dissolved in aqueous 
sodium hydroxide (32 g. in 1000 cc.), and to the well- 
stirred solution, methyl sulfate (65 cc.) was slowly (one 
and one-half hours) added dropwise. Stirring was con­
tinued for one and one-half hours longer, and the pre­
cipitate was removed, washed thoroughly with water, and 
dried. It weighed 90 g. (93%), melted at 169-170°, 
and was sufficiently pure for use in subsequent operations. 
The analytical sample, recrystallized from aqueous ethanol 
(30%) with the use of a little Norit, was white and melted 
at 170-171°.

Anal. Calcd. for Ci2H170 2N: C, 69.51; H, 8.27.
Found: C, 69.56; H, 8.34.

2.3.5- Trimethyl-4-methoxyaniline I.—Crude III (89.5 
g.) was refluxed overnight with water (1000 cc.) and hy­
drochloric acid (200 cc.). A little Norit was added, and 
the solution was filtered. The colorless filtrate, cooled 
and neutralized with sodium hydroxide, deposited a solid 
which was removed, washed and dried. It weighed 
63 g. (88%) and melted at 106-107°. The analytical 
sample, recrystallized from aqueous ethanol (40%), 
melted at 108-109°.

Anal. Calcd. for Ci0H15ON: C, 72.70; H, 9.15.
Found: C, 72.82; H, 9.47.

2.3.5- Trimethyl-4-methoxyformanilide II.—Methyl sul­
fate (4.5 cc.) was added dropwise and with stirring to a 
solution of the crude formylaminophenol (5.5 g.) in aque­
ous sodium hydroxide (50 cc., 4%). The solid (4.8 g.) 
was removed, washed with water, and dried. It melted 
at 142-144°; after crystallization from ethyl acetate, it 
weighed 4 g. (69%) and melted at 146-147°.

Anal. Calcd. for CnHi50 2N: C, 68.37; H, 7.82.
Found: C, 68.47; H, 8.04.

2.3.5- Trimethyl-4-acetylaminophenol, m. p. 184-186°, 
was prepared in 81% yield from the aminophenol by the 
method of Smith, Hoehn and Whitney.7

2.3.6- Trimethyl-4-methoxyacetanilide (22 g., 90%), 
m. p. 176-178°, was prepared from the above acetyl­
aminophenol in alkaline solution by action of methyl 
sulfate, as described for the isomeric methoxyacetanilide. 
The analytical sample, crystallized from aqueous ethanol 
(50%), melted at 181-182°.

Anal. Calcd. for C12Hi70 2N: C, 69.51; H, 8.27.
Found: C, 69.60; H, 8.39.

2.3.6- Trimethyl-4-methoxyaniline X.—The above crude 
methoxyacetanilide (2.1 g.) was hydrolyzed by refluxing 
it for thirty-six hours with water (300 cc.) and hydro­
chloric acid (100 cc.). The solution was diluted with 
water (300 cc .), decolorized with Norit, and neutralized 
with sodium hydroxide. The solid was removed, washed, 
and dried, when it weighed 14 g. and melted at 73-74°. 
The material was sublimed under 2-3 mm., when it formed 
white needles (13 g., 75%) melting at 74-75°.

Anal. Calcd. for C10H15ON: C, 72.70; H, 9.15.
Found: C, 72.62; H, 9.14.

2.3.5.6- Tetramethyl-4-aminophenol IX.—A solution of 
sulfanilic acid (21.5 g.) and sodium carbonate (6.5  ̂g.) 
in water (100 cc.) was cooled (12°) and mixed with a solu­
tion of sodium nitrite (7.4 g.) in water (20 cc.). The 
whole was poured, with stirring, into a mixture of cracked 
ice (80 g.) and hydrochloric acid (21 cc.) and allowed to 
stand for thirty minutes. The sludge of diazonium

salt was added to* a stirred mixture of durenol (15 g.) 
and sodium hydroxide, (20 g.) in water (100 cc.) and then 
allowed to stand overnight. Sodium hydrosulfite (40 
g.) was added and the mixture was stirred and heated to 
60-70° for about thirty minutes, when the red color 
disappeared. The mixture was cooled (20°) and the solid 
was removed and washed several times with water con­
taining a little hydrosulfite. The crude product was 
light in color, weighed 15.5 g. (94%), and melted at 175- 
179 °.12

2.3.5.6- Tetramethyl-4-acetylaminophenol (18 g., 91%, 
m. p. 260-262° dec.) was prepared from the crude amino­
phenol (15.5 g.) by acetylation in hydrochloric acid (9.1 
cc. in 250 cc. of water) by action cf acetic anhydride 
(11.7 cc.) and sodium acetate (15 g.) as described above. 
The analytical sample, recrystallized from aqueous 
ethanol, melted at 262-263°.

Anal. Calcd. for Ci2H170 2N: C, 69.52; H, 8.27.
Found: C, 69.68; H, 8.37.

2.3.5.6- Tetramethyl-4 -methoxyacetanilide.—The above 
acetylaminophenol (18 g.) was dissolved in aqueous 
sodium hydroxide (6 g. in 200 cc. of water) and methyl­
ated by action of methyl sulfate (12 cc.) as described 
before. The crude product melted at 211-213°, and 
weighed 21 g. (95%). The analytical sample, recrystal­
lized from aqueous methanol (80%), melted at 215-216 °.

Anal. Calcd. for Ci3H190 2N: C, 70.55; H, 8.65.
Found: C, 70.57; H, 8.73.

2.3.5.6- Tetramethyl-4-methoxyaniline XI.—The above 
crude methoxyacetanilide (14 g.) was refluxed with 
hydrochloric acid (100 cc.) and water (300 cc.) for forty 
hours. The solution was diluted with water (300 cc.), 
decolorized with Norit, and made alkaline by addition 
of aqueous sodium hydroxide. The solid was removed, 
washed, and dried; it weighed 10 g. and melted at 60-65°. 
This material, sublimed under 2-3 mm., gave a white 
sublimate (6.7 g., 65%) which melted at 68-69°.

Anal. Calcd. for CuH i7ON: C, 73.69; H, 9.56.
Found: C, 73.70; H, 9.69.

l,3,4,7,9,10-Hexamethyl-2,8-dimethoxy-5,ll(6,12)- 
methanodibenzo-[b,f] [l,5]-diazocine (R. I. No. 2651). 
VIII.—A mixture of I (5 g .), formalin (7 cc.) and hydro­
chloric acid (40 cc.) was shaken mechanically for twelve 
hours and then allowed to stand for forty-eight hours. The 
mixture was diluted to 500 cc. with water, and the solid 
(5.5 g.) was removed, washed with water, and dried. 
The nearly white hydrochloride was warmed with ethanol 
(50 cc.), aqueous ammonia (5 cc.) was added, and the 
mixture was diluted to 250 cc. with water. The crystal­
line solid (5.1 g., m. p. 184-190°) was removed, washed 
with water, and recrystallized from ethanol (250 cc.). 
There resulted 4.7 g. (86%) of white needles melting at 
191-192°.

Anal. Calcd. for C23FI30O2N2: C, 75.38; H, 8.25; N, 
7.64; mol. wt., 336. Found: C, 75.40, 75.29; H, 8.43, 
8.41; N, 7.72; mol. wt. (cryoscopically in benzene), 
340.

Hydrochloride.—Somewhat impure VIII (0.4 g., m. p. 
187-188°) was added to hydrochloric acid (2 cc.). Im­
mediate solution occurred, then deposition of a solid in 
a very short time. The mixture was allowed to stand 
overnight, and the solid was removed and washed thor­
oughly with dry ether. The solid was shaken with ether 
(30 cc.) for thirty minutes, and was then shaken with 
petroleum ether (100 cc., b. p. 60-68°) overnight. The 
residual white, amorphous solid (0.3 g.) melted at 224- 
226°.

Anal. Calcd. for C23H3o02N2-HCl: C, 68.29; H, 7.73; 
N, 6.95; Cl, 8.80. Found: C, 67.62; H, 7.83; N, 
7.16; Cl (Volhard), 8.65.

Compound VIII (0.3 g.) was recovered unchanged 
after it was heated with acetic anhydride (3 cc.) and sul-

(12) W. B. Irwin, Ph.D. Thesis, University of Minnesota, 1940, p. 
65, prepared this compound by a somewhat different method and re­
ported it to melt at 178-181°.
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furie acid (1 drop) for one hour or when it was refluxed 
for two days with alcoholic sodium hydroxide. Com­
pound VIII was also recovered (75-90%) when attempts 
were made to reduce it by action (a) of sodium and 
ethanol; (b) of sodium and butanol; (c) of stannous
chloride and hydrochloric acid in acetic acid; (d) of hy­
drogen in the presence of Raney nickel catalyst at 85° 
and hydrogen pressure of 2300 lb. Action of zinc dust 
and hydrochloric acid, or of zinc chloride and hydro­
chloric acid, brought about no reduction but did convert 
VIII into a high-melting (301-302°) stable solid which 
was difficult to purify. This substance was apparently 
a double compound of VIII and zinc chloride, for it 
reacted with ammonia in aqueous methanol, regenerating 
VIII. No simple formula for this “stable hydrochloride* * 
could be deduced from the analytical values.

Anal. Found: C, 59.14; H, 7.14; N, 6.49; Cl,
14.39.

Compound VIII was reductively cleaved when it (1 
g.) was heated to 170° for twenty-one hours in a Carius 
tube with hydriodic acid (15 cc., 48%) and red phos­
phorus (0.1 g.). The cooled mixture was diluted to 100 
cc. with water, hydrochloric acid (10 cc.) was added, and 
the mixture was filtered. The filtrate was made alkaline 
by addition of aqueous potassium carbonate, and the solid 
was removed, washed with water, and dried. It weighed 
0.64 g. (71%) and melted at 174-177°. When mixed 
with authentic 2,3,5,6-tetramethyl-4-aminophenol (m. p. 
179-181°), the substance melted at 176-178°. A portion 
(0.5 g.) of this aminophenol was dissolved in hydrochloric 
acid (50 cc., 3%), ferric sulfate (5 g.) was added, and the 
mixture was distilled with steam. The distillate contained 
duroquinone (0.43 g., 86%), m. p. and mixed m. p. i l l -  
1120.

l,3,4,7,9,10-Hexamethyl-2,8-dihydroxy-5,ll(6,12)- 
methanodibenzo[b,f] [ 1,5]-diazocine (R. I. No. 2651). 
V illa.—A solution of VIII (1 g.) in acetic acid (10 cc.) 
and hydrochloric acid (10 cc.) was refluxed for forty-four 
hours. The cooled solution was diluted with water (20 
cc.) and made alkaline with aqueous ammonia. The solid 
(0.65 g.) was removed and crystallized twice from carbon 
tetrachloride and once from methanol. It then melted at 
279-280° (dec.) and weighed 0.25 g. The Folin-Denis 
test was positive.

Anal. Calcd. for C2iH260 2N2: C, 74.52; H, 7.80.
Found: C, 74.43; H, 8.01.

The filtrates from the recrystallizations of V illa , on 
evaporation, yielded 0.1 g. of unchanged VIII.

3 -(4-Methoxy-2,3,5-trimethylphenyl) -5,7 8-trimethyl-
6-methoxy-3,4-dihydroquinazoline VII.—A solution of I 
(5 g.) in hydrochloric acid (40 cc., 4%) was prepared by 
warming the mixture on the steam-bath. The solution 
was cooled to 50° and formalin (4 cc.) was added. An 
oil separated almost immediately; the mixture was main­
tained at 50 ° for eight minutes, then it was quickly cooled 
(0°) and rubbed with a spatula. The solid was removed, 
washed with water (30 cc.) and dissolved in methanol (30 
cc.). The solution was made alkaline with aqueous 
ammonia (5 cc.) and diluted with water (500 cc.). The 
product appeared as an oil which solidified when set aside 
in a refrigerator. The solid (3.4 g., m. p. 129-136°) 
was removed (filtrate, see preparation of VI below) and 
crystallized from dry petroleum ether (b. p. 60-68°). 
It then weighed 2.8 g. and melted at 136-138°. The 
analytical sample, crystallized once more from petroleum 
ether, melted at 138-139°.

Anal. Calcd. for C22H2802N2: C, 74.97; H, 8.04.
Found: C, 74.78; H, 8.06.

When the above preparation was duplicated, except 
that the temperature was held at 65-70°, and the reaction 
was allowed to proceed for fifteen minutes, there resulted 
VIII (1.39 g., 25%) and VII (crude, 2 g., recrystallized,
1.6 g., 31%). The dihydroquinazoline VII (0.3 g., 75%) 
was recovered unchanged (a) when it (0.4 g.) was heated 
for an hour in acetic anhydride (1 cc .); (b) when it was 
heated with 96% formic acid for an hour; and (c) when it

was allowed to stand for a day at room temperature with 
formalin and hydrochloric acid.

3 - (4 -M ethoxy-2,3,5-trimethylphenyl) -5,7,8-trimethyl-
6-methoxytetrahydroquinazoline VI.—The first filtrate ob­
tained in the first preparation of VII above, when allowed 
to stand overnight, deposited a crystalline hydrochloride 
(0.42 g., m. p. 163-164°). The salt could not be re­
crystallized, so it was analyzed directly.

Anal. Calcd. for C22H30O2N2 HCl: C, 67.59; H, 8.01. 
Found: C, 67.79; H, 8.31.

This salt (0.3 g.) was dissolved in a little methanol, 
and the solution was made alkaline with aqueous ammonia 
and diluted with water (25 cc.). The product appeared 
as an oil which soon solidified; the solid was removed and 
crystallized from petroleum ether (b. p. 40-70°). It 
weighed 0.15 g. and melted at 136-137°; when mixed 
with VII (m .p . 137-138°), the substance melted at 129- 
137°.

Anal. Calcd. for C22H30O2N2: C, 74.54; H, 8.54.
Found: C, 74.70; H, 8.56.

1-Acetyl Derivative of VI.—The tetrahydroquinazoline 
(0.4 g.) in acetic anhydride (1 cc.) was heated on the 
steam-bath for one hour. The cooled solution was 
diluted with water (20 cc.), made alkaline with aqueous 
ammonia and allowed to stand for an hour. The solid 
(0.36 g.) was removed and crystallized twice from pe­
troleum ether (10 cc., b. p. 40-70°). It then weighed 
0.2 g., and melted at 136-137°. When mixed with VI 
(m. p. 136-137°) the substance melted at 110-120°.

Anal. Calcd. for C23H320 3N2: C, 72.64. H, 8.13.
Found: C, 72.90; H, 8.33.

Conversion of VI to VIII. A.—The tetrahydroquinazoline 
(80 mg.) in formic acid (96%) was heated on the steam- 
bath for forty-five minutes. From the cooled and diluted 
solution there was obtained 50 mg. (54%) of VIII, m. p. 
and mixed m. p. 190-191°. B. The tetrahydroquin­
azoline (0.3 g.), in formic acid (0.3 cc., 87%) and hydro­
chloric acid (3 cc.) was maintained at room temperature 
for two days. From the cooled and diluted solution 
there was obtained 0.28 g. of VIII, m. p. and mixed m. p. 
189-190°. C. A solution of the tetrahydroquinazoline 
(0.4 g.) and formalin (0.4 cc.,) in hydrochloric acid (4 cc.) 
was maintained at room temperature for two days. The 
solution was diluted with water (30 cc.) and the solid 
was removed and dissolved in methanol (10 cc.). The 
methanol solution was made alkaline with ammonia (1 
cc.) and diluted to 50 cc. with water. The solid was 
removed and crystallized from methanol; it weighed 
0.32 g. (78%) and melted at 191-192° alone or when 
mixed with another specimen of VIII.

Reduction of VII to VI.—Sodium (2 g.) was added por- 
tionwise (thirty minutes) to a refluxing solution of VII 
(0.75 g.) in dry ethanol (30 cc.). The solution was 
cooled, neutralized with acetic acid, and diluted with 
water (150 cc.). The product (0.6 g.) separated as an 
oil which solidified on standing in a refrigerator overnight. 
The solid was removed and crystallized from dry petro­
leum ether (b. p. 60-68°), when it weighed 0.51 g. (75%) 
and melted at 136-137°, alone, or when mixed with VI 
from the above experiment.

Reduction Cleavage of VII.—The dihydroquinazoline 
(1 g.) was heated at 170° for twenty-two hours in a Carius 
tube with hydriodic acid (15 cc., 48%) and red phos­
phorus (0.1 g.). The mixture was cooled, and the 
solid hydriodide (0.72 g.) was removed and washed with 
water. The combined filtrate and washings were neu­
tralized with aqueous potassium carbonate and extracted 
twice with ether (35 cc. each time). The ether extract 
was immediately mixed with hydrochloric acid (3%) and 
placed in a flask arranged for steam distillation. The 
solid hydriodide was dissolved in methanol (25 cc.); 
the solution was neutralized with aqueous ammonia, 
diluted with water (150 cc.), and the solid was removed, 
washed with a little water, and added to the ether extract 
in the steam-distillation flask. The ether was carefully 
distilled from the mixture with a gentle current of steam,
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and then ferric sulfate (10 g.) was added and the mixture 
was steam distilled. The distillate was extracted with 
several portions of ether (total 70 cc.) and the combined 
yellow extracts were dried over sodium sulfate. Removal 
of the solvent left a yellow solid (0.58 g.). This solid 
was dissolved in methanol (4 cc.) and water (0.5 cc.). 
Hydroxylamine hydrochloride (0.25 g.) was added, and 
the mixture was allowed to stand at room temperature for 
one day. The mixture was diluted with water (30 cc.) 
and extracted with several portions of ether (total, 70 
cc.). The combined ether extracts were then extracted 
three times with 15-cc. portions of aqueous sodium hy­
droxide (5%). The alkaline extracts, when neutralized 
with dilute hydrochloric acid, deposited 2,3,5-trimethyl- 
quinone-1-oxime (0.14 g., 16%) which, after one crystal­
lization from aqueous alcohol (50%) melted at 180-182° 
alone or when mixed with an authentic specimen. The 
yellow ether solution remaining after the alkaline extrac­
tion was washed with water and evaporated. The residue 
(0.19 g., 21%) melted at 109-111° alone or when mixed 
with authentic duroquinone.

2.3.5.6- Tetramethyl-4-methoxy-N-methylaniline XII.— 
The tetramethylmethoxyaniline XI (0.8 g.) and para­
formaldehyde (0.25 g.) were heated on the steam-bath 
for sixteen hours in a mixture of acetic acid (1 cc.), hydro­
chloric acid (1 cc.) and phosphoric acid (0.6 cc., 85%). 
The mixture was diluted with water (50 cc.), warmed to 
bring about complete solution, and decolorized with a 
little Norit. The cooled filtrate was made alkaline with 
aqueous sodium hydroxide (10%) and the precipitate 
(0.6 g., m. p. 77-82°) was removed and dissolved in 
ether (50 cc.). The solution was filtered and the solvent 
was allowed to evaporate. The residue was crystallized 
twice from aqueous ethanol (35%), when it melted at 
83-85°. This was sublimed under 3 mm. pressure at a 
temperature of 70-80 °. The first portion of the sublimate 
melted at 78-84°; the last portion at 84-87°. The high- 
melting fraction, when resublimed as before, gave 0.12 
g. of material melting at 87-88°.

Anal. Calcd for Cl2H19ON: C, 74.56; H, 9.91.
Found: C, 74.51; H, 9.86.

The tetramethylmethoxyaniline XI (1.4 g., m. p. and 
mixed m. p., 63-65°) was recovered unchanged when it 
(2 g.) was shaken with formalin (2 cc.) and hydrochloric 
acid (15 cc.) at room temperature for five days. The 
material was recovered when the reaction mixture was 
diluted with water (150 cc.) and made alkaline with 
aqueous sodium hydroxide (10%). The same result 
was obtained when the experiment was repeated, but for 
seven hours at a temperature of 75°.

2.3.6- Trimethyl-4-methoxyaniline X (0.32 g.) and 
paraformaldehyde (0.1 g.) were heated on the steam-bath 
for fifteen hours in a mixture of acetic acid (0.5 cc.),

hydrochloric acid (0.5 cc.) and phosphoric acid (0.25 cc., 
85%). The mixture, processed as described above for 
the tetramethyl analog, yielded a sublimate (0.13 g.) 
which was unchanged X , m. p. and mixed m. p. 71-73°.

Summary
1. I t  has been shown that action of formalde­

hyde and hydrochloric acid upon 2,3,5-trimethyl-
4-methoxyaniline produces three basic substances: 
a new highly substituted “Troeger’s Base” VIII, a 
dihydroquinazoline VII, and a tetrahydroquina­
zoline VI. The relative amounts of these three 
bases depend upon the experimental conditions, 
particularly upon the temperature and the time.

2. The dihydroquinazoline VII has been re­
duced to the tetrahydro compound V I; the latter 
has been converted to the “Troeger’s Base” VIII 
by action of hydrochloric acid and formaldehyde or 
formic acid, whereas the former was not affected 
by these reagents. The dihydroquinazoline VII 
therefore cannot be a direct precursor of the “Troe­
ger’s Base,” whereas the tetrahydroquinazoline 
VI probably is an intermediate in its formation 
from the methoxyaniline.

3. Tetramethyl-^-methoxyaniline and 2,3,6- 
trimethyl-4-methoxyaniline gave no compounds 
analogous to those obtained from the 2,3,5-tri­
methyl compound. The trimethylaniline under­
went no change, whereas the tetramethyl com­
pound was converted into 2,3,5,6-tetramethyl-4- 
me thoxy-N -methylaniline.

4. A convenient five-step synthesis of 2,3,6- 
trimethyl-4-aminophenol from 2,3,5-trimethyl- 
phenol has been developed, and several new deriv­
atives of the aminophenol have been prepared and 
characterized.

5. Using as starting materials 2,3,6-trimethyl-
4-aminophenol and several of its derivatives, a 
number of synthetic approaches to 6-hydroxy-2,2- 
disubstituted-l,2,3,4-tetrahydroquinolines, the N- 
analogs of the tocopherols, have been investigated. 
None of the reactions was successful.
M in n e a p o l is  14, M in n e s o t a

R e c e iv e d  F e b r u a r y  28, 1948
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Hemihydrohalides of 3 (a)-Hydroxy Steroids1
By Vernon R. M attox, Bernard F. M cK enzie and E dward C. K endall

The formation of a crystalline compound by 
uicctcixiCixt of 3(a)-hydtoxy- 12-keto- A911 cholenic 
acid in ether with hydrogen bromide has been ob­
served. 2 The experimental details for preparation 
of this product have recently been published,3 and 
the procedure was suggested as a method for sepa­
ration of the cholenic acid. However, no struc­
ture was suggested for the product and no analysis 
was given.

In the presence of hydrogen bromide or hydro­
gen chloride, crystalline products have been pre­
pared in this laboratory with the already men­
tioned cholenic acid and also with methyl 3(a)- 
hydroxy-12-ketocholanate. With both of these 
steroids it was found that the crystalline com­
pounds separated in combination with 0.5 mole­
cule of hydrogen halide.

Subsequently it was observed that, when 
methyl 3(a)-hydroxy-12(a)-methoxy- A9>n-cholen- 
ate was treated with hydrogen halides, the 12(a)- 
halogen derivative which was produced separated 
in crystalline form and contained in each instance 
0.5 molecule of halogen acid.

The diverse nature of the material treated with 
hydrogen halide and the fact that only 0.5 mole­
cule of halogen acid was combined with the crys­
talline product indicated that neither the double 
bond at Cg-Cu nor the substituent at Ci2 was 
essential. I t  occurred to us that it was desirable 
to determine what structure of the steroid was 
necessary for the formation of the hemihydro- 
halide derivatives. Such an investigation has re­
vealed the fact that all derivatives of cholane, 
A9’n -cholene and A11-cholene which have been 
studied (Table I) in which there was an (a)-hy­
droxyl group at C3, form crystalline products and 
separate with 0.5 molecule of halogen acid. If 
the 3(a)-hydroxyl group is esterified, as with the 
acetyl group, addition products are not formed,4 
as shown in the last three lines of the table. No 
attempt has been made to prepare hemihydro­
halides from 3 (0)-hydroxy steroids or from steroids 
which have hydroxyl groups in other positions.

The general method of preparation consisted of 
the introduction of a stream of dry hydrogen hal­
ide into a solution containing from 1 to 3 milli­
moles of the compound in an appropriate solvent

(1) This paper was presented a t the Fifteenth Midwest Regional 
Meeting of the American Chemical Society, Kansas City, Missouri, 
June 24, 1947.

(2) Reported by Dr. E. S. Wallis a t a conference of the Commit­
tee on Synthesis of Adrenal Hormones held under auspices of the 
N ational Research Council, Washington, D. C., 1942.

(3) Hicks, Berg and Wallis, J . Biol. Chem., 162, 633 (1946).
(4) Since only the 3(a)-hydroxyl group appears to be necessary 

for formation of hemihydrohalides, separation of 3(a)-hydroxy-12- 
keto- A9>n -cholenic acid from 3(a)-hydroxy-12-ketocholanic acid 
cannot be made satisfactorily. For a discussion see McKenzie, 
M attox, Engel and Kendall, J . Biol. Chem., 173, 271 (1948).

in an ice-bath. I t  was hoped that a single solvent 
or a mixture of solvents would be satisfactory for 
the isolation of all of the hemihydrohalides; 
however, it was found that this was not possible. 
For several of the methyl esters methanol was a 
satisfactory solvent; acetone was used for some 
of the acids and chloroform-petroleum ether was 
suitable in other cases.

The hemihydrohalides were dried under reduced 
pressure over sodium hydroxide or in air at room 
temperature for one to two days. Methyl 3(a)- 
hydroxy-12(a)-bromo-A9*n-cholenate hemihydro- 
bromide retained 0.5 molecule of hydrogen bro­
mide after it had been dried at 0.1 mm. pressure at 
room temperature for six hours. Most of the 
hemihydrohalides melt over a range of several de­
grees and the melting point is frequently de­
pendent on the rate of heating. Their physical 
constants are given in Table I.

The halogen content of the compounds was de­
termined by distribution between water and an 
immiscible solvent and titration of the halogen in 
the aqueous phase by the method of Volhard. In 
6 experiments the amount of acid in the aqueous 
phase was determined. In each instance the con­
centration agreed with that of the halogen ion.

That no deep-seated change of the steroid mole­
cule had occurred was shown by isolation of the 
starting material from the organic phase after re­
moval of hydrogen halide. Two of the reaction 
products, methyl 3 (a)-hydroxy-12 (a)-bromo- A9*11- 
cholenate hemihydrobromide and methyl 3(a)- 
hydroxy-12 ( a) -chloro- A9>1 ̂ cholenate hemihydro- 
chloride, were prepared by treatment of methyl 
3 (a) -hydroxy- 12(a) -methoxy- A9’1 x-cholenate with 
the appropriate hydrogen halide. These two 
were reconverted into methyl 3(a)-hydroxy- 
12(a)-methoxy- A9*11-cholenate by treatment with 
methanol.5’6

It is thought that these hemihydrohalides of the 
3(a)-hydroxy steroids are oxonium compounds. 
Favorskii7 has prepared oxonium compounds from 
the aliphatic alcohols and reports that they are ex­
tremely hygroscopic. However, the oxonium 
compounds of the steroids reported in this paper 
are not hygroscopic. In addition, Favorskii also 
prepared from 2,2-dime thy lpentanol-3 both a

(5) M attox, Turner, Engel, McKenzie, McGuckin and Kendall, 
J . Biol. Chem., 164, 569 (1946).

(6) When a solution of methyl 3(a)-hydroxy-12(a)-bromo- A9>u - 
cholenate hemihydrobromide in chloroform is repeatedly concen­
trated under reduced pressure and diluted with petroleum ether, 
methyl 3(«)-hydroxy-12(a)-bromo- A9>u -cholenate is obtained; 
however, because of its somewhat variable melting point, it is not 
satisfactory for identification. For this reason the 12-halogen com­
pounds were converted into the 12(a)-methoxy compound, which 
has characteristic physical properties.

(7) Favorskii, Chem. Abstr., 8, 493 (1914).



Aug., 1948 H e m ih y d r o h a l id e s  o f  3 ( a ) - H y d r o x y  S t e r o i d s 2663

T a b l e  I
P h y s ic a l  C o n st a n t s  o f  t h e  H e m ih y d r o h a l id e s

Starting  m aterial

Methyl 3 (a)-hydroxy-12 (a) -bromo- A9iU-cholenatec 
Methyl 3 ( a ) -hydroxy-12 ( a ) -chloro- A9’u-cholenatec

3(a) -Hydroxy- 12-ketocholanic acid

Methyl 3 («)-hydroxy-12-ketocholanate

3 ( a ) -Hydroxy-12-keto- A9>n-cholenic acid

Methyl 3(a)-hydroxy-12-keto- A9’n-cholenate

3(a)-Hydroxy-An-cholenic acid

Methyl 3 (o;)-hydroxy- An-cholenate

Methyl 3(a)-hydroxycholanate

3 (a) -Hydroxy-ll-keto-24,24-diphenyl- A23-cholene& 
Methyl 3(ex)-acetoxy-12(a)-chloro- A9> u-cholenate 
3(a) - Acetoxy- 12-ketocholanic acid 
3(a)-Acetoxy-12-keto-A9’n-cholenic acid

Halogen
acid Solvent

M . p.,<* 
°C.

%
yield

% of 0.5 H X  
As After 

prepared 45 days&
HBr CHC13-P. E d 137-138 100 97e, /
HCl CHCI3-P. E. 131-137 94 90Aff

f HBr Ether 128-133 54 103
( HCl CHCI3 115-117 86 83 62
f HBr CH3OH 127-130 55 98
{ HCl CH3OH 108-109ft 78 99 55
f HBr CHCI3-P. E 134-137 97 98
(H C l Acetone 119-122 40 95
f HBr CH3OH 117-123 65 96
( HCl* CH3OH 85-90' 86 95 36
f HBr Acetone 118-122 39 98 90
( HCl CHCI3 96 74

HBr CH3OH 93-98 81 94 80
ƒ HBr CH3OH 115-122 45 92
( HCl CH3OH 105-106 75 30 10

HBr Acetone 143-150 93 99 93*
HCl CHCI3-P. E. 0
HCl CHCI3-P. E. 0
HCl CHCls-P. E. 0

a All melting points were determined on the Fisher-Johns apparatus. & Samples were exposed to atmosphere. c This 
compound was prepared from methyl 3(a.)-hydroxy-12(a)-methoxy- A9’u-cholenate. The conversion of the 12(a)- 
methoxy compound to the 12(a)-halogen derivative has been shown to be nearly quantitative.5 d P. E. is petroleum 
ether. 6 Analysis by combustion. f This figure is based on the halogen found in excess of that calculated for 1 atom of 
halogen at C12. 9 For halogen determination the sample was heated in 1 N  methanolic sodium hydroxide for ten minutes
and the chloride ion was titrated by the Volhard method. h M. p. 112-115° when heated rapidly. 1 Crystals separated 
when the solution was about 2 N  with HCl; as the solution became more concentrated with HCl the crystals dissolved.

M. p. 90-93° when heated rapidly. k Prepared from methyl 3,9-epoxy-11-ketocholanate9 by treatment with phenyl­
magnesium bromide and dehydration of the resulting carbinol with acetic acid. The 3,9-epoxy linkage was opened with 
hydrogen bromide and the halogen was removed from Ci2 with zinc in acetic acid. 1 After 45 days in desiccator over solid 
sodium hydroxide.

hemihydrohalide, (C7Hi50H)2-HBr, and a hydro­
halide, C7Hi5OH-HBr. Only the hemihydrohal- 
ides of the 3(a)-hydroxy steroids could be iso­
lated.

Favorskii represented the structure of the 
hemihydrohalide of the aliphatic alcohols by 

H H
R—o —O—R. However, Whitmore8 suggested

H X
“ H 1++  ■
R:Ö:H [Br]~[OR]~ as being m ore probable.

ii J
The halogen content of som e of the oxonium 

compounds was found to be less than the theo­
retical amount for a hemihydrohalide. This was 
observed more frequently with the hydrochlo­
rides than with the hydrobromides and may be

(8) Whitmore, “ Organic Chemistry,” D. Van Nostrand Co., 
New York, N. Y., 1937, p. 139.

related to the intrinsic strengths of the two acids.
The steroid hemihydrohalides are unstable com­

pounds and slowly lose halogen acid under atmos­
pheric conditions. A comparison of the last two 
columns in the table shows the amount of halogen 
acid lost in forty-five days.

Summary
Crystalline oxonium compounds which contain 

a half molecule of hydrogen halide are formed by 
treatment of 3 (a) -hydroxysteroids with hydrogen 
halides. Acetylation of the hydroxyl group pre­
vents formation of the oxonium compound. The 
preparation of sixteen of these hemihydrohalides 
is described in this paper.
R o c h e s t e r , M i n n . R e c e iv e d  F e b r u a r y  24, 1948

(9) Turner, Mattox, Engel, McKenzie and Kendall, J . Biol. Chem., 
166, 345 (1946).
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[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r y  o f  t h e  P it t s b u r g h  P l a t e  G l a s s  C o ., C o l u m b ia  C h e m ic a l
D iv is io n ]

A Study of the Reaction of Phenol with Thionyl Chloride
B y  W il l ia m  E. B is s in g e r  a n d  F r e d e r ic k  E , K u n g

Studies on the reactions of phenol with thionyl 
chloride are greatly complicated by the existence 
of readily-occurring nuclear substitution reac­
tions. 1.2-3.4-5.6 These probably account for the 
fact that the preparation of diphenyl sulfite by 
the direct reaction of phenol with thionyl chloride 
in the absence of hydrogen chloride acceptors had 
not been reported prior to this time, and that the 
successful preparation of phenyl chlorosulfinate 
has been accomplished7 only recently.

In a previous paper8 on the reaction of thionyl 
chloride with alcohols, we described a novel 
method of operation which appeared to greatly 
reduce the complicating side reactions resulting 
from the action of hydrogen chloride on the newly- 
formed sulfite ester. In that method the reactions 
were carried out in the presence of a large amount 
of a refluxing solvent in which the reactants and 
products were soluble. but in which the hydrogen 
chloride was insoluble. We have now applied 
this technique to the phenol-thionyl chloride re­
action to determine if the complex reactions pre­
viously reported1-6 could be eliminated. Prelim­
inary experiments showed that diphenyl sulfite 
and phenyl chlorosulfinate underwent a fairly 
rapid decomposition in the presence of hydrogen 
chloride, thereby emphasizing the need for remov­
ing this material from the zone of reaction as rap­
idly as possible. Utilizing the refluxing solvent 
technique to expel the hydrogen chloride, we then 
investigated the reaction of phenol with thionyl 
chloride at temperatures of 10° to 180°, and at 
molar ratios of 2:1 to 1:4, while observing the ef­
fect of temperature and the ratio of reactants on 
the yields and types of products obtained.

Experimental
Preparation of Materials.—The thionyl chloride used 

was a purified grade manufactured by this Division. The 
phenol was Merck reagent grade.

For the preliminary studies the diphenyl sulfite was 
prepared by the method of Gerrard.9 On distillation 
through a 1.5 X 20-cm. Vigreux column, the sulfite was 
collected at 141-144° (2 mm.), m. p. 13-16°.

The phenyl chlorosulfinate was prepared as follows: 
Molten phenol (1.0 mole) was added to refluxing thionyl 
chloride (4.0 moles) in one hour with stirring after which 
the mixture was refluxed one hour longer. Fractionated 
through a 1.7 X 20-cm. Fenske column, the phenyl chloro­
sulfinate, 125 g. (71% yield) distilled at 92-98° (10 mm.). 
The stability tests in the following section were made with

(1) Tassinari, Gazz. chim. ital., 20, 326 (1890).
(2) Voswinckel, Pharm. Zeit., 40, 241 (1895).
(3) Carré and Libermann, Compt. rend., 196, 275 (1933).
(4) Carré and Libermann, Bull. soc. chim., (4) 53, 1051 (1933).
(5) Courtot and Tung, ibid., 200, 1541 (1935).
(6) Lüttringhaus, Ber., 72, 887 (1939).
(7) Gerrard, J . Chem. Soc., 99 (1939).
(8) Bissinger and Kung, T h is  J ournal , 69, 2158 (1947).
(9) Gerrard, J . Chem. Soc., 224 (1940).

a redistilled product boiling at 95° (10 mm.), m. p. —16°
to -1 3 ° .

Anal. Calcd. for C6H5S 02C1: S, 18.1; Cl, 20.1.
Found: S, 18.8; Cl, 20.6.

Stability of Diphenyl Sulfite and Phenyl Chlorosulfinate 
to Hydrogen Chloride,—Hydrogen chloride (0.25 mole) 
was passed into freshly distilled diphenyl sulfite (93 g.; 
0.4 mole) over a six-hour period at 70°. A gain in 
weight of 7.5 g. resulted. Distillation yielded (a) 16.7 
g. (0.178 mole) of phenol, b. p. 83-84° (20 mm.), m. p. 
40°, which was further identified by its benzoate, m. p. 
69°; (b) 51 g. (0.218 mole) of diphenyl sulfite, b. p. 143- 
157° (3 m m .); (c) 14.5 g. of a viscous residue containing 
18.5% sulfur and 1.7% chlorine. The yield of phenol, 
based on the diphenyl sulfite not recovered, was 98%, 
assuming that one mole of phenol was formed per mole of 
sulfite decomposed.

Hydrogen chloride (0.30 mole) was likewise passed into 
freshly distilled phenyl chlorosulfinate (106 g., 0.60 mole) 
over a six-hour period at 70° while collecting all volatile 
products in a Dry Ice trap. A gain in weight of 1 g. 
occurred. Distillation at 10 mm. yielded (a) a Dry Ice 
trap fraction of 5.2 g., (b) 79 g. (0.448 mole) of phenyl 
chlorosulfinate b. p. 92-93.5°,^(c) 10 g. (0.04 mole) of 
diphenyl sulfite, b. p. 152-158°.

Anal. Calcd. for (C6H5)2S03: S, 13.65. Found: S, 
13.9; Cl, 0.9.

Redistillation of (a) at atmospheric pressure gave 4.7 
g. (0.04 mole) of thionyl chloride, b. p. 75-76°.

Anal. Calcd. for SOCl2: S, 26.9; Cl, 59.6. Found: 
S, 26.8; Cl, 58.6.

The yield of thionyl chloride and diphenyl sulfite was 
53% each, based on the phenyl chlorosulfinate not re­
covered.

When phenyl chlorosulfinate (160 g.) was heated for 
six hours at 70° in the absence of hydrogen chloride and 
then redistilled, 97% (155 g.) was recovered. Treatment 
of diphenyl sulfite in a similar manner resulted in a recov­
ery of 96% of the original material.

Reaction of Phenol with Thionyl Chloride in Refluxing 
Solvents.—The apparatus and the techniques used were 
the same as had been described previously,8 except that 
the phenol was generally maintained slightly above its 
melting point while being added to the refluxing solvent. 
The solvents used, and their boiling points, were: ethyl 
chloride (12°), methylene chloride (42°), carbon tetra­
chloride (76°), thionyl chloride (78°), chlorobenzene 
(130°), and o-dichlorobenzene (180°). The addition 
of the phenol and thionyl chloride was made in one to 
two hours (with one exception), after which the refluxing 
was continued for one to three hours more. In the experi­
ment with ethyl chloride as solvent a forty-eight hour 
reflux period was used. The yields of diphenyl sulfite 
and phenyl chlorosulfinate were determined by distillation 
and redistillation of the product at the reduced pressures 
already mentioned, through a 1.5 X 15-cm. Vigreux 
column. The yields were based on the weights of starting 
materials and on the reactant present in deficiency. A 
black tarry residue remained from every distillation. The 
results are summarized in Table I.

In the experiments at 12° and 42°, £ -chlor ophenol was 
isolated during the distillation of the products. This ma­
terial had b .  p. 107-110° (20 mm.); m. p. 20-25°, w20d 
1.5655.

Anal. Calcd. for C6H5OCl: Cl, 27.6. Found: Cl,
27.4; S, 0.2. As further identification, the £-chloro- 
phenol was converted to £ -chlorophenyl benzoate, m. p. 
87°.
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T a b l e  I
R e a c t io n  o f  P h e n o l  w it h  T h io n y l  C h l o r id e  in  R e ­

f l u x in g  S o l v e n t s

Reaction
temp., Reactants, moles

Yields, % 
(C6H5)2- CbHbO-

Wt. of
tarry

°C. Phenol SOC12 SOs SOCl residue, g.
12 2 1 0 0 90° *&
42 2 1 0 0 87c
42 1 2 28 43 25
76 2 1 73 0 18d
76 2 1 17 0 88e
76 1 1 33 19 36
76 1 2 0 35 55
78 1 4 0 71 28
78 1 4 0 83 18f
78 2 8 3 81 14/

130 2 1 61 0 34*
130 2 1 87 0 9f  ’h
130 1 1 56 35 8
130 1 2 44 43 5
180 2 1 0 0 107*
180 1 2 32 47 4

° Unreacted phenol (48%) was isolated along with 0.104 
mole of ^-chlorophenol. 6 This residue contained 5.4% 
chlorine and 16.6% sulfur. c Fifty-one per cent, of the 
phenol was recovered and 0.04 mole of ^-chlorophenol ap­
peared on distillation. d One hundred ml. of carbon 
tetrachloride was placed in the flask while the other 400 
ml. was used to prepare equivolume solutions of the 
phenol and SOCl2, which were then added dropwise. The 
addition time was extended to seven hours. 0 Phenol (36 %) 
was recovered. i  The phenol was dissolved in chloro­
benzene (100 ml. per mole of phenol) to facilitate addition. 
* Phenol (15%) was recovered. h In this experiment the 
rate of reflux was much higher than in the preceding 
experiment. On attempted distillation only acidic gases 
were evolved.

Discussion of Results
In general, the reaction of thionyl chloride with 

phenol, even in the presence of a refluxing solvent, 
was observed to be far more sensitive to slight 
variations in the operating conditions than had 
been noted in the reaction of thionyl chloride with 
aliphatic alcohols. For example, very vigorous 
stirring and strong refluxing of the solvent was 
found conducive to definitely improved yields in 
the phenol reaction; in the aliphatic series these 
factors were not particularly important. There 
are indications, also, that the time of addition of 
the phenol and the thionyl chloride to the reflux­
ing solvent may bear very significantly on the 
results. In the studies reported here, the effect 
of this variable was investigated in only one ex­
periment, as will be discussed later in the paper. 
I t should be clearly recognized, therefore, that 
our results were obtained under specific reaction 
conditions, and any marked deviation from these 
conditions may lead to considerable differences 
in yields.

The preparation of diphenyl sulfite by the di­
rect reaction of phenol and thionyl chloride in the 
absence of hydrogen chloride acceptors has been 
accomplished for the first time through the use of 
the refluxing solvent technique. The data of Ta­
ble I illustrate that at a 2:1 molar ratio of phenol

to thionyl chloride the maximum yield (87%) of 
diphenyl sulfite was obtained at a reaction tem­
perature of 130° with chlorobenzene as the 
refluxing solvent I t is not fully understood why 
this maximum yield appeared at such a high tem­
perature. In contrast to the other experiments, 
it will be noted that in most cases at 130° essen­
tially no tarry residues were obtained. Assuming 
that these resinous bodies were formed through a 
reaction of thionyl chloride with the benzenoid 
ring, it might be concluded that a t 130° the esteri­
fication reaction becomes very much faster than 
the coupling reaction, thereby resulting in the 
predominant formation of diphenyl sulfite.

The fact that no diphenyl sulfite could be iso­
lated from the experiments at 12° and 42° with a 
2:1 molar ratio of phenol to thionyl chloride is in 
accord with the results of earlier workers.1-6 
It is apparent that under these conditions the re­
fluxing solvent method did not eliminate the form­
ation of undesirable by-products, represented by 
the tarry residues obtained on distillation. The 
high yield (73%) of diphenyl sulfite obtained at 
76° with carbon tetrachloride as solvent was only 
obtained when a seven-hour addition time for the 
reactants was used. When the addition time was 
the usual one-to-two hour period, the yield of di­
phenyl sulfite was only 17%. These results afford 
strong evidence that even relatively minor varia­
tions in the reaction conditions may materially 
affect the yield figures.

The refluxing solvent technique, using a 300% 
excess of thionyl chloride at 78° as the sole reflux­
ing solvent, furnished a very simple means of pre­
paring phenyl chlorosulfinate. The discrepancy 
between the yields of 71% and 83%, as reported in 
Table I, can probably be attributed to the less 
vigorous stirring and the decreased rate of reflux 
used in the former case.

In all preparations of phenyl chlorosulfinate 
with thionyl chloride as the sole refluxing solvent, 
it was found that not more than 3% of diphenyl 
sulfite was obtained, providing vigorous stirring10 
was employed. The low yield of diphenyl sulfite 
indicates that in the absence of hydrogen chloride 
acceptors, the reaction of phenol with phenyl chlo­
rosulfinate at 78° may be a much slower reaction 
than the corresponding reaction of alkanols with 
alkyl chlorosulfinates at this temperature. For 
example, when w-propyl alcohol was added to a 
500% excess of refluxing thionyl chloride in a four- 
hour reaction period with vigorous stirring, a 30% 
yield8 of ^-propyl sulfite was obtained, along with 
the expected chlorosulfinate.

Although phenyl chlorosulfinate can be distilled 
at 90-100° without decomposition, it was found to 
be unstable on prolonged standing a t room tem-

(10) This is only true under conditions of strong agitation. In  
one experiment, phenol (2 moles) was added to refluxing thionyl chlo­
ride (8 moles), without stirring, over a two-hour period, followed by 
one additional hour of reflux. No phenyl chlorosulfinate was ob­
tained, but a 41% yield of diphenyl sulfite was produced, along with 
a residue of 60 g.
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perature. A purified sample, stored for about 
eleven months on the desk top in a glass-stoppered 
bottle, decomposed violently, rupturing the bottle 
and evolving heat.11

Acknowledgment.—We express our thanks to 
Dr. A. Pechukas, who suggested the refluxing 
solvent technique, and to Dr. F. Strain for help­
ful discussions.

Summary
1. The thermal stability of phenyl chlorosul­

finate, although poor, was about equal to that of 
^-propyl chlorosulfinate and much greater than 
that of isopropyl chlorosulfinate.

2. Diphenyl sulfite reacted with hydrogen 
chloride producing phenol and a tarry residue; the 
other expected cleavage product, chlorobenzene, 
was not found. Phenyl chlorosulfinate, unlike 
the unreactive alkyl chlorosulfinates, underwent a 
disproportionation reaction in the presence of hy­
drogen chloride to form thionyl chloride and di­
phenyl sulfite.

(11) Carré and Libermann, Compt. rend., 195, 799 (1932), reported 
th a t the decomposition of phenyl chlorosulfinate was instantaneous at 
room tem perature. The presence of impurities in their material may 
have been responsible for this reduced stability.

3. The refluxing solvent technique afforded 
an excellent means of preparing phenyl chlorosul­
finate and diphenyl sulfite in yields of 83% and 
87%, respectively. This was the first successful 
preparation of the latter by the direct reaction of 
phenol with thionyl chloride without hydrogen 
chloride acceptors.

4. The variables of temperature and ratio of 
reactants have been studied in the reaction of 
phenol with thionyl chloride in a refluxing solvent. 
Under the conditions used, the lower reaction tem­
peratures seemed to favor undesirable side-reac­
tions ; at a 2:1 molar ratio of phenol to thionyl 
chloride the best yield of diphenyl sulfite occurred 
at 130°, whereas with excess thionyl chloride the 
best yield of phenyl chlorosulfinate was obtained 
in refluxing thionyl chloride at 78°.

5. The reaction of phenol with thionyl chloride
in a refluxing solvent is apparently very sensitive 
to relatively minor changes in the reaction condi­
tions, such as stirring for example, and with such 
modifications quite different results from those re­
ported here may be obtained. Such sensitivity 
was not apparent in the aliphatic series. 
B a r b e r t o n , O h io  R e c e iv e d  M a r c h  15, 1948

[A C o m m u n ic a t io n  f r o m  t h e  L a b o r a t o r y  o f  O r g a n ic  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  W is c o n s in ]

The Preparation of Spermine Tetrahydrochloride1 (l,12-Diamino-4,9“diazadodecane
Tetrahydrochloride)
B y  H a r r y  P . S c h u l t z2

The reported synthesis of spermine3-4 appeared 
impractical for the preparation of the quantity of 
material required in the antimalarial program. 
Therefore, a synthesis of spermine tetrahydrochlo­
ride was developed, which consisted of the hydro­
genation of succinonitrile to putrescine (I); the 
dicyanoethylation of putrescine to N,N'-bis-(2- 
cyanoethyl) -putrescine (II); followed by hydro­
genation of II to spermine (III). The tetramine 
was then converted to the tetrahydrochloride.

H2N(CH2)4NH2 I
NC(CH2)2NH(CH2)4NH(CH2)jCN i i

H2N (CH2)3NH (CH2)4NH (CH2)3NH2 III
The hydrogenation of succinonitrile was car­

ried out at 140° in liquid ammonia over Raney 
nickel. Even under these conditions, which are 
usually quite unfavorable to formation of second­
ary amines, the yield of pyrrolidine was more than 
twice as large as that of the desired primary amine. 
The dicyanoethylation reaction proceeded well 
in water, alcohol, or ether. The yield of II was

(1) The work described in this paper was dene under Contract 
OEMcmr-567, recommended by the Committee on Medical Re­
search, between the Office of Scientific Research and Development 
and the University of Wisconsin”

(2) Present address: University of Miami, Coral Gables, Florida.
(3) Rosenheim, Biochem. J ., 18, 1253 (1924).
(4) Dudley, Rosenheim and Starling, ibid., 20, 1082 (1926).

almost quantitative, judged by the amount of 
the dihydrochloride that was isolated in some ex­
periments. The preferred procedure was to carry 
out the cyanoethylation in ether solution and, 
without isolating II, add liquid ammonia and hy­
drogenate over Raney nickel at 140° to III. The 
tetramine (III) was then distilled and isolated and 
purified as the tetrahydrochloride. The over-all 
yield of the tetrahydrochloride, starting with pu­
trescine, was 51% of the theoretical.

Experimental
Putrescine.—A steel reaction vessel having a void of 

1300 ml. was charged with 200 g. (2.5 moles) of succino­
nitrile,5 9 g. of W-2 Raney nickel,6 and 350 ml. of liquid 
ammonia. The contents of the bomb was reduced for 
two and one-half hours at 140 ° under a hydrogen pressure 
of 1700 p. s. i. The catalyst-free reaction mixture was 
distilled to give 79.7 g. (45% yield) of crude pyrrolidine 
that boiled at 87-88° (740 mm.), and 43 g. (20% yield) 
of putrescine, b. p. 60-65° (16 mm.); m. p. 27-28°. 
Ladenburg7 reported a m. p. of 23-24° for putrescine, while 
Ciamician and Zanetti8 gave m .p . 27-28°.

N,N /-bis-(2-Cyanoethyl) -putrescine.—Acrylonitrile 
from the Rohm and Haas Company (35.0 g., 0.66 mole)

(5) Suceinonitrile from du Pont Electrochemical Division was 
used without further purification.

(6) Mozingo, “ Organic Syntheses,” Vol. X X I, John Wiley and 
Sons, Inc., New York, N. Y., 1941, p. 15.

(7) Ladenburg, Ber., 19, 781 (1886).
(8) Ciamician and Zanetti, ibid,, 22, 1970 (1889),
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was added dropwise for eight hours to a stirred solution 
of 29.0 g. (0.33 mole) of putrescine in 10 ml. of ether. 
After all acrylonitrile was added, the solution was stirred 
at room temperature for fifteen hours, on a steam-bath 
for one hour, and again at room temperature for one hour. 
During the time of heating, all the ether distilled out, and 
the weight of the final reaction product was 64 g. All 
attempts to distil the dinitrile, even at a pressure of 0.01 
mm., resulted in decomposition. When the reaction 
mixture was allowed to stand for a longer period (forty to 
fifty hours), the yield of spermine tetrahydrochloride was 
decreased from 50 to 30%.

A small exploratory run, made as above, when treated 
with ethanolic hydrogen chloride, gave a 100% yield of 
N,N'-bis-(2-cyanoethyl) -putrescine dihydrochloride, m. p. 
222-228° (dec.). This salt was recrystallized from eth­
anol-water (3:1) to give an 84% yield of N,N'-bis-(2- 
cyanoethyl)-putrescine dihydrochloride, m. p. 232- 
233° (dec.).

Anal. Calcd. for C10H20N4CI2: Cl, 26.6. Found: Cl,
26.6.

Spermine Tetrahydrochloride.—A 270-ml. steel re­
action vessel was charged with 18 g. (0.092 mole) of crude 
N,N'-bis-(2-cyanoethyl)-putrescine, 5 ml. of ether, 60 
ml. of liquid ammonia, and 3 g. of W-2 Raney nickel 
catalyst. The contents of the bomb was reduced for 
thirty minutes at 140 0 under a hydrogen pressure of 4900 
p. s. i. The catalyst-free reaction mixture was distilled 
to give 10 g. of viscous distillate that boiled at 100-170° 
(0.1-0.2 mm.), and 3 g. of a yellow residue.

The crude spermine was dissolved in 130 ml. of absolute 
ethanol, and to it was added 65 ml. of 20% ethanolic hy­
drogen chloride. The precipitated amine salt was filtered 
and air-dried to give 23.5 g. of white, impure spermine 
tetrahydrochloride that melted at 290-310° (dec.), with 
darkening at 270°. The crude spermine tetrahydrochlor­
ide was dissolved in 130 ml. of 12% hydrochloric acid and 
added to 1300 ml. of hot, absolute ethanol. After cooling 
the alcohol solution, the crystals were filtered, washed,

and air-dried to give 17 g. of crystals, m. p. 300-310° 
(dec.). This material was placed in 119 ml. of 12% 
hydrochloric acid, and added to 357 ml. of hot, absolute 
ethanol. After six hours at room temperature, the 
spermine tetrahydrochloride was filtered off, rinsed, and 
dried to give 16.1 g. (51% yield) of light pink crystals, 
m. p. 310-311° (dec.), darkening at 300°. The value 
previously reported9 was m. p. 310-311° (dec.).

Anal. Calcd. for C ioH 3oN 4C14: C, 34.5; H, 8.7; Cl,
40.8. Found: C, 34.2; H, 8.6; Cl, 40.8.

The picrate of spermine melted at 246-247° (dec.), 
darkened at 240°. The value previously reported9 was 
m.p.  248-250 0 (dec.), with darkening at 242 0.

Spermine chloroplatinate was also prepared, and found 
to melt at 242° (dec.), dark at 235°. The value previ­
ously reported9 was m. p .  242-245° (dec.).

Acknowledgments.—I am grateful to Dr. 
Carnahan, formerly of this Laboratory, for sug­
gesting this method as a possible synthesis of 
spermine; and to Drs. Adkins and Wilds, of this 
Laboratory, for advice which made this synthe­
sis successful.

Summary
Spermine tetrahydrochloride has been prepared 

from succinonitrile through the formation of 
putrescine, N,N'-bis-(2-cyanoethyl)-putrescine,
spermine, and spermine tetrahydrochloride. The 
yield of putrescine from succinonitrile was low 
(20%), but the over-all yield for the three subse­
quent reactions was 51% of the theoretical.

(9) Dudley, Rosenheim and Rosenheim, Biochem. J 18, 1263 
(1924).
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Restricted Rotation in Aryl Amines. IV. Preparation and Resolution of N-Succinyl- 
l-methylamino-2,4-dimethyl-6-substituted Benzenes

By R o g e r  A d a m s  a n d  N. K. S u n d h o l m 1

A comparison of the relative interference effects 
of substituent groups, as deduced from the racemi­
zation rates of q series of analogous, optically ac­
tive biphenyls,2 showed these groups to fall in the 
following order: Br > CH3 > Cl > N 02 > COOH 
> OCH3 > F. Two members of a series of aro­
matic amines in which restricted rotation exists 
have been previously described.3 They are shown 
in I and II. Compound I, in optically active 
form, has a half-life of nine hours in boiling 77-bu­
tanol (b.p. 117°) and compound II a half-life of 
two and seven-tenths hours in boiling methyl ace-

(1) An abstract of a thesis subm itted in partial fulfillment of the re­
quirements for the Degree of Doctor of Philosophy in Chemistry. 
Allied Chemical and Dye Corporation fellow second semester 1941-
942, two semesters 1943-1944; New York Community Trust 

/ellow 1942-1943.
(2) Stoughton and Adams, T h is  J o u r n a l , 54, 4426 (1932); 

Adams and Hale, ibid., 61, 2825 (1939).
(3) (a) Adams and Dankert, ibid., 62, 2191 (1940); (b) Adams and 

Stewart, ibid., 63, 2859 (1941); (c) Adams and Albert, ibid., 64, 1475 
(1942).

CH3—N—COCH2CH2COOH CH3—N—COCH2CH2COOH

CH3(| NjCH; 

JBr
c h 3
I

CH3/\ |O C H 3

CH-
II

tate (b.p. 57°). Although these values are not 
directly comparable due to the use of different sol­
vents4 and to the bromine atom in the former, 
qualitatively they can be accepted as indicative of 
the relative interference of the methyl and meth­
oxyl groups in this type of molecule. These rela­
tive values coincide with those expected from the 
study of the biphenyls.

Several new analogs of I and II, as shown in 
III and IV, have now been synthesized, resolved 
and their optically active forms racemized. The 
half-life periods were as follows: Ilia , three and

(4) Li and Adams, ibid., 57, 1565 (1935).
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CH3—N—COCH2CH2COOH c h 3—N—c o c h 2c h 2c o o h

I lia  X  =  Br 
I llb  X  =  I 
I iic  X  =  N 0 2

IV

one-tenth hours; Illb , twenty and one-half hours; 
Iiic , six-tenths hour; IV, one and one-tenth 
hours. All were taken in boiling 77-butanol except 
I iic  which racemized so readily that boiling 
methyl acetate was employed. In these com­
pounds, the bromine atom is only a third as 
effective as the methyl group (compare Ilia  and
I) in contributing to the restricted rotation of the 
molecule, and the nitro group is only one-fifth as 
effective as the small methoxyl (compare IIIc and
II) . It is thus obvious that factors other than 
the size of the groups are involved.

The basicity of aromatic amines is influenced 
profoundly by the presence of 0-, m -  or ^-sub­
stituted electronegative groups as shown by the 
basic constants of 0-toluidine, 2.9 X 10~10; 0- 
bromoaniline, 2.1 X IO-12; 0-iodoaniline, 0.36 X 
10~12; 0-nitroaniline, 3.5 X 10“14.5a The differ­
ence in basicity of these molecules is usually as­
signed to the effect of the bromine and iodine 
atoms or nitro group in inducing a positive nitro­
gen atom in the amino group. In the case of the 
nitro compound, a valence formula may be writ­
ten which indicates the double-bond character of 
the carbon and amino-nitrogen linkage. For the 
halogens, an analogous structure cannot be writ­
ten on a conventional basis but the mere fact that 
the basicity of the amines is reduced by the sub­
stitution of such atoms establishes the fact that 
the nitrogen is more positive, which condition is 
compatible with a linkage having double-bond 
character. For such a double bond to be pro­
duced the plane formed by the nitrogen and its 
two substituents must be coplanar with the ring. 
The racemization process, in which conversion of 
a d-form to an Z-form and v ic e  v e rsa  must take 
place through a coplanar configuration, should be 
facilitated by the presence in the optically active 
amines of groups favoring coplanarity. Thus the 
anomalous ease of racemization of hindered aro­
matic amines substituted with halogen or nitro 
groups in the o rth o  position is probably associated 
with their decreased basicity. The N-succinyl-1- 
methylamino-2-methyl-4,6-dibromobenzene (IV) 
was prepared in order to determine the effect of 
two electronegative bromine atoms in the 0- and 
^-positions as compared with that of a single bro­
mine in the 0-position. The half-life of the former 
is only about a third of the latter, thus confirming 
the idea that the stability of these optically active

(5a) Williams and Soper, J . Chem. Soc., 2469 (1930); Bennett, 
Brooks and Glasstone, ibid., 1821 (1935); Myrback, Z. physiol. 
Chem., 158, 261 (1926).

aromatic amines is intimately connected with the 
base strength of the amino nitrogen atom and is 
greatly reduced by electronegative substituents. 
Apparently the larger size of the iodine atom over­
balances the increase in ease of racemization in­
duced by decrease in the basicity of the amine 
(compare I, Ilia , Illb).

This relationship of basicity of the aromatic 
amines to the stability of their optically active 
hindered derivatives serves to explain the shorter 
half-life (four and one-tenth hours) of N-succinyl- 
l-methylamino-4-chloro-2-rnethylnaphthalene in 
comparison with that of N-succinyl-l-methyl- 
amino-2-methylnaphthalene (five and seven-tenths 
hours).3c It may also account for the non-resolv­
ability of N-benzenesulfonyl-l-carboxymethyl- 
amino-2,4-dimethyl-6-nitrobenzene reported by 
Yuan.5b

The increase in double-bond character of the 
carbon and amino-nitrogen bond would result in a 
decrease in the bond length. The groups on the 
nitrogen would then be closer to the ring and inter­
fere more readily with the adjacent substituents 
on the ring. It is assumed that this effect is so 
small in comparison to that already discussed that 
it may be disregarded.

The best synthesis of the bromo and iodo deriva­
tives (Ilia  and Illb) was effected by brominating 
or iodinating l-amino-2,4-dimethylbenzene, then 
monomethylating the amino group with dimethyl 
sulfate. Iodination of l-methylamino-2,4-di- 
methylbenzene failed, using conditions successful 
for the iodination of the primary amine. Suc­
cinic anhydride in dry benzene with a drop of 85% 
phosphoric acid as catalyst was a satisfactory pro­
cedure for succinylation of the 1-methylamino 
compounds although the reaction was slow in the 
case of the molecules substituted with electro­
negative groups. 1 -Methylamino-2-methyl-4,6-
dibromobenzene was prepared by brominating the 
l-methylamino-2-methylbenzene.

The production of the nitro compound (IHe) 
was attempted first by the action of cold yellow 
nitric acid upon N-succinyl-l-methylamino-2,4-di- 
methylbenzene. A mono nitro derivative was 
readily formed but further study indicated the 
nitro group to be probably in the 5- (V) rather 
than in the 6-position. This orientation was ob­

CH3- -N—COCH2CH2COOH 
|

CH3—N—H 
|

|A jC H 3 N O iA c i I ,

o2n I!J u
c h 3 CH,

V VI
served by Gnehm and Blumer,6 who nitrated N- 
acetyl-l-methylamino-2-methylbenzene in sul­
furic acid with a nitric acid-sulfuric acid mixture 
and obtained the 5-nitro compound. The same 
compound was produced upon using cold yellow

(5b) Yuan, J . Chinese Chem. Soc., A, 131 (1936).
(6) Gnehm and Blumer, Ann., 304, 99 (1899).
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nitric acid. Hydrolysis of the succinyl group of 
V resulted in the formation of a compound not 
identical with VI, which had been previously pre­
pared by nitration of the N-nitroso-1 -methyl- 
amino-2,4-dimethylbenzene followed by denitro- 
sation. Compound I iic  was subsequently syn­
thesized by succinylating VI.

The ^-modification of the nitro compound (Iiic) 
was hydrogenated at room temperature in ether 
solution with platinum oxide as catalyst. The 
crude product was dextro-rotatory. After this 
product had been heated in boiling 77-butanol for 
about an hour, a compound resulted which was 
optically inactive. This compound was not the 
amine (III, X = NH2) since a molecule of water 
had been lost as shown by analysis. I t must be 
the corresponding benzimidazole (VII). That 
this is so has been demonstrated by Betrabet and 
Chakravarti,7 who obtained benzimidazole-2-0- 
propionic acid upon refluxing an absolute ethanol 
solution of N-succinyl-0-phenylenediamine. The 
product from the hydrogenation was undoubtedly 
the crude optically active amine which condensed 
to the benzimidazole during the subsequent treat­
ment.
CHs—N---- C—c h 2c h 2c o 2h  H—N—COCH2CH2COOH

CHs CH3
VII VIII

Compound VIII, which differs from compound 
Illb  by having the N-methyl group missing, was 
not resolvable through its crystalline brucine salt. 
If the compound truly proves to be unresolvable, 
this would show the important contribution the 
N-methyl group makes to the restricted rotation 
in these compounds.

The optically active forms of the nitro com­
pound (Iiic) and the dibromo compound (IV) 
were partially racemized during the process of 
crystallizing the crude acids obtained from the de­
composition of their cinchonidine salts. For this 
reason the specific rotations of the crude optically 
active acids are reported since they should ap­
proximate the maximum specific rotations.

No particular complications were encountered 
in the resolution of the various compounds except 
in the case of the iodo derivative (Illb). The 
salt tended to dissociate so that it was impossible 
to obtain a product of maximum rotation. The 
technique employed in the racemization deter­
minations was that described in a previous com­
munication.30

Experimental
1 -Methylamino-2,4-dimethyl-6-bromobenzene.—A

mixture of 40 g. of 1-amino-2,4-dimethyl-6-bromoben- 
zene,8 25 g. of dimethyl sulfate and 100 ml. of water was 
stirred with gentle warming on a steam-bath until homo­

(7) Betrabet and C hakravarti, J . Indian Chem. Soc., 7, 191 (1930).
(8) Noelting, Braun and Thesmar, Ber., 34, 2242 (1901).

geneous. The temperature was not permitted to go over 
70°. The cooled solution was acidified with 30 ml. of 
concentrated hydrochloric acid, cooled to below 10°, 
and a solution of 14 g. of sodium nitrite in 50 ml. of water 
added dropwise with stirring, keeping the temperature 
between 5-10 °. Stirring was continued for fifteen minutes 
after the addition of the sodium nitrite. The cold solu­
tion was extracted with ether, the ether layer washed with 
5% aqueous sodium hydroxide, and then with water. 
The ether was evaporated by directing a stream of air 
over the surface of the solution.

The nitrosamine was reduced by careful addition in 
portions to a solution of 136 g. of stannous chloride di­
hydrate in 132 ml. of concentrated hydrochloric acid. 
The stannous chloride solution was heated to 40° before 
the first addition of the nitrosamine. In order to keep 
the temperature under 60° after several portions of the 
nitrosamine were added, cooling was necessary. After 
each addition the flask was shaken by hand. A precipi­
tate of the tin complex slowly settled out. After standing 
overnight, the mixture was cooled in ice, and made 
strongly alkaline by addition of a solution of 176 g. of 
sodium hydroxide in 250 ml. of water. The mixture was 
steam-distilled until the distillate came over clear. The 
distillate was saturated with sodium chloride, extracted 
with ether, the extract dried over solid potassium hy­
droxide and the ether distilled. The secondary amine 
was distilled in vacuo, b. p. 92-94° (4.5 m m.); yield, 21 
g. (49%); w20d 1.5682; tf204 1.3379.

Anal. Calcd. for C9Hi2BrN: C, 50.50; H, 5.60; Md,
52.6. Found: C, 50.54; H, 5.78; Md, 52.4.

N-Succinyl-1 -methylamino-2,4-dimethyl-6-bromoben­
zene.—To a solution of 13 g. of succinic anhydride in 100 
ml. of dry benzene was added 15 g. of 1-methylamino-
2,4 -dim ethyl 6 -b r omob en zen e and a drop of 85% phos­
phoric acid. The solution was refluxed for four hours, 
cooled, diluted with 100 ml. of ether, and extracted with 
5% aqueous potassium hydroxide. The alkaline extract 
was washed with ether and acidified with 1:2 hydrochloric 
acid. The product separated as an oil which solidified 
on stirring in ice. It was recrystallized from a mixture 
of three volumes of carbon tetrachloride and one volume 
of petroleum ether (b. p. 60-110°); white crystals, m .p .
115.5-116.5° (cor.); yield, 9 g. (41%).

Anal. Calcd. for Ci3H16BrN03: C, 49.68; H, 5.09. 
Found: C, 49.79; H, 5.16.

Resolution of N-Succinyl-1 -methylamino-2,4-dimethyl -
6-bromobenzene.—A solution of 5 g. of N-succinyl-1- 
methylamino-2,4-dimethyl-6-bromobenzene and 4.68 g. 
of cinchonidine in 180 ml. of 9:1 ethyl acetate-methanol 
by volume was filtered and evaporated to 145 ml. by 
directing a stream of air over its surface. After four 
days in the refrigerator, 3.1 g. of salt had crystallized. 
These crystals were collected and the filtrate evaporated 
to 137 ml. Refrigerated, it yielded a second crop of 1.4 
g. At 125 ml., 1.3 g. of salt crystallized; at 110 ml.,
0.1 g.; at 90 ml., 1.3 g. The first three fractions were 
combined and recrystallized in the same manner to con­
stant rotation; this produced white feathery crystals 
m. p. 164-165° (cor.); yield, 1.8 g.

Anal. (IBdA) Calcd. for Ci3Hi6BrN03-C19H22N20 : C,
63.36; H, 6.27. Found: C, 63.44; H, 6.60. Rotation. 
(IBdA.) 0.03 g. made up to 10 ml. with absolute ethanol 
at 28° gave aD -0 .1 3 °; l, 1; [«]28d - 4 3 ° .

d-N-Succinyl -1 -methylamino -2,4 -dimethyl -6 -bromo - 
benzene.—To 75 ml. of 1:1 hydrochloric acid at 0° was 
added 1.65 g. of the less-soluble salt. The mixture was 
stirred for fifteen minutes and then put in a refrigerator 
overnight. The next day the gummy material had solidi­
fied and it was broken up. The mixture was filtered and 
the solid material again stirred with cold 1:1 hydrochloric 
acid and put in a refrigerator overnight. This treatment 
was repeated until the filtrate gave a negative test with 
Folin's reagent.9 The residue was dried in a vacuum 
desiccator; yield, 0.49 g. The acid was crystallized

(9) Folin and Denis, J . Biol. Chem., 12, 239 (1912).



2 6 7 0 R o g e r  A d a m s  a n d  N. K. S u n d h o l m V o l. 7 0

from a mixture of benzene and petroleum ether (b. p. 60- 
110°). The rotation was unchanged by the crystalliza­
tion.

The d-acid was obtained from the less-soluble salt; 
white crystals, m. p. 118.5-120.5° (cor.).

Anal, (d-acid) Calcd. for Ci3Hi6BrN03: C, 49.68; H, 
5.09. Found: C, 49.95; H, 5.18. Rotation, (tZ-acid)
0.05 g. made up to 10 ml. with absolute ethanol at 28° 
gave old +0.125°; /, 1; [a ]28D + 25°.

Racemization of ^-JM-Succinyl-1-methylamino-2,4-di­
methyl-6-bromobenzene.—The racemization was carried 
out in a polarimeter tube constructed from Pyrex tubing 
(25 mm. outside diameter, 100 mm. internal length) 
and fitted at the center to a reflux condenser by means of 
a ground-glass joint.30 A solution of 0.15 g. of the d -  
acid made up to 25 ml. with «-butanol was added to the 
polarimeter tube. The rotation was observed, several 
small carborundum boiling chips added, and the polarim­
eter tube with its contents weighed. The polarimeter 
tube was then placed on a hot-plate and the solution con­
centrated to 15 ml. by boiling without reflux. The reflux 
condenser was attached and the solution refluxed until 
the total boiling period was one-half hour. The solution 
was cooled rapidly by plunging the tube into cold water, 
made up to the previously determined weight with n- 
butanol, and the rotation observed. By repetition of 
this process, the following aD values were obtained: at 
the start, +0.148°; after one-half hour, +0.133°; 
after one and one-half hours, +0.105°; after two and one- 
quarter hours, +0.091°; after three and one-half hours, 
+0.068°; after five hours, +0.050°; after seven hours, 
+0.030°. Calculated for a reversible unimolecular re­
action. the half-life was three and one-tenth hours. A 
check racemization gave a half-life of three and two- 
tenths hours.

1 -Amino-2,4-dimethyl-6-iodobenzene.—This procedure 
was modeled after that for the iodination of ^-toluidine 
used by Wheeler and Liddle.10 To 28.2 g. of 1-amino-
2,4-dimethylbenzene 59.5 g. of ground iodine was added 
with stirring. The addition of the iodine took about 
forty-five minutes. The reaction mixture was kept below 
45° by cooling with cold water. After the completion of 
the addition of the iodine, the stirring was continued until 
the heat of the reaction had subsided. After the addition 
of 60 ml. of ether, 60 ml. of water and 28 g. of calcium 
carbonate, the mixture was refluxed on a steam-bath 
until the evolution of carbon dioxide ceased. This took 
several hours. The ether was distilled on the steam-bath 
and the residue steam-distilled. The first portion of the 
distillate was a red oil but after a short time material 
began to solidify in the lower part of the condenser. The 
water in the condenser had to be allowed to run out oc­
casionally to permit the solid material to melt and run into 
the receiver. The solid product was collected on a 
filter, dried and crystallized twice from ethanol; white 
crystals that darkened on contact with the air, m. p. 
66-67° (cor.); yield, 24 g. (42%). Kerschbaum11 re­
ported a m. p. of 65°.

1 -Methylamino-2,4-dimethyl-6-iodobenzene.—The
procedure described for the methylation of 1-amino-2,4- 
dimethyl-6-bromobenzene was used with several changes. 
The dimethyl sulfate was added dropwise to a stirred 
mixture of the l-amino~2,4-dimethyl-6-iodobenzene and 
water at 70°. About a 20% excess of dimethyl sulfate 
was used. It was found that the nitrosamine was not 
reduced appreciably at 50° in the stannous chloride- 
hydrochloric acid mixture. The optimum temperature 
for the reduction was 70°. Above 80° an appreciable 
amount of the iodine was reduced off. From 83 g. of the 
primary amine, 24 g. (27.4%) of the secondary amine 
was obtained; b. p. 108-110° (4 m m .);j d^^l.ööSS; 
« 20 d 1.6050.

Anal. Calcd. for C9H 12IN : C, 41.38; H, 4.60; Md,
57.7. Found: C, 41.43; H, 4.82; Md, 57.5.

(10) Wheeler and Liddle, Am . Chem. J ., 42, 441 (1909).
(11) Kerschbaum, Ber., 28, 2798 (1895).

N-Succinyl-1-methylamino-2,4-dimethyl-6-iodoben- 
zene.—To a solution of 6.6 g. of succinic anhydride in 40 
ml. of dry benzene was added 16 g. of 1-methylamino-
2,4-dimethyl-6-iodobenzene and a drop of 85% phos­
phoric acid. The solution was refluxed for four hours, 
cooled, ether added, and the mixture extracted with 5% 
aqueous potassium hydroxide. The alkaline extract 
was acidified with 1:2 hydrochloric acid. After cooling 
and stirring for an hour, the product remained oily, so it 
was dissolved in ether and the ether solution dried with 
anhydrous magnesium sulfate. After removal of the 
magnesium sulfate by filtration and evaporation of the 
ether, first on a steam-bath, then in vacuo, the product 
slowly crystallized. The product was recrystallized from 
a mixture of three volumes of carbon tetrachloride and 
one volume of petroleum ether (b. p. 60-110°); white 
crystals, m. p. 103-104° (cor.) ; yield, 6.6 g. (30%).

Anal. Calcd. for Ci3H16INOa: C, 43.21; H, 4.43.
Found: C, 43.35; H, 4.57.

Resolution of N-Succinyl-1 -methylamino-2,4-dimethyl-
6-iodobenzene.—A solution of 5.6 g. of N-succinyl-1- 
methylamino-2,4-dimethyl-6-iodobenzene and 4.56 g. of 
cinchonidine in 55 ml. of 9:1 ethyl acetate-methanol by 
volume was filtered and evaporated to 45 ml. by directing 
a stream of air to the top of the flask. After four days 
in the refrigerator, 4 g. of salt had crystallized. Upon 
concentrating the mother liquor to 40 ml. and refrigerating,
1.5 g. of salt crystallized; at 30 ml., 1.6 g.; at 19 ml., 
1.0 g.; at 4 ml., 0.5 g. It had been found while working 
with this salt previously that during recrystallization of 
the salt it dissociated, so the first crop was not recrystal­
lized further; white crystals, m .p . 140-145° (cor.).

Anal. (IBdA) Calcd. for CisKielNOs-Ci^NaO: C,
58.62; H, 5.85. Found: C, 58.53; H, 5.97. Rotation. 
(IBdA) 0.05 g. made up to 10 ml. with ethanol at 26° 
gave a D -0 .2 3 ° ;  1,1; [a]26d - 4 6 ° .

The fourth and fifth fractions were combined and crystal­
lized once; white crystals; yield, 1.1 g.

Rotation. (IBIA) 0.05 g. made up to 10 ml. with ethanol 
at 31° gave « D -0 .315°; /, 1; [a]31D -6 3 ° .

d- and Z-N-Succinyl-1-methylamino-2,4-dimethyl-6- 
iodobenzene.—The salts were decomposed in the same 
manner as the salt of the 6-bromo compound. From 4 
g. of the less-soluble salt, 1.2 g. of the d-acid was obtained 
after one crystallization from a mixture of three volumes 
of carbon tetrachloride and one volume of petroleum 
ether (b. p. 60-110°); white crystals, m. p. 105-106° 
(cor.).

Anal, (d-acid) Calcd. for Ci3Hi6IN 03: C, 43.21; H, 
4.43. Found: C, 43.22; H, 4.41. Rotation, (d-acid)
0.435 g. made up to 25 ml. with «-butanol at 33° gave 
«d +0.21°; 1,1; [a]33D + 12°.

This d-acid did not have the maximum specific rotation 
since it was found that recrystallizing the less-soluble 
salt of another resolution several times, in spite of the 
dissociation of the salt, and then decomposing gave an 
acid with a specific rotation of +43° and a m. p. of 108° 
(cor.).

The decomposition of the more-soluble fraction did not 
give the pure l-acid; white crystals, m. p. 105-106° 
(cor.).

Rotation. (I-acid) 0.05 g. made up to 10 ml. with 
ethanol at 31° gave ajy —0.09°; 1,1; [a]31D —18°.

Racemization of J-N-Succinyl-1-methylamino-2,4-di- 
methyl-6-iodobenzene.—The procedure described for 
the racemization of J-N-succinyl-I-methylamino-2,4- 
dimethyl-6-bromobenzene was used. A solution of 0.435 
g. of the d-acid made up to 25 ml. with «-butanol was 
racemized. The following av  values were obtained: 
at the start, +0.210°; after four hours, +0.182°; after 
nine hours, +0.154°; after fifteen hours, +0.127°; 
after twenty-one and one-half hours, +0.100°; after 
thirty and one-half hours, +0.075°; after forty-one and 
one-half hours, +0.052°. Calculated for a reversible 
unimolecular reaction, the half-life was twenty and one- 
half hours. A check racemization gave a half-life of 
nineteen and four-tenths hours.
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1-Methylamino-2-methylbenzene.—By the same gen­
eral procedure described below for the preparation of 1- 
methylamino-2,4-dimethylbenzene, 214 g. of ö-toluidine 
was methylated to give 89 g. (37%) of product having a 
b. p. of 95° (15 mm.). Monnet, Reverdin and Nölting12 
report a b. p. of 207-208°.

1 -Methylamino-2 -methyl-4,6-dibromobenzene.—This 
compound was prepared by the method of Fries.13 One 
minor change was made in his procedure in that anhydrous 
sodium acetate was added to bring the reaction to com­
pletion as well as heating. From 89 g. of 1-methylamino- 
2-methylbenzene was prepared 170 g. (82.5%) of product 
having a b. p. of 122-123° (1 mm.). Fries reports a 
b. p. of 187° (50 m m .).

N-Succinyl-1-methylamino-2-methyl-4,6-dibromoben- . 
zene.—To a solution of 27 g. of succinic anhydride in 210 
ml. of dry benzene was added 69 g. of 1 -methylamino-2- 
methyl-4,6-dibromobenzene and a drop of 85% phos­
phoric acid. This mixture was refluxed for twenty-two 
hours. The reaction mixture was worked up in the 
manner described in the preparation of N-succinyl-1- 
methylamino-2,4-dimethyl-6-iodobenzene. The product
was recrystallized from a carbon tetrachloride-petroleum 
ether (b. p. 60-110°) mixture; white crystals, m .p . 116- 
117° (cor.); yield, 19 g. (20.2%).

Anal. Calcd. for Ci2Hi3Br2N 0 3: C, 38.00; H, 3.43. 
Found: C, 38.11; H, 3.66.

Resolution of N-Succinyl-1-methylamino-2-methyl-4,6- 
dibromobenzene.—A solution of 18 g. of N-succinyl-1- 
methylamino-2-methyl-4,6-dibromobenzene and 13.97 g. 
of cinchonidine in 200 ml. of 9:1 ethyl acetate-methanol 
by volume was filtered. This solution was concentrated 
by means of a gentle air stream to 170 ml. The crop of 
salt which had crystallized was collected. The dried 
product weighed 13.3 g. Concentration of the mother 
liquor to 130 ml. produced a second crop of 3.9 g. At 
115 ml., 2.0 g. of salt crystallized; at 80 ml., 3.8 g.; and 
at 40 ml., 3.7 g. The first crop was recrystallized in the 
same manner to constant rotation. White feathery 
crystals were obtained; m. p. 161-163° (cor.); yield,
2.9 g.

Anal. (IBdA) Calcd. for Ci2Hi3Br2N03Ci9H22N20 : C, 
55.27; H, 5.20. Found: C, 55.63; H, 5.32. Rotation. 
(IBdA) 0.05 g. made up to 10 ml. with ethanol at 32° 
gaveaD -0 .245°; /, 1; [ « ] 32d  -4 9 ° .

Recrystallization of the fifth crop failed to change its 
rotation.

Rotation. (IBIA) 0.05 g. made up to 10 ml. with ethanol 
at 30° gave a D -0 .285°; l, 1; [a]30d -5 7 ° .

d- and /-N-Succinyl-1-methylamino-2-methyl-4,6-di­
bromobenzene.—The salts were decomposed in the same 
manner as the salt of the 6-bromo compound. From the 
less-soluble salt the d-acid was obtained. The rotation 
was observed before the acid was crystallized from a 
carbon tetrachloride-petroleum ether (b. p. 60-110°) 
mixture.

Rotation, (d-acid) 0.10 g. made up to 10 ml. with n- 
butanol at 32° gave otd +0.07°; l, 1; [a]32D + 7°.

Crystallization of this acid produced white crystals; 
m .p . 118° (cor.).

Anal, (d-acid) Calcd. for C12H13Br2N03: C, 38.00; H, 
3.43. Found: C, 38.14; H, 3.52. Rotation, (d-acid)
0.51 g. made up to 15 ml. with «-butanol at 32° gave 
old +0.13°; 1,1; [ « ] 32d  + 3 .8°.

Decomposition of the more-soluble salt gave the l~ 
acid, which was not entirely pure.

Rotation. (I-acid) 0.45 g. made up to 10 ml. with 
ethanol at 30° gave o ld  —0.245°; /, 1; [aJ^D —5.4°.

Racemization of d-N -Succinyl-1 -methylamino-2-metb- 
yl-4,6-dibromobenzene.—A solution of 0.7 g. of the d- 
acid made up to 15 ml. with «-butanol was racemized. 
The solution was kept at this concentration throughout 
the racemization. This was done by weighing the polar­
imeter tube before the first period of refluxing and then

making the tube up to this weight after each period of 
refluxing by adding «-butanol. Otherwise the procedure 
was the same as described for the racemization of d-N- 
sueciny 1 -1 -methylamino- 2,4 - dimethyl - 6 -bromobenzene. 
The following au values were obtained: at the start,
+0.313°; after one-quarter hour, +0.268°; after one- 
half hour, +0.231°; after one hour, +0.166°; after one 
and one-half hours, +0.124°; after two and one-half 
hours, +0.066°. Calculated for a reversible unimolec­
ular reaction, the half-life was one and one-tenth hours. 
This value was checked by repeating the racemization.

N-Succinyl-1 -amino-2,4-dimethyl-6-iodobenzene .— 
To a solution of 9 g. of succinic anhydride and 21 g. of 
1-amino-2,4-dimethyl-6-iodobenzene in 150 ml.  ̂of dry 
benzene was added one drop of 85% phosphoric acid. 
This mixture was refluxed for one hour, a white solid 
separating after fifteen minutes of refluxing. The mix­
ture was cooled and allowed to stand at room temperature 
for several hours to complete the crystallization of the 
product. The solid was separated from the mother liquor 
by filtration and dried. It was recrystallized from a mix­
ture of five volumes of ethanol and three volumes of 
water; white powder, m. p. 207-208° (cor.); yield, 8 
g. (27%).

Anal. Calcd. for Ci2Hi4IN 0 3: C, 41.52; H, 4.04.
Found: C, 41.87; H, 4.19.

Attempted Resolution of N-Succinyl-1-amino-2,4-di­
methyl-6-iodobenzene.—A solution of 5 g. of N-succinyl- 
1 -amino -2,4 -dimethyl-6 -iodobenzene and 5.68 g. of 
brucine in 230 ml. of ethyl acetate was filtered and con­
centrated to 210 ml. by directing a stream of air to the top 
of the flask. At this volume, 3.0 g. of salt had crystal­
lized. At 190 ml., 2.8 g. crystallized and at 185 ml., 0.8 
g. All of these crops showed the same rotation. The 
first two crops were combined and recrystallized in the 
same manner with no change of rotation; white crystals, 
in. p. 103-110° (cor.).

Anal. Calcd. for Ci2H14IN 0 3-C23H26N20 4: C, 56.67;
H, 5.39. Found: C, 56.18; H, 5.62. Rotation. 0.05 
g. made up to 10 ml. with ethanol at 25° gave old —0.140°; 
/, 1; [a]25d - 2 8 ° .

Decomposition of this salt in the previously described 
manner produced an optically inactive acid.

1 -Methylamino-2,4-dimethylbenzene.-—The procedure 
of Fichter and Müller14 was improved.

A well-stirred mixture of 108.6 g. of 1-amino-2,4- 
dimethylbenzene and 450 ml. of water was heated to 50°. 
To this was added dropwise 100 g. of dimethyl sulfate 
over a period of about forty-five minutes. Cooling was 
applied to keep the temperature from rising above 50°. 
After the solution had become homogeneous, it was stirred 
for a half hour. When cool, it was acidified with 135 ml. 
of concentrated hydrochloric acid. It was cooled to below 
10° and a solution of 62.3 g. of sodium nitrite in 175 ml. of 
water added dropwise. The cold solution was extracted 
with ether and the ether evaporated with a stream of air. 
The nitrosamine was reduced by adding it in portions to 
a solution of 610 g. of stannous chloride dihydrate in 630
ml. of concentrated hydrochloric acid. The temperature 
was kept below 60° during the reduction. A heavy pre­
cipitate of the tin complex settled to the bottom. After 
standing overnight, the mixture was made strongly alkaline 
with 40% aqueous sodium hydroxide and steam-distilled. 
The distillate was saturated with sodium chloride and 
extracted with ether. The ether extract was dried with 
solid potassium hydroxide, the ether removed by distilla­
tion and the amine distilled in vacuo, b. p. 89-91° (7
mm. ); yield, 43 g. (35.5%). Pinnow and Oesterreich15 
report a b. p. of 220.5-221.5° (760 m m .).

N-Succinyl-1 -methylamino-2,4-dimethylbenzene.—To 
a solution of 14.9 g. of succinic anhydride in 200 ml. of 
dry benzene was added 20 g. of 1-methylamino-2,4- 
dimethylbenzene and a drop of 85% phosphoric acid. 
The solution was refluxed for six hours, cooled, diluted

(12) Monnet, Reverdin and Nölting, Ber., 11, 2278 (1878).
(13) Fries, A nn., 346, 180 (1906).

(14) F ichter and Muller, Helv. Chim. Acta, 8, 290 (1925).
(15) Pinnow and Oesterreich, Ber., 31, 2926 (1898).
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with ether and extracted with 5% aqueous sodium hy­
droxide. The alkaline extract was acidified with 1:2 
hydrochloric acid. The product separated as an oil which 
solidified on stirring and cooling. It was recrystallized 
from benzene; white crystals, m. p. 133-134° (cor.); 
yield, 22 g. (63%).

Anal. Calcd. for CuH 1?NO*: C, 66.38; H, 7.23.
Found: C, 66.79; H, 7.42.

Nitration of N-Succinyl-1 -methylamino-2,4-dimethyl­
benzene ; In -Succinyl-1 -methylamino-2,4-dimethyl-5 -ni­
trobenzene.—To 25 ml. of well-stirred fuming nitric acid 
(sp. gr. 1.49) in a small flask cooled in an ice-bath was 
added in small portions 6 g. of N-succinyl-l-methylamino-
2.4- dimethylbenzene. The mixture was allowed to stand 
for fifteen minutes and then poured onto ice. The mixture 
was made alkaline with concentrated aqueous ammonia, 
cooled with ice, and made acid to litmus with hydro­
chloric acid. The product settled out as an oil which 
solidified on standing a day in the refrigerator. The 
product was treated with Norit in methanol and recrystal­
lized from benzene; light yellow crystals, m. p. 144.5- 
145.5° (cor.) with sintering at 139°; yield, 2.9 g. (40%).

Anal. Calcd. for C13Hi6N20 5: C, 55.71; H, 5.71.
Found: C, 55.98; H, 5.48.

Hydrolysis of the Product of the Nitration of N-Succinyl- 
1 -methylamino -2,4 -dimethylb enzene; 1 -M ethylamino -
2.4- dimethyl-5-nitrobenzene.—To 20 ml. of 1:1 hydro­
chloric acid was added 2 g. of the nitro compound. This 
mixture was refluxed for two hours, cooled, and made 
alkaline with 10% aqueous sodium hydroxide. The 
precipitate was removed by filtration, washed with water, 
and recrystallized from ethanol; orange-red needles, 
m. p. 140-141° (cor.).

Anal. Calcd. for C9Hi2N20 2: C, 60.00; H, 6.66.
Found: C, 60.18; H, 6.55.

N^Succinyl-l -methylamino-2,4-dimethyl-5 -amino- 
benzene.—To a solution of 13 g. of N-succinyl-1 -methyl- 
amino-2,4-dimethyl-5-nitrobenzene in 150 ml. of absolute 
ethanol was added 0.2 g. of platinum oxide. At room 
temperature and an initial pressure of 45 lb . the calculated 
amount of hydrogen was absorbed. The catalyst was 
removed by5 filtration and the ethanol evaporated. The 
product was recrystallized from absolute ethanol; almost 
transparent crystals, m. p. 169-172° (cor.); yield, 9.3 g. 
(80%).

Anal. Calcd. for Ci3Hi8N20 3: C, 62.40; H, 7.20.
Found: C, 62.61; H, 7.35.

Methyl Ester of NLSuccinyl-l-methylamino^,4-di­
methyl-5-aminobenzene.—A solution of 2 g. of N 1- 
succinyl-1 -methylamino-2,4-dimethyl-5-aminobenzene in 
40 ml. of methanol containing 5% of dry hydrogen chloride 
by weight was allowed to stand for two days at room 
temperature. The methanol was evaporated at room 
temperature in vacuo. The resulting oil was poured onto 
a watch glass and allowed to stand one week. This did 
not cause complete crystallization, so it was shaken with 
dilute aqueous ammonia, the material solidifying nicely. 
The solid was removed by filtration, washed with dilute 
aqueous ammonia and with water, and recrystallized 
from a mixture of one volume of ethanol and two volumes 
of water; white crystals, m. p. 109-110° (cor.); yield,
1.5 g. (72%).

Anal. Calcd. for Ci4H2oN20 3: C, 63.63; H, 7.60.
Found: C, 64.37; H, 8.07.

N-Acetyl -1 -methylamino -2,4 -dimethylb enzene.—This 
was prepared by the acetylation of 1 -methylamino-2,4- 
dimethylbenzene with acetic anhydride in acetic acid. 
The product had a m. p. of 63-63.5° (cor.). Pinnow and 
Oesterreich18 report a m. p. of 65°.

N-Acetyl-1 -methylamino-2,4-dimethyl-5 -nitrobenzene. 
—Nitration of 25 g. of N-acetyl-1 -methylamino-2,4- 
dimethylbenzene by the previously described procedure 
(acidification was unnecessary after treatment of the 
reaction mixture with concentrated aqueous ammonia) 
gave 6.3 g. (20%) of product; light yellow crystals from

a mixture of three volumes of petroleum ether (b. p. 60- 
110°) and one volume of benzene, m. p. 109-110° (cor.).

Anal. Calcd. for CiiH14N20 3: C, 59.46; H, 6.30.
Found: C, 59.40; H, 6.31.

N 1-Acetyl-1 -methylamino-2,4 -dimethyl-5 -aminob en­
zene.—To a solution of 16 g. of N-acetyl-1 -methylamino -
2,4-dimethyl-5-nitrobenzene in 150 ml. of absolute ethanol 
0.1 g. of platinum oxide was added. At room tempera­
ture and an initial pressure of 47 lb. the calculated 
amount of hydrogen was absorbed. The catalyst was 
removed by filtration and the ethanol evaporated. The 
residue was recrystallized from benzene; white crystals, 
m. p. 134-134.5° (cor.); yield, 11 g. (80%).

Anal. Calcd. for CnHi6N20 :  C, 68.75; H, 8.33.
Found: C, 68.81; H, 8.50.

N -Acetyl -1 -methylamino -2 -methyl-5 -nitrob enzene.— 
N-Acetyl-l-methylamino-2-methylbenzene12 was nitrated 
in the previously described manner (acidification was un­
necessary after treatment of the reaction mixture with 
ammonia). The product was recrystallized from dilute 
ethanol; light yellow crystals, m. p. 119° (cor.). Gnehm 
and Blumer6 report a m. p. of 119° for the product they 
received on nitrating the same compound in sulfuric 
acid with a nitric acid-sulfuric acid mixture.

N-Nitroso-1 -methylamino-2,4-dimethyl-6-nitrobenzene. 
—The method of Pinnow and Oesterreich15 for the prep­
aration of the same compound was used.

Methylation and nitrosation of 217 g. of 1-amino-2,4 - 
dimethylbenzene following the procedure given for the 
preparation of 1-methylamino-2,4-dimethylbenzene gave 
106 g. of wet, crude N-nitroso-l-methylamino-2,4- 
dimethylbenzene. Nitration in acetic acid gave 65 g. 
of N-nitroso-l-methylarnino-2,4-dimethyi-6-nitrobenzene 
(17.4% based on the 1-amino-2,4-dimethylbenzene used); 
light yellow crystals (not pure), m. p. 58-61° (cor.). 
Pinnow and Oesterreich report a m. p. of 63°.

1 -Methylamino-2,4-dimethyl-6-nitrobenzene.—The 
same procedure that Pinnow and Oesterreich used for 
the removal of the nitroso group was followed. From 60 
g. of the nitrosamine, 25.4 g. (49%) of the secondary 
amine was obtained. The product was purified by steam 
distillation and recrystallization from methanol; dark 
red plates, m. p. 56-57° (cor.). Pinnow and Oesterreich 
report a m. p. of 58°.

N-Succinyl-1 -methylamino-2,4-dimethyl-6-nitroben- 
zene.—To a solution of 28 g. of succinic anhydride and 24 
g. of 1-methylamino-2,4-dimethyl-6-nitrobenzene in 100 
ml. of dry benzene was added one drop of 85% phosphoric 
acid. This mixture was refluxed for seventy-two hours, 
cooled, diluted with ether and extracted with 5% aqueous 
sodium hydroxide. The alkaline extracts were acidified 
with dilute hydrochloric acid. The oil which was formed 
slowly solidified on standing. It was recrystallized from 
benzene. One treatment with Norit in benzene removed 
a tan color from the crystals; light yellow crystals, m .p . 
129-131° (cor.); yield, 9 g. (24%).

Anal. Calcd. for Ci3Hi6N20 5: C, 55.71; H, 5.71.
Found: C, 55.89; H, 5.92.

Resolution of N-Succinyl-1-methylamino-2,4-dimethyl- 
6-nitrobenzene.—A solution of 5.5 g. of N-succinyl-1- 
methylamino-2,4-dimethyl-6-nitrobenzene and 5.775 g. 
of cinchonidine in 100 ml. of 9:1 ethyl acetate-methanol 
by volume was filtered. The filtrate was evaporated to 
65 ml. by directing a stream of air to the top of the flask. 
It was seeded with crystals obtained by allowing 1 ml. of 
the solution to evaporate slowly in a small test-tube. 
After five days in the refrigerator, 1.9 g. of salt had crys­
tallized. Upon concentrating the mother liquor to 35 
ml. and refrigerating, 4.7 g. of salt crystallized; at 20 
ml., 1.8 g.; and at 5 ml., 0.25 g. The first two fractions 
were combined and recrystallized in the same manner to 
constant rotation. White feathery crystals were obtained; 
m. p. 141-143° (cor.); yield, 1.5 g.

Anal. (IBdA) Calcd. for Ci3Hi6N205'Ci9H22N20 : C,
66.90; H, 6.67. Found: C, 66.32; H, 6.60. Rotation. 
(IBdA) 0.05 g. made up to 10 ml. with ethanol and 26° 
gaveajy -0 .2 0 °;  l, 1; [«]26d -4 0 ° .
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d- N -Succinyl-1 -methylamino-2,4-dimethyl-6-nitro- 
benzene.—The less-soluble salt was decomposed with 
0.5% hydrochloric acid in the same manner as the salt 
of the 6-bromo compound. Before crystallization from 
benzene the specific rotation was determined.

Rotation, (d-acid) 0.05 g. made up to 10 ml. with 
ethanol at 25° gave a d +0.125°; Z, 1; [a]25D +25°.

Crystallization from benzene produced light yellow 
crystals; m. p. 130-131° (cor.).

Anal, (d-acid) Calcd. for C13H16N2O5: C, 55.71;
H, 5.71; N, 10.00. Found: C, 56.22; H, 5.87; N, 
10.07. Rotation. (<Z-acid) 0.05 g. made up to 10 ml. 
with ethanol at 25° gave an +0.05°; l , 1; [a]25D +10°.

Racemization of J-N-Succinyl-1-methylamino-2,4-di­
methyl-6-nitrobenzene.—The^-acid was completely race­
mized in a half hour in boiling «-butanol.

A solution of 0.25 g. of the d-acid made up to 15 ml. 
with methyl acetate was racemized using the technique 
described for the racemization of J-N-succinyl-1-methyl- 
amino-2-methyl-4,6-dibromobenzene. The following old 
values were obtained: at the start, +0.215°; after fifteen 
minutes, +0.164°; after thirty minutes, +0.121°; 
after forty-five minutes, +0.091°; after sixty minutes, 
+0.067°; after ninety minutes, +0.037°. Calculated 
for a reversible unimolecular reaction, the half-life was 
thirty-six minutes. A check racemization gave a half- 
life of thirty-eight minutes.

Catalytic Hydrogenation of <Z-N-Succinyl-1 -methyl­
amino-2 ,4-dimethyl-6-nitrobenzene; 1,5,7-Trimethylben- 
zimidazole-2-/3-propionic Acid.-—A solution of 0.25 g. 
of *Z-N-succinyl-1 -methylamino-2,4-dimethyl-6-nitroben- 
zene in 125 ml. of ether was hydrogenated at room tem­
perature and 40 lb. pressure with 0.1 g. of platinum oxide 
as catalyst. At the end of the reduction, the catalyst 
was removed by filtration and the ether evaporated by 
directing a stream of air onto the solution. The residue 
was dried in a vacuum desiccator.

No quantitative specific rotation was determined for 
this crude product. However, a qualitative reading 
showed the material to be dextro-rotatory.

When a solution of the crude product in «-butanol was 
refluxed for about an hour, and cooled, white crystals 
separated. Recrystallized from ethanol, the material 
melted at 265-267° (cor.). It was soluble in 5% aqueous 
sodium bicarbonate and was optically inactive.

Anal. Calcd. for Ci3Hi6N20 2: C, 67.24; H, 6.89; N, 
12.06. Found: C, 67.22; H, 6.82; N, 12.06.

Summary
1. Several new N-succinyl- l-methylamino-2,4- 

dimethyl-6-substituted benzenes and N-succinyl- 
1 - methylamino - 2 - methyl - 4,6 - dibromobenzene 
have been prepared, resolved and the half-lives 
of the optically active forms determined.

2. The half-lives of the series are as follows: 
bromine, three and one-tenth hours; iodine, 
twenty and one-half hours; nitro, six-tenths hour; 
and the dibromo compound, one and one-tenth 
hours. Boiling 77-butanol was used as solvent ex­
cept in the case of the nitro compound where boil­
ing methyl acetate was employed. The corre­
sponding methyl and methoxyl analogs have been 
prepared previously and their half-lives are nine 
hours in boiling 77-butanol and two and seven-tenths 
hours in boiling methyl acetate, respectively.

3. From these values, after comparison with 
the interference effects produced by the same 
groups in the biphenyl series, it was concluded 
that factors other than size of the groups were in­
fluencing the rates of racemization.

4. The basicity of aryl amines is reduced by 
the substitution of electronegative groups in the
0-, m- or ^-positions. A decrease in the expected 
stability of the optically active amines is observed 
with similar substituents. From these facts it 
appears that the increased double-bond character 
of the carbon-nitrogen bond in these amines of de­
creased basicity facilitates racemization. The 
tendency to form a double bond will aid in forcing 
the substituents on the amino nitrogen into a co­
planar configuration with the ring.
Urbana, Illinois R eceived  M arch 11, 1948

[Contribution from the Western R egional R esearch  L aboratory1]

The Reaction of Formaldehyde with Proteins. V. Cross-linking between Amino
and Primary Amide or Guanidyl Groups

B y H ein z  F ra en k el-C onrat and H arold S. Olcott

According to the opinion of most experts in the 
field, the tanning or hardening action of formalde­
hyde is probably not due to its primary addition to 
the amino or any other type of protein group, but 
rather to a secondary condensation reaction which 
transforms the methylol (—CH2OH) groups into 
cross-linking methylene (—CH2—) bridges. The 
first experimental evidence for the occurrence of 
condensation was supplied by Nitschmann and his 
co-workers, who showed that there was a loss of 
water during the reaction of casein with gaseous 
formaldehyde.2*3 Proof for cross-linking was ob-

(1) Bureau of Agricultural and Industrial Chemistry, Agricultural 
Research Administration, U. S. D epartm ent of Agriculture. Article 
not copyrighted.

(2) Nitschmann and Hadorn, Helv. Chim. Acta, 27, 299 (1944).
(3) Nitschmann and Lauener, ibid., 29, 174 (1946).

tained in studies from this Laboratory, in which it 
was demonstrated that the average molecular 
weights of salmine4 and other proteins5 could be in­
creased by formaldehyde treatment.

The question arose: Which protein group or 
groups are available for such condensation re­
actions with formaldehyde? Nitschmann, et a l .2 
showed that the amino groups were directly con­
cerned.6 Thus casein, in which the amino groups 
were largely protected with acetyl groups, bound 
formaldehyde only by addition, while condensa­
tion occurred when unmodified casein was used. 
However, experiments with salmine,4 which con-

(4) Fraenkel-Conrat and Olcott, T h is  J o u r n a l , 68, 34 (1946).
(5) Mecham and Fraenkel-C onrat, in preparation.
(6) See also Gustavson, J . Int. Soc. Leather Trades Chem., 24, 377 

(1940); Kolloid Z., 103, 43 (1943); J . Biol. Chem., 169, 531 (1947).
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tains no primary amino groups,7 suggested that at 
70° guanidyl groups also react with formaldehyde 
to form cross-linking methylene groups. The iso­
lation of djenkolic acid (HOOC-~CHNH2-CH2~
S-CH2-S"CH 2~-CHNH2-~COOH) from reduced 
keratins that had been treated with formaldehyde 
at elevated temperature8 indicated that, under 
these conditions, cross-linking occurred between 
sulfhydryl groups. Nitschmann and Hadorn2 pro­
posed that the formation of methylene bridges be­
tween amino and peptide groups accounts for the 
tanning action of formaldehyde but this was not 
proved. Reactions involving pairs of amino6 or 
of peptide groups9 have also been hypothesized but 
appear to be chemically improbable. On the basis 
of experiments with formaldehyde and casein or 
casein derivatives, Wormell and Kaye10 proposed 
the hypothesis that acid-hardening of this protein 
“occurs largely by means of cross-linking on to 
the amide groups using the formaldehyde already 
attached to amino groups.”

It will be shown in the present study that, at 
room temperature and over a wide pH  range, form­
aldehyde can form cross-linking methylene bridges 
between amino groups on the one hand, and pri­
mary amide or guanidyl groups on the other. The 
R— N H 2  +  HCHO +  H 2 NCO— R —

R— NH— CH2— NHCOR +  H20  (I) 
.N H

R - N H 2  +  HCHO +  N H 2- C (  ---- >
X N H R

/ NH
R— NH— CH 2— N H - C f  - f  H20  (II)

X N H R
secondary amide groups of peptide bonds do not 
participate in Reaction I at room temperature. 
I t will further be shown that, by the same reac­
tions, ammonia or simple primary amines can be 
bound to protein amide groups; and simple am­
ides or guanidines to the protein amino groups. 
The data suggest that the tanning action of form­
aldehyde on proteins at room temperature may be 
due largely to Reactions I and II.

Condensation products of low molecular weight 
secondary amines, formaldehyde and primary am­
ides were described by Einhorn11 but the reaction 
apparently has not since been studied in detail nor 
have its implications for the tanning mechanism 
been previously recognized.

Results
A. Model Experiments.—Model experiments 

with simple compounds were helpful in ascer­
taining which types of protein groups might be 
expected to become cross-linked through meth­
ylene bridges. For most of these experiments, 
0.4-0.5 molar solutions of two different com­

er) Fraenkel-Conrat and Olcott, Fed. Proc., 6, 253 (1947).
(8) Consden, Gordon, and Martin, Biochem. J ., 40, 580 (1946); 

Middlebrook and Phillips, ibid., 41, 218 (1947).
(9) Küntzel, Angew. Chem., 50, 309 (1937).
(10) Wormell and Kaye, J .  Soc. Chem. Ind., 64, 75 (1945).
(11) Einhorn, Ann., 343, 207 (1905); 361, 113 (1908).

pounds were treated with about 2 molar formalde­
hyde at room temperature and at a pH  where each 
compound by itself bound little if any formalde­
hyde in a manner which was not reversed in the 
presence of dimedon at pH  4.6. The binding of ap­
preciable amounts, under such conditions, was re­
garded as evidence for a condensation reaction in­
volving both nitrogenous components of the sys­
tem. This conclusion was usually corroborated by 
other means of analysis and, in some cases, by iso­
lation of the reaction products.

The limitations of such an experimental ap­
proach are two-fold: (1) Results obtained with 
compounds which by themselves bind formalde­
hyde over a wide pH  range, e. g., guanidines,12 
cannot be unequivocally interpreted as evidence 
for cross-linking. (2) Some methylene compounds 
may be so unstable as to yield their formaldehyde 
in the presence of dimedon.13

With amides and most amines, however, these 
limitations do not apply. Pairs formed by a pri­
mary amide, on the one hand, and a primary or 
secondary amine or an amino acid on the other, 
give condensation products with formaldehyde 
over the range of pH 3.2 to 7.6 (Reaction I) (Ta­
bles I and II).14 More alkaline or more acid solu­
tions could not be studied in this manner, since 
they catalyze the stable fixation of increasing 
amounts of formaldehyde by the amides alone12

(12) Unpublished experiments have shown that, a t room tempera­
ture, guanidines bind formaldehyde slowly over the range of pH  
3-7 , but much more rapidly above pH  10 and below PH 2; between 
pH  10 and 11 about one-half mole of formaldehyde per mole guani­
dine was bound in eight hours. The reactivity at elevated tem per­
ature was studied previously.4

(13) The apparent non-participation of sulfhydryl groups in m eth­
ylene compound formation (Table X I) is possibly ascribable to such 
lability. A reaction involving amino and sulfhydryl groups might be 
assumed to  occur in view of the ease with which cysteine condenses 
with formaldehyde to form the cyclic thiazolidine carboxylic acid 
[Schubert, J. Biol. Chem., I l l ,  671 (1935); 114, 341 (1936); Ratner 
and Clarke, T h is  J o u r n a l , 59, 200 (1937)].

(14) M ethylam ine alone, o f all amines studied, bound formalde­
hyde at pH  3.0 in a manner stable to  dimedon but reversible by acid 
hydrolysis (Table II). The fact th at the cyclic trimer of m ethyl­
amine and formaldehyde also did not release most of its formalde­
hyde in the presence of dim edon suggests that this compound may 
form in the solution at pH  3.0. This trimer differs from other am ine- 
aldehyde reaction products, including the butylam ine-form aldehyde 
trimer, in yielding a water-soluble stable condensation product with 
dimedon at pH  4.6. Thus, if first exposed to buffers of pH  3 -5  for 
twenty-four hours at room temperature, almost the entire formalde­
hyde of the trimer (94%) can be precipitated with dimedon, but if 
dimedon and pH  4.6 buffer are added as usual, simultaneously, only  
about 10% of the expected am ount of the insoluble condensation  
product is obtained; and upon addition of excess free formaldehyde 
to the solution, only about 60% of the added dimedon is precipitated, 
indicating some fixation in soluble form. Higher aliphatic amines 
were found to bind formaldehyde in an acid-irreversible manner 
when acetic acid or its homologs were used as buffers. e-Amino- 
caproic acid showed the same phenomenon by itself (Table I I ) . 
It appears probable that this m ay be attributed to the availability of 
the — CH 2— COOH group for a Mannich type of condensation15 
with the amines and formaldehyde. This reaction is largely sup­
pressed in favor of Reaction I if amides are also present. In contrast 
to amine acetates, amino acids and amine hydrochlorides do not 
condense to  an appreciable extent with formaldehyde and acetic 
acid within three days at room temperature and pH  3 -5  (Table II).

(15) Blicke, in “ Organic R eactions,” Vol. I, John W iley and Sons, 
Inc., N ew  York, N . Y ., 1942.
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T a b l e  I

C o n d e n s a t io n  R e a c t io n  o f  F o r m a l d e h y d e  w it h  A m in o  o r  I m in o  A c id s  a n d  A m id e s ®
Tim e, Form aldehyde bound, equivalents/basic N&

R eactants pH days T otal Irreversibly
Alanine +  acetamide 3.5 1 2 5 12 0.61 0.67 0.64 0.72 0 .0  (2 days)
Alanine 3.5 1 2 5 12 .0 0 .0  0.03 0.09
Acetamide 3.2 1 2  5 12 .05 0.10 0.20 0.40
Alanine +  acetamide 4.3 2 4 .60 0.71 . 16 (4 days)
Alanine 4.3 2 4 .0 0.23
Acetamide 4.3 2 4 .06 0.11
Alanine +  acetamide 7.6 1 7 .75 1.15
Alanine (0.4 M) 7.6 1 7 .22 0.78 .04 0.40
Acetamide 7.6 1 7 .0 5 0 .4 4
Alanine +  propionamide 3.5 4.0 1 1 .38 0.48 . 0 (pH 4.0)
Propionamide 3.5  4.0 1 1 .1 0 0 .0 8
Alanine +  propionamide 4.8 3 3 .42° 0.60 .0
Propionamide 4.8 3 3 .00c 0.04 .0
Glycine +  acetamide 3.5 1 .67
Glycine 3.6 1 .02
Glycine (0.5 M) +  acetamide (0.5 M) 4.7C 1 .67 .0
Glycine (1.0 I ) 4.2C 1 .06
Proline +  acetamide** 7.6 1 .62
Proline 7.6 1 .0
Proline +  acetamide 4.4 1 .30
Proline 4.5 1 .07
Acetamide 4.4 1 .04
Sarcosine-HCl +  acetamide 3.4 3 .90
Sarcosine-HCl 3.4 3 .0
Sarcosine-HCl +  acetamide 4.2 3 .71
Sarcosine-HCl 4.2 3 .0
Sarcosine-HCl +  acetamide 7.6 3 .64
Sarcosine-HCl +  aceturic acid 7.6 3 .0
Sarcosine-HCl +  benzoylalanine 7.6 3 .0
Sarcosine-HCl 7.6 3 .0
Threonine +  acetamide 4.2 3 .24
Threonine 4.2 3 .04
Alanylalanine +  alanine 4.2 3 .17
Alanylalanine (0.4 M) 4.2 3 .15
e-Aminocaproic acid +  acetamide 3.4 3 .64 . 14
e-Aminocaproic acid 3.4 3 .52 .38
e-Aminocaproic acid +  acetamide 5.4 1 3 . 7 5 0 . 9 5 .24 0.24
e-Aminocaproic acid 4.9 1 3 .52 0.66 .39 0.58
e-Aminocaproic acid -j~ acetamide 2.4* 3 .64 . 06
e-Aminocaproic acid 2.4* 3 .12 .06

a Unless otherwise stated, the amino acid or amide alone was treated in 0.8 M  solution. Amino acid +  amide solu­
tions were 0.4 M  in regard to each reactant; the formaldehyde, 1.5 to 2.5 M. Except as noted, the solutions at pH 
3.2-4.3 were buffered with approximately 0.5 M  acetic acid or acetate; those at pH 4.4-7.6 with approximately 0.6 M  
phosphate. Reactions were performed at room temperature (approximately 23°). b Or amide-N when no basic nitro­
gen was present. c No buffer was used. d For the rate curve of this reaction see Fig. 1. e Oxalic acid (0.3 M) used as 
buffer.

(Table III). However, indications were obtained 
by other techniques that a condensation reaction 
involving alanine and acetamide did not occur ap­
preciably below p H  1 and occurred only to a small 
extent above p H  11 (Table III).

A comparison of the rate and extent of the re­
action occurring at p H  3-4 and p H  6-7 indicated 
that with amino acids and amides the neutral me­
dium was the more favorable (Table I, Fig. 1).
With amines and amides, however, condensation

occurred better in acid solution. This difference 
was attributed to the rapid formation and stabil­
ity of cyclic trimers of the amines and formalde­
hyde in alkaline solution (cf. footnote 14) and 
could be demonstrated by treating such trimers 
with acetamide at both p H  levels. Amine- 
methylene-amide formation occurred at p H  4  but 
not at p H  8.3 (Table IV).

As expected, the condensation reaction was 
favored by high concentrations of the reactants
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T able II
Condensation R eaction of F ormaldehyde w ith  Am ines and Amides®

M olarity of
Formal- 

Amide dehydeR eactants Amine
Methylamine-H Cl +  acetamide 0 .5  0 .5  2.5
Methylamine-HCl 1.0 . .  2 .5
Dimethylamine-HCl +  acetamide 0.45 .45 2.5
Dimethylamine-HCl .9 . .  2 .5
«-Butylamine-HCl +  acetamide .25 .25 1.25
«-Butylamine-HCl +  propion­

amide .25 .25 1.25
«-Butylamine-HCl .5 . .  1.25
w-Butylamine-HCl .5 . .  1.25
/-Butylamine +  acetamide .4 .4 2 .0
^-Butylamine .8 . .  2.0
■Z-Butylamine .8 . . 2.0
i-Butylamine .8 . . 2.0
i-Butylamine-HCl .8 ..  2.0
Ethanolamine-HCl +  acetamide .43 .5  2 .5
Ethanolamine* HCl .86 . .  2.5
Ethanolamine-HCl .60 . . 1.5
Ethanolamine -f- acetamide .95 1.0 2.4
Ethanolamine .95 . . 2 .4
Ethanolamine +  acetamide .95 1.0 2.4
Ethanolamine .95 . . 2 .4
Ethanolamine +  acetamide .25 0.25 1.25
Ethanolamine .5 . . 1.25
Ethanolamine +  acetamide .25 .25 1.25
Ethanolamine .5 . . 1.25
Ethanolamine +  acetamide .25 .25 1.25
Diethanolamine-HCl +

acetamide .43 .45 2.5
Diethanolamine-HCl .85 ..  2.5
1.4- D iaminobutane • 2H Cl +

acetamide .4 .4 2.0
1.4- Diaminobutane*2HCl .8 ..  2.0
Glycine ethyl ester-HCl +

acetamide .4 .4 2.0
Glycine ethyl ester-HCl .8 . .  2.0
Glycine ethyl ester-HCl +  

acetamide
Glycine ethyl ester-HCl 
Acetamide 
Acetamide 
Acetamide 
Propionamide 
Propionamide 
Propionamide

° Reactions performed at room temperature.

.5

.5

Buffer
None
None
None
None
None

None
None
Acetic acid** 
Acetic acid** 
Acetic acid** 
Formic acid 
Butyric acid 
Acetic acid 
None 
None
Acetic acid 
Oxalic acid 
Oxalic acid 
Acetic acid 
Acetic acid 
Phosphate 
Phosphate 
Phosphate 
Phosphate 
Phosphate

None
None

Acetic acid 
Acetic acid

Acetic acid 
Acetic acid

Final
pH

3.8
3 .0
4.7
5.0
4 .4

4 .6
3.9  
3 .2

4 .4
3 .8
4.9
2 .5
4 .4
4 .0
2.4

8 .0
8 . 5
5 . 9
6.3
6 .8

3.0
3 .0

Tim e,
days

1
1
1 ; 
1 c
1 i

0.2
0.2

Formaldehyde bound, 
equivalents/basic N&

Irre-

0.70 0.70
0.0 0.0

Total
0.57*

.24*

.31 0.35 

.06 0.06 

.58 0.70

.58 0.70 

.04 

.00 

.69 

.79 

.58 

.92 

.10 

.63 

.0 

.00

.60 0.70

.05 0.25

.38 0.67

.25 0.65

.53

.25

.55

.22

.62

.06 0.06

.00 0.00

.62

.20

.26

.00 0.02

versibly
0.0

.0 (3d)

.12

.56

.45

.67

.0

.0 (Id)
•0 (Id)

.. 0.05

.. 0.15

.0 0.22

.15 0.49

.17

.20

.14

.20

.20

2.5 None 3 .6  1 .28
2.5 None 3 .2  1 .00
2.0 Acetate 4.3 2 4 .06 0.11
1.5 Aceticacid 3 .2  2 5 .10 0.20
1.8 Oxalic acid 2 .0  1 .55 .0
2.0 Acetate 4 .0  4 .8  1 .08 0.08
2.0  Aceticacid 3.3  3 .30 .0
2.0 Oxalic acid 2 .0  1 .63 .0
b Or amide-N if no basic nitrogen is present. c Similar results were ob­

tained when acetic acid was also present. Concerning the fixation of formaldehyde by methylamine hydrochloride, cf. 
footnote 14. d Similar results were obtained with formic and butyric acid.

(Table V). It reached equilibrium within twenty- 
four to forty-eight hours, at which time the form­
aldehyde bound corresponded usually to 60-100% 
of that equivalent to the amine or amide used. As 
final proof for the occurrence of the reaction, the 
formaldehyde condensation products of acet­
amide with alanine and proline were isolated and 
characterized.

The non-reactivity of secondary amides (—CO— 
NHR) for the condensation reaction as contrasted

to the primary amides (—CO—NH2) is significant 
(Table I).16-17 Cross-linking has often been pos­
tulated as involving mainly the peptide linkage. 
In the light of the present findings, it would appear 
that the peptide bonds cannot be involved in the 
tanning reactions occurring at room temperature.

(16) E inhorn11 found that primary and secondary amides differed 
also in their ability  to  add formaldehyde to form m ethylol groups.

(17) French and Edsall, “ Adv. in Protein Chem istry,” Vol. II,‘ 
Academic Press, Inc., N ew  York, N. Y ., 1945, p. 277.
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T a b l e  III
E f f e c t  o f  E x t r e m e s  o f  pH  o n  A l a n in e - A c e t a m id e -  

F o r m a l d e h y d e  R e a c t io n ®
Ap- Form-

Ala- Acet- parent aide-
nine amide amino- hyde

X X  N c bound10~3
mole

10-3
inole Solvent

Final 
pH  b

X10-3
mole

X10-3
moles

1 .0 0.6 ml. 6 N  HCl 0.85 1.0 0 .0
1 .0 1 .0 0.6 ml. 6 N  HCl 0.85 1.15 .63

1 .0 0.6 ml. 6 N  HCl 0.85 0.24 .52
1 .0 0.6 ml. 2 N  NaOH 11.3 .83 .01
1 .0 1 .0 0.6 ml. 2 IV NaOH 11.1 .70 .49

1 .0 0.6 ml. 0.33 N  NaOH 11.45 .16 .58
1 .0 0.6 ml. H20 4.7 .94 .01
1 .0 1 .0 0.6 ml. H20 4.7 .48 .57

1 .0 0.6 ml. H20 4.5 .06 .02
0 24 hours at room temperature. All plus 0.5 ml. 7.5%

formaldehyde (1.25 m M ). 6 Measured after dilution to
10 ml. c See experimental part for discussion.

T a b l e  IV
U s e  o f  C y c l ic  T r im e r s  o f  M e t h y l - a n d  B u t y l a m in e  
a n d  F o r m a l d e h y d e  f o r  C o n d e n s a t io n  R e a c t io n  w it h

A m id e

Final
Equiv. of 
for maid.

Reaction mixture PH bound®
1,3,5 -T  rimeZ^Ztrimethylene triamine 

(0.33)b +  acetamide (1.0) 4.0 0.5®
1,3,5-TrimeZ^y/trimethylenetriamine 

(0.33)'' 4 .0 0.11
1,3,5-Trime^y/trimethylenetriamine 

(0.33)6 +  acetamide 8.3 0.07c
1,3,5-Tri meZ&y/trimethylenetriamine 

(0.33)6 8.3 0.0*
1,3,5-Tri&«Zy/trimethylenetriamine 

(0.33) +  acetamide (1.0) 5.0 0.55
1,3,5-Tri6«/yZtrimethylenetriamine 

(0.33)& 5.0 0.13
* Stably in presence of dimedon at pH  4.6. b Figures 

in parentheses represent millimoles used. Each reaction 
mixture contained also 1.5 ml. 3 M  acetic acid (pH 4 
and 5) or phosphate buffer (pH 8.3). They were held 
for three days at room temperature. c To assure complete 
liberation of formaldehyde from 1,3,5-trimethyltrimethyl - 
enetriamine an aliquot of the diluted alkaline reaction 
mixture was held for 1 day in the pH  4.6 buffer before 
addition of the dimedon (cf. footnote 14).

T a b l e  V
E f f e c t  o f  C o n c e n t r a t io n  o f  R e a c t a n t s  o n  C r o s s - 
l in k in g  R e a c t io n  ( A ) ; a n d  L a c k  o f  E f f e c t  o n  A c e t ­
a m id e - F o r m a l d e h y d e  (B ) ; a n d  A l a n in e - F o r m a l d e -

^--------- M olarity of-

Acet-

h y d e  R e a c t io n  

F orm-
aide- Time,

( c r

Final
Formaldehyde

bound,
equivalents/basic

Alanine amide hyde days pH N&
A: 0.14 0.14 1.4 3 3 .4 0.17

.4 .4 1.5 2 3 .4 .67

.4 .4 0.75 2 3 .4 .44

.4 .4 0 .5 3 3 .4 .36
B: . . .8 1.5 2 5 12 3 .4 .10 .20 .40

.16 1.5 2 5 15 3 .4 .08 .19 .50

O bo 1 .5 5 7 .6 .55
.16 1.5 5 7 .6 .5

° Reactions performed at room temperature, with acetic 
acid or phosphate as buffers. Alanine itself reacts at an 
appreciable rate with formaldehyde only at pH 7 or above. 

6 Or amide~N if no basic N is present.

Days.
Fig. 1.—Rate of fixation of formaldehyde by various 

compounds at 23°: asparagine, 1 mM. in 3.5 ml. contain­
ing 2.5 mM. formaldehyde and approximately 0.5 molar 
acetate or phosphate buffer. For composition of other re­
action mixtures, see Table I. The amount of unbound 
formaldehyde was determined by precipitation with 
dimedon.

The mechanism of Reaction (I) has not been 
clearly established. Like the Mannich reaction,15 
it is a condensation involving a primary or second­
ary base, formaldehyde, and a reactive hydrogen, 
furnished in this case by a primary amide group. 
It would appear probable that this occurs in two 
steps. Einhorn11 believed that the amido-meth- 
ylol compound formed first, but presented no con­
clusive evidence in support of this mechanism. 
However, addition of formaldehyde to the amide 
group in the absence of an amine proceeds much 
more slowly than the cross-linking reaction and 
thus probably does not represent an intermediate 
stage. This is further indicated by the inability of 
amido-methylol compounds to condense with the 
amines (see Experimental).

The alternate possibility is that the amine re­
acts first to give an aminomethylol (Reaction III) 
which then condenses with the amide (Reaction 
IV).

R—NH2 +  CH20  ^  R—NHCH2OH (III)
R—NH— CH2OH +  NH2—CO—R '--- >-

R—NH—CH2—NH—CO—R' +  H20  (IV)
In neutral and alkaline solution, amines are known 
to be transformed by formaldehyde to methylol 
and dimethylol compounds, but no evidence ap­
pears to be available that such reactions occur also 
at p H  3-4. Because of the lability of the amino­
methylol linkage, the occurrence of this reaction 
cannot be demonstrated by the dimedon or Van 
Slyke amino nitrogen techniques.18 That formal­
dehyde actually reacts with amino groups within a 
few hours at p H  3.6 or lower is indicated by (1) a 
fall in the p H  of the reaction mixtures (Table VI)

(18) The slow decrease in the formaldehyde and amino nitrogen 
contents of amino acid-formaldehyde reaction m ixtures17 is evidence 
of secondary reactions, possibly of the Mannich type, ra ther th an  of 
the prim ary addition reaction.
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T a b l e  VI
E f f e c t  o f  F o r m a l d e h y d e  o n  S o l u t io n s  of A m in e  

H y d r o c h l o r id e s  a t  pH  3.6®
Drop of pH  after addition

of formaldehyde Equivalents of
Tim e until NaOH needed

Amine
Original

PH
Final

pH
constant,

min.
to titra te  back to 

original pH
TV/r̂ i—-1J.VACUUJ l o aO . KJ 1 2 120 0.170
Dimethyl 3.6 2 .9 60 .0018
Butyl 3.6 2 .5 60 .014
Ethanol 3.6 2 .2 30 .029
Diethanol 3.6 3.1 10 .0014

“ To 10 ml. of 1.5 M  solutions of the amine hydro­
chlorides adjusted to pH  3.6 =*= 0.1 were added 4 ml. 
of commercial 40% formalin (pH 3.6).

and (2) a change in optical rotation of solutions 
containing l -amino acids and formaldehyde. The 
rate of reaction (III), even in acid solution, ap­
pears to be sufficiently fast, compared to the cross- 
linking, to allow it to be the first step of the latter 
reaction.

While it is probable that in acid solution the 
equilibrium of Reaction III is greatly to the left, 
this may well be shifted by the occurrence of Re­
action IV to permit the cross-linking to proceed to 
the observed extent. Changes in the optical rota­
tion of reaction mixtures containing an optically 
inactive amide, an optically active amine, and 
formaldehyde lend independent support to the 
two-stage mechanism here proposed (see Experi­
mental). The initial formation of the amino- 
methylol compound is also now favored as occur­
ring during typical Mannich reactions.15»19

B. Experiments with Proteins or Macro- 
molecular Model Compounds.—A second experi­
mental approach consisted in studying the intro­
duction, by means of formaldehyde, of simple 
amines, amides, or guanidines into proteins or 
other macromolecular materials rich in amide, 
amino, or guanidyl groups. The data generally 
support the findings obtained with the model sys­
tems. Gliadin and poly glutamine, both very rich 
in amide groups, bind in acid solution large 
amounts of ammonia, primary amines, or amino 
acids (Table VII). Imino acids appear to be 
bound only to a limited extent by gliadin and not 
above pH 2.0 by polyglutamine, although they 
were found to react readily with acetamide over a 
wide pH range (Table I). Since the resultant 
linkage was found to be relatively labile, the pos­
sibility exists that greater amounts of the second­
ary amines were actually bound by polyglutamine 
and gliadin than could be demonstrated after ex­
tensive periods of dialysis. I t  seems that in acid 
solution the amido-methylol linkage, though 
forming more slowly, is more stable than the 
methylene cross-links here described. This prob­
ably explains why in 50% acetic acid-formalin 
much more alanine is introduced into gliadin in 
two hours than after three days (Table VII).

When proteins or a tyrosine-formaldehyde poly­
(19) Bachmann and H eisey, T his Journal , 68, 2496 (1946).

mer20 rich in amino groups were treated with 
formaldehyde in the presence of acetamide, consid­
erable amounts of this compound were introduced 
at room temperature over the range of pH 2-8 
(Table VIII). As expected, this reaction did not 
occur appreciably, however, if most of the amino 
groups of the protein were blocked by acetylation.

The cross-linking of amino with guanidyl com­
pounds by formaldehyde is demonstrated by the 
introduction, over the range of pH  4.2-8.5, of 
methylguanidine into proteins rich in amino 
groups (Table IX). On the other hand, the ina­
bility of amide and guanidyl groups to condense 
under similar conditions is shown with polygluta­
mine (Table VII) and salmine (Table VIII). 
Both of these latter conclusions were suggested 
but not conclusively demonstrated by the model 
experiments. The fixation of all low molecular 
compounds by proteins is usually accompanied 
by an analytically demonstrable increase in the 
amounts of formaldehyde bound over those bound 
under the same conditions in the absence of the 
added compounds.

A particular case of amine-amide interaction 
was studied in some detail, because of its special 
interest and possible practical importance. Swal- 
len and Danehy21’22 have described a remarkable 
catalytic effect of amines or ammonium ions on 
the reaction of formaldehyde with zein. When a 
20% solution of zein in glacial acetic acid is treated 
with an equal volume of commercial formalin, a 
gel forms within a few minutes only if traces of 
ammonium ions or primary amines are added; 
otherwise, the mixture remains fluid for several 
hours.23 Similar experiments have now been per­
formed with gliadin. This protein also sets 
quickly to a gel only after the addition of small 
amounts (e.g., 2 equivalents per 104 g.) of am­
monia or primary amines. Commercial gliadin 
and a preparation made by a technique involving 
isoelectric fractionation from acetic acid solution 
behaved like zein in gelling slowly even without 
added amines, but gliadin carefully prepared from 
wheat gluten by fractionation with cold alcohol 
did not gel at all until an amine was added as 
‘ ‘catalyst''.24 Gels formed in the presence of small 
amounts of “catalyst” were found to liquefy if the 
reaction mixture was held for one to three days at 
room temperature. In contrast permanent gels 
and insoluble products were obtained when greater 
amounts of amine had been added.

(20) Obtained by treating tyrosine with formaldehyde in acid 
solution. The preparation used contained 4.8% amino nitrogen 
(Olcott, in preparation).

(21) Swallen, Ind. Eng. Chem., 33, 397 (1941).
(22) Swallen and Danehy, in Alexander, “ Colloid Chemistry,” 

Vol. VI, Chemical Catalog Co., New York, N. Y., 1946, p. 1140.
(23) The authors are indebted to  J. P. Danehy, Corn Products 

Refining Co., for drawing their attention to this phenomenon.
(24) The same behavior was noted with “ gliadin sulfate,” the 

water-soluble fraction resulting from the sulfation of wheat gluten 
with concentrated sulfuric acid. This derivative contains acid sul­
furic esters on the hydroxyl groups and sulfonic acid substituents on 
the phenolic groups of the protein [Reitz, Ferrel, Fraenkel-Conrat 
and Olcott, T h is  J o u r n a l , 68, 1024 (1946) ].
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T a b l e  VII
F ix a t io n  o f  A m in e s  b y  M a c r o m o l e c u l a r  C o m p o u n d s  R ic h  in  A m id e  G r o u p s  t h r o u g h  F o r m a l d e h y d e  C o n d e n s a ­

t io n ®
Equivalents per 104 g.------------ -

Bound
Macromolecular Final Bound formalde­ Increased

compound Additive pH additive6 hyde acid groups
Polyglutamine* Ammonium chloride*2 2 .5 23 33

Methylamine* HCl*2 2 .6 18 17
Dimethylamine-HCl 3 .2 0 8
Alanine-HCl 2 .8 32 25 14e
Sarcosine-HCl 2 .0 10 4 3.4
Proline* HCl 2 .2 0 7 0
Piperazine*2HCl 2.6 20 25
Methylguanidine* V2H2SO4 3.2 0 3
Morpholine oxalate 4 .2 20 23
Ammonium acetate 3.6 6 8
Methylamine 4.3 10 16
Alanine 3.3 28 24 6*
Alanine 4 .8 18 22 14
Sarcosine 4.9 0 7 0
Proline 3.3 0 3 0*
Proline 4 .8 0 1 0
None 3.4 7

Gliadin Ammonium chloride (2 hours)*7 2 .2 (22)
Ammonium acetate (2 hours)*7 2 .8 (9)
Alanine (2 hours) 2 .6 (23) 15 14.6
Alanine (3 days) 2 .6 (3) 2 .0
Proline (2 hours) 2 .6 (7) 6 2.3
Proline (3 days) 2 .6 (7) 2.3
Amino ethyl sulfuric acid (7 days) 2 .6 1 0 .0* 21
None (2 hours) 2.5 4
None (7 days) 2.5 20

Gliadin* Ammonium chloride^ 2.3 (17)
Ammonium acetate (30% insol.) 3 .4 (7)
Amino ethyl sulfuric acid 2.9 9.8* 6.4
Alanine 3 .2 (9) 5.9
Proline 3 .2 (7) 2 .0
Alanine-HCl 2 .2 (5) 2 .1
Sarcosine-HCl 2 .2 (7) 0.0
Piperazine-2H Cl*7 2 .4 (9)
Ethylenediamine*7 3.9 (2)
Ethylenediamine*2HClff 2 .1 (5)

° Polyglutamine and gliadin contain 52 and 32 amide groups per 104 g., respectively. b Approximate values, obtained 
by Kjeldahl nitrogen analysis after thorough dialysis, except where otherwise noted. Nitrogen recoveries for gliadin were 
unreliable as a measure of the amounts of amine introduced since part of the protein became dialysable during the reac­
tion. (Recovery in control samples consistently only 87%.) The uncertain values are in parentheses. c 5% solu­
tions of the polyamide, 4% in regard to formaldehyde were treated for five days with 80 equivalents of the various amine 
salts or amino acids (per 104 g.), unless otherwise specified. The solutions contained 1.0-1.5 M  acetic acid or acetate 
buffer. d In these cases gels formed within one and two days, respectively. When the reaction mixtures were made up 
five times more dilute, no gels formed, but only 2 and 0 equivalents of ammonia or methylamine were bound, respectively, 
and correspondingly small amounts of formaldehyde (2 and 1 equivalent). When the reactions were terminated before 
gelling occurred (after six and twenty-four hours, respectively), 8 and 5 equivalents of the amines were introduced, and 
6 and 3 equivalents of formaldehyde. e Analyzed after many weeks of dialysis for the purpose of molecular weight 
determinations. f 10% gliadin in 50% glacial acetic acid-50% formalin mixture, with 32 equivalents of the additives. 
Reaction times indicated in parentheses. 0 Products largely insoluble. h Calculated from amount of sulfate sulfur intro­
duced. i 4% gliadin, 8% formaldehyde, 0.6 M  acetic acid, and 32 equivalents of the various amines were used. Reac­
tions were allowed to proceed for four days at room temperature.

With regard to the nature of the amine, all pri­
mary amines used except a-aminoisobutyric acid, 
glucosamine, serine and threonine were effective. 
In equivalent amounts, the different amines 
caused gelling after varying time periods. Those 
acting most rapidly were: ammonia, glycine, ala­
nine, arginine, ethanolamine, 2-aminoethylsul-

furic acid and aniline. Glutamic and e-amino- 
n-caproic acids, butylamine, hexadecylamine, 
semicarbazide, hydroxylamine and hydrazine 
acted more slowly. In contrast dimethylamine, 
diethanolamine, proline, hydroxyproline, sarco- 
sine, benzoylalanine, N-mesyltyrosine, guanidine 
and urea did not favor gel formation. Piperazine
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T a b l e  VIII
F ix a t io n  o f  A c e t a m id e  b y  M a c r o m o l e c u l a r  C om ­
p o u n d s  C o n t a in in g  A m in o  o r  G u a n id y l  G r o u p s  

t h r o u g h  F o r m a l d e h y d e  C o n d e n s a t io n ®

M acro­
molecular
compound

Reactive 
groups 

per 104 g. Additive
Fin&l

pH

Equivalents 
bound per 104g. 
Acet- Formal- 
amide dehyde

Bovine 9 .7  amino Acetamide 1.4 1.9
serum Acetamide 2.1 7.4
albumin Acetamide 3 .2 6.2
(BSA) Acetamide 4 .2 & 7.0 7

Acetamide 4 .8 5.9
Acetamide 7 .4 C 5.7 5
Acetamide 11.0 1.5
None 4 .2 C 3

Amino- 0 .5  amino Acetamide 7 .4 1.4 0.6
acetyl BSA 

Methylene- 34 amino Acetamide 1.2 3.3
tyrosine Acetamide 6.2 9.6 10
polymer None 6 .2 3

Lysozyme 5 amino Acetamide 5 .0 6’d 4 .7
Acetamide 7 .4&,c 1.7

Insulin 5 amino Acetamide 4 .0 2.2
Acetamide 7 .0 1.5e

Salmine 38 guanidyl Acetamide 4 .2 1 2
sulfate None 4 .2 1

® 100 mg. protein and acetamide in approximately 1 
ml. 4% formaldehyde, 0.4-0.8 M  acetate or phosphate 
buffers, or 1 N  and 0.1 N  HCl for the first two experi­
ments; held at room temperature for two or three days. 
Control experiments showed that no amide was introduced 
if the formaldehyde was omitted. & 8% formaldehyde 
was used in these experiments. c This reaction mixture 
gelled after addition of the formaldehyde. d Lysozyme 
remained water-soluble under these conditions, whereas 
gelation occurred and an insoluble product was obtained 
in the absence of acetamide. c Insulin dissolved during 
the course of the reaction with acetamide at pH 7 but not 
at pH 4, nor with other additives (Table IX).

and N,N'-diphenyl-^-phenylenediamine led to 
rapid stable gelation; N-phenylglycine caused 
slow and non-permanent gelation. Hexamethyl­
enetetramine acted somewhat more slowly than 
ammonia.

The gelling effect of ammonium chloride, which 
was studied in more detail, was not dependent 
upon the above conditions, but occurred also in 
more dilute acetic acid (10%) or formaldehyde 
(4%) solution, as well as in aqueous ethanol with 
or without added acetic acid, but not in alkaline 
alcoholic solutions. No gelling could be produced 
if ammonium chloride or an effective amine was 
added after the protein-formaldehyde reaction 
mixture had stood for three days. High concen­
trations of urea neither prevented gel formation 
nor redissolved the gel, once it had formed.

No definite information was available concern­
ing the mechanism of these phenomena. A plau­
sible explanation was suggested by the results of 
the model experiments discussed above. Both 
zein and gliadin contain a very great excess of 
amide over amino groups. For gliadin this ratio 
is about 40, in contrast to 1-2 for many typical 
proteins. Therefore little cross-linking between 
the two types of groups can occur in proteins like 
gliadin and zein. There is thus ample oppor­
tunity for small-molecular-weight amines to be

T a b l e  IX
F ix a t io n  o f  M e t h y l g u a n id in e  S u l f a t e  (MGS) by  
M a c r o m o l e c u l a r  C o m p o u n d s  C o n t a in in g  A m in o  

G r o u p s  t h r o u g h  F o r m a l d e h y d e  C o n d e n s a t io n ®
Equivalents bound 

per 104 g.

Macromolecular
compound

Amino
groups

per
104 g.

Addi­
tive

Final
PH

M ethyl­
guanidine

(Kjel- (Color- Formal- 
dahl) imetric) dehyde

Bovine serum 9.7 MGS 2.75 0 0.3
albumin MGS 4.8 5.5  3.7
(BSA) MGS 7.4& 5.5 3.3

Amino-acetyl- 0 .5 MGS 4.8 0
BSA

Methylene 34 MGS 3.2 4.5* 13
tyrosine MGS 4.7 24 60
polymer MGS 4.7 14 d 29d

MGS 8.5 23* 43
None 6.2 3

/3-Lactoglobu- 8 .9 MGS 4.2 4.3 3.3 8
lin MGS 7.6® 5.8  3.0 8

None 7.6* 2
Insulin 5.0 MGS 4.0/ 0.8

MGS 7.0f 1.3
a Conditions and control experiments same as used in 

experiments listed on Table VIII (footnote a) but with 
methylguanidine sulfate instead of acetamide. For tech­
niques and limitations of analytical methods see Experi­
mental Part. 6 Gels form at pH 2.7 overnight, at pH 7.4 
instantaneously upon addition of formaldehyde. c Resid­
ual amino nitrogen in those preparation, 22 and 5 equiva­
lents, respectively. d Reaction time only five hours. 
* Reaction mixtures gel, then liquefy. f Protein did not 
dissolve in reaction mixture.

bound through methylene bridges to the amide 
groups of the protein molecule. If these amines 
are bifunctional in nature, they may act as cross- 
linking agents between protein molecules, accord­
ing to reaction V.

In agreement with this hypothesis, only primary
2R—CONH2 +  HCHO +  R'NH2— >
RCONH—CH2—NR'—CH2—NH—COR +  2H20  (V)

amines or secondary diamines (e. g., piperazine) 
are effective gelation catalysts.25 When greater 
than “catalytic” amounts of the cross-linking 
amines were used, their introduction into the pro­
tein under the conditions of gelling was demon­
strated analytically (Table VII).

The course of the gelation reaction is in accord 
with the results of the model experiments with 
acetamide and alanine. These have shown that, 
at pH 3-6, the cross-linking proceeds considerably 
faster than does the fixation of formaldehyde by 
the amide alone. In conformity, gliadin gels 
within a few minutes after addition of an effective 
amine. If excessive amounts of amine are 
avoided, many amide groups remain unaffected by 
the cross-linking reaction and, more slowly, are

(25) In  confirming studies now in progress (footnote 5), it  has 
been found th a t only those amines th a t cause gelation favor the for­
mation of derivatives whose average molecular weight is increased 
over tha t of the proteins.
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transformed into amido-methylol groups.26 This 
probably contributes to liquefaction of the gels 
within twenty-four hours and explains the water 
solubility of the final products. Further, when 
alanine was used as the cross-linking agent, its 
fixation was found to be reversed during prolonged 
exposure to the 50% acetic acid-formalin reaction 
mixture. I t appears probable, though it was not 
demonstrated, that ammonia may also be slowly 
released under such conditions. No re-solution 
was observed, however, if more extensive cross- 
linking had been produced through the addition of 
somewhat more of the amine (with ammonium 
chloride, 10-20% of the weight of the protein, in­
stead of 1-2%). The gels then were stable and 
the products after isolation were insoluble in 
water, acetic acid, and 10 M  urea solution.

The reaction mechanism postulated for the 
simple systems is also supported by the experi­
ments with gliadin. Thus, if the amine or am­
monia was added to the reaction mixture only 
after several days of standing, i. e., after the amide 
groups had been transformed to amido-methylol 
groups, no gelation nor fixation of the amine 
occurred.

The behavior of gliadin (and zein2122) is largely 
duplicated by that of polyglutamine, thus remov­
ing the possibility of protein groups other than the 
amide playing a role in this reaction. Under the 
same formaldehyde reaction conditions usually 
used with gliadin (50/50 glacial acetic acid and 
formalin), this polyamide, in 10% solution, gelled 
within thirty minutes if traces of ammonium chlo­
ride were present, but otherwise only after two to 
three days. Also, in 4-8% formaldehyde solu­
tions containing as little as 3% of the polypeptide 
and 3% acetic acid, gels or precipitates were ob­
tained only in the presence of small amounts of 
ammonium chloride or primary amines. As pre­
viously stated, the introduction of the amine or 
amino acid could be analytically demonstrated 
when greater than “catalytic” amounts were used 
(Table VII).

Discussion
The data presented show that the amino groups 

of proteins may readily condense with formalde­
hyde and amide or guanidyl groups under con­
ditions of temperature and pH  a t which each type 
of compound, separately, binds no, or very little, 
formaldehyde in stable manner. The reaction of 
asparagine with formaldehyde represents an intra­
molecular condensation of this same type.28

(26) Proteins and model polymers rich in amide groups bind much 
formaldehyde (a) a t  elevated tem perature in dilute acetic acid solu- ■ 
tion27 and (b) a t room tem perature in alkaline solution (pH  11-12) 
(unpublished). The present d a ta  (Table VII) show th a t the reac­
tion occurs a t room tem perature also a t  high formaldehyde concen­
tration (20%) in 50% acetic acid, b u t not to a similar extent in more 
dilute solutions, unless amines or ammonium salts are present.

(27) Fraenkel-Conrat, Cooper and Olcott, T h is  J o ur n a l , 67, 950 
(1945).

(28) Levy and Silberman [J. Biol. Chem., 118, 723 (1937) J and 
others (cf. French and Edsall, footnote 17) have shown th a t a tetra-

Marvel, et al.,29 have recently expressed the 
stimulating idea that urea in condensing and poly­
merizing with formaldehyde may act as an amino 
acid amide. On the basis of this hypothesis they 
studied the reaction of some amino acid amides 
with formaldehyde, and obtained polymers. In 
the light of the present findings, the primary re­
action would appear to be a chain condensation of 
amino and amide through methylene groups. I t  
does not appear probable that cyclic trimers are 
involved, as was suggested by these workers,29 
since the polymerization reaction proceeds only 
under conditions unfavorable for the formation, or 
even for the existence, of such trimers (Table IV, 
cf. footnote 14). Further, the amount of formal­
dehyde bound by the polymer was only slightly in 
excess of that equivalent to the glycine amide 
units, whereas 1.5 equivalents would be needed for 
the extensively cyclized and cross-linked structure 
postulated.29

In view of the many amino as well as amide and 
guanidine groups present in most proteins, and of 
the ease with which pairs of these can condense 
with formaldehyde, it appears probable that these 
reactions may play an important role both in the 
hardening and tanning action of formaldehyde 
and in its use in the preparation of vaccines and 
toxoids. The reaction further may supply a use­
ful means of introducing a great variety of pri­
mary amines, amides, or guanidines stably into 
proteins. In the presence of an excess of a small 
molecular amide, the methylol-amino groups of the 
protein appear to condense preferentially with this 
instead of with protein amide groups. Thus 
cross-linking between protein groups may be 
largely forestalled and soluble derivatives obtained 
at a pH  which favors the formation of insoluble 
coagula in the absence of the simple amide 
(Tables VIII and IX). On the other hand, bi­
functional amines furnish cross-links in proteins 
deficient in amino but rich in amide groups, and 
bifunctional amides or guanidines may be expected 
to act similarly in proteins rich in amino but de­
ficient in these types of groups.

Besides methylene condensations involving two 
nitrogenous groups, other reactions can occur 
which may contribute to the tanning action of 
formaldehyde. Mannich reactions involving aro­
matic and heterocyclic side chains and amino 
groups will be discussed in a subsequent publica­
tion. Similar reactions between basic groups, 
formaldehyde and reactive aliphatic methylene 
groups (e. g., R—CH2—COOH),14 possibly ac­
count for the large amounts of formaldehyde 
bound irreversibly by proteins at elevated tem­
perature.
hydropyrimidine ring is formed through condensation of formalde­
hyde with the amino and amide groups of asparagine. In  contrast to  
Levy and Silberman’s observations, we found th a t this reaction, like 
similar intermolecular condensations between amino acids and 
amides, was favored by a higher pH  (pH  6.5 vs. 3.2) (cf. Fig. 1).

(29) Marvel, E lliott, Boettner and Yuska, T h is  J o u r n a l » 68* 
1681 (1946),
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Experimental
Methods and Materials.—Free, plus labily bound, 

formaldehyde was determined by means of dimedon at 
pH 4.630; total recoverable (i. e., free and acid hydrolyz­
able) formaldehyde, by combined hydrolysis and distilla­
tion followed by colorimetric31 or dimedon30 analysis of 
the distillate. Irreversibly-bound formaldehyde was 
estimated by the difference between the amount originally 
added and that recoverable by acid hydrolysis from reac­
tion mixtures. Other analytical methods used were the 
Kjeldahl procedure for total nitrogen, and the manometric 
Van Slyke32 and colorimetric ninhydrin33 methods for 
amino nitrogen. The Folin uric acid reagent was used 
for SH tests according to Anson.34

The introduction of amides into proteins was demon­
strated by increases in amide-nitrogen content: 10-25
mg. of protein was autoclaved with 1.2 N  sulfuric acid 
at 120 lb. for two hours; the solution was then neutral­
ized, buffered with phosphate at pH 7.4, and the ammonia 
distilled off in a Kjeldahl apparatus. Recoveries of 
nitrogen from acetamide by this technique averaged 
98.5%.

The introduction of methylguanidine led to appreciable 
increases in the non-dialyzable nitrogen, which served as an 
approximate measure of the extent of fixation of this 
compound. More specific and possibly more accurate 
were colorimetric analyses of the increases in chromogenic 
activity by the Sakaguchi method, as applied by Brand 
and Kassell.35 These data, however, may be somewhat 
low, since indications were obtained that hydrolysis of 
methylol arginine peptides leads to a partial destruction 
of the chromogenic group.

The introduction of amines into proteins represented 
the greatest analytical problem. When a polyamide, 
such as poly glutamic acid, was treated with an excess of 
amine, sufficient amounts were introduced so that Kjel­
dahl analyses could be relied upon as proof for its fixation. 
However, when only 1-5 equivalents (per 104 g.) of amine 
were introduced into a protein, increments in the total 
nitrogen by about 1-3% could not be demonstrated with 
sufficient accuracy, particularly when the reaction was 
performed in acid solution and caused some protein deg­
radation. Tyrosine was used in some experiments and 
its fixation was demonstrated colorimetrically; however, 
only one equivalent was bound by 104 g. gliadin (32 amide 
groups), probably because of the insolubility of tyrosine. 
The use of 2-aminoethylsulfuric acid proved more ad­
vantageous. Its introduction into gliadin was demon­
strated by sulfate-sulfur analyses36 and supported by 
nitrogen analyses. Finally, the acid groups introduced 
into proteins or poly glutamine through methylene con­
densation with amino acids were demonstrated by a dye 
method.37 This method supplied the most clear-cut and 
trustworthy evidence concerning the relative non-reactivity 
of secondary, as compared to primary, amines (viz. 
amino acids).

The gliadin preparations were kindly furnished by 
D. K. Mecham; lysozyme, by G. Alderton and H. L. 
Fevold; /3-lactoglobulin, by E. F. Jansen; edestin, by 
D. M. Greenberg; salmine sulfate and insulin, by the Eli 
Lilly Company. Polyglutamine was prepared as previ­
ously described.27 Aminoacetyl serum albumin was pre­
pared from commercial crystalline bovine serum albumin 
by acetylation with acetic anhydride in concentrated 
sodium acetate solution.38

(30) Yoe and Reid, Ind. Eng. Chem., Anal. Ed., 13, 238 (1941).
(31) M acFadyen, J . Biol. Chem., 158, 107 (1945).
(32) Van Slyke, ibid., 8, 425 (1929).
(33) Harding and MacLean, ibid., 24, 503 (1916).
(34) Anson, J . Gen. Physiol., 25, 355 (1941-42).
(35) Brand and Kassell, J . Biol. Chem., 145, 359 (1942).
(36) Mease, J . Research Natl. Bur. Standards, 13, 617 (1934); 

cf. also 24.
(37) Fraenkel-Conrat and Cooper, J . Biol. Chem., 154, 239 

(1944).
(38) Olcott and Fraenkel-Conrat,\Chem. Rev., 41, 151 (1947).

Isolation of Amino Acid-Formaldehyde-Acetamide 
Condensation Products—N-(N-Acetamido-methylene) -al­
anine.—To 8.9 g. (0.1 mole) of alanine and 5.9 g. (0.1 
mole) of acetamide dissolved in water, was added 30 ml. 
of commercial 40% formalin and water to 100 ml. After 
three days of standing at room temperature, 93 ml. of 
the solution was cooled and poured into a five-fold amount 
of chilled acetone. The precipitate was washed with 
acetone and dried in vacuo (9.4 g.) (59% yield). Re­
crystallization was effected by dissolving 1 g. in 13 ml. 
of ice water, and then adding 20 ml. of chilled ethanol. 
The compound decomposes above 180°.

Anal. Calcd. for C6H120 3N2: C, 45.0; H, 7.50; N, 
17.5; HCHO, 18.7. Found: C, 44.9; H, 7.56; N, 
17.5; HCHO, 18.4.

N-(N-Acetamidomethylene)-proline.—1.15 g. of pro­
line and 0.59 g. of acetamide were dissolved in 2 ml. of 
40% formalin. After two days at room temperature 
the reaction product was precipitated with acetone and 
repeatedly redissolved in a little water and reprecipitated 
with acetone. Crystallization occurred both in the 
oily, insoluble fraction and in the mother liquor; 700 mg. 
was isolated (38%). Partial decomposition of the prod­
uct during recrystallization from cold water-acetone 
mixtures may account for the low recoveries (15% or 
less). But the unrecrystallized material appeared to 
be quite pure; m .p . 135-138° (dec.).

Anal. Calcd. for C8H1403N2: C, 51.6; H, 7.43; N, 
15.1; HCHO, 15.4. Found: C, 51.5; H, 7.55; N, 15.1; 
HCHO, 15.4.

Stability of Condensation, Products.—The crystalline 
condensation products of alanine or proline with formalde­
hyde and acetamide were found to be comparatively 
stable in the presence of dimedon at pH 4.6. This made 
it possible to use the dimedon technique to determine the 
extent of hydrolysis that occurred in aqueous solutions of 
varying pH. The alanine derivative was also stable 
under the conditions used for Van Slyke manometric 
amino nitrogen analyses, so that the liberation of amino 
nitrogen could be used as an additional measure of the 
extent of hydrolysis. The data obtained by these methods 
are listed in Table X . It is evident that the stability 
optimum of the alanine derivative is more alkaline than 
that of the proline derivative.

T a b l e  X

a b il it y  o f  R e a c t io n  P r o d u c t s  in  A q u e o u s  M e d ia

Condi­

E xtent of 
hydrolysis® of 

acetamide- 
formaldehyde 
condensation 

product of
Pro-

Medium, buffer tions Temp., Time, Alanine, line,
and /o r solutes pH °C. days % %

0.2% Dimedon, 4.6 23 1 9 5
acetate 4.6 40 3 96 98

0.1 M  Citric acid 2.0 23 1 36 18
0.5 M  Acetic acid 3.4 23 1 28 (25) 14
Water 4.2 23 1 25 (16) 8
Phosphate 7.6 23 1 10 (14) 25
Borate 9.1 23 1 10(10) ..
Phosphate
2.5 M  Sodium nitrite

11.7 23 1 15 (8) 35

in 2 M  acetic acid 
(manometric Van
Slyke) 23 3 min. 6

10% Pyridine (color-
imetric ninhydrin) 100 30 min. 97
° Figures in parentheses are based on Van Slyke mano­

metric amino nitrogen analyses; all other figures are derived 
from dimedon analyses for liberated formaldehyde.
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The finding that formaldehyde and amino nitrogen 
are liberated to a similar extent indicates that under the 
conditions used hydrolysis occurs first between the amide 
and methylene group—a true reversal of the two-stage 
reaction mechanism (Reaction IV, followed by III). 
A primary breaking of the amino-methylene linkage would 
yield methylol acetamide which would not liberate much 
formaldehyde at room temperature and pH 3.4. (N-
Methylol-acetamide was hydrolyzed to only 2.4% in 
twenty-four hours under such conditions.)

Failure to Achieve Condensation of Amido-methylol 
with Amino Groups.—In the hypothetical reaction
R—CONH—CH2OH +  R'—NH2— >

R—CONH— CH2—NH—R' +  H20
there would be no fixation of formaldehyde, but measurable 
loss in amino nitrogen. In one experiment, the amido- 
methylol compound was formed by adding 0.1 ml. of 
0.1 N  sodium hydroxide to a solution of 0.5 mM. of acet­
amide in 1 ml. of 8% formaldehyde (2.5 m M .). After one 
hour at room temperature, the solution was neutralized 
with 0.1 ml. of 0.1 N  hydrochloric acid, buffered at ap­
proximately pH 3.4 with 0.2 ml. of S' N  acetic acid, and 
then to it was added 0.5 mM. of alanine. After three 
days of standing at room temperature, the mixture was 
diluted and analyzed. The reaction of the amide with 
formaldehyde approached completion (0.47 mM.), as ex­
pected,11 but there was no loss in amino nitrogen, i. e., 
no cross-linking had occurred with the alanine.

In another experiment N-methylolacetamide was iso­
lated prior to the treatment with alanine11; 0.48 mM. of 
the oily preparation was mixed with 0.5 inM. of alanine 
and 1.25 ml. of 0.6 M  acetic acid. A similar sample 
was made up to contain also 0.5 mM. of free formaldehyde. 
Neither sample, after a three day reaction period and 
dilution, showed a loss in amino nitrogen. Thus no cross- 
linking occurred between amido-methylol and amino 
or amino-methylol groups.

Changes in Optical Rotation of Amino Acid-Formalde­
hyde Solutions with and without Added Acetamide at
pH 3-4. A.—L-Proline (2% solution) in 0.72 M  acetic 
acid, [a ]« D  -8 3 ° .

Upon addition of 3 ml. of 40% formaldehyde to 12 ml. 
of this solution, the pH dropped from 3.0 to 2.9 in one 
hour, then remained constant. [ a ] 25D after ten minutes, 
two and one-half hours and twenty hours, was —92, 
—94 and -9 4 ° , respectively.

Addition of 3 ml. of 40% formaldehyde to 12 ml. of 2% 
L-proline solution (as above) containing also 1.04% 
acetamide (one equivalent) caused the rotation to rise 
to —91.5° after five to one hundred and twenty minutes, 
but to drop within 19, 43 and 67 hours to —85, —80.5 
and -7 8 ° .

B. —L-Leucine (2% solution in 0.72 M  acetic acid), 
[a ] 25d - 6 .2 .

After addition of 3 ml. of 40% formaldehyde to 17 ml. 
of amino acid solution, [<x]25d was —4.2, —3.5 and —3.0°, 
after ten minutes, three hours and twenty-one hours, 
respectively.

C. —L-Cystine (1% solution in 0.36 N  hydrochloric 
acid containing 1% glycine, pH 0.85), [a]25D —230°.

After addition of 3 ml. of 40% formaldehyde to 12 ml. 
of above solution, [o5]25d —212 to —214° after five to 
one hundred and eighty minutes.

Addition of amounts of acetamide to the f ormaldehyde- 
containing solution, equivalent to the sum of the amino 
acids present, caused a change of rotation within one hour 
to [ a ] 25D —180°, and after three, sixteen and forty 
hours to —182, —190 and —194°, respectively.

Attempts to Demonstrate Condensation between Ala­
nine, Formaldehyde, and Acetamide in Strongly Acid and 
Alkali Solution.—The change in rotation noted in the 
case of the L-cystine-formaldehyde reaction mixture of 
pH 0.85 when acetamide was added suggested that inter­
action of the amino-methylol and amide had occurred. 
It was attempted to establish this more firmly in a simpler 
system by ush*g Van Slyke amino-nitrogen analyses on

alanine-acetamide-formaldehyde reaction mixtures of 
similar pH. Parallel experiments were also performed in 
alkaline solution (pH 11).

At both pH  levels, acetamide alone binds formaldehyde 
readily, so that the aldehyde analyses could not be used 
as evidence for cross-linking. Amino-nitrogen analyses, 
performed after dilution and neutralization, gave high 
and erratic results until the free and dimedon-reversibly 
bound formaldehyde was removed from the solution (by 
means of dimedon). The presence of ammonia, formed 
through incipient hydrolysis of the acetamide, detracted 
from the quantitative significance of the data.

One typical experiment is shown in Table III. It ap­
peared that there is little, if any, cross-linking in acid solu­
tion in twenty-four hours, and little cross-linking at pH  
11. The (irreversible) fixation of formaldehyde and loss 
of amino nitrogen of alanine alone under the latter condi­
tions interferes with quantitative interpretation of the 
amino-nitrogen data on the alanine-acetamide reaction 
mixture.

Search for Methylene-Condensation Reactions Involving 
Thiols and Guanidines.—When thioglycol reacted with 
formaldehyde over the range of pH  4.3-7.6 with or without 
added alanine or acetamide, no more formaldehyde was 
bound than could be accounted for by the added nitrog­
enous compound, and no loss in chromogenic activity 
of the thiol occurred (Table X I). This is regarded as 
evidence that no R-S-CH2-NH -R bonds were formed 
unless these were so labile as to be hydrolyzed during 
dilution and analysis (cf. footnote 13).

T a b l e  XI
F ix a t io n  o f  F o r m a l d e h y d e  i n  R e a c t io n  M ix t u r e s  
C o n t a in in g  A l a n in e  o r  A c e t a m id e  w it h  T h io g l y c o l  o r  

M e t h y l g u a n id in e

Final Time,

Form al­
dehyde
bound,
equiva­

%
Thiol
disap­

R eactants pH days lents® peared
Alanine ( l)5 +  thioglycol (1) 7.6 4 0.18 0
Alanine (1) +  thioglycol (1) 4.6 3 .09 0
Alanine (1) +  thioglycol (1) 1.4 3 .47 97
Alanine (1) 7.6 1 .22 . .
Alanine (2) 4.3 4 .10
Alanine (1) 1.4 1 .00
Thioglycol (2) 7.6 4 .00 0
Thioglycol (2) 4.3 4 .00
Thioglycol (2) 1.4 3 .50 99
Acetamide (1) +  thioglycol 7.6 4 .18

(1) 4.3 4 .08
Acetamide (2) 4.3 4 .22
Alanine (1) -f- methyl­

guanidine (1) 4.3 4 1.34
Methylguanidine (2) 4.3 4 1.26
Methylguanidine (1) 4.3 4 0.65
Acetamide (1) +  methyl­

guanidine (1) 4.3 4 0.75
Alanine (0.5) -f- methyl­

guanidine (0.5) 4.7 4 1.34
Methylguanidine (0.5) 4 .7 4 0.46
Alanine (0.5) 4 .8 4 0.10

a In terms of alanine if present; otherwise in terms of 
the potential reactant present. 6 Figures in parentheses 
indicate millimoles used (in 2.5 ml. of reaction mixture 
containing usually 4-5 millimoles of formaldehyde).

At pH  1.5, the disappearance of One-half equivalent 
of formaldehyde for one of thioglycol suggests that it 
was transformed quantitatively to the methylene bis- 
(ethanol) thioether, (CH2OH-(CH)2-S-CH2-S-(C H 2)2-  
CH2OH), both in the presence and the absence of alanine
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(Table X I ) ; the compound was not isolated. Armstrong 
and du Vigneaud39 have recently described a method of 
synthesis of djenkolic acid from cysteine in strong hydro­
chloric acid, which represents an analogous reaction*

Methylguanidine sulfate binds formaldehyde by itself 
in solutions above pH 7 and below” pH  5. However, 
much more formaldehyde is bound at pH 4.7 and 4.3 
in the presence of alanine than in the presence of acet­
amide or in solutions of methylguanidine sulfate alone, 
which is regarded as evidence for cross-linking between 
guanidine and amino groups (Table X I ) . The formation 
of such cross-links was further indicated by the fixation, 
in the presence of formaldehyde, of methylguanidine 
residues by proteins or model substances rich in amino 
groups (Table IX ).

Little, if any, cross-linking between guanidine and 
amide groups appears to occur in the experiments listed 
in Tables VII, V III, and X I. This is borne out by a pre­
parative experiment with methylguanidine sulfate. A 
mixture of 5 millimole each of this compound and acet­
amide in 2 ml. of 40% formalin was held at room tempera­
ture for three days and at 53° for three hours, then 
isolated and washed by repeated acetone precipitation. 
The final product contained 92% of the methylguanidine 
nitrogen and only approximately 0.1% amide of total N.

Polymerization of Glycine Amide with Formaldehyde.29 
—To 110.5 mg. of glycine amide hydrochloride (1 mM.), 
dissolved in 1 ml. of 3 M  sodium acetate, was added 0.6 
ml. of 7.5% formaldehyde (1.5 m M .). The reaction 
mixture solidified to a white gel within twenty-four hours. 
After two days of standing, the product was isolated by 
repeated cycles of trituration with water and centrifuga­
tion. The last washing was free from formaldehyde. 
The supernatant and washings were pooled; the insoluble 
polymer was dried (over sodium hydroxide flakes) from 
the frozen state.

The pooled solution (50 ml.) was at pH  4.8. It con­
tained 0.435 mM. of glycine amide (by nitrogen analysis), 
and 0.525 mM. free formaldehyde (dimedon). The total 
formaldehyde in the solution represented 0.885 mM. 
From these results it may be calculated that the insoluble 
polymer contained 0.565 mM. glycine amide and 0.615 
mM. of formaldehyde, i. e.7 1.09 equivalents of formalde­
hyde per glycine amide unit. Very similar results were 
obtained in two further experiments in one of which 2.0 
equivalents of formaldehyde were used. In all experi­
ments, the nitrogen recovery in the two fractions was only 
96-97% (formaldehyde recovery 99-100%), and the 
reproducibility of Kjeldahl analyses on the polymer was 
poor. Dumas analyses gave a lower value (25.1%). 
C and H analyses performed on a preparation that had 
been dried at 100 ° in high vacuum and then permitted to 
equilibrate with laboratory air, were difficult to interpret 
because of the probable absorption of carbon dioxide by 
the basic polymer (C, 38.3; H, 6.86; N (Kjeldahl),
25.3-26.6; HCHO, 31.7; weight loss and regain, 12.1%). 
The dried polymer contained no acetate. It was insoluble 
in all solvents tried, including saturated lithium iodide, 
and 1,3-dichloropropanol, solvents for silk fibroin, and 
nylon, respectively.

Use of Cyclic Trimers (—NR—CH2—)3 in Condensation 
Reaction.—Cyclic trimers were prepared from formalde­
hyde and both methylamine and «-butylamine. When 
these compounds were held at pH  4 or 5 in the presence of

(39) Armstrong and du Vigneaud, J. Biol. Chem., 168, 373 (1947).

acetamide, much formaldehyde was bound stably (to 
dimedon at pH  4.6), while in the absence of acetamide 
almost the entire formaldehyde was liberated and could 
be precipitated with dimedon (Table IV). When the 
trimer was held at pH  8.3, no interaction occurred with 
acetamide, and all formaldehyde could be precipitated 
with dimedon after dilution and one day of exposure to 
pH 4.6 acetate (cf. footnote 14).

Acknowledgments.—The authors are indebted 
to E. D. Ducay for untiring technical assistance. 
Carbon and hydrogen analyses were performed 
by L. M. White and G. E. Secor; Dumas- 
nitrogen, by G. Rose; arginine (guanidyl group) 
analyses, by J. W. Pence.

Summary
Simple primary and secondary amines react 

with formaldehyde and primary amides over the 
range of pH 3-8 within twenty-four to forty-eight 
hours a t room temperature to give condensation 
products of the general structure: R—NR'—• 
CH2—NH—CO—R". Representative com­
pounds of this type have been isolated in pure 
form.

Evidence is presented that the primary reaction 
is the formation of methylol-amines, not methylol-
amides.

N-Alkyl amides, including peptides (RNH— 
CO-—R'), do not react in similar systems.

Simple amines also condense with formaldehyde 
and guanidines at pH  4-5, but amides and guani­
dines do not react under the same conditions.

Through methylene condensation reactions of 
these types, formaldehyde permits the introduc­
tion of simple amides or guanidines into proteins 
or macromolecular model substances rich in amino 
groups, and also permits the introduction of pri­
mary amines into proteins or model substances 
that are rich in amide groups.

Under suitable conditions, small amounts of am­
monia or primary amines cause gelation of acid 
formaldehyde reaction mixtures of gliadin, zein, 
or potyglutamine, probably by introducing cross­
links /—CH2—N—CH2—\  between the numerous

. ( i  )
amide groups of these substances.

While not unequivocally demonstrated, it ap­
pears very probable that these cross-linking re­
actions between amino and primary amide or 
guanidyl groups contribute greatly to the tanning 
or hardening action of formaldehyde at room tem­
perature and over the range of pH 2-9, on proteins 
of average composition.
Albany, Calif. R eceived September 24, 1947
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In a recent paper from this Laboratory^ it was 
demonstrated that i-cholesteryl methyl ether re­
acted with pyridine and ^-toluenesulfonic acid to 
give cholesterylpyridinium tosylate (I) and with 
thiourea and ^-toluenesulfonic acid in alcoholic 
solution to give cholesterylisothiuronium tosylate 
(II). This type of reaction has now been applied

- s o 3c 6h 4c h 3
I

- S 0 3C6H 4CH3
II III

to two other molecules having the i-steroid struc­
ture.

The A6-i-cholestadiene (III) described by 
Riegel2 when it reacted with thiourea and p - t o h i -

stance obtained from similar treatment of i-chole- 
steryl methyl ether.lb Compound III, unlike 
^-cholesteryl methyl ether,lb would not react with 
pyridine and ^-toluenesulfonic acid to give I.

i-Cholesten-6-one (IV) reacted with thiourea 
and ^-toluenesulfonic acid in alcoholic solution to 
give 6-ketocholestanylisothiuronium tosylate (V) 
and with pyridine and ^-toluenesulfonic acid to 
give 6-ketocholestanylpyridinium tosylate (VI).3 
These reactions may be formulated as shown.

When ^-cholesteryl ethers react with reagents 
such as the halogen acids, or acetic acid containing 
a trace of sulfuric acid,4 or with various alcohols in 
the presence of acids,5 the products are invariably
3-jÖ-substituted derivatives.6 I t  was shown by 
Riegel2 that in acidic media nucleophilic reagents 
reacted with A6-f-cholestadiene at position 3 to 
give derivatives with the /^-configuration. In 
view of these observations the cholesteryliso­
thiuronium tosylate (II) described in this paper 
and in ref. 1 should be a 3-/ft-substituted com­
pound. By a similar argument the cholesteryl­
pyridinium tosylate I (described in ref. 1) should 
be a 3-^-substituted compound.

Wallis and co-workers9 reported that i-chole- 
sten-6-one (IV) reacted with dilute sulfuric acid 
to give 3-jé-hydroxy-ö-ketocholestane and with 
hydrochloric acid or hydrobromic acid to give a
3-«-halo-6-ketocholestane. Now the corrected 
configurations of the 3-substituted cholestyl and
___c8Hi7 cholesteryl halides6 can be directly
N related to the 3-halo-derivatives of

NH2C(S)NH2
h s o 3c 6h 4c h 3

-C 8Hi7 , CH4N 2Si H

- so 3c6h 4c h 3
o

o

IV C5H 5N
h s o 3c 6h 4c h 3 C5H 5N /

c h 3c8h 4so 3-
enesulfonic acid in alcoholic solution gave com­
pound II, identical with the corresponding sub-

(la) Presented before the Organic Division of the American 
Chemical Society, Chicago meeting, April, 1948.

(lb) King, Dodson and Subluskey, T h is  J o u r n a l , 70,1176 (1948).
(2) Riegel, Hager and Zenitz, ibid., 68, 2562 (1946).

(3) Isolated only as the iodide.
(4) Benyon, Heilbron and Spring, J . Chem. Soc., 

907 (1936); 406 (1937); Wallis, Fernholz and Gep- 
hart, T h is  J o u r n a l , 59, 137 (1937).

(5) The acid catalyzed conversion of i-cholesteryl 
methyl ether to the normal cholesteryl ether, isopro­
pyl or /-butyl ether, according to the nature of the

V alcohol used as solvent, was reported by E. W.
Meyer, Ph.D . Thesis, Northwestern University, 
1943, p. 55 and pp. 96-101. A similar reaction 
wherein t-cholesteryl methyl ether is converted to  

C 8H i7 normal ethers was recently reported by M cKennis, 
ibid., 69, 2565 (1947); J . Biol. Chem., 172, 313 
(1948). See also Hey and Hook, British P aten t 
591,955 [C. A ., 42, 1028 (1948)].

(6) Previous to 1937 an incorrect formulation for 
the configuration of the 3-halogen substituted ste r­
oids existed. This inconsistency was apparent in 
the papers of M arker and co-workers, T h is  J o u r n a l , 
69, 619 (1937), and was corrected by Bergman, Helv. 
Chim. Acta 20, 600 (1937). Recent papers by  
Shoppee7 and by Dodson and Riegel8 have re­

viewed the corrected formulation of cholesteryl and cholestyl hal­
ides in detail.

(7) Shoppee, / .  Chem. Soc., 1138, 1147 (1946).
(8) Dodson and Riegel, J . Org. Chem., 3, 424 (1948).
(9) Ford, C hakravorty and Wallis, T h is  J ournal, 60, 413 (1938); 

Ladenburg, Chakravorty and Wallis, ibid., 61, 3483 (1938); Heil­
bron, Hodges and Spring, J . Chem. Soc., 759 (1938).
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6-ketocholestane. In view of this the compounds 
formulated as 3-a-halo-6-ketocholestanes by 
Wallis and co-workers and by Heilbron and co­
workers,9 should be 3-/3-halo-6-ketocholestanes.10 
Since all these known reactions of i-cholesten-
6-one with nucleophilic groups of the type HX 
result in 3-substitution with ^-configuration, it 
seems likely that compounds V and VI described in 
this paper are 3--/3-substituted-6-ketocholestanes.

In the formation of compounds I, II, V and VI, 
it seems evident that a proton is first added to the 
^-steroid with formation of an intermediate such 
as VII, VIII or IX. The intermediate so formed 
then is attacked at the 3-position by the nucleo­
philic group. Thus i-cholesteryl methyl ether 
could form VII, compound III could form VIII, 
and compound IV could form IX. VII could then 
react with the appropriate reagents to give I or 
II, VIII could form II, and IX could react with the 
appropriate reagents to form V or VI.

Our failure to obtain I from III is due to the 
limited availability of protons in pyridine solution 
so that VIII is not formed under these conditions.

+
IX

In each of the reactions reported in this paper 
and in ref. 1 a change in the ionic nature of the 
solution takes place as the reaction proceeds. 
Hence it is possible to make a kinetic study of these 
reactions by electrical conductivity methods. 
Such a study is in progress in this Laboratory.

Experimental11
A6-i-Cholestadiene.—This substance was prepared ac­
(10) In  the paper by Dodson and Riegel8 the corrected configura­

tion of this class of compounds is considered in detail.
(11) All rotations were determined with 100-105 mg. of sample in

3.0 cc. of solvent using a  1-dm. tube of 2.5 cc. capacity. All melting 
points were observed on a Fisher—Johns melting point block.

cording to the directions of Riegel, Hager and Zenitz.2 
The use of chromatography on alumina was absolutely 
necessary to accomplish purification; m. p. 72.5-73°, 
[<x] 22d  —45.8° in chloroform.

+Cholestene-6-one.—This substance was prepared 
according to the direction of Windaus and Dalmer12: 
m .p . 95-97°, [ar]22D 47.9° in chloroform.

Cholesterylisothiurönium Tosylate (II).—A solution 
consisting of 0.50 g. of Aö-Z-cholestadiene ( i l l ) ,  0.50 g. 
of />-toluenesulfonic acid monohydrate and 1.0 g. of thio­
urea in 20 cc. of methanol was refluxed for five hours. 
The methanol was partially removed and the product 
isolated as described in a previous paper1; yield Ó.74 g. 
(88%), m. p. 234-235°, [a]22D —27.4° in pyridine.

Attempted Preparation of Cholesterylpyridinium Tosyl­
ate (I) from A6-Z-Cholestadiene (III).—A solution con­
sisting of 0.50 g. of III, 0.50 g. of ^-toluenesulfonic acid 
monohydrate and 3.0 cc. of pyridine was refluxed for five 
hours. No product corresponding to I was obtained, but 
III was recovered unchanged. A twenty-hour heating 
period gave similar results.

6-Ketocholestanylisothiuronium Tosylate (V).—A solu­
tion consisting of 1.0 g. of +cholesten-6-one (IV), 2 g. of 
thiourea and 1.0 g. of ^-toluenesulfonic acid mono­
hydrate in 20 cc. of methanol was refluxed for two hours 
and then allowed to stand overnight. The methanol 
was then removed by evaporation and the product thor­
oughly washed with water. The compound was crystal­
lized from absolute alcohol; yield 1.5 g. (90%), m. p. 
204-206°, [ a ] 21D —18.8° in chloroform.

Anal. Calcd. for C35H56N2S2O4: C, 66.41; H, 8.91; 
N, 4.43. Found; C, 66.07; H, 8.47; N, 4.10.

This substance is insoluble in water and soluble in 
alcohol. It forms a very stable gel in water-alcohol 
solution.

6-Ketocholestanylpyridinium Iodide (VI).—A solution 
of 0.5 g. of i-cholesten-6-one, and 0.5 g. of ^-toluenesul- 
fonic acid in 3 cc. of pyridine was refluxed for twelve 
hours, then heated on the steam-bath for twenty-four 
hours, cooled and diluted with ether. The solid material 
which separated was taken up in absolute alcohol and 
hydroiodic acid was added. The crystalline solid which 
separated weighed 0.58 g. (75%) and melted at 285- 
295°. After crystallization from alcohol the melting 
point was 293-296 0; [a] 21d 5 .50 in chloroform.

Anal. Calcd. for C32H50ONI: C, 64.93; H, 8.51; N, 
2.36. Found: C, 64.46; H, 8.43; N, 2.75.

Summary
Cholesterylisothiuronium tosylate was prepared 

from A6-i-cholestadiene. Cholesterylpyridinium 
tosylate could not be prepared from this substance.

i-Cholesten-6-one reacted with thiourea and p- 
toluenesulfonic acid to give 6-ketocholestanyliso- 
thiuronium tosylate, and with pyridine and p- 
toluenesulfonic acid to give 6-ketocholestanylpyri­
dinium tosylate.

A consideration of the reactions and steric rela­
tions involved indicates these compounds are all
3-^-substituted cholesteryl or cholestyl deriva­
tives.
E v a n s t o n , I l l in o is  R e c e iv e d  F e b r u a r y  20, 1948

(12) Windaus and Dalmer, Ber., 52, 162 (1919),
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Vitamin E. XLVI.* 1 Conversion of 4,6,7-Trimethylcoumaran-3-one into Some 
Homologs of 2-Isopropyl-4,6,7-trimethyl-5-hydroxyccmmar an

B y  L e e  Ir v in  S mith and G erald  A. B o  yac k2

2-(2'-Alkyl)-4,6,7-trimethyl-5-liydroxycouma- 
rans, I, are of interest because these substances 
are isomeric with, and closely related to, the 2,2- 
dialkyl-5,7,8-trimethyl-6-hydroxychromans, the 
structural type of the tocopherols, for example, a- 
tocopherol, II.

CH3 rR

« ■ c Q ' j - c h < e  ■

CH3
Ia, R = CH3
b, R = #-C5Hh
c, R = C16H31 (4,8,12-trimethyltridecyl)
CHS /C H s CHs

H s C f^ V 0 ^ H s C / V 0 ^
XR

H(V v V -  u
CHs CHs

II (R as in Ic) III

In an earlier paper3 a method for the synthesis 
of 2-isopropyl-4,6,7-trimethyl-5-hydroxycoumaran 
(Ia) was described in which the last step involved 
introduction of the hydroxyl group by replace­
ment of a bromine atom at position 5. Since the 
steps in this synthesis involved rather accessible 
intermediates and simple reactions, it was of inter­
est to investigate the generality of the method for 
synthesis of higher homologs of I, with a view of 
ultimately synthesizing the ooumaran Ic isomeric 
with a'-tocopherol II. The model experiments 
were successful, and led to the synthesis of lb but 
when applied to the synthesis of Ic, the synthesis 
failed because the last step was unsuccessful.

Methyl n-amyl ketone was condensed with
4,6,7-trimethylcoumaran-3-one, III, to give 2- 
(2'-heptylidene) -4,6,7-trimethylcoumaran-3-one, 
IVb, which was catalytically reduced in the pres­
ence of Raney nickel to 2~ (2 '-heptyl) -4,6,7-tri- 
methylcoumaran Vb. The coumaran Vb was

CH3
IV (a, b, and c, R as in I)

CHS
H3c / V <X'-

/C H S
-CH<

\R

a, b, and c, R as in I 
V, R' = H 

VI, R' = Br 
VII, R' = MgBr

VIII, R ' =  OMgBr
(1) XLV, T h is  J o u r n a l , 66, 1526 (1944).
(2) Abstracted from a thesis by Gerald A. Boyack presented to the 

Graduate Faculty  of the University of Minnesota, in partial fulfil­
ment of the requirements for the Ph.D . degree, September, 1947.

(3) Smith, King, Guss and Nichols, T h is  J o u r n a l , 65, 1594
(1943).

converted to the bromo compound VIb by bromi­
nation, and the bromo compound was converted 
into the Grignard reagent VHb, which was oxi­
dized to the bromomagnesium phenolate VHIb. 
The salt, when hydrolyzed, gave the coumaran, 
lb. Although the synthesis was successful, serious 
difficulties were encountered. Thus, neither Vb 
nor VIb could be obtained in pure form. Hydro­
genation of IVb under a variety of conditions did 
not lead to a product from which pure Vb could be 
isolated. The crude bromo compound VIb, pre­
pared from impure Vb, contained approximately 
4% of halogen which was precipitated by action of 
alcoholic silver nitrate, and which was not re­
moved by action of activated alumina or of hy­
drogen in the presence of a palladium catalyst.

This route to the coumaran lb  having proved 
successful, attention was turned to the synthesis 
of Ic. The coumaranone III condensed with 
6,10,14-trimethylpentadecanone-2 in the pres­
ence of zinc chloride to produce IVc. Catalytic 
reduction of IVc failed to yield a product from 
which pure Vc could be isolated. However bromi­
nation of the impure Vc gave a product which 
when chromatographed on alumina, yielded pure 
Vic. When the bromo compound Vic was sub­
jected successively to the action of magnesium and 
oxygen, the product was a red oil from which no Ic 
could be isolated.

The ultraviolet absorption spectra of several of 
these compounds are given in Figs. 1, 2 and 3. 
The spectra of the coumaran-3-ones IVa, b and c 
(Fig. 1) are very similar; likewise the spectra of 
the bromocoumarans Via and c (Fig. 2) are very 
similar. The spectra of the hy droxy coumarans Ia 
and b are very similar to that of 2,4,6,7-tetrameth- 
y 1-5-hydroxy coumaran .4

Experimental Part5
2,3,5 -Trimethylphenoxyacetic Acid.—The following 

modification of the procedure previously reported3 was 
found to give higher yields and more uniform results. 
A mixture of 2,3,5-trimethylphenol (68 g.), potassium 
carbonate (69 g.), ethyl bromoacetate (92 g.), and ace­
tone (150 cc.) was refluxed for seventy-two hours—a 
necessary period of time if good yields are to be obtained. 
Water (200 cc.) was added, acetone was removed by dis­
tillation, and the oily suspension was extracted with ether. 
The solvent was removed and the oily residue was mixed 
with a solution of sodium (10 g.) in ethanol (200 cc., 95% 
—not dry ethanol, as specified in the earlier report). 
When the vigorous reaction subsided, more ethanol 
(300 cc., 95%) was added, the mixture was heated for 
five minutes, and the solid was removed. Hydrochloric 
acid was added slowly to a stirred suspension of the solid

(4) Webb, Smith, Bastedo, Ungnade, Prichard, Hoehn, Wawzonek, 
Opie and Austin, J . Org. Chem., 4, 389 (1939).

(5) Microanalyses by R. Amidon, Mrs. R. A. Barnes, J. Kerns, 
P. Morgan and S. Sundet.
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Fig. 1.-—Absorption spectra: O, 2-(6',10',14'-trimethyl- 
2'-pentadecylidene)-4,6,7-trimethylcoumaran-3-one: 3 ,
2-(2/-heptyl)-4,6,7-trimethylcoumaran-3-one: ®, 2-iso-
pr opyl-4,6,7-tr imethylcoumar an-3 -one: solvent, 95%
ethanol.3

in warm water, and then the suspension was cooled and 
the solid (m. p. 129-131°) was removed and crystallized 
from benzene, when it melted at 130° and weighed 75 g. 
The alcoholic mother liquors were refluxed for ten hours, 
alcohol was removed by distillation, and water was added. 
The cooled solution was extracted with ether (extract 
discarded) and acidified with hydrochloric acid. The 
solid was removed and crystallized from benzene, when 
it melted at 127° and weighed 9.3 g. The total yield, 
84.3 g., represents 86%.

4,6,7-Trimethylcoumaran-3-one, III.—The above phen­
oxyacetic acid (20 g.) was added, with shaking, to sulfuric 
acid at 90°. The cherry-red solution was heated for ten 
minutes at 90° and then poured into water (7000 cc.). 
The solid was removed, washed well with water, and the 
moist material was recrystallized from methanol, when it 
weighed 13.4 g. (76%) and melted at 89-91°. This pro­
cedure is superior to that previously reported,3 although 
it must be followed exactly, otherwise the results are er­
ratic and frequently the sole product will be an impure 
material of unknown structure, melting at 155-175°.

2-(2 '-Heptylidene) -4,6,7-trimethylcoumaran-3 -one, 
IVb.—A mixture of methyl w-amyl ketone6 (44.1 g.) 
and zinc chloride (100 g., powdered, freshly fused) was 
stirred and heated on a steam-bath while a solution of

(6) Marvel and Johnson, “ Org. Syntheses,” Coll. Vol. I, John 
Wiley and Sons, Inc., New York, N. Y., 1943, p. 351.

Fig. 2.—Absorption spectra: O, 2-(6',10',14'-trimethyl- 
2' - pentadecyl) - 4,6,7 - trimethyl - 5 - bromo - coumaran: 
• ,  2-isopropyl-4,6,7-trimethyl-5-bromocoumaran3; sol­
vent, absolute ethanol.

Fig. 3.—Absorption spectra: O, 2-(2'-heptyl)-4,6,7-
trimethyl-5-hydroxycoumaran; • ,  2-isopropyl-4,6,7-tri- 
methyl-5-hydroxycoumaran3; solvent, 95% ethanol.

I l l  (13.6 g.) in methyl w-amyl ketone (44.1 g.) was 
slowly added (five hours), after which the mixture was 
heated and stirred for twenty-four hours. The mixture 
was poured into ice and water (500 g.) and the emulsion 
was filtered. The layers were separated and the aqueous
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layer was extracted with ether. The combined organic 
solutions were washed with water and dried over sodium 
sulfate, and the solvent was removed. Excess ketone 
was removed by heating the residue at 100° under 25 mm. 
pressure, and the residual material was distilled molecu- 
larly from a pot-still under 0.0001 mm. With the bath 
temperature at 130-160°, a yellow oil (14.8 g., n25d  
1.5576) distilled. Redistilled twice under the same condi­
tions, the oil weighed 9.65 g. (46%), had ri25d 1.5614, 
and gave the U. V. spectrum shown in Fig. 1.

Anal. Calcd. for C18H24O2: C, 79.36; H, 8.88. Found: 
C, 79.61; H, 8.62.

2 -Isobntylidene-4,6,7-trimethylcoumaran-3 -one, melt­
ing at 81.5-82.5° after crystallization three times from 
petroleum ether (b. p. 40-70°), was prepared in the same 
way, substituting butanone-2 for methyl n-amyl ketone.

Anal. Calcd. for Ci5H180 2: C, 78.22; H, 7.88. Found: 
C, 78.43; H, 7.79.

2-(2 '-Heptyl) -4,6,7-trimethylcoumaran Vb.—A solu­
tion of the coumarone IVb (3.6 g.) in dry ethanol (4 cc.) 
was subjected to the action of hydrogen in the presence of 
Raney nickel catalyst at 225° for four hours, under an 
initial hydrogen pressure of 3500 lb. The catalyst and 
the solvent were removed, and the residue was distilled 
molecularly from a pot-still under 0.001 mm. at a bath 
temperature of 75-80°. The pale yellow oil weighed
2.78 g. and had w 25d  1.5045. It was still quite impure, 
but was nevertheless used for the next step.

Anal. Calcd. for Ci8H280 :  C, 83.02; H, 10.84.
Found: C, 79.32; H, 10.19.

No better results were obtained when the reduction 
was carried out (a) as above, but at 250 0 for four and one- 
half hours; (b) as above, but at 200° for four hours and 
an initial hydrogen pressure of 3000 ib.; (c) as above, at 
225° for five hours and an initial pressure of 3600 lb.;
(d) as above, but in the presence of a small amount of 
sodium hydroxide; (e) using copper chromium oxide 
catalyst; (f) by the Clemmensen method. Neither
fractional distillation nor chromatography was effective 
in producing pure Vb from any of these products.

2-(2 '-Heptyl) -4,6,7 -trimethyl -5 -br omocoumar an VIb. 
—The above impure Vb (2.8 g.) was dissolved in chloro­
form (5 cc.) and brominated by slow addition of a solution 
of bromine (1.9 g.) in chloroform (5 cc.). The solution 
remained colorless until nearly all of the bromine had been 
added; there was a copious evolution of hydrogen bro­
mide. The solvent was removed and the residue was dis­
tilled in a pot-still at 120-135° bath temperature and 
under 0.001 mm. The distillate (2.73 g., active Br, 
4.0%) was dissolved in benzene (10 cc., thiophene-free) 
and shaken with hydrogen under 35 lb. in the presence of 
a palladium-barium carbonate catalyst for three and one- 
half hours. After removal of the catalyst and solvent, 
the residue was dissolved in petroleum ether (20 cc.) 
and the solution was passed through a 5 X 0.5-cm. column 
of alumina (Brockman). Additional petroleum ether (20 
cc.) was passed through the column, the solvent was 
removed from the combined solutions and the residue 
was distilled as before. The yellow oil distilled at a bath 
temperature of 100-110°, weighed 1.7 g., had n 25d 1.5334, 
and contained 2.3% of active bromine. It was not 
analyzed, but was used directly in the next step.

2-(2 '-Heptyl) -4,6,7-trimethyl-5-hydroxycoumaran, Ib. 
—The above impure bromo compound (1.68 g.) and cyclo­
hexyl bromide (1.61 g.) were dissolved in ether (10 cc.). 
A portion (2.5 cc.) of a solution of ethyl bromide (1.62 g.) 
in dry ether (10 cc.) was added to magnesium (1.08 g.) 
covered with boiling ether, and as the magnesium dis­
solved, the solution containing VIb, together with more 
(5 cc.) of the solution of ethyl bromide, were added over 
a period of two and one-half hours, with stirring. The 
remainder of the solution of ethyl bromide was then 
slowly added, and the whole was refluxed for two hours. 
The mixture was then cooled to —15° and dry oxygen was 
bubbled through it for two hours. The green solid was 
decomposed by addition of hydrochloric acid, the ether 
layer was removed, washed with water and dried. The

solvent was removed and the residue was molecularly 
distilled from a pot-still under 0.001 mm. At 120° 
(bath) a yellow oil (0.43 g.) distilled; at 150° a waxy 
solid (0.40 g.) sublimed. The solid was dissolved in 
petroleum ether and the solution was cooled to —70°. 
The solid was removed by centrifugation and crystallized 
twice from petroleum ether. It was then dissolved in 
methanol and water was added slowly; the dark oil was 
removed by centrifugation and then addition of more 
water brought about deposition of a solid. This was 
removed and crystallized from petroleum ether, when it 
melted at 72-75°. The Folin-Denis test was strongly 
positive. The U. V. spectrum is shown in Fig. 3.

Anal. Calcd. for C18H280 2: C, 78.21; H, 10.21.
Found: C, 78.39; H, 10.51.

6,10,14-Trimethylpentadecanone-2.—Phytol (24 g.) in 
purified ethyl acetate7 (200 cc.) was ozonized (4% O3 
in 0 2) at —5° and the ozonide was reductively decom­
posed. The ketone (14.4 g., 67%) boiled at 120-122° (1 
mm.) and had n2hd 1.4441.8

2-(6 ',10 ',14 '-Trimethyl-2 '-pentadecylidene) -4,6,7-tri­
methylcoumaran-3-one IVc.—The coumaranone III (1.81 
g .), the above ketone (27.6 g.) and zinc chloride (10 g. 
freshly fused and powdered) were heated on the steam- 
bath for twenty-four hours, with stirring during the first 
hour* The mixture was dissolved in chloroform, the solu­
tion was washed with water, dried over sodium sulfate, 
and the solvent was removed. Excess ketone was removed 
by distillation from a pot-still at 150° (bath temperature) 
under a pressure of 0.1 mm. The recovered ketone 
(19.6 g.) was heated with more III (1.29 g.) and zinc 
chloride (10 g.) and the mixture was processed as before. 
Again the recovered ketone (16.1 g.) was heated with 
III (1.06 g.) and zinc chloride and the mixture was 
similarly processed. The dark oils remaining after re­
moval of excess ketone were combined and distilled and 
redistilled from a pot-still under 0.001 mm. The yellow 
oil distilling at 175-185° (bath temperature) weighed 3.5 
g. (40%) and had n25T> 1.5140. The U. V. spectrum is 
shown in Fig. 1.

Anal. Calcd. for C29H4602: C, 81.63; H, 10.87.
Found: C, 81.33; H, 11.14.

2-(6',10 ',14 '-Trimethyl-2 '-pentadecyl) -4,6,7-trimeth­
ylcoumaran Vc.—The above coumaranone IVc (1 g.) 
in ethanol was subjected to the action of hydrogen for 
four hours in the presence of Raney nickel catalyst at 250 0 
under an initial hydrogen pressure of 3600 lb. The 
catalyst was removed by centrifugation, the solvent was 
removed by distillation, and the residue was distilled from 
a pot-still under 0.001 mm. at a bath temperature of 160- 
190°. The pale yellow oil weighed 0.85 g. and had w25d 
1.5036; analysis showed that it was not pure Vc, though 
it was sufficiently pure for use in the next step.

Anal. Calcd. for C29H50O: C, 83.99; H, 12.15.
Found: C, 81.66; H, 12.41.

The hydrogenation did not always proceed uniformly; 
in an experiment duplicating the one described above, the 
product had n 2bD 1.4886 and also was not pure Vc.

2-(6 ',10 ',14 '-Trimethyl-2 '-pentadecyl) -4,6,7-trimeth- 
yl-5-bromocoumaran Vic.—The above impure coumaran 
(0.72 g.) in carbon tetrachloride (10 cc.) was brominated 
by dropwise addition of a solution of bromine (0.312 g.) 
in carbon tetrachloride (2 cc.). The solution remained 
colorless until about two-thirds of the bromine was 
added, after which it became orange. The solution was 
washed successively with aqueous sodium bicarbonate 
and aqueous sodium bisulfite, dried, and the solvent was 
removed. The residue was distilled from a pot-still 
under 0.001 mm. The yellow oil distilling at 165-210° 
(bath temperature) weighed 0.72 g. It was dissolved in 
petroleum ether (30 cc., b. p. 40-70°) and passed through 
a 20 X 0.5-cm. column filled with alumina (Brockmann). 
Additional petroleum ether (30 cc.) was passed through

(7) Fieser, "Experim ents in Organic Chemistry,” D. C, H eath 
and Co., New York, N. Y., 1941, p. 364.

(8) Smith and Sprung, T h is  J o u r n a l , 65, 1271 (1943).
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the column. The solvent was removed from the combined 
solutions and the residue was distilled under 0.001 mm. 
as before. It weighed 0.42 g., had w25d 1.5059, and gave 
the U. V. spectrum shown in Fig. 2.

Anal. Calcd. for C29H48OBr: C, 70.56; H, 10.00.
Found: C, 70.54; H, 9.83.

The bromocoumaran Vic (0.33 g.) and cyclohexyl 
bromide (0.22 g.) in ether (10 cc.) was stirred with mag­
nesium (0.163 g.) while the magnesium was reacting 
with ethyl bromide (0.21 g.) in ether (10 cc.). The pro­
cedure and processing of the reaction mixture were carried 
out as described above in the preparation of Ib. The 
crude product was distilled from a pot-still at 170-200° 
(bath temperature) under 0.001 m m .;  ̂ the orange dis­
tillate weighed 0.25 g. It gave a positive Folin-Denis 
test, and contained a trace of halogen. A solution of the 
oil in petroleum ether (30 cc.) was passed through a col­
umn of alumina (Brockmann); the column was washed 
with additional petroleum ether and the combined organic 
solutions were evaporated. The residue was distilled as 
before. The distillate (about 0.1 g.) gave an absorption 
spectrum in the U. V. which in no way resembled those of 
Ia and Ib. The column of alumina was eluted with 
ethanol, but very little material was present in the eluate 
and this material, likewise, was not a hydroxycoumaran.

Summary
1. Three ketones—methyl ethyl ketone, 

methyl n-amyl ketone, and “phytol” ketone— 
have been condensed with 4,6,7-trimethylcou- 
maran-3-one (III) to give the 2-alkylidene cou- 
marones.

2. The alkylidene coumarones from the last 
two ketones were reduced to the coumarans, and 
the latter were brominated in the 5-position.

3. The 5-bromocoumaran thus obtained from 
methyl n-amy\ ketone was converted to a Grig­
nard reagent, and the latter was oxidized, produc­
ing the 5-hydroxycoumaran. Conversion of the
5-bromocoumaran derived from phytol ketone 
into the analogous 5-hydroxycoumaran was not 
achieved.

4. Curves are given showing the absorption 
spectra in the ultraviolet of several of the inter­
mediates and final products.
M in n e a p o l is  14, M in n e s o t a  R e c e iv e d  A p r il  2, 1948

[C o n t r ib u t io n  f r o m  t h e  S c h oo l  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  M in n e s o t a ]

Vitamin E. XLVII.1 The Coumaran Isomer of «-Tocopherol
B y  L e e  I r v in  S mith  and  G erald  A. B oyack2

Early in the history of the work upon the struc­
ture and synthesis of «-tocopherol, there was some 
discussion as to whether the vitamin was best rep­
resented as a coumaran, I, or as the isomeric 
chroman, II .3

CH;
H3Ci CH<

/CH3

CH2R

c h 3
I, R =  Ci5H3i — 3,7,11-trimethyldodecyl. II, R =  

Ci5H3i

Although the structure was definitely settled in 
favor of II ,4 a synthesis of the isomeric coumaran 
I would be of some interest, in view of the vitamin 
E activity of many compounds related to II. This 
paper describes a successful synthesis of I and one 
of its homologs X (R = 7Z-C13H27). The coumaran 
I was obtained as a yellow oil and, although it 
showed vitamin E activity, the activity was only 
about 5% of that of «-tocopherol.

(1) Sm ith and Boyack, X LV I, T h is  J o u r n a l , 70, 2687 (1948).
(2) Abstracted from a thesis by Gerald A. Boyack presented to the 

G raduate Faculty of the University of Minnesota, in partial fulfil­
m ent of the requirements for the Ph.D . degree, September, 1947.

(3) (a) Bergel, Todd and Work, J . Chem. Soc., 253 (1938); (b) 
Karrer, Salomon and Fritzsche, Helv. Chim. Acta, 21, 309 (1938);
(c) Karrer, Fritzsche, Ringier and Salomon, ibid., 21, 520 (1938);
(d) Fernholz, T h is  J o u r n a l , 60, 700 (1938); (e) John, Z. physiol. 
Chem., 252, 222 (1938).

(4) (a) John, Dietzel, G ünther and Em te, Naturwiss., 26, 366 
(1938); (b) Karrer, Escher, Fritsche, Keller, Ringier and Salomon, 
Helv. Chim. Acta, 21, 939 (1938); (c) Smith, Ungnade and Prichard, 
Science, 88, 37 (1938); (d) Tishler and Wendler, T h is  Jo urn al , 63, 
1532 (1941); (e) Smith, Ruoff and Wawzonek, J . Org. Chem., 6, 236 
(1941); (f) Smith and King, T h is  J o u r n a l , 65, 441 (1943).

The synthetic route to I involved the sequence 
of compounds III  to VII (R as in formula I ) : the 
coumaron VII was then catalytically reduced to I.

III, RCH2C(CH3)=C H C H 2OH
IV, RCH2CH(CH3)CH2CH2OH
V, RCH2CH(CH3)CH =C H 2
VI, RCH2CH(CH3)R'
Via, R' = COOH 
VIb, R' = COCl 
Vic, R' =  COCH3
VId, R' = COCH2COCH3

c h 3

h*c0 /O|ch<

CHé
VII

CH2R

c h 3

Phytol (III) was catalytically reduced to di- 
hydrophytol (IV) and the latter was converted to 
the stearate. When the crude stearate was pyro- 
lyzed, phytene-1 (V) resulted. Although phy- 
tene-1 had been reported twice previously5 no 
proof that the double bond is terminal has ever 
been given. The phytene-1 prepared in the pres­
ent work had the proper iodine number and its re­
action with perbenzoic acid was very slow—much 
slower than the rate with which oleic acid reacts, 
and slower even than the reaction of undecylene-1, 
indicating in this phytene the absence of a disub­
stituted double bond. Finally, ozonolysis of phy­
tene-1 followed by oxidative decomposition of the 
ozonide, led to apophytoic acid Via. The acid 
was converted into the acid chloride VIb and from 
this the methyl ketone Vic was prepared by action 
of dimethylcadmium.6 A solid derivative of the 
methyl ketone Vic was not obtained; both the

(5) (a) W illstatter and Hocheder, A nn., 354, 255 (1907); (b) 
W illstatter, M ayer and Huni, ibid., 378, 91 (1911); (c) K arrer, 
Helfenstein and Widmer, Helv. Chim. Acta, 11, 1201 (1928).

(6) Cason and Prout, T h is  J o u r n a l , 66, 46 (1944).
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semicarbazone and the 3,5-dinitrophenylhydra- 
zone were liquids.

When the methyl ketone Vic reacted with ethyl 
acetate in the presence of sodamide, the diketone 
VId resulted. This gave a red color with ferric 
chloride, but no solid derivative was obtained; 
although VId formed a copper derivative, this was 
a liquid. Condensation between methyl apophy- 
tate and acetone in the presence of sodamide, 
which likewise would lead to VId, was unsuccess­
ful—the chief product was apophytoic acid.

When a mixture of the diketone VId, trimethyl­
quinone, and sodium ethoxide was allowed to 
stand for a week, the coumaron VII was obtained 
as a dark oil. The coumaron was characterized 
by analysis and by the U.V. absorption spectrum 
(Fig. 1), which exhibited maxima at the same wave 
lengths as shown by the spectrum of 2,4,6,7-tetra- 
methyl-5-hydroxycoumaron.7 The coumaron VII 
was reduced by action of hydrogen at 68° in the 
presence of a palladium catalyst; the product was 
the coumaran I, characterized by analysis, by con­
version to a solid allophanate melting at 176-180° 
(m. p. of the allophanate of «-tocopherol, 158- 
160°)8 and by the U. V. absorption spectrum 
(Fig. 1) which was quite similar to that of the 
simple isopropyl homolog (I, R = H).1 The ab­
sorption spectrum of I was similar to that of «- 
tocopherol.9 Curiously enough, the absorption 
spectrum of the allophanate of I was somewhat 
different from that of «-tocopheryl allophanate10 
but was almost identical with that of /3-tocopheryl 
allophanate.3a The coumaran I was assayed bio­
logically for Vitamin E activity11 and the results 
showed that I possessed about 5% of the activity 
of d/-«-tocopherol. This is somewhat surprising, 
in view of the comparable activity of many com­
pounds much less closely related structurally to 
«-tocopherol than I is, and in view of the fact that 
«-tocopherylamine is about as active as is «-toco­
pherol itself. It thus appears that the size of the 
ring—-5 or 6—-is a critical factor for vitamin E 
activity.

Before the experiments described above were 
undertaken, many model experiments were carried 
out. The route to the coumarans was based upon 
the work of Smith and Kaiser,12 who added the 
enolate of acetylisobutyrylmethane to trimethyl­
quinone and converted the resulting phenylated 
diketone, by action of hydrochloric acid, into a 
mixture of two 2-alkyl-4,6,7-trimethyl-5-hydroxy-

(7) Webb, Smith, Bastedo, Ungnade, Prichard, Hoehn, Waw­
zonek, Opie and Austin, J . Org. Chem.,A, 389 (1939).

(8) Evans, Emerson and Emerson, J . Biol. Chem., 113, 319 (1936).
(9) Ref. 7; also Emerson, Emerson, Mohammed and Evans, J. 

Biol. Chem., 122, 99 (1937).
(10) John, Naturwiss., 26, 449 (1938).
(11) These assays were carried out by Dr. Paul D. Boyer and Mr. 

E. Liebe, of the Division of Agricultural Biochemistry, University of 
Minnesota, to  whom the authors are greatly indebted. The method 
was th a t of K. E. Mason (Biol. Symp., 12, 1947). The minimum fer­
tility  dose (100% “litte r efficiency”) of I was between 15.0 and 17.5 
mg.; in concurrent assays, the minimum fertility dose of dl-a- 
tocopherol was 0.75 mg.

(12) Smith and Kaiser, T h is  J o u r n a l , 62, 133 (1940).

Fig. 1.—Absorption spectra: O, 2-(6', 10',14'-trimethyl - 
2 '-pentadecyl) -4,6,7-trimethyl-5-hydroxy coumaron; • ,
2-tridecyl-4,6,7-trimethyl-5-hydroxycoumaran; solvent,
95% ethanol.
coumarons—the 2-methyl and the 2-isopropyl. 
This situation always arises when the starting di­
ketone is unsymmetrical and the two alkyl groups 
have molecular weights close together; moreover, 
the resulting coumarons are separated only with 
great difficulty. Because of these facts, Smith 
and King4f in their synthesis of 2-isopropyl-4,6,7- 
trimethyl-5-hydroxycoumaran (I, R = H) used 
the symmetrical diisobutyrylmethane as the start­
ing diketone and so obtained only one coumaron. 
However, application of King’s synthesis to the 
preparation of I offered formidable difficulties, 
for preparation of the intermediates necessary for 
conversion to the proper diketone involved many 
steps from the most accessible material, phytol. 
All of these intermediates, as well as the final prod­
uct of the Claisen condensation, are liquids with 
very high boiling points, extremely difficult to 
purify. Consequently, if the approach to the syn­
thesis of I could be made via Kaiser’s method, the
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Fig. 2.—Absorption spectra: O, 2-(6',10',14'-trimethyl- 
2'-pentadecyl) -4,6,7-trim ethyl-5-hy droxy coumaran: 0 ,
2-tridecyl-4,6,7-trimethyi-5-hydroxycoumaran: 3 , 2-
(6',10',14' - trimethyl - 2' - pentadecyl) - 4,6,7 - tri- 
methyl-5-liydroxycoumaran allophanate: solvent, 95%
ethanol.

synthetic problems would be much simplified. 
Since the phenylated diketone VIII is an inter­
mediate, the point of cleavage of this diketone 
during the ring closure determines the nature of 
the alkyl group in the 2-position of the coumaron

c h 3 CH,
H3C [ / \ oH

/CO R
H3c / V 0xj,R (or R0

HoL JcH < h o L J — JJ
c h 3 x COR' CH3
VIII

CH,
IX

H s C y V 0 /  (or R0

H 0v -
c h 3
X

IX. Kutz and Adkins13 have shown that, when 
an acetylacylmethane CH3COCH2COR, is hydro­
lyzed by action of alkali, cleavage on the acetyl 
side of the molecule is promoted by increasing 
length and complexity of the group R. Therefore 
it appeared that if the group R in the diketone 
were large, the synthesis would lead to a mixture 
of coumarons in which the simpler 2-methylcou- 
maron would constitute but a minor proportion. 
If so, separation of the two coumarons should not 
offer much difficulty because the simple 2-methyl- 
coumaron is quite volatile with steam. These ex­
pectations were fully justified; when myristoyl-

(13) K utz and Adkins, T h is J ournal, 52, 4036 (1930).

acetylmethane was added to trimethylquinone 
and the resulting phenylated diketone was con­
verted into coumarons, about three moles of IX, 
R = n-Ci3H27, were formed for every mole of IX, 
R = CH3. The two coumarons were readily sepa­
rated for IX, R = CH3, is quite volatile with 
steam whereas IX, R = n-C13H27, is only slightly 
so. In the synthesis of I, none of the simple 2- 
methylcoumaron was obtained; ring closure led 
entirely to VII (R as in I).

The route to IX, R = W-C13H27, involved the 
same sequence of reactions that was used for syn­
thesis of I. Myristoyl chloride was converted 
into pentadecanone-2 by reaction with dimethyl- 
cadmium.6 In this reaction, a considerable 
amount of dimyristoylmethane was also formed. 
Pentadecanone-2 was converted into heptadecan- 
dione-2,4 by condensation with ethyl acetate in 
the presence of sodamide, in yields slightly better 
than those obtained when metallic sodium was 
used.14 The diketone existed 100% in the enolic 
form, a finding in accord with the results of Wey- 
gand and Baumgartel15 that the amount of enolic 
form at equilibrium in an acetylacylmethane in­
creases with the length of the acyl group. Only 
poor yields of the diketone, accompanied by much 
myristic acid, were obtained when methyl myris­
tate was condensed with acetone in the presence of 
sodium hydride according to the procedure of 
Hansley,16 who stated that the diketone was pro­
duced in good yields. Condensation of the di­
ketone with trimethyl quinone in the presence of 
sodium ethoxide, according to the procedure of 
King,41 offered no difficulty although a consider­
able amount of the diketone was recovered un­
changed. Conversion of the phenylated diketone 
VIII to coumarons was effected by action of boil­
ing dilute sodium hydroxide, although during the 
reaction air had to be carefully excluded. The 
phenylated diketone VIII was unaffected by hot 
hydrochloric acid, in contradistinction to the lower 
homologs, which are converted to coumarons by 
this reagent.12 The coumaron IX (R = #-Ci3H27) 
was reduced to the corresponding coumaron 
(X, R = 7Z--C13H27) by the action of hydrogen in 
the presence of a palladium catalyst.17 Raney 
nickel catalyst under conditions of high tempera­
ture and pressure was without effect upon IX; 
this catalyst has been found effective for reduction 
of the lower homologs of IX .18

The melting points of the coumaran IX (R = 
77-C13H27) and the corresponding coumaran X are 
close together and a mixture of the two com­
pounds does not show a depressed melting point. 
Nor does elementary analysis serve to distinguish 
between them. However, the absorption spectra 
in the ultraviolet are quite different for the two

(14) Morgan and Holmes, J . Chem. Soc., 2891 (1925).
(15) Weygand and Baumgartel, Ber., 62, 574 (1929).
(16) Hansley, U. S. P aten t 2,218,026 (1940).
(17) Bergel, Jacob, Todd and Work, J . Chem. Soc., 1375 (1938).
(18) Ref. 4f; also Smith, Ungnade, Hoehn and Wawzonek, J . 

Org. Chem., 4, 305 (1939).
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compounds; the curves are given in Figs. 1 and 2. 
The curve for this coumaran is very similar to 
those reported for other known 2-alkylcoumarans.7

Experimental Part19
Dihydrophytol IV.—Phytol (III, 200 g.)20 was subjected 

to the action of hydrogen at 175° for one hour in the pres­
ence of Raney nickel catalyst, and under an initial hydro­
gen pressure of 2800 lb. The catalyst was removed and 
the product was distilled. The fraction boiling at 164- 
166° (0.01 mm.) did not decolorize bromine in carbon 
tetrachloride; it weighed 176 g. (85%) and had n2Qd 
1.4520.21

Phytene-1 (V).—Dihydrophytol (166 g.) was heated 
at 125° (bath temperature) with stearoyl chloride (180 
g.) for three hours. The cooled mixture was washed twice 
with double its volume of cold (10 °) methanol. The crude 
liquid ester (329 g., free from chlorine) was pyrolyzed by 
dropping it slowly into a distilling flask immersed in a bath 
at 420°. The solid distillate (318 g.) was heated at 160° 
(bath temperature) under 0.01 mm. until there was no 
further distillate (phytene-1). The residue was washed 
with cold methanol to remove stearic acid, and was then 
distilled from a pot still at 340-380°. The olefin in the 
distillate was removed at 160° under 0.01 mm. as before, 
and the two olefin fractions (130 g.) were combined and 
allowed to stand over sodium for four days, with removal 
of the gelatinous material each day. The material was 
then distilled; the fraction boiling at 120-127° (0.01 mm.) 
weighed 86 g. (55%) and had n25d 1.4430.

Anal. Calcd. for C2oH40: C, 85.63; H, 14.37; iodine 
number, 90.8. Found: C, 85.47; H, 14.09; iodine
number, 91.4.22 In three hours at 25° phytene-1 reacted 
with perbenzoic acid to the extent of 34.5%; under the 
same conditions, undecylene-1 and oleic acid gave the 
respective values of 44% at 100%.23

Apophytoic Acid (Via).—Phytene-1 (V, 28 g.) in petro­
leum ether (200 cc., b. p. 28-38°, washed with sulfuric 
acid and dried over sodium) was ozonized at —50 to — 40° 
by passing through the solution a stream of ozone-oxygen 
(0.4% 0 3)24 until approximately a third of the ozone 
was coming through unabsorbed. The solution was 
added to a stirred suspension of silver oxide (from silver 
nitrate, 46 g. and 1 N  sodium hydroxide, 250 ccO in aque­
ous sodium hydroxide (220 cc., 5%) at 95°. uetroleum 
ether distilled rapidly, and after all this solvent was 
removed, the mixture was stirred and heated on the steam- 
bath for eight hours. Chloroform (100 cc.) was added 
to the cooled and stirred suspension, which was then 
slowly acidified with nitric acid (80 cc .). The chloroform 
layer was removed, washed with water, dried over sodium 
sulfate, and the solvent was removed by distillation. The 
residues (28.3, 28.6 and 27.5 g.) from three such runs 
were combined and distilled from a Clarke flask under 
0.01 mm. A low boiling fraction (6 g., odor of butyric 
acid) and an intermediate fraction (16 g., neutral), were 
followed at 175-185 ° by a fraction of apophytoic acid (51 g., 
57%) having n25d 1.4489.

Anal. Calcd. for Ci9H380 2: C, 76.45; H, 12.83;
neut. equiv., 298. Found: C, 76.57; H, 12.80; neut. 
equiv., 297.

The methyl ester (49.8 g., 98%) prepared from the 
acid (48 g.) by action of diazomethane (from 25 g., nitroso- 
methylurea) in ether (100 cc.) . boiled at 125-133° (0.01 
mm.) and formed a neutral liquid.

(19) Microanalyses by R. Amidon, Jay  S. Buckley and S. Sundet.
(20) The authors are greatly indebted to Dr. R. T. Major, of 

Merck and Co., Inc., for a generous supply of phytol.
(21) (a) K uhn and Sugmoine, Helv. Chim. Acta, 12, 916 (1929), 

report 1.4538; (b) W illstatter, et al., ref. 5b, report 1.45213.
(22) Hickinbottom, “ Reactions of Organic Compounds,” Long­

mans, Green & Co., New York, N. Y., 1936, p. 212.
(23) Determinations by M r. Tom Lee of the Division of Analytical 

Chemistry for which the authors are greatly indebted.
(24) The capacity of the transform er available; presumably higher

concentrations would be equally effective.

Anal. Calcd. for C20H40O2: C, 76.86; H, 12.90.
Found: C, 76.97; H, 12.83.

Apophytoyl Chloride (VIb).—The acid Via (27 g.) 
was refluxed in thionyl chloride (53.5 g.) for one hour. 
Excess thionyl chloride was removed at 120° (bath tem­
perature) under 20 mm., and the residual acid chloride 
was distilled under 0.01 mm. It boiled at 165-170° and 
weighed 23.2 g. (81%).

Anal. Calcd. for C19H37OCI: C, 72.01; H, 11.77; Cl, 
11.2. Found: C, 72.86; H, 12.30; Cl (Volhard), 10.7.

3,7,ll,15-Tetramethylhexadecanone-2 (Vic).—A Grig­
nard reagent was prepared by passing a current of methyl 
bromide into a stirred suspension of magnesium (3.58 
g.) in ether (200 cc.) until the metal dissolved com­
pletely. To this solution, cadmium chloride (14.8 g., 
dried at 100° and powdered) was added all at once and 
the mixture was stirred and refluxed for ten minutes. 
Ether was removed by distillation until a mush of solid 
remained, then dry benzene (100 cc., thiophene-free) was 
added and distillation was continued until the temperature 
of the vapors reached 70°. More benzene (100 cc.) 
was added, the mixture was heated to the boiling point, 
and apophytoyl chloride (VIb, 23 g.) was added to the 
refluxing suspension as rapidly as the exothermic reaction 
would permit. The mixture was stirred and refluxed for 
thirty minutes longer, and was then poured over ice and 
acidified with hydrochloric acid until most of the solid 
dissolved. The organic layer was removed, and the 
aqueous layer was extracted with benzene. The com­
bined organic layers were washed with water until the 
washings were neutral. The solution was dried over 
sodium sulfate and the solvent was removed by a flash 
distillation at 150°. The residue, distilled under 0.01 
mm. gave a fraction boiling at 180-185° (11.1 g.) which 
had n2bT> 1.4453.

Anal. Calcd. for C20H40O: C, 81.01; H, 13.60.
Found: C, 80.87; H, 13.71.

Additional ketone (1.3 g.) slightly less pure, was ob­
tained by heating the residue from the above distillation 
in a pot still under 0.001 mm. at 130° (bath temperature). 
The total yield of ketone was 12.4 g. (58%). The residue 
remaining after removal of all the ketone, when distilled 
from a pot still at 210° (bath temperature) under 0.001 
mm. gave a yellow oil (3 g.) having ri25d 1.4650. It 
gave a red color with ferric chloride. This was probably 
a mixture of the 1,3-diketone RCH2CH(CH3)COCH2- 
COCH(CH3)CH2R and the aldol product of the ketone, 
RCH2C(CH3)=CHCOCH(CH3)CH2R.

Anal. Calcd. for C39H760 2 (diketone): C, 81.87; H,
13.28. Calcd. for C40H78O (aldol): C, 83.56; H, 13.68. 
Found: C, 82.83; H, 13.36.

The semicarbazone of Vic, distilled from a pot still at 
145° (bath temperature) under 0.001 mm., was a viscous 
oil having w25d 1.4713 and which could not be induced to 
crystallize. Likewise, the 2,4-dinitrophenylhydrazone of 
Vic was a viscous red oil, insoluble in ethanol (Vic was 
quite soluble in ethanol).

5,9,13,17-Tetramethyloctadecandione-2,4 (VId).—
Small pieces of sodium were added to liquid ammonia (100 
cc.) until the blue color was permanent, whereupon a 
small crystal of ferric chloride was added and air was 
drawn through the solution until the blue color disap­
peared. Then sodium (3.42 g.) was added and the mix­
ture was stirred until the blue solution became a gray 
suspension. The ammonia was allowed to evaporate, 
being replaced by dry ether so that the volume remained 
constant. The ketone Vic (11 g.) in dry ether (30 cc.) 
was added and the mixture was refluxed for twenty 
minutes, then dry ethyl acetate (32.2 g.) was added 
slowly (ten minutes). The mixture first became very 
viscous, even though more ether (50 cc.) was added, but 
soon became thin enough to stir. It was stirred for 
seven hours at room temperature and then poured over 
ice and acidified (congo red) with hydrochloric acid. 
The organic layer was removed, combined with an ether 
extract of the aqueous layer, and dried over sodium
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sulfate. The solvent was removed and the residue, when 
distilled under 0.01 mm. gave a distillate (7.3 g., 58%) 
boiling at 150-153° and having n2SD 1.4630.

Anal. Calcd. for C22H240 2: C, 78.05; H, 12.51.
Found: C ,77.85; H, 12.54.

The diketone gave a red color with alcoholic ferric 
chloride: when a solution of the diketone in a little
methanol was shaken with warm aqueous cupric acetate, 
a blue oil separated. All attempts to crystallize this 
blue oil were unsuccessful.

When the enolate of acetone (19.1 g.) was prepared 
in liquid ammonia, essentially as described above, and 
brought into reaction with methyl apophytoate (49 g.) 
a product (59.7 g.) was obtained which, after distillation, 
had n 25D 1.4500, and which consisted essentially of apo­
phytoic acid, Via.

Anal. Calcd. for Ci9H380 2: C, 76.45; H, 12.83; neut. 
equiv., 298. Found: C, 76.82; H, 13.09; neut. equiv., 
313.

2-(6 ', 10 ',14 '-Trimethyl-2 '-pentadecyl) -4,6,7-trimethyl-
5-hydroxycoumaron (VII).—A solution of the diketone 
VId (6.64 g.) in dry ethanol (10 cc.) was added to a solu­
tion of sodium (0.376 g.) in dry ethanol (50 cc.). The 
solution was stirred at room temperature for fifteen 
minutes, then was cooled to 15° and to it was slowly (one 
hour) added a solution trimethylquinone25 (2.94 g.) in 
dry ethanol (30 cc.). The air in the flask was replaced 
by dry nitrogen and the flask was tightly stoppered and 
allowed to stand at room temperature for six and one- 
half days. The reaction mixture was poured onto ice, 
acidified with hydrochloric acid, and extracted three times 
with ether (100-cc. portions). The combined extracts 
were thoroughly washed with water and dried over sodium 
sulfate. The solvent was removed and the oil was sub­
jected to distillation with steam; the distillate contained 
no organic material (i. e.t no IX, R =  CH3). The 
residue was taken up in ether, the solution was dried, 
the solvent was removed in a current of nitrogen. A red 
oil (1.76 g. unchanged VId) was removed from the product 
by distillation from a pot still under 0.001 mm. at a bath 
temperature of 130°. The residual oil from this distilla­
tion was stirred with petroleum ether (100 cc., b. p. 60- 
68°) and an insoluble black powder (1.12 g.) was removed. 
The solvent was removed in a current of nitrogen and 
the oil was distilled from a pot still under 0.001 mm. As 
the temperature of the bath was gradually raised, a dark 
oil (1.26 g.) distilled, followed by the coumaron VII 
(1.43 g., 21%) at 180°.

Anal. Calcd. for C29H480 2: C, 81.25; FI, 11.29.
Found: C, 81.25; H, 11.08.

The absorption spectrum in the ultraviolet is shown in 
Fig. 1.

2-(6 ',10', 14 '-Trimethyl-2 '-pentadecyl) -4,6,7-trimethyl- 
5-hydroxycoumaran (I).—The coumaron VII (100 mg.) 
in acetic acid (15 cc.) was subjected for four hours to 
the action of hydrogen at 68° under a pressure of 20 lb. 
and in the presence of palladium-charcoal catalyst (10%). 
The catalyst was removed by centrifugation and the 
solvent was removed under reduced pressure (5 mm.) 
at 70 °. The residual light brown oil weighed 92 mg.

Anal. Calcd. for C29H50O2: C, 80.87; H, 11.70.
Found: C, 80.56; H, 11.76. The absorption spectrum 
in the ultraviolet is shown in Fig. 2.

Allophanate.—A stream of cyanic acid was passed for 
ten minutes through a solution of the coumaran I (90 
mg.) in dry benzene (5 cc., thiophene-free). The solution 
was set aside in a refrigerator for six and one-half days. 
The solid was removed and washed with hot benzene; 
the filtrate and benzene washings were combined and the 
solvent was removed in a stream of nitrogen. The 
gummy residue was crystallized from methanol, when it 
weighed 45 mg. and melted at 160-174°. Recrystallized 
twice more from methanol, the substance melted at 176- 
180°.

(25) Smith, Opie, Wawzonek and Prichard, J. Org. Chem., 4, 138 
(1939b

Anal. Calcd. for C3iH520 4N2: C, 72.05; H, 10.15.
Found: C, 72.35; H, 10.37.

The absorption spectrum in the ultraviolet is shown in 
Fig. 2.

Pentadecanone-2.—This was prepared exactly as de­
scribed above (for compound Vic) from magnesium (20=4 
g.), methyl bromide, cadmium chloride (83.5 g.) and 
myristoyl chloride (104 g., b. p. 154-160° at 10 mm.). 
The product was distilled under 3 mm. pressure; the 
fraction (59.8 g., 63%) boiling at 122-135° solidified on 
cooling and then melted at 35-39°.26 The semicarbazone 
melted at 124-125°.27 Considerable residue remained 
after removal of the ketone; this was distilled from a pot 
still under 0.001 mm. at a bath temperature of 240°. 
The distillate, recrystallized from dry ethanol, gave 1.3 
g. of dimyristoylmethane, melting at 62-63°.

Anal. Calcd. for C29H560 2: C, 79.75; H, 12.92.
Found: C, 79.49; H, 12.93.

The copper derivative, recrystallized from dry ethanol, 
melted at 101-102°.

Heptadecandione-2,4.—This was prepared as de­
scribed above (for VId) from sodium (17.75 g.), liquid 
ammonia, pentadecanone-2 (58 g.), and ethyl acetate 
(55.5 g.). Cupric acetate dihydrate (50 g.) in water 
(500 cc.) was added to a solution of the crude product in 
warm methanol, the copper derivative was removed, 
washed with water, triturated with warm ethanol and the 
suspension was cooled and filtered. A small portion 
of the copper compound, crystallized from dry ethanol, 
was blue-gray and melted at 118-119°. The copper 
compound, suspended in petroleum ether (b. p. 40-70°), 
was shaken with dilute sulfuric acid until the solid dis­
appeared. The organic layer was removed, washed 
thoroughly with water, and the solvent was removed by 
distillation. The residue (41.5 g., 60%) melted at 43- 
45°. The diketone gave a cherry-red color with alcoholic 
ferric chloride, and the enol content, determined by the 
method of Cooper and Barnes28 was 98%. Condensation 
of methyl myristate (24.2 g.) in petroleum ether (200 cc., 
b. p. 100-140°) with acetone (2.9 g.) in the presence of 
sodium hydride (2.4 g.) gave only small amounts (5-8 
g.) of the diketone, which was impure (m. p. 41-48°, 
enol content, 53%). The bulk of the condensation prod­
uct was myristic acid.

3-(2 ',5 '-Dihydroxy-3 ',4 ',6 '-trimethylphenyl) -hepta­
decandione-2,4 (VIII, R =  CH3; R' =s w-Gi3H27).—A 
solution of heptadecandione-2,4 (14.8 g.) in dry ethanol 
(50 cc.) was added, with stirring and some cooling (20°) 
to sodium methoxide (from sodium, 1.15 g.) in ethanol 
(50 cc.). Trimethylquinone (7.5 g.) in dry ethanol 
(25 cc.) was slowly (one and one-half hours) added to the 
cooled (15-20°) solution of the enolate. The solution 
was stirred for two hours at room temperature, then 
cooled (0°) and acidified with iced hydrochloric acid and 
extracted three times with ether. The combined extracts 
were washed with water, filtered, and the solvent was 
removed. The oily residue was dissolved in warm meth­
anol and the solution, when cooled, deposited 9.5 g. of 
material melting at 40-70°. This material, recrystallized 
first from petroleum ether and then from methanol, 
weighed 3 g. (14%) and melted at 90-91 °. The analytical 
sample, crystallized twice from , petroleum ether and 
three times from methanol, melted at 95-96°.

Anal. Calcd. for C26H420 4: C, 74.60; H, 10.11.
Found: C, 74.44; H, 10.23.

Heptadecandione-2,4 (6.3 g., m. p. 43-45°) was re­
covered by recrystallization from methanol of the residue 
obtained when all the mother liquors from the above 
purification were combined and evaporated.

(26) Dreger, Keim, Miles, Shedlovsky and Ross, Ind. Eng. Chem., 
36, 610 (1944), report the m. p. as 40.5°.

(27) (a) Baumgarten, Ber., 76, 213 (1943), reported the m. p. as
124-125°; (b) Pickard and Kenyon, P r o c .  C h e m .  S o c . ,  27, 312
(1911), reported 126.5°.

(28) Cooper and Barnes, I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  10, 379 
(1938).
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2-w-Tridecyl-4,6,7-trimethyl-5-hydroxycoumaron (IX, R
= W-C13H27).—The diketone VIII (560 mg.) was warmed 
on the steam-bath for one hour with aqueous sodium hy­
droxide (1 N, 20 cc.) in an atmosphere of nitrogen. 
(When air was allowed to come into contact with the re­
action mixture, the product was a red oil which could not 
be crystallized.) The cooled mixture was acidified with 
hydrochloric acid and then steam-distilled. From the 
distillate there was obtained 51 mg. (20%) of 2-methyl-
4,6,7-trimethyl-5-hydroxycoumaron (IX, R = CH3) , m. p. 
and mixed m. p., 136-137°. The residual oil in the dis­
tillation flask solidified on cooling; it was removed and 
crystallized from methanol, when it weighed 260 mg. 
(54%) and melted at 101-102°. The analytical sample, 
crystallized from methanol, melted at 102-104°.

Anal. Calcd. for C24H380 2: C, 80.39;“ H, 10.68.
Found: C, 80.41; H, 11.04.

The absorption spectrum in the ultraviolet is shown in 
Fig. 1. The diketone VIII (430 mg.) was recovered un­
changed after 500 mg. of it was boiled with hydrochloric 
acid (10 cc.) and ethanol (2 cc.) for seven hours; likewise, 
action of hydrogen chloride in refluxing acetic acid (10 
cc.) for one hour upon the diketone (500 mg.) did not 
bring about ring closure; the recovery of diketone was 
275 mg.

2-w-Tridecyl-4,6,7-trimethyl-5-hydroxycoumaran (X, R
= n-C13H27).—The coumaron IX (75 mg.) in acetic acid 
(10 cc.) was shaken with hydrogen at 46° and under a 
pressure of 20 lb. for four hours in the presence of a pal­
ladium-charcoal catalyst. The solvent was removed 
under reduced pressure at 40 0; the residue was dissolved 
in methanol and the catalyst was removed by centrifuga­
tion. The solution, when concentrated and cooled, de­
posited a white solid melting at 93-94°. When mixed 
with the coumaran (m. p. 102-104°), the substance also 
melted at 93-94°.

Anal. Calcd. for C24H40O2: C, 79.94; H, 11.18.
Found: C, 79.76; H, 11.22.

The absorption spectrum in the ultraviolet is shown in 
Fig. 2. The coumaron IX (360 mg.) in dry ethanol (10 
cc.) was heated on the steam-bath for fifteen minutes with 
Raney nickel catalyst. The catalyst was removed, fresh 
catalyst was added, and the mixture was subjected to 
the action of hydrogen for one hour at 125° and 1600 lb. 
The product weighed 230 mg. and melted at 101-103°. 
This material, subjected to the same conditions as before,

but at 140°, gave a product which melted at 97-99°, 
alone or when mixed with known IX* The absorption 
spectrum in the ultraviolet indicated: that ' rib^reduction^ 
had occurred.

Summary
1. The coumaran 2-(6',10,,14,-trimethyl-2'- 

pentadecyl) - 4,6,7 - trimethyl - 5 - hydroxycou- 
maran, I, an isomer of «-tocopherol, II, has been 
synthesized. The coumaran has been character­
ized by its absorption spectrum, by conversion 
into an allophanate melting at 176-180° and by 
the absorption spectrum of the latter. Although 
I differs from II only in the size of the hetero ring,
I has only about 5% as much vitamin E activity as 
II.

2. The synthesis of Smith and King, whereby 
2-isopropyl-5-hydroxycoumaran and homologs are 
produced, has been modified in such a way that 
the more accessible unsymmetrical acetylacyl- 
methanes may be used instead of the symmetrical 
diketones. When the R of the acyl group has a 
relatively high molecular weight, the coumaron 
with the higher alkyl group is formed exclusively 
or in preponderant amounts; if two coumarons 
are formed, the simple one may be removed from 
the reaction product by steam distillation. In 
this way, 2-?7-tridecyl-4,6,7-trimethyl-5-hy droxy- 
coumaron (IX) R = ^-Ci3H27, has been prepared 
and separated from 2,4,6,7-tetramethyl-5-hy- 
droxycoumaron (IX, R = CH3), formed in the 
same reaction. The coumaron IX (R = w-Ci3H27) 
has been reduced to the corresponding coumaran 
X (R = 77-Ci3H27).

3. The absorption spectra of a number of inter­
mediates in the above syntheses have been deter­
mined,
M i n n e a p o l i s  14, M i n n e s o t a  R e c e iv e d  A p r il  2 , 1 9 4 8

[A J o in t  C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r y , D o d g e  & O l c o t t , I n c ,, a n d  t h e  I n s e c t ic id e  F e l l o w s h ip ,
M e l l o n  I n s t it u t e ]

Preparation and Cyclization of Certain Insecticidally Active a-Acetyl-5-keto Esters
B y  H erm an  W achs and  Oscar F, H e d e n b u r g

The condensation of ethyl acetoacetate with 
hexyl 3,4-methylenedioxystyryl ketone1 at room 
temperature yields a mixture having high insecti­
cidal activity. When allowed to crystallize, 3- 
hexyl - 5 - (3,4 - methylenedioxyphenyl) - 2 - cyclo- 
hexene-l-one (III) is obtained, which has been 
found to have the same insecticidal activity as the 
original mixture or the remaining mother liquor. 
This mother liquor contains resinous material and 
approximately 50% of 3-hexyl-5-(3,4-methylene­
dioxyphenyl) - 6 - carbethoxy - 2 - cyclohexene -1 - 
one (IV). Proceeding on the assumption that the 
resinous portion was of little activity, it appeared 
desirable to devise a method by which the above

(1) Hedenburg and Wachs, T his Journal, 70, 2216 (1948).

ester (IV) could be obtained as the main product. 
The present paper describes the procedure de­
veloped to accomplish this purpose. This pro­
cedure also made it possible to obtain esters other 
than ethyl esters and to compare their relative 
effectiveness. The work was expanded to include 
compounds containing the furfuryl group in the 3 
position of the cyclohexenone ring.

It was assumed that a Michael addition2 takes 
place intermediate to the formation of the cyclo­
hexenone ring. Taking advantage of the fact that 
such addition reactions are reversible,3 by employ­
ing a large excess of . ethyl acetoacetate and by

(2) M ichael, J . prakt. Chem., 35, 351 (1887).
(3) Ingold and Powell, J . Chem. Soc., 1976-82 (1921).
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H2c / °  [ |  +  CH3COCH2COOC2H6 — >■ h 2c / °  1
x O—l J—CH

v  II
CH

CO (I)

c pC O C H z  
•CH— CH  

«lHj X'CO O C2H6

CO (II)

CeHi3 C6H13
acid cyclization

working at a temperature of + 5 ° 'we obtained a- 
acetyl-jö- (3,4- methylenedioxyphenyl) -6-ketoethyl 
undecylate (II) from hexyl 3,4-methylenedioxy- 
styryl ketone (I), in a yield of 65%. Compound 
(II) was a white crystalline solid melting at 149°; 
above its melting point it yielded ethyl alcohol, 
carbon dioxide and the cyclohexenone (III) in 
stoichiometric proportions.

When compound (II) was refluxed in benzene 
solution in the presence of a small quantity of tolu­
ene sulfonic acid or trichloroacetic acid, until no 
more water would distil over with the benzene, one 
molecular equivalent of water collected in the 
water trap, indicating that cyclization had taken 
place with a minimum of decomposition of the 
ester group. Only traces of liberated carbon di­
oxide were observed. The product was a light- 
colored, viscous liquid, which dissolved in most of 
the common organic solvents; it would not crys­
tallize on cooling to —30° and could not be dis­
tilled in vacuo without decomposition; the saponi­
fication value indicated the presence of more than 
90% of ester. On saponification, partial resini- 
fication occurred, but it was possible to isolate a 
good yield of crystals, which were identical with 
the decarboxylated cyclohexenone (III).

Hexyl 3,4-methylendioxystyryl ketone was also 
condensed with butyl, octyl, benzyl and allyl 
acetoacetates in an analogous manner and the cor­
responding a-acetyl-6-keto esters were obtained in 
pure form. Upon cyclization by the aid of tri­
chloroacetic or toluene sulfonic acid, the resulting 
allyl and butyl compounds had an insecticidal ac­
tivity equal to that of the ethyl compound; the oc­
tyl and benzyl compounds were definitely inferior.

By the condensation of furfural with methyl iso­
butyl ketone, furylidene isobutyl ketone was pre­
pared. I t was condensed with ethyl acetoacetate 
and with butyl acetoacetate at 5° and the a- 
acetyl-5-keto esters were isolated and purified. 
Upon cyclization the insecticidal activity was 
found to be poor.

The Table I summarizes certain characteristics 
of the products.

T a b l e  I
P r o p e r t ie s  o f  S u b s t it u t e d  a-AcETYL-5-KETO E s t e r s

Melting 
point 
of a-

Ketone
used

Aceto­
acetate

used

acetyl-
5-keto
ester,
°C. Form ula

Carbon % 
Calcd. Found

Hydrogen
%

Calcd. Found
Hexyl- E thyl 1 AC\ a n  a n 67 92 7 75 7 55

3,4-me­ Allyl 134 C23H30O6 68.64 68.41 7.51 7.30
thylene Butyl 131 C24H34O6 68.87 68.69 8.19 8.01
dioxy- Octyl 133 C28H42O6 70.85 70.67 8.92 8.62
styryl Benzyl 138 C27H32O6 71.71 71.81 7.12 7.34

Furylidene Ethyl 116 C17H24O5 66.28 66.41 7.84 7.51
isobutyl Butyl 98 . C19H28O6 67.84 67.96 8.39 8.77

Experimental
a-Acetyl- /3-3,4-methylenedioxyphenyi-5-keto-ethyl Un­

decylate (II).—Metallic sodium (5.7 g., 0.25 mole) was 
dissolved in 150 cc. of anhydrous ethyl alcohol, 97 g. of 
ethyl acetoacetate was added, the solution cooled to 5° 
and, during one hour, a solution of 65 g. (0.25 mole) of 
hexyl 3,4-metKylendioxystyryl ketone in 65 g. of benzene 
was added under agitation. The temperature was kept 
at 5 to 7° during the addition. The mixture was then 
agitated for an additional two hours and allowed to stand 
overnight at a temperature of 5 to 7°. It was neutralized 
with dilute hydrochloric acid under cooling, then warmed 
on the steam-bath to allow the benzene solution of the 
reaction product to separate. The benzene solution was 
drawn off and allowed to crystallize in an ice-box. The 
crystals were filtered off and washed with benzene. The 
dry crystals weighed 252 g. After recrystallization from 
benzene they melted at 149°.

Cyclization of (II).—A solution of 25 g. of (II) in 75 
g. of benzene was refluxed in the presence of 1.5 g. of 
trichloroacetic acid or toluenesulfonic acid until no more 
water would distil over. The residue in the flask was 
neutralized with sodium carbonate solution, the benzene 
solution dried and filtered, the solvent distilled and the 
product dried in vacuo. It was a light colored viscous 
oil, the saponification value indicating about 90% of the 
ester, IV.

Furylidenemethyl Isobutyl Ketone.—Methyl isobutyl 
ketone (60 g.) was dissolved in 96 g. of methanol, 15 g. 
of a 20% aqueous solution of sodium hydroxide was added, 
and to this mixture 57.5 g. of freshly distilled furfural was 
added over a period of 0.5 hour under agitation at a tem­
perature of 18 to 20°. The agitation was continued for 
two hours at the same temperature. The mixture was 
allowed to stand overnight. Water, 100 cc., and 100 cc. 
of benzene were added and the mixture neutralized with 
acetic acid. The benzene solution was separated, the 
solvent removed, and the remainder distilled-in vacuo.
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The final product distilled at 108° at 1.4 mm. It was a 
yellowish oil which darkened rather rapidly.

Anal. Calcd. for ChH140 2: C, 74.12; H, 7.92. Found: 
C, 73.97; H, 7.84.

The melting points and the analyses of other a*-acetyl - 
5-keto esters, similarly prepared, are given in Table I. 
In each case, saponification indicated about 90% of the 
cyclic ester in the crude cyclized product.

Summary
The preparation of 3,4-methylenedioxyphenyl 

substituted «-acetyl-5-keto esters in pure form and 
in good yield is outlined. A method of their cy­

clization which yields cyclohexenone esters of high 
insecticidal activity with a minimum of splitting 
of the ester group is described.

Furyl substituted «-acetyl-5-keto esters were 
prepared and cyclized to cyclohexenone esters and 
were found to be of much lower insecticidal ac­
tivity than the 3,4-methylenedioxyphenyl sub­
stituted products.
B a y o n n e , N e w  J e r s e y
P it t s b u r g h , P a . R e c e iv e d 4 M a r c h  17, 1948

(4) Original m anuscript received October 31, 1947.

[Co n t r ib u t io n  f r o m  t h e  I n s t it u t e  o f  Or g a n ic  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  S z e g e d , H u n g a r y ]

Synthetic and Degradative Studies in the Isoquinoline Series. Ill
B y  V. B r u c k n e r , G. F odor, J. K ovacs a n d  J. K iss

In previous communications1*2 the structure of 
different l,3-dimethyl-6,7-dialkoxy- and aralkoxy- 
isoquinolines (Ia-If), of l-benzyl-3-methyl-6,7- 
methylenedioxyisoquinoline (II), synthesized by 
us,3*4 was established by exhaustive methylation 
followed by oxidation. In all cases investigated 
by us, degradation gives rise either to metahemi- 
pinic acid (Ilia), or to hydrastic acid (Illb). To 
complete our first paper,1 the structure of 1,3- 
dimethyl-6,7-methylenedioxyisoquinoline5 (Ig) is 
now ascertained, by preparing it from the 6,7- 
dihydroxy derivative Ia of known structure.1 
Ring closure of «-(3,4-disubstituted phenyl)-/3- 
acylaminopropanols to the isoquinolines takes 
place, consequently, in all cases studied by us in 
m,p-position to the alkoxy groups, to form 6,7-di- 
substituted 3-methylisoquinolines, independently 
of the substituents.

Pfeiffer, et al.,6 obtained from brasiline a com­
pound and suggested for its structure IV l-(2'- 
hydroxy - 4' - methoxyphenyl) - 3 - methyl - 6,7 - di- 
methoxyisoquinoline by analogy with the struc­
ture of the compound obtained by them from hem- 
atoxyline. They attempted to confirm its con­
stitution by synthesis from a- (3,4-dimethoxy- 
phenyl)-0- (2 '-carbethoxy-oxy-4'-methoxybenzoyl- 
amino)-propanol. Ring closure yielded only a 
small amount of an oily phenolic isoquinoline; 
its picrate was, however, not identical with that of 
the compound obtained from brasiline. Ring 
closure of the amorphous a-(3,4-dimethoxyphen­
yl) -0- (2 ',4'-dimethoxybenzoylamino) -propanol led 
to a crystalline isoquinoline isomer, but which was 
not identical with the methyl ether of the com­
pound from brasiline. Therefore they assign 
structure V, l-(2'-hydroxy-4'-methoxyphenyl)-3-

(1) Bruckner, Kovacs and Kov&cs, Ber., 17, 610 (1944).
(2) Bruckner, Kovécs and Nagy, ibid., 71, 710 (1944).
(3) Bruckner and Fodor, Ber., 71, 541 (1938).
(4) Bruckner and Kramli, J . prakt. Chem., [2] 145, 291 (1936).
(5) Bruckner, A nn., 518, 235 (1935).
(6) Pfeiffer, Breitbach and Scholl, J .  prakt. Chem., [2] 154, 157 

(1940).

methyl-7,8-dimethoxyisoquinoline, to the syn­
thetic isoquinoline.

The present work was undertaken to synthesize 
through crystalline, well-defined intermediates the 
same phenolic isoquinoline whose picrate was de­
scribed by Pfeiffer, et al.6 As the structure of this 
synthetic compound and of its isomer have not 
been confirmed by degradation, it seemed desir­
able to carry out the oxidative degradation of the 
former.

We started with the stereoisomeric «-(3,4-di­
me thoxy phenyl)-/Taminopropanols. One of these 
(m. p. 128°) was prepared according to Bruckner5; 
another (m. p. 138°) according to Iwamoto and 
Hartung.7 2-Benzyloxy-4-methoxybenzoic acid 
was prepared from /3-resorcylic acid via methyl 2- 
hydroxy-4-methoxybenzoate and methyl 2-ben- 
zyloxy-4-methoxy benzoate. On condensation of
2-benzyloxy-4-methoxybenzoyl chloride with the 
aminopropanol (m. p. 138°) the amidé VI is 
formed; on ring closure it yielded smoothly the 
corresponding isoquinoline derivative (benzyl 
ether of IV). The stereoisomeric aminopropanol 
gave on a similar treatment the identical isoquino­
line. The benzyloxyisoquinoline derivative af­
forded on hydrogenolysis (Pd charcoal) the crys­
talline hydroxyisoquinoline IV in nearly quantita­
tive yield. Its picrate shows m. p. 275°; its 
methyl ether prepared by diazomethane, m. p. 
144°; its methyl ether picrate, m. p. 231-232°. 
The same data are recorded by Pfeiffer, et al.6t for 
the compound formulated by them as V (cf. table 
of m. p.’s), they are consequently identical, where­
as the product obtained from brasiline is different.

As a degradative approach to the structure of 
this phenolic isoquinoline we have chosen the oxi­
dation with alkaline permanganate. Metahemi- 
pinic acid alone could be detected as a fragment, 
identified by its m. p., analysis and conversion into 
its ethylimide (m. p. 228°). For the synthetic 
hydroxyisoquinoline derivative the structure 1-

(7) Iwamoto and H artung, J . Org. Chem., 9, 513 (1944),
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Ri = R2 = H /a /
Ri — R2 — CH3/b /
Ri = R2 = C2H5/ c/
Ri = R2 = C6H5GH2/d /
Ri = CH3; R2 = C2H5/e /
Ri = CH3; R2 = C6H5CH2/ f /  
Ri +  R2 = CH2/g /

RiO—,
COOH

r 2o—11
COOH

III
Ri *  R2 = CH3/a /  
Ri +  R2 = CH2/b /

OH

VI

(2 '-hydroxy-4'-methoxyphenyl) - 3 - methyl - 6,7 - di­
me thoxyisoquinoline IV is thus proved; its formu­
lation as the 7,8-dimethoxyisoquinoline derivative 
V suggested by Pfeiffer, et a l .6, is evidently errone­
ous, the ring closure taking place in these cases 
also in m ,^-position to the alkoxy groups.

Moreover, as the product obtained from brasi­
line is not identical with 1-(2'-hydroxy-4'-meth- 
oxyphenyl) - 3 - methyl - 6,7 - dime thoxyisoquinoline 
IV, it remains to decide whether the difference is 
to be found in the isoquinoline nucleus or in the 
radical attached at position 1.

T a b l e  I

M e l t in g  P o in t s  o f  t h e  I s o q u in o l in e s , °C .
From  Synthesized, °C.

Compound brasiline, °C. By Pfeiffer By us
Phenolic isoquinoline 188-189 143-144
Picrate 224-225 272-275 274-276
Methyl ether 110 144-145 142-144
Methyl ether picrate 212-215 233-235 232-235

Experimental
l,3-Dimethyl-6,7-methylenedioxyisoquinoIine (Ig).—A 

mixture of 0.6 g. (0.003 mole) of l,3-dimethyl-6,7-di- 
hydroxyisoquinoline (la) in 60 ml. of ethanol, 0.18 g.

(0.0078 atom) of sodium in 5 ml. of ethanol and 1.26 g. 
(0.004 mole) of methylene iodide was refluxed for six 
hours. The non-phenolic part was isolated in the usual 
manner: yield, 0.28 g. of Ig, m. p. 144°, alone and mixed 
with an authentic specimen.5

a -(3,4-Dimethoxyphenyl-) -aminopropanol. A. From 
O-Methylisoeugenol-i/'-nitrosite the free base was obtained 
(rn. p. 128°). B. From a -Isonitroso-3,4-dimethoxy- 
propiophenone,8 principally by the same method as re­
corded by Iwamoto and Hartung7 the base, m. p. 138°, 
resulted.

Methyl 2-Hydroxy-4-methoxybenzoate.—Fifteen and 
five tenths grams (0.1 mole) of /3-resorcylic acid was 
dissolved in a solution of 16.8 g. (0.3 mole) of potassium 
hydroxide in 100 ml. of water; then 20 ml. (0.2 mole) 
of dimethyl sulfate added under stirring. The mixture 
was heated one hour on the steam-bath. The aqueous 
layer was decanted, the ester dissolved in 50 ml. of ether, 
washed with water, dried and the solvent removed. The 
brown oily residue was dissolved in 40 ml. of methanol, 
20 ml. of concentrated sulfuric acid added and refluxed 
for two hours, then cooled with an ice-salt mixture, the 
separated crystals filtered, washed with water until neutral; 
yield 11 g. (59%) of colorless plates, m. p. 50-52 °.9

2-Benzyloxy-4-methoxybenzoic Acid.—A mixture from
2.3 g. (0.1 atom) of sodium in 100 ml. of ethanol, 18 g. 
(0.1 mole) of the ester obtained above and 13 ml. (0.1 
mole) of benzyl chloride was refluxed for twelve hours, 
and the resulting solution of the benzylated ester boiled 
with 6 g. (0.11 mole) of potassium hydroxide in 20 ml. 
of water for saponification. The benzylated acid was 
isolated by the usual manner: yield 12 g. (47%). Re­
crystallization from 40 ml. of ethanol yielded 9.5 g. of 
colorless prisms, m. p. 103°.

Anal. Calcd. for C15H14O4: C, 69.76; H, 5.47. Found: 
C, 69.61; H, 5.51.

a -(3,4-Dimethoxyphenyl) -ft-(2 '-benzyloxy-4 '-methoxy- 
benzoyl-amino) -propanol (VI).—Nine and a half grams 
(0.037 mole) of the foregoing acid was suspended in 20 ml. 
of toluene, treated with 16 ml. of thionyl chloride, heated 
on a water-bath at 35-40 °, until hydrogen chloride evolved. 
The thionyl chloride was removed in vacuo, the remainder 
dissolved in 50 ml. of hot absolute toluene. The crude 
product is satisfactorily pure for use in acylation process. 
Twenty-one and three-tenths grams (0.1 mole) of the 
aminopropanol above (m. p. 138°) was dissolved in 500 
ml. of boiling anhydrous toluene, and there was added, 
drop by drop under vigorous stirring, the toluenic solution 
of 2-benzyloxy-4-methoxybenzoyl chloride prepared above. 
The hydrochloride of the aminopropanol separates in­
stantaneously. The mixture was then refluxed for fifteen 
minutes and filtered hot: yield 13 g. (0.052 mole) of 
aminopropanol hydrochloride. The filtrate (washed twice 
with 100 ml. of 2 A  hydrochloric acid, then with 100 ml. 
of 2 A  sodium hydroxide and finally with water) was 
dried and concentrated to 180 ml. On cooling, the amide 
separated as colorless needles: yield 15.1 g. (91%),
m. p. 139-140°.

Anal. Calcd. for C26H290 6N: C, 69.16; H, 6.47.
Found: C, 68.96; H, 6.26.

l-(2  '-Benzyloxy-4 '-methoxyphenyl) -3-methyl-6,7-di- 
methoxyisoquinoline (Benzyl Ether of IV). A.—Fourteen 
and a half grams (0.032 mole) of the amide VI was dis­
solved in 300 ml. of hot toluene, then 15 ml. of phosphoryl 
chloride added on heating and occasional stirring. The 
mixture was refluxed for an hour, the isoquinoline salt 
formed being partly precipitated during this time. The 
reaction mixture was allowed to cool, then exhaustively 
extracted with one liter of water, cleared with charcoal, 
filtered and made alkaline with 5 A  potassium hydroxide. 
The separating oily free base solidifies on standing in the 
ice-box overnight. The crude product was washed with 
water and dried, yield 10 g. (75%) of a yellow micro­
crystalline powder. On recrystallization from 180 ml. of

(8) Karg, Arch. Pharm., 282, 49 (1944).
(9) M utschler, A nn., 185, 222 (1877).
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alcohol-water (1:8), delicate needles, m. p. 83-84°, 
resulted. The hydrochloride prepared by the customary 
method forms a yellowish green crystalline powder, m .p .
221-222°.

Anal. Calcd. for C26H2504NTIC1: C, 69.10; H, 5.79. 
Found: C, 69.10; H, 5.88.

B.—From 0.4 g. (0.002 mole) of the aminopropanol 
(m. p. 128°) in 15 ml. of toluene and 0.16 g. (0.0006 mole) 
of acid chloride—in the manner described above—0.3 g. 
of an amorphous amide was obtained which could be 
converted without further purification into the isoquinoline 
derivative. It yielded 0.2 g. of snow white clusters of 
crystals, m. p. 68°, which rises on recrystallization to 
81°, alone and in admixture with the specimen obtained 
under A (its hydrochloride melted alone and mixed with 
that of A at 219-221 °).

l-(2  '-Hydroxy-4 '-methoxyphenyl) -3-methyl-6,7-di- 
methoxyisoquinoline. IV.—Fifteen grams (0.033 mole) 
of the benzyloxyisoquinoline in 300 ml. of anhydrous 
ethanol absorbed 825 ml. of hydrogen (Pd charcoal) 
(calcd. for 1 mole H per mole, 809 m l.). The yellowish 
green crude product (10.75 g.) was recrystallized from 
aqueous ethanol to give 7.25 g. of delicate needles, m. p. 
143-144°. This, together with a further crop (3.1 g.) 
of needles of the same m. p., yielded 10.35 g. (96%), 
equally soluble in cold dilute alkali and acid.

Anal. Calcd. for C19H190 4N: C, 70.14; H, 5.88.
Found: C, 69.48; H, 5.38.

The free base was converted into the hydrochloride, 
forming yellowish needles, m. p. 271°.

Anal. Calcd. for Ci9Hi904N-HCl: C, 62.89; H, 5.56. 
Found: C, 62.64; H, 5.62.

Picrate.—Yellowish microcrystals, m. p. 274-276° 
(dec.). Pfeiffer, et al.,6 recorded 274-275° (dec.).

Anal. Calcd. for C25H220iiN 4: C, 54.13; H, 4.00. 
Found: C, 54.25; H, 3.95.

l-(2',4  '-Dimethoxyphenyl) -3-methyl-6,7-dimethoxyiso- 
quinoline (Methyl Ether of IV).—Twenty-six-hundredth 
gram (0.001 mole) of the phenolic isoquinoline IV dis­
solved in 10 ml. of anhydrous methanol was methylated 
by means of a 0.5 A  ethereal diazomethane solution, until 
the yellowish color of the latter did not disappear: color­
less plates, m. p. 144°. Pfeiffer6 recorded m. p. 143-144°.

Anal. Calcd. for C20H21O4N: C, 70.78; H, 6.24.
Found: C, 70.42; H, 6.19.

Picrate.—Yellow plates, m. p. 231-232° (dec.). Pfeiffer6 
recorded m .p . 232-235 °.

Anal. Calcd. for C26H24OnN4: C, 54.91; H, 4.26. 
Found: C, 55.01; H, 4.33.

Degradation of IV to Metahemipinic Acid.—Seven and 
twenty-four-hundredth grams (0.022 mole) of IV and 3 g. 
(0.075 mole) of sodium hydroxide were dissolved in 1.1 
liter of hot water, then 50 g. of potassium permanganate 
in one liter of hot water was added by dropping within

ten minutes under vigorous stirring and heating on the 
steam-bath, the solution becoming after twenty minutes 
nearly colorless. The hygroscopic solid residue of the 
solution was treated twenty-four hours continuously in a 
Soxhlet extractor with ethanol, the solvent removed in 
vacuo to give 1.5 g. of a yellowish crystalline mass. This 
was dissolved in 10 ml. of water, cleared with charcoal, 
filtered and then acidified (nitric acid) to congo. After 
the solution has been neutralized with ammonia, the lead 
salts were precipitated by means of lead acetate at 
pH 7-8, separated in the centrifuge, washed with a small 
amount of water. The acid was liberated with hydrogen 
sulfide, the filtrate concentrated to 3 ml. and allowed to 
stand overnight in an ice-box; 72 mg. of brief needles 
was obtained, which melted alone and in admixture with 
metahemipinic acid at 175-177°. For the analysis it was 
twice recrystallized from water.

Anal. Calcd. for C10H10O6: C, 53.10; H, 4.45. 
Found: C, 52.66; H, 4.34.

Further identification was made converting 26 mg. of 
the acid into its ethylimide on treatment with 1 ml. of 
25% aqueous ethylamine. The water was then evaporated 
the remainder sublimed in vacuo, and 23 mg. of crystals 
obtained. Recrystallization afforded colorless long needles, 
m. p. 228°.10 The ethyl imide of hemipinic acid shows 
m .p . 93°.11

Anal. Calcd. for Ci2H130 4N: C, 61.25; H, 5.57. 
Found: C, 61.50; H, 5.59.

Acknowledgment.—The authors are grateful 
to Dr. D. Varsanyi and Dr. T. Horvath for their 
assistance in preparing some of the compounds 
and to Dr. M. Kovacs Oskolas for the micro­
analyses.

Summary
The ring closure of (3,4-dialkoxyphenyl) -resp.

(3,4 - methylenedioxyphenyl) - 0 - acylaminopropa- 
nols takes place in all cases investigated in m,p- 
position to the alkoxy groups, to form 6,7-disub- 
stituted 3-methylisoquinolines. This is supported 
by a study of the oxidative degradation even in the 
case of 1 - (2 '-hydroxy-4'-methoxyphenyl)-3-meth- 
yl-6,7-dimethoxyisoquinoline IV first obtained as 
picrate by Pfeiffer, et a l .6 and described errone­
ously as a 7,8-dimethoxyisoquinoline derivative
V. Consequently, the structure of the isomeric 
compound, obtained by Pfeiffer, et al., from brasi­
line, and formulated as IV, becomes doubtful. 
Szeged, H u n g a r y  R eceived  Ja nuary  7, 1948

(10) Goldsehmiedt, Monatsh., 9, 722 (1888)
(11) Freund and Heim, Ber., 23, 2906 (1890).
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Investigation of the Properties of Cellulose Oxidized by Nitrogen Dioxide. VI. 
The Effect of Alkali on the Celluronic Acids1

B y  P . A. M cG e e , W. F . F o w ler , Jr ., C. C. U n r u h  a n d  W. O. K e n y o n
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The initial investigations2 of the action of ni­
trogen dioxide on cellulose showed that the re­
sulting celluronic acids are alkali-soluble when the 
carboxyl content is sufficiently great. The cellu­
ronic acids undergo further reaction in alkaline 
solution which complicates the application of the 
copper number determination or direct determina­
tion of carboxyl groups by alkaline titration.3 
The reducing values obtained by copper number 
determinations were exceptionally high. It ap­
peared probable that the reducing groups were 
not present to such an extent in the celluronic 
acids, but were generated by decomposition under 
the severe conditions of high pH  and temperatures 
used in the determinations. Attempts to prepare 
sodium celluronate solutions, even at pH values 
only slightly above 7, showed that whenever solu­
tion was effected, concomitant degradation had

. 1 /- rv i________1 _ T______ ______ ._____________1 __ „1______  „1 ’ ___occurred, m e  caieium acelcixc ana caruon uiux- 
ide evolution methods which operate at pH values 
below 7 were chosen for carboxyl determinations 
to avoid the degradation which appeared to ac­
company the direct determination by alkaline ti­
tration. 2>3

The evidence accumulated to date indicates 
that free carboxyl groups in celluronic acids are 
substantially contained in uronic acid units. 
The carboxyl values by carbon dioxide evolutions 
are at least as high as the values from poten­
tiometric titration or the calcium acetate method.4 
Aside from carboxyl groups which should not pro­
duce alkali-instability in celluronic acids, oxidation 
of hydroxyl groups could form aldehyde or ketone 
groups or an enediol structure by isomerization 
of the latter. Aldehyde groups in simple organic 
compounds are attacked rapidly—sometimes al­
most explosively-—by nitrogen dioxide; hence, 
their presence in substantial amounts in celluronic 
acids is doubtful. Ketone groups in certain com­
pounds are less readily attacked5 by this oxidant 
and such groups may be present in this oxidized 
cellulose.

The concept of the roles of keto or ene-diol 
groups as a source of alkali-sensitivity in carbohy­
drates and oxidized celluloses is not new and has 
been used recently to explain the alkaline fission 
of cellulose oxidized by periodates.6

Though the presence of ketone groups has ear-
(1) Presented before the Cellulose Division a t the Chicago Meet­

ing of the American Chemical Society, April, 1948.
(2) Yackel and Kenyon, T h is  J o u r n a l , 64, 121-127 (1942).
(3) Unruh and Kenyon, ibid., 64, 127-131 (1942).
(4) Kenyon, et al., ibid., 69, 342-354 (1947).
(5) Fowler, Unruh, McGee and Kenyon, ibid., 69, 1636-1640

(1947).
(6) Ivanov and Kaversneva, Uspekhi K him ii, 13 (4), 281-293

(1944),

lier been considered as the cause of alkaline break­
down of celluronic acids, this communication 
represents the first systematic attempt to deter­
mine such groups by direct chemical methods. 
Quantitative data on degradation by alkali are 
included.

Experimental
Materials.^—Celluronic acids were prepared by 

treating oven-dried 500-second cotton linters 
(ground to 100 mesh) with carbon tetrachloride 
solutions of nitrogen tetroxide for various periods 
of time to produce the desired degree of oxidation. 
Products containing substantial amounts of com­
bined nitrogen were prepared by treating the cel­
lulose with anhydrous nitric acid in the nitrogen 
tetroxide-carbon tetrachloride solutions. De­
tails of these techniques and purification of the 
rP'j orf̂ n+o Vi cnm cri\rf̂ n rvt-̂ vrirvi-icHr" ~ 0* * —  i— -  * — .

Published methods were used to obtain the al- 
ginic acid and simpler reference materials.4 The 
samples of periodate-oxidized cellulose were ob­
tained by the method of Jackson and Hudson7 
as modified by Davidson.8

Analyses of the celluronic acid employed are 
shown in Table I.

T a b l e  I

A n a l y s e s  o f  V a r io u s  C e l l u r o n ic  A c id s  a n d  A l g in ic

Oxida­
tion % N

A c id
/--------% COOR (dry basis)-----—̂

Potentio- %
time, dry Calcium Uronic metric carbonyl/
hours basis* acetate0 acid<* titra tion  e by weight

1 0.29 5.14 8.26 5.06 0.57
2 .34 6.34 9.26 6.06 0.65
4 .41 10.69 13.24 10.47 1.18
8 .46 14.30 17.12 13.97 1.45

16 .27 18.73 21.78 19.16 1.70
63 .06 19.59 22.31 19.44 a

r 4.82 0.73 14.45 0.73
4“ 2.46 8.26 14.86 7.93
8“ 1.75 12.15 19.04 11.98

12a 0.63 17.41 23.03 17.69
Alginic acid 22.15 — 0.47
“ Oxidations in presence of anhydrous H N 03, ref. 6. 

b deVarda method. c Ref. 1. d Ref. 3. e This paper. 
f Method of Ref. 9. 0 Calcium salt highly swollen,
gelatinous and difficult to handle.

Carbonyl determinations by the older methods 
common to organic chemistry operate at high pH 
values and are not applicable to alkali-sensitive 
oxidized celluloses. The recent method of Mee- 
sook and Purves9 is particularly applicable and

(7) Jackson and Hudson, T h is  J o u r n a l , 60, 989 (1938).
(8) Davidson, J .  Textile I n s t . ,  32, T109-31 (1941).
(9) Meesook and Purves, P a p e r  T r a d e  J 3123, 35 (1946),
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was employed, for it gives reliable results at p H  
values below 7 where the celluronic acids are 
stable. The data are given in Table I. Accurate 
carboxyl values are necessary for the calculation 
of carbonyl content.

Purves states that carboxyl values tend to be 
low when oxycelluloses react with the calcium 
acetate solution at p H  values below 6.3. The 
effects of the p H  of the calcium acetate solution 
upon the carboxyl values were examined using 
alginic acid and celluronic acid, as shown in Table 
II.

T a b l e  I I
E f f e c t  o f  p H  o n  C a l c iu m  A c e t a t e  C a r b o x y l

Polyuronide

of cal­
cium acetate 

solution Carboxyl, %
Alginic acid 6.4 21.36
Alginic acid 6.5 21.41
Alginic acid 5.3 (1) 22.04

Celluronic acid 6.5
(2) 22.04 
(1) 20.21

Celluronic acid 5.4
(2) 20.17 

. (1) 20.22
(2) 20.22

Since higher values were not obtained on these 
materials, when the p H  of the calcium acetate- 
uronic acid reaction mixture was adjusted to be­
tween 6.3 and 7 .0, this adjustment was omitted.

Dilution of the calcium acetate solution to 
raise the equilibrium p H  has been recommended10 
to force the reaction with the oxidized cellulose 
nearer to completion. Table III shows the effect 
of greater and less dilution than the 50 ml. of wa­
ter employed in our calcium acetate method.

T a b l e  I I I
E f f e c t  o f  D il u t io n  o n  t h e  C a l c iu m  A c e t a t e  D e t e r ­

m in a t io n  o f  C a r b o x y l

Celluronic acid, 0.50 g.; 0.5 N  calcium acetate, 30.0 
m l.; reaction time two hours

H 20 ,
ml.

Aliquot
titra ted ,

ml.

0.1123 
JN NaOH 
used, ml.

% COOH 
(dry 

basis)
Deviation,

%
500 198.70 6.23 18.92 + 0 .4 8
100 48.76 6.21 18.87 +0 .21
50 30.00 6.20 18.83 , 0.00
25 20.63 6.12 18.58 - 1 .3 3

0 11.25 6.07 18.34 - 2 .6 0

Dilution caused a 3% change in the apparent 
carboxyl values over the full range studied. How­
ever, dilution of our standard analytical mixture 
by a factor of 10, i .  e ., from 50 to 500 ml., caused a 
change of only 0.5% in carboxyl value. This devi­
ation is probably less than the precision obtained 
in sampling solid products from heterogeneous 
oxidation systems.

Potentiometric titrations were run by the fol­
lowing general method with such minor changes 
as are noted. One (1.000) gram (moist basis) of 
the celluronic acid suspended in 100 ml. of 1 A  so­
dium bromide, with mechanical agitation, was

(10) Davidson and Nevelt, Shirley Inst. Mem., 21, 85-99 (1947).

titrated with small increments of 0.1 N  sodium 
hydroxide to the desired p H .  Since most of the 
maximum p H  values desired were over 9.5, a spe­
cial lithium glass “ Type E ” Beckman glass elec­
trode was used with the Laboratory Model G 
Beckman p H  meter. The suspended celluronic 
acids usually dissolved at the high p H  values. The 
solutions were allowed to stand, usually at room 
temperature, for the desired times, then titrated 
to the original p H  with hydrochloric acid of ex­
actly the same normality as the alkali used. The 
extra amounts of alkali consumed were deter­
mined from the titration curves, as indicated in 
Fig. 1. These amounts, hereinafter referred to 
as the alkali consumption, are defined as the 
amount, y ,  in the complete titration curve shown. 
All results are calculated to the dry basis.

ml. 0.1123 N  NaOH —►
40 36 32 28 24 20 16 12 8 4

■*— ml. 0.1123 N  HCl.
Fig. 1.—Potentiometric titration of a 1-g. sample of a 

sixteen-hour oxidized cellulose showing acidity developed 
in two hours a t p H  11: X, titration with NaOH; O, back 
titration with HCl; X , ml. alkali to  reach equivalence 
in initial titration (zero tim e); Z, ml. acid to  reach equiva­
lence in final titration (two hours tim e); Y, ml. extra alkali 
consumed a t p H  11 in two hours.

Air was not excluded during the action of alkali 
on the celluronic acids, but this was not a factor 
in the decomposition, as shown by the data of 
Table IV.

Kinetics data for determining the mechanism 
by which celluronic acids are acted upon by hy­
droxyl ion were obtained by a modified procedure. 
The celluronic acid was titrated with 0.1 A  sodium 
hydroxide to a p H  value representing the maxi­
mum desired in the experiment. These data were 
plotted and the resulting “master” titration curve 
was used for reading off the volumes of standard 
alkali necessary to produce definite p H  values 
with a standard weight of sample. Samples of 
the same celluronic acid were suspended in 1 A  so-
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T a b l e  IV

A c id it y  D e v e l o p e d  in  C e l l u r o n ic  A c id s  at pH.  11 in  
Two H o u r s  U n d e r  D i f f e r e n t  A t m o s p h e r e s

Basis: 1.0000 g. anhydrous celluronic acid
Oxidation

time,
hours

y  in ml. 
0.1123 N  

NaOH
y in mole 

NaOH X 104 Atmosphere
4 2 .42 2 . 7 2 NitiugCii

16 3 .8 4 4 . 3 1 Nitrogen
63 8 . 2 5 9 . 2 5 Nitrogen

4 2 .5 0 2.82 Air
16 4.35 4.87 Air
63 8.24 9.24 Air

dium bromide solution, and the amounts of alkali 
added very rapidly to produce solutions (or sus­
pensions) at the p H  desired . This procedure min­
imizes the decomposition encountered while 
bringing the solutions to the proper high p H  of the 
experiment. After two hours at room tempera­
ture, the samples were titrated rapidly with 0.1 
N  hydrochloric acid to a p H  of 7.0. Calculation 
of extra alkali consumption was done as explained 
in Fig. 1. For a more meaningful comparison 
between samples of different degrees of oxidation, 
the ratio, R , between moles of extra alkali con­
sumed and initial moles of alkali needed for equiv­
alence is used in this paper.

Results and Discussion
The oxidation of the number six carbon atom 

in the anhydro-glucose unit of cellulose by nitro­
gen dioxide is essentially complete at the end of 
twenty-four hours reaction time under the experi­
mental conditions used in preparing these par­
ticular samples. However, it is obvious that a 
secondary oxidation continues. While the cal­
cium acetate, uronic acid, and titrated carboxyl 
values of Table I have about reached their max-, 
ima at the end of twenty-four hours reaction time, 
the data of Fig. 2 show that the extra moles of al- 
kal. consumed continued to increase beyond this 
time of oxidation. A  sample which has been oxi­
dized for sixty-three hours consumed roughly

Fig. 2.—Relation between oxidation time and consump­
tion of alkali in two hours a t p H  11: O, initial equivalence; 
X , extra moles alkali.

twice as much extra alkali as that consumed by a 
sample having a sixteen-hour oxidation.

The celluronic acids contain small amounts of 
nitrogen presumably combined as nitrate groups. 
It is well known11 that cellulose nitrates decom­
pose intramolecularly in alkali with reduction of 
nitrate nitrogen to nitrite and  oxidation of the 
cellulose molecule to simple organic acids. The 
data of Table V  show that this is not the mecha­
nism of alkali consumption by celluronic acids, 
since the consumption increases (column 4) and 
the nitrogen content decreases (column 2) with 
increase in time of oxidation.

T a b l e  V

A c id it y  D e v e l o p e d  in  C e l l u r o n ic  A c id s  o f  V a r io u s  
N it r o g e n  C o n t e n t s  a t  p H  11 in  T w o  H o u r s  

Basis: 1.0000 g. anhydrous celluronic acid
Oxidation

time,
hours

Nitrogen,
%

y  in ml. 
0.1123 N  

NaOH
y  in moles 
NaOH X ]

1 4.82 1.53 1.72
4 2.46 2.74 3.08
8 1.73 4.22 4.74

12 0.63 5.19 5.83
1 15 .29 1.65 1.86
4 •41 3.06 3.45
8 .46 3.99 4.48

16 .27 5.27 5.86

The alkali consumption is not due to oxidation 
of the alkaline solutions by atmospheric oxygen 
(Table IV). Dissolved oxygen is present but its 
role is believed to be negligible in this instance.

Typical curves of the generation of acidity as 
measured by alkali consumption are shown in Fig. 
3, using the celluronic acid resulting from sixteen 
hours oxidation with nitrogen dioxide. Curve A 
shows that consumption during initial alkaline 
decomposition at p H  11  is nearlypinear with re­
spect to time. Extended reaction at p H  12 indi­
cates thatfthe consumption may approach com­
pletion at very long reaction times.

Fig. 3.—Rate of alkali consumption a t high p H :  plot A a t 
p H  11; plot B a t p H  12.

(11) Kenyon and Gray, T his Journal, 58, 1422 (1936).
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Three celluronic acids of diverse oxidation his­
tory (i. e., one-, four- and sixteen-hour oxidation, 
Table I) were each treated with alkali for two 
hours at several p H  values greater than 7. The 
log of alkali consumption expressed as R  was a 
linear function of p O H  of the solution (Fig. 4). 
The equation for these curves is

lo g  R  =  —B  [ p O H ]  +  log A  (1)
where —B is the slope of each curve and log A is 
the log R  intercept. Equation (1) converts to

R  =  A [  OH"]* (2)
The constants A  and B  for these three celluronic 
acids are given in Table VI.

T a b l e  V I

C o n s t a n t s  R e l a t in g  H y d r o x y l - I o n  D e p e n d e n c y  o f  
A c id it y  G e n e r a t e d  b y  C e l l u r o n ic  A c id s  a t  pH. 7

Oxidation time, 
hours A B

1 3.72 0.50
4 1.21 .34

16 1.31 .33

Thus, the catalyst in the generation of extra 
acidity at high p H  appears to be hydroxyl ion. 
When a p H  of 7 is exceeded, the celluronic acids 
begin to decompose even before dissolving.

The evidence thus accumulated indicates that 
the extensive oxidation of the primary hydroxyls 
of cellulose by nitrogen dioxide to form carboxyl 
groups is accompanied by some oxidation at an­
other position forming an alkali-labile linkage. 
Systematic consideration will show that a variety 
of structures are theoretically capable of formation 
by oxidizing one or more positions in the anhydro­
glucose unit.12 Oxidation of the glucoside links 
should be considered, as nitrogen dioxide is a pow­
erful oxidant for simple ethers. All the possible 
resulting structures could not be examined, but 
data on a few typical ones are shown in Table VII.

T a b l e  V I I

A c id it y  D e v e l o p e d  in  R e f e r e n c e  S u b s t a n c e s  a t  
E l e v a t e d  p H  (D r y  B a s is )

Substance
PH

max.

Time
a t  «—- % COOH----s
pH  Poten- 

max., tiom. 
hours Theory titra .

Extra moles 
alk.

consumed 
per gram

Potassium acid
saccharate 10.93 2 18.14 18.20 3.5  X IO"5

D-Galacturonic acid mono-
hydrate 10.92 2 21.22 20.41 6.6 X IO-5

L-Ascorbic acid 11.12 2 25.56 25.42 1.07 X 10~3
L-Ascorbic acid 11.04 48 25.56 25.42 7.80 X 10“ 3
L-Ascorbic acid 11.20 96 25.56 25.42 8.15 X 10“ 3
Tartaric acid 
D-Gluconic

10.92 2 60.00 58.91 1 . 1  x  1 0 - 5

acid
D-Glucono-7 -

10.98 2 22.96 24.76 6.0 X 10“5

lactone 11.00 2 25.30 24.22 6.2 X IO"5
Periodic acid-oxidized

cellulose 12.00 64 5.79 X 10“ *
(12) Unruh and Kenyon, Textile Research J„ 16, 1-12 (1946).

p O H .

Fig. 4.—Relation between log of ratio of extra and initial 
moles alkali needed for equivalence and p O H :  A, sixteen- 
hour oxidation; O, four-hour oxidation; □, one-hour oxida­
tion.

Though the number of possible compounds or 
structures resulting from oxidation of the glucose 
unit is large, these compounds must contain, in 
addition to unreacted hydroxyls, one or more of 
the three following groups, i .  e., carboxyl (ester or 
lactone), ketone (ene-diol) or aldehyde (enol). 
Carboxylic acids typified by saccharic, gluconic 
and tartaric did not generate significant acidity 
in alkali. The slow hydrolysis of lactones is not 
the source of the acidity, for glucono-7 -lactone 
opened completely and was titrated as the free 
acid as the p H  was raised. It is doubtful whether 
generation of acidity is due to a slow hydrolysis of 
ester groups. The saponification of esters is the 
the classical illustration of a bimolecular reaction. 
Mathematical analysis of the acidity generated at 
constant time as a function of alkali concentration 
(Fig. 4) did not fit the second-order kinetics.13 
Galacturonic acid generated only little acidity 
even though an aldehyde group is present. Perio­
date cellulose known to contain a high percentage 
of aldehyde groups, generated much acidity but 
as previously stated, aldehyde groups are so vig­
orously oxidized by nitrogen dioxide that their 
presence in celluronic acids must be considered 
with reserve.

Ketone groups appear the most probable 
source of alkali-lability. Measurement of their 
presence by the methyl hydroxylamine method

(13) We wish to thank Dr. L. K. J. Tong, of these Laboratories, for
this analysis.
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of Purves indicated small but significant amounts 
as shown in Table I. A  celluronic acid from a six­
teen-hour oxidation appeared to possess 1.7% of 
carbonyl group by weight, or about one carbonyl 
for each ten of the original glucose units. Analy­
ses of the data indicate a possible mechanism by 
which, extra alkali is consumed. Extrapolation of 
Fig. 3, Plot B, to infinite time indicates that a total 
of about 50 X 10 ~4 mole of alkali would finally be 
neutralized. The same sample contains approxi­
mately 6 X 10 “ 4 mole of carbonyl per gram (Table 
I). If this is in the form of a keto-glucuronic acid, 
it may be calculated that there are 37.3 X 10 ~4 
mole of carbonyl per gram. Therefore, one mole 
of keto-glucuronic acid unit consumes 1.34 moles 
of alkali. /-Ascorbic acid (Table VII) will ulti­
mately consume approximately 80 X 10 “ 4 mole of 
alkali per gram, or about 1.41 moles per mole.

Figure 5 shows that the relation between the 
carbonyl content and the extra alkali consump­
tion in two hours of the various celluronic acid is 
linear, the slope being 1.02. The small positive 
intercept of the experimental curve (plotted by a 
least-squares analysis of the data) lies within the 
experimental error of the measurements.

Extra moles alkali X 104/gram.
Fig. 5.—Relation between moles of carbonyl and extra 

moles of alkali consumed in two hours by various celluronic 
acids: solid line is experimental, broken line is exact 
equimolar relation.

This equimolar relationship would be greatly ex­
ceeded at longer reaction times in the alkali and at 
high p H .  values. Figure 3, Plot B, shows that sev­
eral times as much alkali is consumed at about 100 
hours as that consumed at two hours.

Evans and his collaborators14 have explained the
(14) Evans and Benoy, T his J ournal, 52, 294 (1930); Evans and 

H ockett, ibid., 53, 4384 (1931); Gehman, Kreider and Evans, ibid.,
68, 2388 (1936).

steps by which both simple sugars and glycosides 
are acted upon by alkali. Ivanov and Kavers- 
neva6 have applied these findings to the reaction 
of various oxidized celluloses with aqueous alka­
line solutions so as to arrive at satisfactory 
mechanisms for explaining the changes in physical 
properties resulting from treatment of cellulose 
with several different oxidizing agents. They as­
cribed the increase in fluidity of oxidized celluloses 
after treatment with alkali to the shift of the keto 
form of different oxidized carbon atoms to the 
enols which render the glycosidic link unstable. 
Applying this concept to celluronic acids, the pres­
ence of a ketone group would constitute a weak 
point15 in the chain as indicated by the enol struc­
ture shown.

OH

CH2OH J x

Evans has shown that such enediols in simpler 
carbohydrates are ruptured by alkali, the gen­
erated aldehyde groups enolize, then the adjacent 
glucoside groups become alkali-labile. In an analo­
gous manner, the units of celluronic acids con­
taining ketone groups are readily split by alkali 
and the groups so split as well as the lower poly- 
uronic acid fragments may undergo fission into 
reducing and acidic fragments. In other words, 
once the alkaline scission is initiated it continues, 
thus producing degradation far more extensive 
than indicated by the initial ketone content. Such 
fission along the chain would account for the ex­
treme decrease in viscosity often observed even in 
lightly oxidized celluloses.16 Davidson, 17 using 
oxidized celluloses prepared by a number of meth­
ods other than those involving the use of nitrogen 
dioxide, has demonstrated that the decrease in 
viscosities of nitrated oxidized celluloses in cu- 
prammonium is not necessarily due to oxidative 
fission of the cellulose, but may be ascribed to the 
scission of alkali-sensitive links in the oxidized 
celluloses. The alkali-sensitivity of the periodic 
acid-oxidized celluloses appears to be related to the 
instability of the glyoxal and/or erythrose units 
(aldehyde groups).

Pacsu18 has postulated that periodate-oxidized 
celluloses are reacted upn by alkaline solutions in 
the manner of an inner Cannizzaro reaction, sup­
porting the theory in a qualitative way by show­
ing that alkali reacted with such an oxidized cel­
lulose to generate acidity. Since Davidson8 has

(15) Staudinger [Ber., 72, 1709 (1939) ] has postulated such “ de­
fective” celluloses with carboxyl instead of carbonyl units.

(16) We wish to  thank Dr. D. D. Reynolds, of these Laboratories, 
for criticism helpful in arriving a t  these conclusions.

(17) Davidson, J . Textile Inst., 32, 132-148 (1941); 32, T109-131, 
(1931); 29, T195-218 (1938).

(18) Pacsu, Textile Research / „  No. 10, 15, 354 (1945).
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demonstrated that a variety of breakdown prod­
ucts (such as formaldehyde and carbon dioxide) 
are produced during this type of cellulose oxida­
tion, indicating that the oxidizing agent is not 
confined in its action to oxidation at the number 
two and three carbon atoms of the anhydro-glu- 
cose unit, this hypothesis may be viewed with 
some reserve. Head19 recently has shown that in 
both mono- and polysaccharides, dialdehydes are 
converted to carboxyl slowly in the presence of 
dilute alkali.

The criticisms of Davidson and Purves on the 
calcium acetate method for carboxyl determina­
tion do not appear valid when the method is used 
for celluronic acids.

While this paper was being prepared, an inves­
tigation appeared of the structure of celluronic 
acids by absorption spectra.20 The data indicate

(19) Head, Shirley Inst. Mem., 21, 11 (1947).
(20) Rowen, H unt and Plyler, J . Research Natl. Bur. Standards, 

39, 133-140 (1947).

large contents of carboxyl groups with possibly a 
small carbonyl group content. These results agree 
with our chemical findings.

Summary
1. Potentiometric investigations show that 

celluronic acids degrade in alkaline solutions to 
generate acidity.

2. Small amounts of carbonyl groups appear 
to be present in the celluronic acids.

3. The acidity generated in alkaline solution 
at a constant reaction time appears directly re­
lated to the carbonyl group content and is an ex­
ponential function of the alkali concentration.

4. The ketone groups are believed to enolize in 
alkali, the enediols split as in simple carbohy­
drates, the adjacent glucoside links hydrolyze 
and an extensive alkaline degradation is thus ini­
tiated which continues along the chain producing 
reducing and acidic substances.
R o c h e s t e r  4, N e w  Y o r k  R e c e iv e d  F e b r u a r y  24, 1948

[C o n t r ib u t io n  fr o m  t h e  C o a t e ,s C h e m ic a l  L a b o r a t o r y  o f  L o u is ia n a  S t a t e  U n iv e r s it y ]

The Migration of Acetyl and Benzoyl Groups in o-Aminophenol
B y A r th u r  L . L e R o sen  a n d  E d g a r  D. S m ith

A considerable amount of experimental data 
has been collected on the general subject of acyl 
migrations in 0-aminophenols since interest was 
first drawn to this problem by Stieglitz1 in 1898. 
The great majority of this work has been pub­
lished by Raiford and co-workers2-4 and has indi­
cated that when two different acyl groups, derived 
from carboxylic acids, are introduced into an
0-aminophenol generally the same acyl derivative 
is obtained regardless of the order of introduction. 
On hydrolysis the heavier acyl group has usually 
been found on nitrogen.

No satisfactory general explanation has been 
given for all the phenomena observed in the acyla­
tion or hydrolysis of these compounds. The best 
discussion to date, in the opinion of the authors, 
was that of Bell,5 and this work has generally been 
neglected by other workers in this field.

The present work was undertaken because it 
seemed probable that it would be possible to give 
an adequate explanation of these acyl migrations 
in terms of a combination of the theory of reso­
nance and inductive effects. Accordingly a general 
theory was derived for these reactions and was 
found to agree in many respects with the data 
found in the literature. Nevertheless there were 
discrepancies and these were of such a nature that 
a reexamination of the reported data was advi-

(1) Julius Stieglitz, Am . Chem. J ., 21, 111 (1898).
(2) L. C. Raiford, T his Journal, 41, 2068 (1919).
(3) L. C. Raiford and J. R. Couture, ibid., 46, 2305 (1924); 44, 

1792 (1922).
(4) L. C. Raiford and H. P. Lankelma, ibid., 47, 1111 (1925).
(5) Frank Bell, J . Chem. Soc., 2966 (1931).

sable, especially since at present new and powerful 
aids to this study are available in the form of ab~ 
sorbtion spectroscopy for the determination of 
structure, and chromatographic techniques for the 
quantitative analysis of mixtures.

It is premature to present the details of our 
theories of acyl migrations here, but three result­
ing conclusions are important: first, no migration 
should be complete, but instead there should be a 
reversible equilibrium; second, in the acetyl- 
benzoyl migration the N-acetyl isomer should 
predominate; and third, if a “migration” occurs 
in acylation, the opposite migration should be 
observed during hydrolysis. There are no con­
clusive data on this first point in the literature, 
Raiford found only one product in the acetyl- 
benzoyl mixed acyl derivative, while Bell reported 
the formation of different isomers, depending on 
the acylation sequence. Bell based his conclu­
sions on mixed melting point data. Both of these 
men reported that hydrolysis yielded only 0-ben- 
zoylaminophenol.

The experiments here were concerned with the 
determination of the nature of the acylation prod­
uct when acetyl and benzoyl groups were intro­
duced into 0-aminophenol in different sequence. 
The method was to prepare the crude derivatives 
by acylation with the corresponding anhydrides 
in pyridine solution, and to separate the product 
into its constituents chromatographically. The 
determination of structure was accomplished by 
comparison with spectroscopic curves determined 
for all of the possible mono- and diacyl deriva­
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tives of p -aminophenol using acetyl and benzoyl 
groups.

Our experimental results show that two mixed 
diacyl derivatives are present in both crude prod­
ucts which, however, are predominantly N-acetyl- 
O-benzoyl and N-benzoyl-O-acetyl depending on 
the acylation sequence. Acetylation of o-benzoyl- 
aminophenol gave 91%  of the unrearranged N- 
acetyl-O-benzoyl derivative, while benzoylation of 
o-acetylaminophenol gave 62% of the unre­
arranged isomer. Both of the pure mixed diacyl 
derivatives were isolated in their pure form for the 
first time and their physical properties and rela­
tive stabilities under the influence of several fac­
tors were studied.

Solution of either of the isomeric mixed diacyls 
in alcohol or pyridine produced equilibrium mix­
tures containing 85 and 77% of the more stable 
N-acetyl-O-benzoyl form, respectively. Water 
and heat also served to isomerize these diacyls, 
while benzene, hexane, acetone, ethyl ether and di­
oxane were much less effective, if not inert, in this 
respect. It seems probable that this is a ease of 
general acid and base catalysis.6

The absorption curves of the derivatives studied 
are shown in Fig. 1. It will be noted that the total 
area under the curves roughly indicates the num­
ber of phenyl groups in the molecule, while when­
ever a N-benzoyl structure is present, one of the 
peaks (previously superimposed) shifts to longer 
wave lengths. No attempt will be made here to 
interpret these curves in terms of theory, but it 
may be indicated that they offer a good possibility 
of interpreting the peaks in terms of the contribu­
tions of the different resonating structures. The 
spectra for the mixed diacyls were determined in 
hexane to avoid the isomerization which occurred 
in alcohol and these curves are shown in the figure. 
The absorption spectra of the other acyl deriva­
tives of 0-aminophenol are not shown since there 
was no essential change from the spectra found in 
alcohol. The wave lengths and molar extinction 
coefficient in both of these solvents is, however, in­
cluded in the tabulation shown in Table V.

The analytical data are summarized in Tables 
I through IV below. Table I shows the analyses 
obtained on the crude products of the acylations

T a b l e  I

A n a l y s is  o f  O r t h o  M ix e d  D ia c y ls

Sample description

Reac­
tion

yield,
%

Product analysis®
% Re-

%NA* % N B C covery
Crude NB 98 38 62 91
Crude NB 98 37 63 94
Crude NA 84 91 9 94
Crude NA from 50% ale. 93 7 94
Crude NB from 50% ale. 82 18 95

® Analyses based on amount of sample recovered by 
elution of the bands with acetone. b N-acetyl-O-benzoyl- 
o -aminophenol. c N-benzoyl-O-acetyl-o-aminophenol.

(6) L. P. H am m ett, “ Physical Organic Chemistry.” 1st ed.„ 
M cGraw-Hill Book Co., New York, N. Y., 1940, pp. 215-227.

in pyridine solution, and also the analysis of these 
two products after a single recrystallization from 
alcohol.

Table II shows the analyses found on the 
residual products obtained by dissolving mixed di­
acyl samples of varying composition in a few ml. of 
alcohol and then evaporating off the solvent under 
vacuum. It will be seen from this table that the 
isomerizations in alcohol were complete for all ex­
cept the pure N-benzoyl-O-acetyl isomer. No ex-

T a b l e  I I

A n a l y s is  o f  A l c o h o l  I s o m e r iz a t io n  P r o d u c t s
Standing Product analysis®

Sample description
time,

hr. %NA& %NB«
% Re­
covery

Pure NA 0 85 15 107
91% NA 0 83 17 87
38% NA 0 84 16 89
38% NA 0 85 15 93
Pure NB 0 57 43 . . .
Pure NB 2 71 29 87
Pure NB 3.5 72 28 85

® Analyses based on amount of sample recovered by
elution of the bands with acetone. 6 N-acetyl-O-benzoyl- 
o -aminophenol. c N-benzoyl-O-acetyl-p-aminophenol.

planation can be given here for the peculiar be­
havior of this isomer, but it may be significant that 
the sample recovery in these runs was consistently 
low.

Table III shows the results of similarly dissolv­
ing the mixed diacyls in pyridine and then evapo­
rating off the solvent under vacuum after allowing 
the solutions to stand for the length of time indi­
cated. It will be seen that the isomerizations 
were slightly less rapid than those obtained in alco­
hol, and that the equilibrium mixture formed had 
a slightly different composition.

T a b l e  I I I

A n a l y s is  o f  P y r id in e  I s o m e r iz a t io n  P r o d u c t s

Sample description

Standing
time,

hr.

Product analysis®
% R e -

%NA& % N B C covery
Pure NA 6 77 23 98
Pure NA 0 86 14 106
91% NA 3 77 23 95
38% NA 3 75 25 94
Pure NB 6 77 23 98
Pure NB 0 81 29 94

® Analyses based on amount of sample eluted by acetone.
6 N-acetyl-O-benzoyl-p-aminophenol. c N-benzoyl-O-

acetyl-o-aminophenol.

Table IV shows the results of heating the two 
pure isomers for varying lengths of time at two 
different temperatures near their melting point. 
While the results of these runs are inconclusive 
since equilibrium was not reached in either of these 
runs, it appears that, as expected, the N-acetyl-O- 
benzoyl compound isomerized much more slowly 
than its isomeride.

In conclusion, it seems that the predictions of 
theory have been verified for the first two of the 
possibilities mentioned above, and that the con-
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Para series: O, O-acetyl in Ortho series: Could not pre­
alcohol ; 0 ,  O-benzoyl in alcohol. pare.

O—O, Alcohol equilibrium mix- 
0 , N-Acetyl-O-benzoyl in al- ture: O—O, N-acetyl-O-benzoyl

cohol; 0 ,  N-benzoyl-O-acetyl in in hexane; 0 —0 ,  N-benzoyl-O-

240 260 280 300 240 260 280 300
O, Diaeetyl in alcohol; 0 , dibenzoyl in alcohol.

Fig. 1.—-Ultraviolet absorption spectra of acyl derivatives of o-aminophenol and ^-aminophenol. The ordinate is the 
molecular extinction coefficient (e) X 10~3, and the abscissa is the wave length in millimicrons.
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T a b l e  IV
E f f e c t  o f  H e a t  o n  P u r e  M ix e d  D ia c y ls

Sample description
Temp.,

°C.

Standing
time,

hr.
Product analysis* 
%NA* % N B (

Pure NA 140 2 69 31
Pure NB 140 2 59 41
Pure NA 132 70 61 39
Pure NB 132 70 54 46

° Analyses based on amount of sample recovered by 
elution with acetone. & N-acetyl-O-benzoyl-0 -amino - 
phenol. c N-benzoyl-O-acetyl-0 -aminophenol.

Aiding results obtained by Raiford and Bell may 
be explained as being due to the use of alcohol as a 
recrystallization solvent by the former. In such 
a case isomerization would occur, leading to the 
isolation of the predominant isomer, in this in­
stance the N-acetyl-O-benzoyl compound. It 
now seems desirable to reëxamine much of the past 
work in this field in the light of these facts. We 
are continuing this study at present.

Experimental
Preparation of Compounds.—The acyl derivatives 

studied are listed in Table V. Except as noted in the 
table, they were prepared by heating a pyridine solution 
of the aminophenol with a 10% excess of the acid anhy­
dride for about th irty  minutes on a steam-bath. The 
product was isolated by cooling the solution and pouring 
it into ice water. W ith the exception of the mixed 0 - 
acyl derivatives the products were purified by crystal­
lization from alcohol.

T a b l e  V
A c y l  D e r iv a t iv e s  S t u d ie d

Ultraviolet
M elting point, abs. maxima

°C. (cor.) ef X
Compound Found Literature X 10-3

/>-Aminophenyl-
benzoate® 153-155 1537 239 22.5

/>-Aminophenyl-
acetate& 70-72 758 241 9.2

p - Acetylamino­
phenol 166 1669 250 18.5

^-Diacetylamino-
phenol 150 15210 247 13.5

p - B  enzoylamino- 214-216 227,7 20511 225 15.0
phenol 215,12 22713 285 1 1 .0

/>-Dibenzoyl- 233-235 23514 228 24.2
aminophenol 271 19.5

N-Benzoyl-O-
acetyl- 172-174 17116 220 18.0
p - aminophenol 268 18.0

N-Acetyl-O-ben-
zoyl-^-amino-
phenol 167-169 167,13 17115 237 30.0

(7) H. Hiibner, A nn., 210, 378 (1882).
(8) L. Galatis, Ber., 59, 850 (1926).
(9) A. Lumière, et al., Bull. soc. chim., 13J 33, 785 (1905).
(10) Beilstein, “ H andbuch der organischen Chemie,” Vol. IV, 

xiii, 1930, p. 464.
(11) A. W. Smith, Ber., 24, 4042 (1891).
(12) F . Reverdin and E. Delétra, ibid. , 39, 125 (1906).
(13) J. B. Tingle and L. F. Williams, Am. Chem. J „ 37, 51 (1907).
(14) Beilstein, ref. 10, p. 470.
(15) F . Reverdin, Ber., 39, 3793 (1906).

0 -Acetylamino- 203-204 201-20416 242 10.5
phenol 207-208c 284 5.0

2 3 5 d 6.9
2 8 3 d 3.0

0 -Diacetylamino- 124-125 124-12517 238 8.0
phenok 2 4 0 d 12.0

0 -Benzoylamino- 170-171 16818 265 8.4
phenol 296 8.6

222“* 17.8
295* 8.0

0 -Dibenzoyl- 183-185 182-18519 230 26.0
aminophenol 229* 30.0

266* 12.5
N-Benzoyl-O-

acetyl- 138-140 134-1382 230 23.9*
0 -aminophenol 125-1275 220* 20.3

265* 12.5
N-acetyl-O-

benzoyl- 139-141 134-1382 230 2 3 . 9 °
0 -aminophenol 132-1355 232* 30.0
a Prepared by reduction of corresponding nitro com­

pound with SnCl2. b Prepared by method of Galatis8 
except tha t tar formation and resultant necessity of vacuum 
distillation was eliminated by the addition of a few 
crystals of hydroquinone and sodium bisulfite before 
neutralizing the acid hydrolysis mixture with sodium 
bicarbonate. c This high melting compound was prepared 
during ari attem pted acetylation of benzylidine 0 -amino- 
phenol. I t  gave the same spectra as, and raised the melt­
ing point of, the 204° compound. d Refers to the ab­
sorption maxima found in hexane. All other absorption 
data were taken in alcohol. e The usual acylation method 
gave a mixture of mono and diacetyl derivatives which 
proved very difficult to separate. This compound was 
therefore prepared by heating the usual mixture of reactants 
under reflux for one and one-half hours, and then evaporat­
ing pyridine solution until crystals separated. /  Molar 
extinction coefficient. 0 Alcohol equilibrium mixture.

Isolation and Purification of Mixed 0 -Acyl Derivatives.— 
It was found impractical to purify the mixed diacyl 
derivatives of the ortho series by recrystallization pro­
cedures since, in alcohol, isomerizations occurred, while 
in the other solvents tried the solubilities of the two isomers 
were too similar. These crude products were therefore 
chromatographed from benzene solution on a column of 
1:1 silicic acid and Cellite using a 1.5% solution of acetone 
in benzene as the developing agent. The adsorbate zones 
were located by streaking the column first with a 3% 
solution of ^-methoxybenzenediazonium fluoroborate, 
and then with a 5% solution of potassium hydroxide in 
methanol. This combination produced a distinct orange 
color with both isomeric mixed diacyls which could be 
further intensified by a third streaking with 6 M  hydro­
chloric acid which caused the orange color to change to 
a deep red. The streaked areas were cut away, the 
column divided into the two sections containing the acyl 
derivatives, and the pure isomers recovered by eluting 
them from the adsorbent with acetone. (Determination 
of the ultraviolet absorption spectra of the two materials 
in hexane showed th a t the top zone was the N-acetyl-O- 
benzoyl derivative.)

Analysis of Diacyl Mixtures.—The crude mixture of 
isomers was chromatographically separated as outlined 
above, but, before eluting, the two portions of the adsorb­
ent containing the pure isomers were powdered and dried 
under vacuum to remove any solvent which might absorb 
in the ultraviolet. The isomers were then eluted with

(16) Beilstein, ref. 10, p. 370.
(17) E. Bamberger, Ber., 36, 2050 (1904).
(18) Beilstein, ref. 10, p. 372.
(19) Beilstein,, ref. 10, p. 373.
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absolute alcohol and the resulting solutions quantitatively 
determined by comparing their ultraviolet absorption at 
230 millimicrons with th a t found for 0.01 M  solutions of 
the mixed acyls.

Determination of Ultraviolet Absorption Curves.—All 
ultraviolet absorption data shown in  Table V were taken 
on a Beckmann U ltra Violet Spectrophotometer, Model 
DU. Hundredth molar solutions of each acyl derivative 
were made up, and these solutions diluted as became neces­
sary by pipetting a 1-ml. aliquot and diluting to 10 ml. 
No attem pt was made to calibrate the volumetric flasks 
or pipets used.

In hexane solution, due to  the extreme insolubility of 
the acyl derivatives, it was necessary to determine the 
spectra of the saturated solutions of the compounds in 
this solvent. The concentrations of these solutions were 
found by pipetting a 10-ml. aliquot, evaporating to dry­
ness under vacuum, and taking up the residue in 10 ml. 
of absolute alcohol. The concentration of this alcohol 
solution, and hence th a t of the hexane solution, was then 
determined by comparing its ultraviolet absorption in­
tensity a t 230 millimicrons with th a t of an alcohol solution 
of known concentration.

Summary
1 . In the benzoylation of N-acety 1-0-amino- 

phenol and the acetylation of N-benzoyl-0-amino-

phenol, mixtures of the two possible isomers were 
obtained showing that a partial rearrangement oc­
curred in each case. These mixtures were quan­
titatively separated by chromatography, and the 
identity of the two isomers established by com­
parison of their ultraviolet absorption spectra with 
that of the corresponding derivative of p - amino­
phenol.

2. It has been shown that alcohol, pyridine, 
water and heat cause either pure mixed diacyl de­
rivative to isomerize to yield an equilibrium mix­
ture of the two isomers. In alcohol and in pyri­
dine solutions an equilibrium mixture containing 
85 and 77%, respectively, of the N-acetyl-O-ben­
zoyl form was obtained. It was pointed out that 
this isomerization in alcohol probably accounts for 
the conflicting results reported by Raiford and by 
Bell.

3. In the light of the above facts it seems de­
sirable to reëxamine much of the past work in this 
field.
B a t o n  R o u g e , L o u is ia n a  R e c e iv e d  M a r c h  1, 1948

[Co n t r ib u t io n  No. 149 f r o m  t h e  G o o d y e a r  T ir e  a n d  R u b b e r  C o . R e s e a r c h  L a b o r a t o r y ]

Synthesis of Multichain Polymers and Investigation of their Viscosities1
B y  J o h n  R . S c h a e f g e n  and  P a u l  J .  F l o r y

Polymerizations in which the structural units 
are combined in other than strictly linear se­
quences generally yield gelled, insoluble products 
owing to the eventual formation of infinite net­
work structures. Established exceptions are so 
few that thermoplasticity and solubility have 
sometimes been regarded as exclusive character­
istics of linear polymers. On the other hand, non­
linear structures have been postulated on various 
occasions for some of the thermoplastic vinyl 
polymers,2*3 and it has been recognized,4 in prin­
ciple at least, that monomer units may be assem­
bled in non-linear patterns which do not lead to 
network formation and the manifestations of gela­
tion resulting therefrom. Chain transfer with 
previously formed polymer molecules in vinyl 
polymerizations doubtless leads to some degree of 
branching without producing network struc­
tures.5-7 However, the extent of such branch­
ing, like the cross-linking produced in diene poly­
mers, is not easily measured or controlled.

Effects of departure from linear structure on 
physical properties of non-gelled polymers have

(1) Presented before the High Polymer Forum  a t the New York 
Meeting of the American Chemical Society, September, 1947.

(2) G. V. Schulz, Z. physik. Chem., B44, 227 (1939); H. Staudinger 
and G. V. Schulz, Ber., 68, 2320 (1935); H. Staudinger and J. 
Schneiders, A nn., 541, 151 (1939).

(3) H. M ark and R. Raff, “ High Polymeric Reactions,” Intersci­
ence Publishers, Inc., New York, N. Y., 1941, pp. 191, 219, et seq.

(4) H. W. Melville, Trans. Faraday Soc., 40, 217 (1944).
(5) P. J. Flory. T h is  Journal, 59, 241 (1937).
(6) P. J. Flory, ibid., 69, 2893 (1947).
(7) R. B. Carlin and N. E. Shakespeare, ibid., 68, 876 (1946).

been the subject of frequent speculation, but little 
information of a quantitative nature is available 
as a result of the difficulty of isolating the non­
linearity variable. In the first place, the extent 
of branching or of cross-linking (prior to gelation) 
in the polymer as a whole usually is difficult to 
estimate quantitatively. Secondly, such re­
actions ordinarily occur in a random manner such 
that the co-existing polymer molecules vary widely 
in degree of non-linearity, ranging from linear to 
highly branched structures. Finally, random 
cross-linking and branching reactions usually 
broaden the molecular weight distribution, some­
times severely; consequently, alteration of the 
molecular weight distribution, rather than non­
linearity, may be primarily responsible for the 
effects observed.

In the present investigation a convenient gen­
eral procedure for synthesizing non-linear con­
densation polymers of controlled structure has 
been demonstrated. The principle employed 
here involves the co-reaction of an A— B type 
monomer, e.g., an amino acid or hydroxy acid, 
with a small proportion of a multifunctional re­
actant of the type RA& or RB& where R is a b- 
valent radical and A  and B are co-reacting func­
tional groups; such multifunctional reactants may 
be, for example, a polyamine or a polybasic acid. 
Polymers so produced can be represented by the 
formulas

R[—A(B—A)-—]6 or R[—B(A—B)-—]6
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These “ multi chain” polymer molecules are 
therefore composed of b chains, of average length 
y  units each, radiating from the central radical R. 
It is to be noted that network formation is pre­
cluded so long as the terminal groups A, or B as 
the case may be, cannot co-react. Also, the de­
gree of branching is fixed according to the func­
tionality of the central unit. The average length, 
y, of the chains is controlled by the proportion of 
multifunctional unit employed; it is also depend­
ent on the extent of condensation, which, how­
ever, ordinarily is carried very nearly to com­
pletion.

The multichain polymers employed in the pres­
ent investigation were prepared from e-caprolac­
tam (instead of the corresponding amino acid) 
using either a tetrabasic or an octabasic carboxylic 
acid as the multifunctional reactant. For com­
parison, monochain and dichain e-caproamide 
polymers (stearic and sebacic acid, respectively, 
were used as the “ multifunctional” reactant) have 
been prepared as well. Thus, the various poly­
mers for which data are reported herein can be 
represented by the formula

R {—CO[—N H(CH 2) 5CO—]- O H }/

where b ~  1, 2, 4, or 8, y  being varied in each case 
by manipulating the proportion of the multifunc­
tional reactant. Cyclohexanone-tetrapropionic 
acid8 and the analogous octabasic acid, dicyclo- 
hexanone-octapropionic acid9 were used in prepar­
ing the tetrachain and octachain polymers, re­
spectively.

Theoretical
Stoichiometric Relationships. The Number 

Average Molecular Weight.— Let Q represent 
the number of equivalents of the multifunctional 
reactant, RA&, that reacts with one mole of A— B 
monomer. If the reaction were carried to com­
pletion, no unreacted B groups remaining, there 
would be obtained Q /b  moles of polymer mole­
cules, each molecule having b chains. Since it is 
never possible to carry the condensation process 
to absolute completion, a small fraction of the B 
groups will remain unreacted, and each unreacted 
B group will subtend a linear chain. Letting L  
represent the number of equivalents of unreacted 
groups per mole of A — B monomer, there will be 
L  moles of linear molecules and Q /b  moles of multi­
chain molecules in the polymer. The ratio of L  
to Q /b  depends on the degree of completion of the 
reaction and is very small if the reaction is carried 
reasonably near to completion. (In the examples 
discussed below, A  = COOH and B = NH2; the 
proportion L  of the latter remaining unreacted in 
the polymer can be determined by titration of the 
free amino groups.)

As a consequence of the assumed equal re­
activity of the carboxyl groups dealt with here, 
the average number, y ,  of monomer units sub-

(8) Bruson and Riener, T h is  Journal 64, 2850 (1942).
(9) J. R. Schaefgen and P. J. Flory, ibid., 70, 2823 (1948).

tended by an A group of a multifunctional unit 
will equal the number attached to the terminal 
unit of a linear chain. Therefore y  will equal the 
total number of monomer units excluding those 
with unreacted B groups, divided by the total 
number of chains, or

y  = (1 -  L)/(Q +  L) (1)
Letting y l represent the average number of units 
in a linear molecule (including the terminal unit 
bearing the unreacted B group)

-  y +  1 -  (6 +  l)/(<2 +  L) (2) 
The number average molecular weights of the 
linear molecules (.M n,L) and of the multichain 
molecules ( M U)q )  are therefore

Mn,L — myL = m(Q +  1 )/(Q +  L) (3)
and
M n,Q — b(my nib) — b[m( 1 — L)/(Q +  L) +  mb] (4)

where m  is the molecular weight of an A-—B struc­
tural unit and mb is the molecular weight of the 
multifunctional unit divided^ by b. The number 
average molecular weight (M f)  of the entire poly­
mer containing L  moles of linear molecules and 
Q /b  moles of multichain molecules can now be ex­
pressed as

~  LMn,L +  (Q/b)Mn,Q (Qmb +  m) , c, 
Mn “  L  +  (Q/b) -  (Q/b) +  L  w

It can be shown further that w ' l, the weight frac­
tion of linear molecules present in the mixture, is 
given by

^  = L / jL  +  Q [ l  +  ( ^ - l ) ( | ^ ) ] |  (6)

which reduces to
w l  =  L/(Q  +  L) (7)

when Q and L  are both small or when mb is similar 
in magnitude to m. This relationship will be 
used in the next section (see equation 25) in deriv­
ing the expression for the weight average molecu­
lar weight of a mixture of multichain and linear 
molecules.

Molecular Size Distribution. The Weight 
Average Molecular Weight.— Schulz10 has de­
rived approximate relationships expressing the 
molecular weight distribution in polymers com­
posed of a fixed number of chains of random 
length. His molecular weight distribution rela­
tionships were derived for the purpose of treating 
vinyl polymers believed to be branched. Since 
branching in vinyl polymers must necessarily be 
random, his relationships actually are of little 
value for the purpose intended, except in the b = 2 
case representing polymers resulting from di­
radical chain growth in two directions. Schulz’s 
approximate relationships may be applied to 
multichain polymers of the present type, pro­
vided the chain length is sufficiently great; at low 
chain lengths the approximations employed by

(10) G. V. Schulz, Z. physik. Chem., B43, 25 (1939).



Aug., 1948 S y n t h e s is  a nd  V is c o s it ie s  o f  M u l t ic h a in  P o l y m e r s 2711

Schulz became invalid. Instead of these approxi­
mate equations, we have preferred to use exact 
relationships, the derivation of which is set forth 
below. They are as easily applied as the approxi­
mate forms of Schulz.

Let p  represent the fraction of the A groups 
which have undergone reaction, i. e.

P =  (1 ~ L)/(l -f Q) (8)
If the A groups of the multifunctional units and 
those of the bifunctional units can be assumed to 
be equally reactive, p  represents the probability 
that any given A  group has condensed with a B 
group, since condensation polymerization re­
actions are known to proceed in a random man­
ner.11 The probability that a given multichain 
molecule possesses exactly x\  bifunctional units in 
the first chain, x2 in the second, etc., will be given 
by

PX\X2 • • • Xb =  pXxpx2 - • ' pxb (1 — p)h (9)
Let x represent the total number of structural 
units, counting the multifunctional constituent as 
a single unit. Then

and
OCi +  X2 +  * • • +  Xb +  1 = x (10)

PxiX2 " ' X b  =  PX~X (1 — p)h (11)
All combinations of the x ’s consistent with equa­
tion (10), the individual values of the x ’s ranging 
from 0 to Xb, are equally probable. It is to be 
noted that a given combination is specified by 
b — 1 of the x ’s, the remaining one being defined 
by equation (10) above. The number of ways 
the x — 1 units may be distributed over the b chains 
is given, therefore, by the combinatory factor

(x  +  b -  2 ) 1 / (b -  1) !(x -  1)!
which represents the number of combinations of 
(x — 1) 4“ (b — 1) elements (allowing for the per­
missible zero values) taken b — 1 at a time. 
Hence, the probability that a given multichain 
molecule contains x — 1 bifunctional units arranged 
in any manner is given by
P x,b =  (1 -  p ) bp x~ \ x  +  b -  2 ) 1 / (b -  1)!(x -  1)1 (12)
P Xtb represents the mole fraction of x-mers among 
the multichain molecules.

In order to obtain the weight fraction distribu­
tion and to deduce the weight average degree of 
polymerization, the summations

co oo
'y^JxPx,i> and y ^ x 2P X)b

X — 1 X — 1

must be evaluated.

X

CD

2 > p .,6 ==
= 1 x =  2 x — 1

Substituting from equation (12)

(13)

CO
^ f x P x ,b

x = 1
E ( !  -  P ) h P x~ l

x =  2

(x + b -  2)1 
(x -  2)\(b -  1)! +  E p ..»

x — 1

Shifting limits in the first summation on the right, 
there is obtained

CO oo CO
E * p ».‘ =  ^ / ( i  -  f>) +  S p *.»

X = 1 X = 1 X =  1
co co

Since = E P *'6 = 1
X =  1 X =  1

E*P*.» -  (ip +  1 -  P)/(1 -  P) (14)
X =  1

Replacing x 2 with (x — 2)(x — 1) +  3x — 2 in the 
summations over x 2P Xtb and proceeding similarly, 
there is obtained

X > 2P*,& =
X =  1

P 2(b -  l ) 2 +  (3b  - 2 ) P + 1

a  -  p y
(15)

The weight fraction distribution is given by

W x  =* X P X x P x,b
1

which on substituting from equation (14) reduces 
to

w x [ (1 -  p)b+1 
(bp A  1 -  p)

x ( x  +  b — 2)! 
(b -  l)!(x -  1)! (16)

The corresponding weight fraction distribution ex­
pression derived by Schulz, 10 when expressed in 
the present symbols, is

w, =  ( - \ n p y + ' p x ( x h/ b \ )  ( 1 7 )

which approximates equation (16) when p  is near 
unity (high average molecular weight) except for 
small values of x, since

- I n  p  ^  (1 -  p )
po  ^  p x - 1

x ( x  -f  b — 2)!
( b p  A  1 -  p ) ( b  -  l)!(x -  1)!

The molecular weight distribution is narrower 
the greater the number b of chains. The depend­
ence of the molecular weight distribution on b 
is illustrated in the curves published by Schulz,10 
which are qualitatively similar to the correspond­
ing curves calculated from our equation (16).

The number and weight average degrees of 
polymerization, respectively, derived from the 
mole fraction size distribution as given by equa­
tion (12) are

00 I oo
Xn =  x P x,b /  X ]Px>b =  ( b p  +  1 — p ) / (  1 — p )

X =  1 /  X = 1
(18)

and
00 J oo

xw = x2Px,b j  ^ fxP x,b
X =  1 /  X =  1

„  (6 -  1 ) 2P 2 +  (3b - 2 ) P  +  1 
( b p  +  1 -  p ) (  1 -  P)

Substituting for p  from equation (8) reduces the 
expression for the number average to

Xn =  1 + b (1 -  L )  
Q +  L(11) P. J. Flory, T his J ournal, 61, 3334 (1939); 64, 2205 (1942). (20)
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The ratio of the weight to number average degree 
of polymerization is

x» ^ (b -  1 ) 2p 2 +  (3b -  2) p  +  1 
x„ (bp  A  i — p y

Substituting from Equation (8) for p
x /x -  1 +  b ( l - L ) ( l  +  Q ) _  

w/ n ^  [b ( l -  L )  +  (Q  +  L)]2
For small values of Q and L , this equation reduces 
approximately to

x w/ x n ~  1 +  1 / b  (23)
which is the result obtained by Schulz. The nar­
rowing of the molecular weight distribution with 
increase in b is reflected in the approach of this 
ratio to unity.

Equation (23) is too coarse an approximation on 
the one hand and (22) is unnecessarily cumber­
some on the other. An intermediate approxi­
mation, which can be used with negligible error 
when L  < <  1 and Q 2 < < (b2 +  2bQ), is the fol­
lowing

Ócw/ Xn  =  1 +  (1 +  0 / 0  +  2 0  (24)
For a mixture of Q /b  multichain polymer mole­
cules with L  linear polymer molecules the expres­
sion for the weight average molecular weight is12 
(see equations 3, 4, 7, and 24)

(21)

(22)

M w =  WL M w>L +  WqM w,Q — Wl M u,L (xw/xn) 1 +
(1 — WL) M n,Q (Xw/ X n)b (25a)

_  L  m  (1 +  Q)
- ( Q  +  L)  (Q +  L ) 

Qb  (“ m (  1 — L )
(Q +  L) L W +  L)

[*+
+  nib

S L + o n  +  (1 + 2<?) J +
][i + n + g>1

^  (b +  2 0  J
(25b)

Since the first term in equation (25b) is small, 
(1 +  Q) can be set equal to unity therein. The 
second term can be simplified since L(m& — m) is 
small in comparison with m. Then
Mw =  2 mL/(Q +  L)2 + [Qb/(Q + L)2]

(m +  mbQ)[l +  (1 +  Q)/(b +  2Q)] (26)
The Viscosity Average Molecular W eigh t-

Interpretation of dilute solution viscosities re­
quires evaluation of the viscosity average 
molecular weight13 defined as

where a  is a constant which usually is in the range 
of 0.6 to 0.9. Substituting from equation (16) for 
w x and replacing M x with xm

6 - 3 )

(* +  6 -  2)(* +  

cx  +  1) Lc»+-«£»/(6) J * » + * * - /( 6 -  l ) l |

Employing the ratio of M v to M n, the latter being 
the product of m  and x n as expressed by equation

(12) T he  subscrip t b on th e  ra tio  (xn/xw)b in  equation  (25a) refers 
to  th e  value of b for th e  m ulticha in  molecules. T he  subscript “ 1” 
m ust be used for th e  co-existing linea r species.

(13) P . J . F lo ry , T h is  Journal, 65, 372 (1943).

(18), and expanding the products of the summa­
tion

= [Rbl  J
i _ d ~ p)b+1 l  ^

- 1) +
(Va)(6 -  1)(fe -  2)*»- l+ « +  (V«)(6 -  1)(6 -

+

2)(36* -  136 +  12)**’ ~* + 8 +  • - - Ĵ >*/(6 -  l ) l |

The summation is made up of terms of the form

S m - = Y j H X m + a
X «  1

where m  is a positive integer. Replacing the sum­
mation by an integral and setting y  — —x In p

S m =  ( — 1/ln p)™ + * + i  J e ~v y m + a d y

=  ( - 1 / ln  £ )* + •+ 1 T ( m  +  a  +  1)
=  (—1/ln p ) m + * + i  [ ( m  +  a ) ( m  +  a  — 1) • • •

(1 +  a)  T ( 1  +  a)]
Substituting this evaluation of S m in the previous 
equation, the ratio of the viscosity average to the 
number average may be expressed conveniently as

( M j l v l n )

where

( C / b ) [ ( l / b \ ) ( a  +  b ) ( a  +  b -  1) • • •
(a  +  l)T(a +  l ) ] 1/® (28)

f  b I f l  4- -  ! ) ( * > - 2 ) ( - ln £ )  ,
l p 2(b -  1) +  p j  L ^  2 (b +  a )  ^
(b -  1 )0  -  2 )( 3b 2 -  136 +  12)( - I n  p ) 2 “1 ) V*

2 4 0  +  a ) ( b  +  a -  1) +  “  J  J
(29)

The series in brackets converges rapidly when 
—b \ n p < l

When, in addition to this condition, p  is not less 
than about 0.8, C  differs inappreciably from unity. 
To illustrate for a  = 0.8, 5 = 8, and p  = 0.8, C as 
calculated from equation (29) has a value of 1.03 
(making a suitable estimation of the values of the 
unexpanded terms). For all higher values of p  
(and/or lower values of 5), C is closer to unity. 
Within the limit of error introduced on replacing 
summations by integrals, C  may therefore be set 
equal to unity in equation (28).

Experimental
Materials.—«-Caprolactam was prepared from cyclo- 

hexanoneoxime by a Beckmann rearrangement14 15 in 77% 
yield. The product was distilled a t reduced pressure and 
then crystallized from acetone to a constant freezing 
point of 68.7-68.8°, determined by a cooling curve.

Stearic Acid.—A commercial grade was crystallized 
once from acetone and then several times from alcohol; 
m .p . 71-72°16; neutral equivalent 284, calcd. 284.5.

Sebacic Acid.—An Eastman Kodak Co. product was 
crystallized several times from distilled water; m .p . 128.5- 
130°, uncor.; neut. equiv. 101, calcd. 101.1.

(14) P. Schlack, U. S. P aten t 2,313,026 (1943).
(15) All melting points are corrected for stem exposure unless

marked “ uncor.”
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2,2,6,6-Tetra-( jS-carboxy ethyl) -cyclohexanone (cyclo-
hexanonetetrapropionic acid) was prepared by the method 
of Bruson.8 Attem pts to  convert this acid or its nitrile 
to cyclohexane-tetrapropionic acid by the Clemmensen 
method were uniformly unsuccessful. The acid after 
several crystallizations from water melted a t 182.5- 
184.5°, although one sample prepared by acid hydrolysis 
of the tetranitrile melted a t 195-197°. However, mixed 
melting points showed th a t this sample was identical 
with the lower melting material indicating the existence 
of allotropic forms. The neutral equivalent was 96.6, 
calcd. 96.6. A sample of this acid when heated to 253° 
for three hours in an argon atmosphere turned black and 
tarry and underwent extensive decomposition with the 
liberation of gaseous products. When the acid was mixed 
with three times its weight of «-caprolactam and initially 
polymerized a t 200 ° (see section on Method of Polymeriza­
tion), little decomposition occurred on further heating at 
253 ° for a period of three hours, thus indicating tha t the 
amide is considerably more stable than the free acid.

bis - [ 3,3,5,5 -Tetra- (^-carboxy ethyl) -4-ketocyclohexyl] 
(Dicyclohexanoneoctacarboxylic Acid).—The preparation 
of this acid from p , p '-diphenol is described elsewhere.9 
Material melting a t 274-277 ° and having a neutral equiv­
alent of 96.6 to 96.8 (calcd. 96.4) was used in making 
polymers.

Method of Polymerization.—The polymerizations were 
carried out in two steps. In the first step weighed 
amounts of «-caprolactam and the multifunctional co­
reactant together with a small amount of distilled water 
(ca.  17 mole per cent.) were polymerized16 in a sealed 
tube a t a temperature of about 200 ° until a low molecular 
weight polymer was produced (four hours or more). 
The tube was alternately evacuated and filled with argon 
or nitrogen (containing in either case less than 0.01% 
of oxygen) several times before sealing. In the second 
step the white brittle polymer produced in the first step 
was heated in an inert gas atmosphere a t 253° (diphenyl 
vapor-bath) alternately a t atmospheric pressure and at 
reduced pressure (down to 15 mm.) until the melt vis­
cosity became constant, or for a period of from six to 
seven hours (see section on results). The distillate in 
each polymerization was collected and analyzed for evolved 
«-caprolactam. The amount of «-caprolactam used in the 
calculation of the polymer composition was corrected 
accordingly.

The apparatus used in the second step was essentially 
that described previously17 except tha t the side-arm a t­
tached to the vertical polymerization tube sloped down­
ward. This facilitated the complete removal of the un­
reacted «-caprolactam. The trap in which the distillate 
was collected was cooled in an ice-bath.

Melt Viscosity.—The melt viscosities of the polymers 
were determined by the method previously described.17 
I t  was found convenient to use viscometers with two bulbs 
(or four marks in the case of the straight tube type) 
using the lower bulb to  measure the changing viscosity 
as the reaction proceeded and saving the clean upper bulb 
to determine the final viscosity. Melt viscosities were 
ordinarily taken a t the end of a given cycle, a cycle con­
sisting of a fifteen-minute period of heating at reduced 
pressure followed by a fifteen-minute period a t atmos­
pheric pressure during which time the inert gas was bubbled 
through the molten polymer. When two consecutive 
viscosity determinations gave values within 5% of each 
other the reaction was assumed to  be substantially com­
plete and a final viscosity was determined. In preparing 
the higher molecular weight polymers, the heating period 
a t 253° was prolonged to six or seven hours which was 
several times the length of time required for the lower 
molecular weight polymers to  reach maximum viscosity. 
After this length of time the reaction was assumed to be 
complete, and a final viscosity was taken.

Solution Viscosities.—Relative viscosities of the poly­
mer solutions in concentrated sulfuric acid were measured

(16) W. E. Hanford, U. S. P aten t 2,241,322 (1941).
(17) P. J. Flory, T h is Journal, 62, 1057 (1940).

at 25.0 (=*=0.1°) using a Ubbelohde number 2 suspended 
level viscometer. The efflux time of the solutions was 
of the order of two minutes or more, making the kinetic 
energy correction negligible. The density of the solution 
was equal to  th a t of the solvent within the experimental 
error.

Solutions were prepared by shaking a suspension of the 
finely divided polymer in ordinary commercial concen­
trated sulfuric acid until solution was complete, and 
making up to  volume. To obtain polymer samples in a 
form which would dissolve readily, the brittle lower mo­
lecular weight polymers were ground in a steel mortar, 
whereas samples of the tough higher molecular weight 
polymers were drilled out from a solid plug thereof with a 
one-half inch drill. Concentrations were suitably chosen 
to obtain relative viscosities in the range 1.15 to 1.25. 
Values of (In rjr) / c ,  where c is expressed in g . /100 cc. solu­
tion, calculated from relative viscosities in this range dif­
fered by 3% or less from the infinite dilution values, and 
were therefore accepted as intrinsic viscosities ( i .  e . ,  
(In r ) r ) / c  a t c =  0 )18 without extrapolation. In a few 
representative cases the change of (In Vr ) / c  with concen­
tration was measured. Solutions for these experiments 
were made up either individually or by dilution of a more 
concentrated solution.

The observation qf M atthes19 tha t degradation of the 
polymer in concentrated sulfuric acid solution a t room 
temperature is negligible within a twenty-four hour 
period was confirmed.

Amine Titer.—The amino end-group concentration in a 
polymer was determined by titrating a 50-ml. sample of 
a 6% by weight solution of the polymer in ra-cresol with 
standard 0.1 N  ^-toluenesulfonic acid solution using 
thymolsulfonphthalein as an indicator. The solutions 
were prepared by shaking and gently warming the finely 
divided polymer suspension in w-cresol until solution was 
effected. The ra-cresol (1500 ml.) used for these titra ­
tions was distilled a t reduced pressure from sulfuric acid 
(5 ml.) and zinc dust (5 g .), and then redistilled from 
barium oxide (10 g.) to give a water-white neutral prod­
uct. The amino group concentration is expressed as 
equivalents per mole of e-caprolactam in the polymer. 
This value is equal to  L , the equivalents of linear mole­
cules present in the polymer per mole of «-caprolactam.

Melting Points.—Polymer melting points were meas­
ured20 on the heated stage of a microscope, plane polarized 
light being used for illumination. One Polaroid film was 
located between the light source and the sample, and an­
other was placed in the objective of the microscope. 
With the Polaroids a t right angles to each other, the 
crystalline portions of the sample were seen as light areas 
against a dark background. As the temperature of the 
stage was gradually increased, a range of temperature was 
reached in which the light areas disappeared into the 
dark background. This range of temperature is recorded 
as the melting point.

Results
Calculations and Errors.— Viscosity, molecular 

weight, and melting point data for monochain, 
dichain, tetrachain, and octachain polymers 
(b = 1, 2, 4, and 8) are recorded in Tables I, II, 
III, and IV, respectively. The quantities Q and 
L t defined earlier, were calculated in each case 
from the data in columns 1 and 2, and from the 
amine titer. The weight fraction of linear mole­
cules, Wl , was calculated using equation (7). 
The number average, M n, and weight average, 
M w, molecular weights were calculated using 
equations (5) and (26), respectively. All poly-

(18) E. O. Kraem er, Ind. Eng. Chem., 30, 1200 (1938).
(19) A. M atthes, 7. prakt. Chem., 162, 245 (1943).
(20) Unpublished work of H. R. Mighton of this Laboratory. 

See R. D. Evans, H. R. M ighton and P. J. Flory, J. Chem. Phys., 15, 
685 (1947).
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M o n o c h a in  P o l y m e r s
e~Capro-
lactam,

g-
Stearic

acid,
g. Q X 102 L  X 104 va PP

M. p.,
°C. Mn Mw

18.72 3.12 6.64 6.1 1.38 0.212 213=217 1,970 3,820
17.17 2.094 4.86 3.4 2.40 .248 212—216 2,600 5,090
18.87 1 445 3 05 6.0 10.0 .343 215-221 3.920 7,730
27.72 1 .2 1 1 1.74 5.8 43.4 .516 219-221 6,560 13,000
28.98 0.982 1.36 5.7 103 .612 221-226 8,240 16,400
27.34 0.626 0.912 6.6 401 .804 221-225 11,860 23,600
28.07 0.498 0.707 10.0 615 .914 220-222 14,300 28,400

a M elt viscosity in poises a t 253°. 6 Intrinsic viscosity in concentrated sulfuric acid at 25°

T a b l e  II
D ic h a in  P o l y m e r s

e-Capro­
lactam , 

g.

Sebacic
acid,

g- Q X 102 L  X 104 va DP
M. p.,
°C. Mn Mw

18.57 2.203 13.30 0.44 1.25 0.171 203-205 1,900 2,880
19.04 1.405 8.27 4.0 2.72 . .235 211-213 2,910 4,390
18.85 1.055 6.27 3.6 5.00 .281 213-215 3,770 5,690
18.20 1.010 6.22 2.5 5.82 .291 209-214 3,810 5,750
18.44 0.802 4.88 3.2 11.4 .350 214-216 4,780 7,200
18.97 .699 4.13 1.6 13.7 .381 212-217 5,650 8,490
18.73 .599 3.58 7.0 23.8 .427 214-218 6,280 9,550
18.72 .500 2.99 6.0 44.9 .496 214+220 7,500 11,400
19.00 .488 2.88 3.7 44.5 .496 218-222 7,850 11,900
17.00 .366 2.41 5.5 143 .627 217-220 9,170 14,100
18.08 .255 1.58 5.8 460 .800 218-222 13,500 20,800
15.72 . 181 1.29 6.2 735 .908 220-223 16,200 25,000
17.56 .162 1.03 4 .8 1650 1.085 221-225 20,200 31,200
17.73 .116 0.734 13.8 3130 1.313 221-227 22,600 37,100

a Melt viscosity in poises at 253°. b Intrinsic viscosity in concentrated sulfuric acid a t 25°,

T a b l e  I II
T e t r a c h a in  P o l y m e r s

e-Capro-
lactam,

g-
T etra- 
basic 

acid, g. Q X 102 L  X 10* v a PR
M. p.,
°C. Mn Mw W L  X 102

25.62 4.745 21.69 18 1.84 0.177 187-188 2,390 3,110 0.82
26.44 2.754 12.20 7.2 3.75 .233 205-207 3,970 5,150 0.58
14.39 1.322 10.76 12 5.46 .289 207-209 4,400 5,720 1.1
28.26 1.968 8.15 8.6 8.20 .287 210-212 5,700 7,350 1.0
25.54 1.446 6.63 7.7 16.4 .390 214-217 6,890 8,900 1.2
16.56 0.642 4.54 8 .6 39.3 .459 216-218 9,620 12,600 1.8
28.77 1.089 4.43 8 .8 43.5 .469 215-219 9,820 12,900 1.9
27.03 0.864 3.74 7 .0 99.3 .550 219-222 11,600 15,200 1.8
28.67 .598 2.44 6 .8 390 .649- 221-225 17,000 22,800 2.7
28.85 .509 2.07 8.2 589 .750 222-224 19,200 26,200 3 .8
17.28 .316 2.14 9 .2 859 .923 220-223 18,400 25,200 4.1

a M elt viscosity in poises a t 253°. b Intrinsic viscosity in concentrated sulfuric acid a t 25°.

T a b l e  IV
O c t a c h a in  P o l y m e r s

e-Capro-
lactam ,

g-

Octa­
basic 

acid, g. Q X 102 L  X 104 va PI6
M. p.,
°C. Mn Mw W L  X 102

4.98 1.0348 24.4 18 2.76 0.171 183-184 4,230 5,070 0.73
8.67 0.9913 13.4 9.3 6.00 .268 202-203 7,130 8,450 0.69
9.21 .5750 7.32 8 .4 24.2 .420 214—216 12,000 14,600 1.1
8.93 .3313 4.35 6.1 126 .597 219-222 19,400 23,800 1.4

14.06 .3762 3.14 6.0 358 .806 221-222 25,700 32,400 1.9
a Melt viscosity in poises at 253°. 5 Intrinsic viscosity in concentrated sulfuric acid at 25°,
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merizations were carried very nearly to comple­
tion, as shown by the low values obtained for wl 
(Tables III and IV), hence the final polymers con­
tained a preponderant number of multichain 
molecules.

The preceding deductions of structure and the 
formulas for the computation of molecular weights 
are based on literal application of stoichiometric 
considerations. Deviations from these idealized 
conditions doubtless occur owing to side reactions. 
These include oxidation, thermal decomposition, 
anhydride and imide formation.

Oxidation was minimized by carrying out the 
polymerizations in an argon or nitrogen atmos­
phere containing, in either case, less than 0.01%  
of oxygen. However, some oxidation occurred, 
especially in the higher molecular weight poly­
mers for which the heating period at 253° was pro­
longed over a six to seven hour period. Small 
amounts of oxygen were also introduced during 
the melt viscosity measurements. Such oxida­
tion as occurred presumably lowered the molecu­
lar weight by oxidative cleavage of the polymer 
chain. The magnitude of this effect is difficult 
to ascertain, but it is believed to have been small 
compared to the other side reactions mentioned; 
its effect was therefore neglected.

The most likely reaction to occur in thermal de­
composition is decarboxylation. In support of 
this conclusion, the distillate in some of the poly­
merizations was found to be slightly acidic. To 
investigate the magnitude of the decomposition 
the number of carboxyl end-groups in a given poly­
mer was determined by the method of Waltz and 
Taylor.21 The results (Table V) show that loss of 
carbon dioxide does occur, but that in no case is 
the magnitude of the deviation between the ob­
served value and that calculated from stoichio­
metric relationships greater than 9%. The fact 
that the major part of the octabasic acid used in a 
polymer could be recovered unchanged by hy­
drolysis is further proof that decomposition was 
slight. Loss of carbon dioxide, especially from 
the multichain molecule, would lower the degree 
of branching but would leave the molecular weight 
essentially unchanged since as b decreases y  in­
creases (see equation 4). The molecules which

T a b l e  V

Carboxyl E nd-group T itration of M ultichain P oly­
mers in Benzyl Alcohol a t  155°

Equiv. COOH/g. polymer %
Polymer Calcd. X 104 Found X 104 error

Tetrachain 1.87 1.85 1 .1
Tetrachain 2.34 2.17 7.8
Tetrachain 4.04 4.10 1.5
Octachain 18.0 16.5 8.5
Octachain 10.7 1 0 .1 5.9
Octachain 6.15 5.65 8.9
Octachain 3.76 3.48 8.0
Octachain 2.75 2.56 7.4
(21) J. E. W altz and G. B. Taylor, Anal. Chem., 19, 448 (1947).

are formed may, for example, contain an average 
of 7.5 branches instead of eight.

When the study of octachain polymers was ex­
tended to include polymers of higher molecular 
weight than reported herein, the melt viscosity of a 
given polymer continued to rise slowly on pro­
longed heating without seeming to approach a 
limit, and polymers of very high viscosity gave 
evidence of being partially gelled. This may have 
been due to the gradual formation of a small num­
ber of anhydride and/or imide linkages. All the 
polymers reported in this paper, however, were 
completely soluble and gave no evidence of gela­
tion. It is quite possible, however, that a small 
number of such anhydride and/or imide linkages 
(short of gelation) were formed.

Furthermore it was found impossible to remove 
the last traces of monomeric €-caprolactam from 
the polymer, owing to the occurrence of inter­
change reactions which constantly evolve small 
quantities of e-caprolactam. This error would 
tend to make the observed viscosity low. Small 
amounts (ca. 0.15 g. in 16 g. of polymer) of a high 
melting (m. p. > 295°) sublimate which analyzed 
correctly for e-caprolactam were also formed. 
The material is undoubtedly di-e-caprolactam, a 
fourteen-membered ring compound.

Data reported here were obtained under con­
ditions chosen with the object of minimizing errors 
arising from these various sources. While the 
results may nevertheless be vitiated by them to 
some extent, these errors are doubtless inconse­
quential insofar as the conclusions regarding the 
effects of branching are concerned.

Melt Viscosity.— It has been shown previ­
ously17 that the viscosities of molten polyesters 
can be represented precisely by the equation

log rj =  A  +  C M * V2
Graphs of the logarithm of the melt viscosity as a 
function of the weight average molecular weight 
for multichain polymers are shown in Fig. 1. The 
relationships are linear over the range of molecu­
lar weight considered just as in the case of poly­
esters, and the effect of branching is noticeable 
only in the octachain polymers. The equations 
for the lines are

b =  1, 2 or 4 log10 n  =  2.6 X IO"2 M w 1/ 2 -  1.32 
b = 8 log10*? =  2.0 X 10“ 2 M WV 2 -  1.00

The values of C  are similar to those obtained for 
polyesters.17’22 If the logarithm of the melt vis­
cosity is plotted as a function of the square root of 
the number average molecular weight, individual 
linear relationships are obtained for each series of 
polymers.

Solution Viscosity.— The change of relative 
viscosity (rjr) with concentration for representa­
tive linear and multichain polymers was deter­
mined in sulfuric acid and in m-cresol solution. 
The function (In rjr) / c was plotted against concen-

(22) W. O. Baker, C. S. Fuller and J. H. Heiss, T h is  Journal, 63, 
2142 (1941).
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Fig. 1.—Relationships between melt viscosity and weight 
average molecular weight.

tration and the slope and inter­
cept, corresponding to the in­
trinsic viscosity, fo], were de­
termined. Values of the slopes, 
intrinsic viscosities, and the 
error involved in calculating the 
“ intrinsic viscosity” from the 
relative viscosity at rjr =  1.2  are 
shown in Table VII. The data 
fail to show a definite correla­
tion of the slope with the de­
gree of branching.

Intrinsic viscosities of linear 
polymers generally depend on 
molecular weight according to 
a relationship of the form

[97] =  K M va (30)

where M v is the viscosity aver­
age molecular weight and K  and 
a  are constants for a given poly­
meric series. According to equa­
tion (28) the ratio M v/ M n is 
practically independent of mo­
lecular weight for a given value 
of b. Hence, if equation (30) can be applied_to 
the multichain polymers, plots of log [rj] vs. M n 
for polymers having the same b value should be 
linear. That this is the case over the molecular 
weight ranges investigated is shown in Fig. 2. 
The effect of branching is to lower the intrinsic 
viscosity at fixed number average molecular weight.

Treatment of the data by the method of least

T a b l e  VI
T h e  C h a n g e  o f  (In rjr) / c  w it h  C o n c e n t r a t io n  f o r  

S e l e c t e d  L in e a r  a n d  M u l t ic h a in  P o l y m e r s

Branching bi] d[(ln 7 } r ) / c ] / d c

(In Vr)/c  
a t

Vr ^  1.2
Error 
in %

(1) in sulfuric acid solution
Linear b = 2 0.393 -  29 X 10~3 0.381 3.1
Tetrachain .401 -  26 X 10~3 .390 2 .7
Octachain .428 -  21 X 10~3 .421 1.6
Octachain .608 -  16 X IO"3 .603 0.8
Octachain .828 -1 0 2  X 10~3 .809 2.3

(2) in ra-cresol solution
Linear b = 1 .553 -  31 X 10~3 .542 2.0
Linear b — 2 .556 -  37 X 10~3 .542 2 .5
Tetrachain .541 -  36 X 10~3 .528 2.4
Octachain .755 -1 0 3  X 10-3 .730 3 .3

squares yields the following empirical relation­
ships23 corresponding to equation (30):

b — 1 logio [ v] =  0.764 (=±=0.016) logio M n “ 3.20 (31)
b =  2 logio [v] =  0.794 (±0.018) logio M n -3 .3 8  (32)
b =  4 logio [17] =  0.736 (±0.084) logio M n -3 .2 6  (33)
b -  8 logio [17] =  0.857 (±0.027) log10 M n -3 .8 7  (34)

Within the experimental error, the slopes for the 
first three cases (b  = 1, 2, or 4) are the same.

Matthes,19 working with low molecular weight 
(400 to 5,000) poly-e-caproamides, obtained values 
of a  — 0.67 and K  =  12 X 10 ~4 from measure­
ments of molecular weight by end-group analysis 
and intrinsic viscosities in sulfuric acid. Staudin-

(23) The errors in the slopes shown in parentheses in equations
(31) to  (34) were estim ated as 2 Ay /(x r ~  #1) where *iyi, X2yz, . . . 
xryr are experimental points fitted by the equation y — ax b and 
Ay is the standard error in y.

Fig. 2.—Relationships between intrinsic viscosity and number average molecular
weight.



Aug., 1948 S y n t h e s is  a n d  V is c o sit ie s  o f  M u l t ic h a in  P o ly m e r s 2717

ger and Schnell24 carried out similar measurements 
(viscosities in m-cresol) over a wider range of mo­
lecular weights (1300 to 20,000), from which they 
concluded that the exponent a  becomes equal to 
unity at higher molecular weights. In each case 
the measurements were carried out on precipi­
tated polymers; consequently, the degree of het­
erogeneity of their samples cannot be appraised. 
Within the experimental uncertainties indicated 
by the scattering of the data, however, their re­
sults fit the line drawn through the points for 
linear polymers in Fig. 2. The values a  — 0.72 
and K  = 11 X 10“ 4 obtained by Taylor25 for 
poly-hexamethyleneadipamide polymers are simi­
lar in magnitude to our values for linear poly-e- 
caproamide polymers.

A part, at least, of the apparent influence of the 
degree of branching b on the intrinsic viscosity— 
number average molecular weight relationship 
arises from the dependence of the molecular 
weight distribution on b. This effect of molecular 
weight distribution may be eliminated by con­
verting the molecular weights to viscosity averages, 
using for this purpose equation (28) and the values 
of a  obtained from the above empirical equations 
representing the log [ri] vs. M n plots. Taking a  =
0. 78 for b = 1, 2 or 4 and a  = 0.86 for b = 8, the 
ratios of M v to M n deduced from equation (28) for 
b — 1, 2, 4 and 8, respectively, are 1.90, 1.45, 1.22 
and 1.12. If the rather trivial allowance which 
should be made for the small proportions of linear 
molecules is neglected, the number average molec­
ular weights given in Tables I, II, III and IV may 
be converted to viscosity averages through the use 
of these respective factors.

A  log—log plot of intrinsic viscosities vs. viscosity 
average molecular weights is shown in Fig. 3. 
Within the experimental error the data for poly­
mers in which b — 1,2, and 4  all fall on the same 
straight line, while the data for polymers in which 
b = 8 fall on a somewhat lower line. Thus the 
effect of branching on dilute solution viscosity be­
comes noticeable only in the octachain polymer 
series, a result paralleling the melt viscosity be­
havior.

Melting Points.— An increase in branching at 
the same molecular weight lowers the melting 
point (cf. Tables I, II, III, IV), and the relative 
amount of the depression of the melting point 
by branching depends on the molecular weight, 
decreasing as the molecular weight increases. In 
each case the melting points of the high molecular 
weight polymers ( M n = 20,000 or more) approach 
a constant value of about 225°.

Discussion
The results which have been presented demon­

strate the feasibility of the scheme outlined in the 
introduction for preparing polymers with con-

(24) H. Staudinger and H. Schnell, Die Makromolekulare Chemie,
1, 36 (1947).

(25) G. B. Taylor, T his Journal, 69, 635 (1947).

Log Mw.
Fig. 3.—Relationships between intrinsic viscosity and 

viscosity average molecular weight.

trolled degrees of branching. The principle 
should be capable of numerous extensions. We 
have found, for example, that polyacrylic acids 
may be employed as the multifunctional centers. 
Some of the products obtained in this manner are 
of much higher molecular weight than those herein 
reported, and they likewise exhibit the charac­
teristics of ungelled materials. It should be noted 
that since the degree of polymerization of the 
polyacrylic acid molecules is non-uniform, b in 
this case is not constant.

In place of a polymerizable lactam, an amino 
acid, N-carboxyamino acid anhydride, hydroxy 
acid, or lactone may be employed in the prepara­
tion of multichain polymers and, similarly, other 
types of multifunctional reactants can be used 
(e. g., polyamines or polyhydric alcohols). In any 
case, it is essential that the reactants be so chosen 
that all terminal groups of multichain molecules 
be of such a character that they cannot condense 
with any terminal groups (or other functional 
groups) of other multichain molecules.

The essential difference between multichain 
polymer molecules and the various non-linear 
polymers, obtained for example by polymerizing 
polybasic acids and glycols (or polyhydric alcohols 
and dibasic acids26) or by introducing cross link­
ages subsequent to the polymerization27 is that

(26) L. L. Weil, W. H. Stockmayer and C. O. Beckmann, Ab­
stracts of Papers, A tlantic City Meeting of the American Chemical 
Society, April, 1946, p. 38P.

(27) W. O. Baker, T his Journal, 69, 1125 (1947).
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the molecules of the former are uniformly 
branched whereas those of the latter vary widely 
in their degree of branching or cross-linking. As a 
result of this difference, the latter molecules may 
join together to form infinite networks and gela­
tion may be observed. Multichain polymers are 
incapable (barring side reactions) of yielding net­
work structures and gelation therefore is not ob­
served. Thus the present observations on multi­
chain polymers lend further support to the hy­
pothesis that gelation is the direct consequence of 
infinite network formation, that is, non-linearity 
of polymer molecules does not of itself cause gela­
tion to occur.

The observed effects of branching on both melt 
and solution viscosities are smaller than might 
have been expected according to various specula­
tions on this subject. Only in the case of the octa­
chain polymers does the influence of branching (at 
a given molecular weight) become noticeable 
within the range and precision of the present ex­
periments. It should be emphasized, however, 
that the influence of non-linearity may become 
more pronounced at much higher molecular 
weights. (This behavior is indicated by the melt 
viscosity results.)

The intrinsic viscosity probably reflects as a 
first approximation the effective volume of the 
polymer particle including the solvent which in 
effect flows with the particle.28’29’30 Increase in 
branching at a fixed molecular weight should 
therefore be expected to decrease the intrinsic vis­
cosity, in accordance with observation. This de­
crease, however, is much smaller than would be 
expected according to the change in effective vol­
ume predicted from consideration of random 
chain configuration.

The present results show that the intrinsic vis­
cosity is not determined, even in rough approxi­
mation, by the length of the longest chain of the 
structure, as Staudinger has contended. Thus, 
Staudinger’s31 use of the deviation of the intrinsic 
viscosity from the value normally expected for a 
linear polymer as a direct measure of the degree of 
branching is wholly unjustified.

The effect of branching on melting points is 
small except in the low molecular weight region 
where the relatively large proportion of the multi-

(28) W. Kuhn, Kolloid Z ., 68, 2 (1934).
(29) W. Kuhn and H. Kuhn, Helv. Chim. Acta, 26, 1394 (1943).
(30) P. Debye and A. M. Bueche, J . Chem. Phys., 16, 573 (1948).
(31) H. Staudinger and G. V. Schulz, Ber., 68, 2320 (1935); 

H. Staudinger and K. Fischer, J . prakt. Chem., 157, 19, 158 (1940- 
1941); H. Staudinger and O. Nuss, ibid., 157, 283 (1941); H. 
Staudinger and Fr. Berndt, Die Makromolekulare Chemie, 1, 22, 36 
(1947).

functional unit is probably primarily responsible 
for the observed effect because of its inability to 
enter the crystallites.

Note Added in Proof.—-Recently Melville and Young-
son32 have reported the synthesis of branched polyesters 
in which the degree of branching is allegedly the same in 
all molecules. Their method consists in treating a poly­
hydric alcohol such as pentaerythritol with polymeric 
ethylene adipate. Contrary to the contentions of these 
authors, the ester interchange process whereby these 
multifunctional reactants are incorporated into the poly­
mer can be counted upon to introduce the polyalcohols 
a t random, giving rise to a statistical array of molecular 
species in which the number of branching units per mole­
cule is zero, one, two, etc. Evidence tha t this is so is 
afforded by the inference tha t gelation33 occurs on further 
polymerization.

The addition of a multifunctional reactant (RA&) to a 
polymerizing system derived from A—A and B—B type 
bifunctional reactants leads to structural differences in 
the resultant polymer which must be clearly differentiated 
from those occurring in a system containing A—B units 
exclusively. Uniformity of molecular pattern is impos­
sible to achieve in polymerizations of the former type 
owing to the capacity of the reactants to unite variable 
numbers of the multifunctional reactant in the same mole­
cule, and owing to the inherent random nature of the 
reactions involved (including ester or amide interchange). 
In experiments not reported here34 we have investigated 
the influence of our tetrabasic acid on the polymerization 
of a diamine with a dibasic aeid, a system analogous to 
those investigated by Melville and Youngson. In con­
trast to the polymerizations reported in this paper, such 
a system is highly susceptible to gelation. Gel points 
are in satisfactory agreement with statistical theory,33 
which again substantiates the random nature of these 
reactions.

Summary
A general method for the synthesis of branched 

chain polymers, in which all chains in a given 
molecule are united at a central multifunctional 
unit, has been demonstrated. Four series of 
polymers have been prepared in which the number 
of chains subtended by the central unit is one, 
two, four and eight, respectively.

The logarithm of the melt viscosity for a given 
series of polymers varies linearly with the square 
root of the weight average molecular weight; 
[77] is proportional to M a.

The effect of branching in the melt viscosity and 
in the intrinsic viscosity relationships becomes 
noticeable only when the amount of branching be­
comes large, that is, when the branching unit func­
tionality is increased to eight.
A k r o n ,  O h i o  R e c e i v e d  D e c e m b e r  29, 1947

(32) H. W. Melville and G. W. Youngson, Nature, 161, 803
(1948).

(33) P. J. Flory, T his Journal, 63, 3083, 3091, 3096 (1941); 
/ .  Phys. Chem., 46, 132 (1942).

(34) Unpublished work of F. S. Leutner, This Laboratory.
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A quantitative interpretation of the electropho­
retic patterns of protein mixtures obtained with 
the aid of the Tiselius method is based, in part, on 
a knowledge of the specific refraction of the pro­
teins to be analyzed. Since the patterns are re­
corded at 0.5° and since no precise refractive in­
dex measurements of proteins at this temperature 
are available, an investigation has been made of 
the specific refractive increment of some purified 
proteins. A differential prism method, developed 
in this Laboratory,2 has been used in conjunction 
with the optical equipment of the electrophoresis 
apparatus. This permits data to be obtained un­
der the same conditions as those encountered in 
the routine electrophoretic analysis of protein 
mixtures. The results of this investigation are 
presented in this report.

Experimental
The proteins th a t have been studied in this research are 

listed in Table 1. The egg albumin and /3-lactoglobulin 
were prepared in this Laboratory; the bovine serum al­
bumin was obtained from the Armour Company, Chicago, 
and the samples of human serum albumin and y-globulin 
were kindly supplied by the Department of Physical 
Chemistry, Harvard Medical School.3 In the case of 
egg albumin the purification procedure, including three 
recrystallizations, was tha t used by Sorensen and Hjzfyrup4 
whereas /3-lactoglobulin was prepared by a modification 
of Palmer's method5 and was recrystallized four times. 
The modification consists of the removal of casein by the 
addition of solid ammonium sulfate to  40% saturation. 
The ammonium sulfate concentration of the filtrate 
was then increased to 55% saturation, the precipitate 
discarded and the /3-lactoglobulin prepared from the 
filtrate.

Except for the egg albumin, which was kept as a paste 
in a concentrated ammonium sulfate solution, all of the 
protein samples were stored a t 2° as dry powders until 
used. Salt-free solutions of the albumins were prepared 
by dialysis against distilled water. In the case of the 
protein solutions containing neutral or buffer salts, a sample 
was dissolved in the appropriate electrolyte solution and 
then dialyzed against this solution.

The concentrations of all of the protein solutions, except 
those dissolved in the sodium diethylbarbiturate buffers, 
have been determined from nitrogen analysis of weighed 
portions by the Pregl micro Kjeldahl method with the 
precautions recommended by Chibnall.6 The factors 
for conversion of these results to a dry weight basis have 
been determined as follows. In the case of the albumins, 
weighed portions of a salt-free isoelectric solution were 
used for both the nitrogen and dry weight determinations.

(1) Commonwealth Fund Fellow, 1945-1947.
(2) Longsworth, Ind. Eng. C h e m A n a l .  Ed., 18, 219 (1946).
(3) The products of plasma fractionation employed in this work 

were developed from blood, collected by the American Red Cross, 
by the Departm ent of Physical Chemistry, H arvard Medical School, 
Boston, Massachusetts, under a contract recommended by the Com­
mittee on Medical Research between the Office of Scientific Research 
and Development and H arvard University.

(4) Sorensen and Hdyrup, Compt. rend. lab. Carlsberg, 12, 1 (1915- 
1917).

(5) Bull and Currie, T his Journal, 68, 742 (1946).
(6) Chibnall, Rees and Williams, Biochem. J ., 37, 354 (1943).

The dried residue presumably consisted entirely of protein. 
In the case of y -globulin, an isoelectric solution in aqueous 
sodium chloride was used and correction for the weight of 
the salt in the residue was made with the aid of the as­
sumption tha t this was the same as in a mass of the 
dialysate equal to th a t desiccated. The factor for the ft-  
lactoglobulin was obtained from a nitrogen determination 
on a desiccated sample of the solid protein, thus eliminat­
ing any uncertainty as to correction for salt in the residue.

T a b l e  I

N it r o g e n  C o n t e n t  o f  t h e  P u r if ie d  P r o t e in s  ?
Bovine H um an P- H um an

Egg serum serum Lacto- 'y-glob­
albumin album in album in globulin ulin

1 M ethod of desicca­ 100° in 110°in 110°in 110° in 110°in
tion vacuo air air air air

2 Percentage of
nitrogen 15.72 16.05 15.95 15.53 15.9

3 Nitrogen factor 6 .36 6.23® 6.27 6.44 6.29
4 References to

nitrogen content 4, 6 7 7, 8 6, 9 7, 8
a The same value is obtained with water-dialyzed and 

electrodialyzed samples.

Under the conditions of desiccation given in line 1 of 
Table I, it was found th a t the dried residue attained a 
constant weight in twenty-four hours. The resulting 
nitrogen factor, line 3, is in good agreement with the best 
values found in the literature, references to  which are 
indicated in line 4.

The determination of the protein concentration in the 
presence of the barbiturate buffer will be described later 
in this paper.

All weight concentrations have been converted to  a 
volume basis, i .  e . ,  gram protein per 100 ml. solution, 
with the aid of the density data in the 4‘International 
Critical Tables” 10 and in Svedberg and Pedersen's “ The 
Ultracentrifuge.'*11 In estimating the density of a given 
solution the specific volumes of the components have been 
taken as additive. Moreover, all of the proteins of Table 
I have been assumed to have the specific volume, 0.741, 
of the “ average protein” as given by Svedberg.12

Results
Effect of Protein Concentration in Salt-Free 

Solutions.— As the results presented in Table II 
indicate, the specific refractive increment, k  = 
(̂ solution — ŝolvent)//1, of a protein is independent 
of its concentration, p , over a wide range of this 
variable, if the concentration is expressed on a 
volume scale, e . g.y g./100 ml. solution. The re­
sults in Table II, and also those in Fig. 1 below, 
indicate that, although the specific refractive in­
crement varies with the protein, this variation is

(7) Brand, Kassel and Saidel, J . Clin. Invest., 23, 437 (1944).
(8) Cohn, Strong, Hughes, Jr., Mulford, Ashworth, Melin and 

Taylor, T his J ournal, 68, 459 (1946).
(9) Brand, Saidel, Gold water, Kassel and Ryan, ibid., 67, 1524

(1945).
(10) “ International Critical Tables,” Vol. I l l ,  M cGraw-Hill Book 

Co., Inc., New York, N. Y., 1928.
(11) Svedberg and Pedersen, “ The U ltracentrifuge,” Oxford 

University Press, 1940, p. 446, app. III .
(12) Svedberg and Pedersen, “ The Ultracentrifuge,” Oxford Uni­

versity Press, London, 1940, p. 445, app. II,
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small. These results confirm and extend those of 
Adair and Robinson13 and others.

T a b l e  II
E f f e c t  o f  P r o t e in  C o n c e n t r a t io n  o n  t h e  S p e c if ic  

R e f r a c t iv e  I n c r e m e n t  in  S a l t -F r e e  So l u t io n s

Protein

Protein 
concn., p,  
g./100 ml.

Specific
refractive
increment,

k x io«
a t 0.5°

Egg albumin, p H  4.95 1.614 1874
3.200 1877
4.026 1878
6.451 1877

Av. 1876
Bovine serum albumin, 3.766 1906

p H  5.05 4.740 1902
5.631 1906

10.099 1897
Av. 1901

Human serum albumin, 1.777 1886
p H  4.85 3.456 1887

5.188 1888
7.683 1887

Av. 1887

Effect of Temperature on the Specific Refrac­
tive Increment.— Since the differential prism 
method can readily be adapted for work over a 
range of temperature, selected solutions have 
been studied at 0.5, 5, 10, 15, 20 and 25°.

Fig. L—Effect of temperature on the specific refractive 
increment of proteins: □, bovine serum albumin; X , 
human serum albumin; O, egg albumin; A, /3 -lactoglobu- 
lin.

These results are presented in Fig. 1 for the three 
albumins and /3-lactoglobulin. Here the specific 
refractive increment, k , is plotted as ordinate 
against the temperature as abscissa. Contrary to 
the general impression, the effect of temperature 
on the refractive increment is not negligible for

(13) Adair and Robinson, Biochem. J .,  24, 993 (1930).

most proteins although it is smaller than that ob­
served in the case of salts. This is shown in Table 
III, which also includes the results that have been 
obtained on some low molecular weight materials 
having electrical properties between those of salts 
and proteins. Of the substances investigated only
7 -globulin had a negligible temperature coefficient.

T a b l e  I I I
C o m p a r is o n  o f  t h e  E f f e c t  o f  T e m p e r a t u r e  o n  t h e  
S p e c if ic  R e f r a c t iv e  I n c r e m e n t , k t o f  P r o t e in s  w it h  

it s  E f f e c t  o n  O t h e r  Su b s t a n c e s
Substance 

Sodium chloride 
Potassium chloride 
Glycine, alanine 
Arginine hydrochloride 
Glycylglycine 
Bovine serum albumin 
Human serum albumin 
Egg albumin 
/S-Lactoglobulin 
Human 7 -globulin

kn X 10* (kn -  *26) X 10«
+  171
+  100 
+  8 0  

+  79 
+  8 0

1901 +  32
1887 +  33
1876 +  25
1865 +  2 3

1875 0

The Specific Refraction at Different Wave 
Lengths.— Although most of the refractive index 
measurements have been made at X = 5780 A., 
the mean value of the mercury yellow doublet 
that is isolated with the Wratten filter number 22, 
a few solutions have also been studied at other 
wave lengths. In these measurements a cadmium- 
mercury lamp of the H4 type is used without a fil­
ter, the cell is filled with a fairly concentrated pro­
tein solution and, with the aid of the cylindrical 
lens attachment, the spectral lines are observed di­
rectly in the focus of the schlieren camera. With 
the yellow line as reference the displacements of 
other lines are measured and the corresponding 
values of k \  — kmo computed. In Fig. 2, values of 
( h  — &578o)/&578o are plotted as ordinate against 
the reciprocal of the square of the wave length as

108/ \ 2.
Fig. 2.—Effect of wave length on the specific refraction: 

□, bovine serum albumin; X , human serum albumin; 
O, egg albumin; A, /3-lactoglobulin; + ,  horse serum albu­
min; • ,  horse serum globulin.



Aug., 1948 S p e c if ic  R e f r a c t iv e  I n c r em en t  o f  S o m e  P u r if ie d  P r o t e in s 2721

abscissa. As will be seen in the figure, all of the 
points, including those for horse serum albumin 
and globulin, and /3-lactoglobulin taken from the 
work of Pedersen and Andersson,14-15 can be ade­
quately represented by a single straight line. Al­
though the specific refraction varies somewhat 
with the nature of the protein it thus appears that 
the dispersion is essentially the same for all the 
proteins that have been studied. Since the slope 
of the line in Fig. 2 is 0.1946 the relation k \  = 
kmo (0.940 +  2.00 X 106/X2), where X is in Ang­
strom units, may be used to obtain the specific re­
fraction at any (visible) wave length.

The Specific Refraction of Sodium Pro- 
teinates.— The protein solutions employed in an 
electrophoretic analysis are usually prepared by 
dialysis against an appropriate buffer solution. 
The proteins are then present as charged par­
ticles in a solution of buffer ions whose composi­
tion is given, as a first approximation, by the 
Donnan equations. If the p H  of the solution is 
above the isoelectric p H  of the protein and if, as is 
usually the case, sodium buffer salts are employed, 
the protein is present as a sodium proteinate whose 
specific refraction differs from that of the isoelec­
tric protein. Moreover, in addition to the acquisi­
tion of a net charge the protein may also bind 
some of the buffer salt. In order to distinguish 
between the effect of the charge and of bound salt 
it is essential to determine the refraction of sodium 
proteinate in the absence of buffer salts for com­
parison with the values obtained in their presence. 
Consequently the specific refractions of salt-free

T a b l e  IV

E f f e c t  o f  C h a r g e  o n  t h e  S p e c if ic  R e f r a c t iv e  I n c r e ­
m e n t  o f  C r y s t a l l in e  E g g  A l b u m in  a n d  B o v in e  Se r u m

A l b u m in

1 2 3 4 5 6
Moles
NaOH
X 105 

per 1 g. 
protein PH P A n k’ X 10» a

Egg albumin
00.00 4.95 6.451 0.012106 1877
13.03 5.70 5.951 .011234 1888 45
19.28 6.20 5.739 .010868 1894 47
25.38 7.26 5.545 .010523 1898 44
32.67 8 .7 5.334 .010187 1908 53
42.3 10.1 5.128 .00977 1904 36
44.6 10.5 5.025 .009593 1909 34

Mean 44
Bovine serum albumin

00.00 5.02 4.740 0.009015 1902
19.59 7.22 4.340 .008329 1919 46
34.44 8.32 4.077 .007885 1934 49
53.68 10.10 3.782 .00735 1944 41
64.75 10.58 3.606 .007036 1951 40
72.97 10.72 3.525 .006978 1979 56

Mean 46
(14) Pedersen, Biochem. J . ,  30, 961 (1936).
(15) McFarlane, ibid., 29, 407 (1935).

isoelectric protein solutions, to which small 
amounts of sodium hydroxide have been added, 
were determined with the results given in Table
IV.

In this table the quantity of alkali added is given 
in column 1 and the resulting p H  of the solution 
in the next column. The protein concentration, 
column 3, is the value for the isoelectric solution 
after correction for the dilution due to the added 
alkali. If this is divided into the observed refrac­
tive increment, column 4, a specific refraction, k ', 
column 5, is obtained that differs from the specific 
refraction k t of the isoelectric protein by an 
amount that is proportional to the net charge, e, 
of the protein, i .  e.

k '  «  K I  +  ae)

Here the net charge is given by the values of col­
umn 1 since all of the added alkali reacts at the p H  
values studied, The computed values of the pro­
portionality factor, a , column 6, are approximately 
constant and are essentially the same for the two 
proteins studied.

Refraction Measurements in Solutions in 
Sodium Chloride.— In view of the possibility 
that ions other than the hydrogen ion may be 
involved in the dissociation equilibria of the 
proteins, refraction measurements on these 
materials in solutions of the neutral salt, sodium 
chloride, have been made as an additional prereq­
uisite to the study of proteins in buffer solutions. 
The results presented in Table V, where the specific 
refraction is taken as the difference, per unit 
concentration of protein, between the refractive 
indices of the equilibrated solutions, illustrate the 
two types of behavior that have been encountered. 
Thus the specific refraction of egg albumin is es­
sentially independent of the concentration of the 
sodium chloride against which it has been dialyzed, 
whereas in the case of the bovine and human serum 
albumin small but significant changes occur. This 
is consistent with the findings of Scatchard and his 
associates16 that these two materials bind some so­
dium chloride.

An additional feature of the bovine serum al­
bumin used in this research also emerges from the 
data of Table V. Thus the ^-values of 1923 
and 1921 X 10 ~6 for the electrodialyzed solutions 
Nos. 11 and 13 differ significantly from that of 
1902 X 10~6 for the water-dialyzed solution No. 6 . 
If, however, water dialysis is used to remove the 
salt from solutions that have been equilibrated 
with aqueous sodium chloride, solutions Nos. 10 
and 15, the values obtained, 1919 and 1920 X 
10-6, then agree well with those for the solutions 
prepared by electrodialysis. The origin of these 
effects is obscure but, together with the observed 
constancy of the nitrogen factor, suggests the 
presence in the bovine serum albumin of a vola­
tile, poorly refracting contaminant that is removed 
by electro- and saline dialysis but not by the or-

(16) Scatchard, Batchelder and Brown, T his Journal , 68, 2320
(1946).
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T a b l e  V
E f f e c t  o f  S o d iu m  C h l o r id e  o n  t h e  S p e c if ic  R e f r a c t iv e  I n c r e m e n t  o f  C r y s t a l l in e  E g g  A l b u m in , B o v in e  S e r u m

A l b u m in  a n d  H u m a n  S e r u m  A l b u m in
Soln.
no. Protein Solution prepared by i>H P k X 10®

1 Egg albumin Dialysis vs. H20 5.31 3.154 1869
2 Dialysis vs. 0.1 Af NaCl 5.47 3.555 1874
3 Electrodialysis 4.74 3.187 1869
4 Dialysis vs. HgO 4.95 3.199 1876
5 Dialysis vs. 0.5 M  NaCl 5.38 3.604 1869
6 Bovine serum albumin Dialysis vs. H20 5.05 4.740 1902
7 Dialysis vs .  0.1 M  NaCl 5.35 5.219 1932
8 Dialysis vs. 0.5 M  NaCl 5.31 4.634 1948
9 Dialysis vs. 0.1 M  NaCl 3.495 1938

10 Dialysis of soln. No. 9 vs. H20 4.539 1919
11 Electrodialysis 5.25 2.223 1923
12 Electrodialysis +  dialysis tt?. 0.1 Af NaCl 5.37 4.103 1943
13 Electrodialysis 4.891 1921
14 Electrodialysis +  dialysis vs.  0.1 Af NaCl 5.438 1941
15 Dialysis of soln. No. 14 vs.  H20 6.424 1920
16 Human serum albumin Dialysis vs. H20 4.85 3.424 1887
17 Dialysis vs.  0.5 Af NaCl 5.26 2.262 1918

dinary water dialysis. Alcohol or decanol as the 
contaminant might satisfy these requirements.

Refraction Measurements in Buffer Solutions. 
— In the following interpretation of the refrac­
tion measurements in buffer solutions the 
assumptions have been made (a) that the refrac­
tions due to the various components are addi­
tive, (b) that the net charge on the protein may 
be obtained from the titration curve and (c) 
that the buffer electrolyte concentrations are given 
by the first term in the expansion of the Donnan 
equation. With the aid of these assumptions, 
together with the measured refractive increment, 
A^-obsd., of the protein solution and that, An'-  
obsd., of the buffer solution against which it has 
been equilibrated, the specific refraction of the 
sodium proteinate has been computed as will be 
described in connection with Table VI. In that 
table, the concentrations, in equivalents per liter, 
of the buffer electrolytes in the dialysate, the p H  
of the protein solution in equilibrium therewith 
and the protein are given in the first four lines. 
The protein concentrations in line 5 marked with 
an asterisk were obtained by mixing weighed 
amounts of the buffer solution and the protein. 
Corrections were made not only for moisture, con­
tent of the protein but also, by rapid weighing of 
the Cellophane bag and its contents before and 
after dialysis, for the rather large volume changes 
that occur during this process. In the case of the 
concentrations marked with a dagger a weighed 
sample of the equilibrated protein solution was 
dialyzed salt-free, transferred (Quantitatively to a 
volumetric flask and nitrogen determinations were 
made on weighed portions of this salt-free solu­
tion. It will be noted that the two methods of an­
alysis lead to closely agreeing results for the spe­
cific refraction in the one instance where a com­
parison is possible, i. e.y columns III and IV of 
Table VI. In the phosphate buffers the protein

concentration was obtained in the conventional 
manner since these buffer salts do not interfere 
with the nitrogen determination.

The sources of the values for the net charge, line 
6 of Table VI, are given as footnotes whereas the 
equivalent concentration of the sodium protein­
ate, line 7, is simply Cnup = — 10pe. In the 
case of the diethylbarbiturate buffers the electro­
lyte concentrations in the protein solutions, lines 
8 and 9, are given by the relations17

GfaR = CiiaR — 1/2CNaP and C*HR = Chr

whereas for the phosphate buffers18

GsraR =  ^NaR (1 ~  5GïaP) and ChR = ChR (1 “  2.5CNaP)

Owing to small variations of the equivalent re­
fraction with concentration and also to the dif­
ficulties of preparing some of the buffer salts for 
weighing, deviations of as much as I X 10 ~~5 in 
the measured refractive increments of the buffer 
solutions from those computed by means of the 
relation

Afl' == KNaR^NaR +  AThrChR

have been observed. Here K  is the equivalent re­
fraction and, for the computations of Table VI, 
has been assigned the following values: sodium di­
ethylbarbiturate, 0.04055; diethylbarbituric acid, 
0.02905; Na2H P04, 0.01502; and NaH2P0 4, 
0.0172. Correction for the deviations has been 
made by adding to the observed increment for 
the protein solution the small difference between 
the computed and observed increments for the 
buffer solution. The corrected values of the re­
fractive index increment for the protein solutions 
are given in line 10 of Table VI.

The contribution of the buffer electrolytes to the
(17) Longsworth, J . Phys. and Coll. Chem., 51, 171 (1947).
(18) Svensson, Arkiv. Kemi, Mineral, o. Geol., 22A, No. 10, 27 

(1946).
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T a b l e  VI
T h e  S p e c if ic  R e f r a c t io n s  o f  P r o t e in s  in  B u f f e r  S o l u t io n s  

BSA = bovine serum albumin. HSA = human serum albumin. EA =  egg albumin. LG — lactoglobulin.
I I I  I I I  IV V VI V II V III IX X

R  — diethylbarbiturate-— —:—R  = N aH PO *-
1 C'(NaR) 0.025 0.050 0.1 0.1 0.1 0.1 0.128 0.134 0.134 0.128
2 C'(HR) 0.005 0.01 0.02 0.02 0.02 0.02 0.008 0.008 0.008 0.008
3 PH 8.56 8.59 8.60 8.60 8.60 8.60 7.67 7.71 7.74 7.68
4 Protein BSA BSA BSA BSA EA LG BSA HSA EA LG
5 P — g./100 ml. soln. 2.010* 2.056* 1.9193* 5.024f 1.81151* 2 .695f 3.4977 2.9943 2.3565 2.8324
6 —e 0.00038® 0.00038® 0.00038® 0.00038® 0.00032® 0.00051* 0.00027® 0 .00027c 0.000275® 0.00043*
7 C(NaP) =  - 1 0  pe .00764 .00781 .00729 .01909 .00580 .01374 .00944 .00808 .00648 .01218
8 C(NaR) .02118 .0461 .0963 .0905 .0971 .0931 .1220 .1286 .1297 .1202
9 C(HR) .005 .01 .02 .02 .02 .02 .0078 .0078 . 0079 .0078

10 Aw(obsd. — corr.) .004986 .006323 .008291 .014179 .008087 .009800 .008665 .007767 .006520 .007297
11 Ara(NaR +  HR) .001004 .002160 .004486 .004251 .004518 .004356 .001966 .002066 .002084 .001939
12 A#(NaP) .003982 .004163 .003805 .009928 .003569 .005444 .006699 .005701 .004436 .005358
13 *(NaP) .001981 .002025 .001982 .001976 .001970 .002020 .001915 .001904 .001882 .001892
14 *(NaP) u —► 0 .001935 .001935 .001935 .001935 .001902 .001909 .001923 .00191 .001899 .001901

® Interpolated from data of Table IV. 5 From Cannan, Palmer and Kibrick, J .  B i o l .  Chem. ,  142, 803 (1942). c Cohn, 
Strong, Hughes and Blanchard, see Edsall, A n n a l s  N .  Y.  A c a d .  Sc i . ,  47, 223 (1946).

increment of the protein solution is given by the 
relation

A^(NaR +  HR) == K ^ a R C ^ a R  +  R hrCer 
line 11 of Table VI, and the difference

An(NaP) = An -  A»(NaR ■+ HR)
line 12, divided by the protein concentration is the 
specific refraction of the sodium proteinate, line 
13. For comparison, the values of k for the so­
dium proteinates in the absence of salt have been 
interpolated from the data of Table IV for the p H  
values of Table VI and are given in the last line of 
that table. It will be noted that the specific in­
crement in the phosphate buffer is essentially the 
same as in the absence of salt whereas in the pres­
ence of the diethylbarbiturate it is significantly 
greater. Although several explanations for this 
observation could be advanced an attractive one 
is that this large organic ion is bound by the pro­
tein.

Comparison with Previous Work.— As a test 
of the validity of the differential prism method 
used in this research two of the salt solutions 
studied by Hölemann and his associates19’20 have 
been prepared and their refractive increments de­
termined over a sufficient range of temperature 
and wave length to permit a direct comparison 
with their results. A t 25° and X = 5876 A., the 
increments for 1.6692 molal sodium chloride and 
1.2983 molal potassium chloride are 0.015385 and 
0.011906, respectively, and are in agreement with 
the values of 0.01538 and 0.01190 reported by 
Hölemann. Additional evidence that the preci­
sion of our refractive index measurements is 
about =*=1 X 10 “ 5 is afforded by the following 
fact. At 0.5° and X = 5780, the refractions of the 
solutions of potassium chloride recently used in 
diffusion studies21 follow, with an average devia­
tion of ± 7  X 10“ 6, the^simple relation, An / C  = 
0.011405 -  O.OOIOOVC, over the concentration 
range studied, i. e.} 0.1 to 1.0 normal.

(19) Hölemann and Kohner, Z. physik. Chem., B13, 338 (1931).
(20) Shibata and Hölemann, ibid., 13, 347 (1931).
(21) Longsworth, T his Journal, 69, 2510 (1947).

In the case of the specific refractions of pro­
teins, however, the precision of the results is lim­
ited by the uncertainty in the protein concentra­
tion. As Armstrong, Budka, Morrison and Has­
son have shown,22 the presence of lipid in the pro­
tein renders particularly difficult the concentration 
determination. In the present research this source 
of error has been reduced by restricting our studies 
to proteins that contain minimal amounts of lipid 
and by controlling the nitrogen determinations 
with dry weight measurements. In spite of these 
precautions, however, in unfavorable cases the 
uncertainty in the protein concentration may 
amount to as much as one per cent. In some in­
stances this is sufficient to mask the variation of 
the specific refraction from one protein to another 
or between different preparations of the same pro­
tein.

It is of interest that at 20° our values of the spe­
cific refraction of human albumin, 1862 X 10 ~6, 
Fig. 1 , and 7 -globulin, 1875 X 10~6, agree well 
with those, 186 X 10~5 and 188 X 10“ 5, reported 
by Armstrong and associates. In the case of 0-  
lactoglobulin, Pedersen reports14 1809 X 10~6 and 
1812 X 10~o6 as the specific refraction, at 20° and 
X = 5799 A., of two different preparations. In 
these measurements he used nitrogen factors of 
6.61 and 6.55, respectively, that were obtained from 
nitrogen and dry weight determinations on aliquots 
of a solution of the protein in 0.5 molar sodium chlo­
ride. When analyzed similarly, our preparation of 
this protein gave a factor of 6.62, in essential agree­
ment with Pedersen’s values. However, when 
analyzed, as described earlier in this paper, in 
such a manner as to eliminate the uncertainty 
concerning the amount of salt in the dried residue, 
the nitrogen factor is 6.44. Correction of Peder­
sen’s refraction data to this new factor gives 106 
k  = 1858 and 1843, in satisfactory agreement with 
our value of 1846 at 20°.

The authors are glad to acknowledge their in­
debtedness to D. A. Maclnnes of these Laborato-

(22) Armstrong, Budka, Morrison and Hasson, ibid., 69, 1747
(1947).



2724 R o d n ey  P . Sm ith Vol. 70

ries for his interest in this research and for sugges­
tions in the preparation of this paper.

Summary
With the aid of a hollow, prismatic cell and the 

optical equipment of the Tiselius electrophoresis 
apparatus, the refractive index increments of solu­
tions of some purified proteins have been measured 
as a function of the protein concentration, the tem­

perature, and the wave length of the incident 
light. The changes in the specific refractive in­
crement that occur on titration of the protein with 
alkali, in the presence of neutral salts and after 
equilibration with buffers have also been deter­
mined. Such data are necessary for a quantita­
tive interpretation of the electrophoretic pat­
terns of proteins.
N e w  Y o r k , N. Y. R e c e iv e d  A p r il  22, 1948

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  L a b o r a t o r y , U n it e d  S t a t e s  S t e e l  C o r p o r a t io n ]

Equilibrium of Iron-Carbon-Silicon and of Iron-Carbon-Manganese Alloys with 
Mixtures of Methane and Hydrogen at 1000°

B y  R o d n ey  P . Sm it h

Measurements of the equilibrium of iron-carbon 
alloys with mixtures of methane and hydrogen 
have been reported in an earlier paper.1 Since 
most commercial steels contain various amounts 
of alloying elements, it is of considerable impor­
tance to know the effect of these additional ele­
ments on this equilibrium. Accordingly measure­
ments were made of the carbon content of iron- 
silicon alloys containing up to 15% silicon and of 
iron-manganese alloys containing up to 15% man­
ganese equilibrated at 1000°, with methane- 
hydrogen atmospheres of known composition. 
At this temperature the crystal structure of the 
silicon alloys may be either face-centered cubic 
(austenite or gamma iron) or body-centered cubic 
(ferrite or alpha iron) depending on the concentra­
tion of carbon and silicon. For these alloys meas­
urements were made in the region in which auste­
nite is stable and in the region in which ferrite is 
stable and an estimate is given of the phase boun­
daries in a portion of the isothermal section of the 
iron-silicon-carbon system. A t 1000° the struc­
ture of the manganese alloys is austenitic at all 
compositions investigated. For the iron-manga­
nese-carbon system an estimate is given of the 
position of the phase boundaries of the austenite- 
austenite +  graphite and a portion of the auste­
nite-austenite +  carbide fields.

Experimental
The experimental procedure was similar to  that previ­

ously described.1 The dimensions of the samples used 
were about 1 X 1 X 0.4 cm. For each gas mixture a num­
ber of samples of either series of alloys and a sample of 
electrolytic iron were equilibrated simultaneously. The 
carbon content of samples containing more than 0.05% 
carbon were analyzed by the usual combustion method; 
those with less than 0.05% carbon by the low pressure 
combustion method described by Gurry and Trigg.2 
The silicon alloys were either milled or broken up in a 
steel m ortar prior to combustion; the manganese alloys 
were burned without milling, 0.5 to  1.0 g. of Bureau of 
Standards sample 55b, 0.010% C, being added to start 
combustion.

(1) R. P. Smith, T his Journal, 68, 1163 (1946).
(2) R. W. Gurry and H. Trigg, Ind. Eng. Chem., Anal. Ed., 16,

248 (1944).

The gas composition for each set of samples was derived 
from the carbon content of the electrolytic iron and the 
equilibrium data previously published1 rather than 
from the analysis of the primary hydrogen-methane mix­
ture and the flowmeter constants. This method has the 
following advantages: (1) an accurate knowledge of the 
composition of the primary hydrogen-methane mixture is 
not required; (2) it is not necessary to make corrections 
for the small deviations (less than ±1°) from 1000° of 
the furnace temperature. The minimum equilibration 
period was one week; th a t this time was sufficient was 
established by comparison of the analysis of the electro­
lytic iron, equilibrated together with a typical set of alloy 
samples using a primary mixture of known composition, 
with the results for pure iron-carbon alloys previously 
published.1

The silicon alloys of composition within the range 1.2 
to 5.0% Si were commercial quality steels,3 those between 
7.0 and 15.0% Si were prepared from a high-grade ferro- 
silicon and electrolytic iron. Analysis of a sample of 
electrolytic iron and of the alloys containing 1.2 to 5.0% 
Si before and after equilibration with respect to carbon 
indicated a silicon pick up from the silica furnace tube of 
0.02 to 0.06%. The results were not corrected for this 
small change in silicon content since its effect on the 
carbon concentration is nearly balanced by tha t of the 
manganese present in these alloys.

The manganese alloys were of commercial quality,4 
produced in a 250 lb. arc furnace. Since an alundum 
furnace tube was used in the equilibration of these alloys 
with respect to carbon, there was no change in their 
silicon content. There was, h.owTever, a small change in 
manganese content, th a t of the electrolytic iron increasing 
by 0.25%, th a t of the 14.67% Mn decreasing by 0.41%, 
the change in the other samples being nearly linear with 
the manganese content.

Results— Silicon Alloys
Equilibrium with Austenite.— The left portion 

of Table I gives the carbon content of the aus­
tenitic silicon alloys equilibrated with several 
CH4--H2 mixtures containing from 0.14 to 0.86%  
methane. The marked effect of silicon on this

Analysis, C, 
).02.

0.05-0.07; M n, 0.2- 

Analyses

•0.3; P, 0.005-0.01;

Mn C P S Si
3.92 1.50 0.015 0.014 0.03
6.48 1.64 .023 .011 .01
9.10 0.30 .040 .008 .19

12.87 0.94 .043 .010 .11
14.67 1.33 .040 .007 .09
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T a b l e  I

C a r b o n  C o n t e n t  o f  I r o n - S il ic o n  A l l o y s  E q u il ib r a t e d  w it h  CH4-H 2 M ix t u r e s  a t  1000°: rx = £ c h4//>h 22, w h e r e

p is in  A t m o s p h e r e s
Initial 

Si content 
weight 

per cent. 0 1.23 2.10 3.41 4.39 5.00 7.8 10.3 15.6
Final carbon content, weight per cet.

n  X 10'* Austenite Ferrite
1.42 0.308 0.261 0.223 0.023 0.016
1.40 .306 .021 .016 0.009 0.003 0.003
3.24 .666 .572 .485 .394 .039
3.08 .638 .036 .017 .006 .003
5.31 .995 .028 .011 .006
5.56 1.032 .880 .764 .619 .383
8.45 1.390 .048 .0 2 0 .004
8.65 1.412 1.218 1.080 .866 .729 .658

equilibrium is shown better in Fig. 1, in which the 
weight per cent, carbon at equilibrium at 1000°, for 
various gas ratios, n  = pcm /pH *,2 is plotted 
against the weight per cent, silicon. For a given 
gas ratio the decrease in carbon for each per cent, 
increase in silicon is roughly 10%  of the carbon 
content of pure iron. The activity of dissolved 
carbon is proportional to r i f thus each line for a 
given value of r\ represents an iso-activity line, 
with respect to carbon.

Austenite, Austenite +  Graphite Boundary.—
At the gas ratio, = 0.00950, the gas phase is in

Fig. 1.—A portion of the iron-carbon-silicon equi­
librium diagram a t 1000°: O, experimental; ©, extra­
polated; 3 , “Alloys of Iron and Silicon”12; rx — ^ ch4//>h22.

equilibrium with graphite.1 Therefore the iso­
activity line for — 0.00950 gives the boundary of 
the single phase austenite field and the two phase 
austenite +  graphite field. This boundary, line 
FB in Fig. 1, was determined by extrapolating 
curves of ri, plotted against weight per cent carbon 
for each silicon alloy to r± =  0.0095. It may be 
noted that the decrease caused by silicon in the 
solubility of graphite in gamma iron is similar to 
that found by Herty and Royer,5 in the case of 
liquid iron (see Fig. 2). The solubility of gra­
phite in austenitic silicon alloys as given in Fig. 1 
is somewhat higher than that given by Charpy and 
Cornu-Thenard,6 and considerably higher than 
that given by Becker.7 The solubility of graphite 
in pure iron given by Becker is lower than the 
value given by more recent determinations and it 
is probable that his values for the silicon steels are 
also low.

Silicon or manganese content, weight per cent.
Fig. 2.—Effect of silicon and manganese on the solu­

bility of graphite in iron at 1300° as given by H erty and 
Royer.5

Equilibrium with Ferrite.— The right portion 
of Table I gives the carbon content of the ferritic 
silicon alloys equilibrated with several C H 4 - H 2  

mixtures. These results are shown graphically in 
Figs. 1 and 5. The consistency of these results

(5) C. H. H erty  and M. B. Royer, U. S. Bureau Mines, R. I. 3230 
(1934).

(6) G. Charpy and A. Cornu-Thenard, J . Iron Steel Inst., 91, 276 
(1915).

(7) M. L. Becker, ibid., 112, 239 (1925).
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0 0.02 0.04 0.06
Carbon content, weight per cent.

Fig. 3.—Carbon content of ferrite in relation to £ ch4/  
£h22: 6 , 5.0% Si; 9 , 7.8% Si; • ,  10.3% Si; O, 15.6% 
Si.

may be illustrated better in the following manner. 
The activity of carbon is proportional to ri, and 
its activity coefficient is inversely proportional to 
% C / r i  where %  Cis the weight per cent, carbon of 
a sample equilibrated with a gas whose p e n  J  p u f  
ratio is rx. Since the carbon content of ferrite is 
always less than 0.08 weight per cent, it is reason­
able to assume that, for a given silicon alloy, the 
activity coefficient of carbon is independent of the 
carbon concentration. The validity of this as­
sumption is illustrated in Fig. 3 in which Y\ is 
plotted against weight per cent, carbon for the 
alloys containing 5.0, 7.8, 10.3 or 15.6% Si; the 
points fall on straight lines, within the experimen­
tal error, demonstrating that the system conforms 
to Henry’s law, or the activity coefficient of car­
bon in these alloys does not change with the .car­
bon concentration. The activity coefficient of 
carbon does, however, change appreciably with the 
silicon content for the range of concentration of 0 
to 15%  Si. In general log % C / r lt rather than 
%C/ri, will be a nearly linear function of %Si; 

% Cthus if log is plotted against weight per cent.

silicon all points should fall on the same curve 
which will be either straight or nearly so. Fig. 4 
shows such a plot; except for results for the alloy 
containing 15.6% silicon all the points fall on a 
straight line with =±=10%. The curves of Fig. 5 
represent smoothed results calculated from the 
straight line of Fig. 4 for the experimental values 
of m.

Fig. 4.—Plot of log % C / r Xf against weight per cent, of sili­
con; n  =  />c h4/ £ h 22, % C =  weight per cent, carbon.

0 2 4 6 8 10 12 14 16
Silicon content, weight per cent.

Fig. 5.—Carbon content of ferrite in relation to silicon 
content for various values of r x a t 1000 °: curves calculated 
from straight line of Fig. 4; O, • ,  experimental points.

Extrapolation of the straight line, Fig. 4 to zero 
per cent, silicon allows the calculation of the hypo­
thetical carbon content of alpha iron at 1000° for 
any given value of ri; the corresponding carbon 
content of gamma iron is known,1 thus a distribu­
tion coefficient for carbon between alpha iron and 
gamma iron may be calculated. The distribution 
coefficient, K } may be defined as

K  — a \ / a 2 =  YiCi/y2C2 ~  y i C i / C 2 (1) 
where üq is the activity of carbon in gamma iron, 
when its concentration is Ci weight per cent., a2 is 
the activity of carbon in alpha iron, when its con­
centration is C2 weight per cent., 71 and 72 are the 
activity coefficients of carbon in gamma iron and 
alpha iron, respectively. The standard state in 
each case is chosen so that the activity is equal to 
the weight per cent, when the latter approaches 
zero. The value of K  at 1000° may then be com­
pared with values calculated from the data of 
Smith1 (at 800 and 1000°) and of Mehl and Wells8 
for the temperature range 723 to 849° and those 
of Adcock9 at 1490° by the relation

(8) R obert Mehl and Cyril Wells, Trans. Am. Inst. Mining Met. 
Engrs., 125, 429 (1937).

(9) Frank Adcock, J . Iron Steel Inst., 135, 281 (1937).
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A H  =  -4 .575  d log K / ( d l / T )  (2)
where A H  is the heat of transfer of carbon from 
alpha iron to gamma iron and T  is the absolute 
temperature.

Since C2 is always small, it is assumed that y 2 = 
1 ; yi at 800 and 1000° may be determined from 
the deviation from Henry’s law of the solid solu­
tion of carbon in gamma iron.1 Within the ex­
perimental error Yi is the same at 800 and 1000° 
and in the calculation of K  it is assumed to be in­
dependent of temperature. Fig. 6 shows a plot of 
log d i /  C2 against 1/7". The straight line through 
the points calculated from the data of Smith,1 
Mehl and Wells8 and Adcock9 gives 0.916 for log 
a \ /C 2 at 1000°. The value calculated from the 
equilibrium of CH4-H 2 mixtures with austenite 
and the extrapolated value for ferrite, Fig. 4, is 
0.826. Considering the uncertainties in each 
method of calculation, the agreement is satisfac­
tory. The heat of transfer of carbon from alpha 
iron to gamma iron determined by equation (2) is 
— 15,600 cal. per gram atom.10 It may be noted 
that the quantity R T  In ( 3 N i / N 2) where N \  and 
N 2 are the equilibrium atom fractions of carbon in 
gamma iron and alpha iron, respectively, which is 
considered constant with temperature by Zener, 11 
varies from 9000 to 5400 cal. per mole for the tem­
perature range 800 to 1490°.

Ferrite, Ferrite +  Graphite Boundary.— The 
solubility of graphite in silicon ferrite, line D E , 
Figs. 1 and 5, was determined from the straight 
line of Fig. 4 and r± = 0.0095, the value for equi­
librium of the gas phase with graphite.1

Ferrite, Ferrite +  Austenite Boundary.—  
For the binary iron-silicon system the limit of 
the ferrite field at 1000° is 1.5% “ silicon.12-14 
This locates one terminus, C, in Fig. 1, of the 
boundary between the ferrite and the ferrite +  
austenite fields, line CD Fig. 1, for the three com­
ponent system. Other points on this boundary, 
may be estimated in the following manner. In 
Fig. 5 the circles represent experimental data when 
the solid phase is ferrite, the vertical arrows indi­
cate samples whose carbon content is too great 
for the solid phase to be ferrite for the particular 
value of ri. The boundary between the ferrite 
and the ferrite +  austenite fields lies at composi­
tions to the right of those represented by the ver­
tical arrows and to the left of the solid circles and is 
best represented by the straight line, CD Fig. 5, 
starting at 1.5%Si, 0% C , and which averages the 
difference in composition of points known to be in 
the ferrite field and those known to be in the auste­
nite or austenite +  ferrite fields. The other ter-

(10) This result is in good agreement with the value —15,900 
cal. given by the difference in heat of solution of graphite in alpha 
iron and gamma iron.1

(11) C. Zener, Trans. Am . Inst. M ining Metal Engrs., 167, 513 
(1946).

(12) Greiner, M arsh and Stoughton, “ Alloys of Iron and Silicon,” 
McGraw-Hill Book Co., Inc., New York, N. Y., 1933.

(13) R. L. R ickett and N. C. Fick, Trans. Am. Inst. Mining Met. 
Engrs., 167, 346 (1946).

(14) C. Zener, ibid., 167, 354 (1946).

5 6 7 8 9 10
ïoyr.

Fig. 6.—Plot of log a i / C i  against 10 4/ T \  3 , Sm ith1; 
# , extrapolation of data for silicon alloys; O, Sm ith,1 
Mehl and Wells8; ©, Adcock.

minus of this boundary line is given by the inter­
section of line CD, Fig. 5, with the curve for r\ = 
0.0095. This intersection gives the composition 
for one corner of the three phase, austenite, fer­
rite, graphite, triangle. The position of the 
boundary is in fair accord with the best estimate 
from previous results.12

Austenite, Austenite +  Ferrite Boundary.—
One terminus of this boundary, line AB, Fig. 1, 
is at 0% C , 1.3% Si.12-14 A second point on this 
boundary may be estimated in the following man­
ner. The carbon content, 0.383%C of the 5.0% 
silicon sample for r\ = 0.00556 is below that of the 
smooth curve through the other points, Fig. 1, in 
the austenite field by an amount considerably 
greater than the probable experimental error. It 
is therefore reasonable to assume that this point 
lies in the austenite +  ferrite field. The composi­
tion of ferrite at the ferrite, ferrite +  austenite 
boundary in equilibrium with the gas mixture = 
0.00556 is 0.057%C and 5.25%Si. The gross 
composition of all mixtures of ferrite and austenite 
in equilibrium with a gas of this composition will 
lie on a straight line, GH Fig. 1 (an isoaetivity line 
with respect to carbon), through these two points. 
The intersection, G Fig. 1 , of this straight line with 
the curve, r± = 0.00556, through the points in the 
austenite field gives a second point on the auste­
nite, austenite +  ferrite boundary. From these 
data the boundary may be represented by a 
straight line through points A  and G, the other 
terminus will be at the intersection of this line 
with the austenite-graphite boundary. Although
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the location of this boundary depends mainly on a 
single experimental point, it agrees well with previ­
ous estimates, 12 especially in the range 1.3 to 4% 
silicon.

The Activity of Carbon Relative to Graphite.—
The activity, ac, of carbon relative to graphite is 
given by the equation

a c = p c m / p n f E z  =  r i / K z  — ri/0.0095 (3)

where K z  is the equilibrium constant for the re­
action 2H2 +  C (graphite) = CH4.1 Table II 
gives values of ac at 1000° for austenitic silicon 
alloys interpolated to even values of the concentra­
tion of carbon and silicon.

T a b l e  I I

T h e  A c t iv it y  o f  C a r b o n .. R e l a t iv e  t o  G r a p h it e  in  
A u s t e n it ic  I r o n  S il ic o n  A l l o y s  a t  1000°

%c ' 0.2 0.4
---- %Si----

0.6 0.8 1.0
0 0.097 0.195 0.301 0.424 0.563
1 .107 .226 .358 . 507 .674
2 .127 .267 .427 .607 .810
3 .157 .334 .533 .762
4 .197 .415 .662 .945

Values of czc for ferritic silicon alloys may be cal­
culated from the equation of the straight line in

Manganese content, weight per cent.
Fig. 7.—A portion of the iron-carbon-manganese 

equilibrium diagram a t 1000°: 6 ,  equilibrium by car­
burization; 9 , equilibrium by decarburization; 3 , 
Gensamer15; C, Eckel and Krivobok16; •  , Wells and 
Walters17; r x =  £ c h 4/ £ h 22.

Fig. 4 and the equilibrium constant K z  by the 
equation

- lo g  «e =  1.60 -  0.113 (%Si) +  log K z /% C  (4)
where 1.60 is the intercept of the straight line at 
zero silicon and —0.113 is its slope.

Results— Manganese Alloys 
Equilibrium with Austenite.— The experimen­

tal results for equilibrium of CH4-H 2 mixtures 
with iron-manganese alloys containing from 0 to 
15% Mn, are given in Table III and shown gra-

T a b l e  I II
C a r b o n  C o n t e n t  o f  I r o n - M a n g a n e s e  A l l o y s  E q u i­

l ib r a t e d  w it h  CH 4-H 2 M ix t u r e s  a t  1000° 
ri  — P cha/ P r 22 where p  is in Atmospheres 
Initial manganese, weight M n per 100 g. of Fe +  Mn

©rHX 0 4.04 6.54 8.95 12.69 
Final carbon content, weight per cent.

14.52

1.27 0.277 0.333 0.371 0.406 0.478 0.495
2.36 .501 .576 .632 .667 .775 .815
3.17 .653 .760 .827 .906 1.009 1.061
5.31 .996 1.102 1.193 1.264 1.493
5.55 1.029 1.148 1.219 1.313 1.458°
6.04 1,096 1.184 1.312 1.413
9.45 1.496 1.861
“ Microscopic examination of a polished sample indi­

cated carbide at temperature.

phically in Fig. 7. For a given gas atmosphere the 
carbon content increases markedly with increase 
in manganese. A similar, but less pronounced, 
effect has been observed in the case of the solu­
bility of carbon in liquid iron-manganese alloys5 
(see Fig. 2).

The consistency of these results may be illus­
trated better by a plot suggested by the semi- 
empirical equation

log n / N t  +  1.86 (1 -  N 2) 2 =  k N z (1 -  N 2) +  I  (5)
where N 2 and N 3 are the atom fractions of carbon 
and manganese respectively at equilibrium with a 
gas atmosphere whose p cH .J p n f  ratio is ri; k and 
I  are constants. If this relation is valid all the 
experimental points should fall on one straight line 
when the left side of equation (5) is plotted against 
Nz  (1 — N 2). Such a plot is shown in Fig. 8, and

N t ( 1 -  Nz ) .

Fig. 8.—Plot of log rx/N 2 + 1.86 (1 — N 2) 2 against N 3 
(1 — N 2) :  ri =  pCHi /pH.22; N 2 =  atom fraction of carbon; 
N i  — atom fraction of manganese.
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since there is no consistent deviation from a 
straight line it would appear that equation (5) is 
valid in this system within the experimental error. 
The greater number of the points fall on the 
straight line within =*=5%. The slope of this line 
(k) is —2.05 and the intercept, 7, at Nz  (1 — Nf) — 
0 is 0.792.

Austenite, Graphite +  Austenite Boundary.—
It has been shown that equation (5) is valid, 
within the experimental error, for rx = 0.0013 to 
0.006 and it is not unreasonable to assume that it 
also holds for r± — 0.0095, the value for equi­
librium with graphite.1 The concentration of car­
bon at this boundary when N z — 0 given by equa­
tion (5) is 1.47 weight per cent. A better estimate 
of this value, determined from a consideration of 
several investigations, is 1.50 weight per cent. 
carbon.1 The boundary, line AB, Fig. 7, is drawn 
parallel to the line given by equation (5) but higher 
in carbon by 0.03 weight per cent. The other ter­
minus of this line will be its intersection with the 
line representing the austenite, austenite +  car­
bide boundary.

Austenite, Austenite +  Carbide Boundary.—
The limiting solubility of carbide in pure iron- 
manganese alloys has been determined by micro­
scopic examination of quenched samples for 2.5 
and 4.5% Mn alloys by Gensamer,15 for a 10% 
Mn alloy of Eckel and Krivobok,16 and for a 13% 
Mn alloy by Wells and Waters17; also for com­
mercial quality alloys of the same range of com­
position by Bain, Davenport and Waring.18 
These two sets of measurements do not agree too 
well as to the carbide solubility but do give the 
same general form for the solubility curve at a 
given temperature. Since manganese forms an 
orthorhombic carbide, Mn3C, which is isomorphous 
with cementite, Fe3C, and apparently forms a con­
tinuous series of solid solutions with it,19 it is to be 
expected that the extension of the solubility curve 
to zero Mn will intersect the carbon axis at the 
composition of gamma iron in equilibrium with 
cementite, E, Fig. 7. The boundary, line BC 
Fig. 7, is estimated from these data. While our 
equilibrium data are not sufficiently extensive to 
establish this boundary it may be shown that they 
are consistent with it. Point a, Fig. 7, has a car­
bon content considerably higher than that indi­
cated by the smooth curve through the points in

(15) M. Gensamer, Trans. Am . Soc. for Steel Treating, 21, 1028 
(1933).

(16) John Eckel and V. N. Krivobok, ibid., 21, 846 (1933).
(17) Cyril Wells and Francis W alters, Jr., ibid., 21, 830 (1933).
(18) E. C . Bain, E. S. D avenport and W. S. N. Waring, Trans. 

Am. Inst. M ining Met. Engrs.. 100, 228 (1932).
(19) J. B. Austin, Trans. Am . Soc. Metals, 38, 28 (1947).

the austenite field and may be assumed therefore 
to be in the austenite +  carbide field, and the 
boundary at 14.3% Mn must lie below 1.44%C 
(extension of the austenite curve to 14.3% Mn, 
indicated by arrow). Likewise at 12.5% Mn, 
point b, the boundary lies at a carbon content be­
low 1.43%C .20 Within the experimental error, 
point c, 8.84% Mn, 1.413%C, is on the smooth 
curve through the points for n  — 0.00604 and is 
therefore considered to be in the austenite field. 
Thus the boundary for 9 to 15% Mn lies between 
1.40 and 1 .43%  carbon, which is consistent with 
the boundary as determined from microscopic ex­
amination of quenched alloys.

Activity of Carbon Relative to Graphite.— The 
activity, ac, of carbon relative to graphite in auste­
nitic iron manganese alloys is given in Table IV. 
The method of calculation was identical with that 
described for austenitic silicon alloys.

T able IV
T he Activity of Carbon, R elative to Graphite, in 

Austenitic Iron-M anganese Alloys at 1000°
%Mn-

%C 0.2 0.4 0.6 0.8 1.0 1.2
0 0.097 0.195 0.301 0.424 0.563 0.720
2 .085 .175 .277 .391 .521 .665
4 .078 .161 .253 .358 .479 .616
6 .071 .148 .233 .328 .441 .569
8 .065 . 137 .214 303 .405 .526

10 .060 .127 .198 .280 .373 .484
12 .055 .117 .183 .258 .347 .445
14 .050 .107 .167 .237 .318 .408

Summary
The carbon content of several iron-silicon alloys 

(1.2 to 15% Si) and of a number of iron-manga­
nese alloys (4.0 to 14.5% Mn) in equilibrium with 
various mixtures of methane and hydrogen of 
known composition at 1000° has been determined. 
For the silicon alloys the measurements cover both 
the region in which the crystal structure is face- 
centered cubic (austenite) and body-centered 
cubic (ferrite).

The activity of carbon, relative to graphite, is 
given for each system.

An estimate is given of the phase boundaries in 
a portion of each of the two three component sys­
tems. The phase boundaries determined by equi­
librium measurements are in good agreement with 
those determined by others by microscopic 
methods.
K earny, N. J. R eceived M arch 30, 1948

(20) The presence of carbide in this sample was confirmed by 
microscopic examination.
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The Chemical Isolation of Samarium from Lanthanide Mixtures1
B y A. F. Clifford  and FL C. B each ell

In efforts to separate the rare earth elements 
from each other a number of workers have suc­
cessfully reduced from solution and isolated the 
elements europium2 and ytterbium3 in the di­
valent state. Samarium, however, has proved to 
be much more difficult to reduce in solution, al­
though Marsh4 has reported preparation of sa­
marous compounds by dissolution of samarium 
amalgam in dilute acid and also by the simultane­
ous reduction of samaric and europic compounds 
in the presence of sulfate to precipitate the di­
valent ions. However, Marsh apparently found 
the reduction of samarium directly to the divalent 
state in the absence of europium to be extremely 
difficult.

In order to utilize the well-characterized di­
valency of samarium in its separation, it was pro­
posed to employ a non-aqueous solvent to slow up 
the reoxidation of the divalent samarium by hy­
drogen ion. Inasmuch as the rare earth trichlo­
rides are fairly soluble in ethanol and the dichlo­
rides, like barium chloride, are reasonably in­
soluble, the chlorides were selected as the most 
likely to lead to a successful reduction. Most 
other rare earth salts were automatically ruled out 
because of insufficient alcohol-solubility in the tri­
valent state (fluorides, sulfates, acetates, etc.) or 
excessive solubility in the divalent state (iodides, 
etc.).

Experimental and Discussion
Preliminary experiments were carried out with a dilute 

solution of pure samarium trichloride (hydrated salt) 
(in which only faint traces of europium were detectable 
spectroscopically) in absolute ethanol containing a few 
drops of aqueous 12 N  hydrochloric acid. I t  was found 
th a t when pieces of zinc, manganese, aluminum (in the 
presence of mercuric chloride), beryllium, thorium (which 
contained considerable carbide) and magnesium were 
added, although all reacted vigorously, only on the mag­
nesium was there evidence of production of samarous 
chloride, SaCl2. On the magnesium a deep red solid 
material formed, turning brown and disappearing when 
the acid became exhausted. Attempts to use calcium 
lithium and sodium were unsuccessful.

Identification of the substance as samarous chloride 
was based on its color,5 its solubility in water to give

(1) From  a thesis presented by A. F. Clifford to the faculty of the 
University of Delaware in partia l fulfilment of the requirements for 
the M. S. degree, September, 1947.

(2) Yost, Russell and Garner, “ The R are E arth  Elements and 
Their Compounds,” John Wiley and Sons, Inc., New York, N. Y., 
1947; Yntem a, T h is  J ournal, 52, 2782 (1930); Jantsch, Alber and 
Grubitseh, Monatsh,. 53-54, 305 (1929); McCoy, T his Journal., 57, 
1756 (1935); 58, 1577 (1936); 58, 2279 (1936); W. Pearce, master’s 
thesis, University of Illinois, 1931 (quoted by Yost, Russell and 
Garner, p. 65).

(3) Ball and Yntem a, T his J ournal, 52, 4246 (1930); Marsh, 
J . Chem. Soc., 1367 (1937); Pearce, Naeser and Hopkins, Trans. 
Electrochem. Soc., 69, 557 (1936).

(4) M arsh, J. Chem. Soc., 531 (1943).
(5) Matignon and Cazes, A nn. chim. phys., [8] 8, 417 (1906).

momentarily a Bordeaux red solution,6 its metathesis by 
aqueous sulfuric acid to a water-insoluble orange sulfate,7 
which was slowly dissolved and destroyed by aqueous 
acids, and by its metathesis by alcoholic ammonium or 
sodium hydroxide to a green compound,8 insoluble in 
ethanol but soluble in the polar solvent formamide (with 
decomposition), as would be expected of a pseudo-alkaline 
earth hydroxide. Samarous chloride was observed to 
dissolve in formamide to yield momentarily a deep green 
solution. Since the formamide had not been especially 
purified, this was probably samarous hydroxide or some 
basic samarous salt. Also, by metathesis with aqueous 
solutions of the appropriate alkali salts, were prepared 
the fluoride (deep brownish or purplish red, water in­
soluble), the citrate (orange, insoluble in, but unstable to, 
water) and the carbonate (brownish-orange, water- 
insoluble) . These preparations show tha t the green com­
pound which Holleek8 reported as being either “ carbon­
ate or hydroxide”  was in fact the hydroxide.

Metathesis of samarous chloride with ethanolic hydrogen 
peroxide or formic acid or aqueous oxalate or iodate re­
sulted in immediate oxidation of the samarous ion, in the 
last case with reduction of the iodate to iodine.

I t  was found possible to obtain an unstable orange
ciicnpnctnn r»f comarntio eii1fa+£> QoQH. Ktr -ft-oo -fin rr
aqueous samarium chloride containing 5-10% ethanol 
with magnesium and a little sulfuric acid or better by 
treating a solution of samaric chloride and magnesium 
sulfate in 1:1 aqueous methanol with magnesium and a 
little hydrochloric acid. This approach had the dual dis­
advantage of the instability of the divalent sulfate and the 
low solubility of the trivalent sulfate.

I t  was observed also tha t samarous sulfate was produced 
by magnesium amalgam in neutral or slightly acid aqueous 
sulfate solutions. Likewise magnesium amalgam pro­
duced samarous chloride in neutral ethanolic chloride 
solutions. Both reactions, however, were complicated by 
simultaneous precipitation of trivalent hydroxides. Thor­
ium amalgam had no effect on an ethanol solution from 
which magnesium amalgam would precipitate samarous 
chloride.

I t  was decided th a t the optimum conditions for reduc­
tion could be obtained by using a 50-50 mixture of dioxane 
with ethanol saturated with strontium and barium 
chlorides. (The reduction was found to be successful 
also in acetone and isopropanol.)

Using commercial didymium chloride or chloride pre­
pared from didymium carbonate—both being chlorides 
of the mixed rare earths minus cerium in the proportion 
in which they occur in monazite) containing about 3% 
samarium, and the ethanol-dioxane solvent described 
above, a saturated solution of the trichlorides was made. 
To this were added magnesium and sufficient aqueous 
12 N  hydrochloric acid to give a vigorous reaction on 
warming gently. When the magnesium was completely 
coated with red samarous chloride the mixture was cooled 
to allow the magnesium to settle and the liquor decanted. 
The product was washed with 1:2 ethanol-acetone satu­
rated with alkaline earth chlorides (found to destroy the 
samarous chloride less rapidly than ethanol-dioxane). 
The process was repeated several times with fresh mag­
nesium, replenishing the acid as required. From time to 
time it was necessary to  boil the solution to near dryness 
and redissolve to get rid of the accumulated water. The 
process was brought to a halt when the magnesium content 
rose to the point where mixed magnesium-rare earth 
chlorides began to crystallize out. (This series of salts

(6) Yost, Russell and Garner, ref. 2.
(7) Jantsch and Skalla, Z. anorg. allgem. Chem., 193, 391 (1930).
(8) Holleek, A tti X °  congr. intern, chim., 2, 671 (1938).
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apparently has minimum solubilities in alcohol for the 
lightest rare earths.) The collected product in dilute 
hydrochloric acid solution was analyzed spectrophoto- 
metrically for samarium and neodymium. By compari­
son of the two values, the samarium content was found to 
have been increased from 3 to  about 30% of the total 
rare earths. A reprocessing of the product further 
increased the samarium content (on the same basis) to 
74%.

Using ethanol without dioxane and bubbling in hydrogen 
chloride gas instead of using the aqueous acid, the reduc­
tion was repeated with somewhat better separation. Too 
high a hydrogen chloride concentration was found to 
prevent the formation of samarous chloride, but when only 
sufficient gas was present to cause gentle evolution of 
hydrogen from the magnesium, samarous chloride formed 
readily on the metal. Using the didymium chloride 
previously described, after a short initial period of re­
action, a suspension of particles of free samarous chloride 
began to appear. The free samarous chloride thus formed 
was stable in the medium and could be readily centrifuged 
down. One batch of solid samarous chloride was observed 
to be apparently unchanged after being in contact with 
this liquid for twenty-four hours. I t  was possible to 
wash the free salt with acetone without much oxidation, 
but not with ethanol. This product was of greater purity, 
as regards rare earths, than th a t of the previous run, the 
first product in this case having better than 55% samarium 
as compared with 30% in the former case.

I t was found tha t addition of dioxane under these 
conditions resulted in an orange-colored product much 
more sensitive to hydrogen chloride concentration. The 
use of dioxane in the anhydrous method was therefore 
considered undesirable.

I t  was attempted to reduce samarium out of similar 
solutions containing all the rare earths in their ratio in 
monazite sand (cerium about 48%, samarium 1-2%). 
The material used contained considerable iron. Neither 
hydrous nor anhydrous reduction was successful. How­
ever, when the material was freed from iron and the 
ethanolic solution diluted with more than an equal volume 
of dioxane, the hydrous method did give a reduced samar­
ium compound. The compound obtained, however, 
was not the expected red chloride bu t the green hydroxide, 
even with fairly large quantities of hydrochloric acid. 
That this compound was the hydroxide, or a t least a basic 
salt, was strongly indicated by the fact tha t it was meta- 
thesized by ethanolic hydrogen chloride to the red samar­
ous chloride. Furthermore, it had previously been ob­
served that in solutions containing too much water for 
formation of samarous chloride, a very thin film of green­
ish material formed on the surface of the reacting mag­
nesium where presumably the hydrogen ion concentration 
was depleted.

No reduction was obtained from these solutions by the 
anhydrous method even with iron-free material. This 
particular reaction is probably of no use as a separation 
method due to the tendency of the trichlorides to crystal­
lize out of the dioxane solution, but may be of use as a 
qualitative test.

Specific tests on more concentrated samarium solutions 
showed that the presence of iron in small quantity, al­
though apparently making reduction more difficult, did 
not completely prevent reduction. Much more harmful 
was the presence of platinum. Reduction was never ob­
tained in a solution which had contained platinum even 
after repeated reduction by magnesium and centrifuging 
out of the platinum metal. Apparently very minute 
traces of platinum (presumably under these conditions 
colloidal metal) catalyzed the reverse reaction, the oxida­
tion of samarous by hydrogen ion, faster than the samar­
ium could be reduced. The effect of colloidal metals on 
similar reductions has already been noted by Marsh.

The specificity of magnesium ( E q =  2.3 v.) in the re­
action and the inability of thorium ( E q = ca.  2.0 v.) to

perform the reduction seem to place the normal oxidation 
potential for the samarous-samaric couple in ethanolic 
chloride solution between 1.9 and 2.3 v.

Compared with Laitinen’s9 experimental result of 1.15 
v. for the ytterbous-ytterbic couple (for which Latim er10 
estimated 0.6 volt) a potential around 2 v. is much more 
likely than Latim er’s estimate of 0.8 v. The extreme 
sensitivity to even the small hydrogen-ion concentration 
in absolute ethanol would appear to support the evidence 
for this high potential. I t  should be noted th a t this is 
somewhat greater than the normal reduction potential 
which would be deduced from the first wave of Noddack 
and Bruckl’s11 polarographic reduction of aqueous sam ar­
ium sulfate—JSo = -L72-V.

Considering the relative reduction potentials of sam ar­
ium, ytterbium , and europium, it becomes apparent th a t 
the first batch of samarium reduced should carry with it 
all the europium and ytterbium in the solution in the 
same way as their concentration by sulfate precipitation 
has been reported by Marsh, thus affording a very con­
venient means of concentrating these elements to  the 
point where they can be separated from the samarium by 
the methods already reported in the literature. I t  is 
highly possible th a t thulous chloride, TmCk, can be pre­
pared from thulium concentrates in the same way.

Acknowledgments.— We should like to express 
our gratitude to the Wolff-Alport Chemical 
Corp. of New York, and especially to the Lind­
say Light and Chemical Company of Chicago 
for their very generous contributions of rare 
earth concentrates for this research.

Summary
Samarium has been separated from the other 

rare earth elements (except europium and ytter­
bium) by reduction of ethanolic solutions of rare 
earth trichlorides with magnesium and hydrochlo­
ric acid (aqueous or anhydrous), yielding red sa­
marium dichloride, SaCl2. Using aqueous hydro­
chloric acid and diluting largely with dioxane, even 
from very low samarium concentrations green sa­
marous hydroxide is produced directly instead. 
This reaction may be of significance for qualitative 
detection of samarium. By metathesis of the di­
chloride, the sulfate (previously prepared), the 
hydroxide, citrate, carbonate and fluoride (new 
compounds), all water-insoluble, have been pre­
pared. The poisoning effect of iron and particu­
larly platinum on the reduction has been noted. 
In neutral ethanolic solution, samarous chloride 
was precipitated by magnesium amalgam. The 
reaction, however, was complicated by hydroxide 
precipitates. In neutral aqueous sulfate solution, 
samarous sulfate was likewise precipitated by 
magnesium amalgam, with the same complica­
tions. Addition of a little methanol in the last 
case aided the reaction. The potential for the sa­
marous-samaric couple in ethanolic chloride solu­
tions has been placed in the region of 1 .9-2  3 v.
N e w a r k , D e l a w a r e  R e c e iv e d  F e b r u a r y  18, 1948

(9) Laitinen, T his J ournal, 64, 1133 (1942); Laitinen and 
Taebel, Ind. Eng. Chem., Anal. Ed., 13, 825 (1941).

(10) Latim er, “ Oxidation Potentials,” Prentice-H all, Inc., New 
York, N. Y., 1938.

(11) Noddack and Bruckl, Angew Chem., 50, 362 (1937).
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[Co n t r ib u t io n  f r o m  t h e  L a b o r a t o r ie s  o f  T h e  R o c k e f e l l e r  I n s t it u t e  f o r  M e d ic a l  R e s e a r c h ]

Long Range Enzymatic Action on Films of Antigen
B y  A lex a n d r e  R o th e n

The work reported here deals with the mode of 
action of two proteolytic enzymes, trypsin and 
pepsin, as well as that of the specific enzyme ca­
pable of depolymerizing the polysaccharide from 
Type III pneumococcus. This is a logical con­
tinuation of work previously published1 on reac­
tions between films of antigen and antibody mole­
cules, where it was shown that specific forces be­
tween antigen and antibody seemed to extend 
considerably in space. In these experiments an­
tigenic protein films were spread on water from 
which they were transferred onto polished metal 
slides. The slides were then coated with blankets 
of various inert materials and finally a drop of 
dilute solution of the corresponding immune 
serum was spread over each blanket. After the 
slide was washed, specific adsorption of antibody 
could be detected, the amount of which decreased 
regularly with the increase in thickness of the 
blanket. The probability that the antibody mole­
cules reached the antigenic ïctyus oy ciin lisiiig 
through the blanket was for several reasons con­
sidered to be remote. The conclusion was there­
fore reached that the antibody molecules might 
actually be held on top of the slide by specific 
forces extending through the thickness of the 
blanket.

The analogy between immunological and enzy­
matic reactions naturally led to the question 
whether enzymes might not also exert their ac­
tion through a blanket. In this case the interac­
tion would be of such a nature as to bring about 
the breakdown of substrate molecules. Therefore, 
the film technique was extended to investigate 
possible long range enzymatic action.

When a slide covered with one or many mono- 
layers of protein antigen is treated with a homolo­
gous immune serum, a specific adsorption of anti­
body occurs. However, no such adsorption takes 
place if the layers have been first treated for a few 
seconds with a pepsin or trypsin solution at the 
proper p H .  Similarly, a monomolecular layer of 
the polysaccharide from Type III pneumococcus 
will adsorb a considerable thickness of homologous 
antibody but is no longer able to do so after being 
treated briefly with a solution of the enzyme which 
depolymerizes the polysaccharide. Thus the 
immunological reaction occurring between films of 
antigen and antibody molecules may be utilized 
as a very convenient and highly sensitive detector 
of enzymatic action.

The experiments devised to detect a long range 
enzymatic action were very simple. The antigenic 
layers— bovine albumin or polysaccharide from 
Type III pneumococcus— were deposited on a 
metal slide and coated with a screen of inert ma-

(1) A. Rothen, J . Biol. Chem.., 168, 75 (1947).

terial, such as barium stearate or formvar (a for­
maldehyde polyvinyl polymer). A drop of the ap­
propriate enzyme solution was then spread on the 
screen and allowed to remain for five to ten min­
utes. After the enzyme solution was washed off, 
the slides were treated directly with homologous 
antibody and the increase in thickness which fol­
lowed was compared to that obtained on a screen 
of similar thickness when no enzyme treatment 
had been applied. (Advantage is thus taken of 
the long range interaction between antigenic films 
and antibody molecules to disclose a possible long 
range enzymatic action on the antigen films.) A 
far more satisfactory method, however, was to 
dissolve away the blanket after the enzyme treat­
ment, and then to apply the antiserum directly on 
to the antigenic layers. It was found possible to 
remove formvar films with ethylene dichloride 
without impairing the immunological reactivity of 
either the protein antigen films or the adsorbed 
polysaccharide molecules underneath. The re­
moval of the barium stearate screens was more 
difficult to carry out and was always accompanied 
by a partial loss of the immunological reactivity of 
the layers.

The experiments showed indeed, as reported in 
two preliminary notes,2 that enzymatic action 
takes place in spite of an intervening blanket and 
that this action does not appear to result from ac­
tual diffusion of the enzyme molecules through the 
blanket. If our conclusions are correct it means 
that no intimate contact between substrate and 
enzyme molecules is necessary for the enzymatic 
action to proceed. This is of fundamental impor­
tance from a physical as well as from a biological 
point of view.

Experimental
The technique used in this work is essentially the same 

as tha t described in the preceding paper1 dealing with 
immunological reactions. The thickness of transferred or 
adsorbed films was determined optically by measuring the 
change tha t occurs in the ellipticity of polarized light after 
reflection from a film coated slide. The instrument de­
veloped for this purpose is the ellipsometer, which is 
characterized by a half shadow end-point made possible 
by reference films deposited on the slides to serve as op^ 
tical gage.3 Previous papers1-3 should be consulted for 
the description of this instrument as well as for the ex­
perimental details concerning the preparation of the optical 
gages and their conditioning with uranyl acetate, the 
spreading of films and their transfer onto metal slides, 
the deposition of the blankets or screens, the treatm ent 
with antisera, the washing of the slides, and the optical 
measurement of the film thickness.

Enzymes.—Crystalline pepsin and crystalline trypsin 
in concentrations of 0.04% with respect to protein were 
used, unless otherwise stated. The samples of crystalline 
trypsin contained 60% magnesium sulfate. Pepsin was

(2) A. Rothen, ibid., 163, 345 (1946); 167, 299 (1947).
(3) A. Rothen, Rev. Sci. Instruments, 16, 26 (1945).
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dissolved in 0.02 M  hydrochloric acid and trypsin in a 
veronal buffer pH 7.5 (0.05 M ) . The solution containing 
the depolymerase for the polysaccharide was of unknown 
concentration but a range of dilutions from one to five 
were used.4 The medium was a phosphate buffer pH 
7.2.

Antisera.—Antisera were diluted 0.1 with a phosphate 
buffer pH 7.2 containing 1% sodium chloride as described 
previously. Rabbit antibovine albumin sera and rabbit 
and horse antipneumococcus Type III sera were used.

Bovine Albumin Films—Antibovine Albumin Rabbit 
Sera. Pepsin Action.—-Two to six unfolded monolayers 
of bovine albumin were transferred onto slides covered 
with an uranyl conditioned optical gage of one and three 
(or two and four) monolayers of barium stearate. A 
drop of pepsin solution deposited on the layers for one 
minute brought about a decrease in thickness from 8 to 
30 A. depending on the number of monolayers of bovine 
albumin. No increment in thickness occurred after 
subsequent treatment with homologous antiserum, which 
demonstrated that the remaining unfolded antigen films 
had been completely inactivated by the enzyme. A solu­
tion of 0.02 M  hydrochloric acid alone could detach in one 
minute all layers transferred onto a slide except the first 
two. In this case, however, these remaining layers were 
not inactivated, as was indicated by an increase in thickness 
of 60 A. after homologous antiserum treatment. When a 
blanket of one double layer of barium stearate about 50 
A. thick was deposited on two transferred double layers of 
bovine albumin, no change in thickness resulted from 
pepsin treatment and no adsorption of antibody occurred 
on subsequent antiserum treatment. If a drop of 0.002 
M  hydrochloric acid was substituted for the pepsin- 
hydrochloric acid solution, the antiserum treatment pro­
duced an increment of 40 A. Similarly, slides with three 
double layers of bovine albumin coated with two double 
layers of barium stearate exhibited significant differences 
between those treated with hydrochloric acid alone and 
those treated with pepsin. A layer of antibody about 40 
A. thick could be adsorbed on the hydrochloric acid treated 
slide, but no change or even a considerable decrease in 
thickness occurred on the pepsin treated slides.

These experiments demonstrate that pepsin solutions 
are capable of destroying, through at least two double 
layers of barium stearate, the specific capacity of bovine 
albumin layers to react with antibody molecules. The 
fact, however, that the acid medium used for dissolving 
the pepsin is by itself capable of detaching some of the 
antigenic layers from the slides, made this enzyme un­
suitable for a systematic research on account of the dif­
ficulty in differentiating the true enzymatic action from 
that of the medium.

Trypsin Action.—Trypsin proved an ideal enzyme to 
investigate, since a veronal buffer at neutral pH, in which 
the enzyme is most active, does not remove multilayers 
of protein from the metal slides except in one case which 
will be discussed later.

Conditioned slides covered with one, two or three 
double layers of bovine albumin were treated for three 
minutes with trypsin. A decrease in thickness of about 
9 Ao. occurred when there was one and a decrease of about 
18 A. when there was more than one double layer of bovine 
albumin. No significant increase in thickness followed 
antiserum treatment. No change in thickness and no in­
activation resulted from treating the slides with the buf­
fer alone.

When one to three double layers of bovine albumin were 
coated with one double layer of barium stearate, no change 
in thickness followed trypsin treatment. There was an 
increase of 9 to 17 A. when the blanket consisted of two 
or more double layers of barium stearate. Subsequent 
treatment with a homologous antiserum caused the 
removal of most of the stearate layers except when there

(4) I am very much indebted to  Dr. M. K unitz lor the samples of 
crystalline trypsin, and to  Dr. O. T . Avery for the depolymerase 
solution.

was only one underlying double layer of bovine albumin, 
in which case no change or a very slight decrease of a few 
A. units was observed.

The results showed that in spite of a blanket as thick 
as five double layers of barium stearate, the trypsin mole­
cules were capable of undermining the architecture of 
two or three double layers of bovine albumin underneath. 
The anchorage of the blanket was weakened to such an 
extent that the barium stearate molecules were washed 
away by the antiserum treatment. It appears as if the 
foundations upon which the structure of the layers of 
barium stearate were built had disintegrated under 
trypsin action. No such removal of the blanket took place 
after serum treatment if the slides were not submitted to 
trypsin action.

It was shown in a preceding article1 that conditioning 
deposited layers of bovine albumin with uranyl acetate 
reduced the amount of antibody which could subsequently 
be adsorbed. In an analogous way, trypsin action on 
antigenic layers of bovine albumin is considerably reduced 
by conditioning. For example, inactivation of condi­
tioned multilayers of bovine albumin does not occur 
following a two-minute trypsin treatment. The results 
obtained on inactivation by trypsin of three conditioned 
double layers of bovine albumin through intermediate 
blankets of barium stearate are summarized in Table I.

T able I
T e n  M in u t e  T r y p s in  A c t io n  t h r o u g h  B l a n k e t s  o f  
B a r iu m  S t e a r a t e  M u l t il a y e r s  o n  T h r e e  C o n d it io n e d  
D o u b l e  L a y e r s  o f  B o v in e  A l b u m in  (U b o v  J ,t)3 D e ­

p o s it e d  o n  a  G a g e  o f  B a r iu m  S t e a r a t e

The figures in the table stand for the increase in A. units 
observed after treatment with antiserum

Blanket, num ber of monolayers of 
barium  stearate

0 l 2 4 6 10
Trypsin treatment 40® 70 30 15 18 10
No trypsin treatment 135 110 100 85 60 25
° 10 A. in 20'.
There was one conditioning treatment after each 

“round trip” ( |f )  deposition but none after the last one. 
The system of layers can be represented by the symbol 
(U bov If )j where U stands for one uranyl conditioning. 
The trypsin solution was left for ten minutes on the slides. 
If we compare the figures of the two horizontal rows it 
appears that a significant difference in the thickness of 
the adsorbed layers of antibody, between the slides 
treated with trypsin and the slides not so treated, is still 
noticeable with blankets up to three double layers of 
barium stearate (^150 A.). These experiments indicate 
that the range of action of trypsin extends at least as far 
as the distances at which interaction between antigenic 
layers and antibody molecules can be demonstrated. By 
the very nature of the test, it cannot be said whether 
this action extends even farther. Uranyl conditioning 
between the deposited antigenic layers produced such a 
stabilizing influence that, in spite of the enzyme treat­
ment, the blanket of barium stearate was never removed 
by the antiserum treatment. This stabilizing action of 
the uranyl ions may be twofold, first, in restricting the 
disintegrating effects set up in the bovine albumin layers 
by the enzyme, second, in holding together the fragments 
of the broken down molecules of the layers in such a way 
as to offer still a firm anchorage for the molecules of the 
blanket.

Obviously, in order to evaluate the maximum thickness 
of blankets through which trypsin molecules can act, the 
blanket should be removed after the enzyme treatment and 
prior to the deposition of the antiserum. It will be seen 
later than this can be accomplished easily with blankets 
of formvar. The removal of the blankets of barium 
stearate without impairing the optical gage of barium 
stearate underlying the antigenic layers proved a more
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delicate task. The problem was solved by using an op­
tical gage of one and three, or three and five monolayers 
of octadecylamine instead of barium stearate. The slides 
were conditioned by uranyl acetate as usual. To remove 
the barium stearate blankets the slides were first treated 
with a citrate buffer pH  3.6 (0.057 M) for a minute or so 
to liberate the free stearic acid which was then leached off 
with ethylene dichloride or benzene. The optical gage 
of octadecylamine was unaffected by virtue of the in­
solubility of the sait of the amine m organic solvents.

Some experiments were made with blankets of octadecyl­
amine which could be removed without affecting an op­
tical gage of barium stearate layers. The blankets of 
amine were removed by treating the slides with a dilute 
solution of ammonia (0.01%) and then with benzene. 
Thus by taking advantage of the large difference in solu­
bility in organic solvents between the salt of the acid and 
the free base (or between the free acid and the salt of 
the amine) it was possible to remove a blanket made of 
barium stearate without affecting an amine optical gage 
and vice versa.

The influence of blankets of octadecylamine on trypsin 
action have been summarized in Table II.

T a b l e  II
S ix  M in u t e  T r y p s in  A c t io n  T h r o u g h  B l a n k e t s  o f  
O c t a d e c y l a m in e  C o v e r in g  M u l t il a y e r s  o f  B o v in e  
A l b u m in  D e p o s it e d  o n  C o n d it io n e d  B a r iu m  St e a r a t e  

G a g e s

The figures represent the increment in A. units observed 
after treatment with the immune serum, following removal 
of the blanket. The subtitles “buf.” and “try.” indi­
cate whether the slides were submitted to “buffer” or 
“trypsin” before the dissolution of the blanket. The 
duration of the “trypsin” or “buffer” treatment was six 
minutes. The letter R indicates that the blanket was 

detached by the trypsin treatment.
B la n k e t ,  

n um b er of
d ou b le

layers  o f N u m b er  of b o v in e  a lb u m in  d ou b le  layers ( If  )
o c ta d ecy l-  1 2  3

amine B u f. T ry . B u f. T ry . B u f. T ry.

0 60 0 120 0 185 0
1 57 25 17
2 38 38 17
3 34 36 18
4 37 48 R0
5 59 58 R0
6 54
7 58 18
8 5 8 73 46

10 67 67
or less

In all these experiments the blankets were dissolved 
before the application of the antiserum. It is shown in 
the table that the removal of the screen sufficiently dis­
rupted the system of multilayers of bovine albumin so 
that even without enzyme treatment the thickness of the 
antibody layer which could subsequently be adsorbed 
was considerably reduced. The thickness of the antibody 
layer dropped from 185 to 73 A. in the case of three double 
layers of antigen. The difference, however, between 
“buffer” and “trypsin” treated slides is sufficiently 
large to permit definite conclusions to be drawn. A 
screen of two double layers of octadecylamine completely 
protects one underlying double layer of bovine albumin. 
Five double layers of octadecylamine are necessary when 
there are two double layers of bovine albumin underneath. 
Finally, a blanket as thick as ten double layers was needed 
to protect three double layers of bovine albumin. It 
also appears that with two double layers of bovine albumin, 
whether the blanket had been one, two, or three double 
layers thick, the thickness of antibody adsorbed was

about 17 A. This probably results from the fact that the 
first antigenic layer directly attached to the gage is more 
resistant toward trypsin than the others. Indeed, 
without a blanket, multilayers were nearly completely 
inactivated in a few seconds; there remained, however, 
a small but definite power for adsorbing specific antibody, 
corresponding roughly to that of one single layer. Even 
after a three-minute trypsin treatment a specific increment 
of antibody of 10 A. could still be observed. Complete 
inactivation occurred, however, in a few seconds if the 
slides coated with a conditioned gage were first covered 
with one single or one double layer of egg albumin before 
the deposition of the bovine albumin layers. This pro­
cedure thus ensured a more uniform sensitivity of the bo­
vine albumin multilayers toward trypsin and it is for this 
reason that it has been used in nearly all the following 
experiments.

Some of the results obtained with screens of barium 
stearate have been summarized in Table III.

T a b l e  III
S ix  M in u t e  T r y p s in  A c t io n  t h r o u g h  B l a n k e t s  o f  
B a r iu m  S t e a r a t e  C o v e r in g  M u l t il a y e r s  o f  B o v in e  
A l b u m in  D e p o s it e d  o n  C o n d it io n e d  G a g e s  o f  O n e  a n d  

T h r e e  L a y e r s  o f  O c t a d e c y l a m in e

All slides after deposition of the blanket were treated for 
six minutes with a trypsin solution (active) or a solution 
of trypsin which had been brought to a boil for a few 
minutes (inactivated). After dissolving the blankets, 
the slides were treated with the antiserum. The figures 
stand for the increments observed iii A units. The letter 
R indicates when the blanket was removed by trypsin 
treatment, “ ov” and “bov” stand for ovalbumin and

bovine albumin, respectively.
B lan k et, num b er o f d oub le

S y ste m  o f a n ti­ E n zy m e layers of bariu m  steara te
gen ic  la y ers trea tm e n t 1 2 3 4 5

ov |  bov f Active 2 5
Inactivated 4 5

ov f bov( f )2 Active 1 5 2 6
Inactivated 4 6

ov f  bov( t )3 Active • 0 2
Inactivated 5 7

ov f bov( f )4 Active 0 0 0 0 0
ov f bov( f )5 Active 0 0 R R R
ov JT bov f Active 10
ov ][ bov( f )2 Active 0 0 8
ov JT bov( f )3 Active 0 0 0
ov JT bov( JT) Active 0 1 8 3 6 4 2 4 5

Inactivated 4 8

ov JT bov(JT)2 Active 0 0 0 10
Inactivated 86

ov JT bov(JT)3 Active 0 0 0 0 0
As in the experiments of Table II, the removal of the 

blanket produced partial inactivation (see Fig. 4 of ref. 
1). The table shows that the greater the number of layers 
of bovine albumin the thicker the blanket needed for pro­
tection. It also appears that the mode of deposition of 
the antigenic layers is of importance. Inactivation 
could occur through blankets of greater thickness when 
the bovine albumin layers were deposited on the way up 
(ff  )n by successive emersions than when they were de­
posited by successive immersions and emersions (IT)»- 
The depositions by emersion were accomplished by im­
mersing the slides into the tray before the protein had been 
spread. In the deposition by successive immersion and 
emersion the protein film was spread before immersing 
the slides. With the antigenic system ov JT bov (f)6, 
complete inactivation occurred through twenty double 
layers of barium stearate and twenty-five double layers 
were needed to ensure complete protection. This very
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200 400 600 800 1000 1200 1400 
A. units.

Fig. 1.—Inactivation of films of bovine albumin by

fundamental difference in the behavior of “up” and 
“down-up” layers will appear even more strikingly in 
the results obtained with blankets of formvar described 
in the next section.

Formvar Blankets.—Blankets of barium stearate or 
octadecylamine were not entirely satisfactory for two 
reasons, first the removal of the blankets produced a cer­
tain amount of inactivation, second the blankets were 
often removed by the enzyme treatment when there were 
three double layers of antigen underneath. Such dis­
advantages were not encountered with formvar blankets.

All the results obtained with screens of formvar have 
been summarized in Fig. 1. The abscissas give the thick­
ness in angstrom units óf the formvar blankets present 
during the trypsin treatments and the ordinates, the 
amount of antibody adsorbed after removal of the blanket.

The conditions required for reproducibility of the results 
are very rigorous and traces of impurity appear to play 
an important role. Variations in results were more apt 
to occur between experiments carried out on different 
days than between results obtained with slides treated 
simultaneously. Experiments with one or two mono- 
layers were more consistent than similar experiments made 
with multilayers. In other words, the phenomenon of

40 80 120 160 200 240 280

A .  units.
trypsin through intervening blankets of formvar.

cooperation between successive layers is very sensitive 
to small variations in experimental conditions.

Figure 1 summarizes experiments made with one, two 
and three double layers of bovine albumin deposited by the 
“down-up” process or the “up” process on slides covered 
with a conditioned gage of three and five layers of barium 
stearate plus one double layer of egg albumin. The ab­
scissas show the thickness of the blanket of formvar upon 
which the trypsin solution was deposited, and the ordinates, 
the thickness of antibody specifically adsorbed after 
removal of the screen with ethylene dichloride. It is 
evident from the curves that the thickness of a formvar 
blanket needed for protection against trypsin action in­
creases with the number of bovine albumin layers, in 
harmony with what was found with blankets of barium 
stearate and octadecylamine. A blanket of formvar 
about 180 A. thick is necessary to protect three double 
layers of bovine albumin whereas for one double layer of 
bovine albumin 70 A only will suffice. It is to be noted 
that all curves rise very sharply (dy/dx —>oo) at a critical 
thickness of blanket.

Time Factor.—In all these experiments, the trypsin 
solution was left on the blankets for ten minutes. The 
time factorfwas investigated wtih the system ov !f bov
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( JT )2. It was found that essentially the same curve was 
obtained whether the enzyme solution stayed for five 
minutes or fifteen minutes on the slides. The amount of 
specifically adsorbedoantibody, however, was only 35 A. 
instead of 80 to 85 A. if the trypsin solution was left for 
four hours on a blanket 160 A. thick deposited on one 
double layer of egg albumin plus one double layer of 
bovine albumin.

When the layers of bovine albumin were deposited on 
the way “up” curves 4, 6, 7, 8 and 10 of Fig. 1 were 
obtained. It is evident from comparing the results pre­
sented in Fig. 1, that the mode of deposition of the antigen 
layers has a tremendous effect on the thickness of the 
blanket needed for protection. A blanket of 100 A. is 
sufficient to protect the antigenic pile ov JT bov (JD2, 
but the protective thickness has to be increased to about 
260 A. when the antigenic pile has the structure ov Jf 
bov ( ff )2. The total thickness of the protein layers was 
the same in both cases.

A formvar blanket 600 A. thick offered practically no 
protection at all for six layers of bovine albumin deposited 
on the way up and the impressive thickness of 1,000 A. 
was necessary to keep the protein layers completely active. 
It was, therefore, of importance to determine whether 
or not a system of “up” layers without blankets was much 
more labile toward trypsin action than a system of “down- 
up” layers. If this were so, it could be argued that the 
difference in behavior of the two types of systems toward 
trypsin in the presence of a blanket was due to a small 
amount of trypsin which might have diffused through the 
blanket and would be capable of inactivating the “up” 
layers and not the “down-up” layers on account of dif­
ference in stability . The inactivation of the two types of 
multilayers without blanket, was therefore investigated 
as a function of the concentration of the trypsin solutions. 
The experiments were carried out at 4° for the following 
reasons. It was observed that at room temperature (20°) 
the veronal buffer was by itself capable of removing the 
equivalent of three to four layers of an “up” system of 
multilayers, but none at all if the layers had been built up 
by the “down-up” process. At 4°, however, the veronal 
buffer did not remove any of the layers of either system. 
It is of importance to note that a system of six “up” 
layers once coated with a formvar blanket does not lose 
any thickness following a veronal buffer treatment of ten 
minutes at room temperature. In other words, unfolded 
bovine albumin molecules cannot diffuse through a form­
var blanket. The results which have been summarized in 
Table IV show that a system of “up” layers is inactivated 
slightly faster than a system of “down-up” layers, but 
this small difference cannot account for the large difference 
in the thickness of formvar blankets needed for protection 
against trypsin action.

T a b l e  IV
I n a c t iv a t io n  o f  M u l t il a y e r s  o f  B o v in e  A l b u m in  b y  

T r y p s in

Figures in columns 2 and 3 represent the thickness in A. 
units of adsorbed antibody after treatment of the multi­

layers by trypsin solutions at 4° for ten minutes.
Concentration 

trypsin mg. per cc. ovjf +  bov(f )6 ov Jl  4 bov(JT)3
0 .4 0 0

.008 48 66

.004 80 95

.0008 160 160

The case represented by curve 5 of Fig. 1 is particularly 
interesting. All the bovine albumin films described so 
far were formed on a water surface and then transferred 
onto the slides. Bovine albumin molecules, however,
can be adsorbed directly by depositing a drop of solution 
on the metal slides. In this case whatever unfolding of 
the molecules takes place is not complete, since the 
average thickness of an adsorbed layer was consistently

found to be between 17 and 18 A. This thickness is equal 
to that of two monolayers of unfolded molecules. The 
thickness of theoblanket needed for protection, however, 
was about 180 A., twice the thickness necessary to pro­
tect two “up” layers.

Conditioning of the antigen layers with uranyl acetate 
greatly diminished the thickness of the blankets in formvar 
needed for protection, as is plainly shown in curves 9 
and 11 of Fig, 1. Fifty angstroms of formvar offer no 
protection for three double layers of bovine albumin, but 
ensure nearly total protection for the system of layers 
(U bov Jf),.

Curve 10 shows that a blanket of formvar as thin as 
20 A. completely protected against inactivation one 
monolayer of bovine albumin deposited on the way “up.”

Since the thickness of a blanket needed for protection 
increases with the number of layers of bovine albumin 
underneath, it was of interest to determine whether a 
thicker blanket was also needed if layers of egg albumin 
were substituted for some of the bovine albumin layers. 
As it will be seen later trypsin acted upon egg albumin 
layers just as easily as upon bovine layers in destroying 
their property of reacting with immune sera. The follow­
ing systems of layers were deposited on conditioned gages 
of barium stearate: (ov ( JT )2 bov JT ) , (ov (JT )4 bov JT ) 
and (ov JT bov JT ov JT). The curve of inactivation as 
a function of the thickness of the screen was very much the 
same for all three systems and intermediate between curves 
1 and 3 of Fig. 1.

Polyvinyl Chloride Blankets.—A few experiments car­
ried out with blankets of polyvinyl chloride indicated that 
the screening action was analogous to that offered by 
blankets of formvar.

Metallic Blankets.—Metallic blankets of gold were 
deposited by evaporation in high vacuum directly onto 
transferred films of bovine albumin. It was found, how­
ever, that a thin blanket of gold 20 A. thick evaporated 
onto three double layers of bovine albumin prevented any 
specific adsorption of homologous antibody. (In the 
case of the polysaccharide from pneumococcus Type III, 
a specific adsorption of antibody still occurred through 50
A. of gold.) It was impossible to remove the gold once it 
was evaporated on the protein layers. Thus slides coated 
with bovine albumin layers and a blanket of gold obviously 
could not be used to detect any trypsin action through the 
blanket because of the lack of means to determine whether 
or not inactivation had occurred. Of all the methods 
tested to detect trypsin action through metallic blankets 
the one most satisfactory was as follows. Gold films were 
deposited by evaporation in vacuo on clean microscope 
slides. Thin films of formvar were then deposited on top 
of the gold by dipping the slide into a solution of formvar 
in ethylene dichloride. When the formvar film was de­
tached from the slide and floated on a water surface, the 
gold film adhered to the formvar, with the result that the 
gilded face of the formvar film was in contact with the 
water surface. Such gilded blankets were transferred 
from the water surface onto the antigenic films coating a 
metallic slide in such a manner that the gilded surface 
was on top. Trypsin solution was deposited on the gilded 
blanket for ten minutes. After washing off the enzyme 
solution the slides were treated with a strong jet of ethyl­
ene dichloride which dissolved the formvar and removed 
the gold at the same time. If the blanket was transferred 
with the gilded face in contact with the antigenic layers, 
the gold could not be removed by ethylene dichloride 
treatment. It was observed that a blanket consisting of 
a formvar film 130 to 200 A. thick, plus a gold film 40 to 
60 A. thick, offered complete protection against trypsin 
to six “up” layers of bovine albumin.. Partial protection 
was ensured if the gold film was c^30 A. thick, and with no 
gold, as it has been shown above, complete inactivation 
still occurred with films of formvar as thick as 600 A.

Ovalbumin and Antiovalbumin Rabbit Sera
The inactivation of ovalbumin films by trypsin was not 

studied extensively, because the amount of rabbit anti­
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body which can be specifically adsorbed is independent 
of the number of deposited ovalbumin layers (1) and, 
therefore, does not afford a sensitive indication of inacti­
vation. Some of the results are presented in Table V, 
which shows that a blanket of 70 A. of formvar offers 
ample protection for two as well as for four double layers 
of ovalbumin.

T a b l e  V

T r y p s in  A c t io n  t h r o u g h  B l a n k e t s  o f  F o r m v a r  C o a t­
in g  M u l t il a y e r s  o f  O v a l b u m in

The protein layers were deposited on conditioned gages of 
two and four layers of barium stearate. The blankets of 
formvar were dissolved in ethylene dichloride before treat­
ment with the antiserum. The figures in the last column 
represent the thickness of the adsorbed antibody layer in 

A. units.

Protein films

Thickness
form var
blanket,

A.

Antioval-
Trypsin bumin 

treatm ent, rabbit serum 
min. treatm ent

OV(Jp2 96 0 23
Ov(jf)2 71 5 18
°v(Jf)4 50 5 11
ovUt)4 74 5 18
bov Jf ov(Jp2 64 5 0
bov jf OVÜP4 60 5 0
bov |f ov(|f )4 51 0 20

It should be noted, however, that if the ovalbumin 
layers were deposited on one double layer of bovine al­
bumin complete inactivation occurred in spite of a screen 
of 64 A. This would seem to indicate that a layer of 
ovalbumin anchored directly on the barium stearate gage 
is much more resistant to trypsin action than if it is an­
chored on a double layer of bovine albumin. As men­
tioned earlier, an analogous situation was encountered 
with films of bovine albumin.
Action of the Specific Enzyme Hydrolyzing the Polysac­

charide from Type III Pneumococcus
The interaction between polysaccharide from Type III 

pneumococcus and homologous rabbit antibody through 
blankets of various kinds was described in the previously 
mentioned article.1 In the present experiments horse as 
well as rabbit antisera were used, and interesting dif­
ferences were brought to light.

The polysaccharide was adsorbed by placing a drop of 
solution on the slide, as described previously. The layer 
of polysaccharide, whether adsorbed on a conditioned 
gage of octadecylamine or on barium stearate, was about 
5 A. thick. When, however, the octadecylamine gage 
was not conditioned the adsorbed layer was 12 to 15 A. 
thick, but the amount of antibody which could be specifi­
cally adsorbed was independent of the thickness of the 
layer of polysaccharide.

Horse Antipneumococcus Sera.—The thickness of the 
layer of horse antibod3  ̂ specifically adsorbed by the poly­
saccharide was about 70 A. Reproducible results were 
difficult to obtain, values as large as 80 A. and as low as 
30 A. were occasionally observed. The thickness was not 
dependent on the nature of the underlying gage, barium 
stearate or octadecylamine, nor did the coating of the gage 
with one double layer of protein prior to the adsorption 
of the polysaccharide influence the results. These find­
ings are in direct contrast to the events observed with 
rabbit serao where it was found that a layer of antibody 
about 300 A. thick could be adsorbed if the polysaccharide 
was anchored on an amine gage whereas the increment 
was only 120 A. if the polysaccharide was on a barium 
stearate gage. No increment was observed following 
treatment with an antiserum against Type I pneumococcus 
or upon treatment of an adsorbed layer of polysaccharide 
from Type I with a Type III antiserum.

When a drop of a solution of the depolymerase was left 
for ten minutes on a polysaccharide layer adsorbed on a 
barium stearate gage or on a barium stearate gage coated 
with one double layer of protein, complete inactivation 
of the polysaccharide occurred. The increment observed 
after treatment with an antiserum was from 0 to 10 A. 
If, however, the polysaccharide was adsorbed on an amine 
gage or an amine gage coated with one double layer of pro­
tein, little or no inactivation resulted from the enzyme 
treatment, the thickness of the o subsequently adsorbed 
layer of antibody being 30 to 60 A. In other words, the 
anchorage of the polysaccharide was such that the enzyme 
was ineffective. It could be argued that the amine by 
itself acted as an inhibitor for the enzyme. This assump­
tion is disproved by the fact that if a blanket of octa­
decylamine is deposited on top of a polysaccharide ad­
sorbed on a barium stearate gage, complete inactivation 
occurred through a blanket of at least one double layer 
of amine. It was also found that if one double layer of 
barium stearate was deposited on top of an amine gage 
prior to the adsorption of the polysaccharide, the enzyme 
was then capable of inactivating the polysaccharide just 
as well as if there had not been any amine layer under­
neath. Thus the direct anchorage of the polysaccharide 
to the amine is necessary to prevent the enzymatic action.

Rabbit Antipneumococcus S era—On account of the 
thick layers of rabbit antibody which could be adsorbed 
on a polysaccharide layer from Type III pneumococcus, 
this system was particularly suited for investigating the 
screening effect of blankets on the action of the depoly­
merase. The results have been summarized in Fig. 2, 
where the abscissa represents the thickness of the formvar 
or barium stearate blanket which was removed prior to 
the antiserum treatment. The curve shows that a blanket 
of about 180 A. is necessary to protect the polysaccharide 
whether it was adsorbed on an amine or barium stearate 
gage. Also, a blanket of barium stearate has the same 
screening effect as that of an equivalent thickness of form­
var. The same curve of inactivation was obtained whether 
the slides were treated for ten or twenty minutes with the 
enzyme solution. With no blanket present the enzyme 
produced complete inactivation when the polysaccharide 
was adsorbed on a barium stearate gage, but on an octa-

Fig. 2.—Inactivation of polysaccharide from Type III 
pneumococcus through intervening blankets.
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decylamine base enough activity of the polysaccharide 
remained to produce an increment of 30 to 40 A. of anti­
body, the same thickness found when horse serum was 
used. These experiments show that the enzyme is capable 
of altering the polysaccharide adsorbed on an amine layer 
to a much greater extent than the results with the horse 
serum indicated. The large increment of rabbit antibody 
adsorbed only a polysaccharide layer anchored to an octa­
decylamine gage results probably from a delicate adjust­
ment between the structures of the antigen and the 
antibody. The small increment observed with the horse 
antiserum under similar conditions indicates that the 
horse antibody molecules do not respond to the whole 
antigenic pattern of the polysaccharide permitting the 
specific fixation of thick layers of antibody, but only to 
that part of the pattern responsible for short range action.

The enzyme is apparently capable of destroying the 
“fine” structure of the polysaccharide adsorbed on amine 
gage but cannot disrupt the whole of the pattern respon­
sible for the specific reaction.

Discussion
All the data presented indicate that pepsin and 

trypsin, as well as the enzyme depolymerizing the 
polysaccharide from Type III pneumococcus can 
act through various blankets made of formvar, 
polyvinyl chloride, barium stearate and octadec­
ylamine. The question of fundamental impor­
tance to answer is: Do the enzyme molecules 
come in contact with the antigenic layers under­
neath, or do they act at a distance through the 
blanket by some mechanism yet unknown? A 
similar question was raised in the previous study 
on immunological reaction where it was concluded 
that the mesh of the fabric of blankets similar to 
those used in the present experiments did not ap­
pear large enough to permit the diffusion of the an­
tibody molecules, and that all available evidence 
tended to indicate that long range action operated 
between antigenic layers located on one side of the 
blanket and antibody molecules adsorbed on the 
other side.

In the case of enzymatic action, one should keep 
in mind that a single enzyme molecule diffusing 
through a blanket might damage an extensive area 
of the antigenic film. I t should also be remem­
bered that the size of a trypsin molecule (M —
30,000) is considerably smaller than that of a rab­
bit antibody molecule (.M  — 180,000), and that 
nothing is known about the size of the enzyme 
depolymerizing the polysaccharide except that it 
is a non-dialyzable protein molecule.

However, the results obtained with trypsin 
acting on multilayers of bovine albumin layers 
through blankets of formvar offer the strongest 
kind of evidence against diffusion of the enzyme 
through the blanket. I t was shown that the thick­
ness of the blanket needed for protection against 
trypsin action increased with the number of under­
lying bovine albumin layers, and that the thick­
ness needed to protect three double layers of bo­
vine albumin was nearly three times that needed 
for one double layer. I t was shown also that the 
mode of deposition of the layers Qt)« or (ft)* 
was just as important as their total number. A 
much thicker screen was needed to protect a sys­

tem of layers deposited upwards (tf)« than a 
system of the same total thickness deposited by a 
round trip process o(lt)w* It is an amazing fact 
that a blanket 600 A. thick offered no appreciable 
protection to six monolayers deposited upwards, a 
total thickness of only 48 A. There is no reason to 
believe that the permeability of the blanket should 
depend on the number or mode of deposition of 
the antigenic layers underneath, especially when 
the fact is considered that the blanket can be 
made first on a clean glass slide, floated on water 
and transferred as one single unit onto the anti­
genic layers. If the enzyme molecules do actually 
diffuse through the blanket, they must then dif­
fuse faster or slower depending on the mode of 
deposition and number of the antigenic layers un­
derneath, a process which in itself would involve a 
long range action. The fact that the enzymatic 
action is to a certain extent independent of the 
time, the same degree of inactivation occurring 
after ten or twenty minutes in the case of the en­
zyme depolymerizing the polysaccharide, or after 
five or ten minutes with trypsin, speaks against 
a diffusion process. Curve 9 of Fig. 1 indicates 
that the amount of inactivation of uranyl condi­
tioned layers of bovine albumin through blankets 
of formvar is the same after two or fifteen min­
utes. With no screen present, however, the thick­
ness of the adsorbed layer of antibody for slides 
treated for two minutes with trypsin was more 
than twice the thickness obtained with slides 
treated for fifteen minutes. I t may be that in the 
absence of a blanket, the trypsin molecules dif­
fuse slowly through the disintegrating layers and 
are able to inactivate each layer in turn whereas 
no diffusion of enzyme molecules could take place 
through the blanket.

Slides covered with protein multilayers are hy­
drophilic; they become hydrophobic when the 
layers are coated with a formvar blanket and are 
still hydrophobic after trypsin treatment. One 
must assume, nevertheless, that water and buffer 
ions must diffuse through the blanket and that 
the range of action of trypsin molecules should 
depend on the diffusibility of the buffer ions. I t is 
a fact that trypsin in a phosphate buffer acts at 
markedly longer distances than in a veronal buf­
fer. There was no appreciable difference in the 
action of trypsin whether the formvar blankets 
were formed directly on top of the antigenic layers 
or whether they were transferred as one unit from 
a water surface. There was, however, a differ­
ence in the shielding action if the blankets were 
made in two steps, either by forming a blanket 
directly on the slide and then transferring a second 
blanket on top of it from a water surface, or by suc­
cessively transferring two blankets from a water 
surface. When the antigenic layers consisted of 
six “up” layers, a screen of formvar 500 A. thick 
made in two steps was adequate to protect the sys­
tem from trypsin action. A considerable amount 
of inactivation still occurred with a “two step”
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blanket 300 A. thick. This difference in the be­
havior of the two types of blankets may be due 
to a diminished permeability to the buffer ions 
when the blankets have been made in two steps.

I t has sometimes been questioned whether, dur­
ing the treatment of the slides with enzyme solu­
tion or antisera, the different layers stay in their 
original position or whether these are sufficiently 
mobile to be displaced. Previously mentioned ex­
periments showed that successively deposited lay­
ers remain in their order of deposition. It may be 
added that some of the experiments on the enzy­
matic action on the polysaccharide from Type III 
pneumococcus point to the same interpretation. 
The enzyme can completely inactivate the poly­
saccharide molecules adsorbed on a stearate 
layer deposited on an octadecylamine base. The 
inactivation is incomplete if the polysaccharide is 
adsorbed directly on an amine base. Conse­
quently the polysaccharide stays on the barium 
stearate layer and does not diffuse downward 
toward the amine layer or vice versa the amine 
base does not migrate upwards. Also the fact 
that a blanket of amine, deposited on the poly­
saccharide adsorbed on a barium stearate base, 
does not prevent inactivation by the enzyme 
demonstrates that the polysaccharide molecules 
stay anchored on the stearate and are not dis­
placed when the blanket of amine is deposited on 
top of them.

It was shown in the study on interaction be­
tween films of antigen and antibody molecules 
that the amount of specific adsorption in the pres­
ence of a blanket was practically independent of 
the nature of the blanket. In the case of the ac­
tion of the enzyme on the polysaccharide from 
Type III pneumococcus, a barium stearate blanket 
has the same protective effect as that of a formvar 
blanket of equivalent thickness. A different con­
dition prevails when trypsin acts on multilayers of 
bovine albumin. Inactivation occurs through a 
larger thickness of barium stearate than of form­
var. The interaction between antigenic layers and 
trypsin is so strong that very often, as we have 
seen, the blanket of barium stearate is removed 
following enzyme or serum treatment. When the 
interaction is diminished by conditioning with 
uranyl acetate in between the deposition of the 
antigenic layers, the blankets of barium stearate 
are never removed and it was shown (Table II) 
that trypsin acts at least through six, possibly ten, 
monolayers of barium stearate blanketing three 
double layers of bovine albumin deposited by the 
round trip process. In contrast, a blanket of 
formvar 60 A. thick entirely cuts off trypsin ac­
tion on similarly treated layers of bovine albumin.

I t has been suggested that the metal slides onto 
which the layers were deposited have such rough 
surfaces on a molecular scale, that the results ob­
served might be artifacts due to the valley-moun­
tain profile of the slide. I t is known, however, 
from electron micrographs that an ordinary mi­

croscope glass slide has a remarkably smooth sur­
face. Therefore, some glass slides were coated by 
evaporation in vacuo with a film of chromium or 
gold thick enough to ensure metallic reflection. 
The same experiments were carried out using these 
slides and identical results were obtained.

The evidence just presented would indicate that 
the enzyme does not penetrate the blanket. Nev­
ertheless, the effect of the enzyme does extend 
through the blanket and this fact should be con­
sidered in connection with theories of enzymatic 
action. The general mechanisms of enzymatic ac­
tion postulated so far can be classified in two 
groups. One group assumes an intermediate com­
plex between enzyme and substrate. The exis­
tence of such complexes has been demonstrated in 
the case of peroxidase and catalase by Chance.5 
In the second group, the reaction proceeds from 
inactivation by collision and by taking a quantum 
of the energy liberated during the reaction.6

It would be very difficult to explain our results 
on the basis of either type of mechanism if con­
tact between our substrate films and enzyme does 
not really occur. In the case of proteolytic en­
zymes, enzymatic activity does not seem to be 
located in a prosthetic group, but results from 
steric architecture of the whole molecule. The 
following experiments, which show that trypsin 
as well as pepsin requires the native configuration 
of its molecules to retain enzymatic activity, are in 
harmony with this view. One or two monolayers 
of unfolded trypsin deposited on a slide are in­
capable of inactivating subsequently transferred 
layers of bovine albumin, even if a drop of a buffer 
solution at pH  7.5 is deposited on the slide for 
ten minutes. Similar results are obtained if tryp­
sin films are transferred on top of the antigenic 
films; no inactivation occurs. Unfolding of the 
enzyme molecule should not abolish its activity 
altogether if the origin of the enzymatic activity 
resided in a prosthetic group. Thus this activity 
must originate from an extensive portion of the 
active molecule.

One plausible explanation of the long range ac­
tion at present would appear to be through some 
resonance phenomenon perhaps involving a char­
acteristic frequency of the substrate and of the 
enzyme. Appropriate tuning could then result 
by correspondence in the frequency and polari­
zation of the vibrations, and the vibrations set up 
in the substrate layers could break down certain 
bonds characterizing the antigenic pattern. This 
interpretation has already been proposed by 
Chaudhury,7 but is carried one step further. If 
such hypothetical resonators are extended, and as 
we have seen the evidence is in favor of an ex­
tended “active” part of the enzyme molecule, it is 
conceivable that resonance may occur at distances 
of an entirely different order of magnitude from

(5) B. Chance, /. Biol. Chem., 151, 553 (1943); A c ta  Chem. S c a n - 
dinavica, I, 236 (1947).

(6) G. Medwedew, Enzymologia, 2, 53 (1937).
(7) A. K. R. Chaudhury, Curr. S c i . , 14, 261 (1945).
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those involved when small molecules or individual 
atoms are considered. Resonance might occur in 
spite of intermediate blankets, no immediate con­
tact being necessary between substrate and en­
zyme. I t might also be conceived that, depending 
among other things on the frequency involved, 
certain vibrations would be better transmitted 
than others by the intermediate blankets. Some 
types of blankets may have a stronger specific ad­
sorption than others for the particular frequencies 
involved. The experiments made with blankets of 
evaporated gold show that such blankets are ex­
tremely efficient in preventing enzymatic as well 
as immunological reactions.

Thus, long range enzymatic action through a 
resonance phenomenon could be an explanation of 
the observed facts. If, as the presented data 
seem to indicate, long range enzymatic action oc­
curs between films of antigen, or adsorbed mole­
cules of antigens, and enzyme molecules, it would 
seem also likely that the same mechanism could 
apply to a substrate in solution and should be 
considered in a discussion of any theory of enzy­
matic action.8

Also it is important to note that in these experi­
ments one is not justified in considering the be­
havior of single molecules of the substrate inde­
pendently. The effect of the number and mode of 
deposition of monolayers of bovine albumin on 
its range of action is already an indication that 
considerable interaction takes place between the

(8) I t  is interesting in this connection to mention an article 
by Vlasow, J. Physics, U. S. S. R., 9, 25 (1945). The author 
shows th a t when considering large polyatomic systems one cannot 
neglect weak forces of interaction a t long distances and th a t “ these 
interactions reveal new dynamic properties of polyatomic systems, 
putting the problem of the transition from ‘micro’ to ‘macro’ anew.” 
When collective interaction is taken into account, then follows ac­
cording to the author “ the presence and spontaneous origin of eigen 
frequencies in polyatomic system s.” I t  is worth mentioning th a t in 
1939 Langmuir, Proc. Phys. Soc., 51, 592 (1939), considered the 
possible importance of vibrations for the specificity of protein mole­
cules.

layers and presumably between the molecules 
within one single layer. The phenomenon of long 
range action could be considered as due to the co­
operation of a group of molecules. Cooperation 
phenomena may play a role in biological processes, 
the degree of cooperation possibly determining the 
distance at which an enzyme may act. Finally, 
the possibility?- of enzymatic action through a thin 
cell membrane offers a new vista on physiological 
events.

Most of the data presented in this work were 
obtained with the able assistance of Miss Marjorie 
Hanson. I am indebted to her for her help in the 
preparation of this article. My thanks go also to 
Dr. Lyman C. Craig who read with care the manu­
script and offered valuable criticism.

Summary
Multilayers of bovine albumin were submitted 

to the action of trypsin, and films of polysaccha­
ride from Type III pneumococcus to that of a spe­
cific depolymerase. In both cases, following enzy­
matic action, the layers were altered to such a de­
gree that they became incapable of specifically 
adsorbing homologous antibody. I t was observed 
that blankets of barium stearate, of a plastic poly­
mer (Formvar), and of polyvinyl chloride poly­
mers deposited on the layers did not prevent en­
zymatic action from occurring when the enzyme 
solution was deposited on the blanket. The thick­
ness of the blanket necessary to prevent any en­
zymatic action varied within a wide range depend­
ing on the number and mode of deposition of the 
underlying layers. I t seemed unlikely that the en­
zyme molecules penetrated the blanket and the 
assumption was made that enzymatic action took 
place at a distance, the enzyme and substrate 
molecules being actually separated by an inter­
vening blanket.
N e w  Y o r k , N . Y. R e c e iv e d  F e b r u a r y  10, 1948

[C o n t r ib u t io n  fr o m  E a st m a n  K o d a k  C o m p a n y ]

The Determination of Primary Hydroxyl Groups in Cellulose Acetate by Tosylation
and Iodination

B y  C arl  J. M alm , L eo J. T ang h e  and  B arbar a  C. L a ird

secondary tosyl groups. These reactions have 
been applied to a commercial cellulose acetate by 
Purves and co-workers,1’2 who found that slightly 
more than one third of the hydroxyl groups were 
primary. Their work indicated that the method 
should be suitable for comparing the amounts of 
primary hydroxyl in various samples.

This method, with minor modifications, was 
used, and the samples chosen for comparison in the

(1) F. B. Cramer and C. B. Purves, T h is  J o u r n a l , 61, 3458
(1939).

(2) T. S. Gardner and C. B. Purves, ib id . ,  64, 1539 (1942).

A study was undertaken of the amounts of 
primary and secondary hydroxyl groups in various 
samples of cellulose acetate to determine whether 
any difference could be detected depending on the 
history of the sample.

The method of tosylation and iodination for the 
determination of primary hydroxyl groups in glu­
cose and its derivatives depends on (a) complete 
tosylation of primary hydroxyl groups and partial 
or complete tosylation of secondary hydroxyl 
groups, and (b) subsequent replacement of all 
primary tosyl groups by iodine and no reaction of
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T able  I

Starting  M aterials

%
H y­

droxyl
per

Approxi­
mate % 
primary 

hydroxyl
Sample acetyl g. u. found

A Acetylated and hydro­
lyzed with moderate 
amount of H2SO4

40.4 0.48 33

B Same as A 31.6 1.27 25
C Acetylated and hydro­

lyzed with ZnCl2 and 
HCl

40.0 0.52 28

D Acetylated with a large 
amount of H2SO4; com­
bined sulfate split off 
with MgCOs and acet­
one

41.4 .38 60

E From a sample similar to 
B, by tritylating, acetyl­
ating and detritylating

40.3 .49 33

F Same as A 39.6 .57 33
G Same as A 32.3 1.22 25
H From A, deacetylated with 

14% NH4OH
None 3.00 33

present work are listed in Table I. These in­
cluded cellulose acetates made by differing tech­
niques, which possibly could affect the proportions 
of primary hydroxyl groups. They were tosylated 
with ^-toluenesulfonyl (tosyl) chloride in the 
presence of pyridine for varying lengths of time 
(Fig. 1). The tosylated products were iodinated 
in acetonylacetone solution with sodium iodide, 
and the results obtained on the first five samples 
are given in Table II, from which the following 
points merit consideration :

down, an approximate value for the amount of 
primary hydroxyl could be obtained. The esti­
mated percentages of primary hydroxyl in the 
various samples are given in the last column of 
Table I.

2. The samples showed variations in the per 
cent, of primary hydroxyl groups as measured by 
this method. Samples A  and E were in qualitative 
agreement with the results of Gardner and 
Purves,2 but sample C, made with zinc chloride, 
contained slightly less, and sample D, made with 
a large amount of sulfuric acid catalyst, contained 
considerably more primary hydroxyl groups.

3. Sample E, made through the trityl deriva­
tive to contain substantially all primary hydroxyl 
groups, actually contained no more than sample 
A, made by commercial methods. This is indica­
tive of migration of acetyl groups from secondary 
to primary hydroxyl during the detritylation step. 
Note that the tosylation time curves of samples A 
and E were almost identical (Fig. 1).

4. In sample D the amount of tosyl reached a 
maximum after eight hours. Also, in the last two 
samples of this tosylation time series the molecular 
amount of iodine introduced exceeded the amount 
of tosyl present.

This behavior was traced to the displacement of 
tosyl by chlorine during tosylation, and of chlo­
rine by iodine during iodination. Qualitative an­
alysis3 of the iodinated samples showed only a 
trace of chlorine, and the amount of iodine intro­
duced was always less than the sum of tosyl and 
chlorine. Comparison of the degree of iodine sub­
stitution in vSamples D -l through D-6, Table II, 
where the chlorine is neglected, and in Table III, 
where it is taken into account, shows that the in-

0 1 2 3 4 5
Time in days.

Fig. 1.—Tosylation of different samples of cellulose acetate.

1. Upon iodination of the tosylated samples, 
increasing amounts of iodine were introduced as 
the time of tosylation was extended. By deter­
mining the point at which the reaction slowed

troduction of chlorine during tosylation does not
(3) R. L. Shriner and R. C. Fuson, “ The Systematic Identification 

of Organic Compounds,” 2nd edition, John Wiley and Sons, Inc., 
New York, N. Y., 1940, p. 115.
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T able  II

T o s y l a t io n  a n d  I o d in a t io n  o f  V a r io u s  Sa m p l e s  o f  
C e l l u l o s e  A c e t a t e

Ratio of

Sample
Time,
hours

Tosylation------—v
S, Tosyl 
7o per g. u.

Iodination (6 hr.) iodine per g. u. 
I, Iodine to original 
% per g. u. OH per g. u.

A-l 1 1.35 0.121 4.69 0.104 0.22
A-2 3 1.85 .170 6.25 .141 .29
A-3 8 2.14 .200 6.81 .156 .32
A-4 24 2.63 .252 7.08 .167 .35
A-5 48 2.77 .267 7.54 .179 .37
A-6 120 2.99 .292 8 .1 2 .194 .40
B-l 1 2.51 .209 8 .2 0 .167 .13
B-2 3 3.38 .295 1 0 .0 0 .2 1 2 .16
B-3 8 4.49 .420 10.94 .248 .19
B-4 24 5.78 .587 14.59 .354 .27
B-5 48 5.90 .604
B-6 120 5.93 .608
C-l 1 1.20 .106 3.92 .086 .17
C-2 3 1.53 .138 4.98 .111 .21
C-3 8 2.05 .189 4.56 .127 .24
C-4 24 2.51 .237 6.63 .148 .28
C-5 48 3.04 .296 6.45 .155 .30
C-6 120 3.54 .355 7.04 .174 .33
D -l 1 1.53 .140 5.99 .136 .36
D-2 3 2.13 .202 8.63 .200 .53
D-3 8 2.55 .245 9.24 .218 .57
D-4 24 2.43 .234 9.78 .230 .61
D-5 48 2.28 .218 9.93 .231 .61
D-6 120 1.71 .159 9.68 .227 .60
E-l 1 1.29 .115 5.09 .112 .23
E-2 3 1.84 .169 6.56 .148 .30
E-3 8 2.20 .205 7.16 .164 .33
E-4 24 2.55 .243 7.52 .176 .35
E-5 48 2.73 .263 7.75 .183 .36
E-6 120 2.84 .275 8.03 .190 .38

materially affect the subsequent iodination. How­
ever, in Table III and subsequent tables, the chlo­
rine was taken into account and assumed to be 
replaced by iodine.

T a b l e  III
T o sy l a t io n  a n d  I o d in a t io n  o f  C e l l u l o s e  A c e t a t e  

Sample D; 41.4% acetyl; 2.62 acetyls per g. u.

Chlorination Iodination (6 hr.)

R atio of 
iodine per 

g. u. to

Sample % Cl
Chlorine 
per g. u. % I

Iodine® 
per g. u.

original OH 
per g. u.

D-l 0.09 0.008 5.99 0.136 0.36
D-2 .09 .008 8.63 .2 0 0 .53
D-3 .37 .032 9.24 .2 2 0 .57
D-4 .80 .070 9.78 .238 .62
D-5 1.04 .090 9.93 .242 .63
D-6 1.89 .160 9.68 .237 .62
“ Based on replacement of all the chlorine and part of 

the tosyl.

To obtain further evidence for the replacement 
of chlorine by iodine during iodination, a sample 
high in chlorine was prepared by treating a tosyl­
ated cellulose acetate with pyridine hydrochlo­
ride.1 This was iodinated along with the original 
tosylated sample and comparable amounts of io­
dine were introduced to each.

The increasing amounts of iodine introduced 
throughout the tosylation time series were dis­
turbing. However, when the procedure described 
by Gardner and Purves2 was exactly followed us­
ing sample F, the same increase in iodine content 
was again observed. Small amounts of chlorine 
were found in the products even with short time 
of tosylation. The minimum amount of chlorine 
was introduced when the tosylation was carried 
out at 0°.

Time in hours.
Fig. 2.—Iodination time series on tosylated cellulose acetates from Sample G, 32.3% acetyl.
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Sample
Time,
hours

Temp.,
°C.

R atio  TsCl: 
cellulose ester s, %

F-l 1 20 13.1:1 1.66
F-2 3 2 0 13.1:1 2 .2 0
F-3 8 20 13.1:1 2.54
F-4 24 20 13.1:1 3.08
F-5 48 20 13.1:1 3.43
F-6 120 20 13.1:1 4.01
F-7 48 0 13.1:1 3.14
F-8 48 20 6.6:1 3.21
F-9 48 20 3.3:1 2.61
F-10 48 20 1.7:1 1.96

T a b l e  V

I o d in a t io n  o f  T o sy l a t e d  C e l l u l o s e  A c e t a t e  
Samples from Table IV

-Iodination'
Tosyl Time, Iodine

Sample per g. u. min. i , % per g. u.
F-2-1 0.203 15 7 -l 0.163
F-2-2 30 7.1 .163
F-2-3 60 7.2 7.2 .165
F-2-4 120 7.2 .165
F-2-5 360 7.2 7.3 .166
F-3-1 .239 5 7.5 .175
F-3-2 15 7.7 .179
F-3-3 30 7.4 .173
F-3-4 60 7.8 .182
F-3 5 120 7.5 .175
F-3-6 240 7.6 . 177
F-4-1 .298 15 7.6 .183
F-4-2 30 7.7 .185
F-4-3 60 7.8 .188
F-4-4 120 7.8 .188
F-4-5 240 8.3 .199
F-4-6 360 8.4 .201
F-5-1 .339 15 7.0 .173
F-5-2 30 7.5 .185
F-5-3 60 7.8 .192
F-5-4 120 8.2 .2 0 2
F-5-5 240 8.7 .214
F-5-6 420 8.7 .214
F-6-1 .409 15 6.0 .156
F-6-2 30 6.8 . 178
F-6-3 60 7.5 .195
F-6-4 120 8.2 .214
F-6-5 240 8.8 .228
F-6-6 480 9.0 .233

Even including samples where variations were 
also made in the temperatures and the amount of 
tosyl chloride, the amount of iodine introduced on 
iodination increased with the amount of tosyl 
present.

Iodination time series were then carried out on 
some of the samples of Table IV and the results 
are presented in Table V. Upon iodination of a 
sample low in tosyl, a constant amount of iodine 
was introduced as the time of iodination was ex-

Iodination (2 hr.)
Iodine 

per g. u.
0.127 

.165 

.179 

.188 

.199 

.217 

.193 

.192 

.184 

.154

tended; but with increased amounts of tosyl in 
the sample, the amount of iodine increased con­
siderably as the time of iodination was extended.

This behavior was even more pronounced when 
tosylation and iodination time series were carried 
out on sample G, containing 32.3% acetyl (Tables 
VI and VII, and Fig. 2). Increased amounts of 
sodium iodide in the iodination of the last sample 
of this series were not helpful in obtaining a 
sharper break in the iodination reaction.

T a b l e  VI
T o s y l a t io n  o f  C e l l u l o s e  A c e t a t e

Sample G; 32.3% acetyl; 1.78 acetyls per g. u.; temp. 
25 °; ratio TsCl: cellulose ester 5.6:1

Sample
Time,
hours S, %

Tosyl 
per g. u. Cl, %

Chlorine 
per g. u.

G-l 1 3.03 0.265 0.19 0.015
G-2 3 4.10 .379 .12 .010
G-3 8 5.04 .492 .23 .020
G-4 24 6.45 .690 .35 .034
G-5 48 6.94 .770 .59 .059
G-6 120 7.52 .878 .89 .093

The upward drift in the amount of iodine intro­
duced as the times of tosylation and iodination 
were extended suggested that secondary hy­
droxyl groups were slowly reacting. Although 
the original work of Oldham and Rutherford4 con­
tained several examples of the non-reactivity of 
tosyl groups on secondary hydroxyls, a review of 
the more recent literature showed several instances 
of their reactivity. Levene and Raymond5 
treated xylose derivatives tosylated in the 3-posi­
tion (i. e ., on secondary hydroxyl groups) with so­
dium iodide and found a slow iodination at 110°. 
Hess6 degraded tritosyl starch to a tritosyl glucose 
derivative into which he was able to introduce two 
atoms of iodine with sodium iodide at 130°. Le­
vene7 replaced all three tosyl groups in tritosylgly- 
cerol by this method. Tetratosyl erythritol

(4) J. W. H. Oldham and J. K . Rutherford, T h is  J o u r n a l , 54, 
366 (1932).

(5) P. A. Levene and A. L. Raymond, J . Biol. Chem., 102, 317 
(1933).

(6) K. Hess, O. L ittm an and R. Pfleger, A nn., 507, 55 (1933).
(7) P. A. Levene and C. L. M ehltretter, Enzymologie, 4, II, 232 

(1937).

T a b l e  IV
T o s y l a t io n  a n d  I o d in a t io n  o f  C e l l u l o s e  A c e t a t e  

Sample F; 39.6% acetyl; 2,434 acetyls per g. u.
Tosyl 

per g. u.

0.149
.203
.239
.298
.339
.409
.306
.315
.247
.179

Cl, % 
0.12  

.16 

.16
.23
.34
.79
.13
.43
.36
.20

Chlorine 
per g. u.
0.009

.013

.014

.021

.031

.074

.011

.038

.031

.017

I, %
5.7  
7.2
7 .7
7 .8  
8.1  
8.4  
8.1
7.9
7 .8
6 .8
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T a b l e  VII
I o d in a t io n  o f  T o s y l a t e d  C e l l u l o s e  A c e t a t e  

(Samples from Table VI)
/------------------- Iodination-----------------

Sample
Tosyl 

per g. u.

R atio
N a l:

sample
Time,
min. i , %

Iodine
per g. u.

G-l-1 0.265 1:1 5 7.8 0.168
G-I-2 15 8.6 .185
G-l-3 60 8.7 .188
G-l-4 120 8.7 .188
G-l-5 360 8.9 .192
G-2-1 .379 1:1 5 7.3 .166
G-2-2 15 8.5 .193
G-2-3 60 9.3 .210
G-2-4 120 9.6 .217
G-2-5 360 9.8 .221
G-3-1 .492 1 :1 5 8.1 .196
G-3-2 15 9.3 .224
G-3-3 60 9.5 .228
G-3-4 120 10.0 .240
G-3-5 360 10.7 .256
G-4-1 .690 1:1 5 7.5 .200
G-4-2 15 8.7 .232
G-4-3 60 9.8 .260
G-4-4 120 10.3 .272
G-4-5 0/?AOUU 11.3 .298
G-5-1 .770 1:1 5 6.2 .174
G-5-2 15 8.1 .226
G-5-3 60 9.4 .261
G-5-4 120 10.2 .283
G-5-5 360 11.9 .328
G-6-1 .878 1:1 5 4.9 .147
G-6-2 15 6.4 .191
G-6-3 60 8.7 .257
G-6-4 120 9.9 .291
G-6-5 360 13.1 .381
G-6-6 .878 2 :1 5 5.7 .170
G-6-7 5 7.7 .228
G-6-8 60 10.3 .303
G-6-9 120 11.4 .333
G-6-10 360 13.8 .400
G-6-11 .878 5:1 5 6.4 .191
G-6-12 15 8.0 .237
G-6-13 60 11.1 .325
G-6-14 120 13.5 .392

showed irregular behavior,8 losing all of its tosyl 
groups with the formation of butadiene. Tosyl­
ates of certain simple secondary alcohols, such as 
isopropyl-^-toluenesulfonate showed considerable 
reactivity toward sodium iodide even at room tem­
perature.9 Hockett and co-workers10 applied the 
reaction to a sorbitol derivative tosylated at posi­
tions 2 and 5 (i. e., on secondary hydroxyl groups) . 
In solvents such as acetone, acetonylacetone or 
acetic anhydride at 120-140°, one of the tosyl 
groups was replaced with iodine.

(8) R. S. Tipson and L. H. Cretcher, J . Org. Chem., 8, 96 (1943).
(9) R. S. Tipson, M. A. Clapp and L. H. Cretcher, ibid., 12, 133 

(1947).
(10) R . C. Hockett, H . G. Fletcher, E, L. Sheffield and R. M. 

Goepp, T h is  J o u r n a l , 68, 927 (1946).

Accordingly, the tosylation and iodination re­
actions were applied to cellulose itself where the 
introduction of more than one iodine per glucose 
unit would be clear evidence for the participation 
of secondary hydroxyl groups.

Previous investigators11 have found it necessary 
to use an active cellulose and to avoid high tem­
perature in the tosylation reaction. Cellulose re­
generated from the acetate was chosen for this 
work because of its reactivity. Even then but lit­
tle tosyl was introduced without suitable condi­
tioning of the cellulose. Pretreatment with aque­
ous pyridine gave a starting material which re­
acted with tosyl chloride at room temperature to 
yield a soluble product containing 1.5 to 1.8 tosyl 
groups per glucose unit. A t steam-bath tempera­
ture according to the directions of Honeyman12 
products were obtained containing large amounts 
of nitrogen and chlorine. A t 0° less than one 
tosyl per glucose unit was introduced and the 
product failed to dissolve in the reaction mixture. 
Successful iodinations could be carried out, how­
ever, in acetonylacetone suspension. The re­
sults on tosylation of regenerated cellulose are 
given in Table VIII, and on iodination of the 
tosylated products in Tables IX  and X.

T a b l e  VIII
T o s y l a t io n  o f  C e l l u l o s e

Sample

R atio
TsCl:

Cell
Time,
hours

Tem p.,
°C. s, %

Tosyl 
per 
g. u. ci, %

Chlorine 
per 
g. u.

H-l 7:1 16 R. T. 12.58 1.62 0.28 0.03
H-2 7:1 46 R. T. 13.25 1.87 0.58 .07
H-3 7:1 168 R. T. 12.95 1.80 2.58 .32
H-4 4:1 48 R. T. 1 2 .2 0 1.50 0.67 .08
H-5 6 :1 4 0 3.58 0 .2 2 .1 1 .0 1
H-6 6 :1 7 0 3.90 .24 .31 .0 2
H-7 6 :1 24 0 5.31 .36 .38 .0 2
H-8 6 :1 48 0 6.50 .48 .48 .03
Where excess tosyl had been introduced,

slightly more than one iodine per glucose unit was 
introduced when the time of iodination was ex­
tended. Two possible explanations for the in­
crease in iodine content beyond one iodine per 
glucose unit, other than replacement of secondary 
tosyl groups by iodine, have come to our atten­
tion13 and have been investigated.

An increase in weight per cent, iodine could re­
sult from the loss of tosyl without entrance of 
iodine. Gardner and Purves2 found that no tosyl 
was lost which was not replaced by iodine, and 
occasional analyses of our iodinated products 
showed the required amount of tosyl remaining. 
To investigate this point more fully, sulfur and 
iodine analyses were made on samples from two 
iodination time series (Table X), and the degrees 
of iodine and tosyl substitution were calculated.

(11) A review of earlier work is given by C. J. Malm and C. R. 
Fordyce in “ Cellulose and its Derivatives,” Emil Ott, Editor, In ter­
science Publishers, Inc,, New York, N. Y., 1943, p. 702.

(12) J. Honeyman, J . Chem. Soc., 168 (1947).
(13) E. Heuser, private communication.
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T ab le  IX

Iodination of T osylated C ellulose 
Samples from Table VIII

Sample
Ratio

Nal -.Sample
Time,
min. I, %

Iodine 
per g. u.‘

H-l-1 1:1 15 29.2 0.87
H-l-2 30 32.4 0.95
H-l-3 60 34.8 1.01
H-l-4 120 38.2 1.10
H-l-5 360 41.2 1.18
H-l-6 2:1 15 34.9 1.02
H-l-7 30 35.3 1.03
H-l-8 60 35.4 1.03
H-l-9 120 37.2 1.08
H-l-10 360 41.1 1.18
H-2-1 1:1 60 25.8 0.86
H-2-2 120 30.4 1.00
H-2-3 360 36.1 1.17
H-3-1 1:1 360 35.1 1.21
H-4-1 1:1 5 26.1 0.74
H-4-2 15 31.7 0.89
H-4-3 30 34.8 0.98
H-4-4 60 35.5 1.00
H-4-5 120 37.3 1.03
H-5-1 1:1 5 10.5 0.16
H-5-2 15 11.7 .17
H-5-3 30 10.0 .15
H-5-4 60 11.6 .17
H-5-5 120 12.3 .18
H-8-1 1:1 5 14.0 .25
H-8-2 15 16.3 .29
H-8-3 30 18.5 .33
H-8-4 60 18.6 .33
H-8-5 120 19.0 .34

° Not corrected for loss of tosyl.

T able  X

Loss of T osyl on Prolonged Iodination of T osylated 
C ellulose

Ratio of Nal: Sample 2:1

Sample
Time,
min.

i,
%

Iodine 
per 

g. u.« S, %

Tosyl 
per 

g. u.

Tosyl
lost

per g. u.
H-2-4 5 24.1 0.78 8 .4  8.1 1.06 0.10
H-2-5 15 30.0 0.97 7 .2  7.1 0.91 .06
H-2-6 30 33.0 1.04 6 .5  6.3 .80 .10
H-2-7 60 35.0 1.13 6.3 .81 None
H-2-8 120 37.4 1.04 4 .7  4.3 .50 .40
H-2-9 360 42.2 1.19 3.9  3 .7 .43 .38
H-2-105 5 27.8 0.89 7 .5 .95 .10
H-2-11 30 32.0 1.04 6.9 .90 None
H-2-12 60 35.8 1.15 6.2 .79 None
H-2-13 120 37.0 1.14 5.5 .67 .13
H-2-14 360 40.2 1.14 4.1 .46 .34
a Corrected for loss of tosyl. 6 Samples H-2-10 to 

H-2-14 were soaked overnight in 0.1 N  sodium thiosulfate 
to remove any absorbed iodine.

When the time of iodination was one hour or less 
the loss of tosyl was negligible, but as the time of 
iodination was extended to six hours, there was a 
considerable loss of tosyl without entrance of io­
dine. Hence, the degree of iodine substitution of

samples iodinated for six hours, calculated on io­
dine content alone (as in Table IX), is slightly 
high, but even when it is corrected for the amount 
of tosyl lost, is still slightly more than 1.00 per 
glucose unit. A similar correction should apply 
to six-hour iodinations of samples derived from 
cellulose acetate, since the iodine substitutions 
were calculated from iodine content alone, assum­
ing no loss of tosyl without entrance of iodine.

Absorbed iodine would likewise contribute to 
high iodine content of the products. Extraction 
of iodinated samples with dilute sodium thiosul­
fate solution has been used14 to remove absorbed 
iodine. Typical iodinated products reported 
herein were soaked overnight in 0.1 N  sodium 
thiosulfate, and a loss of 0.6-0.8% iodine was ob­
served. No iodine was lost, however, on refluxing 
the products for one hour with ethyl alcohol or 
with carbon tetrachloride.

In Table X , iodination time series without (Sam­
ples H-2-4 to H-2-9) and with (Samples H-2-10 to 
H-2-14) thiosulfate extraction gave comparable 
results.

The gradual increase in iodine content beyond 
one per glucose unit is interpreted as a slow re­
placement of secondary tosyl groups by iodine. 
This situation closely parallels that observed in a 
study of cellulose trityl ether15 where slightly 
more than one trityl group per glucose unit 
could be introduced under extended reaction 
conditions.

Trityl derivatives were prepared from cellulose 
acetate sample F  to determine the amount of 
primary hydroxyl to compare with the results of 
tosylation and iodination. About one-third of 
the hydroxyl groups could be tritylated, the exact 
amount of trityl introduced depending on the re­
action conditions.

When applied to samples lower in acetyl, tri- 
tylation indicated slightly more primary hydroxyl 
than tosylation and iodination. In the prepara­
tion of sample E, about one-third of the hydroxyl 
groups in cellulose acetate, 31.0% acetyl, could be 
tritylated. In the tosylation and iodination of 
similar materials, samples B and G, only about 
25% of the original hydroxyl groups could be 
readily replaced with iodine.

The results herein reported show that the tosyl­
ation and iodination method does not fulfil the 
conditions required for the exact determination of 
primary hydroxyl groups in cellulose acetate. All 
primary hydroxyl groups must be tosylated. 
However, large amounts of secondary tosyl groups 
are objectionable, since they interfere with the 
subsequent iodination, and in the iodination step 
the iodine content does not level off satisfactorily 
with the time of reaction. On samples low in tosyl 
where all of the primary hydroxyl groups may not 
have been tosylated the iodine levels off but at

(14) G. E. Murray and C. B. Purves, T h is  J o u r n a l , 62, 3194
(1940).

(15) W. M. Hearon, G. D. Hiatt and C. R. Fordyce, ibid., 65, 
2449 (1943).
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too low a level. I t  was possible, however, by 
maintaining identical reaction conditions through­
out, to determine the approximate primary hy­
droxyl content and to detect differences from 
sample to sample depending on their past histo­
ries. Especially noteworthy was the sample (D) 
of cellulose acetate prepared using  a large amount 
of sulfuric acid catalyst, with subsequent removal 
of combined sulfate groups at the completion of 
the esterification. In this sample, approxi­
mately 60% of the hydroxyl groups were primary, 
indicating a preferential reactivity of the primary 
hydroxyl groups of cellulose toward the sulfuric 
acid catalyst during the esterification process.16

Experimental
Starting Materials.—Samples A, B, F and G, Table I, 

were made by commercial methods using sulfuric acid as 
the catalyst, both for the acetylation and the subsequent 
hydrolysis. The amount of acetyl in the products was 
controlled by the time of hydrolysis.

Sample C, Table I, was made by acetylation of cotton 
linters using acetic anhydride and zinc chloride catalyst. 
The amount of zinc chloride used was equal to the weight 
of the cellulose. In addition, 20 ml. of concentrated 
hydrochloric acid was added per pound of cellulose to aid 
the esterification. At the completion of the esterification 
of the cellulose, water was added to hydrolyze the product 
to the desired acetyl content.

Sample D, Table I, was made by acetylation of cotton 
linters using acetic anhydride and a comparatively large 
amount of sulfuric acid (28% of the weight of the cellu­
lose). With this large amount of catalyst, good cooling 
was necessary to prevent excessive rise in temperature. 
The esterification was complete after a reaction time of 
one-half hour, as indicated by absence of fiber and grain. 
At this point an amount of magnesium carbonate was 
added, equivalent to three-fourths of the sulfuric acid 
catalyst. After stirring fifteen minutes at 100° F. the 
reaction mixture was diluted with half its volume of 
acetone, and the mixing was continued for one hour at the 
same temperature. The magnesium carbonate and the 
acetone aided the removal of combined sulfate without 
hydrolysis of acetyl. The product was then precipitated 
and washed in water.

Sample E, Table I, was prepared in three steps, by 
tritylation, acetylation, and detritylation of cellulose 
acetate according to the details immediately following:

1. Tritylation.—Twenty grams of cellulose acetate 
(31.0% acetyl; 1.68 acetyl groups per glucose unit) was 
dissolved in 100 ml. of anhydrous pyridine and 30 g. of 
triphenylchloromethane was added. The reaction mix­
ture was heated at 70° for sixteen hours, at which time 
it was diluted with acetone, precipitated and washed in 
alcohol. The yield was 25.8 g. of a white, fluffy product 
containing 22.1% acetyl.17 When several similar prod­
ucts were combined and tritylated again with fresh re­
agents, there was a slight increase in the amount of trityl 
introduced.

Anal. Calcd. for tritylation of one-third of the avail­
able hydroxyl groups (1.68 acetyl and 0.44 trityl per glu­
cose unit): acetyl, 21.2; trityl, 31.6. Found: acetyl, 
21.4; trityl, 31.4, 32.0.15

2. Acetylation.—Forty grams of the above product 
was dissolved in 200 ml. of anhydrous pyridine, and 40 
ml. of acetic anhydride was added. After seventy-two 
hours at 50° the reaction mixture was diluted with 200

(16) C. J. M alm , L. J. Tanghe and B. C. Laird, I n d . E n g . C h em ., 
38, 77 (1946).

(17) Acetyl analyses were carried out by  the Eberstadt method  
as described by L. B. Genung and R. M allatt, I n d .  E n g . C h e m ., A n a l . 
E d . ,  13, 369 (1941).

ml. of methanol. Considerable heat was evolved, in­
dicating an excess of acetic anhydride. The product was 
precipitated and washed in alcohol, yielding 43.1 g. of 
a white, fluffy product.

Anal. Calcd. for complete acetylation of remaining 
hydroxyl groups (2.56 acetyl and 0.44 trityl per glucose 
unit): acetyl, 29.2; trityl 28.5. Found: acetyl, 29.4, 
29.5; trityl, 27.8, 28.2.

3. Detritylation.—Ten grams of the above product 
(2.56 acetyl and 0.44 trityl per glucose unit) was dissolved 
in 70 ml. of acetic acid. A mixture of 14 ml. of acetic acid 
and 7 ml. of concentrated hydrochloric acid was added 
with stirring. Upon standing two hours at room tempera­
ture, crystals of triphenylcarbinol had separated out. 
The reaction mixture was diluted with 25 ml. of acetone 
and the product was precipitated and washed in methanol. 
The dried product was redissolved in acetone and pre­
cipitated in methanol to ensure complete removal of tri­
phenylcarbinol. The yield was 6.3 g. of a white, fluffy 
product.

Anal. Calcd. for 2.56 acetyl per glucose unit: acetyl,
40.8. Found: acetyl, 40.2, 40.3; trityl, absent.

The above material represents sample E, Table I. 
It displayed the same solubilities in organic solvents as 
commercial cellulose acetate of comparable acetyl con­
tent, such as sample A, Table 1.

Sample H, Table I, was prepared by the deacetylation 
of sample A by treatment with 14% ammonium hydroxide 
for two days at room temperature. The product remained 
in suspension throughout the process and retained the 
flaky appearance of the cellulose ester. The viscosity at 
25° of the regenerated cellulose was 14 centipoises when 
dissolved in 2.5% concentration in cuprammonium solu­
tion.

Tosylation of Cellulose Acetate.—All tosylations were 
carried out at room temperature or lower with the cellulose 
acetate dissolved in anhydrous pyridine.

For the samples of Table II, the cellulose acetate was 
dissolved in 10 parts of pyridine and 2 g. of tosyl chloride 
per gram of cellulose acetate was added. After stirring 
for a few minutes to dissolve the latter, the bottles were 
placed in the 25 =*= 0.1° bath. At the times indicated 
samples were diluted with acetone and precipitated 
and washed in alcohol. The tosylated products18 acquired 
a slight color after a long time of reaction, but were all 
obtained in a fluffy, fibrous texture.

When small amounts of chlorine were found19 in the 
tosylated materials measures were taken to eliminate 
or minimize this side-reaction. The tosyl chloride was 
dissolved in pyridine and the solution was cooled before 
it was added to the solution of the cellulose ester. Various 
samples of tosyl chloride were compared, and one sample 
was recrystallized from cyclohexane before use. These 
measures were without avail, although lowering of the 
reaction temperature to 0° did decrease the amount of 
chlorine entering.

In repeating the experiment of Gardner and Purves2 
a sample of cellulose acetate of comparable acetyl content 
was selected and all details were modified to conform to 
their experimental conditions. The results are given 
in samples F -l through F-6, Table IV, and in Fig. 2. 
In the remaining samples of Table IV, variations were 
made in the temperature and in the amount of tosyl 
chloride.

In an attempt to eliminate the introduction of chlorine, 
some experiments were made with ^-toluenesulfonic 
anhydride as the tosylating agent. This material was 
prepared from the acid and thionyl chloride, and melted

(18) Sulfur analyses were carried out by the Parr bomb or by the  
method described by C. J. M alm  and L. J. Tanghe, I n d .  E n g . C h e m .,  
A n a l .  E d . ,  14, 940 (1942).

(19) The chlorine determ inations were carried out by a saponifica­
tion procedure developed in th is Laboratory by Dr. J. W. Mench. 
This has been found adaptable to  small amounts of chlorine in cellu­
lose esters and has given results in agreement w ith a standard com­
bustion method.
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at 128°, in good agreement with the literature.20 A 
tosylation reaction was carried out in pyridine solution 
using four parts of the anhydride to one part of cellulose 
acetate (Sample A, Table I ) . When only 0.30% sulfur 
was found in the product after a reaction time of twenty- 
four hours on the steam-bath, this method was abandoned.

Tosylation of Regenerated Cellulose.—When dried 
regenerated cellulose was treated with tosyl chloride in 
pyridine suspension, only a small amount of sulfur was 
introduced after several days of reaction at room tempera­
ture.

For activation, 30 g. of regenerated cellulose (Sample H, 
Table I) was tumbled overnight with 450 g. of pyridine 
and 150 g. of water. The water was then displaced by 
four changes of anhydrous pyridine, the cellulose being 
pressed out on a Buchner funnel with a sheet of rubber 
after each treatment.

To obtain samples H -l, H-2 and H-3, Table VIII, the 
cellulose, wet with pyridine, was divided into three parts 
of 48 g. each. To each was added 100 ml. of pyridine and 
70 g. of tosyl chloride, and the mixtures were tumbled at 
room temperature for the times indicated. Sample H -l 
gave a reaction dope with considerable grain. As the 
reaction time was extended the grain diminished, and was 
absent from sample H-3. In each case the reaction 
mixture was diluted with an equal part of pyridine and 
the product precipitated and washed in alcohol. The 
products were all light tan in color and fluffy in texture.

In order to obtain samples with lower amounts of tosyl 
and to minimize the introduction of chlorine, a reaction 
time series was carried out at 0°. The regenerated cellu­
lose was activated in the same way, and the mixture was 
stirred continuously throughout the reaction (Samples II- 
5 through H-8, Table VIII). Less than one tosyl group 
per glucose unit was introduced under these conditions, 
and the cellulose failed to dissolve. The products were 
washed in alcohol and were unchanged in appearance 
from the starting material.

Iodination of Tosylated Cellulose Derivatives.—After a 
few trials using acetone at 100° in sealed tubes as the 
solvent for the iodination, this solvent was abandoned in 
favor of acetonylacetone.2

Where iodination time series were not taken, 1 g. of 
the tosylated sample and 1 g. of sodium iodide were dis­
solved in 30 ml. of acetonylacetone and heated in the 
electric oven at 120 ± 2 ° .  In Table II the reaction time 
was six hours, and in Table IV, two hours, with occasional 
stirring. Crystallization of sodium ^-toluenesulfonate 
took place during the course of the reaction. The prod­
ucts were isolated by precipitation and washing in distilled 
water.

A yellow color was always indicative of a large amount
(20) A. L. Bernouilli and H. Stauffer, H e lv . C h im . A c ta ,  23, 627 

(1940).

of iodine in the product. Most of these iodinated prod­
ucts were fluffy in texture and isolated in good yield. 
However, iodinated derivatives of Samples B-5 and B-6, 
Table II were too powdery to be isolated after iodination 
for six hours.

The iodinated derivatives of tosyl cellulose (Table IX) 
were isolated in poor yield when the time of iodination 
was extended to six hours. With shorter times of 
iodination, good yields were obtained on these products.

For the iodination time series 2.5 g. of tosylated deriva­
tive was dissolved in 75 ml. of acetonylacetone and heated 
in an oil-bath to 120 =*= 1.0 ° in a three-necked flask fitted 
with thermometer and stirrer. After the solution had 
come to temperature 2.5 g. of sodium iodide was added. 
Approximately 15-ml. portions were pipetted out at the 
indicated intervals, and the products were precipitated 
and washed in distilled water.

All the tosylated derivatives except the cellulose p- 
toluenesulfonates containing less than one tosyl per glucose 
unit were soluble in hot acetonylacetone. Satisfactory 
iodinations were achieved in insoluble derivatives by 
carrying out the reaction in suspension.

Chlorination of Tosylated Cellulose Acetate.—Sample 
F-9, Table IV, was treated on the steam-bath with an 
equal weight of pyridine hydrochloride in pyridine solu­
tion. A large portion of the tosyl was replaced by chlo­
rine, yielding a product containing 2.7% chlorine. Upon 
iodination, a product was obtained with 7.1% iodine, the 
chlorine having undergone the same displacement re­
action as the tosyl.

Summary
The method of tosylation and iodination did 

not give exact results in the determination of pri­
mary hydroxyl in cellulose and cellulose acetate; 
since as the reaction conditions in both the tosyla­
tion and iodination steps were extended, increas­
ing amounts of primary hydroxyl were indicated.

In view of these difficulties the reaction con­
ditions must be standardized in comparing the 
amounts of primary hydroxyl in different samples 
of cellulose acetate.

Different proportions of primary hydroxyl were 
found in samples of cellulose acetate depending on 
their methods of preparation.

The introduction of slightly more than one 
iodine per glucose unit into tosylated cellulose 
indicated a slow participation of secondary hy­
droxyl in the tosylation-iodination reaction.
R o c h e s t e r , N. Y. R e c e iv e d  M a r c h  17, 1948



2748 F elix  Bergmann and J acob Szmuszkowicz Vol. 70

[Contribution  from the D aniel  Sieff  R esearch  I nstitu te]

The Influence of Substituents on the Course of Addition of Maleic Anhydride to
Diarylethylenes

B y  F e l i x  B e r g m a n n  a n d  J a c o b  S z m u s z k o w ic z 1

Yvheu an unsymmetrical diarylethylene of the 
general formula I is subjected to a Wagner-Jaur- 
egg type addition of maleic anhydride,2 the reac­
tion can lead to two isomeric products (Ilia or

anhydrides III to simple naphthalene derivatives, 
which could be synthesized in an unequivocal way 
or identified by exclusion of the isomeric struc­
ture, or by spectrographical analysis.5

T able I
F ormation o f  4-A rylnaphthalene-1,2-dicarboxylic A cid A nhydrides (III)

-E th ylen e used (I) -Aromatic anhydride (III)-
Ri = r 2 = R i = r 2 = Proof of structure

1 Phenyl H Phenyl H By exclusion
2 c h 3 H H c h 3 By independent synthesis
3 C2H5 H H c 2h 5 By spectroscopic analogy
4 (CH3)2CH H H (CH3)2CH By spectroscopic analogy
5 (CH3)3C H H (CH3)3C By spectroscopic analogy
6 o c h 3 H OCH3 H By independent synthesis
7 OCII3 (and OCH3 at C5) H OCH3 (and OCH3 at C6) H By spectrographical analysis
8 F H H F By independent synthesis
9 Cl H H Cl By independent synthesis

10 Br H H Br By analogy
11 F c h 3 (F CH3?) None

IHb). However, as indicated in our earlier paper3 
and elaborated upon in the present investigation,

sulfur

only a single product is obtained in every case.4 
Proof of the structure of the addition product was 
obtained either by degradation of the aromatic

(1) Part of a thesis subm itted to the Hebrew University, Jerusalem, 
1947.

(2) Wagner-Jauregg, B e r ., 63, 3218 (1930); A n n . ,  491, 1 (1931).
(3) F. Bergmann, J. Szmuszkowicz and Fawaz, This Journal, 69, 

1773 (1947).
(4) About the possible exception from this rule of the t ~butyl 

derivative 1,5 see Experimental Part.

Our results, which are summarized in Table I, 
enable us to divide all the aromatic substituents 

investigated into two classes: (a) sub­
stituents which promote participation 
of the substituted ring in the addition 
reaction (methoxyl, phenyl); (b)
substituents which prevent participa­
tion of the substituted ring (halogen, 
alkyl).

For a full understanding of this 
classification we have to take into 
consideration that a substituent of 
group b does not interfere per se with 
the successful addition to the substi­
tuted ring. Thus, although in the un­
symmetrical halogenated ethylenes 
(1,8 and 9) the substituted ring is 
excluded from reaction, the symmet­
rical dihalogenated derivatives (1,13 
and 14) react very smoothly with 
maleic anhydride and the same is 
true for the di-(7?-tolyl)-ethylene 
(1,12). Therefore in the unsymmet- 
rically substituted ethylenes very ac­
curately balanced electronic effects 
must result from the presence of two 
different aromatic rings.

If methoxyl and chlorine are taken as represen­
tatives of the two groups, it appears probable that 
the reaction starts by electrophilic attack of ma­
leic anhydride to the /5-carbon atom of the side 
chain. This attack is favored by the + T  — effect 
of methoxyl and hindered by the — I — effect of 
chlorine (as compared to the unsubstituted ring), 
the effects being transmitted through the whole

(5) Hirschberg and Jones, C a n . J .  R e s ., in press.
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conjugated system to the /3-carbon atom. How­
ever, in electrophilic substitutions methyl usually 
behaves like methoxyl, whereas in the reaction 
under discussion the alkyls parallel the halogen 
group. This apparent contradiction can, however, 
be solved easily, if it is realized that the reaction 
involves a two-step addition to the /3-carbon and 
the ortho position. If the first addition is electro­
philic, the second step must be nucleophilic in 
character, so that the reacting system can pass 
through a complete electronic cycle, in which all 
electron shifts occur simultaneously (scheme A).

CO-O CO-O

R2 R-2
The course of the reaction is therefore depend­

ent on the electronic influence of a given substitu­
ent upon both the 0- and ortho-position. If we 
assume that a substituent would—at least quali­
tatively—exert a similar influence on the diphen- 
ylvinyl system as it does on an isolated benzene 
ring, we can make use of Hammett's ^-constants 
for an estimate of the electronic shifts to be ex­
pected.6 The pertinent figures are given in Table 
II and show very clearly, that an increased posi­
tive charge in the 2-position is at least as impor­
tant as an increased electron density at the 0-car- 
bon  atom. This is borne out especially by exam­
ple 1,1. The p -phenyl group has such a small 
positive <r-value, that no prediction can be made on 
this base. However the large positive 8-value for 
the m-position, directs addition toward the substi­
tuted ring. The figures of Table II thus support 
the reaction scheme A, as formulated above, and 
make it very probable that all Diels-Alder reac­
tions follow a similar “polar” pattern.

An interesting case is represented by the di­
methoxy compound 1,7. Superficially both posi­
tions involved in the cyclization bear a negative 
charge and thus addition should be directed to the 
unsubstituted ring. However, the Wagner- 
Jauregg reaction involves a simultaneous addition 
of the dienophil at both the /3-carbon and the ex­
position, and it is clear that the two methoxyl 
groups cannot resonate at the same time to pro­
duce a negative charge on their respective para 
positions and that the more extended conjugated 
systems associated with the 4-methoxyl is favored 
for resonance. Therefore, the 5-methoxy! can 
exert only its inductive effect. Although the I- 
effect of an aromatic methoxyl upon its para posi-

(6) H am m ett, “ Physical Organic Chem istry,” McGraw-Hill Book 
Company, Inc., N ew  York, N . Y ., 1940, p. 188.

tion cannot be determined separately, we have 
tried to estimate the electronic displacements in
1,7 in the following way:

The /3-carbon atom is under the ^-effect of the 
resonating C4-methoxyl (cr = —0.268) and the m - 
effect of the C5-methoxyl (<r = +0.115). Assum­
ing additivity of the two effects, we come to an 
over-all value of ap — — 0.153. For the 2-posi­
tion in the ring we have the m-effect of the reso­
nating C4 -methoxyl, which certainly is > +0.115 
and the purely inductive ^-effect of the C5-meth- 
oxyl, which is unknown, but certainly smaller than 
the M-effect (compare the values for m - and p -  
chlorine, m - and ̂ -bromine), so that the increase of 
the meta-inductive effect of the Ci-methoxyl 
would be approximately balanced by the decrease 
of the para-inductive effect of the C5-methoxyl. 
We assume a0rtho to be approximately 2 X 0.115 = 
+  0.230. Conditions in the 4,5-dimethoxylated 
ring are thus very favorable for the addition of 
maleic anhydride according to scheme A.

The symmetrically substituted diarylethylenes 
represent a different case. In general, resonance 
and coplanarity between the ring and the vinyl 
group in styrene is increased by the introduction 
of a second ring as in I. If both aromatic systems 
are identical, the symmetry of resonance favors 
the Wagner-Jauregg addition so much, that ad­
versary electronic effects of individual substitu­
ents are overcome. If the two rings are not identi­
cal, any small difference in resonance energy is 
enlarged by the fact that only one aromatic group 
can be coplanar with the vinyl group a t a time, 
whilst the other one is twisted out of the plane.7 8

The reaction scheme, as developed here, permits 
several predictions to be made about the course 
the reaction will take, if a single substituent is in­
troduced in I into a ra-position. This aspect of 
the problem is now under investigation.

T a b l e  II
c -V a l u e s  f o r  m -  a n d  ^ -S u b s t i t u e n t s

c-V alue for
Substituent ^-Position m -Position

Group a: Methoxyl — 0.268 + 0 .1 1 5
Phenyl +  .009 +  .218

Group b: Fluorine +  .062 +  .337
Chlorine +  .227 +  .373
Bromine 4- .232 +  .391
Methyl -  .170 -  .069

Experimental Part8 
A. Preparation of Diarylethylenes (I)

Three methods are available for the synthesis of 1,1- 
diarylethylenes: (a) interaction of ethyl acetate with two 
moles of a Grignard compound (applicable only for cases 
with identical aryls); (b) reaction of an acetophenone 
with an arylmagnesium halide; (c) reaction of a benzo­
phenone with methylmagnesium iodide.

Method (c) gives the best yields (nearly quantitative), 
but method (b) is often more economical inasmuch as a 
number of different diarylethylenes can be prepared from

(7) R . N . Jones, T h is  J o u r n a l , 65, 1818 (1943); F . Bergmann 
and Israelashvili, ibid., 68, 1 (1946).

(8) All m. p .’s are uncorrected.
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the same acetophenone, whereas with method (c) a 
special synthetic route is required for every individual 
ethylene. The yields in reaction (a) are usually low, and 
this method is of little preparative value.

1,3: p  -Eth yl diph enyl ethyl en e (I, Ri =  C2H5, R2 = H ).— 
p-Ethylbenzonhenone was originally described by Söll- 
scher.9 The yield is reported as 75%. Norris and 
Blake,10 however, found it necessary to purify the ketone, 
obtained “in the usual way,” by four fractionations. 
We have observed that the Perrier modification11 gave a 
70% yield of a product of excellent purity. The reaction 
proceeded at room temperature and was completed by 
heating to 80° for one hour; b. p. 130-135° (0.5 mm.). 
The crude carbinol obtained from ^-ethylbenzophenone 
and methylmagnesium iodide, was dehydrated by heating 
to 150° for one hour. Distillation yielded 85% of pure p- 
ethyldiphenylethylene; b. p. 118-120° (0.2 mm.); 
?z27-5d 1.5864.

Anal. Calcd. for Ci6H16: C, 92.3; H, 7.7. Found: 
C, 91.9; H, 7.8.

1,4: p  -Isopropyl diphenyl ethyl en e (I, Ri = CH(CH3)2; 
R2 ss H ).—^-Isopropylbenzophenone was prepared in 
80% yield by Smith9b from cuminyl chloride and benzene. 
We applied again the Perrier technique. The benzoyl 
chloride-aluminum chloride complex reacted with iso­
propylbenzene at 0 ° ; the reaction was completed at -f-15 °. 
The ketone was obtained in 79% yield, b. p. 145-148° 
(0.1 mm.).

The Grignard reaction with methylmagnesium iodide 
was carried out as before. ^-Isopropyldiphenylethylene 
boils at 122-123° (0.1 mm.); yield 86%; n17d 1.5823.

Anal. Calcd. for Ci7H18: C, 91.9; H, 8.1. Found: 
C, 92.1; H, 8.0.

1,5: p -/-Butyl diph enyl ethyl en e (I, Ri = C(CH3)3; R2 =  
H ).—£4-Butylbenzophenone was prepared by adding t- 
butylbenzene (60 g.) to the Perrier complex, prepared from 
benzoyl chloride (75 g.) and aluminum chloride (70 g.) 
in carbon disulfide (350 cc.) at + 5 ° . The main reaction 
proceeded at room temperature and was completed by 
heating on a water-bath for one half-hour: yield 53%; 
b. p. 132-134° (0.1 mm.); w25d 1.5725.

Anal. Calcd. for C^HisO: C, 85.7; H, 7.6. Found: 
C, 85.3; H, 7.9.

The ethylene 1,5 was prepared according to method (c). 
Dehydration of the intermediary tertiary carbinol was 
effected by heating to 150 0 for one hour: yield 95%; b. p. 
123° (0.1 mm.); n21 d 1.5767.

Anal. Calcd. for C18H20: C, 91.5; H, 8.5. Found: 
C, 91.2; H, 8.7.

1,8: ^-Fluorodiphenylethylene (I, Ri = F; R2 = H).—
^-Fluorobenzophenone was obtained by Dunlop and Gard­
ner12 in 66% yield from benzoyl chloride and fluoroben­
zene. The Perrier technique yielded in this case only 
45% of the ketone; b. p. 110-115° (0.4 mm.); m. p. 
48°. The Grignard reaction with methylmagnesium 
iodide was carried out as before and yielded 96% of the 
ethylene 1,8. It possesses a b. p. of 105-110° (0.3 mm.) 
and shows a strong blue fluorescence; w19d 1.5840.

Anal. Calcd. for Ci4HnF: C, 84.8; H, 5.6. Found: 
C, 84.7; H, 5.8.

1,9: ^-Chlorodiphenylethylene (I, Ri == Cl; R2 =
H) was prepared according to Bergmann and Bondi.13

1,10: £-Bromodiphenylethylene14 (I, Ri = Br; R2 =  
F[) was prepared according to method (b) in 67% yield.

1,11: l-(£-Tolyl) -l-(/>-fluorophenyl) -ethylene (I, Ri =  
CH3; R2 =  F) was obtained from ^-methylacetophenone

(9) Söllscher, Ber., 15, 1680 (1882); (b) see also Smith, ibid., 24, 
4025 (1891); (c) Vorlander, ibid., 44, 2455 (1911).

(10) Norris and Blake, T h is  J o u r n a l , 50, 1808 (1928).
(11) See Fieser, “ Experiments in Organic Chemistry,” D. C. 

H eath  Co., Boston, Mass., 1941, p. 192.
(12) Dunlop and Gardner, T h is  J o u r n a l , 55, 1665 (1933); see 

also Kopal, Rec. trav. chim., 34, 157 (1915).
(13) E. Bergmann and Bondi, Ber., 64, 1468 (1931).
(14) Stoermer and Simon, ibid., 37, 4163 (1904).

and p-fluorophenylmagnesium bromide in 40% yield as 
a clear yellow oil of b. p. 141-142° (0.03 mm.); w27-5d
I . 5738.

Anal. Calcd. for C15H 13F : C, 84.9; H, 6.1. Found: 
C, 85.1; H, 6.1.

1,12: 1,1-Di-(p-tolyl) ethylene (I, R* -  R2 -  CHS) 
was prepared in an unspecified yield by Anschütz and Hil­
bert15 according to method (a ). Repetition of their 
experiment gave only an 18% yield of the required ethyl­
ene. However, application of method (b) yielded the 
di-(/>-tolyl)-ethylene in 58% yield, m. p. 60-61°.

1,13: 1,1-Di-(^-chlorophenyl)-ethylene13 (I, Ri —
R2 — Cl) was prepared according to method (b) from+- 
chloroacetophenone and ^-chlorophenylmagnesium iodide 
in 73% yield, m. p. 91 °.

1,14: 1,1 -Di-(^-fluorophenyl) -ethylene (I, R, = R2 =
F ).16—Method (a) yielded about 15% of this ethylene. 
As the preparation of p,p '-difluorobenzophenone according 
to Coates and Sutton is very tedious, we prepared the 
ethylene from ^-fluoroacetophenone17 and p-fluorophenyl­
magnesium bromide in 63% yield; b. p. 150-160° (30 
m m .); m. p. 46°.

II. Condensation with Maleic Anhydride—Formation of
bis-Adducts (II)

The formation of the bis-adducts (II) was carried out 
as before.3 The optimal temperature had to be deter­
mined in each individual case, as the success of the con­
densation of the ethylenes I with maleic anhydride de­
pends on narrowly defined temperature limits. When 
halogen was present in the ethylene, the bis-adduct always 
crystallized.18 Among the alkyl-substituted ethylenes, 
only the mono- and di-tolyl derivative allowed the isola­
tion of crystalline bis-adducts. In all other cases, the 
products were too soluble to permit crystallization. They 
were therefore dissolved in ethanol and precipitated by 
water as brownish powders. These crude, amorphous 
materials were purified by dissolution in sodium hydroxide 
and reprecipitation with hydrochloric acid. The white 
powders, so obtained, were then dried in an oven at 50- 
70° and used directly for the next step.

The properties of the bis-adducts (II) are summarized 
in Table II.

III. Dehydrogenation of bis-Adducts
All the aromatic anhydrides (III) were prepared by 

sulfur dehydrogenation of the bis-adducts. Details of 
these reactions together with the properties of the de­
hydrogenation products are given in Table III. Under 
the heading “Temperature of Dehydrogenation” two 
figures are given: The lower one designates the tempera­
ture at which the evolution of hydroge'n sulfide started. 
The reaction mixture was usually kept at this temperature 
for ten to fifteen minutes. Thereafter the mixture was 
heated for five minutes to a temperature determined by 
the higher figure in the table, in order to complete the 
reaction. All the aromatic anhydrides are intensely 
yellow, beautifully crystalline substances, with a blue to 
violet fluorescence. When their alcoholic solutions were 
kept for some days, however, the color faded gradually 
due to the opening of the anhydride ring. The “dichloro” 
derivative (111,13) was so hygroscopic, that it could not 
be obtained in an anhydrous form, but rather as the semi­
hydrate of the free dicarboxylic acid.

We have reported already in our first paper,3 that some 
of the aromatic anhydrides are dimorphic, e. g., the 4,7- 
diphenyl derivative (III, Ri =  phenyl; R2 = H). We 
have observed now a further case of dimorphism: the
fluoro derivative (III,8) crystallizes from acetic acid as

(15) Anschütz and Hilbert, ibid., 57, 1697 (1924).
(16) Coates and Sutton, J . Chem. Soc., 567 (1942).
(17) Renoll, T h is  J o u r n a l , 68, 1160 (1946).
(18) In  these cases, the crude melt was dissolved in ethanol and 

left for twenty-four hours. In  the case of di-(i>-fluorophenyl)- 
ethylene (I, Ri =  R2 = F), the bis-adduct crystallized already in the 
hot melt and was isolated by treatm ent with methanol.
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Table III
CO—O

Bis-adducts (II)

>—R2

No. Ri r2
R a tio : 
e/m®

Optimal 
reaction 

tem p., °C.
Time,

hr.
Yield,
%

M. p., Sol- 
°C. vent*»

Crystal
form® Formula

■v------------ Analyses, % ----------—■>
Carbon Hydrogen 

Calcd. Found Calcd. Found

2 H c h 3 1:5 150-160 4 80 238-239 A s. n. C23Hi806 70.8 70.6 4 .6 4 .5
3 H c 2h 5 1:8 150 3 (80)d Amorph.
4 H (CH3)2CH 1:5 150 3 (75) Amorph.
5 H (CH3)3C 1:5 135 3 (90) Amorph.
8 H F 1:8 150-160 372 25 302-303 B t .  C. C22Hi50 6F 67.0 67.2 3 .8 4.1
9 H Cl 1:5 150 3 60 275-277 C s. n. c 22h 15o6ci 64.4 64.1 3 .7 3 .8

11 F c h 3 1:7 140-150 3 (75)d Sirupy
12 c h 3 c h 3 1:5 140-150 2 28 238-239 D f. h. p. C24H2o06 71.3 71.5 5.0 5.0
13 Cl Cl 1:10 170-180 1 44 303-305 B h. c. C22Hi406C12 59.5 59.7 3 .2 3.5
14 F F 1:7 140-150 3 22 347-348 E t. r. C22Hi406F2 64.1 64.4 3.4 3.7
° €i /m  = ethylene/maleic anhydride. & A = butyl acetate; B =* acetic anhydride; C = acetic—acid +  acetic an-

hydride; D = butyl acetate +  toluene; E = acetic anhydride +  butyl acetate. c s. n. =  short needles; t. c. =  tri­
angular columns; f. h. p. =  flat hexagonal prisms; h. c. = hexagonal columns; t. r. =  thin rods. d Because of the amor­
phous condition of the products, no exact yield can be stated.

a mixture of elongated rods (main form), and prisms (a 
very small portion) both of m. p. 179° (no depression upon 
mixing!). The two forms were separated mechanically 
and recrystallized from acetic acid.

The methyl derivative 111,2 formed a mixture of brown­
ish rods of m. p. 183-184°, and pale yellow needles of 
m. p. 186-187°. The m. p. of a mixture of both forms 
was 183-184°. Analysis showed that the second form 
contains half a molecule of water.

The amorphous bis-adduct 11,5 gave, upon dehydro­
genation, a mixture of two (isomeric ?) anhydrides (III, 
5d and b), which again were separated mechanically. 
The main form crystallized from petroleum ether as yellow 
blocks of m. p. 158-159°. The second isomer, which was 
obtained only in a small amount, formed thin rods when 
recrystallized from the same solvent, m. p. 184-185°. 
Absorption spectra of the two products give no indication, 
as to whether they possess isomeric structures.5

IV. Decarboxylation
For decarboxylation, the anhydrides were either mixed 

directly with barium hydroxide (5 parts) and copper 
bronze (1.5 parts) and subjected to heating (method A) 
or a dioxane solution of the anhydride was added dropwise 
to a warm aqueous solution of barium hydroxide, the 
precipitated salt washed and dried, and then mixed with 
copper bronze (1.5 parts) (method B).

The degradation of III,2 (III, Ri =  H; R2 = CH3) 
has already been described.3 The higher alkyl homologs 
of this compound gave only oils, which upon nitration 
gave amorphous and non-crystallizable nitro derivatives, 
unsuitable for comparison. In these cases, therefore, 
assignment of a certain structure depends entirely on 
spectrographical evidence.5 4 -(^-Chlorophenyl)-naph­
thalene-1,2-dicarboxylic acid anhydride (III,9; Ri =  
H ; R2 = Cl) was decarboxylated according to method A 
at 320°. The clear, colorless oil, 1 - (^-chlorophenyl)- 
naphthalene (IV,9), could not be induced to crystalliza­
tion or converted into a crystalline picrate. It was there­
fore nitrated directly by heating its acetic acid solution 
with one equivalent of fuming nitric acid to 60° for thirty 
seconds and pouring on ice. The yellow oil, so obtained, 
was dissolved in alcohol. The filtered solution, upon 
cooling, deposited yellow prismatic rods of m. p. 119°.

Anal. Calcd. for Ci6H i0O2NC1: C, 67.8; H, 3.5;
N, 4.9. Found: C, 67.7; H, 3.7; N, 5.1.

An authentic sample of IV,9 was prepared in the 
following manner. To a Grignard solution, prepared 
from p -chloroiodobenzene (18.5 g.), magnesium (2.2 g.) 
ether (40 cc.) and benzene (40 cc.), was added at 0° a 
solution of tetralone (10 g.) in benzene (25 cc.). The 
mixture was refluxed for four hours and then decomposed 
in the usual way. The crude reaction product was de­
hydrated by heating to 150° for one hour in the presence 
of an equal weight of sodium bisulfate. Distillation gave 
a colorless oil of b. p. 150-152° (0.2 mm.). This product 
represents 1 - (^-chlorophenyl) -3,4-dihydronaphthalene;
yield 45%.

Anal. Calcd. for Ci6Hi3C1: C, 80.0; H, 5.4. Found: 
C, 80.0; H, 5.6.

The dihydronaphthalene derivative was dehydrogenated 
with sulfur at 190 —► 270° and the product distilled over 
copper bronze. 1-(^-Chlorophenyl) -naphthalene (IV,9) 
was obtained in quantitative yield; b. p. 151-153° (0.4 
mm.).

Anal. Calcd. for CigHuCl: C, 80.7; H, 4.6. Found: 
C, 80.9; H, 4.9.

Nitration in acetic acid, under the same conditions as 
described before, gave a mononitro derivative, which 
crystallized from ethanol in yellow prismatic rods, m. p. 
121-122°; mixed m. p. with the above nitro derivative, 
119°.

Both nitro compounds were converted by reduction with 
tin and hydrochloric acid in ethanol into the corresponding 
amine, which was acetylated directly by acetic anhydride. 
Water precipitated the crude acetamino derivative, which 
was recrystallized from dilute acetic acid; short rods of 
m. p. 215-216°. The mixed m. p. of both acetamino 
compounds showed no depression.

Anal. Calcd. for C18H14ONCl: C, 73.2; H, 4.7.
Found: C, 73.5; H, 4.9.

4- (^-Fluorophenyl) -naphthalene-1,2-dicarboxylic acid 
anhydride (II1,8) was decarboxylated according to method 
B at 320°. The colorless oil (IV,8), obtained in 27% 
yield, could not be induced to crystallize and was therefore 
nitrated directly in the same manner as described before. 
The nitration product, x (4?) -nitro-1 -(/>-fluor ophenyl) - 
naphthalene, crystallized from ethanol in long yellow 
blocks of m. p. 104°.

Anal. Calcd. for C16Hi0O2NF: N, 5.2. Found: N, 
5.2.
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Table IV

Ri

Derivatives of 4-Phenylnaphthalene-1,2-di carboxylic Acid Anhydride (HI)

CO—o

✓------ Analyses, % ------ s

No. Ri r 2

Temp, of 
dehydro­
genation, 

°C.

Range of 
sublimation 

tem perature, 
°C. Mm.

Yield,
% M»cp-’

Sol­
vent®

Crystal
form*» Formula

Carbon

1 1rt 0  
O fe C

al
cd

. +
 

0*< O
_ 

, C
TQ

Fo
un

d 
g

2 H CHac 240 - *  270 270-320 0.2 88 183-184 a. a. b. p. CwHiüOs 79.2 79.4 4 .2 4 .5
3 H C2H6 240 - *  280 250-280 .4 75 162-163 a. a. 1. y. r. C2óHi403 79.5 79.3 4 .6 4 .8
4 H (CH 3)2CH 240 - *  280 250-280 .4 Small 132-133 p. e. t. y. p. CüiH ibOs 79.7 79.9 5.1 5.2
5 a H (CH3) 3C 280 250-300 .2 87 158-159 p. e. y. p. b. C22Hi80s 80.0 80.2 5 .5 5.7
5b [(CH3)3C H ?] 280 250-300 .2 Very 184-185 p. e. b. y. r. C22Hi803 80.0 80.1 5.5 5.8

8 H Fd 265 —► 300 250-280 .4
small

50 179 a. a. y. n. CisHoOsF 74.0 74.1 3.1 3.1
9 H Cl 270 -► 300 240-280 .2 67 186-187 a. a. e. y. r. CisH qOsCI 70.1 70.0 2.9 3.0

11 F CHa 275 - *  320 300-340 .4 40 195-196 a. a. e. y. r. CwHnOsF 74.5 74.3 3.6 3.9
12 CHa CHa 240 —► 275 250-280 .5 100 182-183 a. a. p. y. r. C2oHi403 79.5 79.3 4 .6 4.7
13 Cl Cl 280—*310 280-310 .15 50 196-197 a. a. 1. b. p. r. Ci8Hio04Cl2- y 2H 20 58.4 58.7 3 .0 2 .8
14 F F 340 280-310 .8 Small 209 a. a. p. 1. C18H 8 0 3 F 2 69.7 69.4 2 .6 2.9

a a. a. = acetic acid; p. e. =  petroleum ether. b b. p. =  brown prisms ; 1. y. r. =  long yellow rods; t. y. p. = thin
yellow plates; y. p. b. =  yellow prismatic blocks; b. y. r. — bright yellow rods; y. n. =  yellow needles; e. y. r. =  
elongated yellow rods; p. y. r. =  pointed yellow rods; b. p. r. =  light-brown prismatic rods; p. 1. =  prismatic leaflets. 
c This substance was already described in the first paper of this series.3 The purest sample, now obtained, melts four de­
grees higher than before. On working with larger amounts, we obtained a second form; yellow needles of m. p. 186- 
187° (from acetic acid). Analysis shows this form to be a semihydrate of the anhydride III,2. Anal. Calcd. for 
CigHigOs-V^HaO: C, 76.8; H, 4.4. Found: C, 77.1; H, 4.6. a This anhydride appeared in two crystalline modifica­
tions of identical m .p. (see Experimental).

An authentic sample of IV,8 was prepared as in the fore­
going case by interaction of tetralone with ^-fluorophenyl 
magnesium bromide. l-(£-Fluorophenyl) -3,4-dihydro- 
naphthalene distilled at 120-125° (0.05 mm.) as a nearly 
colorless oil. It was obtained in 69% yield.

Anal. Calcd. for Ci6H13F: C, 85.7; H, 5.8. Found: 
C, 85.9; H, 6.0.

Dehydrogenation with sulfur proceeded at 200 —*■ 220°. 
The product was distilled twice over copper bronze, b .p . 
116-118° (0.04 m m .). This sample of l-(/>-fluorophenyl)- 
naphthalene (IV,8) formed a light yellow oil, which crys­
tallized very slowly on standing; from methanol as color­
less plates of m. p. 71-72°; yield, quantitative.

Anal. Calcd. for C^H^F: C, 86.5; H, 5.0. Found: 
C, 86.7; H, 4.8.

An acetic acid solution of IVa was heated with one 
equivalent of fuming nitric acid to 50° for ten seconds 
and the mixture poured onto ice. The nitro derivative 
crystallized from ethanol in yellow blocks of m. p. 104- 
105°, not depressed by admixture of the above nitration 
product.

Acknowledgment.—The authors wish to thank 
Prof. L. P. Hammett for his advice and criticism 
in the theoretical discussion of this investigation.

Summary
Unsymmetrically substituted 1,1-diarylethyl­

enes react with maleic anhydride to yield only one 
of the two possible isomeric addition products. 
Substituents can be arranged in two groups: (a) 
substituents which promote addition to the sub­
stituted ring (methoxyl, phenyl); (b) substitu­
ents which prevent addition to the substituted 
ring (halogen, alkyl).

These effects are explained by the electronic 
influence of substituents on a meta and para posi­
tion, applying Hammett’s <r-values. The reaction 
mechanism is represented by an electronic cycle, 
involving electrophilic attack on the /3-carbon 
atom and nucleophilic attack on the ortho position 
of the diarylethylene.

Symmetrically substituted diarylethylenes un­
dergo the reaction even if they contain substitu­
ents of group b.
Rehovoth, Palestine R e c e iv e d  M a r c h  12, 1948
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[Co n t r ib u t io n  fr o m  t h b  S chool o f  Ch e m ist r y , U n iv e r s it y  of  M in n e s o t a ]

The Reaction of S-Benzylisothiourea with Phenacyl Bromide
B y  R . M . D odson

Although thiourea1 has been used very exten­
sively in the synthesis of heterocyclic compounds 
the use of S-alkylisothioureas for this purpose has 
been rather limited. Wheeler2 and co-workers 
have used S-methyl- and S-ethylisothioureas in 
the synthesis of 2-alkylthiopyrimidines. Deck 
and Dains3 have used a number of substituted S- 
methylisothioureas in the synthesis of various 
heterocyclic rings, but in their syntheses the meth- 
ylthio group was eliminated. The purpose of this 
investigation was to extend the use of S-alkyliso­
thioureas to the preparation of alkylthioimid- 
azoles.

I t  is well known that thiourea reacts with a- 
haloketones to form 2-aminothiazoles.la This re­
action illustrates the preferential alkylation of the 
thio group in thiourea with alkyl halides. If, how­
ever, the thio group is first protected by alkyla­
tion, reaction of the S-alkylisothiourea with an a- 
haloketone should lead to the formation of an al- 
kylthioimidazole. Kunckell4 has demonstrated 
that a-haloketones will react with amidines to 
form imidazoles, and S-alkylisothioureas are 
merely readily available amidines.

N------ C—C6H5
II II

H2N-rCv /C H  

I

t _
" c 6h 6c h 2- - s—o f

Y
N— — C—CbHb

C6H5— CH2—S—Cv /C H

H

II

tical with that obtained from the reaction of thio­
urea with phenacyl bromide.

Condensation of equivalent amounts of S-ben­
zylisothiourea hydrochloride and phenacyl bro­
mide in alcohol in the presence of sodium bicarbo­
nate formed 2-benzylthio~4 (5) -phenylimidazole 
(II) in moderate yield (38%). The product was 
accompanied by smaller amounts of benzyl phen­
acyl sulfide (III) and l-phenacyl-2-benzylthio-4- 
phenylimidazole (IV). The benzyl phenacyl sul­
fide (III) was formed concurrently with 2-benzyl- 
thio-4(5) -phenylimidazole (II) by the cleavage of 
the S-benzylisothiourea to benzyl mercaptan, fol­
lowed by condensation of the mercaptan with 
phenacyl bromide. The l-phenacyl-2-benzylthio-
4-phenylimidazole (IV)5*6 was formed by the fur­
ther reaction of the 2-benzylthio-4(5)-phenylimid­
azole with phenacyl bromide. The relative 
quantities of these substances produced in the re­
action depended on the conditions. Thus, in 
50% aqueous alcohol, cleavage of the S-benzyl­
isothiourea led to the formation of much (50%) 
benzyl phenacyl sulfide (III), but the 2-benzyl- 
thio-4(5)-phenylimidazole (II) (33%) was not al-

C6H 5CH2—S—CH2—C—c 6h 5

III

n h 2+
CD +  C6H 5—C—CH2Br

n h 2 II
o

->

Y
N— C—C6H 5

C6H5—-CH.2—S— Cv /C H
\jSK

c 6h 5—-c - - c h 2

o
IV

T h e  first attempted preparation of 2-benzyl- 
thio-4(5)-phenylimidazole (II) was made by heat­
ing equivalent amounts of S-benzylisothiourea hy­
drochloride and phenacyl bromide over a free 
flame until a clear melt was obtained. From this 
reaction 2-amino-4-phenylthiazole (I) rather than 
the expected imidazole was isolated. The benzyl 
group was eliminated, and the product was iden-

(1) (a) V. Traum ann, A n n . ,  249, 31 (1888); (b) M. Jackman, A. J. 
Bergman and S. Archer, T his Journal, 70, 497 (1948); (c) R. 
Anschütz and H. Geldermann, A n n . ,  261, 129 (1891).

(2) H. L. Wheeler and H. F. Merriam, A m . C h em . J ., 29, 478 
(1903).

(3) J. F. Deck and F. B. Dains, T his Journal, 56, 4986 (1933).
(4) F. Kunckell, Ber., 34, 637 (1901).

kylated. In absolute alcohol, on the other hand, 
most of the imidazole was alkylated to l-phen- 
acyl-2-benzylthio-4-phenylimidazole (IV). When 
potassium hydroxide was substituted for sodium 
bicarbonate, cleavage of the S-benzylisothiourea 
predominated and benzyl phenacyl sulfide (III) 
was formed in very good yield (81%). The 1-

(5) I t  is realized th a t this compound could be alternately  form u­
lated as l-phenacyl-2-benzylthio-5-phenylimidazole. S tructure IV  is 
preferred by the author because Pym an and co-workers have found 
th a t 4(5)-phenylimidazole, ou treatm ent with m ethyl sulfate, yields 
l-methyl-4-phenyli midazole and l-methyl-5-phenylimidazole in the  
proportions of 4.8 to 1.

(6) C. E. Hazeldine, F. L. Pym an and J. W inchester, J . Chem. 
Soc., 125, 1431 (1924).
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phenacyl-2-benzylthio-4-phenylimidazole (IV) 
was best prepared (73%) by heating an alcoholic 
Solution of one mole of S-benzylisothiourea hydro­
chloride and two moles of phenacyl bromide under 
reflux with sodium bicarbonate. The concurrent 
formation of benzyl phenacyl sulfide (III) and the 
further reaction of the imidazole with phenacyl 
bromide satisfactorily explain the moderate yield 
of 2-benzylthio-4(5)-phenylimidazole obtained.

The formation of 2-amino-4-phenylthiazole on 
fusion of S-benzylisothiourea hydrochloride with 
phenacyl bromide introduced the possibility that 
compound II was 2-benzylamino-4-phenylthia- 
zole, formed by the migration of the benzyl group. 
This necessitated a proof of structure of the com­
pound. On treatment with acetyl iodide7 the 2- 
benzylthio-4(5) -phenylimidazole (II) was cleaved 
to 2-thiol-4(5)-phenylimidazole, identical with the 
compound previously prepared by Clemo and co­
workers.8

Experimental9
2-Amino-4-phenylthiazole (I).—A dry mixture of 5.10 

g. (0.025 mole) of S-benzylisothiourea hydrochloride, m. p. 
172-175°, and 5.00 g. (0.025 mole) of phenacyl bromide 
was cautiously heated over a free flame until molten. 
The reaction was stopped when the solution started to 
boil. The resulting melt was cooled and extracted with 
100 ml. of dilute (1:10) hydrochloric acid. The acid 
extract was decanted through a filter, and the excess acid 
was neutralized with sodium bicarbonate. The precipitate 
was separated by filtration and crystallized from benzene. 
From this reaction 1.57 g. (36%) of 2-amino-4-phenyl­
thiazole, m. p. 149.5-150°, was obtained.

Anal. Calcd. for C9H 8N2S: C, 61.34; H, 4.58.
Found: C, 61.55; H, 4.67.

The acetyl derivative, prepared by the action of acetic 
anhydride, melted at 212.5°. 2-Amino-4-phenylthiazole
and its acetyl derivative are reported to melt at 151-152° 
and 214-214.5°, respectively.10

2-Amino-4-phenylthiazole was also formed in the same 
yield when the mixture of S-benzylisothiourea hydro­
chloride and phenacyl bromide were heated under vacuum 
in an oil-bath at 150-160° until distillation of volatile 
material ceased.

2-Benzylthio-4(5)-phenylimidazole (II).—A solution of 
phenacyl bromide in 100 ml. of chloroform, prepared by the 
bromination of 30.0 g. (0.25 mole) of acetophenone, was 
added to a solution of 51.0 g. (0.25 mole) of S-benzyliso­
thiourea hydrochloride in 300 ml. of 84% ethyl alcohol. 
To this combined solution 84.0 g. (1.0 mole) of sodium 
bicarbonate was added slowly and the suspension heated 
under reflux for three hours. The solvent was then dis­
tilled from the reaction mixture. The residue was treated 
with 300 ml. of warm water and heated on the steam - 
bath until all of the inorganic salts had dissolved. The 
suspension was cooled and decanted through a filter. The 
product was washed a second time with warm water and 
dried. It was next treated with 100 ml. of boiling ben­
zene ; all lumps were broken; the resulting suspension was 
cooled in ice, and the product was separated by filtration. 
The process was repeated with 50 ml. of benzene and the 
product finally washed on the filter with two 25-ml. por­
tions of cold benzene. From this reaction 25.1 g. (37.7%)

(7) E. L. Gustus and P. G. Stevens, T h is  J o u r n a l , 55, 378 (1933).
(8) G. R. Clemo, T. Holmes and G. C. Leitch, J. Chem. Soc., 753 

(1938).
(9) Microanalyses by Messrs. Roger Amidon, Jay Buckley, and 

William Hunter. All melting points were taken on a Fisher-Johns 
melting-point apparatus.

(10) R. M. Dodson and L. C. King, T h is  J o urn al , 67, 2242
(1945).

of 2 -b e n zy lth io -4 ( 5 ) -ph en ylim idazole, m . p. 1 7 3 - 1 7 7 ° ,  
was o b ta in ed . O ne crystalliza tio n  of th e com pound from  
alcohol raised its  m eltin g  poin t to  1 7 6 .5 - 1 7 7 .5 ° .

A n a l . C a lc d . for C 16H 14N 2S : C , 7 2 .1 7 ;  H , 5.30; N ,  
10 .52. F o u n d : C , 7 2 .0 1 ; H , 5.38 ; N , 10.23.

T h e  p icra te w as prepared in boiling alcohol, m . p. 1 4 5 -  
1 4 5 .5 °.

A n a l .  C a lc d . for C22H17N5O7S: C , 53.33; H , 3.46.
F o u n d : C ,  5 3 .5 9 ; H , 3 .5 2 .

T h e  benzene m oth er liquors from  th e a b o ve preparation  
were th o ro u g h ly  shaken  w ith  150 m l. of dilute ( 1 :6 )  
h yd roch loric a cid . T h e  hyd rochloride w as separated b y  
filtration  an d  w ash ed on th e filter w ith  100 m l. of w ater, 
100 m l. of ether, an d fin a lly  30 m l. o f w ater, then cr y sta l­
lized from  alcohol. A  solution of th is salt in alcohol was  
m ad e b asic w ith  am m onium  hyd roxid e, heated to  boiling, 
d ilu ted  w ith  w a ter u n til s lig h tly  clou d y, then cooled. 
T h e  p ro d u ct w as separated b y  filtration and w ashed on 
th e filter w ith  20 m l. of 7 0 %  e th y l alcohol. In  this w a y
7 .2  g. ( 1 5 %  based on th e p h en acyl brom ide consum ed) 
of 1 -p h en a cyl-2 -b e n zylth io -4 -p h en ylim id a zo le, m . p .
1 4 1 .5 - 1 4 3 ° ,  w as o b tain ed . C rystalliza tio n  of th e co m ­
pound from  alcohol raised its m eltin g p oin t to  1 4 3 -1 4 3 .5 ° .

A n a l .  C a lcd . for C 24H 20N 2O S : C , 74 .9 5 ; H , 5.24.
F o u n d : C , 74 .9 6 ; H , 5.36.

T h e  organic m oth er liquors from  th e filtration of the  
a b o ve h yd roch loride were distilled and th e residue was  
crystallized  from  9 5 %  alcohol. V e r y  crude b en zyl p h en ­
a c y l sulfide (18 .2  g .) ,  m . p. 6 4 -7 6 °, w as o btained. R e ­
p eated  crystalliza tio n s from  alcohol failed to  g iv e  a pure 
p ro d u ct. C ry sta lliza tio n  from  a m ixture of benzene and  
petroleum  ether (b . p . 6 0 -7 0 °) g a v e  1 1 .2  g . ( 1 8 .5 % )  of 
b e n zy l p h en a cyl sulfide, m . p . 8 7 .5 -8 8 °. A  m ixture w ith  
an a u th e n tic  sam ple of b en zyl p h en acyl sulfide show ed no  
depression of m eltin g  p oin t.

Fro m  th e a b o v e  benzene and petroleum  ether m other  
liquors a  sm all q u a n tity  (1 .6  g.) of d ib en zyl disulfide, 
m . p . 6 9 .5 -7 0 °  w as isolated . F o r purposes of id en tifica­
tion  th is w as o xidized to  b e n zyl b en zylth iolsu lfonate  
( “ d ib en zyl d isu lfoxid e” ), m . p . 1 0 6 .5 -1 0 7 °. T h e  reported  
m eltin g poin ts of these com pounds are 72 and 10 8 °, 
r e s p e ctiv e ly .11

Benzyl Phenacyl Sulfide (III).— T o  a boiling solution of
5 .10  g. (0.025 m ole) of S-b en zyliso th io u rea hydrochloride  
and 5.00 g . (0.025 m ole) of p h en acyl brom ide in 50 m l. 
of e th y l alcohol w as ad d ed  a  solution of 3.50 g. (0.0625  
m ole) of p otassium  hyd ro xid e in 20 m l. of e th y l alcohol. 
T h e  resu ltin g suspension w as h eated  under reflux for tw o  
hours. I t  w as th en  cooled to  5 ° ,  and th e produ ct sep a­
rated  b y  filtration. T h e  p rod u ct w as w ashed on th e filter  
w ith  10 m l. of cold alcohol, then  suspended in w arm  
w ater an d stirred th o ro u gh ly  to  free it  from  potassium  
brom ide an d  p otassium  chloride, then again  separated  
from  th e  solution b y  filtration. From  this reaction 4.90  
g. ( 8 1 % )  of b e n zy l p h en acyl sulfide, m . p. 8 6 -8 7 °, w as  
o b tained . C ry sta lliza tio n  of th e  com pound from  alcohol 
raised its  m eltin g  p o in t to  8 7 .5 -8 8 .5 ° . O xid ation  w ith  
potassium  p erm an gan ate g a v e  b e n zyl p h en acyl sulfone, 
m . p . 1 1 2 ° .  T h e  reported m eltin g points of b en zyl 
p h en acyl sulfide an d b e n zyl p h en acyl sulfone are 89 0 and  
1 1 3 ° ,  r e s p e c tiv e ly .12

1 -Phenacyl -2 -b enzylthio -4 -phenylimidazole (IV).— T  o 
a solution of 5 .10  g . (0.025 m ole) of S-b en zylisoth iou rea  
hyd rochloride an d  10.00 g . (0.050 m ole) of p h en acyl 
brom ide in 50 m l. of absolu te alcohol w as ad d ed  8.4 g . 
(0.10 m ole) of sodium  bicarb onate. T h e  resulting su s­
pension w as h eated  under reflux for tw o  and one-h alf  
hours w ith  periodic sh aking, th en  d ilu ted  w ith  w ater.  
T h e  p ro d u ct w as separated b y  filtration, pow dered, and  
tre ated  w ith  200 m l. of ether. T h e  resulting suspension  
on filtration  yield e d  5.33 g. of 1 -p h e n a cy l-2 -b e n zy lth io -4 -  
p h en ylim idazole, m . p . 1 3 9 -1 4 3 °.  T h e  ether m other  
liquors were n ext ex tracte d  w ith  7 5  m l. of d ilu te ( 1 :2 )

(11) E. Fromm and J. de Seixas Palma, Ber., 39, 3308, 3317 (1906)
(12) C. Wahl, ibid., 55, 1449 (1922).
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hydrochloric acid, and the insoluble hydrochloride treated 
according to the directions given above. An additional
l .  68 g. of 1-phenacyl-2-benzylthio-4-phenylimidazole,
m. p. 136-139°, was obtained. The total yield of crude 
product was 7.01 g. or 73%. One crystallization from 
dilute alcohol gave 6.37 g. of material, m. p. 141.5- 
142.5°. A mixture with the previously prepared sample 
showed no depression of melting point. This same 
product can be made in 78% yield by alkylating 2-benzyl- 
thio-4(5)-phenylimidazole with phenacyl bromide in 
alcohol in the presence of sodium bicarbonate.

The picrate of 1-phenacyl-2-benzylthio-4-phenylimid­
azole was prepared by mixing the base and picric acid in 
hot alcohol, m .p . 169-171°.

Anal. Calcd. for CsoILsNsOgS: C, 58.72; H, 3.78.
Found: C, 58.90; H, 3.74.

2-Thiol-4(5)-phenylimidazole.—Red phosphorus (3.7 
g.) was added to 15 g. of iodine in 25 ml. of glacial acetic 
acid, and the resulting suspension was heated under reflux 
for twenty minutes. Then 3.00 g. of 2-benzylthio-4(5)- 
phenylimidazole was added and the solution was heated 
under reflux for three and one-half hours. The solution 
was filtered to free it from phosphorus, decolorized with 
sodium bisulfite, diluted with two volumes of water, and 
neutralized with ammonium hydroxide. The resulting 
suspension was cooled in ice, and the product was separated 
from the solution by filtration. To free the 2-thiol-4 (5)- 
phenylimidazole from starting material, it was dissolved in 
50 ml. of 10% sodium hydroxide solution. After separat­
ing the insoluble 2-benzylthio-4(5)-phenylimidazole (0.34

g., m. p. 172-175°), the filtrate was neutralized with 8 
ml. of glacial acetic acid, and cooled. On filtration 1.13 
g. (64% on the basis of the starting material consumed) 
of 2-thiol-4(5) -phenylimidazole, m. p. 249-255°, was ob­
tained. Crystallization of the compound from a mixture 
of acetone and benzene raised its melting point to 261-262 °. 
The picrate, formed in absolute alcohol, crystallized as 
garnet-red prisms, m. p. 178-179° (dec.). For further 
identification of 2-thiol-4 (5)-phenylimidazole was oxidized 
with dilute nitric acid to 4(5)-phenylimidazole, m. p. 
130-131°; 4(5)-phenylimidazole nitrate, m. p. 167-167.5° 
(dec.). These physical constants agree well with those 
previously recorded for these compounds.8,13

Summary
1. I t  has been shown that the reaction of S- 

benzylisothiourea with phenacyl bromide can 
form any one of four products, 2-amino-4-phenyl- 
thiazole, benzyl phenacyl sulfide, 2-benzylthio-4-
(5) -phenylimidazole and l-phenacyl-2-benzyl- 
thio-4-phenylimidazole, depending upon the condi­
tions of the reaction.

2. The 2-benzylthio-4(5)-phenylimidazole was 
cleaved to the known 2-thiol-4 (5)-phenylimidazole 
by the action of acetyl iodide.

(13) R. L. G rant and F. L. Pyman, / .  Chem. Soc., 119, 1893 (1921). 

M in n e a p o l is  14, M in n e s o t a  R e c e iv e d  A p r il  16, 1948

[C o n t r ib u t io n  fr o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  I o w a  S t a t e  C o l l e g e ]

The Synthesis of Some Substituted 2-Thiouracils
B y  H en r y  G ilm an  and  H . S mith  B r o a d b e n t

Considerable interest has developed within the 
last few years in the treatment of hyperthyroid 
disturbances by chemical means.1 Among the 
most effective substances employed have been 2- 
thiouracil and some of its derivatives. In the 
course of a study of the chemotherapeutic prop­
erties of several types of nitrogen and sulfur con­
taining compounds, it was decided, therefore, to 
synthesize several derivatives of 2-thiouracil for 
examination.

The 6-substituted-2-thiouracils were prepared 
by the usual method of condensing 0-oxo esters 
with thiourea in the presence of sodium ethoxide.

Three different methods were employed in the 
preparation of the necessary 0-oxo esters. They 
were the alkylation of ethyl acetoacetate, the 
Claisen condensation of esters, and the carbeth- 
oxylation of ketones with ethyl carbonate.

By alkylating sodio ethyl acetoacetate with y- 
diethylaminopropyl chloride and with y-diethyl- 
aminopropyl /3-chloroethyl sulfide, the respective 
jd-oxo esters, l-diethylamino-4-carbethoxyhexa- 
none-5 and l-(y-diethylaminopropylmercapto)-3- 
carbethoxypentanone-4, were prepared, isolated, 
and some of their important physical constants de­
termined as well as those of some of their precursor 
compounds.

We were unable to condense successfully these
(1) Roblin, Chem. Rev., 38, 255 (1946).

two complex 0-oxo esters with thiourea to form 2- 
thiouracils by the usual procedures. Only poly­
meric, gummy residues, quite unlike the probable 
properties of the expected compounds, were ob­
tained. Anderson, et a l.f report the formation of 
unidentified by-products in considerable amount 
in preparing some of the longer chain (butyl, n- 
amyl, ^-hexyl) 6-substituted-2-thiouracils. The 
yields in these condensations are not high at best.

The a-,0-f and y-pyridoylacetates were prepared 
by the Claisen condensation of the pyridinecar- 
boxylic acid esters and ethyl acetate. Although 
these 0-oxo esters have been reported hereto­
fore,3'4«5,6 it was found possible to prepare the 
first two of them in greatly improved yields by a 
suitable modification of the Claisen condensation 
procedure using benzene as a diluent. The prepa­
ration of the necessary sodium ethoxide in situ in 
benzene suspension also obviates the necessity of 
preparing fresh, anhydrous, solid sodium ethoxide 
for the condensation as is usually done. The isola­
tion of pure liquid ethyl picolinoylacetate does not 
appear to have been done. Pinner3 isolated it as 
its sodium salt; Burrus and Powell4 obtained it as

(2) Anderson, H alverstadt, Miller and Roblin, T h is  J o u r n a l , 67, 
2197 (1945).

(3) Pinner, Ber., 34, 4237 (1901).
(4) Burrus and Powell, T h is  J o u r n a l , 67, 1468 (1945).
(5) Bloom, Breslow and Hauser, ibid., 67, 2207 (1945).
(6) Miller, Dessert and Anderson, ibid., 70, 500 (1948).



2756 H enry G ilman and H. Smith Broadbent Vol. 70

T a b l e  I
2 -T h io u r a c il  D e r iv a t iv e s

Pro- Yield,
Compound cedure M. p., °C.a %

6- (a-Pyridyl) -2-thiouracil A 291-294 dec. 29
6- (/3-Pyridyl) -2-thiouracil0 A 296-298 dec. 38
6- ( y-Pyridyl) -2-thiouracil A 355-358 dec. 50
6- (^-Methoxylphenyl) -2- 

thiouracir
A 285-288 dec. 31

6- (a-Thienyl) -2-thiouracil A 293-296 dec. 30.5
2- (y-Diethylaminopropyl- 

mercapto) -4-hydroxy-6-
B B. p. 183-188° 

(0.4 mm.)
82

methylpyrimidine
2- (^-Nitrobenzylmercapto) - B 220-221 89

4-hydroxy-6-methyl-
pyrimidine

2- (^-Nitrophenethylmer- 
capto) -4-hydroxy-6- 
methylpyrimidine

B Softens 222 
Melts 224-226 

dec.

62

Analyses, %
Recrystallized

from Formula Calcd.
N

Fd.
s

Calcd. Fd.
Gl. AcOH c 9h 7o n 3s 20.48 20.70
Gl. AcOH CsHjONjS 20.48 20.42

d C9H70N3S 15.62 15.73
Gl. AcOH CnHjoO^sS 11.96 12.10

Gl. AcOH CsH 6ON2S2 13.3 13.6
C12H21ON3S 16.46 16.65

Dioxane-water C12HuO,N3S 11.56 11.32

Dioxane-pro- C isH u O sN sS 11.01 11.08
panol

a All melting points were taken on a Berl-Kullman block. 6 Two years after this work was completed the preparation 
of this compound was reported by others.6*8 The first group gives its melting point as 296-298°. The second gives ca. 
291 °. e Two years after this work was completed, the preparation of this compound was reported by others6 who report 
its melting point as 226-227 °, a value we were unable to substantiate. d Insoluble in all ordinarjr organic solvents. It 
was purified by dissolving it in alkali, filtering, reprecipitating with acetic acid, and washing with water.

its hydrochloride; however, it was found pos­
sible to distil the free base with little decompo­
sition and isolate the slightly impure liquid, which 
can be kept for a long time with very little change.

The method of Camps7 has usually been used in 
esterifying the pyridinecarboxylic acids. He re­
ports yields of 90, 90 and 91%, respectively, for 
the a-, 0- and Y-isomers; however, later workers 
have not been able to duplicate his yields. Burrus 
and Powell4 obtained yields of 61 and 30% of the 
0- and y-isomers, respectively, by Camps’ method. 
We were able to prepare ethyl nicotinate in 72% 
yield by Camps’ method. By employing a differ­
ent esterification procedure, ethyl isonicotinate 
was conveniently secured in 61.4% yield.

The 6-pyridyl-2-thiouracils (see table) are very 
high melting solids, quite insoluble in organic sol­
vents. In fact, the y-isomer is almost completely 
insoluble in acetic acid, nitrobenzene, carbitol, an­
iline, pyridine, quinaldine, tri-^-butyl phosphate, 
and all common solvents at their boiling tempera­
tures; however, all three of them are readily sol­
uble in strong acids and bases.

Ethyl p-anisoylacetate and ethyl 0- (2-thienyl)- 
oxopropionate were prepared by the carbethoxyla- 
tion with ethyl carbonate and sodamide of the cor­
responding ketones. The former tends to decom­
pose on distilling even at low pressures.

Mercapto derivatives of 6-methyl-2-thiouracil 
were prepared as follows

H
/ N \

S=C y X C—CH3 NaOEt
I II ----- — >

HNv /CH

o

(7) Camps, Arch. Pharm., 240, 346 (1902).

NaSO
■Nv

sc c h 3
I Ii

NV / CH
I

OH

RX RSCX X C—CH3
— >  i ii

Nv / CH
I

OH

Neither c- nor p-nitrobromobenzene were 
found to be sufficiently reactive to undergo meta­
thesis in our hands with a suspension of the sodium 
salt of the thiouracil in absolute ethanol, although 
they will readily condense with ordinary sodium 
mercaptides under such conditions. With 2,4- 
dinitrochlorobenzene a very insoluble product was 
secured; however, its isolation in a pure form was 
not accomplished.

y-Diethylaminopropyl chloride, ^-nitrobenzyl 
chloride and ^-nitrophenethyl bromide, all substi­
tuted aliphatic halides, condensed easily with the 
sodium salt of 6-methyl-2-thiouracil forming the 
corresponding mercapto derivatives.

The attempted preparation of 2-(£-amino- 
benzylmercapto) - 4 - hydroxy- 6 - methylpyrimidine 
and 2- (^-aminophenethylmercapto) -4-hydrpxy-6- 
methylpyrimidine by the catalytic reduction of 
their corresponding nitro compounds over Raney 
nickel catalyst resulted in the formation of resin­
ous polymers containing less than the required 
amount of sulfur in both cases. The correct 
amount of hydrogen was absorbed for complete 
reduction of the nitro groups and then hydrogena­
tion ceased. Johnson and Bailey9 report that 2- 
ethylmercap to - 4 - hydroxy - 5 - ethyl - 6 - methylpyri­
midine slowly reacts with aniline in ethanolic solu­
tion forming 2-anilino-4-hydroxy-5-ethyl-6-meth- 
ylpyrimidine. I t  appears probable, therefore,

(8) Jackman, Bergman and Archer, T h is  J o u r n a l , 70, 497
(1948).

(9) Johnson and Bailey, ibid., 35, 1010 (1913).
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that the desired aminoaralkylmercaptouracils 
were first formed on reduction, but later polymer­
ized forming the anilino linkage with adjacent 
molecules to some extent.

The pharmacological results are to be published 
elsewhere, and the authors are grateful to Parke, 
Davis and Company for arranging for the tests.

Experimental
1 -Diethylamino-4-carbethoxyhexanone- 5 —Sodio ethyl 

acetoacetate, 0.22 mole, was prepared in 80 ml. of absolute 
ethanol, and the mixture was gently refluxed while 30 g. 
(0.2 mole) of y -diethylaminopropyl chloride was added 
dropwise over a two-hour period. After six hours of 
refluxing it was cooled, and filtered free of 10.6 g. of sodium 
chloride (11.6 g. theoretical).

After the bulk of the ethanol was distilled from the 
filtrate, the residue was poured into water and extracted 
with ether. From the aqueous layer considerable poly­
meric gum, likely arising from quaternization of the y- 
diethylaminopropyl chloride, was obtained on evapora­
tion. After drying the ether extract and evaporating 
the solvent, the residue was distilled through a ten-inch 
Vigreux column. The principal fraction amounted to 
23 g. boiling at 116-129° (1 mm.). On refractionation
17.8 g. (36.5%) of product was collected at 107-109° 
(0.5 mm.): w20d 1.4514; d2h 0.956; M 20d calcd. 69.06 
(keto) 70.10 (enol); M 20d obs. 69.0.

On another 0.35-mole run using freshly distilled y- 
diethylaminopropyl chloride about 60% of it was added 
all at once to the refluxing sodio acetoacetic ester solution, 
and two hours later the remainder was added. After 
twenty hours of refluxing, the mixture was worked up as 
before. The residue on distillation gave 53.6 g. (63%) 
of clear, colorless product at 100-107 ° (largely at 104-105 °) 
(0.4 m m .): w20d 1.4509.

Anal. Calcd. for Ci3H260 3N: N, 5.73. Found: N, 
5.57.

1 -(y-Diethylaminopropylmercapto) -3 -carb ethoxyp en - 
tanone-4.—y-Diethylaminopropyl /?-chlor oethyl sulfide 
was prepared according to the directions of Gilman and 
Tolman.10 From 91 g. (1.17 moles) of 0 -hydroxyethane­
thiol and 174.5 g. (1.17 moles) of y-diethylaminopropyl 
chloride, 191.5 g. (86%) of y-diethylaminopropyl 0- 
hydroxyethyl sulfide boiling at 105° (1.1 mm.) was ob­
tained. Some physical constants which have not been 
determined heretofore are: n20D 1.4957; d204 0.9830; Md 
calcd. 57.3, found 56.8. This was converted to the cor­
responding chloro compound with thionyl chloride giving
53.5 g. (57%) of product boiling at 84-95° (0.3-0.4 mm.) 
(bath 112-132°). The constants, which have not been 
determined heretofore, are: n20D 1.4890; d20̂  1.000;
M20d calcd. 60.7, found 60.5. It was conveniently stored 
as its hydrochloride and recovered as the free base, just 
prior to use. The freshly distilled y-diethylaminopropyl
0-chloroethyl sulfide, 22.6 g. (0.108 mole) was added 
dropwise with stirring over a five-hour period to a refluxing 
solution of 0.12 mole of sodio ethyl acetoacetate in absolute 
ethanol. Upon working up the product and two frac­
tionations 11 g. (33.5%) of the desired 0-oxo ester was 
obtained boiling at 147-150° (0.4 mm.): n20d 1.4811; 
d™i 1.005; M 20d calcd. 85.2 (keto), 86.3 (enol), found 
86.0.

Anal. Calcd. for C15H29O3NS: S, 10.6. Found:
S, 10.8.

Ethyl Picolinoylacetate.—This ester was prepared ac­
cording to the method of Gilman, Tolman and Massie,11 
who did not, however, isolate the product but hydrolyzed 
it directly to the ketone in situ.

To 13.8 g. (0.6 atom) of sodium sand in 550 ml. dry 
benzene, 27.6 g. (0.6 mole) of absolute ethanol was added 
dropwise at such a rate as to promote gentle reflux until

(10) Gilman and Tolman, T h is  J o u r n a l , 67, 1847 (1945),
(11) Gilman, Tolman and Massie, ibid., 68, 2399 (1946).

all the sodium had reacted. Then a mixture of 60.4 g. 
(0.4 mole) of ethyl picolinate12 and 70.4 g. (0.8 mole) 
of dry ethyl acetate was slowly run into the refluxing 
suspension. After the addition was complete, the thick 
sludge was filtered. The precipitate was dissolved in 
water, treated with an excess of acetic acid, and the liber­
ated ester extracted with ether, dried, and distilled. One 
portion weighing 24.4 g. was collected at 115-120° (0.4 
mm.), n20d 1.5181, and another weighing 29.9 g. at 122- 
124° (0.5 mm.), n20d 1.5184, d2\  1.1639, Md obs. 50.37; 
Md calcd. 50.37.13 Both portions were red when first 
collected, but soon changed to a straw color on standing; 
total yield, 54.3 g. (70%).

The identity of the product was established by refluxing 
a 0.01-mole portion with an equivalent of phenylhydrazine 
in 10 ml. of ethanol containing a few drops of acetic acid 
as a catalyst. On cooling, yellow needles of 1-phenyl-3- 
(a-pyridyl) -pyrazolone-5 melting at 177-178° were ob­
tained: yield, 2 g. (85%) (reported,3 179°).

Ethyl Nicotinate.—One hundred grams (0.813 mole) of 
nicotinic acid was warmed on the steam-bath with a mix­
ture of 250 ml. ethanol and 125 ml. coned, sulfuric acid 
until all the solid dissolved. After cooling the mixture 
was poured into 2 kg. of cracked ice and 350 g. of potassium 
carbonate, then filtered. The filtrate was saturated with 
sodium carbonate and extracted with ether. On evapora­
tion of the ether the residue yielded on distillation, 88 g. 
(72%) of colorless, liquid ester boiling at 107-108° (16 
mm.).

Ethyl Nicotinoylacetate.—A suspension of 0.75 mole of 
sodium ethoxide was prepared in 690 ml. of benzene in 
the manner described above. To this a mixture of 88 g. 
(1.0 mole) of anhydrous ethyl acetate and 75.5 g. (0.5 
mole) of ethyl nicotinate was added slowly under reflux. 
After twelve hours of refluxing the liquid became clear. 
The benzene was distilled off on the steam-bath and the 
residual gum hydrolyzed with an excess of dilute acetic 
acid. After adding an excess of potassium carbonate, the 
ester was extracted with ether, dried and distilled. The 
product was collected as 64.5 g. (67%) of pale, slightly 
straw-colored oil boiling at 121-123° (0.4 mm.) (reported, 
by other modifications of the Claisen condensation: 
37%4 as the hydrochloride, and 58%5) .

Ethyl Isonicotinate.—Isonicotinic acid was prepared by 
oxidizing 200 g. (2.15 mole) of y -picoline (technical grade) 
in 3 1. of water with a total of 680 g. (4.30 mole) of potas­
sium permanganate added portionwise (the reaction easily 
becomes violent.) A yield of 155 g. (59%) of pure acid 
was obtained from the acidified filtrate without reworking 
the mother liquors.

One hundred and forty grams (1.14 moles) of isonicotinic 
acid suspended in 980 ml. of absolute ethanol was cooled 
to 0° while dry hydrogen chloride was bubbled in until 
the solution was saturated. Then with the gas still being 
slowly passed in, it was refluxed until the solid all dis­
solved. The excess ethanol was removed under reduced 
pressure, the solid dissolved in water, cooled and treated 
with an excess of saturated sodium carbonate solution, 
filtered and extracted with ether. On distillation 105.5 
g. (61.4%) of clear, colorless ester was obtained boiling 
at 105-108° (16-17 mm.) (reported4: 30% yield by the 
method of Camps).

Ethyl Isonicotinoylacetate.—The technique used in this 
preparation was parallel to that used in synthesizing the 
0-pyridoyl isomer. From 0.5 mole of ethyl isonicotinate
66.4 g. (69%) was obtained boiling at 118-120° (0.4m m .), 
m .p . 53-55° (reported5: m. p. 54°, in 85% yield by an­
other technique).

(12) K indly supplied by S. P. Massie of these laboratories.
(13) The calculated value will vary a great deal depending on the 

numerical contribution to  th e  to tal molecular refraction assigned to 
the pyridine moeity of the  molecule. The calculated value shown 
was obtained using the atom ic and structural factors given in G il­
man, “ Organic Chem istry,” Vol. I I , 2nd ed., John Wiley and Sons, 
New York, 1943, p. 1751, and considering the contributions of the 
three double bonds in pyridine as equal to 3 X 1-73 =  5.19. The 
close agreement is undoubtedly fortuitous under the circumstances.
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Ethyl />-Anisoylacetate.—To sodamide prepared from
9.2 g. (0.4 atom) of sodium in 250 ml. of liquid ammonia 
30 g. (0.2 mole) of p -methoxyacetophenone dissolved in 
100 ml. of dry ether was added with vigorous stirring. 
The excess ammonia was evaporated off and replaced with 
ether. Under reflux 47.2 g. (0.4 mole) of ethyl carbonate 
was then added. After stirring the fluid grayish black 
suspension under reflux for five hours, a semi-solid mass 
resulted which was hydrolyzed with acetic acid and ex­
tracted with ether. After drying and evaporating the 
solvent, the residue was distilled with some decomposition 
giving 11.9 g. (26.8%) of clear, viscous oil at 155-158° 
(0.6-0.7 mm.) (reported,14 boiling point 180-190° 
(10-12 mm.) with decomposition, prepared by another 
method).

The identity of the ester, prepared by this method for 
the first time, was established by refluxing a small portion 
in ethanol with hydroxylamine hydrochloride. Long, 
slender, white needles of 3 -(^-methoxyphenyl) -isoxazolone- 
5 were obtained melting at 140-141° (reported,15 143°).

Ethyl 0-(2-Thienyl) -0-oxopropionate.—According to 
the procedure of Levine and Hauser,12 0.4 mole of 2- 
acetothienone was carbethoxylated in the presence of 
sodamide. A yield of 33.3 g. (84%) of viscous, oily ester 
distilling at 121-123° (0.4-0.5 mm.) was obtained (re­
ported,16 48% yield boiling at 150-153° (5 mm.)).

6- (a-Pyridyl) -2-thiouracil. Procedure A.—The pro­
cedure used was substantially that of Anderson, et al.2 
Thiourea, 3.8 g. (0.05 mole), and 8.95 g. (0.05 mole) 
of ethyl picolinoylacetate were added to 0.1 mole of sodium 
ethoxide in ethanol. Almost immediately a precipitate 
began to form. After refluxing overnight, the solvent 
was removed under reduced pressure, the residue taken 
up in water, filtered, and acidified with acetic acid. The 
precipitate was filtered off, dried and recrystallized from 
200 ml. of glacial acetic acid. Three grams (29%) of hard, 
well formed crystals with a faint greenish cast was ob­
tained. They melted with slight decomposition at 291- 
294°. The procedure followed in preparing the other 6- 
substituted-2-tliiouracils was analogous.

2 -(Y-Diethylaminopropylmercapto) -4-hydroxy-6-meth­
ylpyrimidine. Procedure B .—-A suspension of the sodium 
salt of 6-methyl-2-thiouracil was prepared by digesting 
7.1 g. (0.05 mole) of the thiouracil in a solution of 0.05 
mole of sodium ethoxide in 50 ml. of ethanol at reflux 
temperature for two hours. Then 7.5 g. (0.05 mole) of 
y -diethylaminopropyl chloride in 25 ml. of ethanol was 
added, and the mixture was stirred under reflux for six

(14) W ahl and Silberzweig, Bull. soc. chim., [4] 11, 27 (1912).
(15) W ahl, Compt. rend., 148, 353 (1909).
(16) Levine and Hauser, T h is  J ournal, 66, 1769 (1944).

hours. The cooled mixture was filtered free of sodium 
chloride and the solvent evaporated. On distillation 10.5 
g. (82.4%) of a colorless, very viscous oil, almost a glass, 
was obtained boiling at 183-188 ° (0.4 m m.). It was very 
soluble in ethanol, insoluble in water and ligroin, and 
sparingly soluble in ether. We were not successful in 
obtaining a crystalline hydrochloride.

The other two compounds prepared by this method 
(procedure B) were themselves insoluble in ethanol; 
consequently, the reaction mixture slurry was exhaustively 
washed with water to remove inorganic substituents and 
the residue recrystallized to constant melting point (see 
Table 1 +

Catalytic Reduction of 2-(£-Nitrobenzylmercapto)-4- 
hydroxy-6-methylpyrknidine and its Next Higher Homo­
log.—Ten grams (0.036 mole) of the former compound 
suspended in 200 ml. dioxane with 2-3 g. Raney nickel 
catalyst was shaken under 4 atm. pressure of hydrogen. 
The calculated amount of hydrogen for complete reduction 
of the nitro group was absorbed in five hours, then the 
uptake of hydrogen ceased. After filtering and removing 
the solvent under reduced pressure, a hard, red glass 
softening gradually above 110° was obtained. It was 
ground to a resinous, yellow powder and dried in vacuo 
at 110° for analysis.

Anal. Calcd. for C12H13QN3S: S, 12.69. Found: S, 
10.83.

From a similar treatment of the next higher homolog, 
the phenethyl derivative, an orange vitreous mass, in­
soluble in ether and ethanol, was obtained which could not 
be crystallized. It melted ca. 55-70°. This polymeric 
material also gave a low analysis for sulfur.

Anal. Calcd. for C13Hi5ON3S: S, 12.27. Found: S, 
11.17.

Summary
1. Some new derivatives of 2-thiouraqil have 

been prepared for evaluation as antithyroid 
agents.

2. Two new 0-oxo esters have been isolated 
and improved techniques for the preparation of 
some others and their precursory starting materi­
als have been described.

3. Catalytic reduction of 2- (+nitrobenzylmer- 
capto)-4-hydroxy-6-methylpyrimidine and its next 
higher homolog was found to initiate a complex 
reaction yielding polymeric substances,
A m e s , I o w a  R e c e iv e d  May 7, 1948

[Co n t r ib u t io n  f r o m  t h e  O r g a n ic  C h e m is t r y  L a b o r a t o r ie s  o f  t h e  U n iv e r s it y  o f  F l o r id a ]

Derivatives of Piperazine. XXII. Piperazinium Salts for Utilization in Identification
of Organic Acids

B y  M. P rigot a n d  C. B. P ollard

In previous papers1 2*2 from this Laboratory cer­
tain piperazinium salts were reported for utiliza­
tion in identification of organic acids. The present 
paper describes an improved method of prepara­
tion, and data concerning thirty-six new piperazi­
nium salts are shown in Table I.

Experimental
The respective acid was dissolved in anhydrous ether 

or propanol-2 in a Waring blendor. The calculated
(1) Pollard and Adelson, T h is  J o u r n a l , 56, 150 (1934).
(2) Pollard, Adelson and Bain, ibid., 56, 1759 (1934).

amount of piperazine was added as 1 M  piperazine in pro­
panol-2 during vigorous stirring. The precipitate was 
suction filtered, added to fresh ether or propanol-2, stirred 
again in a Waring blendor, refiltered and dried in a desic­
cator over phosphorus pentoxide before physical constants 
were determined. For purposes of qualitative analysis 
plate drying is usually sufficient. Acids which were quite 
insoluble in ether or propanol-2 were dissolved in water 
before addition of piperazine. This necessitated evapora­
tion on a steam-bath to recover the piperazinium salts.

Melting points are corrected and were determined by use 
of a bronze block, preheated to within 5° of the m .p .

Neutral equivalents were determined by dissolving the 
salt in 50% aqueous propanol-2 ahd titrating with 0.1 N
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T a b l e  I
D a t a  C o n c e r n in g  P ip e r a z in iu m  S a l t s  D e r i v e d  p r o m  V a r i o u s  O r g a n ic  A c id s

Acids,
common name 

of acid
Yield,

%
Melting point, °C. 

cot.
-----Piperazinium salts----------------—=

N eutral equivalents 
Calcd. Found

Nitrogen, %
CalckL Found

tf-Benzoylbenzoic 78 186.2-186.6 287 289 4,88 4.79
tf-Bromobenzoic 90 227-230 dec. 244 241 5.74 5.87
ra-Bromobenzoic 74 169-171 244 250 6.74 5.52
^-Bromobenzoic 49 224-226 244 240 5.74 5.76
a-Bromopropionic 73 195 dec. 196 192 7.14 6.96
Dichloroacetic6 62 181 dec. 343.9 339.7 8.15 8.22
w-Capric 49 92.5-93.5 215 219 6.50 6.51
w-Caprylic 32 97.5-98.0 187 184 7.48 7.51
o-Chlorobenzoic 81 217-218 dec. 200 194 7.02 6.93
p- Chlorobenzoic 67 219-220 dec. 200 199 7.02 6.76
trans-Cinnamic 92 206 dec. 191 190 7.33 7.46
Citric 100 141-142 139 137 10.1 10.4
Ethoxyacetic 73 120-121 147 145 9.55 9.60
p -Ethoxybenzoic 76 176.2-177.0 dec. 209 211 6.70 6.10
Fumaric 98 240 dec. 101 105 13.9 13.5
a-Furoic 94 234-236 dec. 155 160 9.03 8.84
Gallic 84 209.0-209.7 dec. 213 O 6.57 6.57
Hippuric 82 182-184 dec. 222 222 12.6 12.0
Lauric 77 92.0-92.5 243 243 5.76 5.86
Maleic 92 148 . 101 102 13.85 13.43
Methoxyacetic 80 155.7-156.4 133 132 10.52 10.41
0-Methoxybenzoic 92 190.4-191.4 195 196 7.18 7.03
m-Methoxybenzoic 89 136.9-138.5 dec. 195 202 7.18 7.26
a'-Naphthoic 48 131.5-139.0 dec. 215 216 6.51 6.45
0-Naphthoic 89 194.0-195.0 dec. 215 217 6.51 6.46
^-Nitrocinnamic 90 247.9-248.7 dec. 232 232 11.86 11.59
^-Nitrophenylacetic 96 205.5-205.9 dec. 224 225 12.49 12.39
4-Nitrophthalic 96 201.5-204.5 dec. 149 149 14.14 13.7
Pelargonic 60 95.1-96.2 201 198 7.03 6.96
Phenoxyacetic 84 183.7-184.2 dec. 195 195 7.18 6.94
o-Phthalic6 91 187-188 139 139 6.69 6.73
Isophthalic 77 251.7-252.2 dec. 126 126 11.2 11.1
Terephthalic 52 Dec. above 350 126 127 11.2 10.9
^-Tartaric 86 248-254 118 117 11.9 11.2
mesö-Tartaric 87 140-141 118 119 11.9 11.5
£-Toluic 79 203.0-203.3 179 181 7.82 7.61

* Solution too dark to titrate. 6 Previously prepared by Pollard, Adelson and Hampton, but not reported.

sodium hydroxide using either thymolphthalein or Orange 
II as indicator.

By the method employed the following acids failed to 
give salts which are of practical value for qualitative 
organic analysis: a -bromo -n -butyric, anthraquinone-0 -
sulfonic, barbituric, 2-chloropropionic, 2,5-dichloroben- 
zenesulfonic, 2,4-dichlorophenoxyacetic, diethylacetic, di- 
phenylacetic, erucic, glycine, p -hydroxy benzoic, iodoacetic, 
itaconic, levulinic, d/-methylethylacetic, mucic, 1 -naph­
thol-4-sulfonic, sulfosalicylie, thioglycolic, and trimesic.

Summary
Thirty-six new piperazinium salts which may be 

utilized for the identification of organic acids are 
reported.

Twenty organic acids which failed to give suit­
able derivatives are listed.
G a i n e s v i l l e , F l o r id a R e c e iv e d  A p r i l  10, 1948
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Ring Enlargement by Rearrangement of the 1,2-Aminochloroalkyl Group; 
Rearrangement of l-Ethyl-2-chloromethylpyrrolidine to 1 -Ethyl-3-chloropiperidine

B y  R e y n o l d  C .  F u s o n  a n d  C h a r l e s  L .  Z i r k l e 1

Recently it has been found that 1,2-aminochlo- 
roalkanes undergo a rearrangement2 analogous to 
tha t of 2-chloroisopropyl sulfides.3 In all exam­
ples thus far studied, the amines liberated from 
the isomeric 1,2-aminochloroalkane hydrochlo­
rides (I and II) are identical and possess the nor­
mal structure (IV).2b*c*d*4 This rearrangement of

chloro amines of structure I is believed to occur 
through the cyclic imonium chloride intermediate 
(V). I t  has been shown that ethyleneimonium 
salts of this type are formed in other reactions of 
2-haloalkylamines.5

This behavior of 2-chloroalkylamines suggested 
the interesting possibility that l-alkyl-2-chloro- 
methyl cyclic i mines—compounds in which the 
chlorine is in the 2-position to a 
cyclic tertiary amino group—by a 
similar rearrangement might un­
dergo ring enlargement, providing 
a route to l-alkyl-3~chloro cyclic 
imines having one more carbon in 
the ring. We have accomplished 
such a ring enlargement by rear­
rangement of 1 -ethyl-2-chlor ometh- 
ylpyrrolidine hydrochloride (VIII) 
to l-ethyl-3-chloropiperidine (XI),

(1) Smith, Kline and French Laboratories

It was found that when l-ethyl-2-chloromethyl- 
pyrrolidine hydrochloride (VIII), prepared from 
the corresponding amino alcohol hydrochloride 
(VI) by treatment with thionyl chloride, was 
treated with alkali, the free base obtained was not 
the pyrrolidine derivative (X) but the isomeric 1- 
ethyl-3-chloropiperidine(XI). Presumably the 1- 

ethyl-2-chloromethylpyrrolidine (X) 
underwent rearrangement as rapidly 
as it was formed, the cyclic imonium 
salt (XII) being the intermediate. 
That the chloromethyl pyrrolidine 
(X) did not rearrange when in the 
form of its hydrochloride (VIII) was 
demonstrated by the fact that the 
picrate formed from the salt was 
different from that obtained from 

the free amine. The picrate of the distilled amine 
was identical with that prepared from the crude 
base, indicating that no change in the chloro 
amine occurred during distillation. The chloro­
piperidine (XI), prepared from l-ethyl-3-hydroxy- 
piperidine hydrochloride (VII), did not rearrange 
when liberated from its salt (IX). The free amine 
after being distilled formed a pierate identical with

N—HCl 
C2H5

VII
J,SOCl2

R' NaOH (  R' . >1
R2NCHCH2C1HC1 -------->  VR2NCHCH2ClJ1

I III

NaOH
R2NCH2CHR'-HC1 --------^  R2NCH2CHR'

Cl Cl
II IV

+ /CHR'
R2N< I

x c h 2
V

“ ■)

a  c h 2o h
N—HCl
c2h 5

VI
Jsoci2

I T ch2c
N —HCl
C2Hö

W alter G. K arr Fellow 1947-1948.
(2) (a) Schultz, Robb . and Sprague, This

J o u r n a l , 69, 188 (1947); 69, 2454 (1947);
(b) Schultz and Sprague, ibid., 70, 48 (1948);
(c) Brode and Hill, ibid., 69, 724 (1947);
(d) Kerwin, Ullyot, Fuson and Zirkle, ibid., 69,
2961 (1947); (e) Ross, ibid., 69, 2982 (1947).

(3) Fuson, Price and Burness, J . Org. Chem.,
11, 475 (1946).

(4) Schultz and Sprague (ref. 2b) reported 
th a t 2-dimethylamino-l-chloropropane did not 
rearrange immediately when liberated from its hydrochloride a t 
room tem perature, but did change to  the isomeric 1-dimethyl- 
2-chloropropane upon distillation.

(5) (a) Gilman and Phillips, Science, 103, 409 (1946); (b) Golum-
bic, F ruton and Bergmann, J . Org. Chem., 11, 518 (1946); (c)
Golumbic and Bergmann, ibid., 11, 536 (1946); (d) Fruton and Berg­
mann, ibid., 11, 543 (1946); (e) Golumbic, Stahm ann and Bergmann, 
ibid., 11, 550 (1946); (f) B artlett, Ross and Swain, T h is  J o ur n a l , 
69, 2971 (1947); (g) B artlett, Davis, Ross and Swain, ibid., 69, 
2977 (1947); (h) Cohen, Van Artsdalen and Harris, ibid., 70, 281
(1948).

that from the original piperidine hydrochloride 
and that of the free base obtained from the chloro- 
methylpyrrolidine hydrochloride (VIII). For 
additional proof that the amine isolated from the 
isomeric chloro amine salts was the piperidine 
derivative, 1-ethyl-3-chloropiperidine hydrochlo­
ride (IX) was converted to 1-ethylpiperidine 
(XIII) by means of zinc and hydrogen chloride 
in glacial acetic acid.

VIII
[NaOH

0 CH2C1
C2H 5

X
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The experiments described above indicate that 
1 -ethyl-2-chloromethylpyrrolidine is stable in the 
form of its hydrochloride (VIII). In fact, this 
salt sublimed without change at temperatures be­
low its melting point. The picrate formed from 
the sublimed hydrochloride was identical with that 
obtained from the original chloromethylpyrroli- 
dine hydrochloride. At temperatures above its 
melting point, however, the pyrrolidine salt re­
arranged to l-ethyl-3-chloropiperidine hydrochlo­
ride. This property has been found to be general 
for 1,2-aminochloroalkane hydrochlorides of type 
I 2a,b,c,d upon rapid heating the pyrrolidine salt
(VIII) melted at 165-170°, solidified, and re­
melted at 193.5-194.0°. When the temperature 
was raised slowly the isomeric hydrochlorides and 
a mixture of the two salts had the same melting 
point (193.5-194.9°), although the picrates pre­
pared from the hydrochlorides differ in melting 
point.

The direction of rearrangement in this isomeric 
pair of cyclic chloro imines is that observed in 
other 1,2-aminochloroalkanes, i .  e.

R'
R2NCHCH2CI — > R2NCH2CHR'

I

(R)i j  j('R,)1 J,.-'"'
X ' / / ~  CH*C1

c2h 6
However, in some of their reactions, e. g., hydroly­
sis and alkylation, 2a*b’c*d*e the 2-chloro-n-propyl- 
amines (IV, R = CH3) sometimes yield products 
containing the isopropylamino group—a change 
which is the reverse of that found in the isomeriza­
tion of these chloro amines. Undoubtedly the 
ease and direction of rearrangement is determined 
by the steric and polar nature of both the inter­
mediate cyclic imonium ion and the attacking nu­
cleophilic agent. When the latter is chloride ion, 
the product appears to be that of structure IV ex­
clusively.

Work is now in progress to determine whether 
other 1 -alkyl-2-chloromethyl cyclic imines also 
undergo this rearrangement.

Experimental
1 -Ethyl-2-hy droxymethylpyrrolidine.—This amino al­

cohol was prepared by the synthesis of Signaigo and 
Adkins.6* Hydrogenation7 of l,2-dicarbethoxypyrrole6b 
over Raney nickel in dry methanol at 70° and 1500 lb. 
pressure gave a 95% yield of l,2-dicarbethoxypyrrolidine6a; 
b. p. 133-135° (8 mm.) (Signaigo and Adkins reported 
133-134° (8 m m.)). The latter (33.6 g., 0.156 mole) in 
absolute ethanol upon hydrogenation at 250° and 100 
atm. in the presence of 10 g. of copper chromite yielded
6.3 g. (31%) of 1-ethyl-2-hydroxymethylpyrrolidine; 
b. p. 78-79° (17 mm.); w23d 1.4659 (reported: b. p.

(6) (a) Signaigo and Adkins, T h is  J o u r n a l , 58, 709 (1936); 
(b) 58, 1122 (1936).

(7) The hydrogenations were performed by Mr. David J. Wallace.

82-84° (24 m m .); ^25d 1.4662). The hydrochloride,
prepared by saturating a dry toluene solution of the amine 
with hydrogen chloride, separated as an oil which resisted 
all attempts at recrystallization. The benzoate hydro­
chloride of the amino alcohol separated as an oil when a 
mixture of the alcohol and an equimolar amount of benzoyl 
chloride in dry toluene was heated for an hour on the steam- 
bath. On standing overnight in the ice-box the oil 
solidified as waxy needles but all attempts to recrystallize 
the solid failed. A picrate was formed by adding a con­
centrated solution of the benzoate hydrochloride to a satur­
ated aqueous solution of picric acid; m. p. 170.5-171.5° 
after two recrystallizations from acetone.

Anal. Calcd. for C2oH220 9N4: C, 51.95; H, 4.80; N , 
12.12. Found: C, 51.68; H ,4.62; N, 12.16.

l-Ethyl-3-hydroxypiperidine.—By the method of Paul,8 
diethyltetrahydrofurfurylamine8 was converted to 1- 
ethyl-3-hydroxypiperidine in 43% yield; n23D 1.4744. 
The benzoate hydrochloride melted at 198-199° (203- 
204° (cor.)) (Paul reported a boiling point of 97-98° 
(21 mm.); w23d 1.47427; benzoate hydrochloride, m. p. 
204°). A benzoate picrate was prepared as described 
above for comparison with that of 1 -ethyl-2-hydroxy­
methylpyrrolidine. The yellow crystals recrystallized 
from acetone melted at 181.5-182.5°.

Anal. Calcd. for C2oH2209N4: N, 12.12. Found: N ,
12.08.

The amino alcohol formed a hydrochloride (VII) which 
melted at 157-158° after recrystallization from ethyl 
acetate-ethanol.

Anal. Calcd. for CyHieONCl: C, 50.75; H, 9.74; N, 
8.46. Found: C, 50.93; H ,9.64; N, 8.26.

1 -Ethyl -2 -chloromethylpyrrolidine Hydrochloride
(VIII).—To a flask equipped with a mechanical stirrer 
and a condenser fitted with a calcium chloride tube was 
added 4.0 g. (0.031 mole) of 1-ethyl-2-hydroxymethyl­
pyrrolidine in 25 ml. of dry chloroform. The flask was 
immersed in an ice-salt-bath and the solution saturated 
with dry hydrogen chloride to form the salt of the amino 
alcohol (V I). With stirring 4.8 g. (0.040 mole) of thionyl 
chloride in a few milliliters of chloroform was added drop- 
wise to the cold solution of amine hydrochloride. After 
all the thionyl chloride was added the mixture was stirred 
for thirty minutes at room temperature, then refluxed for 
one hour. The dark crystalline product after removal of 
solvent was triturated with acetone and collected on a 
filter. Two recrystallizations of the slightly discolored 
solid from acetone-ethanol gave 3.2 g. (56%) of the chloro 
amine hydrochloride. When the bath temperature was 
raised rapidly (20 ° per minute), the hydrochloride melted 
at 165-170°, solidified, and remelted at 193.5-194.0° 
(rate of heating, two degrees per minute). When the 
temperature was raised slowly, the sample contracted 
without melting at 165° and melted at 193.5-194.0°. 
A mixture melting point with 1-ethyl-3-chloropiperidine 
hydrochloride (IX) showed no depression. These ob­
servations indicate that upon heating the two isomeric 
salts rearrange to the same compound.

Anal. Calcd. for C7Hi5NC12: C, 45.66; H, 8.21; N, 
7.61; C l,38.52. Found: C ,45.56; H ,7.86; N ,7 .45; Cl, 
38.56.

A picrate prepared by adding a concentrated solution of 
the chloro amine hydrochloride to a saturated aqueous 
solution of picric acid was recrystallized from ethanol; 
m. p. 128.5-129.5°.

Anal. Calcd. for Ci3H170 7N4C1: C, 41.44; H, 4.55; 
N, 14.87; Cl, 9.41. Found: C, 41.59; H, 4.45; N, 
14.73; Cl, 9.43.

The pyrrolidine hydrochloride sublimed without change 
at 90° (2 m m .). The picrate prepared from the sublimed 
salt was identical with that obtained from the hydro­
chloride before sublimation.

Evaporation of the acetone with which the crude 1- 
ethyl-2-chloromethylpyrrolidine hydrochloride was washed

(8) Paul, Bull. soc. chim., 12, 830 (1945).
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yielded a dark water-soluble oil which formed a picrate 
(1.4 g.) when added to saturated aqueous picric acid solu­
tion. After repeated crystallizations from ethanol the 
picrate (0.4 g.) melted at 163.5-164.5°. The analytical 
values for this compound are in close agreement with 
those calculated for the picrate of 1-methyl-2-chloro­
methylpyrrolidine.

Anal. Calcd. for C^HisOtNaCI: C, 39.73; H, 4.14; 
N, 15.45; Cl, 9.77. Found: C, 39.91; H, 3.99; N, 
15.32; Cl, 9.79.

It is possible that the 1-ethyl-2-hydroxymethylpyr­
rolidine from which the corresponding chloro compound 
was prepared contained a small amount of 1-methyl-2- 
hydroxymethylpyrrolidine which would form the 1- 
methyl chloro compound upon treatment with thionyl 
chloride. Some of the N-methyl alcohol would be formed 
along with the N-ethyl alcohol if, upon hydrogenation of 
1,2-dicarbethoxypyrrolidine, the 1-carbethoxy group were 
reduced to a methyl group instead of being removed by 
hydrogenolysis and replaced by an ethyl group from the 
ethanol present to form 1-ethyl-2-hydroxymethylpyrroli­
dine. Contamination of the latter compound by the 1- 
methyl alcohol would explain the fact that a pure crystal­
line hydrochloride and benzoate hydrochloride could not 
be obtained from 1-ethyl-2-hydroxymethylpyrrolidine.

If the unknown chloro amine is 1-methyl-2-chloro - 
methylpyrrolidine, it was thought that the free base 
probably would rearrange to 1-methyl-3-chloropiperidine. 
An attempt to demonstrate this gave inconclusive results. 
The picrate of the unknown amine (0.3 g.) was treated 
with 20% sodium hydroxide and the free base separated by 
extraction with several small portions of chloroform. The 
combined extracts were dried for three hours over an­
hydrous calcium sulfate, filtered, and saturated with hy­
drogen chloride. Evaporation of the solvent left a crys­
talline residue of amine hydrochloride which formed a 
picrate (0.2 g.) when added to picric acid solution. After 
recrystallization from ethanol the picrate melted at 148- 
150°. Four additional crystallizations raised the melting 
point to 156-159°. A mixture melting point with the 
original unknown picrate (m. p. 163.5-164.5°) showed no 
depression. Evidently the picrate of the free base was a 
mixture, possibly of the unrearranged chloromethyl- 
pyrrolidine and 1-methyl-3-chloropiperidine picrates. 
An insufficient amount of material prevented further 
investigation of the unknown chloro amine.

1-Ethyl-3-chloropiperidine Hydrochloride (IX) .■—To a 
suspension of 5.0 g. (0.030 mole) of 1-ethyl-3-hydroxy- 
piperidine hydrochloride (VII) in 50 ml. of dry toluene 
was added 3.7 g. (0.031 mole) of thionyl chloride. The 
mixture was refluxed for three hours during which time 
the solid disappeared and two layers formed. Removal 
of the toluene at the water-pump left a dark solid residue 
which, after recrystallization from ethyl acetate-ethanol 
(activated carbon), gave 4.8 g. (87%) of slightly dis­
colored crystals. After two additional crystallizations the 
1-ethyl-3-chloropiperidine hydrochloride melted at 193.5- 
194.0°. A mixture of this salt with 1-ethyl-2-chloro- 
methylpyrrolidine hydrochloride showed no depression 
in melting point. The picrate prepared from the hydro­
chloride melted at 159-160° after recrystallization from 
ethanol (Paul9 reported a melting point of 156-157°).

The Free Amine from 1 -Ethyl-2 -chloromethylpyrrolidine 
Hydrochloride.—An ice-cold solution of 1.5 g. of the 
chloro amine hydrochloride (VIII) in 3 ml. of water was

treated with 0.5 g. of sodium hydroxide in 2 ml. of water. 
The liberated amine was removed by extraction with 
three 5-ml. portions of chloroform. A small sample of 
the combined extracts was withdrawn immediately, the 
solvent evaporated rapidly under an air stream, and the 
residue added to a saturated aqueous solution of picric 
acid. The picrate after recrystallization from ethanol 
melted at 159-160° and showed no depression in melting 
point when mixed with that obtained from 1-ethyl-3- 
chloropiperidine hydrochloride, indicating that 1-ethyl -
2-chloromethylpyrrolidine, when liberated from its salt, 
rearranges at room temperature to the piperidine isomer. 
The remainder of the chloroform solution of the free 
base was dried overnight over anhydrous calcium sulfate. 
After removal of the solvent the chloro amine (0.8 g.) 
distilled at 75-76° (20 mm.); n20d 1.4676 (reported for 
1-ethyl-3-chloropiperidine:9 b. p. 75° (20 mm.); w19-5d 
1.46807). The picrate of the distilled amine was identical 
with that of the crude amine.

The Free Amine from 1-Ethyl-3-chloropiperidine Hydro­
chloride.—The chloro amine hydrochloride was treated 
with sodium hydroxide as described above. The isolated 
base distilled at 74-76° (20 mm.); n20d 1.4678. These 
constants agree well with those of the free amine from 1- 
ethyl-2-chloromethyl pyrrolidine hydrochloride. The pi­
crate of the distilled amine was identical with that pre­
pared from 1-ethyl-3-chloropiperidine hydrochloride, 
indicating that no rearrangement occurred during the 
liberation and distillation of the chloro amine.

Treatment of 1-Ethyl-3-chloropiperidine Hydrochloride 
with Zinc and Hydrogen Chloride.—To 1.5 g. of the chloro 
amine hydrochloride dissolved in glacial acetic acid was 
added 15 g. of zinc dust. The mixture was saturated 
with hydrogen chloride and heated on the steam-bath. 
Every two to three hours the solution was resaturated 
with hydrogen chloride. After all of the zinc was in solu­
tion another 15 g. of the metal was added and the process 
repeated. The reaction mixture was made strongly basic 
with sodium hydroxide and steam distilled into hydro­
chloric acid, the condenser outlet being kept slightly be­
low the surface of the acid in the receiver. After evapora­
tion of the distillate on the steam-bath, the residue of 
amine hydrochloride was treated with concentrated so­
dium hydroxide and the liberated base extracted with chlo­
roform. The extract was dried overnight over an­
hydrous calcium sulfate. Removal of the solvent and 
distillation of the residue through a narrow 5-cm. Vigreux 
column yielded 0.4 g. of 1-ethylpiperidine, b. p. 129- 
130°.10 About 0.4 g. of high-boiling material remained 
in the distillation flask. The picrate of the piperidine 
melted at 167-168 °10 and showed no depression when 
mixed with an authentic sample of 1-ethylpiperidine pi­
crate.

Summary
l-Ethyl-2-chloromethylpyrrolidine, when lib­

erated from its hydrochloride, undergoes ring en­
largement by a rearrangement similar to that ob­
served in other 1,2-aminochloroalkanes, to form 1- 
ethyl-3-chloropiperidine. The transformation 
probably occurs through an ethyleneimonium ion 
intermediate.
U r b a n a , I l l in o is  R e c e iv e d  A p r il  14, 1948

(10) Evans, J . Chem. Soc., 71, 524 (1897), reported a boiling point 
of 128°; picrate, m. p. 167.5°.(9) Paul, Compt. rend., 221, 412 (1945).
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1,4-Addition Reactions. I. The Addition of Acylamidomalonates to Acroleinla
By Ow e n  A. M oe a n d  D o nald  T. W a r n er

Aug., 1948 T he Addition of Acylamidomalonates to Acrolein 2763

The 1,4-addition reactions between malonate 
systems and «, /Lunsaturated aldehydes have not 
been reported. Instead, under the conditions em­
ployed, a Knoevenagel condensation occurs and 
the reaction involves a 1,2-addition. However, 
the latter reaction requires two «-hydrogen atoms 
for completion (addition followed by loss of water) 
whereas the former reaction requires only one «- 
hydrogen atom. Since both reactions, 1,2-addi­
tion and 1,4-addition, are reversible, it appeared 
that a 1,4-addition reaction of acrolein might be 
realized provided the addend possessed only one, 
but sufficiently reactive, «-hydrogen atom.

This paper describes the successful 1,4-addition 
of three such compounds (ethyl acetamidomalo- 
nate, ethyl phthalimidomalonate and ethyl aceta- 
midocyanoacetate) to acrolein. The products, 
obtained in excellent yields, have structures I, II 
and III, respectively.

(la) Paper No. 89, Journal Series, Research Laboratories, General 
Mills, Inc.

The 1,4-addition of ethyl acetamidomalonate 
to acrolein proceeded smoothly in an alcoholic 
solution in the presence of catalytic quantities of 
sodium ethoxide. Because of the exothermic char­
acter of the reaction, the acrolein was added a t a 
slow rate to a stirred suspension of ethyl acetami­
domalonate. Concentration of the neutralized 
solution yielded Y-acetamido-Y,Y-dicarbethoxy- 
butyraldehyde I as a straw-colored, viscous oil. 
The action of phenylhydrazine on either the orig­
inal reaction mixture or the viscous oil yielded 
the crystalline phenylhydrazone of compound I 
in 65-85% yield. The 1,4-addition of ethyl aceta- 

midomalonate to acrolein 
also proceeded smoothly in 
the absence of alcohol when 
benzene was used as the sol­
vent and the phenylhydra­
zone was obtained in 87% 
yield directly from the re­
action mixture.

The reaction between 
ethyl phthalimidomalonate 
and acrolein yielded Y,7 -di- 
carbethoxy- y  -phthalimido- 
butyraldehyde II which was 
characterized as the phenyl­
hydrazone and the 2,4-dini­
trophenylhydrazone. Ethyl 
acetam idocyano  ace t a te  
yielded a crystalline adduct 
(Y-acetamido-7-carbethoxy- 
7 -cy an o b u ty r aldehyde) 
which was characterized as 
the crystalline 2,4-dinitro­
phenylhydrazone.

The structure of the alde- 
hydo compound I was 
proved by two different syn­
theses. The first method 
involved the alkylation of 
ethyl acetamidomalonate 
with /3-chloropropionalde- 
hyde diethylacetal. Hy­
drolysis of the product with 
dilute acid gave compound 
I. In the second synthesis, 
ethyl «-acetamido-«-carb­
ethoxy - 7 - cyanobutyrate1 

was reduced by the action of stannous chloride 
and hydrogen chloride.2 The resulting crystal­
line complex was readily hydrolyzed with warm 
water to I. As a by-product there resulted a crys­
talline compound melting at 181-182°. The an-

(1) Albertson and Archer, T his J o u r n a l , 67, 2043 (1945).
(2) (a) Stephen, J . Chem. Soc., 127, 1874 (1925); (b) W illiams, 

T h is  J o u r n a l , 61, 2248 (1939).
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alysis indicated that this compound was ethyl «- 
acetamido-«-carbethoxy-7-carbamylbutyrate.

The aldehydo compound I, subjected to hydro­
genation in the presence of Raney nickel, gave the 
crystalline carbinol IV which was characterized 
as the 3,5-dinitrobenzoate and the ^-nitrobenzo- 
ate. Action of concentrated ammonia upon IV 
yielded the diamido compound V which in turn 
yielded a ^-nitrobenzoate.

Experimental3
The 1,4-Addition of Ethyl Acetamidomalonate to 

Acrolein. A. In Alcohol.—A mixture containing ethyl 
acetamidomalonate4 (87.4 g.), sodium (0.1 g.) and ab­
solute ethanol (200 cc.) was chilled in an ice-bath to 3° 
to produce a thin slurry. Acrolein (25.9 g.) was added 
dropwise with stirring over a period of seventy-five 
minutes while the reaction temperature was maintained 
at 3-7°. A clear, light yellow solution resulted after an 
additional hour of stirring. The reaction mixture was 
allowed to stand for an additional ninety minutes at 3° 
and then the catalyst was neutralized with glacial acetic 
acid (0.35 g .) . The total volume of the reaction mixture 
was 290 cc. A portion (135 cc.) of the reaction mixture 
was treated with 4 g. of acetic acid and 22 g. of phenyl­
hydrazine. After warming to 50 ° the solution was diluted 
with 7 cc. of water and cooled overnight. The crystalline 
product was collected by filtration and dried. The 
phenylhydrazone (44 g.) thus obtained melted at 135- 
137°. The filtrate was diluted with water and an addi­
tional quantity (6.4 g.) of the phenylhydrazone was ob­
tained. After crystallization from aqueous ethanol the 
phenylhydrazone melted at 140-141°.

Anal. Calcd. for Ci8H2505N2: C, 59.5; H, 6.94; N, 
11.58. Found: C, 59.8; H, 7.17; N, 11.41.

B. In Benzene.—Ethyl acetamidomalonate (217 g.) 
was suspended in benzene (330 cc.) containing a catalytic 
amount of sodium methoxide (0.5 g.). The resulting 
reaction mixture was cooled in a water-bath at 19°. 
Acrolein (68.5 cc.) dissolved in benzene (70 cc.) was added 
dropwise at a moderate rate. The temperature increased 
rapidly to 35°. Following the addition of the acrolein 
the reaction mixture was stirred for an additional two 
hours and filtered. The clear, yellow filtrate was treated 
with 24 cc. of glacial acetic acid and 120 g. of phenyl­
hydrazine. After warming to 50° the resulting orange - 
colored solution was set aside for a period of two days. 
The crystalline derivative was collected by filtration and 
washed with 150 cc. of benzene. It was further decolor­
ized by suspension in 250 cc. of benzene, filtered and dried 
in vacuo. The yield of the phenylhydrazone of the alde­
hydo compound I was 315.1 g. (87%) melting at 140- 
141 °. The crystals were nearly white in color.

Reduction of y -Acetamido-y ,y -dicarbethoxybutyralde- 
hyde.—The crude aldehydo compound (46.9 g.) was dis­
solved in ethanol and Raney nickel catalyst (4.8 g.) 
was added. The resulting mixture (290 cc.) was hydro­
genated for two and one-half hours at a temperature of 
85-95° and an initial pressure of 1700 pounds. After 
cooling, the catalyst was removed by filtration and the 
filtrate was concentrated in vacuo. Benzene was added 
to the residual oil and the solution was again concentrated. 
This procedure was repeated three times in order to com­
plete removal of the alcohol. Then ether was added and 
the carbinol IV crystallized from the ether solution. 
After drying the crystalline product weighed 14.2 g. and 
melted at 75-77°. Evaporation of the ethereal filtrate 
yielded additional quantities of the carbinol IV. Purifica­
tion by recrystallization from ether increased the melting 
point to 80-81°.

Anal. Calcd. for Ci2H210 6N: C, 52.36; H, 7.74; N, 
5.09. Found: C, 52.62; H ,8.15; N, 5.30.

(3) Micro analyses by Mr. Harold Boyd and Miss Katherine 
Teller.

(4) Snyder and Smith, T h is  J o u r n a l , 66, 350 (1944).

The 3,5-dinitrobenzoate and the ^-nitrobenzoate were 
prepared in the usual manner and after purification melted 
at 151-152° and 79-80°, respectively.

Anal. Calcd. for C19H230nN 3: C, 48.6; H, 4.95; N, 
8.96. Found: C, 48.86; H, 5.40; N, 9.06. Calcd. for 
Ci9H240 9N2: N, 6.61. Found: N, 6.78.

The carbinol IV, ethyl a-acetamido-a-carbethoxy-5- 
hydroxy valerate, was converted to a. -acetami do -« -carb - 
amyl-0-hydroxyvaleramide by treatment with a concen­
trated ammonia solution (saturated at 0 °). The diamido 
compound V thus obtained melted at 170-171° after re­
crystallization from ethanol.

Anal. Calcd. for C8Hi50 4N3: C, 44.22; H, 6.96; N, 
19.34. Found: C, 44.15; H, 6.91; N, 19.33.

The p - nitrobenzoate of the diamido compound V was 
prepared in the usual manner and it melted at 242-243° 
with decomposition.

Anal. Calcd. for C15Hi80 7N4: N, 15.30. Found: N, 
15.25.

Preparation of y,y-Dicarbethoxy-y-Phthalimidobutyr- 
aldehyde.—An alcoholic solution containing 90 cc. of 
absolute ethanol and 60 mg. of sodium was mixed with
20.4 g. of ethyl phthalimidomalonate, and the resulting 
reaction mixture was cooled to 5°. Acrolein (4.7 cc.) 
was added dropwise and the temperature of the reaction 
mixture increased to 20°. After the addition of the acrol­
ein was complete, the reaction mixture was neutralized 
by the addition of 0.5 cc. of glacial acetic acid, and a nearly 
colorless solution resulted. The alcoholic solution of the 
aldehydo compound II was used directly for the prepara­
tion of the phenylhydrazone and the 2,4-dinitrophenyl­
hydrazone which melted at 150-151° and 167-168°, 
respectively.

Anal. Calcd. for C24H250 6N3: C, 63.84; H, 5.58.
Found: C, 64.08; H, 5.89. Calcd. for C24H23Oi0N5:
C, 53.24; H, 4.29; N, 12.94. Found*: C, 53.13; H, 
4.12; N, 13.15.

Preparation of y-Acetamido-y-carbethoxy-y-cyano- 
butyraldehyde.—An alcoholic solution containing 60 cc. 
of absolute ethanol and 50 mg. of sodium was mixed with 
17 g. of ethyl acetamidocyanoacetate and the resulting 
suspension was cooled in a water-bath. Acrolein (7.5 cc.) 
was added dropwise, and after the addition was complete 
the reaction was stirred for two hours and finally neutral­
ized with the requisite quantity of glacial acetic acid. The 
reaction mixture was filtered, and the filtrate was placed in 
the refrigerator for a period of twenty-four hours when a 
copious quantity of needle-like crystals was noted. The 
crystalline product was collected by filtration and dried. 
The yield of the crude aldehydo compound III was 15 g. 
melting at 106-109 °. Purification by crystallization from 
95% ethanol increased the melting point to 113.5-114.5°.

Anal. Calcd. for C10H14O4N2: C, 53.56; H, 6.29; N,
12.50. Found: C, 53.10; H, 5.93; N, 12.20.

The 2,4-dinitrophenylhydrazone prepared in the con­
ventional manner melted at 196-197° after purification.

Anal. Calcd. for Ci6Hi80 7N6: C, 47.29; H, 4.46; N, 
20.69. Found: C, 47.52; H, 4.44; N, 20.86.

When the above addition reaction was carried out using 
benzene as the reaction diluent, the aldehydo compound 
III was obtained in 82% yield and melted at 111-112.5°.

Alkylation of Ethyl Acetamidomalonate with 0-Chloro- 
propionaldehyde Diethylacetal.—Ethyl acetamidomalon­
ate (10.9 g.) was added to an alcoholic sodium ethoxide 
solution containing 1.15 g. of sodium and 100 cc. of ab­
solute ethanol. The above reaction mixture was heated 
to the reflux temperature and 0-chloropropionaldehyde 
diethylacetal5 (8.3 g.) was added over a ten-minute period. 
The reflux temperature was maintained for a period of 
twenty-four hours. The reaction mixture had developed 
a light orange color. The precipitated sodium chloride 
was removed after cooling, and the filtrate was concen­
trated under reduced pressure. The residual oil was clari-

(5) Witzemann, Evans, H ess and Schroeder, "Organic Syntheses,”
11, 26 (1931).
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fied by filtration, and the product thus obtained weighed 
11.35 g. and was insoluble in water. A portion (5.2 g.) 
of the above crude diethylacetal of y-acetamido-y,y- 
dicarbethoxybutyraldehyde was suspended in 15 cc. of 
water and 3.5 cc. of 1 N  sulfuric acid was added. The 
resulting reaction mixture was warmed over a steam-bath 
for five to six minutes with vigorous swirling. The in­
soluble acetal hydrolyzed rapidly to  yield a clear, light 
yellow solution. This solution was treated with 0.5 g. 
of sodium acetate and concentrated in  vacu o  to a volume of 
11 cc. The addition of 33 cc. of ethanol caused an im­
mediate precipitate which was removed by filtration and 
proved to be inorganic. The clear filtrate was mixed 
with one cc. of acetic acid and 4.8 cc. of phenylhydrazine. 
The resulting reaction mixture was heated to 55° and 
after cooling and diluting with water a crystalline product 
(0.4 g.) was collected by filtration. The filtrate was 
further diluted with water and yielded an additional crop 
of crystals (0.53 g.). The crude phenylhydrazone of the 
aldehydo compound I thus obtained melted a t 128-132° 
and after crystallization from dilute ethanol it melted a t 
138-140°. The melting point was not depressed when 
mixed with the phenylhydrazone prepared by the first 
method.

Reduction of Ethyl a-Acetamido-«-carbethoxy-y-cyano - 
butyrate.—The ethyl a  -acetamido - a  -carbethoxy -y -cyano - 
butyrate was prepared in accordance with the directions 
given by Albertson and Archer.1

Anhydrous stannous chloride (41.6 g.) was suspended 
in anhydrous ether (320 cc.) and anhydrous hydrogen 
chloride was passed into the reaction mixture until the 
formation of two layers was noted. The substituted 
cyanobutyrate (26.8 g.) was dissolved in 125 cc. of chloro­
form and the resulting solution was added slowly over a 
ninety-minute period as the reaction mixture was stirred, 
and dry hydrogen chloride was passed in for four hours 
with vigorous stirring. The introduction of the hydrogen 
chloride was then interrupted; however, the stirring was 
continued overnight. The following day the introduction 
of hydrogen chloride was continued for an additional 
period of eighteen hours a t which time a few crystals had 
appeared. The reaction mixture was then permitted to 
stand a t room temperature for a period of five days. After 
this total reaction time of one week the aldimine complex 
had precipitated as a white crystalline product. The

complex was collected by filtration, washed with ether and 
dried in  va cu o  (weight, 65 g.). The odor of hydrogen 
chloride was noted. A portion of the above complex VI 
(15 g.) was mixed with 100 cc. of water and warmed to 
50°. The clear, aqueous solution which resulted was 
extracted twice with 100 cc. portions of chloroform. 
The chloroform extracts were combined and dried over 
anhydrous sodium sulfate. After filtration the chloroform 
was removed by distillation in  vacu o  and a viscous oil 
remained which partially crystallized on standing. This 
residue was dissolved in a small quantity of ethanol, and 
a few drops of acetic acid were added together with a 
slight excess of phenylhydrazine. The resulting reaction 
mixture was warmed on a steam -bath and after cooling 
and diluting with water a crystalline product was obtained. 
The crude phenylhydrazone of the aldehydo compound I 
melted a t 133-137°. After crystallization from dilute 
ethanol it melted a t 138-140°.

The above aqueous solution was again extracted with 
chloroform. After drying, the chloroform was removed 
under reduced pressure and a crystalline residue remained. 
This crude product melted a t 135-155° and after crystal­
lization from dilute ethanol it  melted a t 181-182°. The 
analysis of this product indicated th a t it  was probably 
ethyl tt-acetamido-a-carbethoxy-y-carbamylbutyrate.

A n a l .  Calcd. for C12H2o06N2: C, 49.97; H, 6.99; N, 
9.72. Found: C, 49.84; H, 7.07; N, 9.58.

Summary
1. The 1,4-addition of acylamidomalonates 

such as ethyl acetamidomalonate, ethyl phthali­
midomalonate and ethyl acetamidocyanoacetate 
to acrolein has been reported.

2. The resulting aldehydo compounds have 
been characterized as the phenylhydrazones.

3. The structure of Y-acetamido-Y,7 -dicar- 
bethoxybutyraldehyde (resulting from the 1,4- 
addition of ethyl acetamidomalonate to acrolein) 
has been proved by two independent synthetic 
routes.
M in n e a p o l is , M i n n . R e c e iv e d  M a r c h  24, 1948

[C o n t r ib u t io n  fr o m  t h e  C h e m ic a l  L a b o r a t o r ie s , G e n e r a l  M il l s , I n c .]

A m i n o  Acids. 1. New Syntheses of D L - T r y p t o p h a n ,  DL-Omithine and DL-Glutamic
Acid*

By D onald T. Warner and Owen A. Moe

Several syntheses for DL-tryptophan have been 
reported.1 Most of these methods employ gra­
mine as the starting material. A different ap­
proach was recently disclosed by Hegedus2 
wherein acetoacetic ester was used as the starting 
material. The present report concerns a new and 
convenient synthesis of DL-tryptophan employing 
the phenylhydrazone III of 7-acetamido-Y,Y“ 
dicarbethoxybutyraldehyde I.3

(*) Paper No. 90, Journal Series, Research Laboratories, General 
Mills, Inc.

(1) (a) Snyder and Smith, T h is  Journal , 66, 350 (1944); (b) 
Albertson, Archer and Suter, ibid., 66, 500 (1944); 67, 36 (1945); 
(c) Howe, Zambito, Snyder and Tishler, ibid., 67, 38 (1945); (d) 
Elks, E lliott and Hems, J . Chem. Soc., 624, 626, 629 (1944).

(2) Hegedus, Helv. Chim. Acta , 29, 1499 (1946).
(3) Moe and W arner, T his Journal, 70, 2763 (1948).

The phenylhydrazone III readily underwent 
cyclization to yield IV, the same product as that 
obtained by the reaction between gramine and 
ethyl acetamidomalonate.la The cyclized prod­
uct IV  was converted to DL-tryptophan in the 
usual wayla; the over-all yield based on III was 
50% .

Recently, Albertson and Archer4 published an 
excellent synthesis of DL-ornithine monohydro­
chloride in which the cyanoethylation product of 
ethyl acetamidomalonate was used as an interme­
diate. The synthesis of DL-ornithine monohydro­
chloride reported in the present paper involves the 
phenylhydrazone III as an intermediate. Reduc­
tion of III in the presence of Raney nickel gave 0-

(4) Albertson and Archer, ibid., 67, 2043 (1945).
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acetamido-/3-carbethoxypiperidone V in 70% 
yield. This piperidone V is the same product as that 
obtained by the reduction of ethyl «-acetamido- «- 
carbethoxy-Y-cyanobutyrate in the presence of 
Raney nickel. Hydrolysis of V  essentially as de­
scribed by Albertson and Archer4 yielded DL-orni­
thine monohydrochloride in nearly quantitative 
yield.

Glutamic acid has been synthesized by the 1,4- 
addition of phthalimidomalonic and acetamidoma- 
lonic esters to methyl acrylate5*6 and acryloni­
trile.4 In the present work, oxidation by perman­
ganate of Y-acetamido-Y-carbethoxy-Y-cyanobu- 
tyraldehyde yielded y-a,cetamido- Y-carbethoxy- 
y-cyanobutyric acid VI which was converted to 
DL-glutamic acid by the action of concentrated 
hydrochloric acid.

Experimental7
Cyclization of III Using Sulfuric Acid as Catalyst.—

The phenylhydrazone I I I  (50 g.) was mixed with 300 cc.
(5) M arvel and Stoddard, J . Org. Chem., 3, 198 (1938).
(6) Snyder, Shekleton and Lewis, T his Journal, 67, 310 (1945).
(7) Micro analyses by M r. Harold Boyd and Miss Katherine

Tellor.

HOH
v - C O ,

---- nCH2CHCOOH

xNJ  NH2  

H

of water containing 14 cc. of concentrated sulfuric acid. 
The reaction mixture was heated to the reflux temperature 
with very vigorous stirring. The phenylhydrazone lique­
fied a t the reflux temperature, and after approximately 
one hour the suspended liquid had solidified. The reflux 
temperature was maintained for a period of four and one- 
half hours. After cooling, the solid reaction product was 
then mixed with water in a Waring blendor, collected, 
washed with water and dried in  va cu o . The yield of prod­
uct melting a t 145-149 ° was 42.5 g. (approximately 90%). 
Recrystallization from aqueous ethanol (50-50) gave 35 
g. (73%) of product IV melting a t 156-157°.

A n a l .  Calcd. for C18H22N20 5: C, 62.44; H, 6.40; N,
8.01. Found: C, 62.55; H, 6.51; N, 8.05.

Cyclization of III in absolute ethanol using sulfuric acid 
as the catalyst gave the cyclized product in 40-50% yield. 
When the cyclization reaction was carried out in 50 volume 
per cent, aqueous ethanol the yield of IV was 55-65%.

Ethyl « -acetamido - a  -carbethoxy - 0 - (3 -indole) -propio­
nate was also prepared by the reaction between gramine and 
ethyl acetamidomalonate, as described by Howe, Zambito, 
Snyder and Tishler.10 The resulting product melted a t 
157-158° and no depression in the mixed melting point 
was observed with the above described sample.

Cyclization of the Phenylhydrazone III Using Boron 
Trifluoride8 as the Catalyst.—To a suspension of the 
phenylhydrazone I I I  (36.3 g.) in 100 cc. of glacial acetic 
acid there was added with swirling boron trifluoride ether­
ate (14.2 g.) and the resulting reaction mixture was 
heated cautiously in an oil-bath. The reflux temperature 
was maintained for a period of th irty  minutes. A copious 
precipitate of the boron trifluoride-ammonia complex 
was noted and after cooling was removed by filtration. 
Water was added to the filtrate to yield a slight turbidity, 
and the mixture was cooled in the refrigerator overnight. 
Thé precipitated product (amorphous in appearance) 
was collected and dried in  va cu o . The dry product 
weighed 13.8 g. (40%) and melted a t 137-142°. Recrys­
tallization from 50 volume per cent, aqueous ethanol 
yielded 8.8 g. (25%) melting a t 153-155°.

DL-Tryptophan.—The hydrolysis and decarboxylation 
of the cyclized product IV  to yield DL-tryptophan (m.p.  
281-283°) were carried out as described by Snyder and 
Smith.la

A n a l .  Calcd. for CnHi2N20 2: C, 64.69; H, 5.92.
Found: C, 64.70; H, 6.01.

Preparation of Piperidone V.—The phenylhydrazone 
I II  (54.48 g.) was suspended in 350 cc. of 95% ethanol 
and reduced in the presence of Raney nickel catalyst a t 
1400 pounds of hydrogen a t 100°. After approximately 
six hours, the reduction was complete. The catalyst was 
removed by filtration and the filtrate was concentrated 
in  va cu o . The residual pasty solid (amine odor) was 
suspended in 250 ml. of ether. The suspended solid had 
the appearance of shiny leaflets.

After cooling, the piperidone V  was collected by filtra­
tion and dried in  va cu o . The yield of the white crystal­
line product was 24.1 g. (70%) melting a t 136.5-138°. 
The melting point was not depressed when mixed with the 
piperidone prepared as described by Albertson and Archer.4

DL-Ornithine Monohydrochloride.—The piperidone V 
was converted to DL-ornithine monohydrochloride (m.p.  
218°) by refluxing with concentrated hydrochloric acid 
as described in the literature.4 The dipicrate (m.p.  196 °) 
and the dibenzoate (ornithuric acid) (m. p. 186°) of 
ornithine were prepared.

Permanganate Oxidation of y  - Ac et amido -y  -carb eth - 
oxy -y-cyanobutyraldehy de, II.—Crude y-acetamido-y- 
carbethoxy-y-cyanobutyraldehyde II  (22.6 g., m. p. 
109-112°) was dissolved in 400 cc. of water. The result­
ing solution was cooled to  8° and a solution of potassium 
permanganate (10.6 g. of permanganate in 400 cc. of 
water) was added in portions. The temperature was 
maintained a t 8-12° and the pH . a t approximately 8. 
When the oxidation was complete, the reaction mixture

(8) Snyder and Smith, T his Journal, 65, 2452 (1945).
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was allowed to stand a t room temperature overnight. 
After removal of the manganese dioxide, the solution was 
acidified with 10 cc. of concentrated hydrochloric acid. 
Concentration in  va cu o  to  a volume of approximately 100 
cc. yielded a turbid emulsion. After saturation with 
sodium chloride the reaction mixture was extracted with 
two 100-cc. portions of ethyl acetate. After drying over 
anhydrous sodium sulfate the ethyl acetate was removed 
by distillation. The solid residue was macerated with 
ether, and filtration yielded 15.9 g. of a white solid. 
Purification by crystallization from ethyl acetate yielded 
the y-acetamido-y-carbethoxy-y-cyanobutyric acid melt­
ing at 154-154.5°.

■ A n al. Calcd. for CioH 1 4 0 5 N2: C, 49.99; H, 5.87; N, 
11.66; neut. equiv., 240. Found: C, 49.68; H, 6.06; N, 
11.55; neut. equiv., 241.7.

DL-Glutamic Acid.—The y-acetamido-y-carbethoxy-y- 
cyanobutyric acid (5 g.) was mixed with 25 cc. of concen­
trated hydrochloric acid. The resulting reaction mixture

was refluxed for a period of sixteen hours and then concen­
trated in  v a c u o . The residual solid was dissolved in 12 cc. 
of water. After filtration the filtrate was neutralized 
by addition of 10% aqueous sodium hydroxide solution 
to a pH . of 3.2. When cooled, the resulting solution 
yielded a crystalline product (2.3 g.) which melted a t 
193-194° with decomposition after drying i n  v a c u o . 
The melting point was not depressed when mixed with an 
authentic sample. The N-benzoyl derivative was pre­
pared and it melted a t 156-157.5°.

Summary
1. New s y n t h e s e s  o f  D L - t r y p t o p h a n ,  D L - o r n i ­

t h i n e  a n d  D L - g l u t a m i c  a c i d  h a v e  b e e n  r e p o r t e d .
2. These amino acids result from the aldehydo 

intermediates prepared by the 1,4-addition of 
acylamidomalonates to acrolein.
M in n e a p o l is , M in n e s o t a  R e c e iv e d  M a r c h  24, 1948

[Co n t r ib u t io n  f r o m  S h e l l  D e v e l o p m e n t  C o m p a n y , E m e r y v il l e , C a l if o r n ia ]

Some Free Radical Reactions of Hydrogen Chloride
B y  J oh n  H . R a l e y , F r e d e r ic k  F . R u st  a n d  W il l ia m  E. V a u g h a n

Although the chain addition of hydrogen bro­
mide to ethylenic linkages is readily brought 
about by peroxides (the well known Kharasch 
“ peroxide effect” )1 or actinic radiation,2 it has 
been generally recognized that the analogous 
reaction with hydrogen chloride is much less likely. 
In fact, at the time the present study was begun, 
there was no report of a free radical hydrogen 
chloride-olefin combination.3

In this paper the vapor phase addition of hy­
drogen chloride to ethylene, as initiated by ultra­
violet light or di-/-butyl peroxide, is described. 
Evidence for the corresponding, but much slower, 
reaction with propylene, is presented. Hy­
drogen chloride sensitizes the vapor phase de­
composition of di-^-alkyl peroxides. This reaction, 
apparently a chain process involving chlorine 
atoms, is related to the photochlorination of di- t -  
butyl peroxide which is also described.

Experimental
Photochemical Experiments.—The cell was a fused 

quartz cylinder (22 mm. o.d. X 150 mm.) provided with 
plane windows. The body of the cell was wrapped with 
metal foil and jacketed by an aluminum pipe which was 
heated electrically. A thermocouple imbedded in the foil 
gave an approximate measure of the reaction temperature.

The light source was a hydrogen discharge tube of the 
Kistiakowsky type4 (Hanovia Mfg. Co.) operated from a
2.5-kw. transformer. Since mercury vapor (from the 
vacuum line) could be present in the cell, radiation absorb-

(1) For literature review, see M ayo and Walling, Chem. Rev., 27, 
351 (1940).

(2) Vaughan, R ust and Evans, J . Org. Chem., 7, 477 (1942).
(3) In  a recent patent (U. S. 2,418,832, April 15, 1947), Hanford 

and Harmon report the preparation of a homologous series of primary 
alkyl chlorides by a high pressure reaction between ethylene and hy­
drogen chloride. Catalysts employed include oxygen, peroxides, 
and lead tetraphenyl. This work was presented as Paper No. 57 
before the Organic Division of the American Chemical Society, 113th 
National Meeting, Chicago, 111., April 19-23, 1948.

(4) Kistiakowsky, Rev. Sci. Instruments, 2, 549 (1931).

able by this element was excluded to prevent the occur­
rence of mercury-sensitized reactions. The filter was a 
quartz cylinder dimensionally identical with the cell, con­
taining carbon dioxide saturated with mercury vapor a t 
room temperature. Ethylene absorbs appreciably only 
below the quartz region5 but continuous absorption by 
hydrogen chloride begins a t about 2500 A. and increases 
rapidly below 2200 A.6

The pressure change was measured with a quartz spiral 
manometer7 sealed to the cell. After irradiation, the cell 
contents were transferred directly to a bulb by means of a 
Toepler pump, measured, and subsequently analyzed 
mass spectrometrically.

Experiments with Di-/-alkyl Peroxides.—The closed 
system apparatus used has been described in an earlier 
communication.8 For certain experiments the 500-cc. 
reaction vessel was packed with 2-mm. Pyrex rods to ef­
fect an increase in the surf ace: volume ratio from 0.61 
to 7.0 cm .-1.

After reaction, the vessel contents were condensed with 
Dry Ice-acetone and the volatile products, excepting a 
portion of the dissolved ethyl chloride, pumped into a 
sample bulb for mass spectrometric analysis. The cold 
trap contents were dissolved in water containing a little 
isopropyl alcohol and aliquots taken for carbonyl9 and 
chloride ion (Volhard) determinations.

Larger scale runs with a flow type apparatus provided 
material for product identification. This apparatus also 
has been described previously.10 Because of the com­
plexity of the effluent, particularly when the peroxide 
content of the feed was high, product yields could be 
determined only very roughly. However, isobutylene 
chlorohydrin was isolated (in ca . 10% yield) from the 
products of both the di-/-butyl peroxide—hydrogen chloride 
and di-Z-butyl peroxide-hydrogen chloride-ethylene re ­

(5) Noyes and Leighton, "T he Photochemistry of Gases,” R ein­
hold Publishing Corp., New York, N. Y., 1941, p. 331; also, Price, 
Phys. Rev., 47, 444 (1935).

(6) H. Trivedi, Proc. Nat. Acad. Sci. India, 6, 18 (1936).
(7) Vaughan, Rev. Sci. Instruments, 18, 192 (1947).
(8) Raley, Rust-and Vaughan, T his Journal, 70, 88 (1948).
(9) This procedure, based on reaction with hydroxylamine hydro­

chloride, is a modification of the method of Marasco (Ind. Eng. Chem., 
18, 701 (1926)), and is described in "M ethyl E thyl K etone, I ts  Uses 
and D ata on I ts  Properties,” Shell Chemical Co., San Francisco, 
Calif., 1938, p. 45.

(10) R ust, Seubold and Vaughan, T his Journal, 70, 95 (1948).
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actions (b. p. 126.6-126.7°, n 20d 1.4375, acidimetric 
equivalent weight, 114; literature or theoretical values 
for (CH3)2C0HCH2C1, respectively, 126.6-128.8°, 1.4388, 
and 108.5). The product from the di-/-butyl peroxide- 
hydrogen chloride-propylene reaction contained small 
amounts of both n -  and isopropyl chlorides, as shown by 
infrared absorption analysis.

Materials.— The various gases used in the 
static apparatus were taken from commercial 
cylinders (stated purity more than 99% except 
hydrogen chloride (97.5%)), redistilled under 
high vacuum (collection of middle one-third), 
out-gassed, and stored in glass bulbs. For the 
flow experiments no purification was made. 
Di-/-butyl and di-/-amyl peroxides were purified 
in the manner described previously.8

Photochlorination of Di-2-butyl Peroxide.—  
Chlorine (2.0 moles) was bubbled through a 
sintered glass plate into di-/-butyl peroxide 
(3.0 moles) at a rate which maintained the 
temperature at 30-40°. A  500-watt projection 
lamp adjacent to the Pyrex reaction flask served 
as the source of radiation. The product was 
water-washed, dried, and fractionated under 
reduced pressure. The monochloride (b. p. 55° 
(20 mm.), f. p. - 3 1 ° ,  n™D 1.4211, Cl, 19.7% 
(theory, 19.62%)) was obtained in 42.5% yield 
based on input chlorine. The dichloride fraction, 
probably consisting of three possible isomers, 
boiled at 55-70° at 4-5 mm.; # 20d  1.4454, Cl, 
33.3% (theory, 32.96%).

Photo-addition of Hydrogen Chloride to Ethy­
lene.— The effect of radiation from the hydrogen 
lamp on hydrogen chloride-ethylene mixtures 
at two temperatures is illustrated in Fig. 1. 
It will be noted that there is no appreciable

Fig. 1.—Photo-addition of hydrogen chloride to ethylene: 
(0.0116 mole/liter HCl, 0.0113 m ole/liter C2H4).

“ dark” reaction. Ethyl chloride is the only 
significant product detected mass spectrometric­
ally, and the composition after illumination agrees, 
within the analytical error, with that calculated 
from the pressure decrease on the assumption 
that only the addition reaction occurs. For ex­
ample, at 26° the comoosition bv analysis was 13 
± 1%  C2H5C1 and 4i ± 2% C2H4, while that 
calculated was 14.5% C2H6C1 and 42.2% C2H4. 
The hydrogen and ethane contents were both 0.1% 
or less.

Since light absorption by hydrogen chloride 
leads to the production of chlorine and hydrogen 
atoms, the probable path of the reaction is

HCl +  Ifiv— ^ H  +  Cl (1)
Cl +  C2H 4 — >  CH2C1CH2 (2)

CH2C1CH2 +  HCl — >- CH2C1CH3 +  Cl (3)

Addition reactions such as
CH2C1CH2 -j- C2H4----3- CH2C1(CH2)2CH2 (4)

are apparently much slower than (3) under the 
present conditions since higher molecular weight 
products were not detected.

The hydrogen atoms could also initiate a chain, 
viz.

H +  HCl — >  H2 +  Cl, or (5)
H +  C2H4 — ^  CH3CH2 (6)

CH3CH2 +  HCl — ^  C2H6 +  Cl (7)
and, from the yields of hydrogen and ethane the 
chain length is estimated to be at least 30 at 
room temperature.

In keeping with the characteristics of a chain 
process, the reaction is inhibited by oxygen and a 
number of other substances (Fig. 2). The pro-

Fig. 2.—Effect of additives on the photochemical hydro­
gen chloride-ethylene reaction: temperature, 155°;
HCl 309 m m .; C2H 4, 300 mm.
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nounced effect of small oxygen concentrations is 
attributed to the relatively rapid reaction

CH2C1CH2- +  0 2 — >  CH 2 CICH2CV (8)
the peroxy radical being incapable of continuing 
the chain. Retardation by isobutylene is prob­
ably due to the reactions

Cl +  (CHs)2C = C H 2---->  (CH3)2CCH2C1 (9)

----^  CH2CCH2 +  HCl (10)

CH3
wherein, respectively, a tertiary or allylic radical, 
less able to abstract hydrogen from hydrogen 
chloride is produced. In the presence of isobutyl­
ene only a trace of ethyl chloride formed, the 
chief product being C 4 chloride (s). With iso­
butane as the additive, chlorine atom attack at 
the tertiary carbon-hydrogen bond is the most 
likely mode of interference. Since ethyl chloride 
is also a retardant, the reaction must be self- 
inhibiting. In this case the effect is apparently 
due to the formation of the C H 3 C H C I radical
which is less capable of metathetical reaction 
with hydrogen chloride than its isomer, CH2C1- 
CH2. This difference in reactivity might be
expected from the results of studies on the thermal 
chlorination of ethyl chloride.11

Peroxide-catalyzed Addition of Hydrogen 
Chloride to Olefins.— The reaction with ethy­
lene, as initiated by a small amount of di-/- 
butyl peroxide, is illustrated in Fig. 3. A com-

Fig. 3.—Di-/-butyl peroxide—catalyzed addition of 
hydrogen chloride to ethylene: 200.7 mm. HCl, 200.3 mm. 
C2H4, 10.5 mm. peroxide, 6.4 mm. nitrogen, temperature 
154.7°.

(11) From the data  of R ust and Vaughan (J. Org. Chem., 6, 479
(1941)), reaction (11) is known to be faster than  (12):

Cl +  CH3CH2C1----=>- HCl +  CHsCHCI (11)
Cl +  CH3CH2C1---->- HCl +  CH 2 CICH2 (12)

Therefore, the reverse of (11) m ight be expected to  be slower than 
the reverse of (12).

plete product analysis has not been made but 
ethyl chloride was identified again as a major 
component. A  small amount of methane was 
also produced. In view of the known decomposi­
tion of di-/-butyl peroxide to /-butoxy and methyl 
radicals,8*12 the initiation steps are probably

(CH3)3COOC(CH3)3----^  2(CH3)3CO- (13)
(CH3)3CO- -h H C l---->  (CH3)3COH +  Cl (14)

(CH3)3CO------^  (CH3)2CO +  CH3 (15)
CH3 -f- H C l----^  CH4 +  Cl (16)

The reaction has been carried out at 140-185° 
in both types of apparatus.

The analogous reaction with propylene is 
much slower. For example, at 155° a mixture of 
200 mm. propylene, 200 mm. hydrogen chloride, 
and 13 mm. di-/-butyl peroxide undergoes a pres­
sure decrease of only 10 mm. in sixty minutes. 
The hydrogen transfer step involving a secondary 
radical
CH3CHCH2C1 +  H C l----^  CH3CH2CH2C1 +  Cl (17)

would be more endothermic than the correspond­
ing process in the ethylene reaction, (3). Fur­
thermore, allyl radical formation could occur by
Cl +  CH3CH==CH2 — -> HCl +  CH2CHCH2, or (18) 
CH3CHCH2C1 +  CH3C H = C H 2----

CH3CH2CH2C1 +  CH2CHCH2 (19)
Di-/-alkyl Peroxide-Hydrogen Chloride Reac­

tion.— In addition to a simple dissociation into 
two /-alkoxy radicals, di-/-alkyl peroxides in the 
presence of a minor amount of hydrogen chloride 
undergo a sensitized decomposition (Fig. 4).

Time, min.
Fig. 4. Effect of hydrogen chloride on di-/-alkyl per- 

oxides: O, di-i-butyl peroxide (139.7(8)°) 173.4 mm. per­
oxide, 180 mm. peroxide +  27.6 mm. HCl; A, d i-L a m y l 
peroxide (136.7(4)°) 149.2 mm. peroxide, 160 mm. peroxide 
+  30.8 mm. HCl.

(12) Milas and Surgenor, T his Journal, 68, 205 (1946).
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The major hydrocarbon product contains only 
half as many carbon atoms as that produced 
in the unsensitized reaction, and substantially 
less than two molecules of ketone are produced 
from each peroxide molecule decomposed. Addi­
tional products that appear in the case of di-Z- 
butyl peroxide include isobutylene chlorohydrin 
and t-butyl chloride. This sensitized reaction is 
essentially homogeneous since the rate of pressure 
increase is unaffected by the presence of Pyrex rod 
packing. Furthermore, various compounds read­
ily  attacked by free radicals or atoms (ethylene, 
propylene, isobutane, etc.) have a retarding in­
fluence. These observations indicate a chain, the 
mechanism for which is postulated to be:

Steps (13) to (16) followed by
Cl +  (CH3)3COOC(CH3)3 — >- 

CHs
I I

H2C—C—O—O—C—CHsHCl +

CH3

CH3 CHs

(20)

CH3
I

H 2C—C—O—O—C(CH3)3

c h 3

■(CH3)2C—c h 2
\ /

o

4- HCl ■

(CH3)3CO- +  r (C H 3)2C—CH2-| (21)

L V J
(CHs^COHCHoCl (22) 

4"
(CH3)2C a C H 2OH

Evidence for the step involving chlorine atom 
attack on the peroxide comes from experiments on 
the photochlorination of the peroxide described 
elsewhere in this paper. The production of mono- 
chloride, C1CH2(CH3)2C00C(CH3)3, by a photo 
reaction must certainly involve (20). Because of 
the lower temperature and the presence of molecu­
lar chlorine, however, the resultant radical 
does not decompose but instead forms the chloride. 
It is interesting to note the differing reactivities 
of chlorine atoms and methyl radicals toward the 
peroxide. In the vapor phase the latter appar­
ently do not readily abstract hydrogen atoms 
from the peroxide since the thermal decomposi­
tion of this compound is not a chain reaction.8 
Although isobutylene oxide has not been isolated, 
the chlorohydrin, (22), is a recognized derivative.

The preponderance of ethane over methane ob­
served in the sensitized decomposition of di-Z- 
amyl peroxide is in agreement with earlier observa­
tions that Z-amyloxy radicals yield acetone and 
ethyl radicals.8'13 A partial product analysis for

(13) Milas and Surgenor, T his Journal, 68, 643 (1946).

both peroxides is given in Table I. Carbonyl and 
methane yields are nearly equivalent for the di-Z- 
butyl compound, as are the carbonyl and (meth­
ane 4" ethane) yields for the amyl analog. Prod­
ucts characteristic of the combination of two alkyl 
radicals (i . e butane from ethyl radicals) are un­
important. These data illustrate the predomi­
nance of (16) and the analogous ethyl radical re­
action over other processes involving alkyl radi­
cals. This is particularly interesting inasmuch as 
(16) is almost energetically neutral while the 
ethyl-hydrogen chloride reaction is somewhat en­
dothermic. It is clear that (15) is more important 
than (14) although the exact ratio of these two re­
actions cannot be determined without knowledge 
of either the amount of alcohol produced or the 
fraction of input peroxide decomposed.

T a b l e  I

H y d r o g e n  C h l o r id e - D i -/-a l k y l  P e r o x id e  R e a c t io n s  
Reaction time, 31 minutes

Produced, mm.

Di-Z-butyl
peroxide

139.8°
Di-/-amyl 
peroxide 
136.7°

Carbonyl 114 135
c h 4 110 6.5
Ethane 124
Butane 1

Inpu t, mm.
Peroxide 180 160
HCl 28 31

Under comparable conditions hydrogen bromide 
has little effect on the decomposition of di-Z-butyl 
peroxide. Although hydrogen bromide reacts 
readily with methyl radicals to produce methane, 
the resultant bromine atoms apparently are less 
capable of attacking the peroxide to continue the 
chain. This is in agreement with the observation 
that photobromination of the peroxide is more dif­
ficult than photochlorination.

Summary
The vapor phase addition of hydrogen chloride 

to ethylene can be initiated photochemically or by 
di-Z-butyl peroxide. A free radical, chain mecha­
nism is proposed and the influence of added inhi­
bitors is interpreted in terms of this mechanism. 
Propylene reacts much more slowly.

Hydrogen chloride sensitizes the vapor phase 
decompositions of di-Z-butyl and di-Z-amyl per­
oxides. A  chain mechanism involving chlorine 
atom attack on the peroxide is suggested for these 
reactions. The latter step is demonstrated by the 
photochlorination of di-Z-butyl peroxide. 
E m e r y v il l e  8, C a l if o r n ia  R e c e iv e d  M a r c h  30, 1948
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Coordination Compounds of Mercury. I
By Thomas D. O'Brien

Mercury exhibits a coordination number of 3 in 
such groups as HgCl3~“ and a coordination number 
of 4 in [Hg(CN)4] ~2 and [HgCl4] “ 2. Whereas this 
same type of ion exists for zinc and cadmium, the 
latter two elements also exhibit a coordination 
number of 6. The present study was undertaken 
to attempt to determine whether mercury also has 
a stable coordination number of 6.

There are several reports1 of compound forma­
tion between ethylenediamine (en = ethylenedi­
amine) and mercuric chloride, but the results are 
generally qualitative and usually contradictory. 
Sinha and R ay2 report the preparation of Hg 
py6(C104)2 in which the mercury seems to be 6-co­
ordinate.

Experimental
The ethylenediamine was dehydrated according to the 

method of Putnam and Kobe3 and the fraction boiling a t 
117° collected.

en (HgCl2)2 .—Ten milliliters of a solution containing 
3.0 g. (0.05 mole) of ethylenediamine was slowly added 
with stirring to 200 ml. of a solution containing 27.16 g. 
(0.1 mole) of mercuric chloride. After standing for two 
hours the precipitate was filtered and washed with water. 
The precipitate was then treated with a solution containing 
0.2 mole of hydrochloric acid and allowed to stand, with 
interm ittent stirring, for one hour. The very small 
amount of undissolved residue was filtered and to the clear 
filtrate was added a solution containing 0.1 mole of ethyl­
enediamine. After standing two hours the precipitate 
was filtered and the above procedure repeated. The final 
precipitate was washed with successive portions of water, 
methanol, acetone and ether and then dried a t 100° for 
two minutes. Prolonged heating a t 100° causes decom­
position.

A n a l . Calcd. for en (HgCl2)2.: Hg, 66.5; Cl, 23.5. 
Found: Hg, 66.0; Cl, 23.3.

en HgCl2.—Same procedure followed as described above 
except a 1:1 molar ratio of base to salt used.

A n a l .  Calcd. for enH gC l2: Hg, 60.5; Cl, 21.4.
Found: Hg, 60.2; Cl, 21.4.

The white precipitate of en HgCl2 was dissolved in aque­
ous ethylenediamine and the solution was allowed to 
evaporate slowly a t room temperature. The crystals 
tha t formed were washed with ether and dried to constant 
weight a t 100°.

A n a l .  Calcd.: Cl, 21.4. Found: Cl, 21.3.
Hg en2 S 0 4 and [Hg en2 (H20 ) 2]S 0 4.—Mercuric sulfate 

was dissolved in excess ethylenediamine and the solution 
was allowed to evaporate slowly in a covered Petri dish. 
The large crystals th a t formed were removed, washed once 
with anhydrous ether and blotted well between layers of 
filter paper.

A n a l .  Calcd. [Hg en2 (H20 ) 2]S04: Hg, 44.3; S04, 
21.2. Found: Hg, 44.5; S 0 4, 21.3.

The above compound is efflorescent, slowly losing 
water to the atmosphere a t room temperature. When 
heated a t 100° to constant weight (ten to twelve hours)

or when dried over concentrated sulfuric acid the theoreti­
cal amount of water (7.98%) is lost, and stable [Hg en2 ] - 
S04 results. Prolonged heating of this compound causes 
a slow decomposition.

A n a l .  Calcd. H gen2S 04: Hg, 48.2; S 04, 23.0.
Found: Hg, 48.2; S04, 23.3.

(en 2H)2HgCl6.—Some en HgCl2 was dissolved in the 
smallest volume of N  hydrochloric acid solution. To the 
clear solution was added an equal volume of concentrated 
hydrochloric acid. The crystals which formed were 
filtered and then redissolved in the smallest volume of 
water. Concentrated hydrochloric acid was again added 
and the crystals which formed were again filtered, redis­
solved and reprecipitated. After the final filtration the 
precipitate was washed with methanol, then acetone, 
and finally ether, then dried in an oven for three minutes 
at 100°. Longer drying causes no decomposition.

A n a l .  Calcd. (en 2H)2HgCl6: Hg, 37.3; Cl,
39.6; N, 10.42. Found: Hg, 37.2; Cl, 39.6; N, 10.44.

Cryoscopic Measurements.:—The conventional freezing 
point lowering apparatus was used with a Beckman the r­
mometer. When 0.238 g. of (en 2H)2HgCl6 was dissolved 
in 46.2 g. of water a freezing point lowering of 0.121° 
was observed. When 0.416 g. of the salt was dissolved 
in 45.6 g. of water a freezing point depression of 0.210° 
was observed.

Refractive Index.—To 100.00 cc. of a 0.1 M  solution of 
mercuric chloride there was added 0.90 g. (0.015 mole) 
of ethylenediamine. The solution was shaken a t in ter­
vals while digesting for one hour. A small portion of 
this was filtered and the refractive index of the clear fil­
trate determined on a Bausch and Lomb refractometer. 
The above procedure was repeated with separate solutions 
using increasing amounts of ethylenediamine. The refrac­
tive index values of portions of the mixtures were deter­
mined after standing for twenty-four hours, and five days, 
with no change in value. All values are averages of a t 
least six different readings.

Discussion of Results
Results of the present study show that both en 

HgCl2 (I) and en (HgCl2)2 (II) exist. A  possible 
structure of (I) is shown in which the mercury is

h 2 h 2
C—Nv
C—N‘ 
h 2 h

>Hg<

2

(I)

Cl

‘Cl

4-coördinate. Two immediately apparent pos­
sible structures for (II) are:

h 2
H2C—-N—Hg<

/C l

SC1
/C l

H2C—N—Hg<
h 2 ^C1

(Ila)

Cl

and

/ C k  / C l  
■Hg< / H g /
] ' e y  !

H2N -C—C -N —H2

H2H2
(Hb)

(1) (a) Schering, German P aten t 12,095 (1901); (b) Siemssen, 
Chem. Ztg., 36, 214 (1912); (c) R ay and Dhar, Trans. Chem. Soc., 
103, 3 (1913); (d) Tranke and Loewe, Ber., 47, 1908 (1914).

(2) Sinha and Ray, J . Indian Chem. Soc., 20, 32 (1943).
(3) Putnam  and Kobe, Trans. Electrochem. Soc., 74, 610 (1938).

The mercury has a coordination number of three, 
in I la  and the mercury is 4-coördinate in lib , the 
chloride bridges being analogous to those in the 
polymeric halides of aluminum and gold.
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Both (I) and (II) are soluble in an excess of 
ethylenediamine. All attempts to isolate the 
soluble complex failed, because any solid substance 
separated from the solution evolved ethylenedi­
amine to give (1). With the analogous sulfate, 
however, crystalline bis (aquo)bis (ethylenedi­
amine) mercury (I I) sulfate was isolated. This 
compound decomposed slowly at room tempera­
ture, and rapidly at 100°, to give the stable Hg 
en2 S04.

The simple possibilities for the soluble ethylene­
diamine mercury chloride salt are (1) [Hgen2Cl2,] 
(2) [Hg en2 (H20)2]C12, and (3) [Hg en3]Cl2 (III), 
with the last one being favored because of the 
break in the refractive index curve (Fig. 1) at a 
3 :1 ratio of ethylenediamine to mercuric chloride. 
The break at the 1:2 ratio probably corresponds 
to the complete formation of (I). As more ethyl­
enediamine is added it reacts completely with in­
soluble (I) to form equally insoluble (II), causing 
no change in the refractive index, which is the 
value for the pure solvent (for water, n28 1.3321). 
The refractive index of the corresponding sulfate 
could not be determined because of the formation 
of insoluble basic salts when mercuric sulfate is

TTTn 4-pUL XXA VV CL tci .

Ratio of moles of ethylenediamine to mercuric chloride.
Fig. 1.—Change of refractive index of solution of ethyl­

enediamine and mercuric chloride as concentration of 
ethylenediamine is increased.

Treatment of (I), (II) or (III) with an excess of 
concentrated hydrochloric acid produces a white 
crystalline substance, only slightly soluble in an 
excess of hydrochloric acid but easily soluble in 
water. The formula (en 2H)2[HgCl6] (IV) is as­
signed to the compound in accordance with the an­
alogous copper salt s 4 Cryoscopic measurements 
indicate that when dissolved in water, (IV) com­
pletely dissociates into 2(en 2H +), 4 Cl"" and 
HgCl2 (only very slightly dissociated). Using 
1.86 as the freezing point constant of water, the 
two observed lowerings of 0.121° and 0.120° cor­
respond to 6.8 and 6.7 particles, respectively, per 
mole of salt.

Any highly soluble chloride will cause the pre­
cipitation of (IV). Saturated solutions of copper, 
lithium, and cadmium chlorides when added to 
an aqueous solution of (IV) cause precipitation of 
the bis (ethylenediamine) hexachloromercury salt 
and not the metal hexachloromercury salt.

That the mercury to chloride bonds are more 
ionic than covalent is further supported by the 
non-availability of possible bonding orbitals for 
six coordination. Kimball5 gives the following 
possibilities: d2sp3, d4sp, d5p, d3p3, d3sp2, d5s and
A  4rA 2 A o  *f Vi n  E\A n r K i f o l o  1 t i  m o f M m r  o r n  f i l l o r l  o n r lVI. p  . XXvJ tJ.1V t/VL V̂JL L/A tU/lvJ 111 111V1 V U.1 J U/i. V JUXAVVL) ttAAVl
as it is extremely doubtful if the 6d orbitals are 
available for covalent bonding, it appears as if the 
Hg-Cl bonds must be largely ionic in character.

Summary
1. The existence of Hg en Cl2 and en(HgCl2)2 

has been demonstrated.
2. The results indicate that mercury probably 

has a coordination number of 6 in the compound 
(en 2H)2[HgCle] and that the [Hg en2 (H20)2] +2, 
ion probably exists in solution, wherein the mer­
cury is.also 6-coördinate.

3. The new compounds Hg en2 S04 and Hg 
en2 (H20)2S04 have been prepared.
M i n n e a p o l i s , M i n n . R e c e iv e d  D e c e m b e r  9 , 1 9 4 7

(4) Jonassen, Crumpler and O’Brien, T his Journal, 67, 1709
(1945).

(5) Kimball, J .  Chem. Phys., 8, 188 (1940).
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The Isomerization of Cyclohexane and Methylcyclopentane in the Presence of 
Aluminum Halides. II. Equilibrium and Side Reactions

B y  D. P. St ev en so n  and  J a n e  H. M organ
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Introduction
In the preceding paper with the same title, 

there were presented the results of a set of experi­
ments designed to elucidate the nature of the 
catalysis of the interconversion of cyclohexane 
and methylcyclopentane. In the course of this 
work considerable data were acquired on the 
equilibrium constant of the isomerization reaction, 
as well as on the nature and relative rates of the 
side reactions which accompany the isomerization 
reaction. The equilibrium between cyclohexane 
and methylcyclopentane has been the subject of 
several previous investigations.1 The results 
of the previous investigators are concordant with 
and confirmed by the present work. Despite 
the apparent duplication, it seems worth while to 
record our results in view of the very different 
and probably more reliable analytical methods at 
our disposal. In the equilibrium studies particu­
lar attention was devoted to the possible pres­
ence of the various cyclobutanes and cyclo­
propanes, isomeric with cyclohexane and methyl­
cyclopentane, which have been reported to be 
formed by the action of moist aluminum bromide 
on cyclohexane.2

Paraffins, C 7 and C 8 naphthenes, and bicyclanes 
have been identified among the products of the 
side reactions accompanying the interconversion 
of cyclohexane and methylcyclopentane catalyzed 
by aluminum halides. It was of particular in­
terest to determine whether or not cyclopentane 
accompanies the formation of the higher naph­
thenes as might be expected by analogy with 
formation of isobutane and hexanes in side re­
actions accompanying the interconversion of 
iso- and normal pentane.

Experimental
The experiments were carried out by the methods de­

scribed in the preceding paper, using the materials therein 
described, with the exceptions noted below.

Purified aluminum bromide, ground to a fine powder 
in a dry box (dried by spreading Dry Ice on the bottom ), 
was used after exposure to atmospheric moisture to assure 
catalytic activity. Cyclopentane was prepared by hydro­
genation of carefully purified cyclopentadiene. The 
crude cyclopentane was fractionated in a high efficiency 
column and residual traces of cyclopentadiene and cyclo- 
pentene were removed by percolation through activated 
silica gel (Davco, 28-200 mesh) and shaking with a small 
portion of moist aluminum chloride. After the aluminum 
chloride treatment, the cyclopentane was subjected to a 
trap (room temperature) to trap (liquid nitrogen) vacuum 
distillation. The mass and infrared spectra of the final

(1) (a) Glasebrook and Lovell, T his Journal, 61, 1717 (1939);
(b) Schmidt, Hoog and Verheus, Rec. trav. chim., 59, 793 (1940);
(c) Mizusima, Morino and Fujisiro, J . Chem. Soc. Japan, 62, 587 
(1941).

(2) Zelinsky and Turowa-Pollak, Ber., 65, 1171 (1932).

cyclopentane showed the presence of no detectable im ­
purity.

In a number of the experiments the reaction product 
was separated from the catalyst by a high vacuum dis­
tillation . The reaction tube was opened with the contents 
chilled with liquid oxygen and connected to the vacuum 
system by means of a short length of rubber tubing. 
After evacuation, the pump was cut off from the m ani­
fold, and the liquid oxygen was transferred to a weighed 
trap affixed to the manifold by means of a standard taper 
joint. The reaction tube was permitted to warm slowly 
to room temperature. The distillation was stopped ap ­
proximately five minutes after the reaction tube attained 
room temperature. The product so collected is defined 
as the volatile product.

The traps were constructed with a stopcock so th a t the 
samples could be stored while awaiting analysis without 
danger of loss of volatile components. The stopcocks 
were of the pressure type and were lubricated with a 
hydrocarbon insoluble grease compounded of mannitol, 
starch and anhydrous glycerol. A section of tubing 
packed with ascarite was interposed between the reaction 
tube and collecting trap to remove hydrogen halide and 
entrained catalyst.

The products of all experiments were examined with 
the mass spectrometer in order to determine the extent of 
the side reactions and the applicability of the infrared 
spectrophotometric method for determining methyl 
cyclopentane and cyclohexane. The products of the ex­
periments in which the side reaction was excessive were 
subjected to  analytical distillation to give three fractions, 
(1) boiling below 65°, (2) boiling from 65 to 85°, and (3) 
boiling above 85°. These fractions were analyzed with 
the mass spectrometer.

The results of the experiments on the cyclohexane- 
methylcyclopentane reaction a t 27, 59 and 100°, are sum­
marized in Tables I, II, and I l ia ,  and I l lb ,  respectively. 
The experiments with cyclopentane a t 100° are described 
in Table IV.

In all the experiments on the reaction of the C& naph­
thenes with aluminum bromide the reacting system re­
mained a clear, colorless solution. In the 60 ° experiments, 
the aluminum chloride retained its white, granular ap ­
pearance. The aluminum chloride-Cö naphthene system 
at 100 ° rapidly changed from a liquid-solid system to one 
of two liquid phases. The more dense phase acquired 
a very faint yellow color. Upon cooling to room tem ­
perature the more dense phase became very viscous, and 
white crystals precipitated from it very slowly. When 
the 100° reaction tubes were opened, the unfrozen film 
of the denser phase a t the top of the tube became bright 
red very quickly and then slowly darkened until it  became 
black. The non -volatile residues from the vacuum separa - 
tion of the product of the 100 ° experiments were hydro­
lyzed in the cold (0°) with 6 N  sodium hydroxide solution. 
From the resultant mixture a dark yellow to brown, vis­
cous oil was recovered. The depth of color increased with 
time. This oil as first recovered was soluble in isoöctane, 
but from the isooctane solutions a brown, resinous sub­
stance slowly precipitated on standing in contact with air. 
I t was found th a t a colorless oil could be recovered from 
the deeply colored oil by means of a high vacuum (10~4 
mm.) distillation from a trap a t room tem perature to  one 
at liquid nitrogen temperature.

The formation of two liquid phases from the solid- 
liquid system aluminum chloride-aromatic has been often 
described. However, the more dense phase formed when 
paraffins, olefins, or aromatics are the hydrocarbon com­
ponents of the system is very deeply colored (orange to
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T a b l e  I
R e a c t io n  o f  C y c l o h e x a n e  a n d  M e t h y l c y c l o p e n t a n e  in  t h e  P r e s e n c e  o f  M o is t  A l u m in u m  B r o m id e  a t  27.0 ±  0.5°

C6H12 AhBr 6
m. m. Time, ,-------MCP/CH-------s ,— -Mole

no. Iden. X 103 X 10» hr. M. S.a I. R.& CsHioc CsHl2 C 6H i4 d C 7H l4 C C 8H l6 C Cl2ÏÏ22e
T CH 46 1.38 24 r 0.048*
2 h MCP 44 1.25 24 .230*
3 h MCP 44 1.21 256 0.132 .112 < 0.05 < 0 .03 0 .4 0.05 0.05 0.2
Ah r'TTV ll 46 1 1 0X . XU CttTO .135 < .05 < .03 < . 1 < .01 < .01 <  .02
b n MCP 44 0.94 313 .147 .150 < .05 < .03 .5
6 h CH 46 0.95 313 .109 < .05 < .03 < .1 < .01 < .01 <  .01
7 h MCP 44 1.07 352 .113
8 h CH 46 0.88 352 .142 < .05 < .03 < .1 < .01 < .01 <  .01
9* CH 46 0.82 352 .136 . 1 2 1 < .05 < .03 < . 1

KT MCP 44 0.85 352 .135 .146 < .05 < .03 < .1
Average 0.134 0.129

=>=0.008 ±0.016 
0.132 ±0.012

« Mass spectrometric analysis. 6  Infrared analysis. c Calculated as naphthene. d Calculated as methylpentane. 
e Calculated as dicyclohexyl. f  Dots ( .. .)  indicate not determined. 0 Omitted from average. h Products recovered 
by hydrolysis. * Product recovered by distillation. Analysis reported, th a t of all material boiling below 85°. Over 
9 9 .7 %w of the hydrocarbon was recovered by the vacuum distillation and less than 1 % of the recovered hydrocarbon 
boiled above 85°.

T a b l e  I I
T h e  R e a c t io n  o f  C y c l o h e x e n e  a n d  M e t h y l c y c l o p e n t a n e  i n  t h e  P r e s e n c e  o f  M o is t  A l u m in u m  C h l o r id e  o r

B r o m id e  a t  59.0 ±  0.5°
Expt.

n o .

C6H12 AhCle
T i m e ,

hr.
— M C P / C H ------- .

M. 0.“ 1. K.t>
cy

i d e n .
m.

X iö 5
m .

X I03 CsHio0 C5H12 C e H i4 d °  6
/o
C 7H i4 c C s H l6 C Cl2H22e

1 1  * CH 46 2 . 5 256 0.255 0.246 < 0.05 < 0 .04 0.2 0.04 0.04 0.65
1 2 '* MCP 44 3 . 5 256 .252 .241 < .05 < .04 .3 0.05 .05 .71
i s * CH 46 2 . 4 282 .238 .232 < .05 < .04 .2 .03 /

14* MCP 44 3 . 1 282 .230 .228 < .05 < .0 4 .2 .04 .06 .66
15* MCP 44 2 . 7 330 .246 .249 < .0 5 < .04 .2
16'* CH 46 0 .36? 119 .256 < .05 < .05 <  .1 <  .04 <  .04
17 * CH 46 2.0 96 .230 < .05 < .05 <  .1 <  .04 <  .04

Average 0.244 0.239
± 0 . 0 1 0  ±0.080

a through * see notes to Table I. Aluminum bromide was used in this experiment.

T a b l e  I l i a

R e a c t io n  o f  C y c l o h e x a n e  a n d  M e t h y l c y c l o p e n t a n e  w it h  A l u m in u m  C h l o r id e  a t  100.0 ±  1.0°

Expt.
-•--------- C e H i2 ------— '

Iden. M. X 103
AI2C16 

M. X 103
Time,

hr.
MCP/CH 

I. R.6 C5H10 CbH i2
------—Mole, %—------

CöH h C7H14 C6H16 C9H18

186 CH 46 0.16 8 .0 0.475 <0.05 0 . 1 ° 0.1 0.004 . 0.004 <0.003
19e CH 46 .18. 24.0 .485 <  .05 .1° 0.5 .005 . 0 1 0 <  .003
2 0 e MCP 44 .17 24.0 .503 <  .05 <  . 05a 1.0 .05 . 1 0 ƒ

2 1 CH 46 . 2 2 24.0 .509
2 2 CH 46 .17 24.0 .514
23 MCP 44 . 2 1 24.0 .530

0.503 ± 0 .0 1 5
« C4H 10 found to be less than 0.5 mole %. b-c’d See notes of Table I. e Product recovered by distillation. Over 

9 9 .7 %w hydrocarbon recovered. f  See notes of Table I.

deep brown), so tha t the formation of a colorless aluminum 
chloride-hydrocarbon complex from the C6 cyclanes is 
unexpected. In this regard it  must be noted that the 
aluminum bromide-cyclopentane solutions at 1 0 0 ° give 
rise to two liquid phases and the more dense phase has a 
deep brown color.

Discussion

In discussing the methylcyclopentane-cyclo- 
hexane equilibrium, two related subjects must be 
considered along with the ratio of the pair of

isomers. These are (1) the possibility of cyclo­
propane and cyclobutane isomers of C6H12 being 
present in the system, but undetected due to 
inadequacy of the analytical methods, and (2) 
the effect of side reactions on the apparent equi­
librium ratio.

It has been reported2 that dimethylcyclobutanes 
were found in a low boiling fraction resulting from 
the action of moist aluminum bromide on cyclo­
hexane at a temperature less than 100°. There
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T a b l e  I l lb
R e a c t io n  o f  C y c l o h e x a n e  a n d  M e t h y l c y c l o p e n t a n e  

w it h  A l u m in u m  C h l o r id e  a t  100.0 ±  1.0°
Expt. 24® 25® 26 27®
c 6h 12 CH MCP CH MCP
C6Hi2 moles X 103 46 44 46 44
Time, hr. 33 33 8 8
Wt. % HC recovered 63.7 63.4 82.5 82.0
A12C16 moles X 103 
Compn. of recoveied 

HC,& mole %

2.8 2.7 2.3 2.6

C3H 3 0.7 0.6 0.2 0.2
C4H]oc 14.4 13.6 3.7 4.5
C6H12c 3.2 4.0 1.4 ' 1.5
C0H10 < 0 .1 < 0 .1 < 0 .0 5 < 0 .0 5
C6H14d 11.7 9.5 8.1 7.5
C6Hl2 61.2 61.1 81.8 82.5
C7H 16 < 0 .1 <  0.1 < 0 .1 < 0 .1
C7H i4 3.6 4.2 1.6 1.6
CgHie 4.9 6.6 2.6 2.4
c 9h 18 0.3 0.4 0.02 0.08

M CP/CH 0.50 0.49 0.50 0.48
a Composite of two identical , parallel runs. 6 Com-

bined analytical distillation and mass spectrometric
analysis. P redom inantly  the “ iso” isomer. d 2 MP, 
3 MP, 2.3 M2B, and 2.2 M 2B identified.

T a b l e  IV
R e a c t io n  o f  C y c l o p e n t a n e  w it h  A l u m in u m  B r o m id e  

a t  100°
Expt. no. 28 29 30 31 32
C5H 10 moles X 103 52.3 51.5 51.3 41.6 29.1
AhBrö moles X 103 1.08 1.05 1.00 0.97 1.12
Time, hr. 21 8.0 8.0 161 161
Wt. %  volatile 97.4 99 + 99 + 93.6 94.8
Volatile product 
Mole %  C3H8 < 0 .1 a

C4H 10 1.3 1.6 1.7
C5H12 3 .0 0.14 0.16 2.3 2.2
C5H 13 90.8 99 + 99 + 91.9 93.0
CsHl4 0 .4 < 0 .05 <0.05 0.1 0.1
C5H12 4 .0 0.46 0.31 2.4 1.7
C7H14 0 .2 0.03 0.03 0.5 0.3
CsHie 0.01 0.7 0.5
C12H22 0.5 0 .5

0  Mass spectrometric analysis of distillation cuts. Dis-
dilation data, 4.0 mole % <45°, 84.5 mole % 45-55°,
11.5 mole % >55°. Cut .2,, 45-55 °, contained 99.1 mole
% CfiH10.

are sound thermodynamic reasons for doubting 
the identification. From the strain energies 
(Suggested by Golmov,3 the heat of isomerization 
tof a cyclopentane to a cyclobutane or cyclo­
propane isomer may be calculated to be 31.5 =*= 
;3 kcal./mole. If one takes as a very liberal esti­
mate the corresponding entropy of isomerization 
to be 20 e.u. (cyclohexane —» methylcyclopentane, 
A S °  =  8.5 e.u.), the free energy of isomerization 
at 400° K. is found to be of the order of 20 to 25 
kcal./mole. Such a free energy corresponds to 
an equilibrium ratio of the cyclopropane or cyclo­
butane isomer to the cyclopentane of less than 
10~4, i.e.y less than 0.01%.

(3) Golmov, J .  G en . C h em . U S S R ,  11, No. 5-6, 405 (1940). 
Strain energies per CH2 group, C3 ring 11.4, C4 ring 8.5, C5 ring 0.5, 
Ce ami higher rings 0.0 kcal./mole.

It is unlikely that direct mass spectrometric or 
infrared spectrophotometric analysis would be 
capable of detecting less than 1%  of the cyclo­
propane and cyclobutane isomers of CeH12 in a 
mixture of cyclohexane and methylcyclopentane 
plus small quantities (<  2%) hexanes and other 
paraffins and naphthenes, even if the spectra of 
the twelve isomers were available. Although the 
spectra of the C6Hi2, cyclopropanes, and cyclo­
butanes have not been measured, it may be pre­
dicted that their mass and infrared spectra are 
such that the two analytical methods will err 
in the same direction, namely, that the methyl­
cyclopentane will be overestimated and the cyclo­
hexane underestimated in proportion to the quan­
tity of the other isomers in the system. From 
the estimate of the probable equilibrium concen­
tration of these extra isomers it appears that the 
analytical error from this source should be negligi­
bly small.

The experiments with cyclopentane were under­
taken in part because there is good reason to 
believe that the presence of methylcyclobutane 
and the cyclopropane isomers of C 5H10 can be 
detected by means of the mass spectrometer, even 
though the mass spectra have not been measured. 
By analogy with the mass spectra of the C6 and 
C7 naphthenes4 that have been measured, it may 
be concluded that the relative intensity of the ion 
C4H7+ in the mass spectra of the C5H10 cyclo­
propanes and methylcyclobutane should be much 
greater than the relative intensity of this ion in 
the mass spectrum of cyclopentane. Thus the 
evaluation of the relative intensity of this ion, 
C4H7+, should provide a sensitive indication of 
the presence of isomers of cyclopentane.

After correction for the pentane and butane 
contribution to the mass spectrum of the low 
boiling (<45°) fraction of the product of experi­
ment 28, Table IV, the residual intensity of the 
ion, C4H7+, relative to that of the ion, C sHkG, 
agreed with that characteristic of pure cyclo­
pentane to better than 1% . This fact, combined 
with the known low boiling points of the isomers 
of cyclopentane, a conservative assumption con­
cerning the relative intensity, C4H7+/C 5Hio+, in 
that mass spectra of the isomers of cyclopentane, 
and the analytical data given in the footnote to 
Table IV, lead to 0.006% as an upper limit to the 
concentration of isomers of cyclopentane in the 
product of experiment 28.

The agreement between the calculated and 
experimental estimates of the upper limit to the 
concentration of C3 and C4 cyclanes which may 
exist in such systems as those considered in this 
paper, may be taken as reasonable grounds for 
ignoring possible effects of such isomers on the 
accuracy of the determination of the methyl- 
cyclopentane-cyclohexane ratios.

(4) The substances which have been studied include m ethyl­
cyclopentane, cyclohexane, methylcyclohexane, ethylcyclopentane, 
four of the five dimethylcyclopentanes and a m ixture of dimethyl- 
cyclohexanes (hydrogenated commercial xylene).
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The effect of irreversible side reactions on the 
apparent equilibrium ratio of a pair of reversibly 
interconvertible substances has been considered 
by Bates.5 His equation (8) for the limiting 
(t = oo) ratio of B / A  for the reacting system (1)

(la)

(lb)

(lc)

kill ~n
A  B , K e q = -j

ku\ 
kd2

A  ---->  Products
kb2

B ---->  Products

kai
kb.

may be transformed to the form

<2> (!),..-ttK Vs*
where 0 = 1 — 1 / K eq +  (ka2 — kb/)/ka\.  The 
term (ka2 — kb/) /kai,  of the parameter 0, is 
particularly convenient for estimating the effect 
of the irreversible side reactions on the apparent 
equilibrium ratio, ( B / A ) t = co. It has been 
found useful to prepare a graph of ( B / A ) t = 
a function of (ka2 — kb/) /ka i,  for various values of 
K e q.

Bates has pointed out that if ka2 = 0 and 
kb2 — 0, his equation (8) reduces to {B / A ) t = oo 
= K eq. However, the much less stringent condi­
tion, ka2 = kb2, is also a sufficient condition for 
the equality of the apparent equilibrium ratio, 
( B / A ) t -e>', and the true equilibrium constant 
for the reversible reaction. In fact, examination 
of our equation (2) reveals that the important 
condition, necessary for the equality of (B / A ) t = oo 
and K eq is that the ratio of the difference be­
tween the rates of the irreversible side reactions

2.6 2.8 3.0 3.2 3.4
10 * /T .

Fig. 1.—The temperature dependence of K Qq = methyl­
cyclopentane/ cyclohexane.

(5) B ates, T h is  J o u rnal , 68, 511 (1946).

to the rate of the forward step of the reversible 
reaction be small compared with 1 — (1 /K e ) .

For the experiments described in Tables I, II, 
and Ilia , it is apparent that the extent of the 
irreversible side reactions accompanying the CeHi2 
isomerization must have had a negligible effect on 
the ratio of methylcyclopentane to cyclohexane. 
However, this is not the case for the experiments 
of Table I llb . If it is assumed that the kinetics 
of the reactions of cyclohexane and methyl­
cyclopentane may be represented by the differ­
ential equations corresponding to equations 
(la), (lb), and (lc), experiments 26 and 27 
(Table Illb) lead to ka2 =  0.025 hr."1, while 
experiments 24 and 25 give ka2 +  kb2 = 0.015 
hr.-1. Experiments 18 and 19 in the presence 
to 1 /ig the quantity of catalyst present in experi-

(  kai \
ments 24 through 26 indicate kai \CH — >  M CP/ 
to be of the order of 0.1 hr.-1. Thus for experi­
ments 24 through 26 (ka2 — kb/) /kai  < 0.02/16 X 
0.1 ~  0.013, and 0 — 1 +  1 /K e 2<  0.01, and the 
ratio of M CP/CH  must differ from the equilib­
rium ratio by less than 0.5% as a result of the 
side reactions.

In view of the foregoing discussion, it is reason­
able to assume that the JMCP/CH ratios given in 
Tables I, II, and I lia  may be taken to be equal 
to the equilibrium constant for the reaction

Cyclohexane (liquid) < > Methylcyclopentane (liquid)

The three values of this equilibrium constant are 
shown on the usual In K  v s . 1 / T  plot in Fig. 1. 
The radii of the circles representing the experi­
mental points are equal to the mean deviations 
of the individual determinations of the M CP/CH 
ratio from the averages shown in the tables re­
ferred to. The straight line shown on the graph, 
represented by the equation In K  = 4.31 — 
1890/r , is a least squares fit of published values 
of the equilibrium constant.1 Our values of the 
equilibrium constant at 27 and 59° agree within 
their experimental error with the previous deter­
minations. However, our value for the equilib­
rium constant at 100° is definitely higher than 
that indicated by previous determinations. A 
least squares treatment of our data yields the 
equation

In K  =  4.814 -  205 9 /r
The heats of combustion of cyclohexane and 

methylcyclopentane have been measured by 
Moore and Parks,6 from which one obtains A H 2̂ .i 
= 3,930 =±= 35 cal./mole. Aston7 gives S s .i  
(liq. CH) = 48.73 e.u., and Ruehrwein and 
Huffman8 found S m .i (liq. CH) = 48.84 e.u. 
Douslin and Huffman9 have recently redetermined 
the entropy of methylcyclopentane and give 
.S298.1 (MCP liq.) = 59.22 e.u. From the data 
of these authors one then finds

(6) Moore and Parks, i b i d . ,  61, 2561 (1939).
(7) Aston, Szasz and Fink, ibid., 65, 1135 (1943).
(8) Ruehrwein and Huffman, ibid., 65, 1620 (1943).
(9) Douslin and Huffman, ibid., 68, 173 (1946).
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CH (liq.) = MCP (liq.) Affiki = 3,930 ±  35 cal./mole 
AS298.! =  10.44 ±  0.3 e. u. 
AC£298.i =  0.6 cal./mole °K.

The values of AIT/m and A5298 obtained from the 
equilibrium data are compared with the thermo­
chemical and third law values in Table V.

Table V
The Heat and Entropy of the Reaction Cyclqhexane 

(Liquid) <=± Methylcyclopentane (Liquid) 25 °
Therm al0 Equil.& Equil.c

A//.ki3.i 3,930 ±  35 3,735 4,015 ±  550
ASgs.i 10.44 ± 0 .3  8.49 9.50 ± 1 .1

a See text. h In K  = 4.31 — 1890/T , from previous 
investigations. c In K  = 4.814 — 2059/T f this investiga­
tion.

The values of A H  and AS from the equilibrium 
data have been corrected from an average tem­
perature of 65° to 25° by use of the value of A Cp 
for the reaction quoted above (A Cp — 0.6). The 
values deduced from our data are in considerably 
better agreement with the thermal data than are 
those resulting from the averaging over-all pre­
vious work.

The assignment of the formula Ci2H22 to the 
primary high molecular weight product is based 
on previous identification of dicyclohexyl and 
dimethyl dicyclopentyl among the reaction prod­
ucts10 and our observation of an ion of molecular 
weight 166 in the mass spectra of the products 
of a number of our experiments.

In view of the rapid coloration upon exposure 
to air of the non-volatile catalyst complex formed 
in the reactions at 100°, it seems likely that un­
saturated hydrocarbons are present in the catalyst 
complex. That the “ polymer” can act as a 
hydrogen donor is indicated by the observation 
that the total quantity of paraffins formed in 
experiments no. 26 and 27 exceeds one-half of the 
C Hi2 lost as heavy ends.

Our inability to detect cyclopentane in the 
product of any of the experiments with cyclo­
hexane and methylcyclopentane indicates that 
reactions between naphthenes, analogous to the 
well-known paraffin dismutation reactions, are 
slow.

The results of the experiments with cyclo­
pentane (Table IV) show this substance is not 
inert to the action of the aluminum halides,11 
although it is considerably less reactive than the 
C q naphthenes. It was definitely surprising to 
find evidence (mass spectra) for the presence of 
C i2H22 (dicyclohexyl, dimethyl dicyclopentyl, etc.) 
but none for the CioHis (dicyclopentyl). How-

(10) Ipatieff and Komarewsky, T his Journal, 56, 1926 (1934).
(11) Compare Cox, Bull. soc. chim., [4] 37, 1549 (1925).

ever, the observation that the catalyst complex 
formed in the cyclopentane reaction is highly 
colored and similar in appearance to that formed 
by the action of aluminum halides on paraffins, 
while the catalyst complex formed from the C6 
naphthene is colorless (in absence of air) indicates 
that the reactions of the cyclopentane are in 
important respects different from those of the 
C q naphthenes.

In experiment no. 28 (Table IV) the cyclo­
pentane used was not treated with moist alumi­
num chloride prior to use. Analyses indicated 
the sample to contain ca. 0.2% cyclopentadiene 
(ultraviolet) and ca. 0.1% cyclopentene (mass 
spectrometer). The much greater extent of 
reaction in this experiment than in the other ex­
periments with cyclopentane which had been 
treated to remove last traces of unsaturates in­
dicates that unsaturates are promoters of catalytic 
activity in aluminum bromide for reactions of 
cyclanes. Pines and Wackher12 have shown that 
olefins are promoters of isomerization activity 
in the aluminum halides toward the butanes. 
Thus there is further evidence of the similarity 
between the catalysis of alkane and cyclane re­
actions in the presence of aluminum halides (see 
the preceding paper).

Summary
The equilibrium constant of the reaction 

cyclohexane (liq.) methylcyclopentane (liq.)

has been measured at 27, 59 and 100°. It is 
represented by In K  — 4.814 — 2059/ T ,  which 
corresponds to A H /ds.i =  4015 =*= 550 cal./mole 
and A5298.i = 9.50 =*= 1.1 e.u. in good agreement 
with thermochémical and cryogenic measure­
ments.

Among the products of side reactions accom­
panying the equilibration in the presence of moist 
aluminum halides, there have been identified by 
mass spectrometric analysis, propane, butane, 
pentane, hexane, C7, C8, and C9 naphthenes and 
C12 binaphthenes. No evidence could be found 
for the formation of cyclopentane or C7 or higher 
alkanes.

Arguments against the formation of C5 or C6 
cyclopropanes and cyclobutanes from cyclo­
pentane or methylcyclopentane and cyclohexane 
are presented, and partial experimental confirma­
tion of the arguments is reported.

It has been found that butane, pentane, hexane, 
C6, C 7, and C 8 naphthenes and Ci2 binaphthene 
are formed by the action of moist aluminum bro­
mide on cyclopentane at 100°.

____________  R e c e iv e d  M a r c h  3, 1948
(12) Pines and W ackher, T h is  J our n a l , 68, 595 and 599 (1946).
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It has lung been known that an ortho-'or para- 
nitro group strongly activates the condensation of 
a halobenzene with a nucleophilic reagent such as 
the hydroxide ion, an alkoxide ion, a mercaptide 
ion, or an amine. Several other groups, such as 
carboxyl, nitroso, cyano, sulfonyl, acyl and carb- 
alkoxyl groups, have similar ortho-para activat­
ing effects.

This activation has been extensively studied, 
and for various reactions there are available com­
parisons2 of the relative activating effects of pairs 
of groups. From these comparisons it is plain that 
nitro is more strongly activating than the other 
important activating groups, but there isn’t avail­
able any comparison of the relative activating ef­
fects of the several groups in a single sort of reac­
tion under constant conditions.

In this paper we report rate constants for the 
reactions of some /^-substituted bromobenzenes 
with piperidine in benzene at 99°. The rate con­
stants found are recorded in Table I . The order of 
activation in this reaction we have thus found to 
be: N 0 2 »  CH 3S02 > CN  > CH3CO.

T a b l e  I

R e a c t io n s  w it h  P ip e r id in e
k  (liters moles-1 sec."1)

/>-Bromonitrobenzene 64.5 X 10"7
/?-Bromophenyl methyl sulfone 3.40 X 10"7
/>-Bromobenzonitrile * 1.98 X 10"7
/>-Bromoacetophenone 0.86 X 10"7
/>-Chloronitrobenzene 11.4 X 10"7

The determination on /?-chloronitrobenzene was 
made with the object of comparing the rate con­
stant found for it with those to be determined for 
p -chlorobenzophenone and />-chlorobenzotrifluo- 
ride. Samples of the two latter compounds were 
available in the laboratory; both of them, how­
ever, proved to have an order of reactivity too 
low to allow determination of rate constants in the 
time available. In about three and one-half days, 
3.4% of the chlorine of />-chlorobenzophenone was 
liberated as chloride ion; the corresponding figure 
f or ^-chlorobenzotrifluoride was 1.2%.

We have also studied the reactions of p -nitro- 
bromobenzene and of />-bromophenyl methyl sul­
fone with sodium methoxide in methanol at 99°. 
Rate constants for these reactions are listed in 
Table II.

These values, along with those in Table I, show 
very clearly that the relative activating effects of 
groups in nucleophilic substitution reactions are

(1) Present address: D epartm ent of Chemistry, Oregon State
College, Corvallis, Oregon.

(2) M attaar, R ec . tra v . c h im ., 41, 103 (1922); Todd and Shriner, 
T his J ournal, 56, 1382 (1934); Le Fèvre, J. C h em . S o c ., 810 (1931).

T a b l e  i i

R e a c t io n s  w it h  S o d iu m  M e t h o x id e
f k  (liters moles-1 sec.-1)

^-Bromonitrobenzene 78.5 X 10~5
/>-Bromophenyl methyl sulfone 2.84 X 10"5

influenced by the nature of the nucleophilic re­
agent and by the nature of the solvent. In the 
reaction with sodium methoxide the nitro com­
pound reacts twenty-eight times as fast as the sul­
fone, while in the reaction with piperidine it re­
acts only nineteen times as fast.

Experimental
In the cases of p - nitrobromobenzene, />-bromoaceto- 

phenone and p -chloronitrobenzene, the commercial prod­
uct was recrystallized to a satisfactory melting point. 
Commercial piperidine was redistilled, and middle frac­
tions were used in this work. A highly purified sample of 
p -chlorobenzotrifluoride was generously furnished by Dr. 
A. F. Scott.

/>-Bromobenzonitrile.—To a solution of 20 g. of p -
bromobenzamide in 120 ml. of tetrachloroethane, 32 g. 
of phosphorus pentachloride was added and the mixture 
was refluxed for several hours during which hydrogen 
chloride was evolved. The mixture was poured over ice, 
and the organic layer separated and steam-distilled. 
After removal of the tetrachloroethane, the distillate con­
taining the nitrile was collected and filtered. The nitrile 
was recrystallized from petroleum ether; m. p. 110- 
112°3; yield, 7.4 g. (41%).

/>-Bromophenyl Methyl Sulfone.—The method of 
Oxley, Partridge, Robson and Short4 was followed. From 
50 g. of />-bromobenzenesulfonyl chloride, 16 g. (35%) 
of />-bromophenyl methyl sulfone, m. p. 102-103°,5 were 
obtained.

/>-Chlorobenzophenone.—A sample, m. p. 74-75°,6 
was generously supplied to us by Mr. Herbert Hergert 
who prepared it by the method of Gomberg and Cone.7

Kinetic Measurements. A. Reactions with 
Piperidine.— For the study of a particular com­
pound, four or five sealed Pyrex tubes with 
identical contents were prepared. Within each 
tube were 20 ml. of a thiophene-free benzene 
solution about 1.5 molar in piperidine and about 
0.05 molar in the halogen compound. All four or 
five tubes were placed in the thermostat8 at once; 
a drop in temperature ensued, and when the tem­
perature had returned to 99°, one of the tubes was 
removed and cooled to 0°. The other tubes were

(3) Von Braun, Ber., 37, 2816 (1904), reported m. p. of p-hromo- 
benzonitrile 113°.

(4) Oxley, Partridge, Robson and Short, J . Chem. Soc., 767 (1946).
(5) Bourgeois and Abraham, Rec. trav. chim.., 30, 407 (1911), C. A ., 

6, 623 (1912), reported m. p. of ^-bromophenyl methyl sulfone 
102-103°.

(6) Kollarits and M erz, “ Beilstein,” 4th ed., Vol. V II, p. 419, re­
ported m. p. of ^-chlorobenzophenone 75.5-76°.

(7) Gomberg and Cone, Ber., 39, 3278 (1906).
(8) A therm ostat of the type described in Ostwald-Luther, 

c‘Physiko-chemischer Messungen,” 5th ed., Leipzig, 1931, p. 121, 
was used, with water the boiling liquid. The bath  tem perature was 
99 ±  0.5°.
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removed at subsequent recorded times. The con­
tents of the tubes were extracted with water and 
halide ion in the water extracts was determined by 
the Volhard method.

The percentage of reaction in the last tube re­
moved varied from 75.3% (forty hours reaction 
time) in the case of />-nitrobromobenzene, to 
7.0% (137.62 hours reaction time) in the case of 
/?-bromoacetophenone.

Rate constants were determined from the equa­
tion9

k t
2 . 3 0 3  (b -  2 x )  

b -  2 a  l0Sl0 (a  -  x) + C

where b is initial concentration of piperidine, a is 
initial concentration of the halogen compound, and 
x is concentration of the piperidinium halide prod­
uct at time t (first tube removed from bath at t — 
0). This mathematical expression is valid for the 
chemical equation

R X  -f- 2 C5H10N H ---->  RNC5H10 +  C5H10NH2X
When values of the term 2.303/ (b — 2a) logio [(b 
— 2x ) / ( a  — x)] were plotted against t, the points 
in every case fell virtually on a straight line.10 
Values of the slope were calculated by the Method 
of Zero Sum.11

B. Reactions with Sodium Methoxide.—
The technique was generally the same as used 
for the reactions with piperidine. The same 
thermostat was used with temperature again 
99 =*= 0.5°. Each tube contained 0.00200 mole of 
the halogen compound (added as a solid) and 
0.00200 mole of sodium methoxide in a total vol­
ume of 19.28 ml. When a tube was opened, its

(9) Cf. Rheinlander, J . Chem. Soc., 123, 3099 (1923).
(10) The average deviation of points from the straight line was in 

every case less than  3% of the difference between the first and last 
values plotted.

(11) Campbell, Phil. Mag., 39, 177 (1920); 47, 816 (1924).

contents were added to 100 ml. of 50% methanol 
and unconsumed base was determined by titra­
tion with standard hydrochloric acid to the methyl 
red end-point. For one tube of each compound, 
this titration was followed by a conductimetric 
titration of halide ion, and it was observed that 
bromide liberated was equal to methoxide con­
sumed in the case of the nitro and sulfone com­
pounds.

Rate constants were calculated from the ex­
pression

1 / ( a  — x )  =  k t +  C

applicable to second order reactions in which the 
initial concentrations of both reactants are equal. 
Values of k were found by the Method of Zero 
Sum.11

Acknowledgment.— The authors are grateful 
for generous financial support by the Research 
Corporation which greatly aided the progress of 
this work.

Summary
1. Rate constants for the reactions of some p -

substituted bromobenzenes with piperidine at 99° 
have been determined; comparison of them shows 
that for this reaction four groups stand in the fol­
lowing order of activating influence: N 0 2 O
C H 3SO 2 > CN > C H 3 C O .

2. Rate constants for the reactions of p - bro- 
monitrobenzene and of p -bromophenyl methyl 
sulfone with methanolic sodium methoxide at 99° 
have been determined.

3. The rate constant for the reaction of p -
chloronitrobenzene with piperidine at 99° has 
been determined; />-chlorobenzotrifluoride and 
/>-chlorobenzophenone reacted too slowly with pi­
peridine to allow kinetic study of the reactions. 
Portland, Oregon R eceived January 7, 1948

[Co n t r ib u t io n  fr o m  t h e  N o r t h e r n  R e g io n a l  R e s e a r c h  L a b o r a t o r y 1]

Polysaccharide Aryl Carbamates2
By Ivan A. Wolff and Carl E. Rist

Although aromatic isocyanates are regularly 
used for the characterization of a variety of alco­
hols, the reactions of these reagents with carbo­
hydrates have not been extensively investigated. 
Carbanilates of several common sugars,8 sugar 
alcohols,4 glucosides,5 and the 1-N-«-naphthyl

(1) One of the laboratories of the Bureau of Agricultural and In­
dustrial Chemistry, Agricultural Research Administration, U. S. 
D epartm ent of Agriculture. Article not copyrighted.

(2) M anuscript presented before the Division of Sugar Chemistry 
and Technology of the American Chemical Society a t Chicago, Il­
linois, April 19-23, 1948.

(3) Maquenne and Goodwin, Bull. soc. chim., [3] 31, 430 (1904).
(4) Tessmer, Ber., 18, 968 (1885).
(5) Jolles and Botrini, Gazz. chim. ital., 65, 1217 (1935); Wolfrom 

and Pletcher, T his Journal , 62, 1151 (1940); Hearon, H iatt and

carbamate of 2,3,4,5,6-0-pentamethy 1- (levo)-sorbi­
tol6 have been prepared. Recently carbamate 
derivatives of cellulose and of partially esterified 
or etherified cellulose have been reported.7

This paper reports the preparation and some 
properties of the esters of corn starch, corn amyl­
ose and amylopectin with phenyl isocyanate and 
with «-naphthyl isocyanate. Tricarbanilates of 
waxy (glutinous) corn starch, white potato amy-
Fordyce, ibid., 66, 995 (1944); Hearon, ibid., 70, 297 (1948); Reeves, 
ibid., 70, 259 (1948).

(6) Wolfrom and Gardner, ibid., 65, 750 (1943).
(7) Hearon, H ia tt and Fordyce, ibid., 65, 829, 833 (1943); 

Dyer and McCormick, ibid., 68, 986 (1946); Hearon and Lobsitz, 
ibid., 70, 296 (1948).
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lose and amylopectin, glycogen, com torrefaction 
dextrin, dextran from Leuconostoc mesenteroides,8 
corn /5-amylase limit dextrin9 and Schardinger (3~ 
dextrin10 were also prepared. The tricarbanilate
esters were d iffe ren t from the aliphatic esters pre­
viously studied in that they could be prepared
from starch granules which had no pretreatmeiit. 
Their optical rotations were negative in pyridine 
and were related to the degree of branching of the 
polysaccharide used. Starch tricarbanilate could 
be separated into its linear and non-linear compo­
nents by the selective solvent action of ethyl 
acetate.

Corn starch granules reacted rapidly with 
phenyl isocyanate at 100° in the presence of pyri­
dine to give a trisubstituted product. Esterifica­
tion was substantially complete after two hours, 
but a reaction period of twenty-four hours gave 
products whose solutions in organic solvents 
showed greater clarity. The yield of trisub­
stituted derivatives was quantitative. Waxy 
corn starch, the corn and white potato starch com­
ponents, Schardinger /5-dextrin and the /5-amylase 
limit dextrin reacted in a similar fashion. Dex­
tran was converted to its triester in the pyridine- 
phenyl isocyanate medium, although the material 
was never completely in solution. Corn torrefac­
tion dextrin was quite resistant to carbanilation. 
After twenty-four hours at 100° only 3.67% nitro­
gen had been introduced. The dextrin was ren­
dered more reactive by solution in water and re­
precipitation in ethanol.

Trisubstitution occurred readily when «-naph­
thyl isocyanate reacted with corn amylose, amylo­
pectin or previously pasted and dried starch. Re­
action with starch granules was, however, slower 
than in the case of phenyl isocyanate. In the 
presence of an excess of «-naphthyl isocyanate 
over that needed for trisubstitution, only two 
groups per anhydroglucose unit were introduced 
in twenty-four hours at 100°.

All of the esters were white amorphous solids 
which fused over a considerable temperature range 
of 220-300° (see Table I). The Schardinger /5- 
dextrin tricarbanilate melted at 214-215°.

In contrast with the high positive optical rota­
tions of corn starch and its aliphatic esters and 
ethers the tricarbanilates of the whole starch, corn 
amylose, and amylopectin had a levorotation in 
pyridine (see Table I). Even more striking was 
the 20° difference in the rotations of the amylose 
and the amylopectin derivatives. Since it is now 
believed that corn amylose is linear while amylo­
pectin is branched, this rotational difference indi­
cated that correlation might be expected between 
the structure of a 1,4-linked anhydroglucose poly­
mer and the optical rotation of its tricarbanilate

(8) Jeanes, Wilham and Miers, paper presented before the Divi­
sion of Sugar Chemistry and Technology a t the 112th meeting of the 
American Chemical Society, New York, N. Y., September 15-19, 
1947.

(9) Hodge, Montgomery and Hilbert, Cereal Chem., 25, 19 (1948).
(10) McClenahan, Tilden and Hudson, T his Journal, 64, 2139

(1942).

T a b l e  I
Optical R otations and M elting Ranges of Poly­

saccharide T ricarbanilates

Tricarbanilate of
[«125d, (C 

Pyi’iuiue'1

= 1), in 
Morpho­

line

Melting
range,
°C.b

Corn amylose - 8 2 .5 ° — 7° 248;259-265
Corn amylopectin — 62.0 — 4 250-260
Corn starch - 6 6 . 0 — 5 209;222-262
Waxy corn starch - 6 1 .0 — 3 250-260
White potato amylose - 8 2 .5 _ 7 245-265
White potato amylopec­

tin - 6 1 .0 _ 6 245-260
Corn /3-amylase limit 

dextrin - 3 5 .0 + 17 240-255
Glycogen - 3 1 .5 + 4 220;240-260
Corn torrefaction dex­

trin - 4 6 .0 + 9 200;226-245
Dextran Insol. +343 255;288-298
Schardinger /3-dextrin + 6 9 .5 + 22 214-215

a Values stated to the nearest 0.5 °.
6 Taken in capillary tubes. The first figure is the sin­

tering point. Then the melting range is given.

in pyridine. This expectation was borne out in 
the series of compounds listed in Table I. The 
potato amylose and amylopectin derivatives had 
rotations equal to those of the corn starch frac­
tions. Waxy corn starch tricarbanilate had the 
same rotation as the amylopectin derivative to 
which it is closely related in structure.11 Glyco­
gen and corn /5-amylase limit dextrin, which are 
thought to be approximately equally branched12 
and more so than amylopectin, gave derivatives 
with nearly the same rotations, but less negative 
than those of amylopectin. Using similar reason­
ing it would appear that the water-soluble corn 
torrefaction dextrin, prepared in the absence of 
catalyst, was more highly branched than amylo­
pectin, but less so than glycogen. The rotation of 
the Schardinger /5-dextrin carbanilate was not di­
rectly comparable to the rotations of the higher 
molecular weight polysaccharides.

Since the dextran tricarbanilate was sufficiently 
soluble only in morpholine for reading its optical 
rotation, the rotations of the other derivatives in 
morpholine were measured for comparison. The 
accuracy of these last-mentioned rotations was low 
because of their very small value. An outstand­
ing difference could be noted, however (Table I), 
between the rotations of the predominantly 1,4- 
linked polysaccharide derivatives taken as a group 
and the large dextrorotation of the dextran carba­
nilate which contained an abundance of 1,6-link­
ages.13 This phenomenon is being investigated as 
a possible test for the presence of different types 
of glycoside linkages in polysaccharides.

The optical rotations of the tri-«-naphthyl car­
bamates of the starch, amylose and amylopec-

(11) Schopmeyer, Felton and Ford, Ind. Eng. Chem., 35, 1168
(1943).

(12) Meyer in “ Advances in Colloid Science,” ed. by E. O. 
Kraemer, Vol. 1, Interscience Publishers, Inc., New York, N. Y., 
1942, pp. 159, 175.

(13) Levi, Hawkins and Hibbert, T his Journal, 64, 1959 (1942).
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tin of corn were +40, +50 and +36°, respec­
tively. These positive values were unexpected in 
view of the negative rotations of the correspond­
ing phenyl derivatives. The spread between the 
amylose and amylopectin «-naphthylcarbamates, 
while not as great as between their carbanilates, 
was substantially more than in the case of the ali­
phatic acid triesters.

The tri- «-naphthylcarbamates were not com­
pletely soluble in any organic solvent tested. 
They were partially soluble in pyridine, dioxane 
and morpholine. All of the higher molecular 
weight tricarbanilates were most soluble in pyri­
dine and morpholine, less so in acetone, ethyl ace­
tate, 1,4-dioxane and cold diethyl Cellosolve, and 
insoluble in other common organic solvents. The 
torrefaction dextrin and Schardinger /5-dextrin 
carbanilates were readily soluble in most of the 
solvents tested. The tricarbanilates were often 
more soluble in cold than in warm solvents. This 
was shown most strikingly by the corn amylose 
derivative, which was completely soluble in di­
ethyl Cellosolve at room temperature, but pre­
cipitated immediately on slight warming. Cool­
ing of the mixture caused prompt re-solution.

Fractionation of corn starch tricarbanilate into 
the corresponding amylose and amylopectin deriv­
atives has been accomplished by the selective 
solvent action of ethyl acetate. The soluble por­
tion of the ester, constituting from one-sixtli to 
one-quarter of the original material, had a rotation 
that indicated it to be the amylose ester, from 65 
to 80% pure. After removal of the carbanilino 
groups, the reconstituted fractions were titrated 
potentiometrically with iodine.14 The soluble 
fraction sorbed from 139 to 158 mg. of iodine per 
gram while the insoluble portion sorbed 19 mg. per 
gram, thus substantiating the analyses on the basis 
of optical rotation. This is the first known in­
stance of successful solvent fractionation of a 
starch ester into its linear and non-linear compo­
nents.

The close agreement between the optical rota­
tion data and the fraction purities obtained in the 
potentiometric iodine titration suggested the pos­
sible use of the former as an analytical tool in 
determining the amylose-amylopectin ratio in a 
mixture. The successful operation of this pro­
cedure on a fairly pure amylose sample and on a 
material of rather low amylose content (whole 
starch) has been demonstrated above. The prin­
ciple has also been applied to a synthetic sample 
composed of a mixture of equal parts by weight of 
corn amylose tricarbanilate and amylopectin tri­
carbanilate. The rotation of this mixture was 
— 72.0° (pyridine, C  = 1) indicating an amylose 
content of 49%. This procedure might advan­
tageously be applied in cases where only very 
small amounts of material are at hand since the 
weight of sample is more than tripled by reaction 
with phenyl isocyanate.

(14) Bates, French and Rundle, T his Journal, 65, 142 (1943); 
Wilson, Schoch and Hudson, ibid., 65, 1380 (1943).

Further studies on the reactions of carbohy­
drate materials with mono- and polyfunctional iso­
cyanates are in progress.

Experimental
M aterials.—The corn starch used was a high-grade 

commercial product. The white potato and waxy corn 
starches were extracted from their natural source in the 
pilot plant of this Laboratory. Amylose and amylopectin 
were separated by the butanol precipitation procedure , 15 

and the amylose was recrystallized until the iodine sorp­
tion was 190 m g./g. or higher . 1 4  (3-Amylase limit dextrin 
was prepared from an aqueous solution of corn amylopec­
tin by allowing wheat (3-amylase to react with it for eigh­
teen hours . 9 The dextrin was isolated by precipitation 
with ethanol. Dextran from L e u co n o sto c  m esen te ro id e s  
was a water-soluble product of high viscosity prepared by 
allowing the organism to act for twenty-four hours on a 
10% sucrose solution . 8 Corn torrefaction dextrin was 
prepared by heating corn starch in the absence of a catalyst 
for six hours a t 185 °. The product was completely water- 
soluble. I t  was pretreated by homogenization of an 8 % 
aqueous solution in a Waring Blendor, filtration, and then 
isolation of the dextrin by precipitation in ethanol. 
Schardinger (3-dextrin was kindly furnished to  us by Dr.
T. J . Schoch. Glycogen, phenyl isocyanate, and a - 
naphthyl isocyanate were Eastman Kodak Co. white 
label chemicals, used without further purification. Com­
mercial pyridine having a 2  ° boiling range was dried over 
solid sodium hydroxide and distilled before use.

General Methods of Preparing the Tricarbanilate Esters. 
—The reactions of corn starch, waxy corn sta'rch, corn and 
potato amylose and amylopectin, corn torrefaction dextrin, 
and corn (3-amylase limit dextrin with phenyl isocyanate 
were carried out as in the following typical preparation. 
Nitrogen analyses on the products agreed with the calcu­
lated value for a tricarbanilate (calcd. for C27H 2 5N 3O8 : 
N, 8.09) within ±0 .1% .

Ten grams (0.055 mole) of waxy corn starch (moisture 
10.76%) was suspended in 150 ml. of dry pyridine. Dis­
tillation through a 6 -inch Vigreux column was carried out 
with stirring until 75 ml. had distilled. The amount dis­
tilled was then replaced with dry pyridine. Forty grams 
of phenyl isocyanate (0.34 mole) was added, and reaction 
was carried out for twenty-four hours a t 100 °. The clear, 
light yellow, viscous mass was precipitated in ethanol, 
washed three times with ethanol, and then dried, giving
28.9 g. of product (theoretical yield for the tricarbanilate
28.6 g.).

The course of the reaction of corn starch granules with 
phenyl isocyanate is shown in the following d a ta :

Reaction time
14 min.
28 min.
57 min.

1 hr. 49 min. 
4 hr. 32 min.

% N  in ester
3.37
5.54
7.36
7.82
8.03

After fifteen minutes the reaction mixture was very vis­
cous. No gross changes in viscosity occurred after this 
time.

Dextran tricarbanilate was prepared as above, but a re­
action period of forty-eight hours was used. The reaction 
mixture in this case was light tan  and somewhat viscous, 
but was not free of solid material a t any time during the 
period of reaction.

Glycogen tricarbanilate was prepared by reaction of gly­
cogen with phenyl isocyanate for twenty-four hours. 
After tha t time the mixture was filtered through a coarse 
Pyrex fritted glass funnel and the residue, which was esti­
mated a t approximately 1 0 % of the starting material, was 
discarded. This was probably largely impurities in the 
glycogen. The filtrate was poured into ethanol, where­

(15) Schoch, ibid., 64, 2957 (1942).
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upon the glycogen tricarbanilate formed a very fine pre­
cipitate. This ester was washed twice with ethanol, 
once with water, and then dried.

In the preparation of Schardinger p -dextrin tricarbanil­
ate a reaction period of six hours a t 100 ° was used. The 
esterification mixture was poured into four volumes of ab­
solute ethanol, giving a clear solution, which was then 
poured into an equal volume of water. Eighty-three 
per cent, of the theoretical amount of crude tricarbanilate, 
m. p. 162-175°, precipitated. The crude product was 
soluble in hot isopropyl alcohol and reprecipitated (as 
round, non-crystalline particles) on cooling. Two repre­
cipitations gave pure Schardinger P -dextrin tricarbanilate, 
melting a t 214-215°.

A n a l .  Calcd. for Q 8 9H 175O56N 2 1 : N, 8.09. Found: N,
8.02.

Preparation of «-Naphthylcarbamates.—Corn starch 
(5.6 g., air-dried) was dried azeotropically with pyridine 
and reacted for twenty-four hours a t 1 0 0 °, in 1 0 0  ml. of 
pyridine, with 28 g. of a-naphthyl isocyanate. The tan, 
opaque reaction mixture was poured into ethanol, giving 
16.1 g. of a-naphthyl carbamate, containing 5.61% N; 
calcd. for the triester 6.28% N.

A 7% cornstarch paste was stirred in a Waring Blendor 
for fifteen minutes, and the starch was then precipitated 
in ethanol, washed with ethanol, and dried. This pre­
treated starch, when treated with a-naphthyl isocyanate 
as above, gave starch tri-a  -naphth ylcarbamate.

A n a l .  Calcd. for C3 9 H 3 1N 3O8 : N, 6.28. Found: N,
6.29.

Corn amylose and amylopectin tri-^-naphthylcarbam- 
ates were prepared in a fashion similar to th a t for the starch 
derivative.

Optical Rotations.—All optical rotations were taken at 
1% concentration. When an ester was incompletely dis­
persed in the solvent or when the solution was too turbid 
to see through in the saccharimeter, the mixture was homo­
genized in a Waring Blendor. These blended solutions 
always showed improved clarity. Their concentrations 
were determined by evaporating 1 0 -ml. aliquots to dry­
ness.

Fractionation of Corn Starch Tricarbanilate.—Five 
grams of the tricarbanilate prepared from pretreated corn 
starch was stirred a t room temperature for twenty-four 
hours with 150 ml. of ethyl acetate. The mixture was then 
centrifuged and the soluble and insoluble portions were 
individually precipitated with 50% ethanol, washed with 
water, and dried. The soluble fraction weighed 1.0 g., 
[a ]  25d  —78.5° (pyridine, C  — 1). The insoluble fraction 
weighed 3.4 g., [ck] 25d  —66.0° (pyridine, C = 1).

Two grams of the ethyl acetate-insoluble fraction and 
0.54 g. of the soluble fraction were refluxed for twelve

hours in 100 ml. and 50 ml., respectively, of 1.2 iV sodium 
methoxide in absolute methanol. The regenerated frac­
tions were washed twice with absolute ethanol, once in 
ethanol containing a small amount of glacial acetic acid, 
once with 90% ethanol, twice more with absolute ethanol, 
and then were dried. The iodine sorption of the regener­
ated fractions was 19 m g./g. and 158 m g./g., respectively.

In another similar fractionation, 1.3 g. of soluble tri- 
carbanilate was obtained, [ « p 5D —75.0° (pyridine, C  — 
1). The recovered amylose from this material sorbed 
139 mg. of iodine per gram.

A similar separation was effected with the tricarbanilate 
prepared from non-pretreated starch.

The use of trade names in this paper does not necessarily 
constitute endorsement of these products nor of the manu­
facturers thereof.

Acknowledgment.—We are indebted to B. K. Zoss and 
P. R. Watson for carrying out portions of the experimental 
work, to M. Austin and C. Wilham for certain of the poly­
saccharide raw materials, and to  M. Wiele for the nitrogen 
analyses reported in this paper.

Summary
1. Tricarbanilates have been prepared of com 

starch, corn amylose and amylopectin, potato 
amylose and amylopectin, waxy corn starch, dex­
tran, glycogen, /5-amylase limit dextrin, corn tor- 
refaction dextrin and Schardinger /5-dextrin.

2. Tri-a-naphthylcarbamates of corn starch, 
amylose and amylopectin were also prepared.

3. The melting characteristics, solubility be­
havior and optical rotations of these derivatives 
were given.

4. In contrast with the usual aliphatic acid an­
hydrides, phenyl isocyanate reacted in the pres­
ence of pyridine with non-pretreated starch gran­
ules to give a fully esterified product.

5. The wide variation of up to 20° between the 
specific rotations of the tricarbanilates of branched 
and unbranched polysaccharides suggests a means 
of differentiation of polysaccharides of different 
structural types.

6. The fractionation of starch tricarbanilate by 
the selective solvent action of ethyl acetate into 
the component amylose and amylopectin esters 
was successfully accomplished.
P e o r ia , I l l in o is  R e c e iv e d  A p r il  30, 1948
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Curariform Activity and Chemical Structure. II. Synthesis in the 
Benzyltetrahydroisoquinoline Series1

B y  L. E . C raig  and  D . S . T a r bell

One of the most effective of the curare alkaloids 
in causing paralysis of the peripheral nervous 
system (curariform paralysis) is d-tubocurarine 
chloride. This naturally occurring alkaloid was 
shown by King2 to be of the bisbenzyltetrahydro- 
isoquinoline type and to have structure 1.

c h 3o / /CHs
N <
/+X CH3

vOH
CH2

2C1- I

I
c h 2 o

ch'<YVohca UV*®
The present paper reports the syntheses of and 
the results of preliminary pharmacological tests 
on certain compounds analogous to half of the d- 
tubocurarine chloride molecule, that is, quater­
nary salts of benzyltetrahydroisoquinoline deriva­
tives.

Numerous syntheses of laudanosine (II) have 
been reported in the literature. Pyman3 treated 
tetrahydropapaverine with methyl iodide and ob­
tained laudanosine hydroiodide in 5% yield, 
along with 21%  of tetrahydropapaverine hydroio­
dide and 19% of laudanosine methiodide. Pictet 
and Finkelstein4 prepared the methiodide of 3,4- 
dihydropapaverine, obtained from homoveratroyl- 
homoveratrylamine by the Bischler-Napieralski 
reaction, converted it to the methochloride by 
stirring with silver chloride, and reduced the 
methochloride chemically with tin and hydrochlo­
ric acid. They obtained a 7%  yield, based on the 
starting amide.

Several chemical reductions of N-methyl quat­
ernary salts of papaverine have been reported,5 in 
yields of 50-80%, but relatively long reaction pe­
riods were required and the necessary decomposi­
tion of the tin or zinc complex salts at the end of 
the reduction made the isolation of the product 
very inconvenient.

(1) Aided by a G rant from the National Foundation for Infantile 
Paralysis. We are indebted to Dr. Virgil Boekelheide and R. 
Plato Schwartz, M .P ., for their interest in this work.

(2) King, J . Chem. Soc., 1381 (1935); 265 (1948).
(3) Pyman, ibid., 95, 1610 (1909).
(4) P ictet and Finkelstein, Ber., 42, 1979 (1909).
(5) (a) Awe and Unger, ibid., 70, 472 (1937); (b) Pictet and Athan- 

asescu, ibid., 33, 2346 (1900); (c) Pyman and Reynolds, J. Chem. 
Soc., 97, 1320 (1910).

We have found that tetrahydropapaverine can 
be methylated to laudanosine very conveniently, 
and in excellent yield (89%), by the reductive 
methylation procedure,6 using anhydrous formal­
dehyde in absolute alcohol, with Raney nickel and 
hydrogen under mild conditions.

N-Methyllaudanosinium iodide (III) and the 
previously unreported N-benzyllaudanosinium 
bromide (IV) were prepared by conventional 
methods.

The tetrahydropapaverine required for this 
synthesis was prepared by the hydrogenation of 
both papaverine and 3,4-dihydropapaverine, in 
the presence of Raney nickel, giving yields (greater 
than 80%) greatly improved over those reported 
in the literature.7 A  further advantage is that the
3,4-dihydropapaverine, which is very unstable, 
need not be isolated and purified after its forma­
tion by ring-closure of homoveratroylhomoverat- 
rylamine, but may be hydrogenated in the crude 
form after transferring to the appropriate solvent.

(II) R = —OCHs (III) R = —OCHs, Ri = CH3
(VII) R  = —H (IV) R = —OCHs, Ri =

— CH2C6H 5
(VIII) R  = —H, Ri = — CHs

A literature survey8 on the types of compounds 
exhibiting curariform activity disclosed that cer­
tain compounds possessing a tertiary or quater­
nary nitrogen common to two saturated ring 
systems show marked curariform activity. Treat­
ment of tetrahydropapaverine with formaldehyde 
gave such a compound, 2,3,10,11-tetramethoxy- 
5,6,13,13a - tetrahydro-8-dibenzo(a,g)quinolizine9
(V), which was converted to the quaternary methi­
odide (VI) by treatment with methyl iodide.

(6) For references related to the alkylation of aromatic and ali­
phatic amines with aldehydes and ketones, see (a) Clark, Gillespie 
and Weisshaus, T his J ournal, 55, 4571 (1936), and (b) Emerson 
and Ringwald, ibid., 63, 2843 (1941), the last paper of a series.

(7) (a) Spath and Burger, Ber., 60, 704 (1927), obtained a 62% 
yield by  electrolytic reduction of papaverine. Pym an3 obtained a 
39% yield by reduction of papaverine with tin  and hydrochloric acid, 
(b) Kindler and Peschke, Arch. Pharm., 272, 236 (1934), reduced d i­
hydropapaverine catalytically with palladium in 63% yield.

(8) Craig, Chem. Rev., 42, 285 (1948).
(9) This compound has appeared in the literature under the follow­

ing names: norcoralydine, tetrahydropalm atine, and 2,3,11,12-
tetramethoxyberbine. The “ Ring Index” name has been used in this 
paper for clarity.
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(V) R  = —OCH3 (VI) R  -  —OCH3
(IX) R  = —H (X) R  =  —H

The corresponding compounds without meth­
oxyl groups were also prepared. 1-Benzyl-1,2,3,4- 
tetrahydroisoquinoline was prepared by catalytic 
hydrogenation (Raney nickel) of the 1-benzyl-3,4- 
dihydroisoquinoline formed in the Bischler-Na- 
pieralski synthesis. Here again the 3,4-dihydro- 
isoquinoline was not isolated. Only chemical re­
ductions have previously been reported.10 The 
reductive methylation of the tetrahydroisoquino- 
line with formaldehyde gave l-benzyl-2-methyl-
1,2,3,4-tetrahydroisoquinoline (VII) in 66% 
yield. (VII) was converted into the quaternary 
methiodide (VIII).

Attempts to prepare 5,6,13,13a-tetrahydro-8- 
dibenzo(a,g)-quinolizine (IX) by treatment of 
1-benzyl-1,2,3,4-tetrahydroisoquinoline with for­
maldehyde under both acidic and basic conditions 
were unsuccessful, but it was obtained by the 
method óf Leithe11 and converted to the quater­
nary methiodide (X).

Compounds III, IV, VI and VIII exhibited 
curare-like activity in mice, the two most effective, 
VI and VIII, being l/70th to l/75th as active as 
d-tubocurarine chloride. All four of the com­
pounds showed vasodepression in dogs. Com­
pounds V and X  were convulsant poisons.12

Experimental13
Tetrahydropapaverine. A.—Ten grams of papaverine14 

in 250 cc. of ethanol was shaken with 1 g. of Raney nickel 
for four hours a t 150° under hydrogen a t 150 atm. The 
catalyst was removed by filtration and the filtrate reduced 
in volume to about 100 cc. An excess of dry hydrogen 
chloride gas was bubbled through the solution and ether 
added to precipitate the tetrahydropapaverine hydro­
chloride. Ten grams (89%) was obtained, m. p. 216- 
218°. The picrate after recrystallization from ethanol 
melted a t 161-162°.15

B.—A 10-g. sample of homo veratroylhomo vera try 1- 
amine, prepared from the hydrazide of /3-(3,4-dimethoxy- 
phenyl) -propionic acid and homoveratric acid by the 
method of Schöpf and Salzer,16 was treated with phos­
phorus oxychloride in thiophene-free benzene according 
to the method of Kindler and Peschke,7b all operations 
being carried out under an atmosphere of nitrogen rather 
than carbon dioxide. The chloroform extract of the di­

(10) (a) Leithe, Ber., 63, 1498 (1930); (b) Forsyth, Kelly and 
Pyman, J . Chem. Soc., 127, 1659 (1925).

(11) Leithe, Ber., 63, 2343 (1930).
(12) The authors are indebted to Drs. J. A. Shannon, C. R. Line- 

gar and J. C. Burke of the Squibb Institu te for Medical Research 
for the pharmacological tests on these compounds.

(13) All melting points are corrected; analyses by Mrs. G. L. Sau- 
vage and Dr. Carl Tiedcke.

(14) Obtained as the hydrochloride from Mallinckrodt Chemical 
Co.

(15) Pym an3 reported 217-219° as m. p. of the hydrochloride and 
161-162° for the picrate.

(16) Schöpf and Salzer, Ann., 544, 1 (1940).

hydroisoquinoline was evaporated to dryness, and the 
residue taken up in 75 cc. of ethanol. The solution was 
shaken for five hours a t about 70° under hydrogen at 3.5 
atm. in the presence of about 0.5 g. of Raney nickel. 
After removing the catalyst by filtration, the solution was 
reduced in volume to about 50 cc. and an excess of dry 
hydrogen chloride gas introduced. The tetrahydropa­
paverine hydrochloride was recrystallized from ethanol- 
ether, 8.7 g. (79%) of very light tan needles being ob­
tained, m. p. 216°. The picrate melted a t 161-162°.15

Laudanosine (II).—A 2-g. sample of tetrahydropapaver­
ine hydrochloride was converted to the free base and dis­
solved in 50 cc. of absolute ethanol. An excess of an­
hydrous formaldehyde was introduced into the solution 
by passing a stream of dry nitrogen over dry paraformalde­
hyde, heated in a flask immersed in an oil-bath a t 180- 
190°, and then into the cooled solution. About 0.5 g. 
of Raney nickel was added, and the solution shaken at 
room temperature for three and one-half hours under 
hydrogen at a pressure of 2.5 atm . The catalyst was 
removed by filtration, the ethanol solution reduced in 
volume to about 25 cc., and an excess of dry hydrogen 
chloride introduced. On adding ether, an oil separated 
and slowly crystallized. The product was dissolved in 
water and the cooled solution made basic with dilute 
alkali. The white amorphous solid (1.7 g., 89%, m. p.
111-113°) melted a t 114-115° after recrystallization from 
dilute ethanol. The picrate was obtained as yellow 
needles from ethanol, m .p . 173-175°.17

N-Methyllaudanosinium Iodide (III).—This product 
was obtained in 69% yield by refluxing a dry benzene 
solution (50 cc.) of 3 g. of laudanosine and 1.5 cc. of 
methyl iodide for three hours, m. p. 212-214° without 
further purification. A small sample recrystallized from 
ethanol-ether with charcoal treatm ent melted a t 214- 
215°.18 This product was shown by mixed melting point 
to be identical with a product obtained in 15% yield from 
the treatment of tetrahydropapaverine with methyl iodide.

A n a l .  Calcd. for C22H 3 0INO 4 : C, 52.91; H, 6.10.
Found: C, 52.98; H , 6.09.

N-Benzyllaudanosinium Bromide (IV).—This product 
was obtained in essentially quantitative yield by refluxing 
a benzene solution (25 cc.) of 1 . 2  g. of laudanosine and 
0.5 cc. of benzyl bromide for six hours. After recrystal­
lization from absolute ethanol, tiny needles were obtained, 
m. p. 157-165° with decomposition. No attem pt was 
made to separate the diastereoisomers.

A n a l .  Calcd. for C2 8H 34BrN 0 4 : C, 63.63; H, 6.49. 
Found: C, 63.50; H , 6.10. These analytical values
were obtained after several analyses in which carbon per­
centages were consistently low.

2 ,3 , 1 0 , 1 1 -T etr amethoxy -5,6,13,13 a-tetr ahy dr 0  - 8  - 
dibenzo (a,g) quinolizine (V) .19—Five grams of tetrahydro­
papaverine hydrochloride in 40 cc. of water was heated on 
a steam-bath while 10 cc. of 35% formaldehyde was 
added in small portions over a period of thirty minutes. 
Heating was continued for an additional thirty minutes. 
After concentrating the solution and cooling, 5.2 g. of 
the crude hydrochloride was obtained. The product 
was dissolved in a small amount of water and the free 
base liberated by the addition of an excess of dilute 
alkali, giving 3.8 g. (83%), m. p. 158-159°.

A n a l .  Calcd. for C21H 2 5N 0 4: C, 70.96; H, 7.09.
Found: C, 70.98; H , 6.93.

The hydrochloride, prepared by passing dry hydrogen 
chloride gas through an ether solution, melted at 234- 
237° with decomposition . 20

(17) Pictet and Anthanasescu5b reported 115° as m. p. for the 
free base, and 174° for the picrate.

(18) Pym an3 reported a m. p. of 123-215°. P ictet and Athana- 
sescu5b reported a m. p. of 215-217°.

(19) Pictet and Chou, Ber., 49, 370 (1916).
(20) (a) Hayworth, Koepfli and Perkin, J . Chem. Soc., 548 (1927), 

reported a m. p. of 147° for the free base, (b) Feist, Arch. Pharm., 
245, 627 (1907), reported a m. p. of 145°. P ictet and Chou19 re­
ported a m. p. of 157—158° for the free base* and 213° for the hydro­
chloride.
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7-Methyl-2,3,10,11 -tetramethoxy-5,6,13,13a-tetra- 
hydro-8-dibenzo (a,g) quinolizinium Iodide (VI).—This 
quaternary salt was obtained in essentially quantitative 
yield by refluxing a solution of 2 g. of 2,3,10,11 -tetra- 
methoxy-5,6,13,13a-tetrahydro-8-dibenzo(a,g) quinolizine 
and 1 cc. of methyl iodide in 50 cc. of benzene for three 
and one-half hours. The tiny white needles which pre­
cipitated melted a t 244—249°.21 No attem pt was made 
to separate the diastereoisomers.

A n a l .  Calcd. for C2 2 H2 8 lN 0 4: C, 53.12; H, 5.67.
Found: C, 52.75; H, 5.71.

1 -Benzyl-1,2,3,4-tetrahydroisoquinoline.—A 20-g. 
sample of N-( /3-phenylethyl) -phenylacetamide22 was con­
verted to l-benzyl-3,4-dihydroisoquinoline by treatment 
with phosphorus pentoxide in boiling tetralin according 
to the procedure of Spath, Berger and K untara.23 The 
light yellow oil (10 g., 54%) was dissolved in 75 cc. of 
ethanol, 1 g. of Raney nickel added, and the solution 
shaken for three hours a t 70° under hydrogen at 3.5 atm. 
The catalyst was removed by filtration and the filtrate 
concentrated to about 40 cc. An excess of dry hydrogen 
chloride gas was introduced and ether added to facilitate 
precipitation. The 8.8 g. of colorless crystals obtained 
represent a 75% yield in the hydrogenation. A small 
sample after recrystallization from ethanol-ether melted 
at 172-173 °.24

1 -Benzyl-2-methyl-l ,2,3,4-tetrahydroisoquinoline 
(VII).—The free base from 3.3 g. of 1-benzyl-1,2,3,4- 
tetrahydroisoquinoline hydrochloride was dissolved in 
75 cc. of absolute ethanol and an excess of anhydrous 
formaldehyde introduced as above. About 0.5 g. of 
Raney nickel was added and the solution shaken for three 
hours at room temperature under hydrogen at 3.3 atm. 
The catalyst was removed by filtration and the ethanol 
removed by distillation, leaving 2.3 g. (66%) of very light 
yellow oil. The picrate was obtained as tiny yellow 
needles from ethanol, m .p . 166.5-167°.25

(21) Osada, J . Pharm. Soc., No. 547, 711 (1927), reported a m. p. 
of 245°. Haworth, Koepfli and Perkin, J . Chem. Soc., 2263 (1927), 
reported a m. p. of 266° for the j3-isomer, 230° for the a-isomer. 
Robinson and Sugasawa, ibid., 789 (1932), reported a m. p. of 215°.

(22) Prepared by the method of Decker, Ann., 395, 282 (1912).
(23) Spath, Berger and K untara, Ber., 63, 134 (1930).
(24) Leithe (ref. 10a) reported a m. p. of 173°.
(25) Forsyth, Kelly and Pym&n (ref. 10b) reported a m. p. of

165-167°.

1 -Benzyl-2,2-dimethyl-l ,2,3,4-tetrahydroisoquinolinium 
Iodide (VIII) . — A  dry benzene solution (50 cc.) of 2.2 g. 
of 1-benzyl-2-methyl-l,2,2,4-tetrahydroisoquinoline and 
2 cc. of methyl iodide was refluxed for three hours on a 
steam -bath. The light tan  powder obtained on filtering 
the cooled reaction mixture amounted to 2.9 g. (83%). 
After recrystallization from absolute ethanol, 2.5 g. (72%) 
of tiny colorless needles were obtained, m .p . 242°.26

5,6,13,13a-Tetrahydro-8-dibenzo[ a,g] quinolizine (IX). 
—Attempts to prepare 5,6,13,13a-tetrahydro-8-dibenzo- 
[a,g]quinolizine by treatm ent of 1-benzyl-1,2,3,4-tetra- 
hydroisoquinoline with formaldehyde in the presence of 
hydrochloric acid, or of sodium bicarbonate, were un ­
successful. I t  was prepared in 38% yield by the method 
of Leithe,11 m. p. of the free base 84-85°, m. p. of the 
hydrochloride 231-232°.

7 -M ethyl -5,6,13,13a-tetrahydro -8 - dib enzo [ a, g ] quin - 
olizinium Iodide (X).—A dry solution of 0.6 g. of 5,6,13,- 
13a-tefrahydro-8-dibenzo[a,g]quinolizine and 2 cc. of 
methyl iodide in 50 cc. of dry benzene was refluxed for 
four hours. The light tan  precipitate which formed was 
collected by filtration and dried. The 0.8 g. of product 
after recrystallization from ethanol-ether with charcoal 
treatm ent gave 0.7 g. (73%) of very light tan powder, 
m .p .  198-202°.27 No attem pt was made to  separate the 
diastereoisomers.

A n a l .  Calcd. for Ci8H20IN : C, 57.30; H , 5.34.
Found: C, 57.64; H , 5.36.

Summary

1-Benzyltetrahydroisoquinolines have been syn­
thesized by improved methods. Quaternary salts 
of these compounds exhibited curare-like activity, 
the most effective being l/75th as active as d -  
tubocurarine chloride.

(26) Leithe (ref. 10a) reported a m. p. of 242°. F reund and Bode, 
Ber., 42, 1763 (1909), reported a m. p. of 239-242°.

(27) C hakravarti, H aw orth and Perkin, J . Chem. Soc., 2275 
(1927), reported a m. p. of 230-232° for the /3-isomer, 212° for the 
a-isomer.

R o c h e s t e r , N. Y. R e c e iv e d  A p r il  17, 1948

[C o n t r ib u t io n  fr o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o f  G . D . S e a r l e  a n d  C o .]

Synthesis of Some Iodo-sugar Derivatives1
By Albert L. Raymond and Elmer F. Schroeder

The use of iodinated organic compounds as 
X-ray contrast agents in urography has become 
well established in recent years. However, the 
administration of such compounds by the intra­
venous route is attended by an element of danger 
because of occasional side effects. In a search for 
other suitable contrast agents of lower toxicity, a 
number of water soluble iodo-sugar derivatives 
have been prepared and subjected to preliminary 
tests. These include 6-iodo-6-desoxy-D-galactose
(I) , 6-iodo-6-desoxy-«-methyl-D-glucopyranoside
(II) , 6-iodo-6-desoxy-/5-methyl-D-glucopyranoside
(III) and 6-iodo-6-desoxy-l,4-sorbitan (IV).

The introduction of the iodine atom into the
(1) Presented before the Division of Sugar Chemistry and Tech­

nology of the American Chemical Society a t the Chicago meeting, 
April, 1948.

sugar residues was accomplished by the well- 
known procedure of Oldham and Rutherfordla by 
heating the corresponding b - p - toluenesulf onyl 
(tosyl) derivative, suitably stabilized by substitu­
ent groups, with sodium iodide in acetone solu­
tion. Thus, 6-iodo-6-desoxy-D-galactose was ob­
tained by the following series of reactions: 1,2,3,4- 
diisopropylidene-D-galactose2 —» 6-tosyl-1,2,3,4- 
diisopropylidene-D-galactose3 —> 6-iodo-6-desoxy-
1,2,3,4-diisopropylidene-D-galactose4 —» 6-iodo-6- 
desoxy-D-galactose. The final step in this series 
was carried out by hydrolysis of the diisopropyli-

(la) Oldham and Rutherford, T h is  Journal , 54, 366 (1932).
(2) Van Grunenberg, Bredt and Freudenberg, ibid., 60, 1507 

(1938).
(3) Freudenberg and Hixon, Ber., 56, 2119 (1923).
(4) Freudenberg and Raschig, ibid., 60, 1633 (1927).
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dene derivative in 50% acetic acid. The iodo- 
galactose was readily obtained in crystalline form 
by treatment with absolute ethanol, from which 
it separated in rectangular plates containing one 
molecule of ethanol. The anhydrous form resulted 
on recrystallization of the alcoholate from an acetic 
acid-methyl ethyl ketone mixture. It melted at 
114-116° and rotated [«]25d +  75.3° (three min­
utes) in water, decreasing to a constant [«]25d +  
66.9° in about five hours. The anhydrous form 
readily gave crystalline alcoholates also with meth­
anol and 2-propanol. On treatment with phenyl­
hydrazine, an insoluble phenylhydrazone was pre­
cipitated at room temperature.

6-Iodo-6-desoxy-«-methyl-D-glucopyranoside 
was recently prepared by Zief and Hockett5 by 
deacetylation of 6-iodo-6-desoxy-2,3,4-triacetyl- 
a-methyl-D-glucopyranoside with hot aqueous- 
alcoholic hydrogen chloride. We obtained the 
same compound simply by treating a-methyl-D- 
glucopyranoside in pyridine with one mole of tosyl 
chloride, and after removal of the pyridine, heat­
ing the sirupy reaction product with sodium iodide 
in acetone solution. From the resulting digest, the 
iodo-glucoside was isolated directly in about 22% 
yield. Alternatively, the crude product from the 
iodide digestion may be converted by acetylation 
into 6-iodo-6-desoxy-2,3,4-triacetyl-«-methyl-D- 
glucopyranoside, which can then be catalytically 
deacetylated by means of sodium methoxide in 
methanol solution.6 The fact that this deacetyla­
tion can be smoothly and practically quantita­
tively accomplished by no more than about 0.01 
mole equivalent of sodium methoxide is rather sur­
prising in view of the presence of the halogen atom. 
The 6-iodo-6-desoxy- «-methyl-D-glucopyranoside 
obtained by either procedure, after recrystalliza­
tion from ethanol, melted at 146-147°, and rotated 
[«]25d +  101.5° in water.

6-Iodo-6-desoxy-/3-methyl-D-glucopyranoside 
was obtained in similar manner, by treatment of 
jö-methyl-D-glucopyranoside hemihydrate with 1.5 
mole equivalents of tosyl chloride in pyridine. 
However, in this case, when the sirupy tosylation 
product was heated with sodium iodide in ace­
tone, the iodo-glucoside, which itself is easily sol­
uble in warm acetone, separated from the hot re­
action mixture presumably as an insoluble com­
plex with sodium /^-toluenesulf onate. This com­

es) Zief and H ockett, T h is Journal, 67, 1267 (1945).
(6) Zemplén and Pacsu, Ber., 62, 1613 (1929).

plex is probably analogous to those described 
by Watters, Hockett and Hudson7 of certain 
/2-methyl glycosides with potassium acetate. 
Treatment of the complex with an acetylat­
ing mixture yielded 6-iodo-6-desoxy-2,3,4- 
triacetyl-/?-methyl-D-glucopyranoside, which 
on deacetylation with sodium methoxide 
gave the desired 6-iodo 6 desoxy-/?~methyl- 
D-glucopyranoside in an over-all yield of 
53%. The product separated from alcohol 
as needles melting at 157-158° and rotating 

[«]25d — 17° in water.
The synthesis of 6-iodo-6-desoxy-l,4-sorbitan, 

and several of its derivatives, is represented sche­
matically. On treatment of 1,4-sorbitan (V) with 
tosyl chloride at low temperature, a 53% yield of 
6-tosyl-1,4-sorbitan (VI) was obtained. This was 
condensed with benzaldehyde in the presence of 
hydrochloric acid or zinc chloride to give an excel­
lent yield of 6-tosyl-2 (3), 5-benzylidene- 1,4-sorbi­
tan (VII), melting at 129.5-130.5° and rotating 
[«]25d +  8.9° in water. As an alternative proce­
dure, 1,4-sorbitan was condensed with benzalde­
hyde using zinc chloride as catalyst to give 2(3),5- 
benzylidene-1,4-sorbitan (VIII), melting at 154.5- 
155.5° and rotating [«]25d +  17.7° in methanol,8 
which with tosyl chloride was converted almost 
quantitatively into 6-tosyl-2(3),5-benzylidene-1,4- 
sorbitan (VII) identical with the product ob­
tained by benzalation of 6-tosyl-1,4-sorbitan. 
Treatment of the tosyl derivative with sodium 
iodide yielded 6-iodo-6-desoxy-2(3),5-benzylidene-
l ,  4-sorbitan (IX) which was readily hydrolyzed by 
heating for ten minutes at 100° in aqueous-alco­
holic 0.1 N  sulfuric acid to give an 85% yield of 
6-iodo-6-desoxy-1,4-sorbitan (IV), melting at 108- 
109° and rotating [«]25d — 11.9° in water.

The assignment of the tosyl group, and conse­
quently of the iodine atom, to the 6 position in 
these compounds follows from the Oldham-Ruth- 
erford rulela that only tosyl groups attached to 
primary alcohol groups are readily replaceable by 
iodine on treatment with sodium iodide. The lo­
cation of the benzylidene group has not been com­
pletely established. However, that one of the 
linkages is attached to position 5 is highly prob­
able in view of the observation that, while 6- 
tosyl-1,4-sorbitan (VI) on treatment with sodium 
iodide decomposes with liberation of iodine, its 
benzylidene derivative (VII) reacts smoothly 
without evidence of decomposition. In our experi­
ence,9 when 6-tosyl derivatives, having an un­
protected secondary hydroxyl group in the adja-

(7) W atters, Hockett and Hudson, T his Journal, 56, 2199 
(1934).

(8) Soltzberg, Goepp and Freudenberg, ibid., 68, 919 (1946), 
recently reported the preparation in small yield of two addi­
tional monobenzylidene-l,4-sorbitans by refluxing sorbitan with 
benzaldehyde without catalyst. T h a t neither of these is identical 
with the product obtained by us is indicated by the reported con­
stants (m. p. 136-140°, [<x]d +33.72° in methanol for the first and
m. p. 121-122° for the second).

(9) Unpublished results. See also Bell, Friedmann and William­
son, J . Chem. Soc., 252 (1937).
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cent 5 position, are heated with sodium iodide 
there is a greater or less tendency for liberation of 
free iodine to occur. This is not evident when the 
5 position is blocked, either by a substituent 
group or, as in the case of the 6-tosyl- a- and 0- 
methyl-D-glucopyranosides, by the presence of a 
pyranoid ring structure.

Several additional derivatives of 1,4-sorbitan 
were prepared during the course of this work. 6- 
Iodo - 6 - desoxy - 2(3),5 - benzylidene- 1,4-sorbitan
(IX) gave a monoacetate (X) and a monobenzo­
ate (XI). On treatment of crystalline 6-tosyl-1,4- 
sorbitan (VI) with excess benzoyl chloride, there 
was obtained 6-tosyl-2,3,5-tribenzoyl-l,4-sorbitan*
(XII) m e l t i n g  106-107° a n d  r o t a t i n g  [ « ] 25d  +47.2° 
i n  c h l o r o f o r m , 10 c o n v e r t e d  b y  s o d i u m  i o d i d e  i n t o  
6 - i o d o  - 6  - d e s o x y  - 2,3,5 - t r i b e n z o y l  -1,4 - s o r b i t a n
(X III) . The latter could not be debenzoylated 
without simultaneous loss of iodine.

The iodo-sugar derivatives (I-IV)/ are readily 
soluble in water to give colorless solutions. Thus 
6-iodo-6-desoxy-D-galactose (I) and 6-iodo-6-de- 
soxy-1,4-sorbitan (IV) dissolve at roofrn tempera­
ture in their own weight of water. The two 6-iodo- 
methyl-D-glucopyranosides are less soluble, dis­
solving in about two parts of water at 50°, but 
partially crystallizing out again on cooling. The 
/3-form separates from water in needles, while the 
«-form produces rods frequently several centime­
ters long.

These compounds show a wide divergence in the
(10) After completion of our experimental work on this compound, 

Hockett, Conley, Yusem and Mason, T his Journal, 68, 922 (1946), 
reported its preparation directly from 1,4-sorbitan without isolation 
of the intermediate 6-tosyl-l,4-sorbitan. However, the constants 
reported by these investigators are a t considerable variance with 
those found by us (m. p. 161.5-163.0°, rotation +35.1° in chloro­
form).

firmness with which the iodine atom is held, as is 
shown in Table I. These data were obtained by 
dissolving equivalent amounts of the iodo-sugar 
derivatives (0.0013 mole) in 25 cc. of water, im­
mersing for exactly thirty minutes in a boiling 
water-bath, then titrating the hydrogen iodide 
formed with standard alkali.

T a b l e  I

S t a b il it y  o f  I o d o -su g a r  D e r iv a t iv e s  a t  100 °
Cc. o .oi N  %

Compound NaOH required Decomposition
I 2.20 1.66
II . 0.10 0.07

III  0.18 0.13
IV 44.80 33.7

As would be expected, the stabilizing effect of 
the pyranoid ring is evident. The two iodo- 
methyl-D-glucopyranosides (II and III), having a 
fixed ring structure, show only negligible decom­
position; iodo-D-galactose (I), in which a ring 
shift is possible in solution, is somewhat less stable, 
while iodo-sorbitan (IV), having a free hydroxyl 
group adjacent to the iodine, is by far the least 
stable. At room temperature, aqueous solutions 
of the iodo-D-glucosides remain unchanged indefi­
nitely, while solutions of iodo-D-galactose and iodo- 
sorbitan show evidence of acid liberation within 
several months and several weeks, respectively.

Pharmacological studies carried out on dogs 
have shown that 6-iodo-6-desoxy-D-galactose ex­
hibits a fairly low acute toxicity, is concentrated 
rapidly by the kidneys, and yields satisfactory 
X-ray pictures of the kidney region. However, in 
view of the relatively low stability of the carbon- 
iodine linkage, the application to clinical use must 
await further study.
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Experimental
1,2,3,4-Diisopropylidene-D-galactose.—Crude diisopro- 

pylidene galactose was prepared by a modification of the 
method of Gruenenberg, Bredt and Freudenberg.2 The 
principal changes introduced were in the substitution of 
sulfuric acid for the phosphoric acid-phosphorus pentoxide 
catalyst, and in a considerable reduction in the quantity 
of acetone used.

A mixture consisting of anhydrous D-galactose (200 g.), 
acetone (2500 cc.), powdered, fused zinc chloride (240 g.), 
and sulfuric acid (8 cc.), was stirred for four hours at room 
temperature. The reaction mixture was treated with a 
solution of 400 g. of sodium carbonate in 700 cc. of water, 
and vigorously stirred until the supernatant liquid became 
zinc-free. The precipitated salts were filtered off and 
washed with acetone. The filtrate, consisting of two liquid 
phases, was completely freed of acetone by distillation, and 
the crude diisopropylidene galactose, separating as a light- 
yellow upper layer, was taken up in ether, washed with 
water, and dried with sodium sulfate. After removal of 
the solvent, the yield of crude product was 260 g., or 90% 
of theory.

6-Tosyl-1,2,3,4-diisopropylidene-D-galactose.—The pro­
cedure of Freudenberg and Hixon2 was somewhat modified 
for this preparation. A solution of 260 g. (1 mole) of 
crude diisopropylidene galactose in a mixture of 275 cc. 
of acetone and 175 cc. of pyridine was cooled in tap 
water. With stirring, 228 g. (1.2 moles) of tosyl chloride 
was added in portions over a period of one hour, the tem­
perature being maintained below 45°. After standing 
overnight, the excess tosyl chloride was decomposed by 
the addition of 10 cc. of water. The reaction mixture was 
then poured into 2.5 liters of water, a sirupy product 
precipitating, which solidified on standing for several 
hours. This was filtered off, washed with water, and air- 
dried; yield, 360 g. The product was dissolved in 360 
cc. of 2-propanol, and allowed to  crystallize overnight a t 
room temperature. After 360 cc. of Skellysolve C were 
gradually added with stirring, the crystals were filtered 
off and washed with Skellysolve C. The yield was 275 g. 
(66%) of product melting a t 87-89 ° ; reported,3 91-92°. 
If the product melts much below this point, it must be 
recrystallized before use in the subsequent reaction with 
sodium iodide.

6-Iodo-6-desoxy-l,2,3,4-diisopropylidene-D-galactose.
—The procedure of Freudenberg and Raschig4 was some­
what modified for this preparation. A solution of 248 g. 
(0.6 mole) of 6-tosyl-l,2,3,4-diisopropylidene-D-galactose 
and 180 g. (1.2 moles) of sodium iodide in 1250 cc. of 
acetone was heated a t 105-110° for thirty-six hours.11 
After removal of the precipitated sodium />-toluenesulfon- 
ate by filtration and washing with acetone, the filtrate 
was concentrated under reduced pressure. The residual 
sirup was stirred with 1 liter of water and a few crystals 
of sodium thiosulfate to destroy traces of free iodine. 
After several hours, the product solidified and was washed 
repeatedly with water. This crude material may be 
used directly, without drying, in the subsequent hydrolysis. 
If desired, it may be recrystallized from 250 cc. of meth­
anol; yield, 190 g. (85%), melting a t 69-71°; reported, 
72°.4

6-Iodo-6-desoxy-D-galactose.—6-1 odo-6-desoxy-1,2,3,4- 
diisopropylidene-D-galactose (275 g.) was dissolved in 
800 cc. of glacial acetic acid, immersed in a boil­
ing water-bath, and with frequent shaking, treated with 
750 cc. of hot water added in 50-cc. portions over a period 
of one hour. Heating was continued for one hour longer, 
a t which time hydrolysis was complete as shown by the 
fact tha t a 1-cc. test portion remained clear on dilution 
with 5 cc. of water. In some runs, an additional twenty 
or thirty  minutes of heating was required to complete 
hydrolysis. The solution was cooled, treated briefly with

(11) Freudenberg and Raschig4 employed a tem perature of 125° 
for thirty-six hours. In  our hands, considerable decomposition 
occurred under these conditions. At 105-110° the reaction is com­
plete in thirty-six hburs, as indicated by the practically quantitative 
yield of sodium ^-toluene-sulfonate.

Darco, and filtered through a layer of Celite. The filtrate 
was then concentrated to a thin sirup under reduced pres­
sure a t a temperature not exceeding 40°. Absolute 
ethanol (500 cc.) was added, and the solution again con­
centrated. On redissolving the sirupy residue again in 
800 cc. of absolute ethanol, cooling and scratching, a 
voluminous mass of crystals rapidly separated. After 
standing in the cold overnight, the product was filtered 
off, washed with ethanol, and twice recrystallized from 
1500 cc. of absolute ethanol. The 6-inrio-6-desoxy-D- 
galactose prepared in this manner crystallized with one 
molecule of ethanol. The yield of alcoholate was 196 g., 
or 78% of the theoretical; rectangular plates, melting 
a t 105-106° (cor.); very soluble in water, moderately 
soluble in hot alcohol, ethyl acetate and acetone, insoluble 
in chloroform and benzene. The substance had an initial 
(three minutes) rotation of [ a ] 25D +84.7° (c , 6.08 in 
water), which decreased to a constant value of +57.6° 
in five hours. Calculated on the basis of the iodo-galac- 
tose content, the latter becomes [ck]25d +66.8° (c , 5.24), 
identical with the constant value later obtained for an­
hydrous iodogalactose itself.

A n a l .  Calcd. for CeHiiOsLQffLOH: C, 28.58; H,
5.10; 1, 37.76. Found: C, 28.30; H, 4.86; 1, 37.75, 
38.0.

The alcohol is held quite tenaciously, being only in­
completely removed by heating a t 61° for seventeen hours 
(1m m .). Calcd.: C2H5OH, 13.71. Found: C2H5OH,
12.2. A ttempts to  obtain the anhydrous form of the 
iodo-galactose by recrystallization from ethanol under a 
variety of conditions of concentration and temperature 
resulted in recovery of the starting material. The follow­
ing procedure, however, gave the anhydrous form in good 
yield. A quantity of 50 g. of the alcoholate was heated for 
five minutes in a boiling water-bath with 25 cc. of glacial 
acetic acid. To the hot solution was added 250 cc. of hot, 
freshly distilled, methyl ethyl ketone. On cooling, 
anhydrous 6-iodo-6-desoxy-D-galactose separated in the 
form of needles, which were filtered off and washed with 
methyl ethyl ketone. The yield was 35 g. of product 
melting sharply a t 113-114° (cor.), and rotating [«]25d 
+ 75.3° (three minutes, c , 5.68 in water), decreasing to 
a constant value of +66.9° in about five hours.

A n a l .  Calcd. for CeHnOsI: C, 24.84; H, 3.82; I,
43.75. Found: C, 24.78, 24.51; H, 3.82, 3.78; I,
43.87, 43.70.

Phenylhydrazone of 6-Iodo-6-desoxy-D-galactose.—To a
#solution of 7 g. of phenylhydrazine in 75 cc. of 50% 
acetic acid were added 3 g. of 6-iodo-6-desoxy-D-galactose. 
A white precipitate began to form a t once. After one 
hour a t room temperature the product was filtered off, 
washed with water and cold alcohol, and dried; yield
3.8 g.; theory, 3.93 g. After two recrystallizations from 
120 cc. of 95% ethanol, the product darkened a t 126° 
and melted with vigorous decomposition a t 136-137° 
(cor.); [ck]25d +34.3° (c , 5.40 in pyridine), showing no 
evidence of mutarotation, but developing a marked yellow 
color in the pyridine solution in thirty  m inutes; rectangu­
lar plates.

A n a l .  Calcd. for Ci2H i70 4N2I: N, 7.37; I, 33.42.
Found: N, 6.99, 7.01; 1,33.49.

6-Iodo-6-desoxy-a-methyl-d-glucopyranoside.—A solu­
tion of 300 g. (1.55 moles) of a-methyl-D-glucopyranoside 
in 1500 cc. of dry pyridine was cooled in tap water and 
treated by the portion wise addition of 318 g. (1.67 moles) 
of tosyl chloride, the temperature being held below 40°. 
After standing for one hour longer, most of the pyridine 
was removed by distillation under reduced pressure. The 
residual sirup was taken up in 300 cc. of warm water, 
cooled, and neutralized (brom thymol blue) by the addi­
tion of 5 A  sodium hydroxide (360 cc. required). The 
solution waö concentrated to dryness under reduced pres­
sure, and the residual sirup (700 g.) dissolved in 1200 cc. 
of acetone, some insoluble products being removed by 
filtration. Sodium iodide (210 g.) was dissolved in the 
acetone solution, which was transferred to pressure flasks 
and heated for two hours a t 100°. Sodium />-toluene-
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sulfonate was removed by filtration, washed with acetone, 
and the filtrate concentrated to dryness. The sirupy 
residue was dissolved in 700 cc. of water, extracted several 
times with dichloromethane and the aqueous phase then 
concentrated under reduced pressure. When about 500 
cc. of distillate had been collected, the desired product 
began to separate out, and crystallization was complete 
after standing for twenty-four hours in the cold. The 
product was filtered off and recrystallized twice from 100 
cc. of 95% ethanol; yield, 100 g., 22%.

A n a l . Calcd. for C7H 130 5I: C, 27.65; H, 4.31; I, 
41.74. Found: C, 27.72, 27.94; H, 4.40, 4.61; I,
41.71, 41.62.

The 6-iodo-6-desoxy-a-methyl-D-glucopyranoside is ob­
tained as long rods melting sharply a t 146-147° (cor.) 
and rotating [ a ] 25D +101.5° (c , 5.00 in water). Zief 
and Hockett5 found m. p. 136.9-137.4° and [ck]d +93.9° 
in water. The product is readily soluble in water but 
crystallizes out of concentrated aqueous solution on cool­
ing, easily soluble in warm alcohol and acetone, insoluble 
in chloroform and benzene.

As an alternative procedure, we found that if, as some­
times occurred, the 6-iodo-glucoside failed to crystallize in 
the final distillation previously described, the residue 
could be taken to complete dryness and acetylated by 
addition of 500 cc. of pyridine and 500 cc. of acetic an­
hydride. On treatm ent with much water, 6-iodo-6- 
desoxy-2,3,4-triacetyl-a  -methyl-d-glucopyranoside sepa - 
rated. Recrystallization from 900 cc. of 95% ethanol 
yielded 165 g. of pure product melting a t 149-150°; re­
ported,12 150-151°. Deacetylation was conveniently car­
ried out by suspending this material in 375 cc. of methanol, 
adding 40 cc. of 0.1 N  sodium methoxide in methanol, 
and shaking for one hour. On concentrating to dryness, 
the 6-iodo-6-desoxy-a:-methyl-D-glucopyranoside sepa­
rated as a solid mass and was recrystallized from 125 cc. of 
95% ethanol; yield, 100 g.; m. p. 146-147°. A mixed 
melting point with the product obtained by direct isola­
tion showed no depression.

Preparation of (3 -M ethyl -d  -glucopyranoside v ia  its 
Potassium Acetate Complex.—W atters, Hockett and 
Hudson7 reported th a t certain (3-methyl-d  -glycosides 
form molecular complexes with potassium acetate, and 
.suggested tha t this property might be useful in some cases 
in the separation of the «- and p -isomers. We have found 
tha t this method offers a fairly convenient means of pre­
paring -methyl-D-glucopyranoside in quantity directly 
from D-glucose.

Anhydrous glucose (500 g.) was added to 1000 g. of 
methanol containing 3% by weight of hydrogen chloride, 
previously heated to a boil in a flask fitted with a reflux 
condenser and a calcium chloride tube. With occasional 
shaking, the heating was continued for just one hour. 
The solution was cooled, seeded with a-methyl-d-gluco­
pyranoside, and allowed to stand in the icebox overnight. 
The a-methyl-glucopyranoside (90 g.) was filtered off and 
the filtrate neutralized by addition of 80 g. of solid sodium 
bicarbonate. After removal of the salts, the filtrate was 
concentrated to a thick sirup under reduced pressure. 
The sirup was dissolved in 500 ec. of hot absolute ethanol, 
treated with a hot solution of 200 g. of potassium acetate 
in one liter of ethanol, and allowed to stand overnight in 
the cold. The voluminous precipitate consisting mainly 
of the addition complex between /3-methyl-d -glucopyrano­
side and potassium acetate, was filtered off, washed with 
ethanol and acetone, and finally dried briefly by heating 
a t 100° under reduced pressure; yield, 200 g.

To decompose the complex, the 200 g. of crude addition 
complex was dissolved in 600 cc. of hot methanol and 
treated with a hot solution of 110 g. of d-tartaric acid in 
600 cc. of 95% ethanol. After one hour the precipitated 
potassium acid tartra te  was filtered off through Celite, 
the filtrate concentrated to a thin sirup (230 cc.), seeded, 
and allowed to stand in the cold to complete crystalliza­
tion. The p -methyl-d  -glucopyranoside separating was 
recrystallized from 500 cc. of 95% ethanol; yield, 115 g.,

or 21%, melting a t 104-106° (cor.), and rotating [<x]26d 
—32° (c , 5.72 in water). The product was obtained as 
the hem ihydrate.13

6 -Iodo -6 -desoxy-p -methyl-d-glucopyranoside.—A solu- 
tion of 100 g. (0.51 mole) of /3-methyl-d-glucopyranoside 
hemihydrate in 100 cc. of dry pyridine was cooled in 
running tap water and treated by the dropwise addition 
of a solution of 146 g. (0.76 mole) of tosyl chloride in 100 
cc. of dichloromethane. The addition required about 
th irty  minutes, the temperature being held below 45°. 
After one hour, the reaction mixture was neutralized by 
the addition of sodium hydroxide (required, 200 cc. of 
5.17 N  solution), Using brom thymol blue as external 
indicator. The solution was concentrated to dryness under 
reduced pressure, the temperature being raised to 100° 
toward the end of the distillation to remove water as com­
pletely as possible. The sirupy residue (295 g.), together 
with 100 g. of sodium iodide, was dissolved in 400 cc. of 
acetone and heated for two hours a t 100° in pressure 
flasks. The voluminous precipitate was filtered off, 
washed with acetone and air dried. I t  weighed 285 g. 
and consisted of some sodium chloride and sodium p -  
tolüenesulfonate, together with a large am ount of what is, 
probably, an insoluble complex between sodium -toluene­
sulf onat e and 6-iodo-6-desoxy--m ethyl-d-glucopyrano­
side.

To break up the complex14 the 285 g. of material was 
covered with 150 cc. of dry pyridine and 150 cc. of acetic 
anhydride. After standing overnight a t room tem pera­
ture, the mixture was poured into two liters of water. 
After a short time the precipitated 6-iodo-6-desoxy-2,3,4- 
triacetyl-/?-methyl-d-glucopyranoside was filtered off, 
washed with water, and recrystallized from 150 cc. of 95% 
ethanol. The yield was 129 g. (59%) of product melting 
a t 114-115°; reported15 m. p ., 114-115°.

Deacetylation was carried out by suspending the 129 
g. of triacetate in 300 cc. of methanol, adding 30 cc. of 
0.1 A  sodium methoxide solution, and shaking occasionally 
for about one hour. The solution was concentrated to 
dryness under reduced pressure, the 6-iodo-6-desoxy-/3- 
methyl-D-glucopyranoside separating out near the end of 
the distillation in practically quantitative yield. I t  was 
twice recrystallized from 250 cc. of 95% ethanol, giving 
82 g. (90%) of pure product. I t  separated in the form 
of long colorless needles melting a t 157-158° (cor.) with 
decomposition, and rotating [«]25d —17° (c , 5.00 in 
w ater). I t  is readily soluble in warm water, bu t crystal­
lizes from a concentrated (40%) aqueous solution on cool­
ing ; readily soluble in warm alcohol and acetone, insoluble 
in chloroform.

A n a l .  Calcd. for C7H130 5I: C, 27.65; H , 4.31; I, 
41.74. Found: C, >27.99, 27.76; H, 4.49, 4.57; I, 
41.67,41.91.

6-Tosyl-l,4-sorbitan.—A solution of 200 g. (1.22 moles) 
of 1,4-sorbitan16 in 800 cc. of pyridine was cooled to —5° 
and treated during one hour with 232 g. (1.22 moles) 
of tosyl chloride. After standing for two hours, most 
of the pyridine was removed by distillation under reduced 
pressure. The sirupy residue (660 g.) was taken up in 
800 cc. of 95% ethanol, cooled to —5°, and neutralized 
with a cold 4 A  solution of sodium hydroxide in 50% 
ethanol, using brom thymol blue as internal indicator 
(required 322 cc., theory 304). The precipitated sodium 
chloride was filtered off, and the filtrate concentrated to 
dryness under reduced pressure, the bath temperature 
not exceeding 50°. The sirupy residue (520 g.) was dis­

(13) Koenigs and KnotT, ibid., 34, 957 (1901).
(14) Because of contam ination with excess sodium ^-toluenesul- 

fonate, it was not possible to obtain the complex in sufficient purity  
for analysis. However evidence for its existence is seen in the fact 
th a t although 6-iodo-6-desoxy-jS-mëthyl-D-glucopyranoside itself 
is readily soluble in warm acetone, it does precipitate from the hot 
acetone during the course of the sodium iodide reaction.

(15) Compton, T his Journal, 60, 395 (1938).
(16) To th is monoanhydride of sorbitol, a  product of the Atlas 

Powder Co., has recently been assigned the trivial name Arlitan by 
Soltzberg, Goepp and Freudenberg.8(12) Helferich and Himmen, Ber., 61, 1825 (1928).
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solved, with vigorous shaking, in 200 cc. of dichloro­
methane. On addition of 800 cc. more of this solvent, 
and cooling, the 6-tosyl-1,4-sorbitan crystallized out as a 
voluminous, pasty mass. A further 700 cc. of dichloro­
m ethane was added to aid in the crystallization, and 
after standing in the cold for several hours, the material 
was filtered off and air dried (300 g .). After two re- 
crystallizations from an equal weight of warm water, 207 
g. (53%) of product were obtained; rods, melting at 
110-111° (cor.) androtating [ a ] 25D —3.2 (c , 4.96 in w ater); 
readily soluble in alcohol and acetone, insoluble in ether, 
petroleum ether, or chloroform. The product may also 
be recrystallized with little loss from about twelve parts 
of ethylene dichloride.

A n a l .  Calcd. for Ci3H180 7S: C, 49.05; H, 5.70; S, 
10.07. Found: C, 49.1, 48.9; H, 5.68, 5.71; S, 10.23.

The same product was also obtained directly from d- 
sorbitol by treating a pyridine solution of the latter with 
two molecular equivalents of tosyl chloride, and neutraliz­
ing the reaction mixture as previously described. The 
am ount of alkali required to reach the brom thymol blue 
end-point indicated tha t one of the tosyl groups of the
1,6-ditosyl-sorbitol presumably formed in the tosylation 
had been hydrolyzed during the neutralization. By work­
ing up the mixture as indicated above, 6-tosyl-l,4-sorbitan 
was isolated in a yield of 15%.

2(3),5-Benzylidene-l,4-sorbitan.—A mixture of 400 
cc. of benzaldehyde, 100 g. of 1,4-sorbitan, and 100 g. of 
powdered fused zinc chloride was stirred for four hours. 
The temperature rose to 40°, and nearly complete solution 
occurred in one hour. After standing overnight the re­
action mixture was repeatedly washed with water and 
Skellysolve C. The residual sirup was dissolved in a small 
amount of ethanol, treated with 100 cc. of toluene and 
evaporated to dryness under reduced pressure. The semi- 
solid mass was covered with more toluene and allowed to 
stand overnight in the cold. The crystalline material 
was filtered off and recrystallized from twelve parts of 
ethyl acetate. The product separated as rods, melting 
a t 154.5-155.5° (cor.), and rotating [o:]20d +17.7° (c ,
4.52 in methyl alcohol). The yield was 32 g.; readily 
soluble in acetone and alcohol, insoluble in ether, chloro­
form and benzene.

A n a l .  Calcd. for Ci3H 160 5 : 0 , 61.89; H, 6.39. Found: 
C, 61.8, 61.9; H, 6.32, 6.22.

6-Tosyl-2(3),5-benzylidene-l,4-sorbitan. A. From 
2(3),5-Benzylidene-l,4-sorbitan.—A solution of 10 g. 
(0.04 mole) of 2 (3),5-benzylidene-l,4-sorbitan in 50 cc. 
of pyridine was cooled to —5°, and treated in small 
portions with 8.5 g. (0.044 mole) of tosyl chloride. After 
several hours a t room temperature, the excess tosyl 
chloride was decomposed by addition of 2 cc. of water. 
On pouring the reaction mixture into 200 cc. of water, the 
product crystallized out a t once; yield of crude product, 
14 g., or 87%. After two recrystallizations from 8 parts 
of methanol, the material was obtained as needles melting 
a t 129.5-130.5° (cor.), and rotating [ a ] 25D +8.9° (c , 
5.88 in chloroform); insoluble in petroleum ether, 
readily soluble in acetone, ethyl acetate and chloroform.

A n a l .  Calcd. for C2oH220 7S: C, 59.10; H, 5.46; S, 
7.89. Found: C, 59.1, 59.1; H, 5.36, 5.49; S, 8.24.

B. From 6-Tosyl-1,4-sorbitan.—A mixture of 100 g. of 
6-tosyl-l,4-sorbitan, 100 cc. of water, 100 cc. of benzal­
dehyde, and 40 cc. of hydrochloric acid (sp. gr. 1.18) 
was vigorously stirred a t room temperature for three hours. 
A crystalline precipitate began to form in about an hour. 
After standing overnight, the supernatant liquid was 
decanted, and the semi-solid residue shaken with 100 cc. 
of water and 300 ec. of Skellysolve C. The product was 
filtered off, suspended for a short time in dilute bicarbonate 
solution, then again filtered and washed with water and 
Skellysolve C. The crude yield was 116 g., or 91%. 
The crude material was dissolved in 1200 cc. of hot meth­
anol in the presence of 2 g. of powdered calcium carbonate, 
and filtered. On cooling, 104 g. of pure material, melting 
a t 129.5-130.5°, was obtained. A mixed melting point with 
the product prepared by method A showed no depression.

The same product was prepared in equally high yield, but 
less conveniently, by stirring a mixture of 100 g. of 6- 
tosyl-l,4-sorbitan, 400 cc. of benzaldehyde, and 100 g. 
of zinc chloride for four hours a t room temperature, and 
isolating the product essentially as described previously.

6-Iodo-6-desoxy-2 (3) ,5-benzylidene-1,4-sorbitan.—A 
solution of 40 g. (0.1 mole) of 6-tosyl-2(3),5-benzylidene-
1,4-sorbitan and 30 g. (0.2 mole) of sodium iodide in 
250 cc. of acetone was heated for two hours a t 100° 
in a pressure flask. The precipitated sodium />-toluene- 
sulfonate was removed by filtration, washed with acetone, 
and the colorless filtrate evaporated to a sirup under 
reduced pressure. On addition of water, the product 
crystallized immediately. After two recrystallizations 
from 5 parts of 95% ethanol, 28.5 g. (80%) of product 
was obtained; needles, melting a t 147-148° (cor.), and 
rotating [<*]25d  + 24.8° (c , 4.00 in chloroform). The sub­
stance is insoluble in water and petroleum ether, moder­
ately soluble in alcohol and benzene, and very soluble in 
acetone, ether, ethyl acetate and chloroform.

A n a l .  Calcd. for Ci3H i50 4I: C, 43.11; H, 4.17; I,
35.04. Found: C ,42 .8 ,43 .0 ; H , 4.02, 4.12; 1,35.10.

I t  is essential th a t the tosyl-benzylidene-sorbitan used 
in the reaction with sodium iodide be quite pure. If it is 
not, extensive decomposition takes place, benzaldehyde is 
formed, and little product results.

6-Iodo-6-desoxy-2 (3) ,5-benzylidene-monoacetyl-1,4- 
sorbitan.—A cold solution of 10 g. of 6-iodo-6-desoxy - 
2(3),5-benzylidene-l,4-sorbitan in 50 cc. of pyridine was 
treated with 9 g. of acetic anhydride. After several hours 
a t room temperature, the reaction mixture was poured into 
ice water, crystallization occurring at once. The colorless 
product was twice recrystallized from 12 parts of ethanol in 
needles, melting a t 126.5-127.5 c (cor.), and rotating [a ]  25d  
+40.4° (c , 3.16 in chloroform); yield, 10 g.

A n a l .  Calcd. for Ci5H170 5I: C, 44.57; H, 4.24; I, 
31.40. Found: C, 44.7,44.4; H, 4.20, 4.31; 1,31.53.

6-Iodo-6-desoxy-2(3) ,5-benzylidene-monobenzoyl-1,4- 
sorbitan.—A cold solution of 10 g. of 6-iodo-6-desoxy- 
2(3),5-benzylidene-l,4-sorbitan in 50 cc. of pyridine 
was benzoylated with 11 g. of benzoyl chloride. After 
several hours a t room temperature, the reaction mixture 
was poured into ice water, giving a solid product which 
was twice recrystallized from 25 parts of 95% ethanol in 
long colorless rods, melting a t 139-141 ° (cor.), and rotating 
[«]25d +73.8° (c, 4.84 in chloroform); yield, 12 g.

6-Iodo-6-desoxy-l,4-sorbitan.—A mixture of 50 g. of 
6-iodo-6-desoxy-2,(3) ,5-benzylidene-l,4-sorbitan, 150 cc. 
of 95% ethanol, and 150 cc. of 0.2 A  sulfuric acid, was im ­
mersed, under reflux condenser, in a boiling water-bath 
for just ten minutes. The homogeneous solution was 
rapidly cooled and extracted several times with 50-cc. 
portions of dichloromethane to remove benzaldehyde and 
unchanged starting material. The aqueous layer was 
neutralized with barium carbonate, filtered through Celite, 
and concentrated to dryness under reduced pressure, the 
bath temperature not exceeding 50°. The iodo-sorbitan 
crystallized out during the final stages of the distillation. 
Traces of water were removed by storing the flask contain­
ing the product in a desiccator overnight. The material 
was dissolved in 25 cc. of warm methanol, to which was 
then added 400 cc. of dichloromethane. On cooling and 
scratching, crystallization occurred. The product was 
filtered off and washed with dichloromethane, giving 28 g. 
of colorless product. An additional 4 g. was obtained by 
reworking the mother liquors; total yield, 32 g., or 85%. 
The material was recrystallized in excellent yield by dis­
solving in 25 cc. of methanol and adding 300 cc. of di­
chloromethane.

A n a l .  Calcd. for C6Hn0 4I: C, 26.29; H, 4.05; I, 
46.31. Found: C, 26.7, 26.1; H, 3.98, 4.07; 1,46.70.

6-Iodo-6-desoxy-l,4-sorbitan crystallizes in the form of 
6-sided plates melting a t 108-109° (cor.), and rotating 
[a]25d —11.9° (c, 3.36 in water). I t has a somewhat 
bitter taste, and is very soluble in water, alcohol and 
acetone, moderately soluble in hot ethyl acetate, and 
insoluble in ether, benzene and chloroform. I t  is rela-
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tively unstable, showing signs of decomposition in several 
weeks when exposed to light, and in several months in the 
dark.

6-Tosyl-2,3,5-tribenzoyl-1,4 -sorbitan.—To a solution of 
10 g. (0.031 mole) of 6-tosyl-l,4-sorbitan in 100 cc. of 
pyridine, cooled in ice, was added 14.6 g. (0.10 mole) 
of benzoyl chloride. After standing twenty-four hours 
a t room temperature, the reaction mixture was poured into 
water. The water layer was decanted from the sirupy 
product which precipitated. On stirring the sirup with 
50 cc. of methanol, rapid crystallization occurred. After 
two recrystallizations from 10 parts of 95% ethanol, 18 
g. (90% of theory) of colorless product was obtained in 
needles, melting a t 106-107° (cor.),10 and rotating [<*]25d  
+47.2° (c , 5.55 in chloroform), readily soluble in acetone, 
chloroform and benzene and insoluble in petroleum ether 
and water.

A n a l .  Calcd. for C34H3o010S: C, 64.76; H, 4.80; S>
5.08. Found: C, 65.2, 64.5; H, 4.72, 4.76; S, 5.30. •

6-Iodo-6-desoxy-2,3,5-tribenzoyl-1,4-sorbitan.—A solu­
tion of 19 g. (0.03 mole) of 6-tosyl-2,3,5-tribenzoyl-1,4- 
sorbitan and 9 g. (0.06 mole) of sodium iodide in 100 cc. 
of acetone was heated for one hour a t 100 ° in a pressure 
flask. The precipitated sodium />-toluenesulfonate was 
filtered off, and the solvent removed from the filtrate. 
The residue solidified on addition of water, and was twice 
recrystallized from 600 cc. of 95% ethanol; yield, 15 g.,

85%. The substance crystallized in plates melting a t 
151-153° (cor.) and rotating [or] 25d  + 5 .1 °  (c , 2.92 in 
chloroform), insoluble in petroleum ether, ethyl ether and 
water and soluble in acetone, chloroform and benzene.

A n a l .  Calcd. for C27H230 7I : C, 55.30; H , 3.95; I, 
21.65. Found: C, 55.9, 55.2; H, 3.87, 3.87; I, 21,34.

Summary
1. A number of water soluble iodo-sugar de­

rivatives have been prepared in order to study their 
utility as X-ray contrast agents in intravenous 
urography. These include 6-iodo-6-desoxy-D- 
galactose, 6-iodo-6-desoxy-«- and /3-methyl-D- 
glucopyranosides, and 6-iodo-6-desoxy- 1,4-sorbi­
tan.

2. Several other new derivatives of 1,4-sorbi­
tan have been synthesized.

3. jö-Methyl-D-glucopyranoside has been pre­
pared in 21% yield by treatment of glucose with 
methanolic hydrogen chloride, followed by isola­
tion of the glucoside through its complex with 
potassium acetate.
C h ic a g o , I l l in o is  R e c e iv e d  A p r il  12, 1948

[C o n t r ib u t io n  fr o m  t h e  S c h o o l  o f  C h e m is t r y  o f  t h e  U n iv e r s it y  o f  M in n e s o t a ]

The Steric Effect of Methylene Groups. I ll
B y R ic h a r d  T . A r n o ld  a n d  P a u l  N . C r a ig 1

In an attempt to determine the relative steric 
influences of methylene groups in five- and six- 
membered rings, the following acetophenone de­
rivatives have been prepared and examined.

(IV)
C R

(V)
As reported earlier,2 when treated with hypo­

chlorite, acetohydrindacene (I) gives chloroform 
and 4~hydrindacenecarboxylic acid, whereas 9- 
acetoöctahydroanthracene (IV) gives a relatively 
stable trichloro ketone. The amount of methane 
evolved from methylmagnesium iodide (Zere­
witinoff determination) decreases in the order 
IV > II > I. As a result of these observations

(1) Du Pont fellow, 1947. Present address: Smith, Kline and 
French Company, Philadelphia, Pa.

(2) Arnold and Rondestvedt, T his J ournal, 68, 2176 (1946).

and the values of carbonyl Raman frequencies, it 
was concluded that the steric hindrance around 
the carbonyl group decreases in the order IV > 
II > I.2 Additional confirmatory evidence has 
now been obtained from observations on com­
pounds III and V.

Of the above five ketones, only II is liquid; the 
others were readily purified by careful recrystalliza­
tion. Tetrahydrobenz(f)indane, from which II is 
derived has now been prepared in a higher state of 
purity (m. p. 4°) and a sample of II obtained from 
this purer hydrocarbon has been reexamined.

6,7-Dimethyltetralin (VII) is obtained directly 
by catalytic reduction of 2,3-dimethylnaphthalene 
(m. p. 104°) in the presence of Raney nickel. The 
hydrocarbon so formed is essentially identical with 
that prepared from pure 0-xylene.3

O

(VI) (VII)
It would appear that close approach to the cata-

(3) B arnett and Sanders, J . Chem. Soc., 434 (1933).
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lyst of the benzenoid ring attached to the methyl 
groups in VI is sterically inhibited.4

Table I contains a summary of our observations 
of the action of methylmagnesium iodide on the
ketones 1-V.

T a b l e  I
Action of CHaMgl

Compound % Enolizationa % Addition
I 30 70

II 75b 25
III 93 9
IV 95 5
V 100 1.5

a The per c e n t ,  error is approximately 
earlier2 as 6 2 %  on a  less pure sample.

± 2 . 6 Reported

Ketones IV and V give well-defined trichloro 
derivatives when treated with sodium hypochlorite 
solutions. Compounds II and III gave complex 
mixtures of chlorinated ketones, chloroform and 
the corresponding aromatic acids.

By comparative studies it has been shown that 
alcoholic potassium hydroxide is much more ef­
fective than sodium hydroxide in bringing about 
the cleavage of hindered trichloromethyl ketones. 
Thus, 5-trichloroacetyl-6,7-dimethyltetralin is

CC13

relatively easily cleaved with alcoholic potassium 
hydroxide.

Experimental
6,7-Dimethyltetralin.—2,3-Dimethylnaphthalene (62.4 

g.) was dissolved in ethanol (300 cc., 95%) and Raney 
nickel catalyst (4 g.) was added. Absorption of hydrogen 
(2 moles) was complete in one hour a t 110° and a pressure 
of 1000 lb ./sq. in. After removing the catalyst by filtra­
tion, the filtrate was fractionated directly to give 56.4 
g. (89%) of 6,7-dimethyltetralin, b. p. 131-133 (20 mm.). 
Percolation through Alorco chromatographic alumina (80 
mesh) gave a material having n 25d 1.537.

Oxidation of 6,7-Dimethyltetralin.—A Carius tube was 
charged with 1.0 g. of the hydrocarbon (obtained from 2,3- 
dimethylnaphthalene) and nitric acid (15 cc. diluted 3 
to  1 with w ater). This mixture was held a t 165 0  for five 
hours. The solution was evaporated to dryness on a 
steam -bath; water (10 cc.) was added and the whole 
again evaporated to dryness. The residue was dissolved 
in ether and converted to its tetramethyl ester with 
diazomethane in the usual manner; m. p. 141-143°. 
When mixed with an authentic sample of the methyl ester 
of 1,2,4,5-benzenetetracarboxylic acid there was no de­
pression of melting point.

5 -Aceto -6,7 -dimethyltetralin .—To 6,7-dimethyltetralin 
(22 g.) dissolved in carbon bisulfide (150 cc.) was added 
aluminum chloride (46 g.) a t 0°. To this, acetic an­
hydride (17.3 g.) was added dropwise over a twenty- 
minute period. After one and three-quarters hours the 
reaction mixture was poured onto ice and hydrochloric 
acid. From the organic layer there was obtained the 
desired ketone; b. p. 150° (1 m m .); m. p. 50-52° (from 
28-38 0  petroleum ether); yield 40%.

(.4) Linstead and co-workers, This Journal, 64, 1985 (1942).

A n a l .  Calcd. for Ci4H i80 :  C, 83.12; H, 8.97. Found: 
C, 83.28; H, 9.29.

5 -T richloroacetyl -6,7 -dimethylt etralin.—One gram of 
the above ketone was treated with a solution of potassium 
hypochlorite prepared from commercial calcium hypo­
chlorite (15 g. H .T .H . grade). After fifteen minutes 
the crude trichloro ketone was collected on a filter. Two 
recrystallizations from acetic acid and one from methanol 
gave a pure product; m .p .  57-58.5°.

A n a l .  Calcd. for C14H15OCl3: C, 55.03; H, 4.95.
Found: C, 55.10; H, 5.21.

6,7-Dimethyltetralin-5-carboxylic Acid.—The above de­
scribed trichloro ketone (50 mg.) was heated under reflux 
for twenty minutes with ethanol (20 cc., 95%) and potas­
sium hydroxide (4 pellets). After adding cold water (100 
cc.), the solution was extracted with ether. Acidification 
of the aqueous phase gave the expected acid; m .p . 193- 
195°.

A n a l .  Calcd. for Ci3H160 2: C, 76.44; H, 7.89. Found: 
C, 76.50; H, 8.13.

3,4 -Dimethylphenyl - (3 -chloro ethyl Ketone.—0 -Xylene 
(53 g.) was added to a solution containing carbon bisulfide 
(600 cc.) and aluminum chloride (94 g.) a t 0°. To this 
was added over a period of forty-five minutes, /3-chloro- 
propionyl chloride (69 g.) dissolved in carbon bisulfide 
(100 cc .). Stirring was continued for one hour a t 0° and 
the solution was poured onto ice and hydrochloric acid. 
The organic layer was washed with dilute sodium hy­
droxide, dried with sodium sulfate and evaporated to 
dryness on a steam -bath. Dissolution of the residue in 
petroleum ether (b .p . 40-75°) gave a solution from which
82.5 g. (90%) of ketone was isolated a t low temperature; 
m. p. 72-72.5°.

A n a l .  Calcd. for CnE+OCl: C, 67.18; H, 6.66.
Found: C, 67.05; H, 6.53.

5,6 -Dimethylhy drindanone-1.—The above described 
chloroketone (172 g.) was dissolved in sulfuric acid (1000 
cc., sp. gr. 1.84), warmed on a steam-bath for three 
hours and then poured into 3.5 liters of ice and water. 
The brown product was recrystallized from petroleum 
ether (b. p. 60-68°) to give a yellowish-white product; 
m. p. 61-62°. This consisted of two isomers which 
were separated by one recrystallization from aqueous 
ethanol and two recrystallizations from petroleum ether. 
Only one pure ketone was isolated; m .p .  87-88°; yield
22 g.

A n a l .  Calcd. for CnHi20 : C, 82.46; H, 7.55. Found: 
C, 82.70; H, 7.54.

That this ketone had the assigned structure was estab­
lished by its oxidation to 1,2,4,5-benzene tetracarboxylic 
acid.

The oxime of this ketone melted at 181-183°.
A n a l .  Calcd. for CnH13ON: C, 75.39; H, 7.49.

Found: C, 75.10; H, 7.65.
5,6-Dimethylhydrindene.—A mixture of 5,6-dimethyl- 

hydrindanone-1 (17.0 g.), toluene (120cc.),aceticacid (60 
cc.), concentrated hydrochloric acid (200 cc.) and zinc (50 
g. which had been amalgamated) was refluxed continu­
ously for forty-three hours. Distillation of the toluene 
layer afforded 12 g. (77%) of the expected hydrocarbon, b. 
p. 115° (25 m m.), n 26-5d 1.5314.

A n a l .  Calcd. for CnH 14: C, 90.35; H, 9.65. Found: 
C, 90.14; H, 10.09.

4-Aceto-5,6-dimethylhydrindene.—The above hydro­
carbon (8 g.) was acetylated a t 0° in carbon bisulfide 
(200 cc.) with aluminum chloride (16 g.) and acetic an ­
hydride (11.2 g.). The reaction was complete in thirty 
minutes. After distilling the crude ketone (b. p. 166- 
167° (25 mm.)) the material solidified. Recrystalliza­
tion first from aqueous ethanol and then from petroleum 
ether gave a pure product; m. p. 43°; yield 42%.

A n a l .  Calcd. for C13Hi60 :  C, 82.94; H, 8.57. Found: 
C, 82.85; H, 8.73.

The oxime of this ketone was prepared from hydroxyl­
amine in pyridine and absolute ethanol; m .p . 133-134°.
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A n a l .  Calcd. for Ci3H 17ON: C, 76.81; H, 8.43.
Found: C, 75.10; H, 8.65.

5,6-Dimethylhydrindene-4-carboxylic Acid.—The above 
ketone (35 mg.) was dissolved in methanol and treated 
with excess potassium hypochlorite a t 60-65° for thirty 
minutes. At this time most of the methanol had evapo­
rated. An ether extract of the solution upon evaporation 
deposited an oil containing much chlorine (Beilstein te s t) . 
This oil was dissolved in methanol (15 cc.) to which potas­
sium hydroxide (3 pellets) had been added and the solvent 
was evaporated on a steam -bath until the volume reached 
3 cc. Addition of dilute hydrochloric acid precipitated 
the carboxylic acid; m. p. 169-170°.

A n a l . Calcd. for Ci2H140 2: C, 75.76; H, 7.42. Found: 
C, 75.36; H, 7.72.

Tetrahydrobenz [f] indane.—To a mixture containing 
phosphoric acid (165 g., 85%) and phosphorus pentoxide 
(165 g.) was added Y-(5-hydrindenyl)-butyric acid (68.5). 
After being heated at 100-120° for five minutes with good 
stirring, the solution was poured into water (1000 cc.). 
The crude product was extracted with benzene and the 
benzene solution was washed with dilute alkali and dried. 
Removal of the benzene and distillation in a sausage 
flask gave a crude ketone which solidified on standing. 
Two recrystallizations from petroleum ether (b. p. 40- 
75°) followed by recrystallization from aqueous alcohol 
gave 28 g. of 6,7-cyclopentene-l-tetralone; m .p . 38-39°.

Clemmensen reduction of this ketone gave pure te tra ­
hydrobenz [f] indane; m. p. + 4 ° . A sample prepared 
earlier in this Laboratory5 melted a t —3 to —5°.

Acetotetrahydrobenz(f) indane (V).—To tetrahydro- 
benz[f]indane (8 g., m. p. 4°) dissolved in carbon b i­
sulfide (85 cc.) was added aluminum chloride (21 g.). 
Stirring was commenced and acetic anhydride (7.1 g.) 
was added over fifteen minutes. The entire reaction was 
carried out a t 0° for one and three-quarters hours. After 
decomposition with ice and hydrochloric acid in the usual 
manner there was obtained a liquid ketone; wt. 6.8 g .; 
of b. p. 167-170° (1 m m .); w25-5d 1.5610. This material 
could not be induced to crystallize.

A n a l .  Calcd. for CiöH isO: C, 84.07; H, 8.47. Found: 
C, 84.17; H , 8.44.

Summary

1. Further evidence is presented to prove that 
the steric effect of methylene groups in five mem­
bered rings (i. e., hy drindene) is smaller than that 
in corresponding six-membered rings (i . e., tetra­
lin).

(5) R. Barnes, Ph.D . Thesis, University of M innesota, 1943.

Minneapolis, M innesota R eceived April 30, 1948

[C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  C h e m is t r y  o f  W a y n e  U n iv e r s it y ]

Tri-a-naphthylboron as a Highly Hindered Reference Acid; a Case of Polymorphism
Ascribed to Hindered Rotation1

B y  H er b er t  C. B r o w n2 a n d  S e i  S u j is h i2’3

Earlier results4 have shown that the relative 
base strengths of ammonia and a given series of 
primary, secondary, and tertiary amines (NH3, 
RNH2, R2NH, R3N) are dependent upon the refer­
ence acid used to compare them. Thus the se­
quence in strength observed with trimethylboron 
as the reference acid is NH3 < CH3NH2 < (CH3)2- 
NH > (CH3)3N. This sequence is altered to 
NH3 < CH3NH2 > (CH3)2NH > (CH3)3N, when 
tri-/-butylboron is used as the reference acid. 
This change in sequence has been ascribed to the 
increase in the steric requirements of the reference 
acid.4b

According to this interpretation, a reference acid 
of even greater steric requirements than tri-/- 
butylboron should cause the observed sequence to 
approach the theoretically possible limit, NH3 > 
CH3NH2 > (CH3)2NH >  ̂ (CH3)3N. It was of 
interest to test this conclusion.

The selection for this purpose of a triarylboron 
with large steric requirements was dictated by a 
number of considerations. Tri-^-butylboron is a 
very weak reference acid for the amines under dis­
cussion, considerably weaker than trimethylboron 
itself .4a This weakness has been attributed to the

(1) Studies in Stereochemistry. X II.
(2) Present address: D epartm ent of Chemistry, Purdue Uni­

versity.
(3) E thyl Corporation Fellow a t Wayne University, 1945-1947.
(4) (a) Brown, T his Journal, 67, 374 (1945); (b) 67, 378 (1945); 

(e) 67, 1452 (1945); (d) Brown and Pearsall, ibid., 67, 1765 (1945).

large steric requirements of the three tertiary 
butyl groups. Further increase in the bulk of the 
alkyl groups would be expected to decrease the 
stability of the addition compounds with the 
amines to the point where it would be relatively 
difficult experimentally to make comparisons. 
The available evidence strongly suggests that the 
replacement of alkyl groups by aryl groups mark­
edly increases the acid strength of the boron com­
pounds.

For a number of reasons, tri-«-naphthylboron5 
(hereafter TNB) appeared especially promising in 
attaining the theoretical limit sequence. It was 
therefore decided to prepare the addition com­
pounds of ammonia and the three methylamines 
with TN B and to compare their relative stabilities 
by a careful study of each system. Since the addi­
tion compounds were found to be highly dis­
sociated at temperatures at which neither TN B 
nor the addition compound were sensibly volatile, 
the problem reduced itself to measuring and com­
paring the pressures exerted by the only volatile 
component of the system— the gaseous base.
(a-CioH7)3B :NR3 (solid) ^ ^ (ck-CioH7)3N (solid)

+  N R3 (gas)
The observed pressures vary in the order NH3 

< CH3NH2 < (CH3)2NH < (CH3)3N (vide post),  
and support the conclusion that the theoretical

(5) Krause and Nobbe, Ber., 63, 934 (1930).



2794 Herbert C. Brown and-Sei Sujisiii Vol. 70

limit sequence of base strength, NH3 > CH3NH2 
> (CH3)2NH > (CH3)3N, is actually under ob­
servation. In the course of these studies, some 
interesting and unusual instances of polymorphism 
were observed in the behavior of the addition com­
pounds. It is suggested that these phenomena are 
the result of restricted, rotation of the. «-nanhthvl 
groups in the addition compounds.

Observations
TNB was prepared by the action of «-naphthyl- 

magnesium bromide on boron trifluoride etherate 
in benzene—ether solution. The product was iso­
lated in the form of white crystals containing one 
mole of benzene per mole of TN B. Krause and 
Nobbe5 report that TN B separates from benzene 
solution with two moles of benzene, but repeated 
experiments support the conclusion that the pure 
material obtained in the present study contains 
but one mole of benzene.

After a single recrystallization from benzene, 
the benzene of crystallization was removed under 
high vacuum at 150—160°. TN B was thus con­
veniently obtained in pure form in over-all yields
of 50-60%. i

l  ne nign degree of purity of the product is indi­
cated by the following observations. It melts 
sharply at 206—207° (vacuum)6 in contrast to the 
previously reported value5 of 203-205°. More­
over, Krause and Nobbe report that the sub­
stance, although remarkably stable when com­
pared to other triarylborons, showed significant 
signs of oxidation after several days of exposure to 
air; yet samples of TN B prepared by the present 
procedure show no noticeable change after expo­
sures to laboratory air for more than one year. 
Finally, ultimate analyses for boron and acidi- 
metric titrations of the compounds with a stand­
ard solution of sodium ethoxide in alcohol and 
phenolphthalein as indicator, yield results which 
point to purities of better than 99.8%.
(a-CioKMsB +  Na+ OC2H 5-  = Na + [(«-CioH7)8B :O C 2H6]-

The titration of TN B with standard solutions 
of sodium methoxide, ethoxide, and isopropoxide 
in the corresponding alcohols proceeded very 
smoothly— the indicator, phenolphthalein,
changed color sharply at the equivalence point. 
However, with sodium /-butoxide the end-point 
was indistinct and the indicator changed color con­
siderably before the true stoichiometric quantity 
of base had been added. It therefore appears that 
the large steric requirements of the /-butoxide 
group produce a definite shift of the acid—base 
equilibrium toward the left.
(«-C10H7)3B +  ~OC(CH3)3 [(a-C10H7)3B:O C(CH 3)3]-

Krause and Nobbe prepared their addition com­
pounds by adding the base to a saturated solution 
of the triarylboron in ethyl ether. The addition

(6) All melting points were taken with capillary tubes of the usual 
dimensions. These tubes were evacuated and sealed after the 
samples had been introduced. The tem peratures are corrected.

compounds precipitated and were recovered on the 
filter. In order to avoid the possibility that the 
presence of traces of ether in the resulting com­
pounds might affect the observed dissociation 
pressures, preparation of the substances in the. ab­
sence of solvents was investigated.

Three methods were examined. In the first, a 
large excess of the liquified amine was contacted 
with the boron compound. After reaction was 
complete, the excess amine was removed under 
high vacuum. In the second method, the gaseous 
amine was passed over the solid boron compound. 
Absorption was very rapid and the reaction could 
be readily followed by noting the evolution of heat. 
Both methods yielded products whose composition 
satisfactorily agreed with the 1:1  compounds pre­
viously reported. However, the addition com­
pounds possess a marked affinity for excess amine 
and it proved difficult to remove such excess amine 
to obtain samples as analytically pure as the 
studies required. Recourse was therefore had to 
the third procedure, which avoided this difficulty. 
In this method, the addition compounds were syn­
thesized by bringing together carefully matched 
equivalent samples of the two components in the 
high vacuum apparatus used to study the dis­
sociation pressures.

The products prepared by each of these three 
procedures appeared identical as regards analyses, 
melting points, and dissociation pressures. How­
ever, the last procedure proved so much more defi­
nite and convenient, that it was finally adopted 
for all preparations in the present study.

The melting points of the addition compounds 
showed an unusual behavior not reported by 
Krause and Nobbe. For example, ammonia— 
TNB, if heated slowly in a capillary tube, melted 
at 200—205°. However, if the tube were inserted 
in a bath at 170-172°, the substance melted, re­
solidified, and then remelted at the higher tem­
perature. Monomethylamine—TNB likewise 
showed two melting points— a fugitive one at 
150-155°, followed by resolidification, and the 
permanent one at 190-192°. Dimethylamine- 
TNB melted only at 193-196°; no other melting 
point was observed. All attempts to add tri­
methylamine to TN B by the three procedures de­
scribed were unsuccessful.

Ammonia—TN B was then synthesized in the 
apparatus shown in Fig. 7 (attached to the main 
high vacuum apparatus) and the dissociation pres­
sures measured over a range of temperatures. It

T a b l e  I
D is s o c ia t io n  P r e s s u r e  o f  A m m o n ia -T N B

Mole ratio Pressure, Mole ratio  Pressure,
Am m onia/TNB mm. Am m onia/TNB mm.

A. Freshly prepared sample, B. H eat-treated sample,
a t 40° a t 130°

0.30 4 0.20 4
.60 6 .40 4
.90 26 .50 4
.98 43 .98 5

1.00 62
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was observed that the pressure of the freshly pre­
pared addition compound varied with the mole 
fraction of amine. The results of a typical experi­
ment at 40° are summarized in Table I-A. The 
other amines behaved similarly.

The addition compounds were then synthesized 
by bringing the two components together with a 
slight constant deficiency of the base. It was 
hoped that in this way the observed pressures for 
the different bases would be made strictly com­
parable, and, moreover, that the effects of slight 
errors in the mole ratio of the two components 
would thereby be minimized. Under these con­
ditions, the pressure of the system became sen­
sibly constant within several minutes,7 and the 
plot of log P  vs. 1 / T  showed the expected linearity 
(Fig. 1).

New phenomena made their appearance at 
higher temperatures. The curve showed a defi­
nite deviation from linearity, and the observed 
pressures, particularly in the higher ranges (120° 
and above) declined noticeably with time. The 
decrease was very rapid at 140°. In one experi­
ment at this temperature the pressure dropped 
from a value of 450 mm to 20 mm. within one 
hour. However, the rate of pressure decrease 
then diminished, and the pressure at this tem­
perature became constant at a new low value, 10 
mm., only after a period of twenty hours.

The behavior of the product obtained in this 
way was then investigated. A  new series of pres­
sure values at elevated temperatures were re­
corded. These values were much lower than the 
first series of measurements, they were easily re­
producible, and yielded only the second series of 
pressure measurements, without evidence of any 
tendency to revert to the original high values.

In contrast to the original material, the dis­
sociation pressures of which were highly dependent 
on the mole ratio of the components (Table I-A), 
the dissociation pressures of the heat-treated ma­
terial were essentially independent of composi­
tion (Table I-B).

That these phenomena were not due to some ir­
reversible change in the TN B component was dem­
onstrated by a number of experiments. A sam­
ple of the heated compound was maintained at 
130°. The gas evolved was pure ammonia; the 
amount corresponded exactly to the original quan­
tity of ammonia used in the synthesis. The resid­
ual solid melted at 205-206° and caused no de­
pression in melting point when mixed with a sam­
ple of the original material. Moreover, the prod­
uct formed by recombining the recovered am­
monia and TN B possessed the same character­
istic high dissociation pressures as the original 
preparation and exhibited the same behavior on

(7) Although the pressure of the system apparently reached an 
equilibrium value within several minutes, it was noted th a t the ob­
served pressure tended to  drift to  lower values over periods of several 
hours duration. Moreover, samples of the addition compound which 
had been stored a t room tem perature for several weeks yielded con­
siderably lower values of the dissociation pressure than  freshly syn­
thesized samples.

Fig. 1.—Dissociation pressures exhibited by a freshly 
prepared sample of ammonia-tri-a-naphthylboron as the 
temperature is raised.

heating. It may therefore be concluded that the 
recovered TN B is chemically indistinguishable 
from the original material.

The curves for the log P  vs. 1 / T  plots of the 
corresponding monomethylamine and dimethyl­
amine compounds with TNB showed the same 
general characteristics. The entire curve (i. e., 
the two sections which describe the behavior of the 
freshly prepared substance and of the heat-altered 
product) for the methylamine compound lies 
above the curve for the ammonia derivative; the 
curve for dimethylamine is higher still.8 Tri­
methylamine did not add to TNB under these con­
ditions.

It was concluded that the observed pressures of 
the freshly prepared compounds are dependent not 
only on the mole fraction (particularly so in the 
region of equimolar ratios), but are also dependent 
upon time (particularly in the higher temperature 
ranges.) It was therefore decided that little could 
be gained by further refining the measurements 
of the variable pressures exhibited by these ma­
terials. Instead, attention was focused on the 
highly reproducible dissociation pressures ex­
hibited by the addition compounds after prior heat 
treatment at 100—140°.

(8) The dissociation pressure curve definitely established the exist­
ence of two forms of the dimethylamine derivative. Failure to  ob­
serve a “ fugitive” melting point, as in the case of the other two addi­
tion compounds, is believed to  be due to  a more rapid transform ation 
of the dimethylamine derivative near its melting point into the higher 
melting form.
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T a b l e  II
D is s o c ia t io n  P r e s s u r e s  o f  t h e  H e a t  A l t e r e d  F o r m s  

o f  t h e  A d d it io n  C o m p o u n d s  o f  TNB w it h  A m in e s  

Ammonia, log P  =  -4 7 6 2 / T  +  12.525 
Temp., °C. 110 120 130 140 150 160 170
Press., mm. 1.4 2 .7  5.3 10.0 20.0 34.5 65.5

Methylamine, log P  =  — 4666/T +  12.863 
Temp., °C. 103 110 119 130 140 150
Press., mm. 2 .7  5.3 10.7 19.9 39.1 72.1

Dimethylamine, log P  — —429Q / T  13.71
Temp., °C. 50 60 70 80 90 100
Press., mm. 4 .0  7 .4  15.2 34.8 71.3 164

The observed dissociation pressures for the heat- 
treated products are listed in Table II, and the 
values are represented graphically in Fig. 2.

Fig. 2.—Dissociation pressures of the heat-treated 
(“stable”) forms of the addition compounds of tri-a- 
naphthylboron with ammonia, methylamine and dimethyl­
amine.

Discussion
In this investigation the pressure of the gaseous 

amine above a mixture of the solid TN B and solid 
addition compound has been taken as a measure 
of the stability of the latter.

(a-CioH7)3B:NR3 (solid) (a-Ci0H7)3B (solid) +
NR3 (gas)

This interpretation of the data apparently ignores 
such complications as may be caused by the crys­
tal lattice energies of the solid compounds. For­
tunately, there are reasons for believing that the 
differences between the crystal lattice energies of 
TN B on the one hand and each of the addition

compounds on the other are relatively small and 
sensibly constant.

First, TN B and the three addition compounds 
(the heat stable forms) all melt at approximately 
the same temperatures. This observation sug­
gests that the stabilities of the crystal lattices are 
of the same order of magnitude. Second, the 
molecular dimensions of the amines used are quite 
small compared to the TN B component. It 
therefore appears probable that the attractive 
forces between individual molecules of the addi­
tion compounds are largely due to the TNB por­
tion of the molecule. This suggests that the 
difference between the lattice energy of any given 
addition compound and that of TNB itself should 
not be large. Finally, the amine component is so 
small and must be buried so deeply within the rela­
tively huge masses of the three «-naphthyl groups 
that the attractive forces between individual 
molecules of the addition compounds should not 
be markedly affected by the particular amine 
present. It therefore appears not unreasonable 
to assume that, in the present instances, the differ­
ences in the crystal lattice energies of the indi­
vidual compounds are relatively small and their
l u  c o  a x  c  a  c i a  t i  v  %̂ xy l x i u x u x  L w i i x p c t i  c u  vv x u x  t x x c

effects of F-strain.
If this assumption is valid, it may be concluded 

that the relative stabilities of the addition com­
pounds decrease in the order, NH3 > CH3NH2 > 
(CH3)2NH > > (CH3)3N, and the apparent
strengths of the four bases decrease in the same 
order, NH3 > CH3NH2 > (CH3)2NH > (CH3)3N. 
This is obviously the order predicted by the F- 
strain hypothesis for a reference acid with an ex­
ceedingly high F-strain factor.

There remain to be considered the phenomena 
observed in the course of preparing the addition 
compounds and measuring their dissociation pres­
sures. It is suggested that these phenomena are 
due to the existence of two polymorphic forms of 
the solid addition compounds. Furthermore, the 
existence of these polymorphic forms is ascribed to 
the restricted rotation of the three «-naphthyl 
groups in the addition compounds about the car­
bon to boron bonds.

The observations requiring explanation may be 
briefly summarized as follows:

1. Solid TNB absorbs the gaseous bases with 
avidity to form only the lower melting, metastable 
form of the addition compound. For conven­
ience, this substance will be referred to hereafter as 
the “metastable” form of the addition compound.

2. The metastable form of the addition com­
pound is converted to another form, the “heat- 
altered” or “ stable” form, slowly at room tem­
perature and rapidly above 100°.

3. The dissociation pressures exhibited by the 
metastable form are much higher than those ex­
hibited by the corresponding stable form.

4. The dissociation pressures of the metastable 
form are strongly dependent upon the relative
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mole ratios of the two components; the dis­
sociation pressures of the stable form do not ex­
hibit such dependence.

5. The dissociation pressures of the metastable 
form are dependent upon the age of the sample 
and decrease with time, slowly at room tempera­
ture and more rapidly at higher temperatures. 
The corresponding pressures of the stable form are 
not dependent upon these factors.

6. Removal of the base from either form of the 
addition compound yields apparently identical 
samples of TNB.

For the ensuing discussion it will be convenient 
to distinguish between the two fused rings of the 
«-naphthyl groups. Accordingly, that ring which 
is directly attached to the boron atom will be des­
ignated by the numeral I; the other by the 
numeral II.

Presumably, the boron atom in TNB will be 
similar to the boron atom in trimethylboron9 with 
its three bonds coplanar, making equal angles of 
120° with each other. For convenience this 
plane, defined by the three bonds of the boron 
atom, will be referred to simply as the plane of 
reference or reference plane of the molecule.

Examination of the Fisher—Hirschfelder model 
of TNB indicates that the three «-naphthyl groups 
can be arranged about the central boron atom in 
two different ways. In one of these arrange­
ments, the three «-naphthyl groups are relatively 
symmetrically fixed, with the three II-rings all 
pointing in the same direction away from the 
reference plane (the “symmetrical” arrangement 
or form, Fig. 3). In the other possible form, one 
of the «-naphthyl groups is so fixed that its II~ring 
is pointed in a direction from the plane of refer­
ence opposite to that of the other two «-naphthyl 
groups (the “unsymmetrical” arrangement or 
form, Fig. 4).10

These two forms would be readily intercon­
vertible were it possible to rotate one of the «- 
naphthyl rings about the boron-to-carbon bond 
through the reference plane. However, the model 
suggests that such a rotation would be difficult

(9) Levy and Brockway, T his Journal, 59, 2085 (1947).
(10) It has been suggested already [Lewis, Magel and Lipkin, 

ibid., 64, 1774 (1942)] that triphenylm ethyl and related com­
pounds exist in two isomeric forms, one in which the three rings 
face in the same direction, similar to the blades of a propeller, the 
other containing one ring facing in a direction opposed to the other 
two. At first sight the isomerism proposed in the present paper may 
seem to be related to that proposed by G. N. Lewis. However, the 
latter is independent of the sym m etry of the rings involved; the 
former could only be observed if the rings attached to the central 
atom  were unsymmetrical, as with the a-naphthyl groups of the pres­
ent investigation. Indeed, the consideration of the molecular models 
indicates that the large II-ring makes the type of isomerism proposed 
for triphenylmethyl impossible in the case of TN B.

Fig. 3.—Molecular model of tri-or-naphthylboron-sym- 
metrical arrangement.

Fig. 4.— Molecular model of tri-a-naphthylboron-un- 
symmetrical arrangement.

and would involve the simultaneous rotation of 
all three groups at a carefully controlled rate in 
order to effect the transformation without exces­
sive distortion of the model.

Simplified line drawings of the two postulated 
forms of TNB are shown in Figs. 5 and^6. In
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Fig. 5.—Symmetrical arrangement of tri-a-naphthylboron.

Fig. 6.—Unsymmetrical arrangement of tri-or-naphthyl- 
boron.

these figures the three «-naphthyl groups are repre­
sented with the plane of each ring lying perpendic­
ular to the plane of reference of the molecule. 
I t is highly probable that the three «-naphthyl 
groups are tilted to a greater or lesser degree from 
this idealized position, as indicated in Figs. 3 and
4. However, use of the idealized line drawings 
will facilitate the discussion without affecting the 
conclusions.

It is proposed that the unsymmetrical arrange­
ment of TNB (Figs. 4 and 6) is the more stable of 
the two possible arrangements and that the crys­
talline TNB prepared in the present study con­
sists of this unsymmetrical form. Addition of an 
amine to a molecule with this configuration could 
conceivably occur in two ways. The base could

unite with the boron atom by approaching it either 
from above the reference plane, or from below. 
However, the latter path is considerably more 
hindered than the former. In approaching from 
below, the amine molecule must contend with two 
peri positions blocking the line of approach; from 
above, there is but one peri position in its path. 
I t is therefore postulated that the base adds to the 
unsymmetrical form of TNB and that the addition 
occurs from above to give the less strained of the 
two possible configurations derived from the un­
symmetrical form of TNB. I t is further sug­
gested that the projection of the one peri position 
of the inverted «-naphthyl group into the region 
occupied by the amine molecule leads to a con­
dition of considerable strain—strain which is not 
present in the free TNB molecule. This strain is 
largely relieved by rotation of the offending «- 
naphthyl group so that all three peri positions lie 
below the reference plane, on the other side from 
the attached amine. The resulting addition com­
pound is now configurationally related to the sym­
metrical arrangement of TNB and theoretically 
may be considered as being derived from this ar­
rangement (Fig. 5) by addition to the boron atom 
from above the reference plane.

This hypothesis permits a simple interpretation 
of the observed phenomena. 1. Addition of the 
base to TNB yields the metastable or strained 
form of the addition compound.

2. The metastable or strained form is converted 
to the stable or unstrained form11 slowly at room 
temperature, rapidly at 100°. Conversion re­
quires rotation of one «-naphthyl group and in- 
in volves an appreciable energy of activation.

3. The dissociation pressures of the metastable 
form are high because of the strain which results 
from projection of the peri position of the odd «- 
naphthyl group into the region occupied by the 
amine molecule. The stable form exhibits much 
lower dissociation pressures because the offending 
peri position has been moved below the plane of 
the molecule, away from the added amine. (In 
other words, the unsymmetrical form of TNB 
has a higher F-strain factor4 than the symmetrical 
form.)

4. Addition of the amine to the unsymmetrical 
form of TNB is not accompanied by any marked 
changes in the configuration or in the size of the 
molecule. Therefore the metastable form of the 
addition compound and TNB form a series of 
solid solutions and the dissociation pressures de­
pend on the mole ratio of the two substances. On 
the other hand, formation of the stable form is ac­
companied by a marked change in the molecular 
configuration and the crystal lattice of TNB (the 
more stable, unsymmetrical form) is no longer 
able to accommodate the molecules of the addition 
compound (stable form). Accordingly, solid solu­
tion phenomena no longer occur, and the dis­

ci 1) I t  probably would be more precise to describe it as “ less
strained” rather than  “ unstrained,” since there m ust be considerable 
F-strain present even in the stable form.
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sociation pressures are no longer dependent on 
mole ratio.

5. Transformation of the metastable form to 
the stable form, slow at room temperature and 
rapid at higher temperatures, in effect removes 
equimolar quantities of the two compounds (amine 
and TNB) from the reaction mixture. If the 
amine and TNB are not present in exactly equiva­
lent amounts at the start, the slow transformation 
of the metastable to the stable form will bring 
about a gradual change in the mole ratio of 
“available” TNB and amine. The observed pres­
sure will then show a gradual change with time.12

6. Removal by volatilization of the amine from 
the stable forms of the addition compounds re­
quires elevated temperatures (100-140°) and pro­
ceeds relatively slowly. I t  is probable that the 
symmetrical form of TNB is the first product of 
the dissociation, but at the elevated temperatures 
used it must be rapidly converted into the more 
stable unsymmetrical form. I t is therefore not 
too surprising that removal of the amine from the 
metastable form of the addition compound at rela­
tively low temperatures and removal of the amine 
from the stable form at elevated temperatures 
yield samples of TNB that appear to be identical.

I t should be possible either to isolate or to ob­
tain some definite evidence on the existence of the 
symmetrical form of TNB by removing the base 
from the addition compound at relatively low tem­
peratures by chemical means. An investigation 
of this problem is under way.

There remain to be considered certain discrep­
ancies between the results of the present investi­
gation and those previously reported by Krause 
and Nobbe.5 These authors report that TNB is 
“moderately” soluble in ether. They prepared 
the compound by the action of «-naphthylmag- 
nesium bromide on boron trifluoride in ether solu­
tion. After the reaction was complete, water was 
added. The ether layer was dried and concen­
trated, then poured into a crystallizing dish where 
a mass of fine crystalline needles separated. In 
the present investigation, addition of water to the 
Grignard reaction mixture caused an immediate 
precipitate of TNB. In order to avoid such pre­
cipitation it was necessary to add large quantities 
of benzene to the reaction mixture. Experiment

(12) This point may be clarified by an illustration. Assume that 
the reaction mixture at the start of the experiment consists of one 
mole of T N B  and 0.5 mole of ammonia. The dissociation pressure 
exhibited by this mixture at a suitable temperature, 40° for example, 
would be that of a solid solution of 0.5 mole fraction of T N B  and 
am m onia-T N B  (m etastable form). If the temperature is main­
tained at 40°, the metastable form will slowly change over to the 
stable form. At the point where the change is 50% complete, the 
reaction mixture will consist of 0.25 mole of am m onia-TN B (stable 
form), 0.25 mole of am m onia-T N B  (m etastable form) and 0.5 mole 
of free T N B. Since the pressure of the stable form is negligible at 
40°, the pressure exerted by the mixture would be that of a solid 
solution of 0.33 mole fraction of the addition compound and 0.67 
mole fraction of the free boron component. It is obvious that it 
should be possible to  use the observed dissociation pressure to analyze 
a given mixture of the two forms and to follow the rate of the trans­
formation.

revealed that the solubility of TNB thus obtained 
is relatively small, 1.6 g. per 100 ml. of ether at 
25°, and is practically constant over a wide tem­
perature range. In their preparations of triaryl- 
borons Krause and Nobbe report that they used 
one mole of Grignard reagent in a 1-liter reaction 
flask. Assuming yields similar to those we ob­
tained, a quantity of ether from 3 to 5 liters should 
have been required to dissolve the product, instead 
of the concentration of the ether layer reported by 
the authors.

Krause and Nobbe prepared their amine addi­
tion compound by treating a solution of the tri- 
arylboron in ether with the base. The addition 
compounds precipitated immediately and were re­
covered by filtration. Although they do not re­
port any details on the preparation of ammonia- 
TNB, presumably the technique was similar to 
that which they had used for other such com­
pounds reported in their paper. In the present in­
vestigation, a saturated solution of TNB in an­
hydrous ether was treated with an equivalent 
quantity of ammonia in the same solvent. How­
ever, no precipitate was observed. At the end of 
several hours a small quantity of precipitate was 
noted, but the quantity was not increased by cool­
ing the solution to the neighborhood of —80°. 
The precipitate was collected and tested—its dis­
sociation pressures corresponded to the stable form 
of ammonia-TNB. The ether solution was al­
lowed to stand for an additional ten days at room 
temperature. In the course of this time the quan­
tity of crystalline precipitate continued to grow.

This experiment is of interest not only because 
of the discrepancy between our observations and 
those of Krause and Nobbe, but also because it 
suggests that the formation of the stable form of 
ammonia-TNB from the metastable form is a rela­
tively slow process, even in solution at room tem­
perature, so that the two forms of the addition 
compound are true geometrical isomers whose ex­
istence does not depend on crystal lattice forces. 
Further experimental studies along this line are 
underway.

Krause and Nobbe further report that tri­
methylamine—TNB precipitates immediately upon 
bringing the components together in ether solu­
tion. Even though they report that the com­
pound is measurably dissociated at room tempera­
ture, their ability to make the two components 
unite is remarkable in view of our numerous fail­
ures along this line.

The relative instability toward oxidation of 
TNB reported by Krause and Nobbe may also be 
contrasted with the high stability shown by our 
product. The difference in the number of mole­
cules of benzene of crystallization in the two in­
vestigations is also worthy of comment.

There is a possible explanation which could re­
solve these differences. If the product isolated by 
Krause and Nobbe were the symmetrical form of 
TNB, the higher reactivity of their product to-
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No reaction 
(Unstable form does 

not exist)

(a-Ci0H7)8B:N(CH3)3 **
Stable form

N(CH3)3

N(CH3)3

-----------  (a-C10H7)8B --------
(B. and S.)

1. Unsymmetrical form
2. Slightly soluble in ether
3. Highly stable in air
4. Crystallizes with one 

molecule of benzene
|  (140°)

----------  (<X-CioH7)3B ----------
(K. and N.)

+  NH3

+  NH3 

— NH3(140 °)

1. Symmetrical form
2. Moderately soluble in ether
3. Moderately stable in air
4. Crystallizes with two 

molecules of benzene

(a-CioH7)3B:NH3 
Unstable form

A
100-140°

v

(a-Ci0H7)3B:NH3 
Stable form

ward ammonia and trimethylamine could be 
understood. Moreover, the symmetrical form 
would presumably be the less stable of the two 
crystalline forms of TNB, so that its crystal lat­
tice energy would be less than that of the unsym­
metrical form and a higher solubility would be 
anticipated. Differences in the stability toward 
oxidation and in the number of molecules of ben­
zene of crystallization between their product and

n/-\ 4  ■<-ffi/>■<< 1 f  ttWU.J-0 VÏUU1U UIV.11 UU VJ.XXAJ.V_ lax \.y .
In this case the various interconversions and re­

actions could be interpreted as shown in the chart.
Several of the proposed transformations are, of 

course, highly hypothetical and require experi­
mental verification. Experimental studies to re­
solve the discrepancies and difficulties raised by 
the present study are now under way.

Experimental Part
Preparation and Purification of Intermediates.—The

preparation of ammonia and the methylamines in pure 
form has been previously described.4 Other intermedi­
ates used were largely Eastman Kodak Company products 
and were purified by standard methods.

Preparation of TNB .—Because of the discrepancies be­
tween the product obtained in the present investigation 
and that obtained by Krause and Nobbe, the preparation 
of TNB will be described in detail.5

A standard 1-liter 3-necked flask, fitted by standard- 
taper glass joints to a condenser, gland-sealed stirrer, and 
dropping funnel, was used. In the flask were placed 24.3 
g. (1 g. atom) of magnesium turnings and a crystal of 
iodine. The flask was flushed out with nitrogen and then 
gently heated until the iodine had partially sublimed. 
The flask and its contents were allowed to cool to room 
temperature and a mixture of 100 ml. of anhydrous ether 
and 10 ml. of a-bromonaphthalene (b. p. 143° at 14 mm.) 
was added. Meanwhile 130 ml. of or-bromonaphthalene 
(making a total of 1 mole) was dissolved in an additional 
400 ml. of anhydrous ether. One-half of this solution was 
then slowly added through the dropping funnel at such a 
rate as to keep the ether gently refluxing. The reaction 
mixture became brown during the addition and toward the 
end of the addition the Grignard reagent began to separate. 
Benzene, 100 ml., was added to dissolve the Grignard re­
agent and the remainder of the ether-halide mixture added. 
A total of three hours was required to add the halide. The 
reaction mixture was then heated under reflux for a further 
period of one-half to one hour to ensure completion of the 
reaction.

The flask was next cooled in ice, the ice-bath removed, 
and a solution of 32 ml. (0.25 mole) of boron trifluoride- 
etherate (b. p. 125°) in 150 ml. of benzene was added to

the Grignard reagent over a period of approximately one 
hour. After all of the reagent had been added, the reac­
tion mixture was heated under gentle reflux for an addi­
tional hour. The reaction mixture was then forced under 
nitrogen pressure through a glass tube into a 2-liter flask 
filled with crushed ice and containing 50 ml. of concentrated 
hydrochloric acid. The upper organic layer was yellow 
in color and contained a small quantity of brownish solid 
suspended near the interface; the lower aqueous layer was 
greyish-brown in color.

No attempt was made to separate the layers at this 
stage. The flask was stoppered and put aside overnight 
to allow time for the crystallization of the benzene addition 
compound of TNB . The organic layer was then decanted 
from the aqueous layer and suspended solid. The solid 
was recovered on a Buchner funnel (without filter paper) 
by pouring the gelatinous aqueous layer and suspended 
solid into the funnel under slight suction. The brownish- 
appearing residue was washed repeatedly with water and 
then with alcohol. The crude product was dissolved in 
300 ml. of refluxing benzene (nitrogen atmosphere) and 
quickly poured through a prewarmed Buchner funnel (with 
filter paper) into a 1-1. Erlenmeyer flask. White crystals 
immediately began to separate from the filtrate. The 
flask was stoppered and placed in a refrigerator overnight 
(6-8°).

The next day the bottom and walls of the flask were 
covered with an adhering crust of white large crystals. 
The supernatant liquid was poured off and the solid broken 
up with a stirring rod. The crystals were washed with 
several small portions of cold benzene and then transferred 
to a weighed flask and the adherent solvent removed by 
volatilization under high vacuum to constant weight.

In a typical preparation 63 g. of the pure product, (a - 
CioH7)3B-C6H6, was obtained, a yield of 54% based on the 
boron trifluoride-etherate used.

The benzene of crystallization was removed by heating 
the flask and its contents to a temperature of 150-160° at 
pressures of less than one millimeter. After the flask had 
reached constant weight (weighings were made only after 
the flask and its contents had reached room temperature to 
avoid exposure of the hot triarylboron to oxygen), the 
product weighed 51.8 g. Thus the product lost 11.2 g. 
compared with 10.5 g. of benzene calculated for the 1:1 
compound.

The product was analyzed for boron by treating it with 
hot concentrated sulfuric acid followed by distillation of 
the boron as methyl borate and titration as boric acid in the 
presence of mannitol.13

Calcd. for C30H21B: B, 2.71. Found: B, 2.75.
Titration of TNB.—G. N. Lewis14 has frequently 

pointed out the similarity between the behavior of the 
“proton” acids and electron acceptors such as the trialkyl- 
and triarylborons. It was of interest to determine whether

(13) Fowler and Kraus, T his Journal, 62, 1143 (1940).
(14) Lewis, J . Franklin Inst., 226, 293 (1938).
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TNB could be analyzed by a standard base similar to more 
conventional acid analyses.

A standard solution of 0.04644 M  TNB in benzene was 
prepared. Ten-ml. aliquots of this solution were titrated 
with approximately 0.06-0.10 N  solutions of sodium al­
koxide in the corresponding alcohol. Phenolphthalein was 
used as the indicator. The results are summarized in 
Table III.

T a b l e  III
T it r a t io n s  o f  TNB w it h  S o d iu m  A l k o x id e s

Base
N or­

m ality
Volume of 
base used

Volume
of

base
calcd.

End­
point

Sodium methoxide 0 .1050 4 .4 6 4 .49 4 .4 2 Sharp
Sodium ethoxide .1075 4 .31 4 .3 2 4 .3 2 Sharp
Sodium isopropoxide .0880 5 .3 4 5 .29 5 .29 Sharp
Sodium /-butoxide .0593 7 .6 8 7 .83 Indistinct®

a End-point taken as very faint pink which persisted.

Solubility of TNB.—The solubilities were determined by 
placing in a vessel excess solid TNB and 50 ml. of solvent. 
The mixture was stirred at constant temperature (under 
nitrogen) for twenty-four hours. The excess solid was 
permitted to settle and 5 ml. of the supernatant liquid was 
pipetted out. The solvent was removed under vacuum 
and the solid determined by weighing. The results indi­
cated a solubility per 100 ml. of solvent at 25° of 1.7 g. in 
ether, 0.2 g. in alcohol, 6.4 g. in benzene, and 5.0 g. in 
carbon tetrachloride. At —80° the solubility was 1.4 g. 
per 100 ml. of ether.

Preparation of Addition Compounds, (a) By Conden­
sation of Excess Amine.—A large excess of the amine was 
liquefied in a tube immersed in a Dry Ice-bath. Sodium 
was used to remove traces of moisture. The amine was 
then permitted to volatilize from the sodium and condense 
in a second tube containing 2-3 g. of TNB. The liquid 
amine and suspended solid were allowed to remain in con­
tact for two hours at 20-30 ° below the boiling point of the 
amine. At the time the cooling bath was removed and the 
excess amine permitted to volatilize away as the tempera­
ture rose to 25°. In these operations the product was at 
all times protected from the atmosphere. The last traces 
of excess amine were removed by pumping the material 
with a high vacuum pump. Periodic weighings of the 
product showed asymptotic approach to 1:1 addition over 
a period of several hours. Composition of the products 
was verified by Kjeldahl analyses for nitrogen. Ammonia, 
methylamine and dimethylamine all yielded well-defined 
addition compounds whose properties have been previously 
described. Trimethylamine showed no signs of reaction; 
even at — 80 ° a stream of nitrogen rapidly removed all of 
the amine from a mixture of the liquid amine and solid 
TNB.

(b) Reaction with a Stream of the Gaseous Base.—In a
typical experiment, a stream of ammonia was passed over 
a sample of 0.9030 g. of TNB contained in a boat. Con­
siderable heat was evolved as the ammonia reached the 
solid and there was a sharp drop in pressure as the gas was 
absorbed. The slow stream was continued for one hour. 
The product gained 0.0401 g. Calculated gain for 1:1 
addition is 0.0392 g. The properties of the product ob­
tained in this way were identical with those obtained in the 
first method. Trimethylamine was not absorbed in a 
similar experiment involving this base.

(c) By Reaction of Measured Quantities of the Compo­
nents in the High Vacuum Apparatus.—The apparatus 
shown in Fig. 7, attached to the usual high vacuum line, 
was used. A weighed quantity of TNB was introduced 
into the small bulb and the tube sealed. The tube was 
evacuated through the manometer (with the mercury 
lowered) and the float valve. A quantity of amine was 
then measured out as a gas in the high vacuum line and 
then condensed in the tube with liquid nitrogen. Mer­
cury was then raised into the manometer and the equilib­
rium pressures developed at room temperature and above 
were measured on the manometer.

Fig. 7.—Apparatus for following the dissociation pressures 
of the addition compounds.

There was a remarkable difference in the time required 
for the equilibrium pressure to be reached. The ammonia 
derivative reached essentially stationary pressure values in 
five minutes; the monomethylamine derivative required 
approximately one hour; the dimethylamine compound 
required some five to twelve hours for the observed pres­
sure to become sensibly constant. Over a period of some 
three months trimethylamine showed no signs of being 
absorbed.

(d) By Reaction in Ether Solution.—A solution of 2.04 
g. of TNB in 250 ml. of anhydrous ether was mixed with
74.5 ml. of ether containing an equivalent quantity of 
ammonia. No precipitate was observed. A portion of 
the solution was cooled to approximately —80°, but no 
precipitate formed. Overnight a few crystals appeared. 
These were isolated and introduced into the high vacuum 
apparatus. They exhibited pressures corresponding to the 
stable form of ammonia-TNB15 and analyzed for a 1:1 
addition compound.

The solution was permitted to stand at room tempera­
ture (protected from the atmosphere) for nearly two weeks, 
In this time, additional crystals of the same appearance 
as those already isolated were observed to precipitate, 
the amount increasing daily. Unless it is assumed that 
the crystallization is an exceedingly slow process, in con­
tradiction to the observation of Krause and Nobbe,7 one 
can only conclude that the crystalline material is the re­
sult of a slow change occurring in the dissolved soluble 
addition compound (presumably the metastable form is 
isomerizing to the stable form).

Acknowledgment.—This investigation was 
made possible by Grants No. 710 and 776 from 
the Penrose Fund of the American Philosophical

(15) The observed pressures, 5.5 mm. at 130°, 16.5 mm. at 150° 
and 57.0 mm. at 170°, differed slightly from the pressures measured 
for the addition compound prepared by direct synthesis. The cause 
of the discrepancy is under investigation.
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Summary
1. Tri- «-naphthylboron has been prepared and 

found to possess somewhat different properties 
from the product previously described in the litera­
ture.

2. Addition compounds of tri-«-naphthyl- 
boron with ammonia, methylamine and dimethyl­
amine were prepared. Trimethylamine did not 
combine with tri-«-naphthylboron.

3. The dissociation pressures of the addition 
compounds indicate a relative stability in the

order, NH3 > CH3NH2 > (CH3)2NH > (CH3)3N. 
This order is the theoretical limit predicted for a 
reference acid with an exceedingly high F-strain 
factor.

4. The addition compounds exist in two poly­
morphic modifications. I t is suggested that these 
modifications result from restricted rotation of the 
«-naphthyl groups in the addition compounds.

5. The hypothesis is advanced that the dis­
crepancies between the properties of the tri-«- 
naphthylboron prepared in the present investi­
gation and the tri-«-naphthylboron previously de­
scribed may be due to the existence of two rotation 
isomers of the compound.
L a f a y e t t e , I n d ia n a  R e c e iv e d  N o v e m b e r  28, 1947

[Co n t r ib u t io n  f r o m  t h e  C h e m ic a l  L a b o r a t o r y  o f  H a r v a r d  U n iv e r s it y ]

The Reaction of Hydrazine Hydrate on Nitro-Compounds and a New Route to
Synthetic Oestrogens

By Huang-Minlon1

The reduction of nitrobenzaldehydes by alka­
line treatment of the corresponding hydrazones is 
not successful.2 The modified Wolff—Kishner re­
duction3 has now been found to proceed normally, 
with the exception that nitro-groups are reduced 
simultaneously, p -  or m -toluidine can be ob­
tained by this method from p -  or m-nitrobenz- 
aldehyde, respectively, in good yield. The reduc­
tion of nitro compounds by hydrazine has been ob­
served,4 although a sealed tube or an autoclave 
was usually employed. The reduction by hydra­
zine of p -  or m-nitro toluene to the corresponding 
toluidines required reaction in a sealed tube at 
130° for four hours.5 In the present investigation, 
the reduction was found to proceed readily in re­
fluxing diethylene glycol. w-Nitro toluene can be 
reduced to ra-toluidine in good yield in this way; 
alkali does not affect the course of the reduction. 
/>-Toluidine is obtained from ^-nitrotoluene in 
good yield only if alkali is absent; in the presence 
of alkali a dimeric product, 4,4'-diaminostilbene 
(I), is also formed. The action of alkali alone on 
/^-nitrotoluene is known to yield a mixture of con­
densation products from which 4,4'-dinitrodi- 
benzyl (II) and 4,4'-dinitrostilbene could be iso­
lated (IV).6 The initial products of the alkali 
treatment are believed to be nitroso dimeric com­
pounds.7 Consequently the formation of 4,4'-di- 
aminostilbene from /^-nitrotoluene undoubtedly 
proceeds through a nitro or nitroso dimeric prod­
uct by reduction. The same diamino product in

(1) On leave of absence from the N ational Research Institute of 
Chemistry, Academia Sinica.

(2) Lock and Stach, Ber., 76, 1252 (1943).
(3) Huang-M inlon, T his Journal, 68, 2487 (1946).
(4) Curtius, J. prakt. Chem., 76, 238, 281 (1907).
(5) Müller, ibid., I l l ,  278, 281 (1925).
(6) Fischer and Hepp, Ber., 26, 2231 (1893).
(7) Green, Davies and Horsfall, J. Chem. Soc., 91, 2076 (1907).

better yield can also be obtained from />-nitro­
benzyl chloride by treatment With alkali and ny- 
drazine hydrate.

4,4'-Dinitrostilbene (II) is readily reduced by 
hydrazine hydrate in the presence of alkali to 4,4'- 
diaminostilbene (I) (80% yield). If alkali is ab­
sent, the double bond is also saturated, and 4,4'- 
diaminodibenzyl (III) can be obtained in this way 
in 70% yield. Alkali also affects the reduction of 
4,4'-dinitrodibenzyl (IV): Treatment with hydra­
zine alone yields 4,4'-diaminodibenzyl (III) in 
almost quantitative yield, whereas treatment with 
hydrazine and alkali yields 4,4'-diaminostilbene 
(I) in more than 90% yield. Since neither 4,4'-di- 
aminostilbene (I) nor 4 ,4 -diaminodibenzyl (III) 
is affected by treatment with hydrazine, with or 
without alkali, the electron-attracting p-nitro 
group thus activates the methylene or methine 
group for the donation or acceptance of hydrogen.

Substitution of sulfonic acid groups in the 2,2'- 
positions does not alter the reaction (see chart, 
R = S03H).

/>-Nitrophenylacetic acid can be converted to a 
dinitrodicarboxylic acid (m. p. 264—266°) by treat­
ment with alkali in the presence of an oxidizing 
agent. This acid when treated with hydrazine 
gives 4,4'-diaminodibenzyl; reduction and de­
carboxylation both take place.

p-Nitropropylbenzene8 on heating with hydra­
zine hydrate and alkali gives meso and racemic 
4,4'-diamino-«,/4-die thyldibenzyl (V) along with 
p-aminopropylbenzene. Both of these isomeric 
diamino compounds hav'e been used by Carlisle 
and Crowfoot9 for X-ray measurements but the 
methods of preparation have not been mentioned.

(8) Baddeley and Kenner, J. Chem. Soc., 303 (1935); cf. Kondo 
and Uyeo, Ber., 70, 1087 (1937).

(9) Carlisle and Crowfoot, J. Chem. Soc., 6 (1941).
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I V  V I
m eso  an d  racem ic

(R  =  H  or S 0 3H)

Baker10 prepared these compounds from />-propio- 
propionanilide in several steps.

The meso and racemic 4,4'-diamino- 
ethyldibenzyls on diazotization followed by heat­
ing with water give meso-4A'-dihydroxy-a, 0-di- 
ethyldibenzyl (VI) (hexestrol)11 and its racemic 
isomer (isohexestrol),12 respectively.

It is remarkable that /?-nitrotoluene and 4-nitro- 
toluene-2-sulfonic acid on heating with hydrazine 
hydrate and alkali give the stilbene derivatives 
whereas />-nitropropylbenzene under the same 
conditions gives the isomeric dibenzyl derivatives.

Further work is in progress for the conversion of 
/>-nitropropylbenzene into the corresponding di­
meric nitro product to explore the possibilities of 
obtaining diethylstilbestrol and hexestrol by using 
hydrazine hydrate in the presence or absence of 
alkali, similar to the conversion of the dinitrostil- 
benes or dinitrodibenzyls into diaminostilbenes 
and diaminodibenzyls as shown in the chart, fol­
lowed by diazotization.

I am indebted to Prof. L. F. Fieser for his en­
couragement in the pursuance of this investigation 
and to Mary Fieser for help in the preparation of 
this manuscript.

Experimental13
A ll th e com pounds were reduced b y  th e  follow ing g en ­

eral m ethods w ith  th e variation s described in th e notes.
A  m ixture of nitro com pounds, d ieth ylene glycol and  

8 5 %  h yd razin e h y d ra te  w ith  or w ith o u t ad dition of alkali

(10) Baker, T h is  J o u r n a l , 65, 1572 (1943).
(11) For literature or review of syntheses of hexestrol, see Sisido 

and Nozaki, ib i d . ,  70, 778 (1948); Solmssen, C h em . Rev . ,  37, 481 
(1945).

(12) My thanks are due to Prof. E. C. Dodds, Dr. W. Lawson and 
Dr. C. W. Sondern for a sample of isohexestrol, to Dr. C. H. Carlisle 
for a sample of raeso-4,4'-diamino-tt,/3-diethyldibenzyl, and to Dr. 
B. R. Baker for the samples of dipropionyl compounds of m eso  and 
racemic 4,4'-diamino-a,/3-diethyldibenzyl.

(13) The microanalyses were carried out by Shirley Katz of this 
Laboratory.

hyd ro xid e w as refluxed for a b o u t half an  hour an d  th e  c o n ­
denser w as th en  rem o ved  to  allow  th e aqueous liquor to  
evap o ra te  an d  th e  tem p eratu re of th e reaction m ixtu re to  
rise to  a b o u t 20 0 °. R eflu xin g a t  th is tem p eratu re w as  
continued u n til th e  d a rk colored solution becam e n e a rly  
colorless or lig h t brow n (one to  three h o u rs). T h e  reactio n  
m ixture w as cooled an d  d ilu ted  w ith  w ater an d  th e  s e p a ­
rated am in o p ro d u ct w as filtered or ex tracte d  w ith  eth er.

N o te  1 .— In  red u ction  of alk a li-se n sitive  com poun ds  
such as n itro  a ld e h yd e s it  is ad visab le to  reflux th e solu tion  
of sta rtin g  m aterial in  d ieth yle n e glyco l w ith  h yd ra zin e  
h y d ra te  for a b o u t h a lf an  hour and th en  a  co n ce n trated  
aqueous soution  of alka li h yd roxide is ad d ed  slo w ly  
th rou gh  th e  condenser an d after refluxing for a b o u t tw e n ty  
m inutes longer th e  aqueous liquor is evap o ra ted  as d e ­
scribed a b o v e .

N o te  2 .— In  cases w here either the sta rtin g  m aterial or 
th e reduced p ro d u ct is v o la tile  a ta k e -o ff a d ap te r w as used  
instead of rem o vin g th e  condenser to  e vap o ra te  aqueous  
liquor.

N o te  3 .— In  som e cases a m ixture of nitro com poun d, d i-  
eth ylen e g ly c o l an d  h yd ra zin e h y d ra te  w as allow ed to  
stand  for a w h ile an d  th en  alka li h yd roxide in solid form  or 
dissolved in a sm all am o u n t of w ater w as a d d e d .

N o te  4 .— In  cases w here th e reduced produ ct is acid ic,  
such as am ino su lfo n ic'acid s, th e cooled and d ilu ted  r e a c ­
tion m ixtu re w as acidified w ith  w arm  concentrated h y d r o ­
chloric acid .

/>-Toluidine.— (a) F ro m  />-nitrobenzaldehyde (N o te s  1 
and 2 ) :  ^ -N itro b e n za ld e h y d e  (7 .5  g.) dissolved in 100 ec. 
of d ieth yle n e g ly co l w ith  ad d itio n  of 15  cc. of h yd ra zin e  
h y d ra te  an d  1 1  g . of potassium  hyd roxid e g a v e  3 .79  
g. (7 0 .8 % ) of /^-toluidine, b . p . 1 1 6 - 1 1 7 °  a t  53 m m .,  
m. p . 4 4 -4 5 °  n o t depressed w ith  an a u th e n tic  sam p le;  
a c e ty l com pou n d , m . p . 1 4 8 -1 4 9 °, n ot depressed w ith  N -  
acetyl-/>-toluidine. A  reduction m ade w ith  6 .1  g . of p- 
n itro ben zald eh yd e w ith o u t addition of alka li h yd ro xid e  
ga v e  o n ly  1.8  g . ( 4 1 .3 % )  of />-toluidine.

(b) F ro m  p -nitrotoluene (N o te  2 ) : 1 3 .7  g. of p - n itr o ­
toluene, 2 0 0  cc. of d ieth yle n e g lycol and 2 0  cc. of h y d r a ­
zine h y d ra te  (w ith o u t ad d itio n  of alkali) g a v e  9 .55  g. 
(8 9 .2 % ) of p -toluidine, b . p . 1 0 6 -1 0 7 °  a t  34 m m ., m . p . 
4 4 -4 5 °. A c e ty l  com pou n d, m . p .  1 4 7 -1 4 8 ° ,  n o t depressed  
w ith  N -a c e t y l  p -toluidine.

m -T o lu id in e .— (a) F ro m  m -n itroben zald eh yd e (N o te s  
1 an d  2 ) :  7 .5  g . of m -n itr ob en zald eh y de, 100 cc. of d i­
eth ylene g ly co l, 15  cc. of h yd razin e h y d ra te  and 1 1  g . of 
potassium  h yd ro xid e g a v e  3.54  g. (6 6 .6 % )  of m -to lu id in e, 
b. p . 1 1 8 - 1 1 9 °  a t  53 m m ., n 25d 1 .5659 ; a c e ty l com pound, 
m . p .  6 7 -6 8 °, n ot depressed w ith  N -a c e ty l -m -toluidine.
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(b) Fro m  w -n itro to lu en e (N o te  2 ) :  T h e  reduction of
1 3 .7  g . of m -nitrotoluene w ith  20 cc . of h yd razin e h yd ra te  
in  2 0 0  cc . of d ieth yle n e g ly co l in  absen ce an d  in presence 
of alk a li g a v e  8.26 g . ( 7 7 .2 % )  an d  8.59 g. (8 0 .3 % ), re­
sp e c tiv e ly , of m -tolu idin e b . p . 1 0 7 -1 0 9 °  a t 34 m m ., w25d

l .  5658; a c e ty l com pound m . p .  an d  m ixed m . p. 6 7 ° .
4,4 '-Diaminostilbene.— (a) F ro m  p -nitrotoluene (N o te

3 ) :  O n reduction o f 1 3 .7  g . of p -n itrotoluen e in 200 cc. of 
d ieth yle n e g ly co l w ith  2 0  cc . of h yd ra zin e h yd ra te and 2 2  
g. of potassium  h yd ro xid e and ex tractio n  of the reaction  
p ro d u ct w ith  ether th ere w as o b ta in e d  3 .1  g. (3 0 % ) of 
crystallin e b asic p ro d u ct separated  from  th e  ethereal solu­
tio n , m . p . 2 2 3 -2 2 5 °. R e cr y sta lliza tio n  from  a ceto n e-  
alcohol g a v e  pure p ro d u ct (short p rism s), m . p .  2 2 6 -2 2 8 °  
n o t depressed b y  ad m ixtu re w ith  4 ,4 '-diam inostilbene  
prepared from  4 ,4 '-d in itr o s tilb e n e . 14>15

Anal. C a lcd . for C i4H i4N 2: N ,  13 .3 2 . F o u n d : N ,  
1 3 .7 1 .

I t  furnished a d ib en zal co m p o u n d , 14 m . p . and m ixed
m . p . 2 5 3 -2 5 4 °. F ro m  th e  eth ereal m other liquor, 
3 .1 7  g. of £ -toluidine w as o b ta in e d .

(b) Fro m  />-nitrobenzyl ch lo rid e: T o  a w arm  solution  
of 5  g . of />-nitrobenzyl chloride in 20 cc. of alcohol a solu­
tion  of 1.8  g. of potassium  h yd ro xid e in  1 .5  cc. of w ater and  
8  cc. of alcohol w as ad d ed  dropw ise a t  a b o u t 50°. A fte r  
cooling to  room  tem p eratu re 1 2 0  cc . of d ieth ylene glycol, 
1 2  cc . of h yd razin e h y d ra te  and 8  g . of potassium  h yd ro x­
ide were added an d  th e  reactio n  m ixtu re w as treated as 
described for th e general m eth o d . O n  extraction w ith  
ether an d evaporation  of th e  ethereal solution there was  
o b tained  2 .1 7  g . ( 7 0 .5 % )  of crystallin e product, m . p. 
2 1 2 -2 2 0 °;  2 2 7 -2 2 8 ° after recrystalliza tio n  from alcohol, 
n ot depressed b y  ad m ixtu re w ith  4 ,4 '-diam inostilbene  
prepared from  p -nitrotoluene an d from  4 ,4 '-dinitr o stil- 
b e n e . 15 I t  furnished a d ib en zal com pou n d , m. p. 2 5 3 °.

(c) From  4 ,4 , -d in itro stilb en e: T h e  reduction of 1 g. 
of 4 ,4 '-d in itro stilb e n e (prepared from  p -nitrobenzyl ch lo­
rid e16) in 40 cc. of d ieth yle n e g ly co l w ith  2 .5  cc. of h y d ra ­
zine h yd ra te  and 2  g. of p otassium  h yd ro xid e gave 0.62 g. 
(8 0 .5 % ) of 4,4 '-d iam in ostilb en e, m . p . 2 2 7 -2 2 8 ° (228- 
229 ° after recrystallizatio n  from  alcohol) n ot depressed b y  
ad m ixtu re w ith th e a u th e n tic  sam ples from  other sources.

(d) From  4 ,4 '-d in itr o d ib e n zy l: T h e  reduction of 1 g. 
of 4 ,4 '-d in itro d ib e n zyl (prepared from  d iben zyl b y  n itra­
t io n 17 18) b y  th e general procedure g a v e  0.72 g. (9 3 .2 % ) of 
4 ,4 '-diam in ostilben e, m . p . 2 2 2 -2 2 4 °, and 0.57 g. (7 4 % )  
of o nce-recrystallized m aterial, m . p . 2 2 8 -2 2 9 ° (no d e ­
pression in m ixed m . p .  w ith  au th e n tic  sam p le s). I t  gave  
th e  dibenzal com pound, m . p .  an d m ixed m . p .  2 5 2 -2 5 4 °.

4,4 '-D ia m in o d ib e n zyl.— (a) F ro m  4,4 '-d in itrostilb en e:  
O n  reduction of 2 .7  g . of 4 ,4 '-d in itro stilb e n e  in 100 cc. of 
d ieth ylen e g lycol w ith  4 cc. of h yd ra zin e h yd rate in a b ­
sence of alkali there w as o b tain ed  1 .5  g. ( 7 1 % )  of 4 ,4 '-d i­
am in od iben zyl, m . p . 1 3 5 -1 3 6 °  (w h ite  glistening plates, 
m . p. 1 3 7 -1 3 8 ° ,  recrystallized  from  d ilu te  alcohol after  
tre atm en t w ith  ch a rco a l), n o t depressed b y  adm ixture w ith  
th e  a u th e n tic  sam ple prepared from  4 ,4 '-d in itrod ib en zyl 
b y  reduction w ith  tin  an d  h yd ro ch lo ric a c id . 13

Anal. C a lcd . for C i4H 16N 2: N ,  13.20 . F ou n d : N ,
13 .4 1 .

(b) From  4 ,4 '-d in itr o d ib e n zy l: T h e  reduction of 1 g. of 
4 ,4 '-dinitr odibenzyl in absence of a lk a li as ab ove gave 0 .77  
g. (9 9 % ) of 4 ,4 '-d ia m in o d ib e n zyl, m . p . 13 0 -13 3 °. R e -  
crystalliza tio n  from, d ilu te alcohol (charcoal) gave 0.62 g. 
( 7 9 .5 % )  of pure p ro d u ct, m . p .  1 3 6 -1 3 7 ° ,  n o t depressed b y  
ad m ixtu re w ith  an a u th e n tic  sam ple.

(c) From  ^ -n itro p h en ylace tic  a c id : T o  a warm solu­
tion  (40°) of 4.2 g. of ^ -n itro p h en yia cetic  acid in 20 cc. of 
w ater containing a few  drops of 3 0 %  sodium  hydroxide  
solution a m ixture of 10 g. of sodium  h yd roxide in 9 cc. of 
w ater and 25 cc. of sodium  h yp o ch lo rite  ( 5 %  available

(14) Ruggli and Lang, Helv. Chim. Acta, 19, 996 (1936).
(15) Calvin and Buckles, T h is  J o u r n a l , 62, 3326 (1940).
(16) Walden and Kernbaum, Ber., 23, 1959 (1890).
(17) Rinkenbach and Aaronson, T h is  J o u r n a l , 52, 5041 (1930).
(18) Stelling and Fittig, A nn., 137, 262 (1866).

chlorine) was added slowly so that the temperature was 
not over 45°. After addition of the alkaline oxidizing 
agent, stirring was continued for three to five hours at 
45-50°. The clear diluted solution was acidified with 
dilute hydrochloric acid and the separated yellowish white 
crystalline product was filtered (4.04 g.), melting at 258- 
261 ° (decomposing). After recrystallization from a large 
volume of acetic acid the melting point could be raised to 
261-262° or 264-266°, depending on the rate of heating. 
Titration of this compound roughly indicated the presence 
of two carboxyl groups. Without further identification 
the dibasic acid (1 g.) was heated in 25 cc. of triethylene 
glycol with 4 cc. of hydrazine hydrate in absence of alkali 
(general method). Cooling and dilution of the reaction 
mixture gave 4 ,4 '-diaminodibenzyl melting at 131-132°. 
On recrystallization from dilute alcohol, there was ob­
tained 0.51 g. (white plates) of pure product, melting and 
mixed melting point 137-138°.

4 ,4 '-Dinitrostilbene-2,2'-disulfonic Acid.—This was 
prepared according to Green and Wahl19 with the following 
modifications.

To a warm solution (40-45°) of 5 g. of p -nitrotoluene-o- 
sulfonic acid20 (recrystallized from acetone-benzene, m .p . 
137-138°) in 30 cc. of diethylene glycol, a mixture of 50 
cc. of sodium hypochlorite (5% available chlorine) and a 
solution of 6 g. of sodium hydroxide in 8 cc. of water was 
added slowly under stirring (inside temperature 45-55°). 
After addition stirring was continued and the temperature 
was kept at 50-55°. After about fifteen minutes the clear 
solution became turbid and fine yellow needles began to 
separate. After about twenty minutes the reaction was 
complete and the sodium hypochlorite was consumed 
(iodide starch paper). On cooling and filtration there was 
obtained 4.9 g. of the sodium salt of 4 ,4'-dinitrostilbene - 
2,2'-disulfonic acid which was converted to the free acid,21 
m .p . 266° after recrystallization from acetic acid.

Anal. Calcd. for C14H10O10N2S2: N, 6.51. Found: 
N, 6.23.

4,4'-Diaminostilbene-2,2'-disulfonic Acid.— (a) From 
4,4'-dinitrostilbene-2,2'-disulfonic acid (Note 4): One
gram of 4 ,4 '-dinitrostilbene-2,2 '-disulfonic acid was 
treated with hydrazine hydrate and alkali as described in 
the preparation of 4 ,4 '-diaminostilbene (c) and there was 
obtained 0.63 g. (73.3%) of diamino product (fine yellow­
ish needles, m .p . over 300 °) which appeared to be identical 
with 4,4'-diaminostilbene-2,2'-disulfonic acid6,19’22 (pre­
pared from the same starting material by reduction with 
tin and hydrochloric acid), from its crystal form, high 
melting point, solubility and decolorization of cold alkaline 
potassium permanganate solution.

Anal. Calcd. for C14Hi40 6N2S2: N, 7.56. Found: N, 
7.47,

(b) From 4,4'-dinitrodibenzyl-2,2'-disulfonic acid 
(Note 4): One gram of this starting material (prepared 
from />-nitrotoluene-0-sulfonic acid19) treated with hydra­
zine hydrate and alkali as above gave 0.58 g. (67.5%) of 
4,4'-diaminostilbene-2,2 '-disulfonic acid.

Titration: 96.01 mg. consumed 0.1 A  sodium hydroxide 
5.180 cc. Calcd. for Ci4Hi406N2S2 : 5.184 cc.

(c) From />-nitrotoluene-d-sulfonic acid (Note 4): 2.2 
g. of this starting material with 20 cc. of diethylene glycol,
2.5 cc. of hydrazine hydrate and 3 g. of potassium hy­
droxide gave 0.5 g. (27%) of 4 ,4 '-diaminostilbene-2,2'- 
disulfonic acid.

Titration: 152 mg. consumed 0.1 A  sodium hydroxide 
8.21 cc. Calcd. for Ci4Hi406N2S2: 8.20 c c .

4,4'-Diaminodibenzyl-2,2'-disulfonic Acid.— (a) From 
4,4'-dinitr odibenzyl-2,2'-disulfonic acid (Note 4): One 
gram of this starting material with 25 cc. of diethylene 
glycol and 4 cc. of hydrazine hydrate gave 0.63 g. (70%) of

(19) Green and Wahl, Ber.,  30, 3097 (1897).
(20) I am indebted to E. I. du Pont de Nemours and Company 

for this material.
(21) Ruggli and W elge, Helv. Chim. Acta, 15, 576 (1932).
(22) Bender and Schultz, Ber., 19, 3235 (1886).
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4,4'-diaminodibenzyl-2,2'-disulfonic acid (white pointed 
flat needles) which was found to be identical with an au­
thentic sample prepared from the same starting material 
by reduction with tin and hydrochloric acid.23

Anal. Calcd. for CuHjeOe^S^ N, 7.53. Found: 
N, 7.13. Titration: 99.03 mg. consumed 0.1 A  sodium 
hydroxide 5.295 cc. Calcd. for Ci4Hi606N2S2 : 5.318 cc.

(b) From 4,4'-dinitrostilbene-2,2 '-disulfonic acid (Note 
4): 2 g. of 4 ,4 '-dinitrostilbene-2,2 '-disulfonic acid in 40 
cc. of diethylene glycol with 8 cc. of hydrazine hydrate 
gave 0.8 g. (46.2%) of 4 ,4'-diaminodibenzyl-2,2'-disul­
fonic acid (white pointed flat needles).

Titration: 95.80 mg. consumed 0.1 A sodium hy­
droxide 5.12 cc. Calcd. for C14H16O6N2S2: 5.14 cc.

4,4' -Diamino -a , fi -diethyldibenzyl.—The reduction of
19.8 g. of />-nitropropyibenzene with 180 cc. of triethylene 
glycol, 30 g. of potassium hydroxide and 24 cc. of hydra­
zine hydrate gave 14 g. of dark oily product which was 
fractionally distilled.

Fraction I: 3.5 g. boiling at 86-87° at 4 mm., identical 
with />-aminopropylbenzene. It furnished an acetyl com­
pound (plates), m .p . 95-96°.

Anal. Calcd. for CnH15ON: C, 74.53; H, 8.53; N, 
7.90. Found: C, 74.68; H ,8.49; N, 8.03.

Fraction II: 5.1 g. boiling at 178-188° at 0.3 mm.; 
it solidified after standing. Recrystallization from a mix­
ture of ether and petroleum ether (70-90°) and then from 
methanol gave about 2 g. of meso -4,4' -diamino -a, 0 -di - 
ethyldibenzyl (rhombic plates), m. p. 141-142°, not de­
pressed by admixture with an authentic sample.12

The ether-petroleum ethereal mother liquor obtained 
above on concentration gave the racemic isomer in leaflets. 
Recrystallization from ether-petroleum ether gave 1.7 g., 
m. p. 97-98.59 (one sample recrystallized from methanol 
melting at 98-99 °).

Anal. Calcd. for Ci8H24N2: C, 80.54; H, 9.01; N, 
10.43. Found: (meso form) C, 80.68; H, 9.12; N,
10.63; (racemic form) C, 80.50; H, 8.82; N, 10.71.

Both meso and racemic isomers furnished the dipropi- 
onyl compounds melting at 264-266° (plates) and 217-

(23) Ris and Simon, Ber., 30, 2618 (1897).

218° (plates), respectively, mixed with authentic samples12 
(meso form m. p. 262-264°; racemic form 207-215 °10) 
melted at 263-266° and 210-216°, respectively.

4,4 '-D ih y d ro x y -d ie th y l dib enzyl.—0.14 g. of meso- 
diamino compound, m. p. 141-142°, was dissolved in 
dilute sulfuric acid and diazotized with sodium nitrite. 
After standing at 2-5 ° about twenty minutes and pouring in 
portions into 300 cc. of boiling water, the crystalline dihy­
droxy compound separated on cooling, m. p. 174-178° 
(0.12 g.). Recrystallization from benzene gave pure 
product, m .p . 181-182°, not depressed by admixture with 
an authentic sample of hexestrol.

Diazotization of racemic diamino compound (m .p . 97- 
98 °) under the same conditions as above gave the racemic 
or isohexestrol which after repeated recrystallization from 
ether-petroleum ether melted at 128-129°, not depressed 
by admixture with an authentic sample.12

Anal. Calcd. for Ci8H220 2: C, 79.96; H, 8.20. Found 
(meso form): C, 80.18; H, 8.14. (racemic form): C, 
80.04; H, 8.22.

Summary
1. The modified Wolf-Kishner method has 

been adapted for the reduction of aromatic nitro- 
aldehydes.

2. Nitrotoluenes have been converted to the 
corresponding dimeric amino products and tolui- 
dines by using hydrazine hydrate.

3. Both the d^'-dinitrostilbenes and the 4,4'- 
dinitrodibenzyls have been converted to the di- 
aminostilbenes or diaminodibenzyls by the action 
of hydrazine hydrate. In all of these cases the 
presence of alkali was a determining factor with re­
spect to the formation of dimeric products and the 
persistence or the reduction of the ethylenic link­
age.

4. A new synthetic route for the preparation of 
hexestrol has been described.
Cambridge 38, M assachusetts R eceived  A pril  17, 1948

[Contribution from R ohm & H aas C om pany]

Preparation of Acetals or Ketals from Vinyl-type Esters
By W. J. C r o x a l l , F. J. G l a v is  a n d  H. T. N e h e r

In the course of an investigation of the addition 
of alcohols to vinyl compounds, it was observed 
that when vinyl acetate is added to an excess of 
alcohol containing a small amount of mercury 
oxide and boron trifluoride, heat is evolved and an 
acetal and acetic acid are formed in high yields. 
Under similar conditions isopropenyl acetate gives 
a ketal and acetic acid. The over-all course of the 
reaction is
CH2=CHOCOCH8 +  2ROH — >

CH3CH(OR)2 +  CH3COOH
Mixtures of mercuric oxide and the complexes 

formed from boron trifluoride with alcohols, ethers 
or carboxylic acids were found to be the most 
active catalysts. With these, the reaction starts 
promptly and is so rapid that efficient cooling is 
required to prevent vigorous or even violent boil 
ing. Mercuric sulfate is a slightly less active 
catalyst. With mercuric phosphate no appreci­

able reaction occurs a t room temperature, but 
after the mixture is refluxed for two hours, some 
hemiacetal acetate is formed. Coffman1 obtained 
the 1-acetoxyethyl ether of a glycolic ester when 
equi-molar quantities of vinyl acetate and the gly­
colic ester were refluxed in the presence of mercu­
ric phosphate. Mercuric oxide alone is entirely 
inert as a catalyst at room or elevated tempera­
tures. Boron trifluoride diethyl etherate alone in­
duces no exothermic reaction, but when the re­
action mixture is refluxed, acetal is produced in low 
yield, together with acetic ester, acetaldehyde and 
water. Presumably, the initial reaction in this 
case is an alcoholysis2 after which some of the 
acetaldehyde undergoes acetal formation
CH2=CHOCOCH3 +  RO H----^  CH3CHO +  CH3COOR

CHsCHO +  2ROH---->  CH3CH(OR)2 +  H20
(1) Coffman, U. S. Patent 2,384,726 (1945).
(2) Herrmann and Deutsch, British Patent 314,646 (1929).
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The course of the reaction is believed to be quite 
different when the mercuric oxide boron trifluoride 
catalysts are used. No acetaldehyde could be de­
tected when dry reagents were used. When the 
mole ratio of alcohol to vinyl acetate is less than 
two, 1-alkoxyethyl acetate occurs as one of the 
products. This compound is believed to be an 
intermediate in the reaction. I t  is suggested that 
the reaction proceeds as follows

(a) CH2==CHOCOCH3 +  R O H ----
CH3CH(OR)OCOCH3

(b) CH3CH(OR)OCOCH3 +  R O H ----
CH3CH(OR)2 +  CH3COOH

The plausibility of reaction (b) was clearly demon­
strated when butyl acetal was obtained in 81% 
yield by the action of 1-butoxyethyl acetate on n- 
butyl alcohol in the presence of mercury oxide and 
boron trifluoride. The 1-butoxyethyl acetate was 
prepared from n -butyl vinyl ether and acetic acid.3

The reaction offers a convenient method for pre­
paring acetals and is especially useful for prepar­
ing ketals. I t  is applicable to primary and second­
ary alcohols. Ethylene glycol forms the cyclic 
acetal, 2-methyl-1,3-dioxolane. Tertiary alcohols 
do not give the acetals but undergo alcoholysis to 
acetaldehyde and the tertiary alkyl acetates. 
Phenol undergoes a vigorous reaction with vinyl 
acetate under the reaction conditions to give acetic 
acid and alkali soluble polymeric materials. The 
yields of acetals from primary alcohols are 80- 
90% as compared to a 38% yield from isopropyl 
alcohol. The best yields are obtained when the 
reaction is carried out under anhydrous conditions. 
In one experiment in which 98% ethanol and un­
distilled vinyl acetate were used with mercuric sul­
fate as a catalyst, the yield of acetal was 58%, as 
compared to 88% when anhydrous reagents were 
used. Ethyl acetate was isolated in this experi­
ment, indicating that some alcoholysis also oc-

T a b l e  I
A c e t a l s  a n d  K e t a l s  P r e p a r e d

Acetals (of acetaldehyde)
B. p., °C. 

(mm.)
Yield,

% w20D

Methyl 62.5-64 84 1.3665°
Ethyl 103-104 88 1.3809“
Isopropyl 126.5 38 1.38906
«-Butyl 74.5-76(14) 89 1.40804
Allyl 148-149.5 85 1.4218°
2-Methyl-1,3-dioxolane 82-83.5 68 1 .3970d

K etals (of acetone) 
Ethyl 113-113.5 55 1.389h
«-Butyl 64-64.5(3) 63 1.4120'
Allyl 61-62(26) 32 1.4262°
2,2-Dimethyl-1,3-dioxolane 91-92 49 1.3980*

a “Beilstein,” I, 671-672. 6 Adkins and Adams, T h i s
J o u r n a l , 5 0 ,  182 (1928). c Hurd and Pollack, ibid., 6 0 ,  
1907 (1938). d Clarke, J. Chem. Soc., 1 0 1 ,  1804(1912). 
e Claisen, Ber., 3 1 ,  1012 (1898). f Anal. Calcd. for 
ChH240 2: C, 70.16; H, 12.84. Found: C, 70.01; H, 
12.79. 9 Otto, T h i s  J o u r n a l , 59, 1591 (1937).

(3) Reppe, “Advances in Acetylene Chemistry,” 1940, trans, by 
R. F. C., Office of Rubber Reserve, July 25, 1945.

curred. The ketal yields are lower than the yields 
of the corresponding acetals. Table I lists some 
of the acetals and ketals prepared by this method.

The substitution of mercaptans for alcohols in 
the reaction gave 2-alkylmercaptoethyl acetates 
instead of mercaptals. The yield was about 75% 
when mercuric sulfate or mercuric oxide and boron 
trifluoride etherate was used, as compared to a 
09% yield with boron trinuoride etherate alone as 
the catalyst. A 10% yield of the same product 
was obtained when the reaction mixture was re­
fluxed without catalyst.

Experimental
Materials.—The alcohols were dried when necessary in 

the usual manner and carefully fractionated. The vinyl 
acetate was fractionated and material of b. p. 72.5-73° 
used. The isopropenyl acetate was obtained from 
Tennessee Eastman Corporation and material of b. p. 
96° used, n -Butyl mercaptan was fractionated and 
material of b. p. 97° used.

Preparation of Acetals and Ketals.—The following 
preparation of « -butyl acetal is representative of the 
method used. In a one-liter three-necked flask equipped 
with a mercury-sealed stirrer, thermometer, dropping 
funnel and reflux condenser, were placed 148 g . (2.0 
moles) of «-butyl alcohol, 1 g. of red mercuric oxide and 
1 ml. of boron trifluoride diethyl etherate. To this was 
added 86 g. (1.0 mole) of vinyl acetate over a period of 
ten minutes while maintaining the temperature below 55° 
by means of an ice-bath. The mixture was allowed to 
stir for one hour, after which it was poured into a suspen­
sion of 56 g. (0.5 mole) of sodium carbonate in 250 ml. of 
water. The upper oil layer was separated and dried over 
anhydrous potassium carbonate. The aqueous layer was 
acidified with coned, hydrochloric acid, extracted with 
ether, dried over anhydrous sodium sulfate and distilled to 
give 26 g . of acetic acid, b. p. 116.5-117°, « 20d  1.3721.

The oil layer upon distillation through a one-foot glass 
helices packed column gave 153 g. (88.5%) of «-butyl 
acetal, b. p. 74.5-76° (14 mm.), « 20d 1.4080.4

When the mercuric oxide was omitted in the above ex­
periment, a small amount (3 g.) of acetaldehyde, 18 g. of 
« -butyl acetate and 50 g. of butyl acetal was obtained. 
The major portion of the reaction mixture consisted of the 
starting materials and butyl acetate.

Reaction of /-Butyl Alcohol with Vinyl Acetate.—From 
296 g. (4 moles) of /-butyl alcohol, 2 g. of mercuric oxide, 
4 g. of methanol boron trifluoride complex (1:1) and 344 
g. (4 moles) of vinyl acetate, there was obtained 5 g. of 
material trapped in a Dry Ice receiver (b. p. around 0°, 
decolorized a solution of bromine in carbon tetrachloride; 
thought to be isobutylene); 76 g., b. p. up to 97°; 69 g . 
(15%) /-butyl acetate, b. p. 97-98°, n2Ad  1.3875; 70 g. 
higher boiling material (98-170°), and considerable poly­
meric residue. Attempts to fractionate the 98-170° cut 
gave no constant boiling fractions.

Preparation of l-(«-Butoxy) -ethyl Acetate from n- 
Butyl Vinyl Ether.—To 120 g. (2 moles) of acetic acid and 
one drop of coned, sulfuric acid was added with stirring 
208 g. (2 moles) of «-butyl vinyl ether. The temperature 
during the addition was maintained below 45° by cooling. 
Stirring was continued for one and one-half hours and 0.5 
g. of sodium methoxide was added. Distillation gave 265 
g. (82.8%) of 1 -(«-butoxy)-ethyl acetate, b. p. 65° (14 
mm.), «20d 1.4025.5 The saponification equivalent de­
termined for this compound was 1 5 8 ,  the calculated value 
is 160.

Preparation of «-Butyl Acetal from l-(«-Butoxy)-ethyl
Acetate.—Two moles of «-butyl alcohol (148 g.), 3 g. red 
mercuric oxide and 2 ml. of methanol boron trifluoride

(4) Connor, E lving and Steingiser, I n d .  Eng. Chem., 40, 498 
(1948).

(5) Hurd and Green, T h is  Jo u r n a l , 63, 2202 (1941).
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(1:1) were placed in a one-liter flask. To this was added 
with rapid stirring, 320 g. (2 moles) of l-(«-butoxy)-ethyl 
acetate over a period of fifty-five minutes. The tempera­
ture was maintained at 10-20° by means of an ice- 
bath. Stirring was continued for thirty minutes, the re­
action mixture poured into a suspension of 106 g. (1.0 
mole) of sodium carbonate in 150 ml. of water, the oil 
layer separated, dried over anhydrous potassium carbon­
ate and distilled to give 295 g. (85%) of «-butyl acetal, 
b. p. 185-189°, « 20d 1.4080.4

Preparation of 2-Butylmercaptoethyl Acetate.—Upon 
mixing 90 g. (1 mole) of «-butyl mercaptan, 43 g. (0.5 
mole) of vinyl acetate and 0.5 ml. of boron trifluoride 
etherate, the temperature rose slowly to 62°. The mix­
ture was allowed to stand overnight and 1 g. of sodium 
methoxide added. Distillation gave 75 g. (99% yield 
based on vinyl acetate) of 2-butylmercaptoethyl acetate, 
b. p. 72-75° (2 mm.), «%> 1.4616.

With mercuric sulfate as the catalyst instead of boron

trifluoride etherate, the yield of the mercapto-ester was 
76%; with no catalyst present the yield of this ester 
amounted to only 10%.

Summary
1. Acetals are produced in good yield by the 

reaction of vinyl acetate with primary aliphatic 
alcohols in the presence of an acidic mercury 
catalyst.

2. Ketals are produced in a similar manner 
from isopropenyl acetate.

3. I t  is suggested that the vinyl acetate and 
alcohol initially react to form a hemiacetal acetate, 
which subsequently reacts with alcohol to give an 
acetal and acetic acid.
P h il a d e l p h ia , P a . R e c e iv e d  A p r il  1, 1948

[Co n t r ib u t io n  from  t h e  D epa rtm en t  of C h e m ist r y , U n iv e r sit y  o f  N o tre  D a m e ]

Some Diethylisopropoxyhalogenosilanes and their Hydrolysis Products1
B y  P a t r ic k  A. M cC u s k e r  a n d  C h a r l e s  E. G r e e n e

Although a number of alkoxyfluorosilanes and 
some alkylalkoxychlorosilanes have been pre­
pared, no alkylalkoxyfluorosilanes have been pre­
viously reported. In the course of the prepa­
ration of a compound of this type, some previ­
ously unreported organosilicon compounds were 
prepared and some observations made on the hy­
drolysis of diethylisopropoxyhalogenosilanes.2

Direct reaction of excess isopropyl alcohol and 
diethyldichlorosilane gave yields of only 20% of 
diethyldiisopropoxysilane while yields of 67% 
have been reported for the analogous preparation 
of dimethyldi-w-butoxysilane.3 The lower yield 
of the isopropoxy compound may be attributed to 
the greater steric requirements of the isopropoxy 
group or to the general lower reactivity of the sec­
ondary alcohol compared to the primary. A low 
yield of diethylisopropoxyfluorosilane (22%) was 
obtained from the reaction of zinc fluoride on di- 
ethylisopropoxychlorosilane. This is probably 
due to a competing reaction in which both the alk­
oxy and chloro substituents are replaced by fluo­
rine.

An aqueous suspension or a homogeneous solu­
tion of 0.04 molar diethylisopropoxyfluorosilane 
in a methanol-water mixture, maintained a hydro­
gen ion concentration of less than 10 ~4 mole per 
liter, as indicated by the basic color given by 
methyl orange which is unchanged on standing 
several days. Using phenolphthalein as an indi­
cator, however, the suspension in water could be 
rapidly titrated to a stoichiometric end-point 
with 0.1 A base. A calculation of the concentra­
tion of hydrogen fluoride necessary to produce a

(1) This paper consists of a report of work done under contract 
with the Technical Command, Chemical Corps, TJ. S. Army.

(2) The authors wish to thank Dr. Charles C. Price for his helpful 
interest in this work.

(3) Sauer, T his  J ournal , 68, 138 (1946).

hydrogen ion concentration of 10 ~4 mole per liter 
indicated that the hydrolysis came to equilibrium 
when less than 0.3% of the fluoride has been hy­
drolyzed in neutral water. At a somewhat lower 
hydrogen ion concentration, 10 ~10 mole per liter, 
hydrolysis proceeded to completion very rapidly.

On the hydrolysis of diethylisopropoxychloro- 
silane, with an equivalent amount of base, even in 
the presence of excess isopropyl alcohol, the alkoxy 
group split off and the cyclic trimer and tetramer 
were formed in high yield. [Diethyldiisopropoxy- 
silane was found, however, to be stable in excess 
base.] Justification for the assignment of for­
mulas to the two cyclic compounds is based on the 
analytical composition, molar refraction and molec­
ular weight determination. The absence of any 
hydroxyl groups was further shown by the appli­
cation of the Zerewitinoff reaction.

A marked difference in the action of sodium on 
the cyclic trimer and the cyclic tetramer was inci­
dentally observed. The trimer on heating with 
sodium in the temperature range 150 to 245° evi­
dently underwent a polymerization resulting in a 
marked increase in viscosity. The tetramer, on 
the other hand, was completely unaffected by long 
heating with finely divided sodium at 295°.

Experimental
The reaction apparatus used in this work consisted of a 

1-liter, 3-necked flask equipped with stirrer and reflux con­
denser and protected from atmospheric moisture. All 
products were purified by fractional distillation through a 
total reflux, partial take-off column, 12 mm. inside di­
ameter and 53" in height, packed with 1/$" glass helices. 
The column was operated at a reflux ratio of ten to one. 
Carbon and hydrogen analyses were made by Micro-Tech 
Laboratories, Skokie, Illinois, and hydrolyzable halogen 
was determined by titration of aqueous mixtures with 
standard base. Molar refractions were calculated from 
the bond refraction values of Warrick4 and molecular

(4) W arrick, i b i d . ,  68, 2455 (1946).
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weights were obtained from cryoscopic measurements in
benzene.

Diethylisopropoxychlorosilane .5—Purified diethyldi- 
chlorosilane (1.75 moles) and 500 ml. of benzene were 
heated to reflux in the reaction flask. During a period of 
three hours, 1.75 moles of isopropyl alcohol was added 
dropwise to the refluxing mixture. During the first stages 
of the reaction a water-insoluble, combustible gas was 
given off in addition to the hydrogen chloride. The vol­
ume of the gas, presumably propylene, was measured and 
found to represent a loss of about 5 mole %. In a consid­
erable number of preparations this same gas evolution was 
observed and appeared to be characteristic of the reaction 
under these conditions. After addition was complete the 
reaction mixture was fractionated in the 53" column to 
give a 72% yield of diethylisopropoxychlorosilane. The 
properties of the purified compound are as follows: b. p. 
155.5° at 750 mm., «20d 1.4123, d2\  0.9227, MRd calcd. 
49.2, obs. 48.7.

Anal. Calcd. for C7H17OSiCl: C, 46.6; H, 9.5; Cl, 
19.6; mol. wt., 180.5. Found: C,46.7; H ,9.5; Cl, 19.2; 
mol. wt., 182.

Diethyldiisopropoxysilane.—In the residue from the 
fractionation of diethylisopropoxychlorosilane there was 
found in all runs about 10 mole % of the diether. For 
purposes of characterization further amounts of this com­
pound were prepared by addition of diethyldichlorosilane 
to excess isopropyl alcohol. Only a small yield (20%) 
was obtained in this manner. Sufficient product, however, 
was obtained for characterization. The compound was 
purified by fractional distillation and had the following 
properties: b. p. 174° at 750 mm.; « 20d 1.4032; d204 
0.8423; MRd calcd. 59.6, obs. 59.2.

Anal. Calcd. for CioH24Si02: C, 58.8; H, 11.8. 
Found: C, 58.8; H, 11.9.

The compound is a colorless liquid with a mild sweet odor, 
insoluble and non-reactive in water. Hydrolytic cleavage 
was found to occur very rapidly in aqueous acid but either 
slowly or not at all in aqueous base.

Diethylisopropoxyfluorosilane.— Diethylisopropoxy­
chlorosilane (0.58 mole) in 250 ml. of benzene was placed 
in the reaction flask. Technical grade zinc fluoride (0.33 
mole) dried by heating for one hour at 200°, was added 
slowly with stirring during one hour. The reaction was 
slow to start but exothermic enough to require cooling. 
The mixture was stirred for four hours and filtered. Frac­
tional distillation of the filtrate gave the following frac­
tions: Ten grams of diethyldifluorosilane, 12 g. (22% 
yield) of diethylisopropoxyfluorosilane, 12 g. of unreacted 
diethylisopropoxychlorosilane and 31 g. of unidentified 
residue. The purified diethylisopropoxyfluorosilane had 
the following properties: b .  p. 127° at 750 mm., w20d
I. 3803, d2\  0.8745, MRd calcd. 43.5, obs. 43.5.

Anal. Calcd. for C7H17OSiF: C, 51.2; H, 10.4; F,
II . 5. Found: C, 51.1; H, 10.6; F, 11.5.

(5) The authors acknowledge the  assistance of Mr. O. C. Kohler 
in the preparation of th is compound.

Cyclic Polysiloxanes.—Hydrolysis of diethylisopropoxy­
chlorosilane was carried out under two sets of conditions. 
In procedure A, 50 g. (0.9 mole) of potassium hydroxide 
was added to 500 g. of isopropyl alcohol and the mixture 
heated until nearly all the solid had dissolved. Diethyl­
isopropoxychlorosilane (0.83 mole) was added dropwise 
to the cold solution with agitation, while the temperature of 
the mixture was held below 20 °. After addition was com­
plete the potassium chloride was filtered off and the filtrate 
fractionated. The isopropyl alcohol which came off first 
gave a strongly acid reaction when dissolved in water in­
dicating that an excess of base may not have been main­
tained in the reaction mixture. Distillation of the 84 g. of 
residue remaining after the removal of the alcohol gave 21 g. 
of hexaethylcyclotrisiloxane (25% yield) and 50 g. (59% 
yield) of octaethylcyclotetrasiloxane.

In procedure B a 20% aqueous sodium hydroxide solu­
tion containing 2.5 moles was placed in the reaction flask 
and 1 mole of diethylisopropoxychlorosilane added slowly 
under the surface of the solution with stirring. The tem­
perature of the reaction mixture was held below 20°. 
The cloudy one-phase liquid was then extracted with three 
50-ml. portions of ether and the combined extracts dried 
with anhydrous sodium sulfate. On distillation a 50-g. 
fraction of isopropyl alcohol was obtained. The higher 
boiling fraction yielded 28 g. (27% yield) of hexaethyl­
cyclotrisiloxane, 12 g. (12% yield) of octaethylcyclotetra­
siloxane and 29 g. of a high boiling residue.

The properties of the purified cyclic trimer from both 
procedures were as follow: b .p . 246 ° at 750 mm., 97 ° at 2 
mm., « 20d  1.4305, d204 0.9560, MRd calcd. 83.7, obs. 82.9.

Anal. Calcd. for C4HioSi03: C, 47.01; H, 9.86; 
mq1 wt, 306. Found: C, 46.91; H, 10.04; mol. wt , 
319*.’

The purified cyclic tetramer had the following properties: 
b .p . 295° at 750 mm., 134° at 2 mm.; « 20d  1.4340, d20i 
0.9625; MRd calcd. 111.6, obs. 110.6.

Anal. Calcd. for C4HJ0SiO4: C, 47.01; H, 9.86; 
mol. wt., 409. Found: C, 47.16, H. 9.83; mol. wt., 394.

Summary
1. Diethylisopropoxychlorosilane, diethyliso­

propoxyfluorosilane and diethyldiisopropoxysilane 
have been prepared and characterized.

2. The hydrolysis of the fluoro compound has 
been observed to proceed to only a very slight 
extent in neutral water but to go rapidly to com­
pletion in slightly basic solution.

3. Hydrolysis of diethylisopropoxychlorosilane 
in excess isopropyl alcohol, containing a nearly 
equivalent amount of potassium hydroxide, has 
been found to give high yields of cyclic trimer and 
tetramer. These cyclic polysiloxanes have been 
purified and characterized.
N o t r e  D a m e , I n d . R e c e iv e d  F e b r u a r y  24, 1948
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Ribitol Pentaacetate
B y W . W . B in k l e y 1 a n d  M . L . W o l f r o m

The acetates of the sugars and sugar alcohols 
are significant reference compounds especially in 
certain types of chromatographic techniques.2 
All of the acetates of the pentitols have been 
described in crystalline form save that of ribitol 
(synonym, adonitol). We wish to report herein 
the crystallization of such a derivative of this 
naturally occurring pentitol.

Experimental
A mixture of 2.00 g. of ribitol, 0.3 to 0.4 g. of freshly- 

fused zinc chloride, and 20 ml. of acetic anhydride was 
surrounded with an ice- and water-bath and was stirred 
for sixteen hours. The temperature of the bath was 
allowed to rise gradually to 25° during this period. The 
reaction mixture was poured on 30 g. of finely crushed 
ice, was stirred for thirty minutes, and was adjusted to a 
pH of 6 with sodium bicarbonate. This solution was 
extracted with four 25-ml. portions of chloroform. Solvent 
removal from the dried extract yielded crystalline material; 
yield 4.78 g. Pure material was obtained on recrystalliza­
tion from diethyl ether; yield 3.87 g., m. p. 51°. A fur­
ther crop of less pure material (0.33 g.) was obtainable 
from the mother liquor on the addition of petroleum ether 
(b. p. 60-65°). The substance crystallized in elongated 
prisms that were soluble in benzene, chloroform, ethanol 
and diethyl ether.

Anal. Calcd. for C15H22O10: C, 49.72; H, 6.12;
CH3CO, 13.80 ml. of 0.1 N  NaOH per 100 mg. Found: 
C, 49.62; H, 6.07; CH3CO, 13.82 ml.

(1) Sugar Research Foundation Fellow of The Ohio State Uni­
versity Research Foundation (Project 190).

(2) W. H . McNeely, W. W. Binkley an d  M. L. Wolfrom, T h is  
Journal, 67, 527 (1945).

D e p a r t m e n t  o f  C h e m is t r y  
T h e  O h io  S t a t e  U n iv e r s it y
C o l u m b u s , O h io  R e c e iv e d  A p r il  23, 1948

Dihydro-exo-dicyclopentadiene
B y  H e r m a n  A . B r u s o n 1 a n d  T h o m a s  W . R ie n e r 1

Recently Bartlett and Goldstein2 showed that 
the hitherto rare exo isomer of dicyclopentadiene 
can be readily obtained by dehydrohalogenation 
of iodo-dihydro-^o-dicyclopentadiene3 which may 
conveniently be prepared by warming ordinary 
tfizdtf-dicyclopentadiene with hydriodic acid.3

By dehydrating hydroxy-tetrahydro-orö-dicy- 
clopentadiene4 (I) with phosphoric acid we have 
obtained the corresponding dihydro-e#0-dicyclo-

(1) Present address: Industrial Rayon Corporation, Cleveland, 
Ohio.

(2) B artle tt and Goldstein, T his J ournal, 69, 2553 (1947).
(3) Previously referred to  as iodo-dihydro-wor-dicyclopentadiene, 

Bruson and Riener, ibid., 67, 1179 (1945).
(4) Previously referred to  as hydroxy-tetrahydro-wor^dicycl©*' 

pentadi.ene, B ruson an d  R iener, ibid,, 67, 727 (1945).

pentadiene (II) in which the residual double bond 
is in the bridge endomethylene ring.

This completes the series of isomeric dihydro- 
dicy clopentadienes.

Experimental
Dihydro-dtfö-dicyclopentadiene.—A mixture of 15 g. of 

sirupy 85% phosphoric acid and 198 g. of hydroxy- 
tetrahydro-diro-dicyclopentadiene4 which had twice been 
recrystallized from nitroethane to m. p. 53°, was stirred 
and heated in an oil-bath under a reflux condenser to 
which was attached a water separator device. After 
heating for about one hour at 150-230°, 40 cc. of oily 
liquid and 20 cc. of water had collected in the separator. 
The residual oil in the still flask was washed with water 
and distilled under reduced pressure to yield 40 g. of oil 
boiling at 80-95° (40 m m .). This was combined with the 
40 cc. of oil distillate and the mixture redistilled. A frac­
tion (68 g.) boiling at 89-93° (40 mm.) was thus secured. 
This was refractionated through an efficient packed 
column to yield 61 g. of colorless oil b. p. 89-91 ° (39 mm.) 
having n25d  1.4993; d * 4 0.9571. It boiled at 182° (768 
m m .).

Anal. Calcd. for CioHi4: C, 89.55; H, 10.44. Found: 
C, 89.45; H, 10.43.
R e s in o u s  P r o d u c t s  a n d  
C h e m ic a l  C o m p a n y , I n c .
Philadelphia, Pa. Received May 5, 1948

Addition of Organolithium Compounds to the 
Azomethine Linkage of 7-Picoline and 6-Meth- 

oxyquinoline
B y  H e n r y  G il m a n  a n d  H . Sm it h  B r o a d b e n t 1

In connection with some studies on compounds 
having possible physiological activity, occasion 
arose to prepare some “anil addition” compounds 
of 7-picoline and 6-methoxyquinoline.

At —-80° ^-butyllithium was found to be with­
out observable action on 7-picoline in ether solu­
tion. Upon carbonation of the reaction mixture,
7-picoline and valeric acid were the only isolable 
products. At —10°, however, addition to the anil 
linkage is the predominant reaction yielding first 
the lithium salt of 2-w-butyl-4-methyl-l,2-dihy­
dropyridine (not isolated) which upon acidifica­
tion and air oxidation gave 2-w~butyl-4-methyl- 
pyridine.

Addition of «-thienyllithium to 6-methoxy­
quinoline at the reflux temperature of ether sim­
ilarly yielded 2- («-thienyl) -6-methoxyquinoline.

(1) Present address: Department of Chemistry, Brigham Ycmng.
University, Provo, Utah,
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Experimental
2 -n -Butyl -4 -methylpyridine .•—Twenty-three grams 

(0.25 mole) of 'y-picoline in 75 ml. of anhydrous ether 
was added dropwise with stirring to an equivalent amount 
of 0.94 molar butyllithium in ether, which was main­
tained at —10° in an ice—salt-bath. A j^ellow precipitate 
formed. After one and one-half hours stirring the mixture 
was carbonated by pouring jet-wise into a slurry of Dry 
Ice and ether. After the Dry Ice had evaporated, the 
mixture was extracted with 20% sodium hydroxide solu­
tion. On acidifying the alkaline extract only a very 
small amount of red gum was obtained from which a very 
small amount (ca. 10-20 mg.) of unidentified crystalline 
material, m. p. 148-150°, separated on cooling. The 
alkali-insoluble portion was a yellow oil, which was aerated 
to oxidize the dihydropyridine to the pyridine, dried over 
barium oxide and distilled. Five grams of the anil addi­
tion product was obtained boiling at 200-202° (740mm.). 
A Siwoloboff boiling point determination gave reproducible 
values at 201-202 ° : « 20d  1.4778; sp. gr.2727 0.885.

Anal. Calcd. for C10Hi5N: N, 9.39. Found: N,
9.50.

The picrate was prepared in boiling ethanol giving 
bright yellow crystals, melting at 88.5-90.5° after two 
recrystallizations from ethanol.

Anal. Calcd. for Ci6Hi80 7N4: N, 14.8. Found: N, 
14.9.

2-(«-Thienyl) -6-methoxyquinoline.—Thiophene, 30.3 g. 
(0.36 mole) in 100 ml. of anhydrous ether, was metalated 
with 0.3 mole of butyllithium in the conventional ap-
_____X .. , ,___  ̂ Q/l t~r ( C\ O l /tpell CtL.ua UUU.C.1 CL Hi Ll Wgv-UL aiUlV/OpilLU.. X JUlLil UX fy. yw.iJii
mole) of 6-methoxyquinoline in 60 ml. of ether was added 
dropwise to the stirred «-thienyllithium at such a rate as 
to maintain reflux. A greenish-white precipitate formed. 
After stirring the mixture for one hour, it was hydrolyzed 
carefully with 200 ml. of water.

The ether phase was separated, mixed with 25 ml. of 
nitrobenzene to oxidize the dihydroquinoline, and distilled . 
A fraction (nitrobenzene, aniline, thiophene) was collected 
at 90-105° (18 mm.). Then 26 g. (a 75% recovery) of 
6-methoxyquinoline was obtained boiling at 105-114° 
(18 mm.). (Its identity was checked by preparing its 
picrate and comparing the picrate prepared from an 
authentic sample of 6-methoxyquinoline. Both melted 
at 217-218°, with no depression on mixing.) A final 
fraction of 3.5 g. (6.8%) boiling 200-210° (18 mm.), 
was collected and crystallized from a benzene and ligroin 
mixture; melting point, 137-138.5°.

Anal. Calcd. for C14H11ONS: N, 5.81. Found: N, 
5.69.

A picrate of the product was prepared and recrystallized 
from ethanol. The melting point was 190.5-192°.

Anal. Calcd. for C2oHi408N4S: N, 11.9. Found: N,
11.75.
D e pa r t m e n t  of Ch e m ist r y  
I ow a  S ta te  C olleg e
A m e s , I ow a  R e c e iv e d  M ay  7, 1948

«-Phenyl-levulinic Acid, a Product of the 
Alkaline Degradation of Penicillin G

B y  M. W. G o l d b e r g , W il l ia m  R . S u l l iv a n  and  W. E.
S cott

In the course of studies on the chemistry of 
penicillin G carried out in 1945, we encountered 
significant amounts of a degradation product 
which was readily identified as a-phenyl-levulinic 
acid (I). It was obtained from penicillin G, along 
with larger quantities of phenylacetic acid, by 
treatment with aqueous sodium hydroxide.

CH—CH2—CO—CI13
I

COOH
I

/ S\
<c —CH2—CO—NH—CH—CH XC(CH3)2
^ ----& I I I

CO—N-----CH—COOH
II

At that time no information was available to 
us concerning results of degradative studies 
carried out in other laboratories. Meanwhile, 
there have appeared several publications on the 
chemistry of penicillin1 which discuss in survey 
form the experimental evidence that led to the 
general acceptance of formula II for penicillin G. 
These publications, while mentioning a great 
number of degradation products obtained from 
the various penicillins, do not contain any re­
ference to «-phenyl-levulinic acid.

The accepted /3-lactam formula for penicillin 
G (II) does not contain the carbon skeleton of a- 
phenyl-levulinic acid, and it is not readily ap­
parent to us by what series of reactions this C -ll 
acid could be formed from it. The /3-lactam 
structure is based upon such a wide variety of 
evidence that it seems necessary to conclude 
that our product is an artifact formed somehow 
by a reductive condensation of certain of the 
penicillin G degradation products. The mech­
anism, however, is obscure.

There is no question that the a-phenyl-levulinic 
acid isolated by us is actually formed from peni­
cillin G. The preparation has been repeated 
several times during the past two and a half years, 
using sodium penicillin G of high purity, obtained 
by different methods from different lots of peni­
cillin. The «-phenyl-levulinic acid has been 
isolated as such and in the form of its methyl 
ester and as the p-nitrophenylhydrazone, all of 
which have proved to be identical with authentic 
synthetic specimens.

Experimental
Isolation of «-Phenyl-levulinic acid.—Crystalline peni­

cillin G sodium salt (2.694 g.), a composite of several pure 
samples obtained by a chromatographic process, was dis­
solved in 140 ml. of A  sodium hydroxide which had been 
freed of dissolved oxygen by boiling in a stream of nitro­
gen . The solution was boiled under reflux for one hundred 
minutes, while nitrogen was passed into the mixture 
through a capillary. Ammonia was evolved. After 
cooling, the solution was acidified with sulfuric acid, satu­
rated with sodium chloride, and extracted with ether. 
Removal of the solvent from the extract left 1.106 g. of 
a deep purple oil which was sublimed in vacuo. The frac­
tion subliming between 75° and 129° (201 mg.) was re­
crystallized twice from ligroin and gave 54 mg. of an acid 
melting at 121-124°. This was combined with cor­
responding fractions from other experiments and recrystal­
lized from «-hexane, which raised the melting point to 
124-125.5°. The melting point of a mixture with a

(1) Committee on Medical Research, O. S. R. D., Science, 102, 
627 (1945); du Vigneaud and co-workers, ibid., 104, 431 (1946); 
Editorial Board of Monograph on the Chemistry of Penicillin, ibid., 
105, 653 (1947); 106, 503 (1947).
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sample of synthetic «-phenyl-levulinic acid2 was not de­
pressed .

Anal. Calcd. for ChHi20 3: C, 68.73; H, 6.29; neut. 
equiv., 192. Found: C, 68.39; H, 6.03; neut. equiv., 
183, 186.

The p -nitrophenylhydrazone melted at 190.5-191.5° 
(cor.), and a mixture with a sample prepared from the 
synthetic acid was not depressed.

Anal. Calcd. for Ci7H170 4N8: C, 62.37; H, 5.23;
N, 12.84. Found: C, 62.00, 62.10; H, 5.13, 5.04; N,
12.87, 13.22.

Isolation as Methyl « -Phenyl-levulinate.—The material 
used in this experiment was crystalline penicillin G sodium 
salt obtained via the crystalline triethylamine salt. It 
was purified by repeated recrystallization from aqueous 
acetone and dried to constant weight in vacuo over phos­
phorus pentoxide. The preparation was acetone free. 
The minimum penicillin G content, as determined by the 
official FDA N-ethylpiperidine method, was 95%, and 
the potency ratio in the Bacillus subtilis-Staphylococcus 
aureus plate test was 0.98; [« ]25d +301° (c =  0.51 in
water).

Anal. Calcd. for Ci6H17N20 4SNa: C, 53.92; H,
4.81. Found: C, 53.96; H, 5.15.

Nineteen grams (0.0533 mole) of this sodium penicillin 
G sample was dissolved in 950 cc. of 1 A  sodium hydroxide 
previously heated to boiling under nitrogen. The solu­
tion was refluxed one hundred minutes under nitrogen, 
cooled, and extracted with ether. Evaporation of the 
ether extract left a red-brown residue weighing 0.25 g. 
The water layer was acidified with dilute sulfuric acid and 
extracted with ether. The ether layer was evaporated, 
leaving a semi-crystalline residue of 7.09 g. which was 
treated with an excess of freshly distilled diazomethane 
in ether. Removal of the solvent left a liquid residue 
of 7.50 g. which was distilled at 5 mm. to yield several 
fractions:

Fraction
Bath temp., 

°C.
Weight,

g. nMD
1 Up to 119 3.80 1.5047
2 119-130 0.09
3 130-135 0.14 1.5058
4 135 0.18 1.5054
5 135-165 1.74 Crystalline

Residue 1.46

The first four fractions consisted of methyl phenyl- 
acetate3 and amounted to 4.21 g. (0.024 mole) or 45%. 
, Fraction 5 was suspended in petroleum ether and 
filtered. The crystals weighed 1.47 g. and melted at 
66-68°. Recrystallization from «-butanol gave 1.18 g. 
melting at 68-70°, and a mixture with synthetic methyl 
«-phenyl-levulinate4 melted at 68-70°.

Anal. Calcd. for Ci2Hi40 3: C, 69.88; H, 6.84. Found: 
C, 69.80; H, 6.67.

The yield (1.47 g.) corresponded to 0.064 mole or 12% 
of the theoretically possible amount.

Direct Isolation as the £ -Nitrophenylhydrazone.—The 
crystalline penicillin G sodium salt used in this experiment 
was purified in the manner described above. It was, 
however, derived from an entirely different lot. The 
minimum penicillin G content, as determined by the N- 
ethyl-piperidine method, was 94%, and the potency ratio 
in the B. subtilis-S. aureus plate test was 0.99; [« ]26d 
+302° (c =  0.49 in water).

Anal. Calcd. for Ci6Hi7N20 4SNa: C, 53.92; H,
4.81. Found: C, 53.84; H, 5.11.

Ten grams of this penicillin G sodium salt was treated 
with 500 ml. of boiling A  sodium hydroxide as above.

(2) S. Ruhemann, J . Chem. Soc., 85, 1451 (1904).
(3) M. S. Kharasch, Henry C. M cBray and N. H. Urry, J . Org. 

Chem., 10, 394 (1945), report » 20d 1.5073.
(4) A. Weltner, Ber., 18, 790 (1885).

Concentration of the ether extract of the acidified reaction 
mixture gave 3.90 g. of a semi-crystalline red mass. A 
portion (2.90 g., corresponding to 7.436 g. of starting ma­
terial) was heated to boiling with 100 ml. water and the 
solution filtered to remove some reddish resin. To the 
hot filtrate was added a hot solution prepared by heating 
0.92 g. of p -nitrophenylhydrazine with 18 ml. of glacial 
acetic acid and 55 ml. of water and filtering. The mixture 
became cloudy at once, and crystals appeared on heating. 
After cooling in the ice-box, the product was filtered off 
and dried. It weighed 0.95 g. and melted at 171-173°. 
Two recrystallizations from dioxane-water mixtures 
raised the melting point to 186-188° and a further re­
crystallization from ethanol brought it up to 188-188.5°.

Anal. Calcd. for Ci7Hi70 4N3: C, 62.37; H, 5.23.
Found: C, 62.24; H, 5.58.

A mixture with an authentic sample of the synthetic 
^-nitrophenylhydrazone melted at 187.5-188.5°. Based 
on crude product, the yield was thus 0.14 mole per mole of 
penicillin G degraded.

We are indebted to Dr. Al Steyermark for the micro- 
analyses, to Dr. E. G. Wollish for the penicillin G deter­
minations, and to Mr. B. Tabenkin for the microbiological 
assays.
R e s e a r c h  L a b o r a t o r ie s  
H o f f m a n n - L a  R o c h e , I n c .
N u t l e y , N e w  J e r s e y  R e c e iv e d  A p r i l  12’ 1948

Aminative Reduction of Ketones
B y  L . H a s k e l b e r g

Aminative hydrogenation has been used widely 
to convert ketones to primary amines

> H2 cat. \
C—O --------- ^  >CH—NH2

n h 3 /

This paper reports a number of such conversions 
using ethanolic ammonia, hydrogen a t about a t­
mospheric pressure and Raney nickel. Included 
in this study are ketones containing an co-diethyl- 
amino group and «,/3-unsaturated ketones. The 
products were isolated by fractionation of the 
mixture, after removal of the catalyst. In most 
cases a higher boiling constituent, according to the 
analysis secondary amine, was isolated also.

For details of the experiments, see Table I.
The following general observations appear pertinent.
P-Phenylisopropylamine has been synthesized by reduc­

tion of phenylacetone oxime1 or by interaction of the ketone 
itself with ammonium formate.2 Aminative hydrogena­
tion of phenylacetone at ordinary temperature and pres­
sure appears to be a simpler procedure; it gives a yield of 
85%.

Catalytic hydrogenation of benzalacetone and furfural- 
acetone leads to saturation of the C = C  bond and replace­
ment of the carbonyl group by CHNH2. p-Ionone (I), 
too, absorbed the amount of hydrogen required for these 
two reactions, leading to a dihydroionylamine. By 
analogy, one should assign it formula (II ); this structure 
would be in accord with the observation of Kandel3 
that catalytic hydrogenation of /3-ionone (I) reduces 
first the carbonyl group to a secondary hydroxyl and then 
attacks the (exocyclic) « , /3-double bond, leading to (III).

(1) Hey, J . Chem. Soc., 18 (1930); H artung and Munch, T his 
Journal, 5 3 ,1878 (1931); Jaeger and van Dijk, C. A ., 37, 621 (1943).

(2) Magidson and Garkusha, C. A . ,  35, 5868 (1941); 38, 4963
(1944).

(3) Kandel, Thesis, Paris, 1938.
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T a b l e  I

A m in a t iv e  H y d r o g e n a t io n  o f  K e t o n e s ®

Carbonyl compound
W t.,

g. Moles

NHs
sol.,&

cc.
Cat.,c

g.
Phenylacetone^ 118 0.89 400 22
Benzalacetone' 29.2 .21 400 5
F urf uralacetone" 100 .7 4 300 7
j3-Ionone& 130 (I) .67 400 5
Diethylamino- 25.4 .20 100 5

acetone”
4-Diethylamino-2- 14.3 .10 100 1.5

butanone3
5-Diethylamino-2- 15.7 .10 150 15

Product
Yield,

%
B.

°C. p-.
Mm. Calcd.

% N -------.
Found

CsHuisp 85 80 10 10.4 10.1
C10H15N" 67 80 4 9.4 9.4
C8H1sON*' 50 190 760' 10.0 10.3
ClHmN 93 78 0.3™ 7.2 7.2
c ,h 18n / 65 154 760p

CsHmN / 72 70 10

CjHjjNj* 85 196-198 755 17.8 17.9
pentanone
a Hydrogen pressure at 1 atm. or slightly above; temperature at 20° or slightly above. 6 17% NH3 in ethanol. c Raney 

nickel. d “Organic Syntheses,” Coll. Vol. II, p. 487; Bobranskii and Drabik, C. A ., 36, 2531 (1942). e Hydrochloride, 
m. p. 146°. By-product: 10.2 g. (8%) bis-(l-phenylpropyl-2)-amine, C1SH23N, b. p. 154° (2 mm.). Calcd.: N, 5.5. 
Found: N, 5.5. f B. p. 153° (25 mm.). 0 Previously prepared by reduction of the oxime (Harries and de Osa, Ber., 
36, 2999 (1903); Bargellini, Beilstein, 12, 1165) or phenylhydrazone [Schlenk, J. prakt. Chem., 78, 57 (1908)] of ben- 
zalacetone. Hydrochloride, from ethyl acetate, m. p. 148°. h Leuck and Cejka, “Organic Syntheses,” Coll. Vol. I, p. 
283. See also Chem. Zentr., 103, II, 2183 (1932). < « 28d  1.4730. Calcd.: C, 69.0; H, 9.3; mol. wt., 139. Found: C, 
68.5; H, 9.4; mol. wt., 142. By-product, 18g. (19%) of di-(l-«-furylbutyl-3)-amine, C16H23O2N, b. p. 128° (0.05 mm.), 
« 29d  1.4942. Calcd: C,73.5; H, 8.8; N, 5.4. Found: C, 74.0; H, 8.3; N, 5.0. * B. p. 102° (25 mm.). * B. p. 100- 
102° \2  mm.). 1 n27d 1.4800. Calcd.: C, 80.0; H, 12.8; mol. wt., 195. Found: C, 79.9; H, 12.6; mol. wt., 185.
Hydrochloride, m. p. 212°, very soluble in water; chloroplatinate, m. p. 216° (dec.); picrate (from 60% ethanol), m. 
p. 176°. m B. p. 115° (30 mm.). n Stoermer and Dzimski, Ber., 28, 2220 (1895). 0 By-product, 1.4 g. of bis-(3-diethyl-
aminopropyl)-2-amine, Ci4H3sN3,b. p. 150° (20mm.). Calcd.: N, 17.3. Found: N, 17.3. p B. p. 70° (20 mm.). «Man­
nich, Arch. Pharm., 255, 261 (1917); Sohl and Shriner, This J o u r n a l , 55, 3828 (1933); Emerson, ibid., 60, 2023 (1938); 
65, 471 (1943); du Feu, McQuillin and Robinson, J. Chem. Soc., 56 (1937); Tuda, Hukusima and Oguri, C.A., 36, 3154 
(1942). Yield, 60%, b. p. 80° (18 mm.), « 16d  1.463, d2AA 0.863. ' d2020 0.826; « 18d  1.4430. By-product, 1.1 g. of bis-(4- 
diethylaminobutyl-2)-amine, Ci6H37N3, b. p. 152-155° (22 mm.). Calcd.: N, 15.5. Found: N, 15.5. s d204 0.8296, 
« 21)d  1.4442. Calcd.: C, 68.3; H, 13.9. Found: C, 68.0; H, 14.0. Chloroaurate, m. p. 157°, lit. 155°. By-product, 
small amount of bis-(5-diethylaminopentyl-2)-amine, Ci8H41N3, b. p. 152° (3 mm.). Calcd.: N, 14.0. Found: N, 14.6.

No exact proof of formula (II), however, has so far been 
obtained.

CH3 c h 3

,CH=CHCOCH 3

CHs

CH3 CHs
/CH2CH2CHCH3

NH2

CHs
II

CHs CHs
N /  /CHsjCHaCHCHs

I
OH

CHs
III

The amines of the general formula (C2H5)2 N(CH2)»- 
CH(NH2)CH3 are usually prepared by reduction of the 
corresponding ketoximes.4 It has been found that they 
can be obtained directly from the ketones by catalytic hy­
drogenation in presence of ammonia under fairly mild con­
ditions.5 6 In the case of 5-diethylamino-2-aminopentane 
(from 5-diethylamino-2-pentanone), the product was char­
acterized by its known6 chloroaurate; it is believed that 
the products obtained from 4-diethylamino-2-butanone 
and diethylaminoacetone are, analogously, 4-diethylamino-

(4) (a) Magidson and Grigorowsky, Ber., 69, 401 (1936); (b)
Magidson, Grtgorovsky, Melnikov and Klein, Prom. Org. Khimji, 
596 (1936); Knunyantz, Chelintzev and Osetroua Russian Patent 
35,837 [C. A ., 29, 8007 (1936)]; Grigorowki Russian Patent 48,203 
[Chem. Zentr., 108, II, 472 (1937)]; (c) Breslow, et. al., T his
Journal, 66, 1921 (1944).

(5) Breslow, Walker, Yost, Shivers and Hauser [Th is  J ournal, 
68, 100 (1946)] carried out this reaction under high pressure.

(6) Knunjanz, Toptschijew and Tsehelmzew, Chem, Zentr., 106; 
l , 1896 (1935),

2-aminobutane and 3-diethylamino-2-aminopropane, re­
spectively.

In each of the three cases, a higher-boiling by-product 
was observed in small quantities, which analyzed for the 
corresponding secondary amine [ (C2H&)2N(CH2)»CH- 
(CH3)]2NH. For n =  3, the structure was proved by 
conversion into 5-diethylamino-2-aminopentane according 
to Grigorowski, Margolina and Magidsson7 with 40% 
yield. Assignment of the analogous structures in the 
other two cases appears justified.

(7) Grigorowski, Margolina and Magidsson, ibid., 109, II, 768 
(1938).

W e iz m a n n  I n s t it u t e  o f  S c ie n c e
D a n ie l  S i e f f  R e s e a r c h  I n s t it u t e
R e h o v o t h , I s r a e l  R e c e iv e d  J a n u a r y  2, 1.947

The Reaction of Benzyl Bromide with Ethyl 
«-Acetoxyacetoacetate

B y  N a t h a n  G r e e n  a n d  F . B . L a F o r g e

Dimroth and Schweitzer1 have described the 
preparation of ethyl «-acetoxyacetoacetate and 
state that the sodium derivative reacts with halo­
gen compounds, giving substitution products. 
The resulting compounds were not further investi­
gated, however.

The present investigation is a study of the re­
action of benzyl bromide with the sodium deriva­
tive of ethyl «-acetoxyacetoacetate, and of the be­
havior of the product.

The reaction with benzyl bromide proceeded 
normally, giving ethyl «-acetoxy- a-benzylaceto-

(1) D imroth and Sehw eit^r, 66, 1381 (1923).
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acetate. An acetyl determination on the product 
showed two acetyl groups. Attempted ketone 
cleavage with sodium ethylate, or even with cold 
dilute aqueous barium hydroxide, removed two 
acetyl groups and gave /3-phenyllactic acid as the 
end-product. The reaction had therefore pro­
ceeded exclusively in the sense of the acid cleavage 
with simultaneous saponification of the acetoxy 
group» Attempts at acid hydrolysis were also un­
successful, where the compound showed great re­
sistance to this treatment.

It is probable that the reaction of halides with 
a-acetoxyacetoacetates may be generally useful in 
the preparation of «-hydroxy acids.

Experimental Part
Ethyl a -Acetoxyacetoacetate.1—Eighty-four grams of 

ethyl acetoacetate (0.65 mole) was dissolved in 320 ml. of 
benzene, and 88 g. of lead tetraacetate (0.6 mole calcu­
lated on a 100% basis) was added in several small portions 
with stirring, the temperature being kept below 35 °. The 
mixture was stirred for one-half hour after the last addi­
tion, and then ice-water was added and the layers were 
separated. The benzene solution was washed with ice 
water and sodium bicarbonate solution, dried, and dis­
tilled from a modified Claisen flask. Forty-one grams 
(34%) of product was obtained boiling at 125-127 ° at 17.5 
m m . ,  « 25d  1.4280.

The compound distills as a pale yellow liquid, which 
becomes colorless upon standing. It readily reduces 
Fehling solution in the cold. Anal. Calcd. for C8H1205: 
C2H50 , 23.9. Found: C2H50 , 23.8.

Ethyl «-Acetoxy-«-benzylacetoacetate.—Two and four- 
tenths grams (0.1 mole) of sodium hydride was placed in a 
nitrogen-swept flask with 100 ml. of dioxane, and 18.8 g. 
(0.1 mole) of the acetoxy compound in 40 ml. dioxane was 
added dropwise to the stirred mixture over a period of 
thirty minutes. After an additional thirty minutes 17.1 
g. (0.1 mole) of benzyl bromide was added slowly, and the 
mixture was then refluxed for one and a half hours. The 
reaction mixture was poured into 1 liter of water contain­
ing sufficient acetic acid to neutralize the alkali. The 
heavy oil which separated was extracted twice with ether, 
and the ethereal solution was washed with water and then 
with saturated sodium chloride solution. The solution 
was dried, the solvent removed, and the product distilled 
from a modified Claisen flask. The yield was 18.6 g. 
(67%) of product boiling at 118-122° at 0.5 mm., « 25d 
1.4916.

Anal. Calcd. for C15H180 5: C, 64.73; H ,6.52; C2H50 , 
16.2; 2CH3CO, 30.9. Found: C, 64.02; H, 6.72;
C2H50 , 16.0; CH3CO, 26.7.

Hydrolysis of Ethyl « -Acetoxy-« -benzylacetoacetate.— 
The compound was unchanged by refluxing with water 
for one hour. Refluxing with glacial acetic acid containing 
a little concentrated hydrochloric acid also failed to hy­
drolyze the compound. Although some carbon dioxide 
was evolved by the process, the starting material was re­
covered almost quantitatively. The same was true when 
the compound was refluxed with 20% sulfuric acid. The 
products of these experiments were identified, by boiling 
points, refractive indices and ethoxyl analyses, as the origi­
nal material.

Hydrolysis with Sodium Ethylate.—Five and one-half 
grams (0.02 mole) of ethyl «-acetoxy-«-benzylacetoace­
tate was added to 2 g. of sodium dissolved in 35 ml. of 
ethanol and the solution was refluxed for one hour. Most 
of the alcohol was removed under diminished pressure, 
and the residue was acidified to congo red with dilute hy­
drochloric acid. The solution was then saturated with 
sodium chloride and extracted several times with ether. 
On evaporation of the solvent on the steam-bath and sub­
sequently under reduced pressure, 3.3 g. of crystalline 
material Was obtained,, which was recrystallized from ben­

zene. The product melted at 95-96°, neutralization 
equivalent 166, and was identified as /3-phenyllactic acid.2

Hydrolysis with Barium Hydroxide.—Five and one- 
half grams of ethyl «-acetoxy-«-benzylacetoacetate was 
added to 250 ml. of a 2.5% aqueous solution of barium 
hydroxide, and the suspension was shaken for forty-eight 
hours. Carbon dioxide was then passed into the solution 
to remove the excess alkali. After the barium carbonate 
had been filtered off, most of the water was removed under 
reduced pressure. On addition of ethanol, 5.8 g. of crude 
barium salt of j3-phenyllactic acid was obtained.

(2) Ber. ,  42 [4], 4892 (1909).
U. S. D e p a r t m e n t  o f  A g r ic u l t u r e  
A g r ic u l t u r a l  R e se a r c h  A d m in ist r a t io n  
B u r e a u  o f  E n tom o logy  a n d  P l a n t  Q u a r a n t in e  
B e l t s v il l e , M a r y l a n d  R e c e iv e d  M a y  17, 1948

Preparation of 1,2-Dichloropropene-l
B y  E r n e s t  H. H u n t r e s s  a n d  F . S a n c h e z -N ie v a 1

In view of the extent of recent studies of chloro- 
and polychloro-olefins the paucity of reports on
1,2-dichloropropene is remarkable. This com­
pound should exist in two geometrically stereoiso­
meric forms. The only record of the lower boiling 
stereomer is an ancient report2 claiming its prep­
aration from 1,2,2-trichloropropane by dehydro­
chlorination with alcoholic potassium hydroxide. 
A liquid regarded as the higher boiling stereomer 
was subsequently obtained3 from «,/3,/Mrichloro- 
w-butyric acid by solution and heating in aqueous 
sodium carbonate. None of the cited papers give 
satisfactory details.

We have developed the preparation of the lower 
boiling stereomer to give readily 55-58% yields, 
have established certain needed physical con­
stants, have shown that upon ozonolysis the 
compound yields formic and acetic acids, and that 
with methanol it gives an azeotrope. We did not, 
in this work, study the preparation of the sup­
posed higher boiling stereomer3 but all attempts to 
isomerize the lower boiling material were unsuc­
cessful. The configuration of the two stereomers 
is still undetermined.

1,2-Dichloropropene-l (lower boiling stereomer).—One 
mole of 1,2,2-trichloropropane (b. p. 123-125° at 762.4 
m m ., « 25d 1.4609, obtained from 2-chloropropene-l by 
addition of chlorine) was added dropwise with frequent 
shaking to a 25% solution of sodium methoxide (1.3-1.5 
moles) in methanol kept cold in ice water. After com­
pletion of the vigorous reaction the solution was poured 
into a large volume of water, and the heavy insoluble 
layer washed, dried and distilled. Because of its much 
higher boiling point any unreacted trichloropropane was 
easily separated from the desired dichloropropene (55-58% 
yield).

Redistillation of the crude product through a ten 
theoretical plate column gave the lower boiling 1,2-di- 
chloropropene-1, b. p. 76.8-77.0° at 757.0 mm.; d254 
1.1755, d™4 1.1818, n25d 1.4451, «20d 1.4471.

This product formed with anhydrous methanol an azeo^
(1) From  p a rt of a  thesis subm itted by Mr. Sanchez-Nieva in 

October, 1945, in partial fulfillment of the requirements for the degree 
of M aster of Science a t M. I. T.

(2) Friedel and Silva, Compt. rend., 74, 807 (1872); 75, 81 (1872); 
Bull. soc. chim., [2] 17, 886 (1872); Jahresber., 322, 329 (1871),

(3) Smnie and Taggesell* Ber., 28, 2667-2668 (1895),
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trope, b. p. 56.5-56.8° at 760.5 mm., « 25d  1.4030, found 
by comparison with a plot of n25d/%  composition for 
known mixtures to contain 75 weight % of lower boiling 
1,2-dichloropropene.

Ozonization of the above 1,2-dichloropropene-l in 
carbon tetrachloride solution at —15° followed by treat­
ment with boiling water gave a mixture of hydrochloric, 
formic and acetic acids. Treatment with silver hydroxide 
precipitated silver chloride, oxidized the formic to car­
bonic acid, and thus permitted identification by the 
Duclaux method of the acetate in the filtrate.

The structure of the 1,2-dichloropropene-l was con­
firmed b y  addition of chlorine at 0° in light from a 200- 
watt clear glass lamp, giving the saturated 1,1,2,2-tetra- 
chloropropane, b .  p. 153-155° at 774 mm., « 25d 1.4850.
D e p a r t m e n t  o f  C h e m is t r y  
M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y  
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  A p r il  16, 1948

The Structure of C3F6
B y  E d m o n d  G. Y o u n g  a n d  W il l ia m  S. M u r r a y

Studies in this Laboratory involving methods of 
commercial feasibility for the synthesis of CF3-

Fig. 1.—CjFe products: —, pyrolysis p ro d u ct;-----—,
dechlorination product ; —— , mixed.

Park1 reported the structure of the C3F6 obtained 
from pyrolysis of “Teflon” tetrafluoroethylene 
polymer as being a cyclic compound. It is to be 
noted that Lewis and Naylor2 report the difficult 
oxidation of this product to acidic substances 
which also suggests the cyclic structure.

I t has been the purpose cf this work now being 
reported, to establish the structure of C3F6 firmly 
and to correct any errors which have appeared in 
the literature.

A sample of C3F6 prepared by pyrolysis of tetra­
fluoroethylene polymer was compared with a 
sample of C3F6 prepared by the dechlorination of 
CF3CFCICF2CI with zinc and alcohol.3 The 
marked similarity of these products is shown in 
Table I.

T a b l e  I
Product source

Molecular weight from 
vapor density 

Boiling point, °C. 
Freezing point, °C. 
Mixed freezing point, °C.

“Teflon” CF3CFCICF2CI 
pyrolysis dechlorination

151 153
-  29.8 -  29.6
— 156.2 -1 5 6 .5

156.6

Not only is the mixed freezing point datum excel­
lent evidence for the identity of these products 
(see Fig. 1), but also the infrared absorption curves 
of these two preparations were found to be identi­
cal. The curve for C3F6 is given in Fig. 2. The 
maximum at 5.55 microns is a positive indication 
of the existence of a double bond in the molecule.

Chlorination in light of the two C3F6 products 
(A) from polymer and (B) from CF3CFC1CF2C1 
gave the corresponding dichlorides which were 
identical to each other and different from the di­
chloride obtained (C) by chlorination of H(CF2)3-

15 14 13 12 11 10 9 8 7 6 5.0 4.0
Wave length in microns. 
Fig. 2.—CF3CF—CF2.

C F=C F2 brought to the fore the question of the 
proper structure of C3F6 as prepared by several 
methods. In particular, Benning, Downing and

(1) Benning, Downing and Park, U. S. P atent 2,394,581,
(2) Lewis and Naylor, T his Journal, 69, 1968 (1947).
(3) Henne and Waalkes, ibid., 68, 496 (1946),
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Time in minutes.
Fig. 3.—C3F6C12 products.

in Fig. 4 where both A and B are represented by 
the single solid line.

T a b l e  II
C o m p a r is o n  o f  C3F6Ci2 P r o d u c t s

Molecular
Boiling
point,

Freezing
point,

Mixed
freezing point.

Product weight °C. °C. °C.
A 227.1 34.5 -1 3 2 .7  1

y  -1 3 3 .0B 226.1 34.5 -1 3 3 .3  J
C 227.8 35.8 -1 2 5 .4  V [ -1 4 6 .5  

> - 1 2 6 .0
D 224.8 35.6 — 126.3 /

The reactions of the 1,2 and 1,3-dichlorohexa-
fluoropropane with zinc in alcohol likewise differ 
in the products obtained. Although the 1,2-di- 
chloride gave the original C3F6, the 1,3-dichloride 
gave a C3F6HC1 which has identical infrared ab­
sorption with that of CF2HCF2CF2C1. The state­
ment of Park, et a l.f that CF2C1CF2CF2C1 reacted 
with zinc to give a cyclic product must have been 
based upon the reaction of CF3CFC1CF2C1 ob­
tained from pyrolysis of tetrafluoroethylene poly­
mer, which at that time was thought to be the

Wave length in microns.
Fig. 4.— — 1,3-QFsCk; ------, 1,2-C3F«C12.

Cl4 and (D) by fluorination of CFC12CF2CFC12. 
This is shown by the data given in Table II.

The freezing point curves shown in Fig. 3 not 
only verify the identity of A and B but also assure 
that the dichloride from the pyrolysis product of 
“Teflon” is not the same as the 1,3-dichloride. 
This is further corroborated by infrared absorp­
tion curves of the three C3F6C12 molecules as shown

(4) Downing, Benning and McHarness, U. $, P aten t 2,384,821.

1,3-dichloride, to give CF3C F=C F2 boiling at 
— 30°.

There remains no doubt that C3F6 prepared by 
the pyrolysis of tetrafluoroethylene polymer is 
CF3C F=C F2 and not CF2CF2CF2.

i_______ i
J a c k s o n  L a b o r a t o r y
E. I. d u  P o n t  d e  N e m o u r s  a n d  Co.
W il m in g t o n , D e l . R e c e iv e d  A p r il  1, 1948

v(5) P ark ,M  *Z.f Ind. Eng. Chem., 39, 354 (1947).
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On the Molecular Structure of (“Cyclic”) C3F0

B y  W a l t e r  F . E d g e l l

In line with our interest in fluorocarbons the 
Raman spectrum of “cyclic” CgFe was deter­
mined early in 1946. The results were not pub­
lished then because they were at variance with 
the reported “definite chemical evidence” for the 
cyclic structure which was later published.12 
Recently F. A. M. Buck and R. L. Livingston 
have made electron diffraction studies on this 
compound which also could not be interpreted 
with a ring model.3 These two independent 
studies show clearly that this material does not 
have the cyclopropane structure—a conclusion 
also reached by other workers.4

Experimental Details
The Raman effect was determined in the liquid state 

using the spectrographic arrangement reported elsewhere.5 
The Raman tube was surrounded by an unsilvered Dewar 
which was maintained at low temperatures by dry air 
that had been passed through coils immersed in a Dry 
Ice-acetone slush and liquid air. The twenty Raman 
lines found are listed in Table I. The usual weak scatter­
ing power of fluorocarbons was observed and two of the 
lines listed were so weak that it would be better to con­
sider them uncertain at present. This in no way influences 
the conclusions drawn.

T a b l e  I

T h e  R a m a n  S p e c t r u m  o f  C3F6
Description Frequency (cm.”1)

C =C  stretching 1790 (S-)“
CF3 symm. stretching 1386 (m)
CF2 symm. stretching 1330 (m)
CF3 assymm. stretching 1208 (m)
CF3 assymm. stretching 1156 (m)
CF stretching 1020 (w)
CF2 assymm. stretching
CF3 symm. deformation 764 (S)
CF3 assymm. deformation 714 (w)
CF3 assymm. deformation 648 (S)
CF2 rocking 607 (m)
CF2 deformation 560 (S)
CF2 wagging 511 (m)
CF2 twisting 453 (vw)
C—C stretching 360 (S)
CF3 bending 306 (vw)
CF bending 248 (w)
CF3 bending 213 (w)
CF bending 173 (w)
C—C—C bending 140 (m)
CF3 twisting 84 (w)

a S — strong, m =  medium, w == weak.
(1) A. F. Benning, F. B. Downing and J. D. P ark , U. S. Patent 

2,394,581 (1946).
(2) J. D. Park, A. F. Benning, F. B. Downing, J . F. Laucius and 

R. C. M cHarness, Ind. Eng. Chem., 39, 354 (1947); see also Lewis 
and Naylor, T his Journal, 69, 1968 (1947).

(3) F. A. M. Buck and R. L. Livingston, T his J ournal, 70, 2817 
(1948). The author wishes to  thank Dr. R. L. Livingston for his 
kindness in making his results available in advacuie of publication.

(4) E. G. Young and W. S. M urray , ibid., 70r 2814
(1948).

(5) W alter F, Edgell, ibid., 69, 660 (1947).

T a b l e  II
F u n d a m e n t a l  V ib r a t io n s  o f  C 3F 6 C y c l ic  M o d e l  (D3h)

Description Species Activity®

CF2 stretching Ai R , P
Ring stretching a ; R ,P
CF2 deformation a ; R , p
CF2 stretching Ai' I» ii
CF2 rocking AS I, II ^
CF2 wagging Ai Inactive
CF2 twisting Af Inactive
CF2 stretching E' R, dp; I, _L
Ring deformation E' R, dp; I, _L
CF2 deformation E' R ,  dp; I ,  ±
CF2 wagging E' R, dp; I ,  ±
CF2 stretching E" R, dp
CF2 rocking E" R ,  d p
CF2 twisting E* R ,  d p

* R =  Raman active; I =  infrared active; p =  polar­
ized; dp = depolarized; || =  parallel; JL =  perpendicular.

The C3F6 was kindly supplied by the Jackson Labora­
tory of E. I. du Pont de Nemours and Co. The infra­
red spectrum from 2 to 15 ju was determined by Dr. J. R. 
Downing of the du Pont Experiment Station and appears 
in Table III, column 1.

T a b l e  III
T h e  I n f r a r e d  S p e c t r u m  o f  GSRs (1800 to  750 C m  r)

“ Cyclic’* CsFs® C F 3 C F —  CF2&

1801 (S) 
1400 (S) 
1333 (S) 
1210 (S) 
1179 (S) 
1039 (S) 
767 (m)

1798 (S) 
1398 (S) 
1336 (S) 
1210 (S) 
1178 (S) 
1035 (S) 
767 (m)

S = strong; m = medium. "Origin: J. R. Downing 
(see text). 6 Origin: Donald G. Weiblen (see text).

Discussion of Results
The cyclic ring model, CF2CF2CF2, has the 

symmetry D 3h for which the selection rules and 
the approximate character of the vibrations, 
listed in Table II, may be obtained by group 
theoretical considerations. In contrast to the 
twenty Raman lines found, this model calls for 
but ten. To be sure this is about the number of 
stronger lines observed, but their frequencies 
do not correspond to the order of magnitude 
expected of a cyclic fluorocarbon.6 Most im­
portant is the rather strong line at 1790 cm.""1 for 
which no explanation seems possible in terms of 
this model; also five lines between 1000 and 1400 
cm._1 are more than can be reasonably accounted 
for. A consideration of the C-F stretching 
vibrations is very significant. Experience has 
shown that they are found in the region ca. 1000 
to ca. 1400 cm .-1.5-9 This model calls for three 
such’ Raman active fundamentals plus two that 
are infrared active—only one of which would

(6) Geo. Glockler and W. F. Edgell, J . Chem. Phys., 9, 224 (1941).
(7) Geo. Glockler and G. Leader, ibid., 8, 699 (1940), and others.
(8) D. H. Rank and E. L. Pace, ibid,, 15, 39 (1947).
(9) J. R. Nielsen, C. M . Richards and H, L, M urray, ibid., 16, 67 

(1948). ,
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appear in both spectra. This is in complete 
disagreement with the data; all five frequencies 
in this region appear in both the Raman and in­
frared spectra.

I t is clear that “cyclic” C3F6 is not hexa- 
fluorocyclopropane.

The Raman spectrum indicates a molecule 
which has either no symmetry or at most one 
element of symmetry, in which case all 21 funda­
mental modes of vibration would appear in­
dividually in both the Raman and infrared spec­
tra. Molecules containing a double bond have 
their stretching fundamental at ca. 1650 cm.-1’10 
which is shifted in polyfluorinated ethylenes to 
ca. 1750 cm.-1.11-12 This corresponds to the 
Raman line found at 1790 cm.-1 and the infrared 
band at 1798 cm.-1. Thus the spectra indicate 
the structure CF3C F=C F2!

It is difficult to predict the character of the 
vibrations of this molecule because of the lack 
of symmetry restrictions and the complexity 
resulting from the large interactions between the 
fluorine atoms. An approximate description of 
them based upon the neglect of coupling between 
the groups is found in Table I. The correlation 
between the expected magnitudes5-12 and the 
observations is good. No definite assignment of 
all the frequencies can be made yet. For ex­
ample, it is not clear why only five lines are found 
in the region where the six C-F stretching vibra­
tions are expected. Work now under way in this 
Laboratory on similar molecules should throw 
light on these matters, however. The correlation 
of Table I is given solely to show that the spec­
trum has the proper number of lines in the proper 
spectral region for such a model.

In order to conclusively demonstrate that 
“cyclic” C3F6 is in reality hexafluoropropylene, 
the infrared spectrum between 2 and 15/z of an 
authentic sample of CF3C F=C F2 is included in 
Table III, column 2. I t is identical with that for 
“cyclic” C3F6. This spectrum was obtained and 
furnished by Mr. D. G. Weiblen of the Central 
Research Department, Minnesota Mining and 
Manufacturing Company, using material pre­
pared by Lyle Hals of that laboratory.

I t  is now clear why the physical properties of 
CF3C F=C F213 are so close to those earlier reported 
for “cyclic” C3F6.

Acknowledgment.—The author is indebted to 
Dr. A. F. Benning who furnished the infrared 
spectrum and sample of C3F6. Thanks are also 
due to Mr. D. G. Weiblen for the infrared spec­
trum of hexafluoropropylene.
D e p a r t m e n t  o f  C h e m is t r y  
S t a t e  U n iv e r s it y  o f  I o w a
I o w a  C it y , I o w a  R e c e iv e d  M ay  3, 1948

(10) G. Herzberg, “ Infrared and Ram an Spectra of Polyatomic 
Molecules," D. Van N ostrand Company, Inc., New York, N. Y., 
1945, p. 195.

(11) J. B. H atcher and D. M. Yost, J . Chem. Phys., 5, 992 (1937).
(12) P. Torkington and H. W. Thompson, Trans. Faraday S o c ., 41, 

236 (1945).
(13) Henne and Waalkes, T his Journal , 68, 496 (1946).

The Identification of C3F61
B y F. A. M. B u c k  a n d  R. L. L iv in g s t o n

The compound C3F6, obtained by pyrolysis of 
polytetrafluoroethylene and by pyrolysis of mono- 
chlorodifluoromethane has been reported to be 
hexafluorocyclopropane2*3 although some doubt 
as to its identity has been expressed.4 Interpre­
tation of electron diffraction photographs of this 
compound has led us to the conclusion that the 
compound is not hexafluorocyclopropane but is 
hexafluoropropene. This conclusion has been 
reached independently by other workers.5*6

The electron diffraction photographs7 were pre­
pared using an apparatus built by Professor H. J. 
Yearian of the Purdue Physics Department. 
The sample of C3F6 was kindly supplied by Drs. 
Young and Benning of the Jackson Laboratory 
of E. I. du Pont de Nemours and Company. Dif­
fraction maxima were observable on the photo­
graphs out to s =  33 (s =  47t/X sin 0/2). A radial 
distribution curve (Fig. 1) was calculated using 
essentially a method previously described.8 The 
five prominent peaks of this curve at 1.32, 2.16,

r , A
Fig. 1.—Radial distribution curve for C3Fe. The lines 

under the curve correspond to bond distances in models of 
hexafluorocyclopropane and hexafluoropropene; the 
lengths of the lines indicate the relative weights, nz^-, of 
the corresponding terms in the simplified intensity func­
tion.

(1) From  the Ph. D. thesis of F. A. M. Buck, duPont Fellow in 
Chemistry, Purdue University.

(2) A. F. Benning, F. B. Downing and J. D. Park, U. S. P aten t 
2,394,581 (February 12, 1946).

(3) J. D. Park, A. F . Benning, F. B. Downing, J. F. Laucius and 
R. C. M cHarness, Ind. Eng. Chem., 39, 354 (1947).

(4) E . E. Lewis and M . A. Naylor, T his Journal, 69, 1968 
(1947).

(5) W. F. Edgell, ibid., 70, 2816 (1948). We appreciate the co­
operation of Dr. Edgell in making his data  available in advance of 
publication.

(6) E. G. Young and W. S .  M urray, ibid., 70, 2814 (1948).
(7) For a general review of the method of electron diffraction, see 

L. O. Brock way, Rev. Modern Phys., 8, 231 (1936).
(8) R. Spitzer, W. J. Howell and V. Schomaker, T his Journal, 

64, 62 (1942).
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2.34, 2.70, and 3.54 A. are not compatible with 
any cyclic model having D3h symmetry. The 
bond distances in one cyclic model are indicated 
by vertical lines under the radial distribution 
curve; other cyclic models disagree with the 
curve to about the same extent or to a greater 
extent. Also the theoretical intensity curves for 
cyclic models are incompatible with the observed 
pattern.

We have succeeded in finding a model for hexa­
fluoropropene which gives very good agreement 
with the prominent peaks on the radial distribu­
tion curve. This agreement is indicated under the 
curve by vertical lines representing bond distances 
in this model. In addition the theoretical intens­
ity curve for this model agrees qualitatively with 
the photographs and the average of the Scaled. Aobs. 
(for eleven features which may be confidently 
compared) is 0.999 with an average deviation of 
0.006. Further work is necessary in order to de­
termine the accuracy with which the various par­
ameters in the molecule can be evaluated. The 
identity of the compound, however, seems clearly 
established.

We wish to thank Professor Yearian for the use 
of his diffraction apparatus and for many helpful 
discussions. We are also grateful to E. I. du Pont 
de Nemours and Company for the free grant fel­
lowship which made this work possible.
C ontribution from the
Purdue R esearch F oundation and the
D epartm ent of Chemistry
P urdue U niversity R eceived  M ay 3, 1948

Maxima in Vapor Pressure Curves
By A. E. K orvezee  and P. D ingemans

Recently N. B. Keevil1 has given the vapor 
pressures of aqueous solutions of a number of salts 
over an extensive temperature range. In case of 
highly soluble salts, maxima occur in the vapor 
pressure curves and the author stresses the point 
that the maxima lie at increasing temperatures 
with increasing melting point of the salts.

We have found analogous results for a series of 
salts with lower melting points. Moreover we 
have derived2 the approximate expression

-J — =  p  +  0.00021.
I max I a

Ta — melting point of the sale (absolute temperature) 
r max = absolute temperature of the maximum.

This expression is derived for ideal solutions, 
but it proves to give also fairly trustworthy results 
for the temperature of the pressure maxima even 
for our saturated salt solutions. The relation 
given is also valid for vapor pressure curves of 
solutions saturated with respect to two or more 
salts, in which case Ts = the eutectic temperature

(1) N. B. Keevil, T h is Journal , 64, 841 (1942).
(2) A. E. Korvezee and P. Dingemans, Rec. trav. chim., 62, 653 

(1943).

of the salt mixture.3 A number of examples are 
to be found in our publications.4

We have applied our formula to those of Kee- 
viFs curves, for which the temperature of the 
maximum and the melting point of the salt have 
been directly determined» The results are col­
lected in Table I.

T able I
Melting point, Temperature of the maximum, °C.

Salt °c. m easured calcu lated

NaCl 804 6 0 0 6 0 6
NaBr 755 5 7 0 5 7 3
KC1 770 5 6 5 5 8 2

From the figures given it is clear that a fairly 
accurate estimation of the temperature of the 
maximum in the vapor pressure curve can be de­
rived from melting point data with the aid of our 
formula.

(3) A. E. Korvezee, P. Dingemans and L. L. Dijkgraaf, ibid., 66, 
389 (1947); A. E. Korvezee, ibid., 66, 549 (1947).

(4) P. Dingemans, et al., Rec. trav. chim., 56, 839 (1937); 58, 574 
(1939); 60, 317 (1941); 61, 605 (1942); 62, 85 (1943); 62, 625 and 
639 (1943); 64, 194 and 199 (1945); 65, 477 (1946); 66, 239 (1947).

Chemical L aboratory of the T echnical University 
D e lft , H olland R eceived  A pril 3, 1948

TUa AIIttI T^AiA^lx i  tp a ia u u n  ui axxjjl xuuiuv

By  R. L. L etsinger  and James G. T raynham

Reported methods for the preparation of allyl 
iodide involve the reaction of allyl alcohol or gly­
cerol with either hydriodic acid or phosphorus and 
iodine.2 We find that preparative quantities of 
allyl iodide may be obtained very conveniently 
by the action of sodium iodide on allyl chloride in 
acetone. This preparation is based on a reaction 
investigated kinetically by Conant, Kirner and 
Hussey.3

A mixture made of 0.6 mole (45.9 g.) of allyl chloride, 
0.75 mole (113 g.) of sodium iodide, and 100 cc. of acetone 
was warmed on the steam-bath for three hours and then 
poured into 500 cc. of water. The organic layer was 
separated, washed with both a dilute sodium bisulfite 
solution and with water, dried over sodium sulfate, and 
distilled. The yield of allyl iodide (b. p. 101-102°, d224 
1.8454, n22d 1.5542) was 63.1 g. (62.6%). When the 
reflux time was increased to twenty-four hours and 200 cc. 
of acetone was used as solvent, the yield was increased to 
7 6 .7 % .

(1) This investigation was supported by a grant from the Abbott 
Fund of Northwestern University.

(2) McCullough and Cortese, T his Journal, 51, 226 (1929); 
Norris, W att and Thomas, ibid., 38, 1076 (1916); D atta , ibid., 36, 
1005 (1914); Tollens and Henninger, Ann., 156, 156 (1870).

(3) Conant, Kirner and Hussey, T his Journal, 47, 488 (1925).

D epartment of C hemistry 
N orthwestern U niversity
E vanston, Illinois R eceived F ebruary  4, 1948

Absorption Spectra of 4,6-JJiamino-2-phenyl-
1,3,5-triazine

B y  F rederick C. N achod and E dgar A. Steck

Although 1,3,5-triazine derivatives have been 
the subject of many investigations, relatively few
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physico-chemical measurements have been made 
with compounds of this class.1-7 Of these, only 
one group of absorption spectra has been re­
ported,6 referring to cyanuric acid types, as well 
as at an early date. As a portion of some other 
investigations, the spectral characteristics of 
4,6-diamino-2-phenyl-l,3,5-triazine became of in­
terest. The compound (I) was prepared by the 
reaction of benzonitrile with dicyandiamide in the 
presence of piperidine,8 being an improvement 
over earlier work.910

The tautomeric states possible in 4,6-diamino- 
2-phenyl-1,3,5-triazine are indicated in the struc­
tures I-TV. The two mono-imino forms (II and 
III) are twice as likely of being the more probable

/ N v
H2N—C / ^ c —c 6h 6II 1 h n = c / /N ^ c—c 6h 5

II 1 
N\ c / N

1 1 
h v n

NH2 n h 2
I II

/N<v
H2N—Q / ^ C —C6H6 

II 1
/ NvH N =C /  -C—C6H5

II 1 
N \ c / N H

| | 
HNX /N H

x cy
II II

NH NH
III IV

structures of the compound because only one 
diamino and only one di-imino structure can be 
formulated (I and IV). This may also account 
for the fact that only monohydrochlorides are 
formed in this type.11 *12

Ultraviolet absorption spectra of 4,6-diamino-
2-phenyl-1,3,5-triazone solutions shown in Fig. I 13 
clearly indicate that at pH 7 and 13 essentially 
the same maxima and minima are attained. 
On passing to pH 1, however, a marked batho- 
and hypochromic shift is to be observed. This 
indicates that the degree of conjugation is dimin­
ished and Table I, which lists the actual values 
for the maxima obtained, further emphasizes 
the differences in spectra. The shifting could 
easily be interpreted as the result of a favoring

(1) Lemoult, Compt. rend., 121, 352 (1895); 125, 822 (1897); 
Ann. chim., [7] 16, 348, 372, 410 (1899); Bull. soc. chim., [3] 13, 
1024 (1895).

(2) Hantzsch, Ber., 39, 145 (1906).
(3) Wightman and Jones, T his Journal, 39, 1752 (1917).
(4) Böeseken, Rec. trav. chim., 37, 147 (1917).
(5) Wood, J.C hem . Soc., 83, 576 (1903).
(6) Hartley, ibid., 41, 48 (1882); H artley, Dobbie and Lauder, 

ibid., 79, 848 (1901).
(7) Kahovec, Monatsh., 72, 364 (1939).
(8) Zerweck and Brunner, U. S. P aten t 2,302,162.
(9) Ostrogovich, A tti reale accad. Lincei, [5] 2 0 ,1, 182, 251 (1911).
(10) Rackmann, A nn., 376, 181 (1910).
(11) The compound was purified and used as the monohydrochlo­

ride monohydrate, needles from aqueous alcohol, m. p. 246-247°, dec. 
Anal. Calcd. for CgHgNs-HCl-HgO; N , 28.98; Cl, 14.67. Found: 
N, 28.68; Cl, 14.82. Ostrogovich9 reported this compound but gave 
no melting point.

(12) Ostrogovich and Gheorghiu, Gazz. chim. ital., 60, 648 (1930).
(13) The spectra were determined with a Beckman quartz spectro­

photometer, Model DU. Serial No. D-377, as in our earlier studies 
ie. g., Ewing and Steek, T his Journal, 68, 2181 (1946)].

Fig. 1.—Spectrum of 4,6-diamino-2-phenyl-l,3,5-tri- 
azine monohydrochloride in — ethanol (95%) and in 
w ater,-------0.01 N  NaOH, —  0.01 N  HCl.

of structure (IV) in strongly acidic solution as the 
preferential form. However, in the crystalliza­
tion of the hydrochloride, the more probable 
forms (II) and (III) are predominant. Although 
the structures (II) and (III) are not equivalent, 
presumably they do have nearly the same energy 
content and may be present in a solid solution or 
hydrogen-bonded condition in the solid state.

T a b l e  I

M a x i m a  o f  4 , 6 - D i a m i n o - 2 - p h e n y l - 1 , 3 , 5 - t r i a z i n e

Solvent X, in run € X IO9
95% Ethanol 244 18.6
Water 244 18.6
0.01 N  NaOH 247 19.2
0.01 A  HCl 255-261 16.2

T h e  S t e r l i n g - W i n t h r o p  R e s e a r c h  I n s t i t u t e  
R e n s s e l a e r , N e w  Y o r k  R e c e i v e d  A p r i l  2 0 ,  1 9 4 8

Absorption Spectra of 5,7-Dimethyltetrazolo (a)- 
pyrimidine

B y  F r e d e r i c k  C. N a c h o d  a n d  E d g a r  A. S t e c k

The interest in the absorption spectral behavior 
of 5,7-dimethyltetrazolo [a] pyrimidine resulted 
from certain aspects of related heterocyclic 
studies. The compound, named 5,7-dimethyl-1,-
2,3,4-tetraazaindolizine by Biilow,1 is now des-

(1) Biilow, Ber., 42, 4433 (1909).
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ignated as above according to the system em­
ployed in the “Ring Index.”2 I t  has not been 
studied further since its preparation from 5- 
aminotetrazole and acetylacetone in the presence 
of piperidine, the method which was also employed 
in this work.3

H3C— c / .0

CH 
^ C —OH

I
c h 3

+

H2Nv
x C=Nv

| >N — ^
HN—INr

h 3c—c
7 / N k  9 1

\—CA x O =N v

H? s /N — N'■/'N2

95 4
c h 3
i

From an examination of the spectra of 5,7- 
dimethyltetrazolo [a]pyrimidine shown in Fig. I ,4 
a tremendous batho- and hyperchromic shift is to 
be noted in comparing the spectrum at pH 13 
with that in neutral and acidic solutions. As the

X in m/A.
Fig. 1.—-Spectra of 5,7-dimethyltetrazolo [a]pyrimidine 
in — ethanol (95%), —- 0.01 A  H C l,-------0.01 A NaOH.

nitrogen atoms do not bear any hydrogen [atoms], 
a classical picture on the basis of tautomeric

(2) Patterson and Capell, “ The Ring Index," Reinhold Publishing 
Corp., New York, N. Y ., 1940.

(3) The authors wish to  express their appreciation to Miss R. 
Pauline Brundage for her preparation of the compound.

(4) All spectral determ inations were made with a Beckman quarts 
spectrophotometer, Model DU, Serial No. D-377, as in earlier work 
[cf. Ewing and Steek, T his Journal, 68, 2181 (1946)].

shifts cannot be developed. However, if one 
admits ionic structures,5 this behavior can ap­
parently be explained satisfactorily. The dipolar 
ions (“Zwitterions”) shown in (II) to (V) con­
tribute to the arrangement of the compound in 
acid, and, to a somewhat lesser extent, in neutral 
solution. These considerations would lead one 
to expect that the resulting spectrum, with respect 
to the position of the maximum, should be similar 
to that of a benzenoid ring with a conjugated 
double bond. Indeed, a measure of similarity to 
the spectra of styrene,6 indole,7 benzotriazole8 
and even benzoxazole9 is observable. In alkaline 
medium, however, this polarization tendency, due 
to the addition of protons in position 1 or 3, dis­
appears and the structure (I) is the only one re­
maining. Such a spectrum should more closely 
resemble that of a polyene and shift the absorp­
tion maximum toward the visible range. This is 
borne out by the similarity of the spectrum of 5,7- 
dimethyltetrazolo [a] pyrimidine in alkali with 
that of 1,3,5,7-octatetraene which was studied by 
Kovner10 and Hausser.11 Both of the com­
pounds have four conjugated double bonds and a 
“maximum extinction coefficient” beyond 300 mjjl.

n . p __ n//  \ n __ nt-

T Ï  >N
HC\ C/ ? “ N1

HjC—C' X C -N e­
ll 1HCy 

\ C *  +I1
c h 3

1
c h 3

II III

H3C— Cr/ XC—N.-.
1 II > T

HCN /N —N_
x cy +1

H,C—c / ^ C —N*.
II 1 >

H.C\ /,N—Nx
XN +|

1
c h 3

I
CHa

IV V
(5) The authors are grateful to  Dr. Elmer J. Lawson for his help­

ful discussion on the formation of dipolar ions.
(6) E lliott and Cook, Ind. Eng. Chem., Anal. Ed., 16, 20 (1944); 

Rodebush and Feldm an, T his Journal, 68, 896 (1946).
(7) Johnson, Bruce and Dutcher, ibid., 65, 2005 (1943).
(8) Specker and Gawrosch, Ber., 75B, 1338 (1942).
(9) Ramart-Lucas and Vantu, Bull. soc. chim., [5] 146, 1165 

(1936).
(10) Kovner, Acta Physicochim. (U.R.S.S.), 19, 385 (1944). Cf. 

also Ferguson and Branch, T his Journal, 66, 1467 (1944).
(11) Hausser, Z. techn. Physik, 15, 10 (1934).

T h e  S t e r l i n g -W in t r h o p  R e s e a r c h  I n s t i t u t e  
R e n s s e l a e r , N .  Y. R e c e iv e d  A p r il  20, 1948

Remarks on the Physico-Chemical Mechanism 
of Muscular Contraction and Relaxation

B y  J a c o b  R is e m a n  a n d  J o h n  G. K ir k w o o d

The physico-chemical processes underlying the 
contraction and relaxation of muscle have been the 
subject of much speculation. Recently significant 
analogies between the elastic behavior of muscle 
and that of rubber and synthetic elastomers have
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been investigated by Bull1 and others. That the 
structure of striated muscle, and possibly smooth 
muscle, is much more ordered than those of elasto­
meric cross-linked high polymers is clearly demon­
strated by the studies of Schmitt and his collabo­
rators.2 Nevertheless, important aspects of struc­
tural similarity exist. The basic structural unit of 
the muscle fibril is considered to be the linear poly­
peptide chain of the myosin or actomyosin mole­
cule, Like the segments of a polymer network, 
the long polypeptide chain possesses many inter­
nal rotational degrees of freedom which allow it to 
gain configurational entropy on contraction. 
Therefore it is probable that the elastic modulus 
of a structure composed of such elements is in part 
determined by the dependence of their configura­
tional entropy upon elongation.

The contraction or relaxation of a muscle seg­
ment under constant stress is the consequence 
of a change in the elastic modulus arising from al­
teration of its structural units. Following cer­
tain ideas suggested by the work of K. H. Meyer,3 
we wish to examine the hypothesis that the essen­
tial alteration of the structural unit, leading to a 
change in modulus, is a change in its net electric 
charge. A structural unit consisting of a long 
polypeptide chain can gain or lose electric charge 
in several ways in response to changes in its phys­
ico-chemical environment. If the absolute mag­
nitude of the charge, whatever the sign, is in­
creased, electrostatic repulsion between the ele­
mentary charges comprising the increment will 
decrease the elastic modulus by destroying the bal­
ance between the external stress and the contrac­
tile force arising from configurational entropy. 
Conversely, if the magnitude of the charge is de­
creased, the modulus will increase. According to 
this view, the relaxed state of muscle is an elec­
trically charged state and the contracted state 
one in which the polypeptide chains are in an 
uncharged or “isoelectric” condition. We shall 
presently make some rough estimates of the 
change in elastic modulus produced by electro­
static repulsion between charges distributed at 
intervals along a polypeptide chain, after dis­
cussing possible mechanisms by which it might 
gain or lose charge.

Since a polypeptide chain is an ampholyte, 
it can gain or lose charge in response to a change 
in the pH of its environment. This mechanism 
was proposed by K. H. Meyer3 as a basis for the 
analysis of the energetics of muscular relaxation 
and contraction. Meyer's proposal was re­
jected by Weber4 on grounds which still must be 
regarded as inconclusive. Adsorption of cations, 
for example potassium, by actomyosin segments 
provides a second method of charging, which the

(1) H. B. Bull, T his Journal, 67, 2047 (1945).
(2) F. O. Schm itt, M. A. Jakus and C. E. Hall, Biol. Bull., 90, 

32 (1946); M. A. Jakus and C. E. Hall, J. Biol. Chem., 167, 705 
(1947).

(3) K, H. Meyer, Biochem. Z ., 214, 1 (1929).
(4) H, H. Weber, ibid., 217, 430 (1930).

work of St. Gyorgi suggests may play a role.5 
Nevertheless, both of these charging mechanisms 
leave obscure the manner in which the chain of 
carbohydrate oxidation reactions supplies free 
energy for the muscular processes.

We are inclined to the view that phosphoryla­
tion of the hydroxy amino acid residues of the 
myosin or actomyosin molecule by adenosine 
triphosphate provides a charging mechanism 
in best accord with known facts. From its 
amino acid analysis, myosin is known to contain 
a large proportion of hydroxy amino acid residues; 
serine, 3.9%; and threonine, 4.95% .6 Myosin 
is also considered to be one of the enzymes in­
volved in the dephosphorylation of ATP to ADP 
and inorganic phosphate. Assuming that the 
first step in the dephosphorylation of ATP con­
sists in the phosphorylation of the —OH groups 
of the hydroxy amino acid residues of the myosin 
molecule, we conclude that at a pH of 7, the 
approximate pH  of the sarcoplasm, each — H2PO4 
group will be approximately singly ionized to 
— H P04~. Thus the phosphorylation process 
would impart to the neutral sites originally oc­
cupied by —OH, approximately one unit of 
negative charge. The extension of the myosin 
chain and that of the structure of which it is the 
unit, resulting from electrostatic repulsion be­
tween the negatively charged — H P04~ groups, 
stores up the free energy, released in the deg­
radation of the high energy phosphate bond of 
ATP, in the form of negative configurational 
entropy of extension. Subsequent dephosphoryl­
ation of the myosin molecule with release of in­
organic phosphate ion to the sarcoplasm would 
remove negative charge from the molecule and 
release the stored free energy as mechanical work 
in contraction of the structure. The coupling 
between the carbohydrate oxidation process and 
the mechanical processes of muscle activity is 
thus clarified by the proposed mechanism. ATP, 
regenerated in the chain of oxidation reactions, 
serves as a carrier of free energy released in these 
reactions to the myosin units of the muscle struc­
ture.

In order to examine the quantitative implica­
tions of our hypothesis, we will make some rough 
estimates of the change in elastic modulus E  of a 
flexible linear molecule produced by attaching 
electric charges of equal magnitude at equal in­
tervals along its length. If the terminal groups 
of the molecule are separated by a distance L  
and n charges of the same sign and magnitude 
e are attached to the chain at points separated 
by equal numbers of bonds, the random coil 
model of a flexible linear molecule leads to the 
following approximate estimate of the increment 
in elastic modulus AEy produced by the charge 
increment ne

(5) A. St. Gyorgi, “ Chemistry of Muscular C ontraction," Aca­
demic Press, Inc., N. Y., 1947, p. 30.

(6) M. JL. Anson and J. T, Edsall, “ Advances in Protein Chemis­
try ,"  Vol. I, Academic Press, Inc., New York, N. Y., 1944, p. 310.
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AE -  - 8 Np n1 2e2 
3 ~M~ D/L

where De is an effective dielectric constant, N  
is Avogadro’s number, M  the molecular weight 
of the linear molecular unit of the structure and 
p is the density of the structure, regarded as a 
three-dimensional network with L  the average 
distance between net points. Since electrostatic 
interactions between the charges of neighboring 
chain segments are neglected and other gross 
approximations have been employed in its deri­
vation, Eq. (1) is intended to provide no more 
than an estimate of the order of magnitude of AE.

The elastic modulus of muscle1 is of the order 
of magnitude 105 dynes/sq. cm. In order to 
produce a change of this order of magnitude by 
charging the structural units, we estimate from 
Eq. (1) a magnitude of n of the order of 100, with 
the rough assignments of value p = 1, M  = 106, 
L  = 104A, De = 100 to the other parameters. 
The values of L  and M  are those determined for 
the myosin or actomyosin molecule in solution, 
and De is assumed to be of the order of magnitude 
of the dielectric constant of water. The esti­
mated number of charges would require phos­
phorylation sites situated at intervals of 100 A. 
along xne iriyusm or ac tumyosin mOiCCUiC. jhho 
value is not inconsistent with the hydroxy amino 
acid content of myosin.

The observation of Needham7 that the flow 
birefringence of myosin solutions is diminished 
by the addition of ATP seems at first to be in 
contradiction with our hypothesis. However, 
it seems that the effect was observed under condi­
tions leading to the dissociation of actomyosin 
into actin and myosin, according to St. Gyorgi.5

We have deliberately avoided placing undue 
emphasis on hypothetical structural details of 
muscle and on the detailed analogy between the 
elastic properties of muscle and elastomers. 
The essential qualitative aspects of our sugges­
tions, (a) change in the elastic modulus of the 
structure due to alteration of the electric charge of 
the structural unit, considered to be a polypeptide 
chain rich in hydroxy amino acid residues; (b) 
charging of the structural unit through phosphoryl­
ation of the hydroxyl groups by ATP, are to a large 
extent independent of assumed structural details.

(7) J. Needham, Shih-Ghang Shen, D. Needham and A. S. C. 
Lawrence, Nature, 147, 766 (1941).

I n s t it u t e  f o r  H ig h  P o l y m e r  R e s e a r c h
B r o o k l y n  P o l y t e c h n ic  I n s t it u t e
B r o o k l y n , N e w  Y o r k  R e c e i v e d  A p r i l  3 , 1 9 4 8
G a t e s  a n d  C r e l l in  L a b o r a t o r ie s  o f  C h e m is t r y
C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y
P a s a d e n a , C a l if o r n ia

Purification of N -Hydroxymethyiphthalimide 
through a Molecular Compound with Pyridine

B y E u c l id  J .  S a k e l l a r io s

In connection with the synthesis of N-alkylated 
phthalimides, we have prepared N-hydroxy-

methylphthalimide. This compound was first 
prepared by Sachs1 by the hydrolysis of N-bro- 
momethylphthalimide. I t  was later prepared by 
Sachs2 from formaldehyde and phthalimide in 
sealed tubes and by Buc3 from the same reactants 
at atmospheric pressure. The melting points re­
ported by these authors were 141-142°, 139-140° 
and 137-141°, respectively. Buc also reported 
that the melting point is not improved by crystal­
lization from ethanol.

We attempted to eliminate the impurities by 
adding about 1 g. of fuller's earth per 100 ml. of 
solution in Buc's procedure. This yielded a prod­
uct melting a t 144-145° which was, however, still 
not pure.

A product of high purity melting at 149.5° was 
finally obtained through an unstable, previously 
unreported complex formed from N-hydroxy- 
methylphthalimide and one mole of pyridine.

Chloro-, bromo- and iodomethylphthalimides 
were prepared from the pure compound and the 
appropriate halogen acid. In all cases the prod­
ucts had higher melting points than those previ­
ously reported.

Procedure.—A solution obtained by warming 17.7 g.. 
of N-hydroxymethylphthalimide3 in 30 ml. of pure 
pyridine was filtered, if necessary, and left to crystallize.. 
If crystallization did not occur, seed crystals were obtained! 
by placing a few drops of the solution in a desiccator over 
sulfuric acid. As soon as the first crystals appeared, they 
were added to the solution. The new compound crystal­
lized in long, bright needles which after cooling in am 
ice-bath were filtered with suction.

To determine the pyridine the crystals were dried briefly 
on a porous plate over calcium chloride. A weighed 
sample was then dried in vacuum over sulfuric acid. 
The crystals gradually lost their brightness and came to 
constant weight after twenty-four hours.

Anal. Calcd. for C6H7O3N C5H5N: pyridine, 30.58.
Found: pyridine, 30.68.

The residue melts at 148.5-149°. One crystallization 
from acetone brings the m. p. to 149.5°.

Anal. Calcd. for C6H70 3N : N, 7.91. Found: N, 7.88.
The halogenomethylphthalimides were prepared es­

sentially according to Gabriel,4 heating at 50° for one hour 
after the crystals separated. The crystals were filtered, 
washed with the appropriate acid and then dried over 
sulfuric acid and potassium hydroxide. The results ob­
tained are summarized in the table.

T a b l e  I

N - H a l o m e t h y l p h t h a l im id e s

Yield
Com- crude, *------M. p., °C,------ .

pound % Crystn. solvent Obs. Prev.°
Chloro- 93 Ethyl acetate 136.5 132—1334
Bromo- 91.1 Ethyl acetate 151.5 149-1506
Iodo- 92.3 Benzene-ethyl acet. 155.5 1536
a Best previously reported.

R e s e a r c h  L a b o r a t o r y
T h e  P ir a e u s  D y e  W o r k s
(F o r m e r l y  S. A. O e c o n o m id e s  a n d  Co.)
N e w  P h a l e r o n , n e a r  P ir a e u s
A t h e n s , G r e e c e  R e c e iv e d  F e b r u a r y  24, 1948

(1) Sachs, Ber., 81, 1231 (1898).
(2) Sachs, ibid., 81, 3230 (1898).
(3) Buc, T his Journal, 69, 254 (1947).
(4) Gabriel, Ber., 41, 242 (1908).
(5) Gabriel, Ber., 31, 1229 (1898).
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Some Diacid Saits of Aminoguanidine and 
Methyl Aminoguanidine1

B y  J o h n  J . P i t h a ,2 H a r r y  H u g h e s , J r ., a n d  G. B. L.
S m i t h 3

There are some references in the literature to 
diacid salts of aminoguanidine. Lieber and 
Smith4 mention aminoguanidinium dinitrate and 
aminoguanidinium dichloride, but give no details 
of the preparation. In another article, Thiele5 
also mentions the preparation of aminoguanidi­
nium dinitrate. In this same article, Thiele 
also mentions the preparation of neutral amino­
guanidine sulfate as well as diaminoguanidine 
sulfate. This present article reports a generalized 
method for the preparation of these and other 
di acid salts of aminoguanidine. This procedure 
is also applied in the preparation of a diacid salt 
o'-methyl-7-aminoguanidine. The melting points 
of the salts prepared are included.

Experimental
Aminoguanidinium bisulfate (0.1 mole) was dissolved in 

100 ml. of hot water and to this was added a solution con­
taining 0.1 mole of the barium salt of the acid correspond­
ing to the diacid salt in preparation: To the above mix­
ture was added a considerable excess of the corresponding 
concentrated acid. After one hour digestion on a hot 
plate, the barium sulfate was separated by filtration and 
the filtrate was evaporated on a steam-bath until crystal­
lization started. The solution was then cooled and the 
crystals separated by filtration, dried in vacuo, and an­
alyzed.

The methylaminoguanidine was prepared from methyl 
nitroguanidine by the method of Lieber and Smith.6 7 
Methylaminoguanidine bicarbonate was prepared by 
treating the methylaminoguanidine acetate obtained in 
the above reaction with potassium bicarbonate and carbon 
dioxide in isopropyl alcohol at a temperature of —10°. 
A 99% yield was obtained and the melting point of the 
bicarbonate was observed to be 151.5-152°.

To 6 g. of methylaminoguanidine bicarbonate (0.04 
mole) in 60 g. of isopropyl alcohol was added 32 g. (0.32 
mole) of 37% hydrochloric acid. The solution was 
treated with carbon black and filtered. After cooling to 
— 18°, needle-like crystals separated out in clusters.

T a b l e  I
% N2H4 

Found® Calcd.
% Anion 

Found Calcd.
Melting 

point, °C.
AG.6 Dichloride 21.52 21.95 47.80 47.92 183-183.5
AG. Dibromide 13.84 13.58 67.33 67.76 200-205
AG. Diiodide 12.23 12.02 76.19 76.93 115-118
AG. D initrate 16.02 16.34 6 1 .97c 61.98 168 dec.
MAG.1* Dichloride 19.96 19.89 43.87 44.06 170.5-174

a By the method of Smith and Wheat.7 b Amino­
guanidinium. c By nitron precipitation. d a-M ethyl - 
7 -aminoguanidinium.

(1) This paper is abstracted from the theses submitted to the 
Graduate Faculty of the Polytechnic Institu te of Brooklyn by Mr. 
P itha and Mr. Hughes in June, 1942, and June, 1944, in partial ful­
fillment of the requirements for the degree of M aster of Science in 
Chemistry.

(2) Present address: Kedzie Chemical Laboratories, Michigan
State College, E ast Lansing, Mich.

(3) Present address: Inorganic Chemistry Section, Science De­
partm ent, U. S. Naval Ordnance Test Station, Iuyokern, California.

(4) Lieber and Smith, Chem. Rev., 25, 217 (1939).
(5) Thiele, A nn., 270, 28 (1892).
(6) Lieber and Smith, T his Journal, 59, 2287 (1937).
(7) Smith and W heat, Ind. Eng. Chem., Anal. Ed., 11, 200 (1939).

These crystals were removed b}̂  filtration, washed with 
cold solvent, dried in vacuo for eighteen hours and an­
alyzed. This material proved to be a-methyl-7-amino­
guanidinium dichloride.

Table I lists the diaeid salts of aminoguanidine and 
«-methyl-7-aminoguanidine prepared, their analyses and 
their melting points.

From these experiments it seems that arniiioguaniditm 
and «-methyl-7-amiuoguanidine will accept two prototis 
in strongly acid solutions. Further work is ift progress 
to gain more knowledge of the ionic species that exist ill 
water solutions of these salts.
D e p a r t m e n t  o f  C h e m is t r y
P o l y t e c h n ic  I n s t i t u t e  o f  B r o o k l y n
B r o o k l y n , N e w  Y o r k  R e c e iv e d  F e b r u a r y  5 , 1 9 4 8

Synthesis of an Octabasic Carboxylic Acid
B y  J . R . S c h a e f g e n  a n d  P .  J . F l o r y

Dicyclohexanoneoctapropionic acid (V) has 
been prepared for use as the multifunctional 
reactant in the synthesis of octachain polymers.1 
This acid is of interest because, so far as we are 
aware, it is the first example of a stable octabasic 
carboxylic acid.2 I t has been synthesized from 
p }p r-d iphenol (1) by the following series of re­
actions.

(HOOCC2H4)2=( xf=(C2H4COOH)2

V
2

The over-all yield was about 6%. Complicating 
side reactions occurring in steps (1) and (2) are 
largely responsible for the low yield. Compounds 
III, IV and V are new.

(1) J. R. Schaefgen and P. J. Flory, T his Journal, 70, 2709 
(1948).

(2) Beilstein, “ Handbuch der organischen Chemie," IV ed., Vol. 
IX , 1st Suppl., Julius Springer, Berlin, 1932, p. 446, lists diphenyl - 
octacarboxylic acid— (2,4,5,2',4',5,'x,x) which, however, loses carbon 
dioxide and water when heated to 110°.
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Experimental
4 ,4 '-Diketodicyclohexyl (III).—Crude 4,4 '-dihydroxy- 

dicyclohexyl (II), prepared from p ,p '-diphenol (I) by 
high pressure hydrogenation over Raney nickel catalyst 
by the method of Adkins,3 was converted to (III) as 
follows. A mixture of 50 g. of (II), 50 ml. of diphenyl 
ether, and 13 g. of copper chromite catalyst was heated 
for three hours at 260-270 °. During this time 70% of the 
theoretical cpuantity of hydrogen necessary for complete 
conversion to the diketone (III) was evolved. The re­
action mixture was cooled and dissolved in chloroform. 
The solution was filtered to remove catalyst, and the 
filtrate was distilled. The fraction boiling from 144- 
170° (1 mm.) (which solidified on cooling) contained the 
product. Several crystallizations from mixtures of ace­
tone and w-hexane gave a 16.5% yield of diketone (III); 
in . p. 116.5-118°.4 The purest material melted from 
118-119°.

Anal.5 Calcd. for Ci2H180 2: C, 74.18; H, 9.33.
Found: C, 74.62; H, 9.53.

The diketone formed a dioxime; m. p. ca. 290° (copper 
block). The dioxime was practically insoluble in all 
ordinary organic solvents.

Anal. Calcd. for Ci2H2o02N2: C, 64.26; H, 8.98.
Found: C, 64.82; H, 9.60.

bis - [ 3,3,5,5 -Tetra- ( p -cyanoethyl) -4 -ketocyclohexyl ]
(IV) .—To a solution of 18.4 g. of 4 ,4 '-diketodicyclohexyl
(III) in 80 ml. of dioxane containing 1.3 ml. of Triton 
B (38% aqueous solution of trimethylbenzylammonium 
hydroxide) there was added dropwise 41.5 g. of acrylo­
nitrile (3To excess). The reaction mixture was vigor= 
ously stirred and maintained at room temperature by use 
of a water-bath during the addition. Yellow crystals 
were deposited as the reaction proceeded. After stirring 
overnight, the mixture was diluted with water and filtered, 
and the precipitated product was washed with acetone. 
Two or three crystallizations from formamide-nitro- 
methane mixtures (ca. 80-20) gave 39 g. (66%) of white 
crystalline “octanitrile” (IV); m. p. 280-287°.

Anal. Calcd. for C36H420 2N 8: C, 69.86; H, 6.83; N,
18.11. Found: C, 69.86; H, 7.16; N, 18.05.

bis-[3,3,5,5-Tetra-( p -carboxy ethyl) -4-ketocyclohexyl]
(V) (Dicyclohexanoneoctapropionic Acid).—A suspension 
of 6.83 g. of the ‘ ôctanitrile’, (IV) in 35 ml. of 85% 
aqueous phosphoric acid was heated for forty-eight hours 
on the steam-bath. Suspended matter dissolved as the 
hydrolysis proceeded, after which the clear solution 
gradually changed to a semi-solid mass. When hydrolysis 
was substantially complete, the reaction mixture was 
diluted with water, cooled and filtered. The precipitate 
was dissolved in alkali and the solution filtered. The 
filtrate on acidification gave fine white needles of the 
desired acid which, after recrystallization from water, 
weighed 5.82 g. (66% yield). Further purification con­
sisting of (1) treating the acid with activated charcoal, 
(2) boiling in dilute hydrochloric acid solution (to hy­
drolyze any remaining nitrile groups) and (3) crystallizing 
from water followed by drying at 110° under reduced 
pressure was found necessary to secure a pure product; 
m. p. 274-277°, neutral equivalent 96.6, calcd. 96.3. 
On standing for several months in a desiccator, the melting 
point rose to 286-288 °, probably due to a change in crystal­
line form.

Anal. Calcd. for CwffibOis: C, 56.08; H, 6.54.
Found: C, 56.05; H, 6.47.

R e s e a r c h  L a b o r a t o r y  
G o o d y e a r  T i r e  a n d  R u b b e r  C o .
A k r o n  1 6 ,  O h i o  R e c e i v e d  D e c e m b e r  2 9 ,  1 9 4 7

(3) H. Adkins, “ Reactions of Hydrogen," University of Wisconsin 
Press, M adison, 1937, p. 58.

(4) All melting points are corrected.
(5) Analyses by Mr. Carl Parks of this Laboratory.

Preparation of Triethylacetonitrile and Triethyl- 
acetic Acid

B y  C o n r a d  S c h u e r c h , J r .,1,2 a n d  E r n e s t  H .  H u n t r e s s

Synthetic methods for the preparation of ter­
tiary aliphatic acids or their simple relatives have 
not been correlated in the prior literature. They 
include, however, alkylation of aliphatic nitriles 
with alkyl bromides or chlorides in presence of 
sodamide,3 and the carbonation of RMgX com­
pounds.4

For tertiary acids above dimethylethylacetic, 
carbonation of the appropriate RMgX compounds 
is not generally utilizable since the Grignard re­
agents prepared from higher halides usually react 
abnormally, yielding mixtures of alkanes and al- 
kenes. Furthermore, the required carbinols are 
not commercially available and simple distillation 
is somewhat inadequate for removal of residual 
traces of the carbinols from their chlorides.

Our experience (Table I) in attempting to pre­
pare tertiary acids by carbonation of tertiary-alkyl 
magnesium chlorides with either gaseous or solid 
carbon dioxide indicates that the yields of acids 
become progressively more unsatisfactory. The 
reactions were run on Grignards derived from 200- 
300 g. of alkyl chloride using the usual precau­
tions4d ; yields are not necessarily optimal.

T a b l e  I

This work
Car- Published work

bona-
tion Carbona-
with tion
CO2 Yield, with CO2 Yield,

Acid as % as % Ref.
A. Trimethylacetic Gas 67 Gas 61-70 4d
B. Dimethylethylacetic Gas 40 Gas 60

Lower than 
(A)

4c
4e

C. Methyldiethylacetic Solid 17 N ot
reported

42 4a

D. Triethylacetic Solid 7 N ot
reported

N ot
reported

4a

E. 1-Methylcyclo-
hexanecarboxylic

Solid 15 Gas <25 4b

A better preparative process for triethylacetic 
acid was found in Ziegler's method3 for the alkyla­
tion of acetonitrile followed by subsequent purifi­
cation and hydrolysis of the resultant triethylace-

(1) This paper is constructed from p art of a dissertation submitted 
in June, 1947, by Conrad Schuerch, Jr., to  the Faculty of the Massa­
chusetts Institu te  of Technology in partial fulfillment of the require­
ments for the degree of Doctor of Philosophy.

(2) Present address: Division of Cellulose and Industrial Chemis­
try , McGill University, M ontreal 2, Canada.

(3) (a) Ziegler (to Schering-Kahlbaum, A. G.) U. S. Patent 
1,958,653, M ay 15, 1933; C. A ., 28, 4435 (1934); British Patent 
393,955, 394,087; C. A ., 27, 5755 (1933); German Patent 581,728, 
583,561; C. A ., 28, 1057 (1934);. French Patent 728,241; Chem. 
Zentr., 104,1, 1197-1198 (1933); C. A ., 26, 5573 (1932); (b) Ziegler 
and Ohlinger, A nn., 495, 84—112 (1932).

(4) (a) W hitmore and Badertscher, T his Journal, 55, 1559-1567 
(1933); (b) G utt, Ber., 40, 2069 (1907); (c) Gorson, Thomas and 
Waugh, This Journal , 51, 1950-1951 (1929); (d) Gilman, Kirby, 
“ Organic Syntheses,” Coll. Vol. I (2nd ed.), 361-364 (1941); (1st 
ed.) 353-356 (1932); Gilman and Parker, ibid., 5, 75-77 (1925); 
(e) Degnan and Shoemaker, T his Journal, 68, 104 (1946).
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tonitrile. Even when the alkylation was not car­
ried out under pressure but merely at the boiling 
point of ethyl bromide where the principal reac­
tion is dialkylation leading to diethylacetonitrile, 
the yield of triethylacetonitrile was sufficiently 
high to serve as a convenient preparative method.

In the course of our study of this procedure we 
also examined the behavior of acetonitrile (1 
mole) with ethyl bromide (excess) and sodamide 
(2-2.5 moles); acetonitrile with diethyl sulfate in 
benzene (no alkylation); alkylation of a mixture 
of acetonitrile with diethylacetonitrile; and the 
behavior of w-butyronitrile with ethyl bromide 
(excess) in presence of sodamide (2 moles). The 
best conditions for the preparation of triethylace­
tonitrile at ordinary pressure are concisely sum­
marized below.

Triethylacetonitrile.—To a mixture of acetonitrile 
(61 g., 1.5 moles), ethyl bromide (408 g., 3.75 moles) 
and dry ether (100 ml.) in a creased 3-liter flask with high­
speed stirrer was added a slurry of sodamide (117 g., 
3 moles) in dry ether. This addition was effected under 
slight pressure of nitrogen during a one and one-half-hour 
period. Although no significant reaction occurred after 
this period, the mixture was stirred overnight and then 
cautiously treated with 50 ml. of alcohol, finally with water. 
After washing the ether solution with dilute sulfuric acid 
and finally with water, it was dried over magnesium 
sulfate and fractionally distilled at atmospheric pressure 
through a one-foot packed column. The products of 
mono, di and trialkylation were obtained as follows:

«-Butyronitrile 24.1 g. 0.348 mole n2lT> 1.3838
Diethylacetonitrile 35.2 g. 0.362 mole 1.4021
Triethylacetonitrile 28.8 g . 0.23 mole w20d 1.4219

Fractionation of the intermediate material and residue 
gave more of all three products.

Triethylacetic Acid.—Triethylacetonitrile (60.3 g.)
mixed with 75% sulfuric acid (106 g.) was raised to a 
temperature of 150° with constant stirring over a period 
of one-half hour. The temperature was then maintained 
at 145-150° for twenty-two more minutes after which the 
contents of the flask were cooled to 50°. Solid sodium 
nitrite (47 g.) was added from an attached flask during 
a period of about one hour at 50-60°. After cooling, 
diluting with water, and extracting with ether, the latter 
contained both the desired acid and its amide. The 
former was separated from the latter by extraction of the 
ether solution with aqueous 6% potassium hydroxide; 
yield of triethylacetic acid 56.6 g., 81.5%, purified with 
little loss by distillation under reduced pressure, b. p. 
104-105° at 5 mm., f. p. 35.1 °; yield of triethylacetamide
11.3 g., 17.6%.
D e p a r t m e n t  o f  C h e m is t r y  
M a s s a c h u s e t t s  I n s t it u t e  o f  T e c h n o l o g y  
C a m b r id g e , M a s s a c h u s e t t s  R e c e iv e d  M a r c h  29,1948

The Reaction of Certain /3-Aminomercaptans 
with Iodine in Ethanol

By H. R. S n y d e r  a n d  E r n e s t  L. E l i e l

In a recent report1 on the synthesis of sub­
stituted mercaptans the derivatives obtained by 
reaction of certain /3-aminomercaptans with iodine 
in alcohol were regarded as sulfenyl iodides. 
Shortly after the appearance of the report Pro-

(1) Snyder, Stewart and Ziegler, Tatra J ournal, 69, 2672 (1947),

fessor Norman Kharasch2 kindly called to our 
attention the fact that the properties of the de­
rivatives were not those to be expected of simple 
sulfenyl iodides and suggested that the sub­
stances were the dihydriodides of the disulfides 
formed by oxidation of the aminomercaptans.

A quantitative study of the reaction of alcoholic 
iodine with the mercaptan1 [C6H i2NCH2C- 
(CH3)2SH] obtained from /?-pipecoline and iso­
butylene sulfide now has been made. The iodine 
consumption averaged 95% of that required for 
conversion of the mercaptan to the disulfide 
salt, or only 47.5% of the amount required for 
conversion to the sulfenyl iodide. The reaction 
also was carried out on a scale large enough to 
permit isolation of the product, conversion to the 
free disulfide by the action of sodium bicarbonate, 
distillation of the disulfide, and reconversion of 
the disulfide to the salt by treatment with hydrio­
dic acid; the original salt was regenerated. The 
derivative previously obtained by the action of 
iodine on the aminomercaptan [(C4ÏÏ9)2NCH2C- 
(CH3)2SH] from di-w-butylamine and isobutylene 
sulfide was subjected to the same cycle (except 
that the free disulfide was not distilled). In this 
instance also the regenerated substance was 
identical with the original sample.

I t thus appears certain that all the derivatives 
referred to as sulfenyl iodides in the previous 
report1 are dihydriodides of diaminodisulfides 
having the general formula [R2NCH2C(CH3)2S]2* 
2HI. The previously recorded analyses of the 
substances are in good agreement with the theoret­
ical values calculated on the basis of this struc­
ture.

Experimental3
Reaction of a.,<x-Dimethyl-p-(p-pipecolino) -ethyl Mer­

captan with Iodine in Ethanol.—Samples of about 0.5 g. 
of the aminomercaptan1 were dissolved in absolute ethanol 
and titrated with a standardized solution of iodine (0.1 
N)  in the same solvent. In four titrations the iodine 
consumption was 0.949, 0.950, 0.950 and 0.954 gram 
atoms per mole of mercaptan. The end-point was de­
termined by the appearance of the iodine color. The 
preparative reaction was carried out essentially as de­
scribed previously; the product (85% yield) melted at
210.5-211.5 (dec.).

Anal. Calcd. for : C, 38.22; H, 6.73.
Found: C, 38.02; H, 7.00.

The free disulfide was obtained by the addition of 50 
ml. of saturated aqueous sodium bicarbonate solution 
to a solution of 7 g. of the above salt in 200 ml. of hot 
water, extraction of the cooled solution with ether, drying 
of the ether solution with sodium sulfate, removal of the 
ether, and distillation. The liquid (yield 2.7 g., 64%) 
boiled at 155-156° (3 mm.); n20d 1.5146; mol. wt.
(ebullioscopic in benzene), 328 (calcd., 372.7).

The dihydriodide was regenerated by the addition of 0.6 
ml. of hydriodic acid (sp. gr. 1.5) to 0.55 g. of the disulfide 
in 10 ml. of absolute ethanol. The salt crystallized im­
mediately as a solid melting at 211-212.5° (dec.) ; re­
crystallization from ethanol raised the melting point to 
212-213° (dec.). A mixture of the recrystallized salt 
with that prepared from the aminomercaptan and iodine

(2) Professor N orm an Kharasch, the University of Southern Cali-* 
fornia, Los Angeles; private communication, January 26, 1948,

(3) AU m elting points are corrected,
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melted at 210.5-213° (dec.). The two specimens were 
identical in appearance under the microscope.

Experiment with the Dihydriodide of D i-[«,«-dimethyl- 
/J - (di -n -butylamino) -ethyl ] Disulfide.—The oil which 
separated when 0.15 g. of the product (previously ob­
tained1 by the action of iodine on the mercaptan) was 
treated with aqueous sodium bicarbonate was collected in 
ether. The s®lution was dried and the solvent was re­
moved and replaced by absolute ethanol. Addition of 
concentrated hydriodic acid and ether caused the separa­
tion of 0.1 g. of the dihydriodide, m. p. 167.5-170.5 (dec.). 
After two recrystallizations from absolute ethanol and 
ether the salt melted at 174-176° (dec.) alone or mixed 
with the original salt of m. p. 173.5-175° (dec.). The 
two specimens were identical in appearance under the 
microscope.
N o y e s  L a b o r a t o r y
T h e  U n iv e r s it y  o f  I l l in o is
U r b a n a , I l l in o is  R e c e iv e d  M a y  12, 1948

Apparent Molar Volume of Sodium in Liquid 
Ammonia

By A. J. S t o s ic k 1 a n d  E l t o n  B. H u n t

In a series of communications Ogg2 has reported 
the results of experiments with the unusual solu­
tions of alkali metals in liquid ammonia. In one 
of his communications221 he reported that at a con­
centration of 3 X 10-3 molar, the molar volume of 
sodium was 700-1000 cc. These values are ten to 
fifteen times greater than the values reported by- 
Kraus and co-workers3 for more concentrated solu­
tions. Since the data of Kraus, while indicating 
an abnormal molar volume, show no trend to 
larger values with increasing dilution, it seemed 
worth repeating measurements for dilute solu­
tions. The error in our measurements is rela­
tively large, since we designed our apparatus to ac­
commodate the large effect reported by Ogg.

(1) Present address: D epartm ent of Chemistry, University of
Southern California, Los Angeles 7, California.

(2) Richard A. Ogg, Jr., (a) T his Journal, 68, 155 (1946); 
(b) J. Chem. Phys., 14, 114, 295, 399 (1946); (c) Phys. Rev., 69, 668 
(1946).

(3) Kraus, Carney, and Johnson, T his Journal, 49, 2206 (1927).

However, our results definitely are not in accord 
with those of Ogg, but conform to those of Kraus. 
The experiments consisted in a direct measure­
ment of the increase in volume of liquid ammonia 
when weighed amounts of sodium were added to 
form a uniform solution.

The apparatus (Fig. 1) consisted of two 100-cc. bulbs, 
with bulb A having a calibrated neck which served to 
measure the increase in volume. The whole unit was 
connected to a conventional vacuum line via stopcock E 
and a standard ball joint which permitted shaking the 
solution.

In the first experiment a freshly cut, massive piece of 
sodium (27.9 mg. in form of a cube with edge of about 3' 
mm.) was placed in the side-arm C and the system was 
quickly evacuated. Next ammonia from a concentrated 
sodium-ammonia solution contained in a trap on the 
vacuum line was distilled into bulb A. The stopcock E 
was then closed. The temperature of A was maintained 
at —44.5 =*= 0.2° by means of an alcohol-bath in a large 
clear Dewar flask. After establishing constancy of the 
meniscus level, about half of the ammonia was distilled 
into B (previously at room temperature). This enabled 
the introduction of the sodium (by a magnetic pusher) 
.to be made without splashing or ‘‘bumping” and permitted 
the solution to be stirred by shaking A. The ammonia 
in B was distilled back to A, B restored to room tempera­
ture, and A restored to —44.5°. The meniscus level 
was noted at intervals to be certain that constancy had 
been achieved. The observed rise of the meniscus, 3.0 ±  
0.2 mm., the weight of the sodium, 27.9 mg., and the 
flask calibration lead to an apparent molar volume of 
59 cc. for sodium, an excess of 36 cc. over 23 cc. for 
metallic sodium. The concentration of the solution was
1.1 X 10"2 molar. The precise measurements of Kraus 
indicate an excess volume of 41.0 to 43.5 cc. for concen­
trated solutions.

In the second experiment the side-arm at C was modified 
by the addition of an evacuable side chamber D to keep 
the sodium out of contact with ammonia gas until it was 
to be placed into solution. The side-arm had a large 
bore stopcock and an arrangement of magnetic pushers 
so that the sodium could be moved without touching stop­
cock grease. A second modification consisted in analyzing 
for the sodium remaining in A at the end of the experiment 
by means of a gasometric procedure. At the end of the 
experiment most of the ammonia was pumped from A, 
the temperature of A was raised to produce an ammonia 
pressure slightly over atmospheric. The flask A was de­
tached at the joint F and transferred to a gasometric 
train where the remaining ammonia was pumped off. 
Dilute acid was introduced into A, the evolved hydrogen 
was flushed by means of carbon dioxide into a measuring 
vessel using concentrated potassium hydroxide as the con­
fining fluid. Blank tests showed that this procedure 
introduced no gases which potassium hydroxide did not 
absorb.

In the second experiment the weighed amount of 
sodium, 5.3 mg., was placed in D and, after evacuation, 
was isolated by stopcock G. The subsequent steps were 
similar to the first experiment except for the final analysis 
for sodium. The temperature of A was maintained at 
—42.9 ±  0.1°, and no change (± 0 .2  mm.) was noted 
in the level of the meniscus. When correction is made 
for the ammonia gas which entered the evacuated chamber 
D, the meniscus rise is 0.5 ± 0 . 2  mm. The analysis 
for sodium indicated 3.0 mg., which must be taken as a 
minimum since no allowance was made for solubility loss 
of hydrogen in the gasometer. These data lead to an 
apparent molar volume of 52 cc. (5.3 mg. of sodium by 
weighing) or 92 cc. (3.0 mg. of sodium by analysis). The 
concentration of the solution was 2.1 X IO-3 molar or
1.2 X 10"3 molar, respectively.

It is clear that these results are not in accord with those 
of Ogg and conform to those of Kraus. Assuming the 
solutions to have the same coefficient of expansion as
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ammonia itself, it can easily be seen that temperature 
variations cannot account for the difference from Ogg’s 
result. To agree with his results the elevation of the 
meniscus would have had to be about ten times the values 
(3.0 and 0.5 mm.) we observed.
D e p a r t m e n t  o f  C h e m is t r y  
I o w a  S t a t e  C o l l e g e
A m e s , I o w a  R e c e iv e d  A p r il  7, 1948

The Preparation of Some Cyclic Acetals
B y  M. S u l z b a c h e r , E. B e r g m a n n  a n d  E. R . P a r is e r

The present investigation of cyclic acetal deriva­
tives of ethylene glycol (1,3-dioxolanes) was under­
taken because of their possible convertibility, by 
hydrogenolysis, into ethylene glycol monoalkyl 
ethers,1 not always available by the usual methods. 
I t was known that aldehydes condense with ethyl­
ene glycol without catalyst2 and that acidic sub­
stances accelerate the reaction.3 It was also 
known that ketones which cannot easily be aceta- 
lated by monohydric alcohols, are capable of such

zene in presence of the catalyst.4’5 6 The time re­
quired for the liberation of the theoretically ex­
pected quantity of water gives an a t least qualita­
tive indication of the reactivity of the carbonyl 
compounds. From Table I in which our results 
are briefly summarized, the following conclusions 
can be drawn: Benzaldehyde has approximately 
the same reactivity as heptaldehyde. As in many 
other instances,7 a 4-methoxy group decreases, 
while halogen, even in ortho-position, increases 
the activity of the carbonyl group. Among the 
ketones, those containing the —CH2 — CO — 
CH2 — group, are most active, and in the case of 
cyclohexanone, even an ortho-methyl group does 
not affect the activity. Bulky radicals, as in the 
case of pinacolone, acetophenone and benzophe­
none deactivate the carbonyl group. Methyl iso­
butyl ketone shows an unexpectedly slow re­
action, although it contains the group —CH2— 
CO—CH2. This recalls the inactivity of tha t ke­
tone in other instances, e.g. in the condensation 
with chloroform.8 Mesityl oxide behaves in a

T a b l e  I
C o n d e n s a t io n  P r o d u c t s  w it h  E t h y l e n e  G l y c o l

Time
re- --------------------Dioxolanes-

Carbonyl compound
quired,

hr.
Yield,

%
B. p

°C. Mm. Formula
Carbon Hydrogen 

Calcd. Found Calcd. Found
Mol. refraction 

Calcd. Found
Heptaldehyde2 2 .5 81.0 94 20 C9H18O2 . . . . 0.9077° 1.43060° 44.85 44.70
Benzaldehyde9 2 .5 82.7 101 10 C9H10O2 1.1156° 1.52696°’6 41.25 41.53
4-Methoxybenzaldehyde 3.25 84.4 158-60 17 C10H12O3 66.7 66.8 6 .7 6 .9 1.1776° 1.53622° 47.51 47.79
2-Chlorobenzaldehyde10 1.00 83.5 150-52 16 C9H9O2CI 58.7 58.5 4 .9 5. l c 1.2639*' 1.2631*’ 56.11*' 45.99*'
M ethyl isobutyl ketone 4 .0 84.0 48 10 C8H16O2 66.7 66.9 11.5 11.5 0.908 1.4180 40.23 40.00
Mesityl oxide11,d 5 .5 66.9 156 760 C8H14O2 67.6 67.3 9 .9 9 .8 .9471* 1.439631' 3 9 .767 3 9 .521
Pinacolone12 4 .5 80.5 139 760 C8H16O2 66.7 66.9 11.1 11.4 .9239 1.42356 40.23 39.77
Cyclohexanone13 1.5 84.5 65 10 CsHuCte 1.026® ÏM Ö SO ^ 38.07 37.67
2-Methylcyclohexanone 1.4 83.3 82 15 C9H16O2 69.2 69.3 10.3 10.1 1.0000“ 1.45579“ 42.65 42.41
Acetophenone 3 .5 85.3 110 30 C10H12O2 73.2 73.5 7 .3 7 .6
M ethyl benzyl ketone1* 1.5 78.5 133-34 40 C11H14O2 74.2 73.9 7 .9 7 .7 1.0520° 1.51028° 50.49 50.62
Dibenzyl ketone^ 1.15 85.8 200-202 18 C12H18O2 80.3 80.6 7 .1 7 .3
Benzophenone 5 .0 81.4 168 10 C16H14O2 79.6 80.0 6 .2 6 .1 1.1794° 1.59013“ 65.36 65.53

° Temperature, 19.5°. 6 Salmi and Louhenkurru (ref. 11) give d204 1.1116; n20d 1.52513. c Calcd.: Cl, 19.2. Found:
Cl, 19.0. d The bromine addition product, b. p. 80-90° (30 mm.), was a purple-colored liquid which gradually split off 
hydrobromic acid, upon standing. 6 Temperature, 21°. f Salmi (ref. 4) gives d204 1.0280; n20d 1.45828. 0 The acetal 
crystallized and had, after recrystallization from alcohol, m. p. 60°. It was described recently by Salmi, Tamminen and 
Louhenkurru.15 h The acetal crystallized: m. p. 69° (from methanol). *‘ Data by Salmi and Kyriki (ref. 4). * Data
by Salmi and Rannikko, Ber.f 72, 600 (1939).

catalyzed condensation with glycols; ^-toluene- 
sulfonic acid has proved to be an efficient catalyst.4 
Without catalyst, the reaction is extremely slow: 
in the same period in which cyclohexanone, e.g.f 
reacts completely with glycol in presence of the 
above acid, the reaction proceeds only to an ex­
tent of 10% in its absence.

The most convenient method for the prepara­
tion of the acetals consists in the azeotropic distil­
lation of the mixture of the components with ben-

(1) Hydrogenolysis of 2-phenyl-l,3-dioxolane and of furfural di­
ethylacetal: Adkins, Covert and Connor, T h is  J ournal, 54, 1651 
(1932), of ethylenimine derivatives: Karabinos and Serijan, ibid., 
67, 1856 (1945); Campbell, Sommers and Campbell, ibid., 68, 140
(1946) .

(2) Lochert, Ann., [6] 16, 26 (1889).
(3) Delépine, Bull. Soc. Chim., [3] 23, 915 (1900); Verley, ibid., 

21, 275 (1899); Trillat and Cambier, Compt. rend., 118, 1277 (1894).
(4) Salmi, Ber., 71, 1803 (1938); Salmi and Kyrki, C. A ., 41, 5480

(1947) ; see also Fourneau and Chantakm, Bull. Soc. Chim., [5] 12, 
845 (1945).

manner similar to that of its hydrogenation prod­
uct, methyl isobutyl ketone.

(5) Meerwein in Houben-Weyl, Vol. 3, 3rd edition, Leipzig, 1930, 
p. 191.

(6) H aw orth and Lapworth, J . Chem. Soc., 121, 81 (1922); see 
also Senkus, U. S. P aten t 2,419,505 (C. A ., 42, 616 (1948)).

(7) Compare, e. g., Petrenkó-Kritschenko, A nn., 341, 165 (1905).
(8) Ch. Weizmann, E. Bergmann and Sulzbacher, T h is  Jo urnal , 

70, 1189 (1948).
(9) H ibbert and Timm, ibid., 46, 1283 (1924).
(10) Salmi and Kyrki (ref. 4).
(11) Salmi, Ber., 72, 600 (1939). The normal acetal form ation of 

unsaturated aldehydes has already been observed by Leopold and 
Michael, German P aten t 434,989 (Chem. Zenlr., 97, I I , 2846 (1926); 
by Senkus, U. S. P aten t 2,383,622 (C. A ., 40, 898 (1946), and by  
Fourneau and Chantalou (ref. 4). See also Salmi and Louhenkurru, 
C. A ., 42, 537 (1948).

(12) Salmi and Rannikko (ref. 11).
(13) Salmi (ref. 4).
(14) Preparation by hydrolysis of phenylacetoacetonitrile, pre­

pared according to “ Organic Syntheses," Coll. Vol. I I , p. 487.
(15) Salmi, Tamminen and Louhenkurru, C» *L, 42, 537

(1948).
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The acetals were purified by treatment of the 
reaction product with dilute sodium carbonate 
solution or solid magnesium carbonate, and subse­
quent fractionation in an efficient column. With 
few exceptions, they are colorless liquids; their 
molecular refraction is, within the limits of error, 
in accord with the theoretical values, as Table II 
shows. The same conclusion can be drawn from 
the date observed by Salmi and Kyrki.4
D a n i e l  S i e f f  R e s e a r c h  I n s t i t u t e
R e h o v o t h , P a l e s t i n e

T h e  G r o s v e n o r  L a b o r a t o r y
L o n d o n  S. W. 1, E n g l a n d  R e c e iv e d  J a n u a r y  13, 1948

A New Synthesis of Butane-1,2,4-tricarboxylic 
Acid

B y  P. O. T a w n e y  a n d  E . J. P r il l

Butane-1,2,4-tricarboxylic acid (II) has been 
prepared by various methods.1 We report herein 
a new synthesis of this compound.

Diethyl acetosuccinate2 was treated with acrylo­
nitrile in the presence of a basic catalyst to give a 
monocyanoethyl derivative (I). The structure 
of the adduct was demonstrated to be l-cyano-3- 
acetyl-3,4-dicarboethoxybutane (I) through con­
version to butane-1,2,4-tricarboxylic acid (II) 
and acetic acid by hydrolysis with concentrated, 
aqueous potassium hydroxide.

O CH2CH2CN
II I

c h 3c—c—c o 2c 2h 5
I

c h 2c o 2c2h 5
I

c h 2c h 2co 2h
I

HC— C02H
I

c h 2c o 2h
II

Experimental
1-Cyano-3-acetyl-3,4-dicarboethoxybutane (I).—Po­

tassium hydroxide (1.5 ml. of 50% aqueous solution) 
was added to a stirred solution of diethyl acetosuccinate2 
(164.8 g., 0.3 mole) and acrylonitrile (18.0 g., 0.34 mole). 
The temperature of the slightly exothermic reaction was 
kept at 30-35° by occasional cooling using an ice-bath. 
After three days at room temperature, the mixture 
was diluted with 2 vols. of chloroform. The resulting 
solution was washed successively with saturated sodium 
bicarbonate solution, dilute sulfuric acid and water. The 
solvent was removed by distillation at atmospheric pres­
sure and the residue was fractionated at 1 mm.

Fraction I, b. p. 85-120°, 13.0 g. was recovered aceto- 
succinic ester. Fraction III, b. p. 154-160°, 55.0 g., (87% 
yield), w20d  1.4556, d202o 1.1186 was the desired l-cyano-3- 
acetyl-3,4-dicarboethoxybutane.

Anal. Calcd. for Ci3H190 5N: C, 58.0; H, 7.07; N,
5.2. Found: C, 58.15; H, 7.05; N, 5.07.

Butane-1,2,4-tricarboxylic Acid (II).—The ester (I) 
(68.0 g., 0.25 mole) was added in forty-five minutes with 
stirring to 120 ml. of 58% potassium hydroxide kept at 
75-80°. The mixture was stirred for one hour at 75° 
and one hour at 100°. At the latter temperature ethanol 
and ammonia was removed by distillation. The solution 
was then cooled and acidified using 250 ml. of 35% sul-

(1) (a) "Beilstein," Vol. I I , p. 819; 1st, Supp., p. 322; 2nd. Supp., 
p. 683; (fe) JCiliani, Ber., 62B, 640-1 (1929); (e) Ruzicka, Borges de 
Almeida afld Brack, Helv. Chim. Acta , 17, 183-200 (1934); (d)

'■ H & f d f l g g e r ,  Md., 29, 1195-1198 (1946).
CP) Adkiti*?, Isfeill mmd W©i«ik, “ Orgaate 1#* 88 (1934).

furie acid. The resulting mixture was subjected to con­
tinuous extraction with ether for forty-eight hours. After 
evaporation of the ether, acetic acid and water were 
removed from the residue by distillation under reduced 
pressure. The acetic acid was identified as p-phenyl- 
phenacyl acetate.3 4 The crude product (40.5 g.) was 
crystallized from ethyl acetate to give 29.5 g. (62%) 
of white crystals, m .p . 120 121 °. The reported- melting 
points for butane-1,2,4-tricarboxylic acid vary from 114° 
to 123-123.5°.

Anal. Calcd. for C7H10O6: neut. equiv., 63.3. Found: 
neut. equiv., 63.5.

(3) Kamm, “ Q ualitative Organic Analysis,” John Wiley and Sons, 
Inc., New York, N. Y., 1932, p. 181.

G e n e r a l  L a b o r a t o r ie s  
U n it e d  S t a t e s  R u b b e r  C o m p a n y
P a s s a ic , N e w  J e r s e y  R e c e iv e d  A p r il  29, 1948

The Preparation of Fluoroacetyl Chloride
B y  W il l ia m  E . T r u c e

The synthesis of fluoroacetyl chloride was 
undertaken because of its potential value for 
directly introducing the group, — COCH2F, into 
organic molecules. Such applications are being 
studied at this laboratory.

Experimental
Fluoroacetyl Chloride.— (Caution! Fluoroacetic acid, 

sodium fluoroacetate and fluoroacetyl chloride are potent 
poisons. The following reactions should be carried out 
under a hood.) Two hundred twenty grams (2.27 moles) 
of sodium fluoroacetate (Monsanto Chemical Co., 90% 
min. purity) and 530 g. (2.49 moles) of phosphorus penta 
chloride are mixed in a two-liter, round-bottom flask. 
The flask is immediately connected to a condenser ar­
ranged for downward distillation. The receiver is open 
to the atmosphere through a drying tube. When the 
initial reaction subsides, the flask is heated on a steam- 
bath until no further distillate comes over. The weight 
of distillate is 154 g. (1.60 moles). This material is re­
distilled through a 120-cm. helix-packed column. The 
fraction boiling at 70-71° (755 mm.) is collected. The 
colorless liquid weighs 123 g. and has n21 D 1.3835.

Anal. Calcd. for C2H2ClFO: Cl, 36.7; neut. eq.,
48.2. Found: Cl, 36.5; neut. eq., 47.9.

After standing for three weeks at room temperature, 
the compound was redistilled through the 120-cm. helix- 
packed column. Eighty-three per cent, of the material 
was recovered as a fraction boiling at 70-71° (755 mm.), 
signifying that fluorine-chlorine interchange was not 
great. A forerun, amounting to 6-7%, boiled at 62-70° 
(755 mm.). Since the column had a large hold-up, the 
rest of the material was accounted for in this way.

Fluoroacetamide.—This compound was prepared from 
fluoroacetyl chloride by the procedure used to make tri- 
fluoroacetamide.1 The yield of crude fluoroacetamide is 
73%. The product on recrystallization from chloroform 
melts at 107-108°. Fluoroacetamide has been prepared 
by other methods and the melting points reported are 
104°,2 108°3 and 108°.4 This material gave no depres­
sion in melting point when mixed with an authentic sample 
of fluoroacetamide.2

Anal. Calcd. for C2H4FNO: N, 18.18. Found: N, 
18.16.
D e p a r t m e n t  o f  C h e m is t r y  
P u r d u e  U n i v e r s it y
L a f a y e t t e , I n d i a n a  R e c e i v e d  J a n u a r y  2 7 ,  1 9 4 S

(1) Simons and Ramler, T his Journal, 68, 389 (1943).
(2) Swarts, Bull, soc. chim., [3] 15, 1134 (1896).
(3) U. S. Patent 2,403,576 (1946) [C, A . t 46, 6498 (1946)),
(4) P aten t 2,416,607 (1947),
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A N e w  S y n th e s is  o f O -S u b stitu ted  H yd roxyl-  
am in es

B y Price T r uitt , L oren M . L ong and  M arjorie 
M attison

It has been reported1 that monochloramine 
condenses with substances containing the = N — 
CS—S—Na group.
(CH3)N— CS—S—Na +  C1NH2---->

(CH3)2N—CS—S—NH2 +  NaCl

This suggested the possibility of the analogous re­
action of chloroamine with sodium alcoholates to 
give O-substituted hydroxylamines.

RONa +  C1NH2-----> RONH2 +  NaCl

This method has been applied with the sodium 
salts of /3-phenoxyethanol and benzyl alcohol, giv­
ing very poor yields (1 to 5%) of the hydroxyl- 
amines. However, similar attempts with iso­
amyl, cyclohexyl, /3-phenylethyl and 4-methoxy- 
benzyl alcohols failed to give the desired products, 
ammonia (as ammonium chloride) being isolated 
in each case. This reaction is being studied fur­
ther, using monochloroamine and various substi­
tuted chloroamines.

Experimental
An ether solution of monochloroamine was added to a 

stirred solution of the alcoholate in benzene, cooled in an 
ice-salt-bath. A white precipitate appeared at once. 
The reaction mixture was stirred in the ice-salt-bath for 
several hours (at room temperature overnight), and re­
fluxed for one hour, cooled and poured into water. The 
ethereal extract was extracted with 10% hydrochloric acid 
and the acid layer was concentrated at reduced pressure. 
When white crystals appeared, the cooled mixture was fil­
tered, the solid product washed with absolute ether and re­
crystallized from a mixture of absolute ethanol and ether.

One mole of {3-phenoxyethanol, 0.25 mole of sodium and 
0.081 mole of monochloroamine gave 0.8 g. of 0-/3-phe- 
noxyethylhydroxylamine hydrochloride melting at 172- 
174° with decomposition.

Anal. Calcd. for C*Hi20 2NC1: N, 7.39; Cl, 18.70. 
Found: N, 7.57; Cl, 18.56.

One-half mole of benzyl alcohol, 0.25 mole of sodium and 
0.155 mole of monochloroamine gave 0.25 g. of O-benzyl- 
hydroxylamine hydrochloride melting at 229-235° with 
decomposition. Behrend2 reported the melting point of 
this compound as 229-235°.

Anal. Calcd. for C 7H ioO N C 1 :  N, 8.78. Found:
N, 8.83.

(1) R. Hanslik, U. S. Patent 2,261,024, October 28, 1942.
(2) L. Behrend, A n n . ,  257, 207 (1890).

D epartment of Chemistry 
N orth T ex as  State College
D enton , T ex as R eceived  January  6, 1948

Reactions of Pyrene-3-aldehyde
B y M. W eizmann  and  E. B ograchov

Pyrene-3-aldehyde reacts readily with the re­
active methylene groups in malonic acid1 and ni-

(1) E. Bergmann and E, Bograchov* T h is  J o u r n a l , 68 , 3010 
(1940).

tromethane.2 A number of other condensation 
reactions have been studied, all leading to colored 
substances characterized by extended conju­
gated systems. With various methyl ketones (3- 
pyrenylidene)-compounds of type (I) have been 
obtained; fluorene gave 9-(3'-pyrenylidene)-fluo­
rene (II) and phenylacetic and a-naphthylacetic 
acids condensed to form the corresponding a-aryl- 
iS-(3-pyrenyl)-acrylic acids (III). From the 
methiodides of picoline, lutidine and quinaldine, 
stilbazole homologs were formed, e. g., a- (3-py- 
renyl)-/3-(2 '-pyridyl) -ethylene methiodide (IV). 
Another substance which belongs in this group is 
sym-di-(3-pyrenyl) -ethylene (V) available from 
(polymeric) pyrene-3-thioaldehyde by heating it 
in boiling ethyl benzoate or naphthalene, with or 
without Raney nickel.

R /CH==CHCOR I

Ar

R'CH =CH R'

II

III

V

Experimental
Condensation of Pyrene-3-aldehyde with Methyl 

Ketones
(a) Acetone.—To a solution of 4.6 g. of pyrene-3- 

aldehyde in 40 cc. of acetone, 1 cc. of a concentrated 
aqueous solution of sodium hydroxide was added with 
stirring. The stirring was continued for two hours, and

, the voluminous precipitate filtered off, washed with 
alcohol and acetone, and dried. The yellow 3-pyrenyl - 
ideneacetone (I, R — CH3) crystallized from acetic acid 
(or butanol); m .p . 152°. The yield was almost quanti­
tative.

Anal. Calcd. for C2qHi40 :  C, 88.9; H, 5.2. Found: 
C, 88.7; H, 5.1.

The phenylhydrazone, prepared in acetic acid solution, 
separated after twenty-four hours; the orange-yellow 
plates were recrystallized from butanol; m .p . 238°.

Anal. Calcd. for C26H2oN2: N, 8.0. Found: N, 7.8.
(b) Pinacolone.—To a concentrated solution of 4.6 

g. of pyrene-3-aldehyde in absolute alcohol, gradually 1 
g. of sodium metal, and then 2 g. of pinacolone were 
added. After a while, the yellow crystals of 3-pyrenyl- 
idenepinacolone (I, R = —C(CH3)3) began to precipitate; 
after recrystallization from glacial acetic acid, it melted 
at 155°; yield, 80%.

Anal. Calcd. for C23H20O: C, 88.5; H, 6.4. Found; 
C, 88.6; H, 6.4.

The picrate, prepared in glacial acetic acid solution, 
formed red leaflets, m .p . 150°.

Anal. Calcd. for C29H2308N3; N, 7.8. Found: N,
7.8.

(c) Acetophenone.—In the manner. described for 
pinacolone, 2.2 g. of acetophenone gave, in almost quan­
titative yield, the deep yellow 3-pyrenyliden$acet0phê*

(2) E. Bogra^>vf md., M, 1612 (1944)*
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none (I, R = CeHs)* It was recrystallized from glacial 
acetic acid, xylene or butanol and melted at 158°.

Anal. Calcd. for C25H16O: C, 90.4; H, 4.8. Found: 
C, 90.2; H, 4.8.

The yellow phenylhydrazone, recrystallized from xylene, 
melted at 236°.

Anal. Calcd. for C31H22N2: N, 6.6. Found: N, 7.0.
(d) jS-Acetylnaphthaiene.—Analogously, 3.4 g. of ft- 

acetylnaphthalene gave an almost quantitative yield of 
the yellow a-(2-naphthoyl)-/3-(3'-pyrenyl)-ethylene (I, 
R =  0-naphthyl). Recrystallization from xylene or
glacial acetic acid gave crystals, melting at 184°.

Anal. Calcd. for C29H18O: C, 91.1; H, 4.7. Found: 
C, 90.9; H, 4.6.

The orange-colored phenylhydrazone crystallized from 
xylene, and melted at 246°.

Anal. Calcd. for C35H24N2*. N, 5.9. Found: N, 6.2.
9- (3 '-Pyrenylidene) -fluorene .—The condensation of

4.6 g. of the aldehyde with 3.3 g. of fluorene was carried 
out, using sodium ethoxide as catalyst.3 The yellow- 
orange fulvene (II) separated spontaneously from the 
solution, and melted after recrystallization from xylene, 
butanol or glacial acetic acid at 210°.

Anal. Calcd. for C3oHi8*. C, 95.2; H, 4.8. Found: 
C, 94.9; H, 5.0.

a-Phenyl-/3-(3-pyrenyl) -acrylic Acid (III, R = C6H5).— 
One mole each of pyrene-3-aldehyde and sodium phenyl- 
acetate was heated in boiling acetic anhydride (1.5 to 2 
moles) for two hours. After cooling, the reaction mixture 
was diluted with water, and the solid residue filtered and 
washed with alcohol. From glacial acetic acid, the acid 
was obtained in yellow needles of m. p. 259°; yield, 
30%.

Anal. Calcd. for C25H160 2: C, 86.2; H, 4.6. Found: 
C, 86.5; H, 4.9.

«-(1 -Naphthyl)-/?-(3'-pyrenyl)-acrylic acid (III, R =  
1-naphthyl) was obtained analogously from pyrene-3 - 
aldehyde and sodium 1-naphthylacetate; yellow needles 
of in. p. 290° (from nitrobenzene).

Anal. Calcd. for C29Hi80 2: C, 87.4; H, 4.5. Found: 
C, 87.1; H, 4.7.

«-(3-Pyrenyl) -/3-(2 '-pyridyl)-ethylene Methiodide (IV).
—To a solution of pyrene-3-aldehyde (4 g.) and «-picoline 
methiodide (4 g.) in a small quantity of absolute alcohol, 
10 to 15 drops of piperidine was added at 180°. Heating 
was continued for thirty minutes; then the red precipitate 
was filtered, washed with alcohol, dried, and recrystallized 
from nitrobenzene: m .p . 295°; yield, 65%.

Anal. Calcd. for C24Hi8IN: C, 64.4; H, 4.0; N, 3.1. 
Found: C, 64.1; H, 4.0; N, 3.3.

«- (3 -Pyrenyl)-/3-(6'-methyl-pyridyl-2') -ethylene meth­
iodide was prepared in 70% yield from 2.3 g. of pyrene-
3-aldehyde and 4 g. of 2,6-lutidine methiodide, as de­
scribed above. It was recrystallized from nitrobenzene, 
and formed red shiny crystals of m . p . 275 °.

Anal. Calcd. for C25H20IN: N, 3.0. Found: N, 3.1.
«-(3-Pyrenyl)-(3-(2 '-quinolyl)-ethylene methiodide 

was formed in 75% yield as a red-violet, insoluble sub­
stance from 2.3 g. of pyrene-3-aldehyde and 2.8 g. of 
quinaldine methiodide; m. p. 285°.

Anal. Calcd. for C28H20IN: N, 2.8. Found: N,
2.8.

sym-Di-(3-pyrenyl)-ethylene (V).— (a) 10 g. of pyrene- 
3-aldehyde was dissolved in 100 ml. of dry benzene. Dry 
hydrogen chloride and hydrogen sulfide were passed 
simultaneously through the cold solution. The yellow 
precipitate was filtered and washed with water, alcohol 
and ether. It could not be recrystallized, as it decomposed 
on heating in high-boiling solvents. In its crude state 
the polymeric pyrene-3-thioaldehyde melted at 260— 
270°.

Anal. Calcd. for (Ci7H10S)x: C, 82.9; H, 4.1. Found: 
C, 82.5; 11,4.4.

(b) A mixture of 2 g. of the thioaldehyde, 1 g. of Raney 
nickel and 20 g. of boiling naphthalene was heated for one 
hour. After removal of the naphthalene in vacuo, a 
brown-red residue was obtained, which was washed with 
alcohol and recrystallized from ethyl benzoate: m. p.
315°; yield, 75% (calculated on pyrene-3-aldehyde).

Anal. Calcd. for C34H20: C, 95.3; H, 4.7. Found: 
C,95.1; H, 4.8.
D epartment of Organic Chem istry  
T he H ebrew  U n iv er sity , J erusalem

R eceived  January  13, 1948

NEW COMPOUNDS

Hexahydrojulolidine
To a solution of julolidine,11,2,3,5,6,7-hexahydrobenzo- 

(i,j)-quinolizine (20 g., 0.115 mole), in alcohol (20 ml.) 
there was added Raney nickel (2 g.) and the mixture was 
shaken at 200° under a pressure of 2000 lb. of hydrogen. 
After removal of solvent and catalyst, the residue was 
distilled yielding 5 g. (low yield due to accidental loss) 
of a colorless oil: b .p . 76-80 0 at 3 mm.

Anal. Calcd. for Ci2H21N: C, 80.44; H, 11.73.
Found: C, 80.55; H, 11.45.

The picrate of hexahydrojulolidine was readily prepared 
using an ethereal solution of picric acid. After recrystal­
lization from hot water the picrate was obtained as an 
amorphous yellow solid, m .p . 165-167°.

Anal. Calcd. for Q sH ^ O t: C, 52.94; H, 5.88.
Found: C, 52.82; H, 5.69.

The methiodide of hexahydrojulolidine formed readily 
and could be recrystallized from a solution of alcohol and 
ether. It was obtained as an amorphous white solid, 
m .p . 294-298° with decomposition.

Anal. Calcd. for Ci3H24IN: C, 48.50; H, 7.47*
Found: C, 48.51; H, 7.45.

Hexahydrojulolidine hydrochloride and also the quater­
nary methiodide derivative were found to be convulsants 
when tested intravenously in rabbits.
D epartment of Chemistry  V. B oekelheide
U niversity  of R ochester G. P. Qu in n 2
R ochester, N ew  Y ork

R eceived  A pr il  30, 1948
(1) Glass and Weissberger, "Organic Syntheses,” 26, 40 (1946).
(2) Aided by a grant from the National Foundation for Infantile

Paralysis, Inc.

Some Derivatives of Levulinic Acid
Levulinic acid diethylamide was prepared (a) by heating 

50 g. of levulinic acid with 50 g. of diethylamine at 250° 
for ten hours (autoclave), yield 60%; and (b) by adding
13.4 g. of 'y-chlorovaleroactone1 to a cold solution of 15 
g. of diethylamine in 50 cc. of ether; the reaction was 
completed on the water-bath and the solution filtered 
from diethylamine hydrochloride and distilled, yield 
70%. The amide is soluble in water and boils at 108° 
(0 .9  mm.); w22d 1.457.

Anal. Calcd. for C9Hl70 2N: C, 63.2; H, 10.0; N,
8.2. Found: C,63.3; H, 10.2; N ,8 .2 .

(3) Schlenk and Bergmann, Ann., 479, 56 (1930). (X) Clemo and Ramage, J. Chem. Soc., 54 (1931),
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Levulinic acid dibutylamide was prepared similarly 
in 60% yield from 40 g. of y -chlorovaleroactone and 80 g. 
of w-butylamine in 100 cc. of ether; b. p. 140° (2 m m.); 
n™D 1.4241.

Anal. Calcd. for Ci3H250 2N: C, 68.7; H, 11.0; N,
6.2. Found: C, 68.9; H, 11.4; N, 6.5.

Y-Hydroxy-tt-valeroyl Diethylamide.— (a) Hydrogena­
tion of 17.1 g. of levulinic acid diethylamide in 30 cc. 
of water with 2.3 g. of Raney nickel at room temperature 
and 90 atmospheres gave the product boiling at 101° 
(0.1 mm.) in quantitative yield.

(b) The diethylamide (34.2 g.) was heated with alu­
minum isopropoxide (50 g.) and isopropyl alcohol (250 
g.) under a column until no more acetone was formed 
(four hours). The product, isolated in the usual way, 
boiled at 90° (0.05 mm.); w23d 1.4642; yield, 92%.

Anal. Calcd. for C9H19O2N: C, 62.4; H, 11.0; N, 
8.1. Found: C, 62.4; H, 10.9; N, 8.0.

y-Amino-«--valeric Acid Diethylamide.—A solution 
of 17.1 g. of levulinic acid diethylamide in 120 cc. of 17% 
alcoholic ammonia was hydrogenated at 70° and under 
40 atm. pressure in presence of 2 g. of Raney nickel. 
Hydrogen absorption ceased after three hours: b. p. 85- 
90° (0.1 mm.); yield, 17 g.

Anal. Calcd. for CgH20ON2: N, 16.3. Found: N,
15.9.2

(2) The free amino acid has been prepared similarly by Knoop and 
Oesterlin, Z. physiol. Chem., 148, 309 (1925).

Weizmann I nstitute of Science 
D aniel  Sie ff  R esearch  I nstitute  
R ehovoth, I srael L. Haskelberg

R eceived  January  2, 1947

concentrated sulfuric acid (30 ml.). The dark red .solu­
tion stood at 0° for ninety-six hours, then at 25° for 
twenty hours. After pouring onto ice, extracting with 
ether (and removing from the resulting solution, some 
29% of unreacted ester by alkaline extraction) there was 
obtained 1.40 g. (14.7% yield on unrecovered ester) 
of ethyl 3-bromocoumarin-4-carboxylate. Recrystalliza­
tion from 70-80% ethanol gave yellow crystals, m. p.
120.7-121.3° uncor.; 122.2-122.8° cor.

Anal. Calcd. for C^HgChBr: Br, 26.91. Found:
Br, 26.8, 26.9.
D epartm ent of C hemistry
M assachusetts Institute  of T echnology
C ambridge 39, M ass. E rnest  H. H untress

C entral R esearch L aboratory 
G eneral  A niline  and F ilm C orporation 
E aston, P ennsylvania  R obert  T . Olsen

R eceived  A pril 8, 1948

The Di-fluorobibenzyls
The first stage in the pyrolysis of toluene was shown1 2 1 to 

be the formation of the benzyl radical and a hydrogen 
atom. The benzyl radicals thus formed subsequently 
dimerized to bibenzyl.

Recent investigation of the pyrolysis of the fluoro- 
toluenes2 showed the same type of decomposition. The 
fluorobenzyl radicals produced in this way dimerized to the 
corresponding di-fluorobibenzyls, isolated as previously 
described.1*2 The mejting points, boiling points and the 
results of analysis of di-fluorobenzyls thus obtained are 
summarized in the following Table.

Compound

(Ci4H12F2), theoretical

o0d2

B. p„ °C. %c %H %F Mol. wt.

40-41 270-271 77.7 5.7 17.2 205

34-35 267-268 76.7 5.5 16.6 173

90 269 77.1 5.7 17.1 175
77.0 5.5 17.5 218

Ethyl 3-Halocoumarin-4-carboxylates
Ethyl 3 -Chlorocoumarin-4 -carboxylate.—Phenol (1.74 

g., 0.0185 mole) and diethyl oxalochloroacetate1 (4.0 g., 
0.018 mole) in dioxane (4 ml.) slowly added to ice cold 
concentrated sulfuric acid (10 ml.), stood at room tem­
perature for eight days and poured onto ice gave 0.7 g. 
(15.4% yield) of ethyl 3-chlorocoumarin-4-carboxylate. 
After recrystallization from 50% ethanol this product 
showed m. p. 116.3-116.6° uncor.; 118.1-118.4° cor.

Anal. Calcd. for Ci2H90 4C1: Cl, 14.06. Found: Cl,
14.2.

Ethyl 3-Bromocoumarin-4-carboxylate.—Phenol (4.32 
g., 0.046 mole) and diethyl oxalobromoacetate2 (12.0 g., 
0.045 mole) in dry ether (5 ml.) was slowly added to cold

(1) Cope, T his Journal, 58, 572 (1936).
(2) Brühl, Ber., 36, 1732 (1903).

All these compounds have a strong smell very similar to 
that of bibenzyl. Boiling points were determined by the 
micro-method of Siwoloboff.3 A correction of + 4 °  was 
introduced by comparing the boiling point of bibenzyl 
actually determined in this way (280-281 °) with that 
stated in the literature (284°). Molecular weights were 
estimated by the Rast method.

We are indebted to Professor M. Stacey of the Univer­
sity of Birmingham for the fluorine analyses.
D epartm ent of C hemistry
T h e  U n i v e r s i t y  M .  S z w a r c
M a n c h e s t e r  1 3 ,  E n g l a n d  J. S .  R o b e r t s

R e c e i v e d  M a r c h  2 2 ,  1 9 4 8

(1) M. Szwarc, J. Chem. Phys., 16, 128 (1948).
(2) M. Szwarc and J. S. Roberts, ibid., 16, 609 (1948).
(3) A. Siwoloboff, Ber., 19, 795 (1886).
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CO M M U N IC A T IO N S TO T H E  E D IT O R

CHAIN ELECTROLYTES1
Sir:

We are studying poly electrolytes in which chain 
atoms carry ionic charges. Typical is the poly­
electrolyte (I) formed by the addition of methyl 
bromide to the polyester obtained from methyldi- 
ethanolamine and succinic anhydride 

(I) HO[ CO(CH2)2COO(CH2)2N +Me2(CH2)20] »H—«Br'
Theoretical bromide for n infinite is 26.99%; 

two different preparations gave 22.73 and 23.38%, 
indicating incomplete addition of methyl bromide. 
End-group titrations gave molecular weights of 
3515 and 2720. The salt hydrolyzes in water but 
is stable in methanol.

At 1.2 g./100 cc, in methanol, (I) has a reduced 
viscosity of 0.091. For comparison, polyvinylpy- 
ridine with molecular weight 80,000 has an intrin­
sic viscosity of only 0.15. High viscosities thus 
seem to be characteristic of poly electrolytes2 
regardless of the location of the charges.

Conductance curves in methanol are shown in 
Fig. 1, where concentration is stoichiometric nor­
mality of bromide. The marked curvature indi-

0.00 0.01 0.02 0.03 0.04
V c .

Fig. 1.—Conductance of salts I and II in methanol.

cates a high degree of association of counter ions 
to the polycations. Ordinary electrolytes, such 
as the addition product (II) of methyl bromide to 
methyldiethanolamine, are only slightly associ­
ated in solvents with high dielectric constant, as 
shown by the approach to the Onsager limiting 
slope. In our polysalts, ten positive charges are 
constrained to remain near each other, regardless 
of dilution. A bromide ion has a potential energy 
large compared to kT  in the resulting field and 
therefore at finite concentrations, a certain frac­
tion of bromide ions accompany the polycations. 
The polycations thus act like droplets of concen-

(1) Office of Naval Research, Pro j ectNR054-002.
<2) Ra M, Fuqm V» P» Straus®, ƒ. Polymer 8, 2M (1940),

trated solution within the liquid, regardless of to­
tal dilution. The poly cation configuration will, 
however, depend on dilution: with decreasing
total concentration, probability of escape of 
bromide ions from the field of the polycation will 
increase, and intramolecular mutual repulsion 
between unpaired charges on chain nitrogens will 
then cause the chain to uncoil.
Sterling C hemistry L aboratory
Y ale U niversity  D avid E delson
N ew  H aven , C onnecticut R aymond M. F uoss

R eceived  July  19, 1948

ULTRAVIOLET ABSORPTION BANDS OF IODINE IN 
AROMATIC HYDROCARBONS

Sir:
In the course of an investigation of the nature 

of the solvent-solute interaction in solutions of 
iodine now in progress, new evidence has been 
found for the presence of addition compounds of 
iodine and the solvent molecule. We find that 
the absorption spectrum of the violet-red solution 
of iodine in benzene shows in addition to the well 
known absorption maximum at 5000 A. with a 
molar extinction coefficient of 1010, an absorption 
maximum in the ultraviolet region at 2970 A. 
having a molar extinction coefficient (based on the 
iodine concentration) of 9600. This new absorp­
tion peak does not appear in solutions of iodine 
in hexane and carbon tetrachloride which areoa 
pure violet with absorption peaks at 5200 A. 
in the visible region. The evidence therefore 
points to the presence of an iodine-benzene com­
plex. Preliminary measurements show that the 
height of the absorption peak at 2970 A. is directly 
proportional to both the iodine concentration and 
the benzene concentration, indicating that the 
addition compound consists of one molecule of 
iodine bound to one molecule of benzene.

A possible explanation for the presence of such a 
complex appears to lie in an acid-base interaction 
in the electron donor-acceptor sense such as we 
see in the union of I “, the base, with l2, the acid, 
to form I3"". Evidence of basic character in 
benzene is its union with boron trifluoride, boron 
trichloride and with concentrated sulfuric acid. 
Additional evidence in support of this hypothesis 
is to be found in the recent work of Fairbrother,1 
who reports that iodine has an abnormally high 
dielectric polarization in such solvents as benzene, 
p-xylene, dioxane and di-isobutylene. If this 
basic character of benzene is also responsible for 
its union with iodine, then the substitution of 
methyl groups should increase basic strength and 
ability to interact with iodine. This is borne

(I) F. Fairfer©th,«r. Nature, &60* 87 (1947).
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out by the fact that a simple visual examination 
of iodine solutions of equal concentration in 
benzene, toluene, tf-xylene, mesitylene and ol- 
methylnaphthalene shows that the color shifts 
stepwise in that order ending with a brown solu­
tion. Preliminary measurements of the absorp­
tion spectra of these iodine solutions show an 
absorption band in the ultraviolet region similar 
to that of benzene.

This work is being continued and a complete 
report of the results will be given in a paper soon 
to be submitted for publication.
D e p a r t m e n t  o f  C h e m i s t r y
U n i v e r s i t y  o f  C a l i f o r n i a  H a n s  A. B e n e s i
B e r k e l e y  4 , C a l i f o r n i a  J o e l  H .  H i l d e b r a n d

R e c e i v e d  J u l y  15, 1948

jS-PELTATIN, A NEW  COM PON ENT OF 
PODOPHYLLIN

Sir:
The fractionation of the drug podophyllin by 

chromatographic adsorption on alumina has 
yielded, beside podophyllotoxin and a-peltatin,1 
a new crystalline substance in about 4% yield for 
which the name /3-peltatin is proposed. The new 
compound possesses about the same high necro­
tizing activity2 for mouse sarcoma 37 as a-pelta- 
tin.

/3-Peltatin crystallizes from alcohol in colorless, 
transparent prisms, m. p. 231.1-238.0° (shrinks at 
225.5°) cor.; [ a ] 20D —115° (c, 1.009, absolute al­
cohol). A n a l*  Calcd. for C2 2H2 2O8 : C, 63.75; 
H, 5.35. Found: C, 64.0; H, 5.6. Calcd. for 
three methoxyl groups: 22.5; found, 22.2. Molec­
ular weight values (Rast) for derivatives of both 
a- and /3-peltatin agree with the formula C2 2H2 2O8  

and indicate that the peltatins are thus isomeric 
with podophyllotoxin.4 a-Peltatin has one less 
methoxyl group than /3-peltatin and podophyllo­
toxin.

Beside the methoxyl content, a- and /3-peltatin 
differ in their color reactions with sulfuric acid and 
in the properties of their derivatives. With con­
centrated sulfuric acid, both peltatins give an im­
mediate yellow color, rapidly turning reddish 
brown with a-peltatin and green with /3-peltatin; 
the final color with both peltatins is red. A series 
of derivatives of the peltatins has been prepared 
and will be reported at a later date.

Structural and biological studies with /3-peltatin 
are in progress.
N ational Cancer  I nstitute  
N ational I nstitute  of H ealth
U. S. P ublic  H ealth Service  J onathan L. H artwell 
B ethesda , M aryland  W endell E. D etty
_________ _  R eceived  July  22, 1948

(1) J. L. Hartwell, T h is  Jo u r n a l , 69, 2918 (1947) .
(2) Unpublished results of Joseph Lei ter and Faith Jouvenal.
(3) B y Mrs. M . M . Ledyard and Mrs. Evelyn Peake National 

Institute of Health.
(4) W. Borsche and J. Niemann, Ber., 65, 1633 (1932); E. Spath, 

F. Wessely and E. Nadler, ib id ., 66, 125 (1933).

THE CRYSTALLINE TRIHYDROCHLORIDES OF
STREPTOMYCIN AND M ANNO SID O STREPTO - 

MYCIN
Sir:

The preparation of the crystalline reineckate, 
sulfate,1 helianthate,2 and the calcium chloride 
double salt2 of streptomycin and the reineckate of 
mannosidostreptomycin3 has been reported. To 
date, there has been no published information on 
the crystallization of a simple mineral acid salt of 
either of these antibiotics. We now wish to report 
that, starting with relatively pure material, we 
have obtained the trihydrochlorides of strepto­
mycin and mannosidostreptomycin in the crystal­
line state from methanol solution.

The streptomycin trihydrochloride crystallizes 
with two molecules of water of ciystallization as 
monoclinic prisms showing birefringence. The 
crystalline material was shown to be a single sub­
stance by a modification of the Craig counter- 
current distribution technique4 and thus to be free 
of mannosidostreptomycin. On heating on the 
hot-stage, the dihydrate decomposes gradually 
without melting. When the trihydrochloride was 
dried at 55° in vacuo, it had the following analyti­
cal composition: C, 34.86; H, 6.36; Cl, 14.25 
(Calcd. for C2iH39N7Oi2-3HCh2H20 : C, 34.54;
H, 6.36; Cl, 14.57). After drying at 100° in 
vacuo, the anhydrous material showed [o:]26*6d 
— 86.1° (1.0% in water) and the following analyti­
cal data were obtained: C, 36.27; H, 6.14;
N , 14.29; Cl, 15.69 (Calcd. for C21H39N70 12*3HC1; 
C, 36.50; H, 6.13; N, 14.19; Cl, 15.40).

When assayed with K. pneumoniae in a broth- 
dilution test,5 the trihydrochloride dihydrate had a 
potency of 820 units/mg. and on this basis the 
anhydrous material would have an activity of 891 
units/mg.6

The trihydrochloride of mannosidostreptomycin 
crystallizes in the form of hexagonal plates which 
are isotropic. By means of the counter-current 
distribution method,4 this material was also shown 
to be a single entity and to be free of strepto­
mycin.

After drying at 55° in vacuo, the trihydrochlo­
ride was found to have the following analysis: 
C , 36.45; H , 6.26; Cl, 12.14 (Calcd. for C 27H 49- 
N 70 i7-3H C 1-2H 20 : C, 36.47; H , 6.35; Cl, 11.96). 
When dried a t 100° in vacuo, the anhydrous ma­
terial showed [a]26*6D —54.1° (1.0% in water)

(1) J. Fried and O. Wintersteiner, Science, 104, 273 (1946).
(2) R. L. Peck, N. G. Brink, F. A. Kuehl, Jr., E. H. Flynn, A. 

Walti and K. Folkers, T h is  J o u r n a l , 67, 1866 (1945).
(3) J. Fried and E. Titus, J. Biol. Chem., 168, 391 (1947).
(4) A modification of the counter-current distribution described 

by Titus and Fried (J. Biol. Chem., 174, 57 (1948)) has been de­
veloped by our colleagues Drs. Plaut and McCormack which elimi­
nates the appearance of the tautomers of the two streptomycins in 
the Craig diagram.

(5) R. Donovick, D, Hamre, F. Kavanagh and G. Rake, J. Bad., 
50, 623 (1945).

(6) Based on the F. D. A. working standard. Spectrophoto- 
chemical assays based on a maltol method, similar to that published 
by G. P. Mueller (T h is  J o u r n a l , 69, 195 (1947)), have confirmed 
these microbiological results.
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and gave analytical data: C, 38.25; H, 6.22; 
N, 11.31; Cl, 12.52 (Calcd. for CA CW u-SH Cl: 
C, 38.01; H, 6.14; N, 11.49; Cl, 12.47).

When assayed with K . pneumoniae in a broth 
dilution test,5 the anhydrous mannosidostrepto- 
mycin had a potency of circa 210 units/mg.6

Additional information on the properties and 
activities of these crystalline hydrochlorides will 
be published at a later date.

We wish to express our appreciation to Dr. R. 
Donovick, Mr. R. Blue, and Mr. D. Lapedes for 
the bio-assays, Mr. F. Russo-Alesi for the counter- 
current distributions, and Mr. J. Alicino for the 
micro-analysis.
D ivision  of C hemical D evelopm ent L eon  J. H euser 
E. R. Squibb and Sons M orris A. D olliver
N ew Brunsw ick, N. J. E ric T. Stiller

R eceived  July  19, 1948

TH E SYNTHESIS OF KETOYOBYRINE

Sir:
For several years we have been investigating 

the possibility of synthesizing the basic ring struc­
ture of yohimbine by ring closure of isoquinolyl- 
ethyl oxindoles of the type represented by formula 
(I).1 * The introduction of the double bond in ring 
D presented numerous difficulties because of the 
ease with which compounds of the type (I) (as 
well as the yohimbine molecule itself) suffer 
cleavage at the nitrogen atom of ring D. More­
over, we have pointed out1 that 1,2-dihydroiso- 
quinolines like (I) are virtually unknown.

Accordingly, our efforts were later directed 
toward the preparation and ring closure of com­
pounds of the type represented by formula (II)

A — <y ' \
A B | CH2

lC V c- °  1

c h 2

r / ' V  
(II) (R =  CH3 or H)

= o

where the appropriate double bond of ring D could 
be introduced without difficulty. Ring closure

(1) Julian, Magnani, Pikl and Karpel, T h is  J o u r n a l , 70, 174
(1948).

of such a compound would lead to compounds of 
the structure (III), which type of structure has 
recently been proposed for ketoyobyrine, on the 
basis of an exhaustive study of its chemistry2a 
and likewise on the basis of a comparison of its 
absorption spectrum with that of rutaecarpine.2b

Pending more complete presentation of our 
various syntheses of the type of structure repre­
sented by (III), we wish to record our synthetic 
confirmation of this proposed structure for keto­
yobyrine.

6-Methylhomophthalic acid, m. p. 196°, was 
prepared from o-tolylacetic acid3 by conversion 
via the Arndt-Eistert reaction into ö-tolylpropi- 
onic acid, which was then treated according to the 
method of Mercer and Robertson.4 Condensa­
tion with tryptamine yielded N- (/3-indolylethyl) - 
6-methylhomophthalimide, m. p, 228°. Con­
version of the latter into the corresponding 
homophthalamic acid,6 m. p. of picrate 147°, 
methylation of the acid with diazomethane, m. p. 
of methyl ester 222°, dec., followed by ring 
closure with phosphorus oxychloride, yielded 
ketoyobyrine, m. p. 316-318°, dec.

Anal. Calcd. for C2oHi6ON2: C, 79.98; H, 
5.37; N, 9.32. Found: C, 79.43; H, 5.55; N, 
9.24. Comparisons of the ultraviolet absorption 
spectrum of synthetic ketoyobyrine with that of 
the product of natural origin showed the two to 
be identical. Absorption maxima for synthetic 
material: a t 385, 366 and 340 m/x, log c 4.40, 4.51 
and 4.52, respectively.

(2) (a) Woodward and Witkop, T h is  J o u r n a l , 70, 2409 (1948); 
(b) Raymond-Hamet, Compt. rend., 226, 137 (1948).

(3) Julian, Karpel, Magnani and Meyer, T his Journal, 70, 180 
(1948).

(4) Mercer and Robertson, J. Chem. Soc., 288 (1936).
(5) Cf. Haworth, Perkin and Pink, J. Chem. Soc., 1709 (1925).

T he Glidden C ompany Percy L. Julian
R esearch L aboratories William  J. K arpel
Soya Products D ivision  Arthur M agnani
Chicago, Illinois E dwin W. M eyer
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TH E OZONIZATION OF TH E  MALEIC ANHYDRIDE  
ADDUCT OF DEH YDROERGOSTERYL ACETATE

Sir:
A recent publication of Bergmann and Stevens1 

describes the preparation of the maleic anhydride 
adduct of 3(/3)-acetoxy-9,ll-oxidobisnor-5,7- 
choladienic acid (II) by the ozonization of 9,11- 
oxidoergosteryl acetate-maleic anhydride adduct. 
For some time previous a study of analogous 
reactions has been under way in our laboratories 
and we now wish to report the preparation of the 
maleic anhydride adduct of 3 (/3)-acetoxybisnor- 
5,7,9-cholatrienic acid (I) by the selective ozoniza­
tion of 9,11-dehydroergosteryl acetate-maleic 
anhydride adduct (III).

A solution of the dehydroadduct (III) in 
methylene chloride was treated with two equiva-

(1) Bergmann and Stevens, J. Org. Chem., 13, 10 (1948).
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lents of ozone at —30°. The methylene chloride 
was replaced with glacial acetic acid and the 
ozonide decomposed with zinc dust. After sepa­
ration of the zinc, the acetic acid solution was 
treated with chromic acid in acetic acid at 20° 
for three hours and the excess chromic acid was 
decomposed with sodium bisulfite solution. The 
reaction mixture was poured into water and the 
precipitate of the bisnor acid (I), m.p. 226-237°, 
was separated by filtration. For analysis, the 
acid (I) was crystallized from ether-hexane, 
m.p. 240-243°. The yield of pure acid (I) was 
55% of the theoretical.

Anal. Calcd, for C28H34O7.’ C, 69.69; H, 
7.10; Found: C, 69.73; H, 7.10.

Treatment of the acid (I) with diazomethane 
in methylene chloride gave the maleic anhydride 
adduct of methyl 3(/3)-acetoxybisnor-5,7,9-chola- 
trienate (IV), m.p. 246-248°. Anal. Calcd. for 
C29H36O7: C, 70.14; H, 7.31. Found: C, 69.98; 
H, 7.48. After saponification, methylation with 
diazomethane, and acetylation with acetic an­
hydride, the trimethyl ester of the maleic acid 
adduct of 3(/3)-acetoxybisnor-5,7,9-cholatrienic 
acid (V) was obtained, m.p. 193-195°. Anal. 
Calcd. for C31H42O8: C, 68.61; H, 7.80. Found: 
C, 68.66; H, 7.65. The trimethyl ester of the 
maleic acid adduct of 3(/3)-acetoxy-9,ll-oxido- 
bisnor-5,7-choladienic acid (VI) was prepared by 
treating the acetoxy trimethyl ester (V) with 
monoperphthalic acid. I t was crystallized from 
ether, m.p. 208-209.5°. Anal. Calcd. for C31- 
H42O9: C, 66.64; H, 7.58. Found: C, 66.76; 
H, 7.64.

The 9,11-oxido compound was also prepared 
from the methyl ester of I by perphthalic acid 
treatment and had a melting point of 263-265° 
(block), which is in fair agreement with that re­
ported for the methyl ester of II by Bergmann 
and Stevens.1

Details of this work, together with further 
conversions of compound I, will be published at a 
later date.
R esearch  L aboratories R obert  H. L evin
T he Upjohn C ompany M ildred  M . W esner
K alamazoo, M ichigan E lizabeth  M . M einzer
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DEGRADATIVE STUDIES ON STR E PTO M Y CIN

Sir:
Degradation of dihydrostreptomycin with bar­

ium hydroxide under conditions which convert 
streptidine to streptamine1 yielded an amorphous, 
antibiotically inactive product containing barium 
chloride. This substance was acetylated with 
pyridine and acetic anhydride to a crystalline 
compound (I), m. p. 261.5-262.5°, [ a ] 23D —84° 
(c 1, water).

A nal Calcd., for C^H^OiaNsCCHsC)- 
(COCH3)io: C, 50.92; H, 6.25; N, 4.57; O- 
acetyl, 7.61 cc. of 0.1 iV NaOH per 100 mg. 
CH3-C, 32.3: mol. wt., 919.9. Found: C, 50.64; 
H, 6.17; N, 4.47; O-acetyl,2 7.37 cc.; CH3-C,3 
32.3; mol. wt., 920 (Rast).

Methanolysis of I with subsequent reacetyla­
tion yielded hexaacetylstreptamine,1’4 transition 
point1 250°, m. p. 341-345°, N, 6.61% (calcd. 
6.50), and methyl pentaacetyldihydro-ct-L-strep- 
tobiosamide,5-8 m. p. 194-195°, unchanged on 
admixture with a specimen prepared from dihy­
drostreptomycin trihydrochloride, [c*]23d —120° 
(c 0.5, chloroform). I is designated decaacetyl- 
dideguanyldihydrostreptomycin. I t  was found to 
be readily soluble in methanol, water and hot 
ethanol, sparingly so in chloroform, ethyl acetate 
and ethanol, and insoluble in benzene and ethyJ 
ether.

Aqueous solutions of N,N,N-tetraacetyldi- 
deguanyldihydrostreptomycin (II), N 1,N3-di-
acetylstreptamine (III) and N-acetyldihydro-a- 
L-streptobiosaminide (IV) were prepared by par­
tial deacetylation of the aforementioned acetyl 
derivatives with 0.05 N  sodium hydroxide in 
water-dioxane. These N-acetates were subjected 
to oxidation with a large excess of buffered perio­
date at pH 4.9 and 20.0° and showed thé following

(1) R. L. Peck, C. E. Hoffhine, Jr., Elizabeth W. Peel, R. P. 
Graber, F . W. Holly, R. Mozingo and K. Folkers, T h is  J o u r n a l , 68, 
776 (1946).

(2) M. L. Wolfrom, M. Königsberg and S. Soltzberg, ibid., 58, 490
(1936).

(3) R. U. Lemieux and C. B. Purves, Can. J. Research, B25, 485 
(1947).

(4) H. E. Carter, R. K. Clark, Jr., S. R. Dickman, Y. H. Loo, 
J. S. Meek, P. S. Skell, W. A. Strong, J. T. Alberi, Q. R. Bartz, S. B. 
Binkley, H. M. Crooks, I. R. Hooper and Mildred C. Rebstock, 
Science, 103, 53 (1946).

(5) Q. R. Bartz, J. Controulis, H. M. Crooks, Jr., and Mildred C. 
Rebstock, ibid., 2163 (1946).

(6) N. G. Brink, F. A. Kuehl, Jr., E. H. Flynn and K. Folkers, 
This J o u r n a l , 68, 2557 (1946).

(7) I. R. Hooper, L. H. Klemm, W. J. Polglase and M. L. Wolfrom, 
ibid., 68, 2120 (1946); 69, 1052 (1947).

(8) J. Fried and O. Wintersteiner, ibid., 69, 79 (1947).
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oxidant consumption (in moles per mole of com­
pound) at 120, 240 and 550 minutes, respectively : 
II, 2.55, 3.2, 4.0; III, 2,0, 2.4, 3.0; IV, 1.1, 1.6,
2.0. These data prove the presence in II of an a - 
glycol which is not in III, and this a-glycol is pres­
ent in the streptamine moiety of II. The presence 
of such a glycol group indicates that streptobios­
amine is attached at C4 of streptidine, thus con­

firming the results of Folkers and co-workers.9
Department of Chemistry
The Ohio State University M. L. Wolfrom
Columbus, Ohio W. J. Polglase10
_______ _ Received July 26, 1948

(9) F. A. Kuehl, Jr., R . L. Peck, C. E. Hoffhine, Jr., Elizabeth W. 
Peel and K. Folkers, T his Journal ., 69, 1234 (1947).

(10) Bristol Laboratories Research Fellow of the Ohio State Uni­
versity Research Foundation (Project 221).
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The Chemistry of the Carbon Compounds. By Victor 
von Richter. Edited by the late Professor Richard 
Anschütz. Vol. IV. “The Heterocyclic Compounds/' 
By F. Reindel (translated by M. F. Darken) and “Or­
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by A. J. Mee). Newly translated from the Twelfth 
German Edition. Elsevier Publishing Co., Inc., 215 
Fourth Ave., New York 3, N. Y., 1947. xv +  498 pp.
14.5 X 22.5 cm. Price, $12.00.
This volume is a literal translation of the sections on 

Heterocyclic Compounds and Free P^adicals in the twelfth 
German edition of this celebrated treatise. The appear­
ance of Volume IV makes the entire twelfth edition avail­
able in English. Users will find the new volume to be a 
concise and, except for the more recent work, a comprehen­
sive guide to the literature of the subjects treated.
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